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ABSTRACT
	 	Safflower (Carthamus tinctorius L.) is an oilseed crop that is valued as a source of high quality edible oil. The present study was carried out with the objective of evaluate the efficacy of basal application of bio agents and or its seed treatment for the control of soil borne diseases of safflower and find out the best low input treatment to manage soil borne diseases of safflower. The application of bio agents as basal dose and seed treatments with different bioagents and chemicals were used in this study, the basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28%+ trifloxystrobin 13.28% FS @1ml/kg and biopolymer based Trichoderma harzianum @10ml/kg seed was found most effective for management of seedling blight, Fusarium wilt and Macrophomina root rot diseases of safflower. 

Keywords: Biointensive Integrated Management, soil borne diseases, safflower

1. INTRODUCTION
	“Safflower (Carthamus tinctorius L.) belongs to the family Asteraceae. It is one of the remarkable oldest domesticated crops. The Soil borne diseases caused by Fusarium oxysporum f.sp. carthami, Macrophomina phaseolina and Alternaria carthami  is a major destructive diseases of safflower (Carthamus tinctorius L.) grown in India. The diseases are endemic in most of the safflower growing areas of Maharashtra, Karnataka and Andhra Pradesh. The pathogens infects leaves, stem, head, seed and causes severe seed yield losses and deterioration in the quality of the seed. Safflower is one of the most important oilseed crops of the world valued for its highly nutritious edible oil. It is a multipurpose crop having various uses like source of edible oil, cattle feed, medicinal and industrial products”. (Pawar et al. 2013)
	Awadhiya (1992) identified “A. carthami, Fusarium moniliforme, Botrytis cinerea, Macrophomina phaseolina, Stachybotrys spp. and Oedocephalum spp. from seeds of 50 safflower cultivars in states of Maharashtra, Karnataka, Andhra Pradesh and Madhya Pradesh in India. A. carthami was the only pathogen found in all varieties tested”.
	“Safflower is known to suffer from many fungal and bacterial diseases among them seed borne disease viz., Alternaria leaf spot / blight (ALS) caused by Alternaria carthami and soil borne diseases viz., wilt (Fusarium oxysporum f.sp. carthami) and Phytophthora blight (Phytophthora carthami) are major and attack at different stages of crop growth” (Jawalgaonkar, 1991; Bhale et al., 1998).
	Biointensive management proved to be best alternative for chemical pesticides which concerns about environmental quality and food safety. The biointensive integrated management comprises basal application of bio agents in soil and its seed treatment alone or in combination with fungicide molecules for the control of soil borne diseases of safflower. 
2. MATERIAL AND METHODS
     A field experiment was conducted during rabi season of 2023-24 on medium black soil on AICRP on safflower farm, Solapur. The experiment formulated with Randomized block design by using safflower cultivar ISF-764 was sown in three replications with nine treatments. The standard plot size Gross : 4.0 x 2.25 (5 rows) and Net- 3.6 x 1.35 (3 rows) was used. The crop was fertilized with 50 kg N and 25 kg P 2O5 per hectare at the time of sowing and recommended agronomic practices were followed as per the crop requirement The per cent disease intensity (PDI) was calculated by using the formula given by Mayee and Datar (1986). 
	The observation recorded on germination, incidence of seedling blight, Fusarium wilt and Macrophomina root rot, seed yield and economics of safflower as influenced by different seed treatments and soil application of bioagents and fungicides.
Treatment Details:
T1: Basal application of T. harzianum, Th4d 1.5% WP* and seed treatment @ 10 g / kg seed.
T2: Basal application of T. asperellum TaDOR 7316  5% WP and seed treatment @ 10 g/kg seed. 
T3: Basal application of T. harzianum, Th4d 1.5% WP and seed treatment with penflufen 13.28%
      + trifloxystrobin 13.28% FS @ 1ml / kg seed.
T4: Basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28%
      + trifloxystrobin 13.28% FS @1ml / kg and biopolymer based Trichoderma harzianum @ 10 ml/kg seed.
T5: Basal application of T. asperellum TaDOR 7316 5% WP and seed treatment with penflufen
      13.28% + trifloxystrobin 13.28%FS @1ml/kg seed.
T6: Seed treatment with T. harzianum, Th4d 1.5% WP @ 10 g / kg seed.
[bookmark: _Hlk143947735]T7: Seed treatment with T. asperellum TaDOR 7316.5% WP @ 10 g / kg seed.
T8: Seed treatment with Biopolymer based Trichoderma harzianum Th4d @ 10 ml / kg seed.
T9: Seed treatment with penflufen 13.28%+trifloxystrobin 13.28%FS @1ml / kg seed.
T10: Control (untreated).
*1 kg T. harzianum, Th4d 1.5% WP mixed with 100 kg FYM per acre.

3. RESULTS AND DISCUSSION
            In present investigation, the results in respect of germination, incidence of seedling blight, Fusarium wilt and Macrophomina root rot, seed yield and economics of safflower as influenced by different seed treatments and soil application of bioagents and fungicides are presented in Table 1. Among different treatments, T4 i.e. basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @1ml/kg and biopolymer based Trichoderma harzianum @ 10 ml/kg seed was found to be the most effective as it recorded significantly highest germination (98.3%) and least incidence of seedling blight (1.5%), Fusarium wilt (6.8%) and Macrophomina root rot (4.2%). The next effective treatment against seedling blight, Fusarium wilt and Macrophomina root rot control was T3 i.e. basal application of T. harzianum, Th4d 1.5% WP and seed treatment with penflufen 13.28% + trifloxystrobin 13.28%FS @1ml/kg seed (2.2%, 7.7% and 5.0%, respectively).
            The data on seed yield of safflower indicated that basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @1ml / kg and biopolymer based Trichoderma harzianum @ 10 ml/kg seed recorded significantly highest seed yield (1410 kg/ha). The second best treatment was basal application of T. harzianum, Th4d 1.5% WP and seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @ 1ml / kg seed (1303 kg/ha). The cost-benefit analysis of different seed treatments showed that basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28% + trifloxystrobin 13.28%FS @1ml/kg and biopolymer based Trichoderma harzianum @ 10 ml/kg seed recorded highest net returns of Rs.43740/- and B:C ratio of 2.41 followed by basal application of T. harzianum, Th4d 1.5% WP and seed treatment with penflufen 13.28% + trifloxystrobin 13.28%FS @1ml/kg seed (Rs. 38109/-, 2.23). These research findings are in agreement with the earlier workers Pyke and Dictz (1960) found dermadin, Godtfredsen and Vagedal (1965) reported trichodermin as major volatile antibiotic produced by Trichoderma spp., which suppress several plant pathogens. (Dennis and Webster, 1971) reported “the higher competitive ability of  Trichoderma spp. The antagonism of Trichoderma spp. against many fungi is mainly due to production of acetaldehyde compound. This may also be the reason for its antagonistic effect on seed/soil borne pathogens”.  Deshmukh and Raut (1992) reported that “Trichoderma harzianum Rifai and T. viride. Pers. overgrew colonies of Colletotrichum gloeosporioides and T. harzianum was more aggressive than T. viride”. Pawar, et al. (2013)  evaluated “the efficacy of different chemicals and bio agents against seed / soil borne diseases of safflower on disease incidence (PI or DI). Significantly low disease severity (DS) and low disease incidence (DI) were recorded in treatment withT7, that is, Trichoderma harzianum Th4d SC at 2 ml/kg to the tune of 41.66% in Fusarium sp, 8.33% in Rhizoctonia sp, 6.66% in Phytophthora sp, 4.33% in Alternaria leaf spot and 3.33% in Cercospora leaf spot , respectively, in comparison with the untreated control. The seed yield data indicated that T. harzianum produced highest seed yield (2778 kg/ha) followed by Captan at 0.2% (2115 kg/ha) and Carbendazim + Mancozeb (SAFF) at 0.2% (2114 kg/ha)”. Pawar, et al. (2023),  carried out “a field trial to validate the technology for management of soil borne and seed borne diseases of safflower. The purpose of the trial was to compare farmer practices with the Trichoderma strain ( Th4d ) used as a seed dresser. Before seed was sown it was treated with fungicides Carbendazim 12 % + Mancozeb 63% @ 0. 2 % and Trichoderma harzianum. In comparison to farmers practices,  where the disease incidence was 11.3%, the seed treatments Trichoderma harzianum Th4d SC @ 2 ml / kg and Trichoderma harzianum Th4d WP @ 10 gm / kg were found to be the most effective with much lower incidence of seed / soil transmitted disease at 5.3 %. The highest seed yields (1034 kg/ha and 1055 kg/ha ) were likewise reported by the treatments, Trichoderma harzianum Th4d SC@ 2 ml / kg and Trichoderma harzianum Th4d WP@ 10 gm / kg which were followed by Carbendazim 12 % + Mancozeb 63% @ 0. 2 % ( 977 kg /ha) while the farmers practice reported the lowest yields ( 815 kg /ha). According to the cost benefit analysis  the  seed treatment with Carbendazim 12 % + Mancozeb 63% @ 0. 2 % ( Rs. 14080/-., 1.60 ) and  Trichoderma harzianum Th4d WP@ 10 gm / kg produced the highest net monetary returns at Rs. 16,700/-, 1.60.  Conversely the farmers practice had the lowest net financial returns, coming in at Rs.8,600/- and the lowest B: C ratio, 1.40”. 

















Table 1. Biointensive integrated management of soil borne diseases of safflower

	Sr.
No.
	Treatments
	Germi-nation (%)
	Disease incidence (%)*
	Seed 
yield
	Gross returns 
	Cost of cultivation 
	Net returns
	B:C ratio

	
	
	
	Seedling blight
	Wilt
	Root rot
	(kg ha-1)
	(Rs. ha-1)
	(Rs. ha-1)
	(Rs. ha-1)
	

	T1
	Basal application of T. harzianum, Th4d 1.5% WP# and seed treatment @ 10 g/kg seed
	93.7
	3.7
(12.5)
	11.3
(19.6)
	6.8
(15.1)
	1150
	60950
	30850
	30100
	1.98

	T2
	Basal application of T. asperellum TaDOR 7316 5% WP and seed treatment @ 10 g/kg seed
	92.5
	7.7
(16.1)
	14.1
(22.0)
	8.0
(16.4)
	986
	52258
	30850
	21408
	1.69

	T3
	Basal application of T. harzianum, Th4d 1.5% WP and seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @1ml/kg seed
	97.3
	 2.2
(8.7)
	7.7
(16.1)
	5.0
(12.9)
	1303
	69059
	30950
	38109
	2.23

	T4
	Basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @1ml/kg and biopolymer based Trichoderma harzianum @ 10 ml/kg seed
	98.3
	1.5
(7.3)

	6.8
(15.1)
	4.2
(11.8)
	1410
	74730
	30990
	43740
	2.41

	T5
	Basal application of T. asperellum TaDOR 7316 5% WP and seed treatment with penflufen 13.28% + trifloxystrobin 13.28% FS @1ml/kg seed
	94.8
	5.3
(14.5)
	10.0
(18.4)
	7.5
(15.9)
	1110
	58830
	30750
	28080
	1.91

	T6
	Seed treatment with T. harzianum, Th4d 1.5% WP @ 10 g/kg seed
	91.7
	7.0
(15.3)
	12.0
(20.3)
	9.2
(17.7)
	1053
	55809
	30450
	25359
	1.83

	T7
	Seed treatment with T. asperellum TaDOR 7316.5% WP @ 10 g/kg seed
	90.7
	8.0
(16.4)
	15.3
(23.0)
	10.7
(19.0)
	907
	48071
	30450
	17621
	1.58

	T8
	Seed treatment with Biopolymer based Trichoderma harzianum @ 10 ml/kg seed
	92.5
	6.6
(15.0)
	11.7
(19.9)
	7.9
(16.2)
	1095
	58035
	30450
	27585
	1.91

	T9
	Seed treatment with penflufen 13.28%+trifloxystrobin 13.28% FS @1ml/kg seed
	91.1
	9.1
(17.6)
	13.0
(21.1)
	9.3
(17.7)
	1070
	56710
	30460
	26250
	1.86

	T10
	Control (untreated)
	85.5
	14.1
(22.0)
	26.1
(30.6)
	14.4
(22.3)
	778
	41234
	30390
	10844
	1.36

	
	S.E.±
	1.0
	1.2
	0.7
	0.5
	66
	
	
	
	

	
	C.D. at 5 %
	3.0
	3.5
	2.2
	1.6
	205
	
	
	
	


# 1 kg T. harzianum, Th4d 1.5% WP mixed with 100 kg FYM per acre. 	*Figures in parentheses are arcsine values.



4. CONCLUSION
The finding stated that, for the biointensive integrated management of soil borne diseases of safflower, basal application of T. harzianum Th4d 1.5% WP, seed treatment with penflufen 13.28%+ trifloxystrobin 13.28% FS @ 1ml/kg and biopolymer based Trichoderma harzianum @ 10ml/kg seed was found most effective as it recorded least incidence of Fusarium wilt and Macrophomina root rot disease of safflower.
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