



STUDIES ON EFFECT OF EPIDEMIOLOGICAL FACTORS ON ALTERNARIA LEAF BLIGHT OF TURMERIC
ABSTRACT
Although turmeric is considered to be a medicinal plant, it is susceptible to various diseases. Among the various diseases, leaf blight caused by Alternaria alternata (Fr.) Keissler, is one of the most serious foliar disease. The investigation on effect of epidemiological factors on leaf blight disease of turmeric was conducted during Kharif 2018 and 2019 at Krishi Vigyan Kendra, Kalaburagi, University of Agricultural Sciences (UAS), Raichur. The progress of leaf blight disease in turmeric variety Salem, sown at two different dates at an interval of 15 days gap in sowing i.e., 28th May and 11th June was made. The disease progress was recorded at a weekly interval and correlated with corresponding weekly weather factors. During Kharif 2018, initial symptoms of leaf blight disease were appeared on 33rd standard meteorological week (SMW) with the record of 5.34 PDI and the disease progressed and reached the maximum intensity of 66.10 PDI by 49th SMW (3rd fortnight of January 2019). Similar trend in disease progress was observed in second date of sowing (11th June), where in initial symptoms of leaf blight were noticed during 34th SMW with initial infection of 2.30 PDI. Further, the disease continued to progress and reached its high intensity of 70.26 PDI by 2nd SMW i.e., second week of January, 2019.  During Kharif 2019, the first date of sowing (last fortnight of May) recorded initial disease intensity by 32nd standard meteorological week (6th August, 2019) with 3.0 PDI. Then the disease raised up to the maximum intensity of 57.88 PDI by 48th SMW (November last fortnight). In the second sown crop, the maximum disease intensity of 67.83 PDI was recorded during December first fortnight of 49th SMW. However, the disease was initiated with an initial infection of 0.75 PDI during 34th SMW and went on progressing and reached the peak intensity. 
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1.
Introduction

Turmeric crop belongs to genus Curcuma is an important crop identified in family Zingiberaceae. It consists of about 110 species, distributed in tropical Asia and the Asia–Pacific region. The greatest diversity of the genera occurs in India, Myanmar and Thailand, and extends to Korea, China, Australia and the South Pacific. Many species of Curcuma are economically valuable, the most important being Curcuma longa, known as turmeric commercially. Turmeric (Curcuma longa L.) is an important commercial spice crop grown in India used for culinary and medicinal purpose. Turmeric is cultivated throughout India covering an area of 292.83 thousand hectares with an annual production of 1063.22 tonnes and productivity of 3.63 metric tonnes per hectare (Anon., 2024). The medicinal property of turmeric is extensively used as a stimulant, blood purifier, and carminative tonic remedy against skin diseases, itches and pain. It is also used as an anthelmintic. Turmeric is used in the drug industry due to its anti cancerous properties and is also considered to cure Acquired Immune Deficiency Syndrome. Although turmeric is considered to be a medicinal plant, it is susceptible to various diseases such as leaf blight, anthracnose and rhizome rot (Kavitha et al., 2011).  Although turmeric is considered to be a medicinal plant, it is susceptible to various diseases. The important diseases affecting the crop are leaf blight, leaf spot, leaf blotch, leaf blast and rhizome rot. Among the various diseases, leaf blight caused by Alternaria alternata (Fr.) Keissler, is one of the most serious foliar disease in all the turmeric growing regions of the Karnataka. In India, the incidence of Alternaria sp. on the host plant was first reported by Chowdhary in 1969 from Madhya Pradesh. The incidence of the pathogen was also reported from Tenali (Andra Pradesh) by Rangaswami et al. (1970). Mallikarjun (1996) reported that, turmeric leaf blight caused by A. alternata was a serious disease and caused considerable damage to turmeric plant in almost all turmeric growing areas of Northern Karnataka. The temperature and rainfall play a dual role influencing both pathogen growth in tomato early blight (Bahuguna and Jagadish, 2015). The bioclimatic modules provide deeper insights into long-term climate disease relationships and are valuable tools for disease forecasting (Bahuguna and Jagadish, 2015; Meena et al., 2014).

2.
Material and method

Studies on disease epidemiology, the role of weather factors on the progress of the disease were conducted at Krishi Vigyan Kendra, Kalaburagi, University of Agricultural Sciences (UAS), Raichur for two consecutive years of 2018 and 2019.  The study conducted to assess the progress of leaf blight disease in turmeric variety Salem, sown at two different dates at an interval of 15 days gap in sowing to determine the influence of various weather factors.  The turmeric crop was sown on two dates first during last fortnight of May and second sowing was taken up during second fortnight of June. i.e., 28th May and 11th June. The disease progress was recorded at a weekly interval and correlated with corresponding weekly weather factors. The observations on the disease progress were drawn at different prevailing standard meteorological weeks and data on prevailing weather factors was also recorded correspondingly and correlated with corresponding weekly weather factors.
Grading of leaf area infection (%) and corresponding resistance reactions
	Grade
	Per cent infection
	Disease Reaction

	0
	No disease
	Immune 

	1
	1-5 % leaf area covered
	Highly resistant 

	2
	6-10 % leaf area covered
	Resistant

	3
	11-25 % leaf area covered
	Moderately resistant

	4
	26-50 % leaf area covered
	Susceptible

	5
	> 50 % leaf area covered
	Highly susceptible


The per cent disease index was calculated using the formula as furnished and expressed as PDI (Wheeler, 1969).
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3.
Result and Discussion 

Developing forecasting model that further aids in disease management requires precised information on weather factors, which governs the spread and development of diseases. The weekly disease progress was recorded and correlated with corresponding weekly weather factors.

During Kharif 2018, in the first date of sowing (last fortnight of May 2018), initial symptoms of leaf blight disease were appeared on 33rd standard meteorological week (SMW) with the record of 5.34 PDI and the disease progressed and reached the maximum intensity of 66.10 PDI by 49th SMW (3rd fortnight of January 2019) as shown in Tables 1 and 2 and Fig. 1. All along these weeks, the environmental conditions such as i.e., minimum temperature, rainfall and relative humidity are found favourable and positively correlated with leaf blight development in turmeric. On the contrary, the weather factors such as morning and evening relative humidity as adversely affected by more sunshine hours are very significant and negatively correlated with disease progression mainly due to the evaporation losses. Further the disease progress was declined (January 4th fortnight onwards) due to no rainfall and moderate high temperature, during day hours and long cool hours during night which are highly unconginenial for the development of fungal disease. Similar trend in disease progress was observed in second date of sowing (11th June), where in initial symptoms of leaf blight were noticed during 34th standard meteorological week (SMW) with initial infection of 2.30 PDI. Further, the disease continued to progress and reached its high intensity of 70.26 PDI by 2nd SMW i.e., second week of January, 2019 as favored by congenial weather conditions i.e., minimum temperature, rainfall and morning relative humidity. There was a gradual step wise decrease in disease intensity during subsequent periods after 3rd SMW which is attributed to unfavorable environmental conditions like bright sunshine during daytime and extremities of cold during night hours owing to the prevalence of minimum night temperature ranged between 10 to 10.5º C which are highly uncongenial for development of fungal growth.  

During Kharif 2019, the observation revealed that, the first date of sowing (last fortnight of May) recorded initial disease intensity by 32nd standard meteorological week (6th August, 2019) with 3.0 PDI values are presented in Tables 3 and 4 and Figures 2 and 3. Then the disease raised up to the maximum intensity of 57.88 PDI by 48th SMW (November last fortnight). The rise in disease intensity was in correlation with congenial weather conditions such as minimum temperature, morning relative humidity attributed to the intermittent rainfall during the period, as these factors significantly correlated with the disease progress. In contrary, the disease started declining from 49th meteorological week (first fortnight of December, 2019) due to adverse environmental conditions as there was no rainfall for the subsequent period (December and January 2020) which had great impact on reduction in relative humidity levels (from 67.53 to 55.33 per cent), where in the disease intensity came down to the minimum of 45.00 PDI by the time of crop harvest. In the second sown crop, the maximum disease intensity of 67.83 PDI was recorded during December first fortnight of 49th SMW. However, the disease was initiated with an initial infection of 0.75 PDI during 34th SMW and went on progressing and reached the peak intensity. 

From the results obtained over two years experiment, it is clear that early sowing in the month of May is advantageous over late sowing in the month of June. Crop is less prone to the attack by fungal pathogen attributed to prevalance of uncongenial weather against the leaf blight incidence during its growth period. The weather study matches with study conducted on temperature and rainfall, which play a dual role influencing both pathogen growth in tomato early blight (Bahuguna and Jagadish, 2015). The bioclimatic modules provide deeper insights into long term climate-disease relationships and are valuable tools for disease forecasting (Bahuguna and Jagadish, 2015; Meena et al., 2014). Mallikarjun (1997) studies on growth of the Alternaria leaf spot fungus and revealed that the maximum growth was at 25-28 °C temperature.
4.
CONCLUSION

Across both Kharif seasons, leaf blight development in turmeric showed a consistent and strong dependence on weather conditions. Disease initiation and rapid progression coincided with congenial environments characterized by lower minimum temperatures, frequent rainfall and high relative humidity. Peak disease intensity was generally recorded during late December to early January, corresponding with sustained humid and wet conditions. In contrast, disease decline was associated with the cessation of rainfall, increased sunshine hours, reduced relative humidity and low night temperatures, which were unfavorable for fungal growth. Thus, sowing time and prevailing meteorological factors critically influenced the temporal dynamics of leaf blight severity.
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Table 1: Effect of weather parameters on disease development and severity of Alternaria leaf blight of turmeric during 2018
	STANDARD WEEKS
	SWK

Number
	RH (%)
	Temp (ºC)
	Rainfall (mm)
	Sunshine hours (hrs)
	Wind speed (km/hr)
	PDI for first sown crop
	PDI for Second sown crop
	Crop period (days)

	
	
	I
	II
	Maximum
	Minimum
	
	
	
	
	
	

	MAY 28-JUNE 03, 2018
	22
	72.63
	46.83
	39.00
	22.14
	14.0
	4.3
	10.7
	
	
	-

	JUNE 04-10, 2018
	23
	77.59
	58.21
	35.21
	21.43
	24.0
	3.8
	8.7
	
	
	-

	JUNE 11-17, 2018
	24
	65.23
	48.04
	34.07
	22.29
	0.0
	6.8
	9.0
	
	
	2

	JUNE 18-24, 2018
	25
	79.67
	40.67
	35.93
	21.71
	15.2
	5.7
	11.8
	
	
	9

	JUNE 25-JULY01, 2018
	26
	74.57
	42.50
	34.14
	20.71
	5.8
	5.2
	9.6
	
	
	16

	JULY 02-08, 2018
	27
	78.03
	54.91
	33.14
	20.57
	5.2
	4.7
	10.4
	
	
	23

	JULY 09-15, 2018
	28
	90.94
	75.51
	29.50
	20.07
	29.20
	2.1
	15.3
	
	
	30

	JULY 16-22, 2018
	29
	85.53
	63.10
	30.29
	20.36
	8.4
	3.8
	19.7
	
	
	37

	JULY 23-29, 2018
	30
	85.59
	53.03
	32.57
	20.36
	0.0
	2,7
	13/0
	
	
	44

	JULY 30-AUG 05, 2018
	31
	75.89
	47.93
	33.43
	20.36
	0.0
	5.1
	16.2
	
	
	51

	AUG 06-12, 2018
	32
	75.13
	58.39
	32.21
	20.71
	24.0
	4.6
	12.62
	
	
	58

	AUG 13-19, 2018
	33
	84.79
	68.13
	27.00
	19.50
	36.40
	4.8
	18.8
	5.34
	-
	65

	AUG 20-26, 2018
	34
	91.09
	70.19
	31.93
	18.86
	20.40
	2.8
	15.7
	9.74
	2.3
	72

	AUG 27-SEPT 02, 2018
	35
	87.29
	70.09
	30.50
	18.79
	11.20
	2.1
	73.2
	14.87
	4.0
	79

	SEPT 03-09, 2018
	36
	85.17
	77.51
	32.07
	17.71
	0.0
	2.7
	15.9
	21.66
	6.6
	86

	SEPT 10-16, 2018
	37
	89.21
	72.39
	34.50
	17.00
	31.6
	1.4
	10.6
	24.33
	10.34
	93

	SEPT 17-23, 2018
	38
	91.39
	82.84
	34.64
	17.57
	30.4
	1.2
	17.3
	24.70
	13.53
	100

	SEPT 24-30, 2018
	39
	91.42
	82.76
	34.60
	17.55
	30.12
	1.4
	17.5
	29.44
	14.50
	107

	OCT 01-07, 2018
	40
	70.87
	79.50
	34.50
	17.36
	5.0
	2.2
	13.7
	31.77
	18.30
	114

	OCT 08-14, 2018
	41
	69.31
	78.81
	34.64
	17.07
	0.0
	2.7
	19.4
	34.87
	18.72
	121

	OCT 15-21, 2018
	42
	82.57
	81.91
	34.79
	17.36
	31.2
	2.9
	17.5
	37.83
	22.45
	128

	OCT 22-28, 2018
	43
	63.99
	81.53
	82.14
	15.79
	-
	3.1
	14.3
	39.34
	25.56
	135

	OCT 29-NOV 04, 2018
	44
	75.76
	81.16
	32.36
	11.57
	-
	2.8
	8.3
	45.47
	26.00
	142

	NOV-05-11, 2018
	45
	78.44
	79.63
	33.00
	12.50
	-
	4.3
	5.0
	47.63
	39.42
	149

	NOV 12-18, 2018
	46
	73.31
	78.44
	33.21
	11.79
	-
	4.0
	7.7
	48.56
	40.54
	156

	NOV 19-25, 2018
	47
	77.64
	78.46
	33.71
	15.50
	-
	4.2
	7.1
	49.33
	43.49
	163

	NOV 26-DEC 02, 2018
	48
	78.47
	79.54
	33.24
	12.30
	-
	4.1
	6.9
	51.87
	47.34
	170

	DEC 03-09, 2018
	49
	83.59
	73.69
	31.71
	14.43
	-
	3.5
	8.8
	54.34
	47.84
	177

	DEC 10-16, 2018
	50
	88.86
	72.50
	30.36
	15.57
	127.4
	1.2
	10.8
	56.45
	54.25
	184

	DEC 17-23, 2018
	51
	88.79
	63.44
	27.50
	11.50
	-
	3.5
	14.7
	58.47
	57.86
	191

	DEC 24-31, 2018
	52
	75.93
	76.77
	29.79
	11.64
	-
	4.4
	9.8
	60.21
	63.75
	198

	JAN 01-07, 2019
	1
	64.56
	77.24
	29.86
	7.86
	-
	3.0
	11.7
	63.45
	64.10
	205

	JAN 08-14, 2019
	2
	72.47
	62.50
	30.79
	9.14
	-
	5.1
	14.2
	64.67
	70.26
	212

	JAN 15-21, 2019
	3
	70.27
	62.91
	30.93
	10.50
	-
	5.7
	21.3
	66.10
	62.38
	219

	JAN 22-28, 2019
	4
	87.30
	71.56
	30.95
	10.57
	-
	5.2
	17.2
	58.43
	54.10
	226

	JAN 29-FEB 04, 2019
	5
	77.30
	53.47
	29.43
	10.55
	-
	5.8
	18.7
	55.66
	-
	233

	FEB 05-12, 2019
	6
	70.32
	51.41
	28.34
	10.42
	-
	5.6
	18.3
	-
	-
	240


Table 2. Correlation coefficient between weather parameters and leaf-blight disease index on turmeric (Kharif 2018)

	Parameters
	Y (PDI)
	X₁ (Max Temp °C)
	X₂ (Min Temp °C)
	X₃ (Rainfall mm day⁻¹)
	X₄ (Morning RH %)
	X₅ (Evening RH %)
	X₆ (Sunshine h day⁻¹)
	X₇ (Wind speed km h⁻¹)

	Y (PDI)
	1.00
	
	
	
	
	
	
	

	X₁ Maximum temperature (°C)
	0.27
	1.00
	
	
	
	
	
	

	X₂ Minimum temperature (°C)
	–0.06
	0.10
	1.00
	
	
	
	
	

	X₃ Rainfall (mm day⁻¹)
	0.33*
	–0.11
	0.21
	1.00
	
	
	
	

	X₄ Morning relative humidity (%)
	0.12
	–0.40*
	0.17
	0.43*
	1.00
	
	
	

	X₅ Evening relative humidity (%)
	0.18
	0.13
	–0.47**
	0.09
	0.14
	1.00
	
	

	X₆ Sunshine hours (h day⁻¹)
	–0.30*
	–0.08
	–0.03
	–0.43*
	–0.47**
	–0.61**
	1.00
	

	X₇ Wind speed (km h⁻¹)
	0.09
	–0.04
	0.15
	0.08
	–0.09
	–0.13
	0.11
	1.00


* Significant at 0.05 level (2-tailed)  
** Significant at 0.01 level (2-tailed)

Regression equation:
Y (PDI) = 93.132 + 0.686X1 − 6.730X2 + 0.244X3 − 0.097X4 + 0.294X5 + 3.432X6 + 0.266X7

Table 3: Effect of weather parameters on disease development and severity of Alternaria leaf blight of turmeric during 2019
	STANDARD WEEKS
	SWK

Number
	RH (%)
	Temp (ºC)
	Rainfall (mm)
	Sunshine hours (hrs)
	Wind speed (km/hr)
	PDI for first sown crop
	PDI for Second sown crop
	Crop period (days)

	
	
	I
	II
	Maximum
	Minimum
	
	
	
	
	
	

	MAY 28-JUNE 03, 2019
	22
	62.33
	47.33
	39.23
	23.01
	7.9
	3.8
	8.2
	
	
	-

	JUNE 04-10, 2019
	23
	77.22
	55.22
	34.32
	20.22
	10.0
	1.3
	7.3
	
	
	-

	JUNE11-17, 2019
	24
	87.12
	75.33
	34.53
	20.27
	18.20
	2.2
	5.8
	
	
	2

	JUNE18-24, 2019
	25
	85.44
	74.68
	32.42
	19.23
	4.0
	1.7
	4.3
	
	
	9

	JUNE25-JULY 01, 2019
	26
	88.44
	74.32
	30.22
	19.42
	15.1
	2.3
	4.8
	
	
	16

	JULY02-08, 2019
	27
	93.44
	85.23
	30.62
	20.78
	7.0
	1.8
	4.4
	
	
	23

	JULY09-15, 2019
	28
	92.17
	84.13
	30.27
	20.17
	63.8
	2.4
	4.0
	
	
	30

	JULY16-22, 2019
	29
	93.55
	85.67
	30.22
	20.42
	24.0
	1.8
	5.7
	
	
	37

	JULY23-29, 2019
	30
	93.47
	85.74
	30.47
	19.37
	-
	2.5
	4.8
	
	
	44

	JULY30-AUG 05, 2019
	31
	95.81
	84.84
	29.45
	19.73
	-
	1.4
	5.7
	
	
	51

	AUG06-12, 2019
	32
	91.83
	88.78
	29.57
	19.78
	-
	1.6
	6.3
	3.00
	
	58

	AUG13-19, 2019
	33
	92.45
	85.67
	29.34
	19.43
	-
	2.8
	5.7
	3.14
	
	65

	AUG20-26, 2019
	34
	91.76
	84.33
	29.12
	20.17
	-
	2.0
	6.7
	6.23
	0.75
	72

	AUG 27-SEPT 02, 2019
	35
	92.78
	83.47
	29.45
	20.29
	20.2
	1.3
	4.3
	12.78
	4.48
	79

	SEPT 03-09, 2019
	36
	86.33
	81.53
	30.47
	18.42
	
	2.1
	5.7
	17.78
	5.00
	86

	SEPT 10-16, 2019
	37
	87.43
	80.14
	30.27
	18.22
	8.22
	1.4
	5.5
	21.33
	11.45
	93

	SEPT 17-23, 2019
	38
	87.33
	80.42
	30.29
	18.00
	17.00
	1.1
	4.3
	25.77
	18.44
	100

	SEPT 24-30, 2019
	39
	87.44
	80.33
	30.24
	18.23
	-
	1.0
	5.3
	27.48
	22.22
	107

	OCT 01-07, 2019
	40
	80.43
	78.42
	30.44
	19.74
	-
	2.5
	4.7
	30.55
	28.27
	114

	OCT 08-14, 2019
	41
	81.42
	77.25
	30.66
	19.97
	-
	2.2
	4.9
	33.73
	33.57
	121

	OCT 15-21, 2019
	42
	80.34
	75.46
	30.22
	19.45
	19.45
	1.1
	5.2
	38.22
	28.28
	128

	OCT 22-28, 2019
	43
	81.44
	74.82
	30.42
	19.23
	19.23
	2.2
	4.4
	40.44
	37.12
	135

	OCT 29-NOV 04, 2019
	44
	81.40
	73.45
	31.50
	19.75
	-
	4.4
	5.0
	43.77
	39.23
	142

	NOV 05-11, 2019
	45
	74.43
	68.12
	30.45
	19.42
	56.8
	4.0
	3.8
	47.56
	43.77
	149

	NOV 12-18, 2019
	46
	74.30
	65.40
	29.75
	14.20
	-
	4.2
	4.3
	49.75
	47.27
	156

	NOV 19-25, 2019
	47
	73.93
	67.15
	29.14
	13.34
	-
	3.2
	4.7
	55.67
	55.12
	163

	NOV 26- DEC 02, 2019
	48
	73.42
	67.53
	29.45
	13.48
	-
	2.7
	5.1
	57.88
	58.78
	170

	DEC 03-09, 2019
	49
	73.11
	66.38
	28.70
	14.87
	-
	3.5
	5.8
	52.44
	67.83
	177

	DEC 10-16, 2019
	50
	74.33
	65.44
	29.78
	15.70
	-
	2.4
	6.6
	51.32
	54.25
	184

	DEC 17-23, 2019
	51
	74.23
	63.24
	28.55
	15.14
	-
	2.2
	5.7
	50.27
	51.22
	191

	DEC 24-31, 2019
	52
	84.12
	63.45
	29.45
	15.72
	-
	4.1
	6.2
	49.72
	50.34
	198

	JAN 01-07, 2020
	1
	80.32
	54.75
	28.57
	15.34
	-
	4.3
	4.8
	47.33
	48.88
	205

	JAN 08-14, 2020
	2
	80.23
	55.33
	32.45
	17.45
	-
	5.0
	8.8
	45.00
	48.27
	212

	JAN 15-21, 2020
	3
	79.58
	55.43
	30.55
	15.57
	-
	4.8
	5.3
	
	
	219

	JAN 22-28, 2020
	4
	80.43
	54.78
	30.25
	15.77
	-
	4.2
	6.7
	
	
	226

	JAN 29-FEB 04, 2020
	5
	81.50
	58.77
	30.45
	16.75
	-
	4.8
	7.2
	
	
	233

	FEB 5-12, 2020
	6
	83.40
	55.43
	32.71
	17.87
	-
	4.3
	6.8
	
	
	240


Table 4. Correlation coefficient between weather parameters and leaf-blight disease index on turmeric (Kharif 2019)
	Parameters
	Y (PDI)
	X₁ (Max Temp °C)
	X₂ (Min Temp °C)
	X₃ (Rainfall mm day⁻¹)
	X₄ (Morning RH %)
	X₅ (Evening RH %)
	X₆ (Sunshine h day⁻¹)
	X₇ (Wind speed km h⁻¹)

	Y (PDI)
	1.000
	
	
	
	
	
	
	

	X₁ Maximum temperature (°C)
	−0.136
	1.000
	
	
	
	
	
	

	X₂ Minimum temperature (°C)
	−0.760**
	0.368*
	1.000
	
	
	
	
	

	X₃ Rainfall (mm day⁻¹)
	−0.420*
	0.094
	0.445**
	1.000
	
	
	
	

	X₄ Morning relative humidity (%)
	−0.785**
	0.105
	0.735**
	0.363*
	1.000
	
	
	

	X₅ Evening relative humidity (%)
	−0.911**
	−0.087
	0.725**
	0.539**
	0.731**
	1.000
	
	

	X₆ Sunshine hours (h day⁻¹)
	0.717**
	0.111
	−0.519**
	−0.451**
	−0.518**
	−0.781**
	1.000
	

	X₇ Wind speed (km h⁻¹)
	0.344*
	−0.085
	−0.209
	−0.146
	−0.004
	−0.302
	0.201
	1.000


*Significant at 0.05 level (2-tailed)  
** Significant at 0.01 level (2-tailed)

Multiple Linear Regression Equation: 
Y = 78.324 − 0.142X1 − 1.842X2∗∗ − 0.118X3 − 0.603X4∗∗ − 0.714X5∗∗ + 1.539X6∗∗ + 0.286X7 
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Fig. 1. Role of weather factors on Alternaria blight of turmeric during 2018
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Fig. 2. Role of weather factors on Alternaria blight of turmeric during 2019
[image: image4.jpg]M

Nl
N~
LGN *
————





Fig. 3. General view of the epidemiology experimental plot of turmeric (cv. Salem).
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