


FUNGICIDAL MANAGEMENT OF FOLIAR DISEASES OF SAFFLOWER



Abstract 

Safflower (Carthamus tinctorius L.) is a key oilseed crop valued for its adaptability to arid conditions and its high quality oil rich in unsaturated fatty acids. However, its cultivation is significantly hampered by various plant diseases, notably leaf blight caused by Alternaria carthami. Field experiment was conducted in a Randomised Block Design at Agricultural Research Station, Annigeri during rabi 2021 and 2022, using crop variety, Annigeri-1 in a plot size of 2.25m × 4m and 8 treatments in 3 replications of fungicides in an integrated approach and observations such as per cent disease index at 30, 60 and 90 days after sowing and seed yield per plot were recorded. Among the eight different fungicides evaluated against the foliar diseases of safflower, seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml was found to be the most effective as it recorded significantly lowest disease intensity of Alternaria leafspot and Cercospora leafspot (18.6 and 12.08 %)) and highest seed yield (13.1 q/ha) and IBC ratio (1.68) than the rest of the treatments compared to untreated control (IBC ratio :1.19).
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Introduction 
Safflower (Carthamus tinctorius L.) is an important oilseed crop belonging to Asteraceae family, thrives in semi arid regions across the globe. It is prized for its highly nutritious edible oil from seeds that contain 25-32 per cent oil and are particularly rich in polyunsaturated fatty acids, especially linoleic acid, which comprises 78 per cent of the oil. Safflower is cultivated in over 60 countries worldwide ranging between latitudes 50°N and 23°S (Gilbert et al., 2008). In India, the primary safflower producing states are Maharashtra and Karnataka, which together account for (86%) of the country's total production with Maharashtra contributing (55%) and Karnataka 31 per cent.

 	Safflower is known to suffer from many fungal (leaf spot/blight (Alternaria carthami), wilt (Fusarium oxysporum f.sp.carthami), root rot (Rhizoctonia bataticola), powdery mildew (Erysiphe cichoracearum DC), anthracnose (Colletotrichum capsici) and charcoal rot (Macrophomina phaseolina (Tassi) Goid), bacterial (leaf blight/spot (Pseudomonas syringae van Hall)) and viral diseases (mosaic (cucumber mosaic virus), necrosis (tobacco streak virus)) at different stages of crop growth (Jawalgaonkar, 1991; Bhale et al., 1998). Seed/soil borne pathogen particularly fungal pathogens affects directly and indirectly the quality and quantity of the oilseed crops in terms of deterioration and reduction in oil content, reduction in germination, viability of seed and potential losses in yields. Among them the foliar diseases caused by Alternaria carthami Chowdhary is a major destructive disease of safflower followed by Cercospora leaf spot (Cercospora carthami).
The disease caused severe losses in seed yield in the trials in most of the locations in Maharashtra and Karnataka (Anonymous, 1998). The disease has been reported to cause seed yield losses to the tune of 10 to 25 per cent (Indi et al., 1988). Under severe conditions, it has been reported to cause 50 per cent loss in seed yield (Indi et al., 1986). With this view, the present investigation was undertaken to evaluate the efficacy of different fungicides for the management of foliar diseases of safflower.
Material and methods
An experiment on field evaluation of different fungicides against leaf spots of safflower (Carthamus tinctorius L.) caused by Alternaria carthami Chowdhury and Cercospora leaf spot (Cercospora carthami) was conducted for two years from rabi 2020-21 to 2021-22 at Agricultural Research Station, Annigeri. A total of eight treatments (Table 1) were evaluated in a randomized block design with three replications. The gross and net plot size maintained was 5.0 x 2.7 m and 4.6 x 1.8 m, respectively.
The crop was fertilized with 50 kg N and 25 kg P2O5 per hectare as a basal dose. The efficacy of different fungicides was evaluated by spraying the fungicides twice as below. The first fungicidal spray was given immediately after disease appearance during rosette stage of the crop i.e. 45 DAS and second spray 15 days thereafter at 40 DAS i.e. immediately after congenial climatic. Ten randomly selected plants from each plot were scored for the disease reaction at 15 days interval using 1-9 scale (Anonymous, 2006). Ten plants per treatment per replication were selected randomly and tagged for recording observations on disease intensity. Three leaves (bottom, middle and top) from main branch on each observation plant were selected and foliage Alternaria blight disease intensity were recorded, applying 0-9 grade disease rating scale (Mayee and Datar, 1986), one day before each sprayings and last observation at 15 days after last spraying. Per cent disease intensity was calculated as given below.
The per cent disease intensity (PDI) was calculated by using the formula suggested by Mayee and Datar (1986). The data on seed yield was also recorded at harvest. The per cent disease control by different fungicidal treatments over water sprayed control was computed and the economics of different fungicidal treatments was worked out.

Per cent disease intensity was calculated as given below.
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Further, per cent disease control (PDC) was worked out applying the following formula.
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Seed yield data and ICBR 
In both the field experiments (Rabi, 2020-21 and 2021-22) after maturity plot harvested at maturity in all the treatments replicated and cumulative seed yield data was presented (q/ha). 
To find out the most effective and economical treatment, the incremental cost: benefit ratio (ICBR) was worked out. 

Pooled analysis 
The data obtained on per cent blight disease intensity, seed test weight and seed yield in both the experiments (Rabi, 2020-21 and 2021-22) were subjected to pooled analysis and interpreted the results thereof. 
Results and Discussion 
Effect of different fungicides on severity of foliar diseases of safflower during rabi 2020-21
[bookmark: _GoBack]Among the eight treatments evaluated during kharif 2020, results revealed that all the treatments significantly reduced the Alternaria blight and Cercospora leafspot severity as compared to the control. Out of eight different fungicides tested against the disease, seed treatments with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml was found most effective as it recorded significantly lowest disease intensity of Alternaria leafspot and Cercospora leafspot (15% and 8.93%). The next effective treatments as regards the Alternaria blight and Cercospora leaf spot  control were seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of  Chlorothalonil @ 2ml/l  (16.2% and 9.07%) respectively compared to  water spray as control treatment, on the other hand, recorded the highest average disease intensity of Alternaria and Cercospora leaf spot (38.2% and 24.0%).
	Highest seed yield of 13.1 q/ha was obtained in T5 [seed treatments with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml] followed by 12.4 q/ha in T3 [seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l. The water spray as control treatment, on the other hand, recorded the lowest seed yield of 8.5 q/ha respectively.
The cost-benefit analysis of different priming treatments showed that  seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded highest net returns of Rs. 31740/- and B:C ratio of 1.89 followed by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l (Rs. 23701/-, 1.68) compared to untreated control (Rs. 8731/-, 1.27) (Table 1.)

Effect of different fungicides on severity of foliar diseases of safflower during rabi 2021-22
The intensity of Alternaria leaf spot and Cercospora leaf spot was significantly influenced by different treatments during rabi 2021-22.  Across the seasons, seed treatments with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded significantly lowest disease intensity of Alternaria leaf spot and Cercospora leafspot (16.5 and 11.4%) followed by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l(21.0 and 15.1%). The water spray as control treatment, on the other hand, recorded the highest average disease intensity of Alternaria leaf spot and Cercospora leaf spot (45.2 and 33.4%) respectively.
Effect on seed yield 
The seed yield of safflower was significantly influenced by different treatments (Table 2). The analysis of the data on seed yield indicated that, seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded significantly highest seed yield of 11.8 q/ha. It was followed by the seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l (7.8 q/ha). The water sprayed control treatment, on the other hand, recorded the lowest seed yield of 7.2 q/ha. 
Cost-benefit analysis
The economics of different fungicidal treatments was also studied (Table 2). Seed treatments with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded highest net returns of Rs. 17570/- and B:C ratio of 1.47 followed by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l (Rs. 23701/-, 1.68) compared to untreated control (Rs. 1056/-, 1.03) (Table 2).
Pooled mean results (Rabi, 2020-21 and 2021-22) 
The pooled data on the incidence of foliar diseases of safflower such as Alternaria blight and Cercospora leaf spot, seed yield and economics of safflower as influenced by seed treatment and foliar spray are presented in Table 1. The pooled results showed that incidence of Alternaria blight and Cercospora Leaf spot was significantly influenced by seed treatment and foliar spray.
Among the different seed treatments, seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml was found to be the most significantly effective as it recorded the least per cent disease index of of Alternaria leaf spot and Cercospora leaf spot (14.9 and 8.93%). It was followed by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l (18.6 and 12.08 %) compared to control (41.7 and 28.6%). which were statistically indistinguishable. The pooled results on seed yield of safflower (Table 3) as influenced by different treatments indicated that seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded significantly highest average seed yield (13.1 q/ha). It was followed by by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l compared to untreated control (7.8 q/ha). The benefit-cost analysis of different seed treatment and fungicide (Table 3) showed that seed treatments with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml recorded highest net returns of Rs. 24655/- and B:C ratio of 1.68 followed by seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of Chlorothalonil @ 2ml/l (Rs. 12379 /-, 1.37) compared to untreated control (Rs. 6225/-, 1.19).
These results are in conformity with the findings of those reported earlier by several workers against, Alternaria sesame infecting sesame (Jeyalakshmi and Rettinassababady, 2009), A. helianthi infecting sunflower (Karuna et al., 2012; Venkataramanamma et al., 2014). 
Results of the present study obtained on integrated management of safflower Alternaria blight (A. carthami) disease with the fungicides viz., Hexaconazole, Mancozeb and SAAF, bioagents T. viride and botanical A. sativum which efficiently managed the disease with significant increase in seed yield and better ICBR are on the same line with the findings of those reported earlier by several workers. (Murumkar et al., 2009; Mesta et al., 2011). This was followed by the recommended check mancozeb 0.25% with the disease intensity of 45.19%, seed yield of 821 kg/ha, oil yield of 227 kg/ha and IBC ratio of 6.76. Raju et al. (2001) also reported that out of the five fungicides evaluated against the disease, carbendazim (0.1%) was found quite effective in controlling disease (37.9% disease index) as against untreated check (65.1%).

Conclusion 
From the above results, it could be seen that seed treatment with Carbendazim 12% + Mancozeb 63%) @ 2g/l+ foliar spray of difenoconazole @0.5ml was the most superior treatment for the fungicidal management of foliar diseases of safflower. It recorded significantly lowest disease intensity of Alternaria leaf spot and Cercospora leaf spot (14.9 and 8.93%) and the highest seed yield (13.1 q/ha) and BC ratio (1.68.). The overall results indicated that for effective and economical management of Alternaria and Cercospora leaf spot of safflower, first spray of difenoconazole @0.5ml should be given immediately after disease appearance (generally at rosette stage i.e. 25 DAS), followed by need-based second and third sprays at 15 days after first spray and during flowering/seed setting stage, respectively under congenial climatic conditions.
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Table 1.Effect of different fungicides in management of foliar diseases of safflower during 2020
	Tr no
	Treatment details
	Alternaria 
Leaf
Spot(PDI)
	Cercospora
Leaf Spot (PDI)
	Yield (q/ha)
	Cost of
cultivation
(Rs/ha)
	Gross
returns
(Rs/ha)
	Net
returns
(Rs/ha)
	B:C 
ratio

	T1
	Seed treatment with Carbendazim 12% + Mancozeb 63% @ 3g/kg 
	28.20
(32.09)
	17.71
(24.88)
	9.50
	31904
	44650
	12746
	1.39

	T2
	T1 +  Spray with  Carbendazim @ 2g/l 
	18.47
(25.37)
	12.9
(21.03)
	10.1
	33264
	47470
	14206
	1.42

	T3
	T1 + Spray with  Chlorothalonil @ 2ml/l  
	16.21
(23.71)
	9.07
(17.5)
	12.4
	34579
	58280
	23701
	1.68

	T4
	T1 +  Spray with  Salicylic acid @100 ppm  
	19.43
(26.16)
	14.83
(22.64)
	9.80
	32474
	46060
	13586
	1.41

	T5
	T1 + Spray with Difenconazole  @ 1 ml/l
	13.50
(21.49)
	6.43
(14.67)
	14.3
	35470
	67210
	31740
	1.89

	T6
	T1+  Spray with Mancozeb @ 2g/l
	22.27
(28.1)
	14.23
(22.17)
	11.6
	32369
	54520
	22151
	1.69

	T7
	ST with  Captan @ 2g /kg +  Spray with Mancozeb @ 2g/l         (Recommended check)
	31.91
(34.4)
	20.07
(26.61)
	9.30
	32260
	43710
	11450
	1.35

	T8
	Control (UTC) 
	38.23
(38.21)
	24.0
(29.35)
	8.50
	31219
	39950
	8731
	1.27

	 
	S.Em ±
	1.11
	0.67
	0.86
	
	
	
	

	 
	CD (5%)
	3.04
	2.03
	2.62
	
	
	
	

	 
	CV 
	6.06
	5.20
	13.6
	
	
	
	







                Table 2.Effect of different fungicides in management of foliar diseases of safflower during 2021
	Tr no
	Treatment details
	Alternaria 
Leaf
Spot(PDI)
	Cercospora
Leaf Spot (PDI)
	Yield (q/ha)
	Cost of
cultivation
(Rs/ha)
	Gross
returns
(Rs/ha)
	Net
returns
(Rs/ha)
	B:C 
ratio

	T1
	Seed treatment with Carbendazim 12% + Mancozeb 63% @ 3g/kg 
	34.33
(35.86)
	23.30
(28.86)
	10.1
	33144
	46460
	13316
	1.42

	T2
	T1 +  Spray with  Carbendazim @ 2g/l 
	27.91
(31.89)
	22.10
(28.04)
	8.20
	34504
	37720
	3216
	1.09

	T3
	T1 + Spray with  Chlorothalonil @ 2ml/l  
	21.0
(27.25)
	15.11
(22.85)
	7.80
	34824
	35880
	1056
	1.03

	T4
	T1 +  Spray with  Salicylic acid @100 ppm  
	31.7
(34.26)
	19.77
(26.4)
	9.50
	33720
	43700
	9980
	1.29

	T5
	T1 + Spray with Difenconazole  @ 1 ml/l
	16.50
(23.94)
	11.43
(19.75)
	11.8
	36710
	54280
	17570
	1.47

	T6
	T1+  Spray with Mancozeb @ 2g/l
	34.17
(35.77)
	20.70
(27.07)
	7.70
	33609
	35420
	1811
	1.02

	T7
	ST with  Captan @ 2g /kg +  Spray with Mancozeb @ 2g/l         (Recommended check)
	36.47
(37.16)
	30.07
(33.26)
	7.00
	33500
	34500
	1000
	1.03

	T8
	Control (UTC) 
	45.27
(42.31)
	33.40
(35.30)
	7.20
	33459
	33120
	661
	1.02

	 
	S.Em ±
	1.52
	0.89
	0.56
	
	
	
	

	 
	CD (5%)
	4.62
	2.71
	1.68
	
	
	
	

	 
	CV 
	8.55
	5.59
	11.5
	
	
	
	











Table 3. Severity of Alternaria leaf spot and Cercospora leaf spot of safflower (Pooled 2020 and 2021)
	Tr No
	 Treatment details
	   Alternaria leaf spot (PDI)
	Cercospora leaf spot (PDI)
	Yield(q/ha)

	
	
	2020
	2021
	Pooled
	2020
	2021
	Pooled 
	2020
	2021
	Pooled 

	T1
	Seed treatment with Carbendazim 12% + Mancozeb 63% @ 3g/kg 
	28.2
(12.4)
	34.2
(17.7)
	31.2
(8.10)
	17.7
(12.3)
	23.3
(14.4)
	20.5
(7.16)
	9.50
	10.1
	9.80

	T2
	T1 +  Spray with  Carbendazim @ 2g/l 
	18.8
(10.5)
	27.9
(12.9)
	23.4
(7.42)
	12.9
(10.5)
	22.1
(14.0)
	17.5
(6.81)
	10.1
	8.20
	9.15

	T3
	T1 + Spray with  Chlorothalonil @ 2ml/l  
	16.2
(8.74)
	21.0
(9.07)
	18.6
(6.96)
	9.07
(8.74))
	15.10
(11.4)
	12.0
(6.15)
	12.4
	7.80
	10.1

	T4
	T1 +  Spray with  Salicylic acid @100 ppm  
	19.40
(11.3)
	31.9
(14.8)
	25.7
(7.61)
	14.8
(11.3)
	19.8
(13.1)
	17.3
(6.82)
	9.80
	9.50
	9.65

	T5
	T1 + Spray with Difenconazole  @ 1ml/l
	13.4
(7.33)
	16.5
(6.43)
	15.00
(6.56)
	6.43
(7.33)
	11.4
(9.87)
	8.93
(5.67)
	14.3
	11.8
	13.1

	T6
	T1+  Spray with Mancozeb @ 2g/l
	22.8
(11.08)
	34.2
(17.9)
	28.5
(7.86)
	14.2
(11.0)
	20.7
(13.5)
	17.4
(6.83)
	11.6
	7.70
	9.70

	T7
	ST with  Captan @ 2g /kg +  Spray with Mancozeb @ 2g/l         
	31.9
(13.3)
	36.5
(20.07)
	34.2
(8.33)
	20.07
(13.3)
	30.1
(16.6)
	25.0
(7.57)
	9.30
	7.00
	8.15

	T8
	Control (UTC) 
	38.4
(13.3)
	45.3
(24.0)
	41.9
(8.89)
	24.0
(14.6)
	33.5
(14.2)
	28.7
(7.89)
	8.50
	7.20
	7.85

	 
	S.Em ±
	1.18
	0.89
	1.69
	0.78
	0.97
	1.06
	0.86
	0.56
	0.87

	 
	CD (5%)
	3.60
	2.72
	5.67
	2.39
	2.97
	3.55
	2.62
	1.68
	2.90

	 
	CV 
	8.77
	5.04
	8.78
	9.15
	7.70
	8.13
	13.6
	11.5
	12.7
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T8: Untreated control
T5: Seed treatment with Carbendazim 12% + Mancozeb 63% @ 3g/kg + Spray with Difenconazole @ 1ml/l



Fig .1 Treated and untreated control of foliar diseases of safflower
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