



EPIDEMIOLOGY OF NECROSIS VIRUS DISEASE OF COTTON CAUSED BY TOBACCO STREAK VIRUS
ABSTRACT
Cotton (Gossypium spp. L.), a vital natural fibre and cash crop, significantly contributes to India’s economy but is increasingly threatened by tobacco streak virus (TSV)-induced necrosis, a major emerging viral disease in southern India. The present study on the Epidemiology of necrosis virus disease of cotton caused by tobacco streak virus (TSV) was conducted during the Kharif season of 2024-25 at the Agricultural Research Station, Hagari, Ballari, Karnataka, using the susceptible cotton hybrid RCH 659. The study aimed to determine the influence of weather parameters and thrips population on the development of cotton necrosis disease. The onset of disease was observed during the 32nd standard meteorological week (SMW) (6-12 August) with 6.00 per cent incidence and reached its peak of 54.00 per cent during the 38th SMW (17-23 September), coinciding with favourable weather conditions and high thrips activity. Correlation analysis revealed a highly significant positive relationship between disease incidence, sunshine hours (0.551) and thrips population (0.889). Maximum temperature showed a positive but non-significant correlation (0.256), while minimum temperature, rainfall, and relative humidity (morning and evening) exhibited weak, non-significant relationships. The multiple regression analysis (0.860) confirmed that thrips population had the greatest positive influence on disease incidence, followed by morning relative humidity and rainfall. These results indicate that thrips abundance, together with conducive weather conditions during August and September, played a decisive role in the spread and intensity of cotton necrosis disease. The findings contribute to a better understanding of the disease epidemiology and can assist in forecasting and developing effective management strategies.
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INTRODUCTION
Cotton, often referred to as "white gold," is a vital cash crop for India's economy. Belongs to the Malvaceae family. Globally, cotton is the most important natural fibre crop used in textiles, comprising around 50 per cent of the fibre utilized in the textile industry (Anon, 2024). However, the crop is susceptible to various fungal, bacterial and viral diseases. Among the viral diseases infecting cotton, cotton leaf curl virus and tobacco streak virus are important. However, in recent years, cotton necrosis disease has been overtaking cotton leaf curl disease and has become a major threat to cotton cultivation, especially in southern India, studies have revealed that, TSV can cause necrosis of the vein, petiole, stem and other components in cotton (Gossypium hirsutum), mung bean (Phaseolus aureus), and sunhemp (Crotalaria juncea) (Nakkeeran, 2010; Kaiser,1982; Jagtap et al., 2012; Rageshwari et al., 2016; Vinodkumar et al., 2017; Manjunath et al., 2023).  Tobacco streak virus (TSV), the causal agent of cotton necrosis, was identified as an emerging threat in Tamil Nadu, with all surveyed cotton varieties and hybrids found susceptible (Rageshwari et al., 2016).

Tobacco streak virus (TSV), a member of the genus Ilarvirus within the family Bromoviridae, is a multipartite, single-stranded, positive-sense RNA virus. It has a broad host range encompassing more than 200 plant species, including agricultural, horticultural crops and weeds (Fulton 1948; Fulton 1985). TSV was first identified in tobacco in Brazil (Johnson 1936; Costa 1945) In India, it was initially reported in sunflower (Prasada Rao et al., 2000) and peanut (Reddy et al., 2002), where it caused necrosis disease. The first report of TSV association with cotton in Tamil Nadu was made by Nakkeeran (AICRP, 2010). TSV has been reported to spread through mechanical transmission, infected seeds, and via thrips species (Sharman 2009; Jagtap et al., 2012). Tobacco streak virus (TSV), though extensively studied in several host plants, has been sparsely reported in cotton (Costa 1945; Kaiser et al.,1982; Prasada Rao et al., 2009; Jagtap et al., 2012; Rageshwari et al., 2016). Reports indicate that TSV infection in cotton can cause yield losses up to 62.7% (Rageshwari et al., 2017). Rageshwari et al. (2023) confirmed the TSV infection in cotton by direct antigen coating-enzyme linked immuno sorbent assay (DAC-ELISA), dot immuno binding assay (DIBA), and reverse transcriptase polymerase chain reaction (RT-PCR). The virus was morphologically confirmed by transmission electron microscope (TEM). TSV isolate collected from Coimbatore was sequenced to obtain the full-length genome. Full length analysis was done for RNA 1 and RNA 3. Recognizing its emergence as a potential threat to cotton cultivation in southern India, particularly in Karnataka, the present study was undertaken at the University of Agricultural Sciences, Raichur, Karnataka, India. This study examines the influence of weather conditions and thrips population on the incidence of tobacco streak virus-induced necrosis in cotton, providing insights for disease forecasting and management. 
MATERIAL AND METHODS
Epidemiology of necrosis disease of cotton
The study was conducted during the Kharif season of 2024-25 at the Agricultural Research Station (ARS), Hagari, Ballari. The cotton hybrid RCH 659 was sown on 16th July 2024 in 100 m² plot, following the recommended package of practices prescribed by the University of Agricultural Sciences, Raichur. Disease development was monitored at weekly intervals and the incidence was calculated each week using the disease incidence formula (Wheeler, 1969) and the disease rating scale (0-5) proposed by Bhat and Rao (2014). The thrips population was recorded with the aid of a hand lens by observing ten randomly selected plants with observations taken on 3 leaves per plant. Meteorological data on maximum and minimum temperature, rainfall, relative humidity and sunshine hours were collected from the Meteorological Division at ARS, Hagari, on a weekly basis throughout the crop growth period from 29th SMW to 52nd SMW. The correlation coefficient between disease incidence, thrips population and meteorological parameters was determined using Karl Pearson’s formula and tested individually for their significance at a 5 per cent probability level. At the end of the experiment, the weather parameters favourable for disease development were identified. 
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Chart 1: Disease Score
The necrosis disease scoring was carried out by using the following 0-5 scale (Bhat and Rao, 2014).

	Scale
	Disease incidence
	Host reaction

	0
	0
	Immune

	1
	1 - 10
	Resistant

	2
	11 - 25
	Moderately resistant

	3
	26 - 50
	Moderately susceptible

	4
	51 - 75
	Susceptible

	5
	> 75
	Highly susceptible
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Where,
t = test of significance
r = correlation coefficient 

n = number of observations

The rate of disease development/ unit / day was estimated according to the method given by Vander plank (1963). The apparent infection rate (r) for total period was:
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Where,
r = rate of disease development 

t1 = date of first observation

t2 = date of second observation
X1 = disease severity on first observation 

X2 = disease severity on second observation
RESULTS AND DISCUSSION
Epidemiology
An investigation was undertaken to assess the influence of weather parameters namely maximum and minimum temperatures, rainfall, morning and evening relative humidity, sunshine hours and the population of thrips on the incidence of necrosis disease in the susceptible cotton cultivar RCH 659. The findings revealed that disease progression was strongly associated with prevailing environmental conditions as well as thrips population dynamics. Notably, the weather conditions during August and September were particularly favourable for thrips activity and the subsequent development of necrosis disease.

Influence of weather parameters and thrips population on cotton necrosis disease

In cotton, the first onset of disease symptoms was recorded during the 32nd standard meteorological week (SMW) (6 August to 12 August), with an initial incidence of 6.00 per cent. As the season progressed, a gradual increase in disease incidence was noticed from the 33rd SMW onwards, corresponding to the first week of August. The disease continued to intensify over time and attained its highest incidence of 54.00 per cent during the 38th SMW (17 September to 23 September), which was favoured by congenial weather conditions. Following this peak, the incidence showed a steady decline and reached its lowest level of 7.00 per cent by the 52nd SMW (24 December to 31 December) (Table 1).

The correlation analysis between disease incidence (DI) of cotton necrosis disease and one week preceding weather parameters along with thrips population is presented in Table 2 and Fig. 1. Disease incidence (DI) exhibited a highly significant positive correlation with sunshine hours (0.551) and the average number of thrips (0.889), suggesting that increased sunshine duration and higher thrips activity strongly favoured disease development. Maximum temperature also showed a positive but non-significant correlation (0.256) with Disease incidence. Minimum temperature (0.048), rainfall (0.201), morning relative humidity (0.185), and evening relative humidity (0.097) displayed weak positive correlations with disease incidence, which were statistically non-significant.

Most of the time, the individual weather factor may not be the most favourable for the disease development. However, the interaction between the weather parameters has more influence on the disease progress which results in maximum disease incidence. Among the interaction between different weather parameters or Inter-parameter correlations indicated that minimum temperature was strongly and positively associated with rainfall (0.664) and morning relative humidity (0.710). Rainfall showed a highly significant positive correlation with both morning (0.865) and evening relative humidity (0.700). Similarly, morning and evening relative humidity were positively interrelated (0.754). Sunshine hours, on the other hand, had a significant negative correlation with minimum temperature (-0.253) and morning relative humidity (-0.406). Thrips population exhibited a significant positive correlation with maximum temperature (0.432) and sunshine hours (0.740), confirming their influence on thrips multiplication.

The multiple linear regression analysis of cotton necrosis disease incidence in relation to one-week preceding weather parameters and thrips population at during 2024-25 is presented in Table 3. The regression coefficients for maximum temperature (X₁), minimum temperature (X₂), rainfall (X₃), morning relative humidity (X₄), evening relative humidity (X₅), sunshine hours (X₆) and average number of thrips (X₇) were -0.323, -1.309, 0.066, 0.765, -0.116, -0.891 and 19.273, respectively. The fitted equation was Y = 31.69 – 0.323X1 – 1.309X2 + 0.066X3 + 0.765X4 – 0.116X5 – 0.831X6 + 19.273X7 + e.

The analysis revealed that a unit increase in morning relative humidity, rainfall and thrips population, the disease incidence was increased by 0.765, 0.066 and 19.273 units, respectively. Conversely, a unit increase in maximum temperature, minimum temperature, evening relative humidity and sunshine hours reduced disease incidence by 0.323, 1.309, 0.116 and 0.891 units, respectively.

The results of the present investigation were consistent with the earlier report by Manjunath et al. (2023), who observed that the incidence of cotton necrosis disease in cultivar RCH 659 (ranging from 6.00% in 32nd SMW to 54.00 per cent in 38th SMW) was primarily governed by thrips population (0.889), followed by morning relative humidity (0.185) and sunshine hours (0.551). Maximum temperature (0.256), minimum temperature (0.048), rainfall (0.201) and evening relative humidity (0.097) had weak or negative effects. Thus, vector abundance together with favourable weather conditions played a decisive role in disease progression. The results were also aligned with the report by Vinodkumar et al. (2017) during the study, he reported that Coimbatore (Annur), recorded the lowest minimum temperature (22.81 °C), highest relative humidity (81.42%) and maximum leaf wetness (23.9 h), was highly susceptible and recorded the highest per cent incidence of TSV about 30.68% and also concluded that temperature, relative humidity and leaf wetness were identified as key factors influencing the establishment of necrosis disease across different cotton growing regions in Tamil Nadu.

 Shivasharanayya and Nagaraju (2003) reported a clear positive correlation between thrips population and necrosis virus incidence, confirming the role of thrips as vectors in the spread of sunflower necrosis disease. They further observed that dry weather conditions during July-August, with moderate temperatures of 30-32°C and relative humidity ranging from 55-75 per cent, were highly favourable for thrips multiplication. Positive correlation of thrips population with maximum temperature and negative correlation with minimum temperature, RH-I, RH-II and rainfall were established. Disease incidence showed a positive correlation with minimum temperature, RH I, RH-II and rainfall. However, negative correlation with maximum temperature was observed. Besides, positive correlation between thrips population and disease incidence existed (Shivasharanayya and Nagaraju, 2003; Upendhar et al. 2006 and 2009). 
Prasada Rao et al. (2003a) also provided evidence supporting this phenomenon, reporting that during August and September, virus-infected pollen from Parthenium plants was deposited on groundnut, facilitating transmission when thrips fed on the plants. Furthermore, pre-monsoon showers created favourable conditions for the germination and growth of Parthenium, thereby enhancing the chances of virus perpetuation and spread. A similar situation could account for the higher incidence of the disease observed in the cotton ecosystem during these months.
The present study showed close similarity with other emerging viral diseases such as cotton leafroll dwarf virus (CLRDV) reported by Edula et al. (2023). Disease incidence was largely governed by seasonal conditions and vector activity, with higher infection levels recorded during warmer months coinciding with increased thrips populations. Early infections resulted in severe necrosis, stunting and significant yield reduction, whereas late infections produced comparatively milder symptoms. The occurrence of TSV in alternate weed hosts along field margins suggests its role in serving as a potential inoculum source for subsequent seasons. Similar to CLRDV, the complex interaction among host, virus, vector and environmental factors determines the pattern and intensity of TSV epidemics, emphasizing the importance of continuous field monitoring and integrated management strategies to minimize disease impact.
A pattern of rainy days followed by short dry spells during August favoured an increase in thrips population. This period also coincided with the flowering of Parthenium plants, and the synchronization of thrips activity with Parthenium flowering likely created favourable conditions for the transmission of tobacco streak virus. Such epidemiological insights on host range and the role of weather factors are valuable for understanding disease survival and can contribute to forecasting and developing effective management strategies.

Conclusion


In the epidemiological studies, disease incidence (DI) exhibited a highly significant positive correlation with sunshine hours and the average number of thrips. Maximum temperature also showed a positive but non-significant correlation with DI. Minimum temperature, rainfall, morning relative humidity and evening relative humidity displayed weak positive correlations with disease incidence, which were statistically non-significant. The spread of cotton necrosis disease was influenced by the early monsoon, which promoted profuse flowering of infected Parthenium, while the subsequent dry spell during August and September facilitated thrips movement. These epidemiological insights, including host range and the impact of weather factors, are valuable for understanding disease survival and can aid in forecasting and developing effective management strategies.
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Table 1: Progression of cotton necrosis disease in relation to weather parameters and thrips population during Kharif 2024-25

	Sl.
No.
	Standard 
meteorological
week
	Date
	Temp. (OC)
	RH (%)
	Rainfall 
(mm)
	Sunshine 
(hrs)
	Average No. 
of thrips
	Disease 
incidence
(%)

	
	
	
	Max.
	Min.
	Morning
	Evening
	
	
	
	

	1
	29
	16.07.2024 to 22.07.2024
	29.7
	24.4
	89
	71
	63.2
	0.7
	0.78
	-

	2
	30
	23.07.2024 to 29.07.2024
	30.6
	25.1
	86
	59
	1.8
	0.3
	1.42
	-

	3
	31
	30.07.2024 to 07.08.2024
	34.0
	24.3
	84
	48
	0.0
	2.4
	1.93
	-

	4
	32
	06.08.2024 to 12.08.2024
	31.9
	23.1
	91
	65
	77.0
	3.8
	2.46
	6

	5
	33
	13.08.2024 to 19.08.2024
	33.9
	24.5
	83
	53
	0.0
	4.9
	2.87
	11

	6
	34
	20.08.2024 to 26.08.2024
	30.8
	22.7
	92
	68
	92.0
	2.7
	2.98
	18

	7
	35
	27.08.2024 to 02.09.2024
	30.2
	21.8
	93
	69
	84.0
	4.1
	3.12
	29

	8
	36
	03.09.2024 to 09.09.2024
	30.4
	22.5
	91
	67
	117.6
	2.3
	3.52
	45

	9
	37
	10.09.2024 to 16.09.2024
	31.8
	21.4
	84
	54
	0.0
	5.5
	4.38
	48

	10
	38
	17.09.2024 to 23.09.2024
	33.3
	22.2
	83
	51
	6.8
	6.0
	4.68
	54

	11
	39
	24.09.2024 to 30.09.2024
	31.9
	22.3
	89
	62
	20.4
	3.9
	3.81
	51

	12
	40
	01.10.2024 to 07.10.2024
	33.1
	22.6
	90
	56
	37.6
	5.2
	3.44
	47

	13
	41
	08.10.2024 to 14.10.2024
	32.2
	23.2
	82
	59
	0.0
	6.5
	3.62
	44

	14
	42
	15.10.2024 to 21.10.2024
	30.7
	22.7
	93
	67
	22.6
	2.7
	2.83
	41

	15
	43
	22.10.2024 to 28.10.2024
	32.5
	21.0
	81
	47
	0.0
	6.9
	3.34
	30

	16
	44
	29.10.2024 to 04.11.2024
	33.5
	22.1
	81
	47
	0.0
	5.4
	3.26
	27

	17
	45
	05.11.2024 to 11.11.2024
	32.4
	19.4
	79
	37
	0.0
	5.8
	3.12
	25

	18
	46
	12.11.2024 to 18.11.2024
	31.9
	21.0
	81
	45
	0.0
	4.1
	3.02
	22

	19
	47
	19.11.2024 to 25.11.2024
	30.1
	16.0
	74
	35
	0.0
	4.7
	2.76
	19

	20
	48
	26.11.2024 to 02.12.2024
	30.1
	18.5
	71
	46
	0.0
	2.7
	2.42
	16

	21
	49
	03.12.2024 to 09.12.2024
	31.3
	22.2
	88
	53
	0.4
	3.3
	2.28
	14

	22
	50
	10.12.2024 to 16.12.2024
	30.2
	17.0
	78
	41
	0.0
	3.5
	2.08
	11

	23
	51
	17.12.2024 to 23.12.2024
	30.6
	18.3
	77
	42
	0.4
	3.7
	2.18
	9

	24
	52
	24.12.2024 to 31.12.2024
	30.0
	18.3
	84
	45
	0.8
	3.7
	2.48
	7


Table 2: Correlation coefficient between weather parameters, thrips population and cotton necrosis disease incidence

	Parameters
	Y
	X1
	X2
	X3
	X4
	X5
	X6
	X7

	Y PDI
	1
	
	
	
	
	
	
	

	X1 Maximum temperature (oC)
	0.256
	1
	
	
	
	
	
	

	X2 Minimum temperature (oC)
	0.048
	0.420*
	1
	
	
	
	
	

	X3 Rainfall (mm)
	0.201
	-0.02
	0.664**
	1
	
	
	
	

	X4 Relative humidity (morning) (%)
	0.185
	-0.176
	0.710**
	0.865**
	1
	
	
	

	X5 Relative humidity (evening) (%)
	0.097
	-0.314
	0.316
	0.700**
	0.754**
	1
	
	

	X6 Sunshine hours (hrs/day)
	0.551**
	0.549**
	-0.253
	-0.297
	-0.406**
	-0.349
	1
	

	X7 Average number of thrips
	0.889**
	0.432*
	-0.042
	0.048
	-0.022
	-0.007
	0.74**
	1


** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Table 3: Multiple regression analysis for cotton necrosis in relation to weather parameters and thrips population

	Location
	Constant
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	R
	R2

	ARS, Hagari, Ballari
	31.69
	-0.323
	-1.309
	0.066
	0.765
	-0.116
	-0.891
	19.273
	0.928
	0.860

	Multiple linear regression equation

	Y = 31.69 – 0.323X1 – 1.309X2 + 0.066X3 + 0.765X4 – 0.116X5 – 0.831X6 + 19.273X7 + e


  X1: Max. Temp, X2: Min. Temp, X3: Rainfall, X4: Morning RH, X5: Evening RH, X6: Sunshine hours and X7: Average number of thrips
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Fig. 1. Influence of weather parameters and thrips population on progress of cotton necrosis disease during Kharif 2024-25
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