


Influence of Tillage and Weed Management Practices on Yield, Weed Dynamics and Economics of Irrigated Safflower (Carthamus tinctorius L.)


Abstract
An investigation was carried out during rabi season of the year 2024-25 at the Experimental Farm, Safflower Research Station, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. The experiment was laid out in a Split plot design with 15 treatments and three replications to evaluate the effect of tillage and weed management practices on yield attributes, yield, weed parameters and economics of irrigated safflower (Carthamus tinctorius L.). Among the tillage practices, conventional tillage (harrowing, levelling and cleaning) recorded significantly higher number of capitula plant-1 (25.48), weight of capitula plant-1 (44.96 g), number of seeds capitula-1 (27.29), number of seeds plant-1 (480.88) and weight of seeds plant-1 (14.85 g). The same treatment also produced higher seed yield (1765 kg ha-1), straw yield (2687 kg ha-1), biological yield (4452 kg ha-1) and harvest index (39.64 %). In weed parameters, conventional tillage recorded lower weed density (4.03, 5.39 and 6.64 at 30, 60 and 90 DAS, respectively), lower weed dry weight (3.04, 6.34 and 7.59 g at 30, 60 and 90 DAS, respectively) and higher weed control efficiency (63.07, 64.49 and 61.59 % at 30, 60 and 90 DAS, respectively). Among weed management practices, integrated weed management recorded significantly higher number of capitula plant-1 (27.86), weight of capitula plant-1 (47.92 g), number of seeds capitula-1 (30.26), number of seeds plant-1 (479.41) and weight of seeds plant-1 (15.26 g). It also resulted in higher seed yield (1799 kg ha-1), straw yield (2898 kg ha-1) and biological yield (4697 kg ha-1). Integrated weed management recorded lower weed density (3.50, 3.63 and 4.97 at 30, 60 and 90 DAS, respectively), lower weed dry weight (2.20, 4.38 and 5.20 g at 30, 60 and 90 DAS, respectively) and higher weed control efficiency (83.45, 84.31 and 83.11 % at 30, 60 and 90 DAS, respectively). Economically, conventional tillage recorded higher gross returns (104860 Rs ha-1), net returns (69964 Rs ha-1) and B:C ratio (2.9), while integrated weed management recorded higher gross returns (106840 Rs ha-1), net returns (70900 Rs ha-1) and B:C ratio (2.9).
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Introduction
Safflower (Carthamus tinctorius L.), a member of the Compositae or Asteraceae family, is an old oilseed crop grown in India. Traditionally safflower has grown for its flowers, which were used as a fabric dye and for food colouring, flavouring and medicinal purposes. Safflower is one of humanity’s oldest crops. The genus ‘Carthamus’ is originated from the Arabic word “Quartum” or the Hebrew word “kartami” meaning to dye because the plant was used as a source of yellow/orange colouring. Safflower was known to ancient India and the poet laurate Kalidas compared safflower to the “sakhis of shakuntala” as kusum (or) kusumba in Sanskrit literature. In Maharashtra, safflower is generally known as “Kardi”. Basically, it is native to parts of Asia, the Middle East, and Africa. It was introduced in South Gujrat (Anonymous, 1994). 
Safflower has been grown for centuries in India, China and North Africa. In 2020, major safflower growing countries are Kazakhstan, Russia, Mexico, United States and India. The global production of safflower seeds was 6.3 million tonnes (Anonymous, 2023). India ranks fifth in the world in safflower producing countries. India has the larger coverage but lower yield among the major safflower producing countries. India produces about half of the world’s safflower crop each year. Worldwide safflower is a minor crop compared to other oilseeds and occupies seventh place in the area among nine oilseed crops. Maharashtra and Karnataka are major safflower growing states, which contribute more than 90% of India’s production. Major safflower growing districts in Maharashtra are Parbhani, Nanded, Ahmednagar, Hingoli, Beed, Osmanabad, Buldhana, Akola, Jalna, Solapur, etc. In Maharashtra area under safflower oilseed production was 32 M ha, production was 22.9 M tonnes and yield was about 715.1 kg ha-1. (Anonymous, 2023). 
Conventional agriculture system is an energy intensive farming system that involves excessive and inappropriate tillage operations with burning or removal of crop residue and poor nutrient replenishment through inadequate fertilizer use lead to soil erosion, depletion of organic matter, soil moisture and other nutrients which results to soil degradation and productivity losses. Therefore, there is a need for technologies which reduce energy, labour and water use, and environmental pollution, and which improve soil physical, chemical and biological properties. Potential solution includes a shift from conventional agriculture system to conservation agriculture (CA) system. The CA system is based on three linked principles-minimum soil disturbance, soil surface cover at all times with crop residues retention, and diversified crop rotation (Hobbs et al., 2007). The crop yields can be similar for conventional and conservation agriculture systems if uniform crop stand can be established and weeds are properly controlled. The crop yield losses in conservation agriculture due to weeds may vary, depending on weed community and intensity.
Weed control encompasses a variety of techniques used by people to slow down, eliminate or prevent weed growth and reproduction in agricultural or other managed environments. Several methods for controlling weed problems include manual weeding, conventional herbicides, mechanical and machines, sustainable strategies, and artificial intelligence. Chemical weed control methods were found to be more effective in suppressing weed densities and biomass than mechanical and cultural methods. Use of herbicide during the critical weeding period could be more efficient and time saving. In such cases, herbicide spraying with various tools remains the only practical alternative for an effective and cost-effective weed control strategy. Pre emergence herbicides control the early-stage crop-weed competition. While using pre-emergence herbicides, soil moisture is the important aspect to have the proper control of weeds. Herbicides, on the other hand have severe negative effects, most prominently the issue of herbicide resistance in weeds, despite being cost-effective and flexible (MacLaren et al. 2020). Keeping this in view, there is need to study the effect of various weed management practices for controlling various weeds in field of safflower
Materials and methods
The present study was conducted during rabi season of the year 2024-25 at the Experimental Farm, Safflower Research Station, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. The experiment was designed to evaluate the effects of tillage and weed management practices in irrigated Safflower (Carthamus tinctorius L.). The experiment was laid out in Split plot design with 15 treatments and three replications. The soil was black and clayey in texture and slightly alkaline in reaction, low in organic carbon. The pH of soil was 7.8. The experiment consisted of 3 main plots comprising of tillage practices (T1: Direct sowing -No preparatory tillage, T2: Minimum tillage- one harrowing and sowing of safflower, T3: Conventional tillage- harrowing, levelling, cleaning, sowing) and 5 sub-plots comprising of weed control practices (W1: Chemical weed control, W2: Mechanical weed control (hoeing), W3: Hand weeding twice, W4: IWM- Integrated Weed Management (hand weeding, hoeing), W5: Control (Weedy check). The crop was sown on 9th November, 2024 at a spacing of 45 × 15 cm2 and harvested at maturity. On weight basis dry-matter was calculated and the chemical analysis was done for dried plant samples. Data obtained was statistically analysed as mentioned by Panse and Sukhatme, (1967).
Results and discussion
Number of capitula plant-1  
The data concerned with number of capitula plant-1 as influenced by different tillage (sowing methods) and weed management practices are presented in Table 1. Conventional tillage treatment (T3) recorded the significantly highest number of capitula plant-1 (25.48) over all treatments. while T1: Direct sowing (No preparatory tillage) produced significantly lowest number of capitula plant-1 (20.75). This might be due to the proper aeration, availability of soil moisture and nutrients which helps to produce a larger number of capitula per plant. Integrated weed control (W4) recorded significantly highest number of capitula plant-1 (27.86) over all the treatments. The treatment W3: hand weeding twice was found at par with treatment W2: mechanical weed control and significantly lowest number of capitula plant-1 (18.65) was found in W5: Control (Weedy check). Yield of safflower depends on the number of capitula plant-1. The highest number of capitula plant-1 might be due to less crop-weed competition which gave higher values of growth and yield attributing characters. The results of the present investigation are in accordance with the findings of Miri and Ghadiri (2006). The interaction effect between different tillage practices and weed management practices was found non-significant with respect to number of capitula plant-1.      
Weight of capitula plant-1 (g)
The maximum weight of capitula plant-1 was recorded under T3: conventional tillage (44.96 g) over treatment T1 and (T2) minimum tillage (43.06 g) was at par with T3: conventional tillage and T1: direct sowing (No preparatory tillage while T1: Direct recorded (No preparatory tillage), recorded minimum weight of capitula plant-1 (41.90 g) and the highest weight of capitula plant-1 was recorded under W4: Integrated weed management practice (47.92 g) over all the treatments except W3 and W5: control recorded significantly minimum weight of capitula plant-1 . This might be due to lower crop weed competition to the safflower which built up sufficient food reserves because of efficient photosynthesis for development of flowers and seeds which results in proper grain filling that ultimately contributes to higher weight of capitula plant-1. Similar results were reported with the findings of Sivakumar (1997). The interaction effect between different tillage practices and weed management practices was found non-significant with respect to weight of capitula plant-1.
Number of seeds capitula-1
Significantly higher number of seed capitula-1 were recorded under T3: conventional tillage (27.29) over T1 and treatment T2 minimum tillage (25.39) was at par with T3: conventional tillage and direct sowing (No preparatory tillage) (T1), while T1: Direct recorded minimum number of seeds capitula-1 (24.23). Similar results were also obtained by Rathore et al. (1998) and Banjara et. al., (2015). However, maximum number of seed capitula-1 was significantly recorded under W4: Integrated weed management practice, (30.26) and over other treatments. The treatment W5: Control (Weedy check) recorded significantly minimum number of seeds capitula-1 (20.65). The results of the present investigation are in accordance with the findings of Miri and Ghadiri (2006). The interaction effect between different tillage practices and weed management practices was found non-significant in respect to number of seeds capitula-1.
Number of seeds plant-1 
Significantly maximum number of seed plant-1 was recorded under T3: conventional tillage (480.88) over all treatments while treatment T1: Direct sowing (No preparatory tillage) recorded significantly, minimum number of seed plant-1 (441.37). Similar results were also obtained by Rathore et al. (1998) and Banjara (2015). However, maximum number of seeds plant-1 were recorded under W4: Integrated weed management practice, (479.41) over all treatments. However, it was found at par with W1, W2 and W3. While, treatment W5: Control (Weedy check) recorded significantly minimum number of seed plant-1 (415.41). This might be due to sufficient supply of photosynthates for the development of sink which came to an end with higher values of yield attributing characters. These results are in conformity with Sivakumar (1997). The interaction effect between different tillage practices and weed management practices was found non-significant in respect to number of seed plant-1.
Weight of seed plant-1 (g)
The maximum weight of seed plant-1 were recorded under T3: conventional tillage (14.85 g) over all treatments while treatment T1: Direct sowing (No preparatory tillage) recorded significantly, minimum weight of seed plant-1 (11.87). Similar, results were also obtained by Rathore et al. (1998) and Banjara et. al., (2015) and the maximum weight of seed plant-1 were significantly recorded under W4: Integrated weed management practice, (15.26) over all treatments, except W3. While, treatment W5: Control (Weedy check) recorded significantly minimum weight of seed plant-1 (7.91).This might be due to greater availability of nutrients and lowest crop weed competition which leads to increase in yield attributing characters viz., number of capitula plant-1, weight of capitula plant-1, number of seeds capitula-1 and number of seeds plant-1 that ultimately results in increase in seed yield plant-1.These results are in line with the findings reported by Sivakumar (1997) and Jagdale (2002). The interaction effect between different tillage practices and weed management practices was found non-significant towards the weight of seed plant-1.
Test Weight
The effect of tillage practices on test weight was not found significant and the highest test weight (5.20 g) was recorded under T3: conventional tillage practice. Whereas lowest test weight was recorded in T1: Direct sowing (No preparatory tillage), (4.89 g) on mean basis. The effect of weed management practices on test weight was also found to be non-significant. The highest test weight (5.18 g) was recorded under W4: Integrated weed management practice. Whereas, lowest test weight was found in W5: Control (Weedy check) (4.95 g). Interaction between methods of sowing and weed management practices on 100 seed weight (g) was not found significant.
Table 1. Number of capitula plant-1, weight of capitula plant-1(g), number of seed capitula-1, number of seeds plant-1, weight of seed plant -1 (g) and test weight (g) of safflower as influenced by different treatments.
	Treatments
	No. of capitula plant-1
	Weight of capitula plant-1
(g)
	No. of seeds capitula-1
	Nos of seeds plant-1

	
Weight of seeds plant-1 (g)
	Test weight
(g)

	Main plot- Tillage practices 

	T1 – Direct sowing 
	20.75
	41.90
	24.23
	441.37
	11.87
	5.04

	T2 - Minimum tillage (1 harrowing)
	23.90
	43.06
	25.39
	448.03
	12.87
	5.14

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	25.48
	44.96
	27.29
	480.88
	14.85
	 5.24

	S.E. m± 
	0.40
	0.57
	0.58
	6.06
	0.20
	0.13

	C.D. (@5%)
	1.56
	2.23
	2.29
	23.78
	1.12
	NS

	Sub plot- Weed management practices 

	W1 - Chemical weed control
	21.85
	41.18
	23.51
	455.42
	13.94
	4.97

	W2- Mechanical weed control (hoeing)
	23.67
	42.90
	25.23
	461.38
	14.28
	5.16

	W3- Hand weeding twice
	24.90
	46.22
	28.55
	472.19
	14.61
	5.34

	W4 – Integrated weed control 
	27.86
	47.92
	30.26
	479.41
	15.26
	5.40

	W5 – Control (Weedy check)
	18.65
	38.32
	20.65
	415.41
	7.91
	4.82

	S.E. m± 
	0.89
	1.11
	0.51
	11.74
	0.22
	0.10

	C.D. (@5%)
	2.60
	3.25
	1.50
	34.26
	1.14
	NS

	Interaction (T X W)

	S.E. m± 
	0.79
	1.16
	1.17
	13.09
	0.25
	0.25

	C.D. (@5%)
	NS
	NS
	NS
	NS
	NS
	NS

	G.M.
	23.38
	43.31
	25.64
	456.76
	13.20
	5.03



Seed yield (kg ha-1)
The seed yield (Kg ha-1) was influenced due to different tillage practices. Conventional tillage (T3) recorded highest seed yield (1765 kg ha-1) which was significantly superior over minimum tillage (T2) and (T1) direct sowing. Significantly lowest seed yield was recorded in T1: Direct sowing (No preparatory tillage), (1193 kg ha-1). This might be due to proper seedbed preparation, presence of soil moisture and nutrient available to crop growth and higher plant population and other growth characters. Similar results were obtained by Rathore et al. (1998) and Banjara (2015). The seed yield (Kg ha-1) differed significantly due to different weed control practices. Highest seed yield was recorded in treatment W4: Integrated weed management practice, (1799 kg ha-1) which was significantly superior over all other treatments. Treatment W3: hand weeding twice, was found at par with W2: mechanical weed control. Whereas, significantly lowest seed yield was recorded in W5: Control (Weedy check) (1004 kg ha-1). This might be due to the practice of different weed management practices in safflower which control weed growth & have resulted in better growth and yield of safflower. Similar results were reported by Yau and Haidar (2008) and Sidhu et al. (2014). Interaction effect between tillage practices and weed management practices in respect to seed yield (kg ha-1) was not significant.
Straw yield (kg ha-1)
[bookmark: _Hlk201736506]Conventional tillage (T3) recorded highest straw yield (2687 kg ha-1) which was significantly superior over minimum tillage (T2) and (T1) direct sowing. Whereas, significantly lowest straw yield was recorded in T1: Direct sowing (No preparatory tillage), (2050 kg ha-1). This might be due to higher plant population and other growth characters under T3 which helps in higher straw yield in this treatment.  Similar results were obtained by Kasap and Dursun (2013) and Banjara et. al., (2015). The straw yield (Kg ha-1) differed significantly due to different weed control practices. Highest straw yield was recorded in treatment W4: Integrated weed management practice, (2898 kg ha-1) which was significantly superior over all other treatments except treatment W3: hand weeding twice (2688 kg ha-1) which was at par with W4: integrated weed control. Significantly lowest straw yield was recorded in W5: Control (Weedy check) (1505 kg ha-1). This might be due to improved weed control with different weed management practices in safflower which created a conductive environment for better production of crop output. Similar results were obtained by Yau and Haidar (2001). Interaction effect between tillage practices and weed management practices in respect to straw yield (kg ha-1) was not found significant.
Biological yield (kg ha-1)
The biological yield was significantly influenced by different tillage practices. Conventional tillage (T3) recorded highest biological yield (4452 kg ha-1) which was significantly superior over minimum tillage (T2) and (T1) direct sowing. Significantly lowest biological yield was recorded in T1: Direct sowing (No preparatory tillage), (3243 kg ha-1). This might be due to higher plant population and other growth characters as well as yield attributing characters resulted due to better availability of moisture and nutrient during growth period. Similar results were obtained by Banjara et. al., (2015). The biological yield differed significantly due to different weed control practices. Highest biological yield was recorded in treatment W4: Integrated weed management practice, (4697 kg ha-1) which was significantly superior over all other treatments except treatment W4: Integrated weed management practice which was at par with W4. Significantly lowest biological yield was recorded in T1: Direct sowing (No preparatory tillage), (2509 kg ha-1). This might be due to improved weed control in safflower which enhanced seed yield and straw yield that resulted in increase in the biological yield of the crop. These results are in collaboration with the findings of Jagdale (2002). Interaction effect between tillage practices and weed management practices with respect to biological yield (kg ha-1) was non-significant.
[bookmark: _Hlk201736552]Harvest index (%)
The highest harvest index (39.64 %) was found in T3: conventional tillage practice, which was at par with T2: minimum tillage, while significantly lowest harvest index (36.78 %) was obtained in T1: Direct sowing (No preparatory tillage). In the weed management practices, the highest harvest index (40.01 %) was found in W5: control (weedy check), which was at par with W1 while significantly lowest harvest index (37.40 %) was found in W3: hand weeding twice (37.40%). The interaction effect between different tillage practices and weed management practices was found non-significant towards harvest index.
Table.2. Seed yield (kg ha-1), straw yield (kg ha-1), biological yield (kg ha-1), harvest index (%) of safflower as influenced by different treatments.
	Treatments
	Seed yield
(kg ha-1)
	Straw yield
(kg ha-1)
	Biological yield
(kg ha-1)
	Harvest index
(%)

	Main plot- Tillage practices

	T1 – Direct sowing (No preparatory tillage) 
	1193
	2050
	3243
	36.78

	T2 - Minimum tillage (1 harrowing)
	1513
	2402
	3915
	38.64

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	1765
	2687
	4452
	39.64

	S.E. m± 
	16
	31
	44
	0.30

	C.D. (@5%)
	65
	124
	174
	1.17

	Sub plot- Weed management practices 

	W1 - Chemical weed control
	1481
	2267
	3748
	39.51

	W2- Mechanical weed control (hoeing)
	1561
	2540
	4101
	38.06

	W3- Hand weeding twice
	1606
	2688
	4294
	37.40

	W4 – Integrated weed control 
	1799
	2898
	4697
	38.30

	W5 – Control (Weedy check)
	1004
	1505
	2509
	40.01

	S.E. m± 
	40
	83
	111
	0.53

	C.D. (@5%)
	116
	231
	325
	1.55

	Interaction (T X W)

	S.E. m± 
	69
	133
	193
	0.61

	C.D. (@5%)
	NS
	NS
	NS
	NS

	G.M.
	1490.25
	2379
	3870
	38.29



Weed count (m-2)
The data concerned with weed count at 30, 60 and 90 DAS in field as influenced by different tillage and weed management practices at various growth period of crop are presented in Table 3. The weeds observed at weed count were Cynodon dactylon, Cyperus rotundus, Parthenium hysterophorus L, Chenopodium album L and others viz. (Commelina bengalensis L, Euphorbia geniculata, tridax procumbens L) etc. The collective mean of the above weeds at 30, 60 and 90 DAS was 4.46, 5.83 and 7.08 respectively. The weed count was influenced significantly due to different tillage practices, at all stages of the crop. Treatment T1: direct sowing (No preparatory tillage) recorded significantly maximum weed count at.30, 60 and 90 DAS (5.09, 6.46 and 7.71 respectively) than T2: minimum tillage and T3 conventional tillage practice. Treatment T3: conventional tillage was found at par with treatment T2: minimum tillage. This might be due to various tillage methods performed, had help to reduced weed growth from the W4 treated plot, resulted in less weed count in conventional tillage. Similar results were obtained by Yau and Haidar (2008). The weed count was influenced significantly due to different weed control practices, at all stages of the crop. Treatment W5: Control recorded significantly maximum weed count at 30, 60 and 90 DAS (5.38, 8.00 and 10.11 respectively) which was superior over all treatments. While, W4: integrated weed control, recorded significantly lowest weed count (3.50, 3.63 and 4.97 respectively) at 60 and 90 DAS and was found at par with W3 at 30 DAS.This might be due to various weed control methods performed, had help to reduced weed growth, loosen the soil and reduced weeds in integrated weed control. Similar results were obtained by Birajdar (1990) and Sidhu et.al., (2014).The interaction effect between different tillage practices and weed management practices was found non-significant with respect to weed count at all days of observation.
Dry weed weight (g)
The data on dry weed weight is given in the Table 4. The weed dry weight was influenced significantly due to different tillage practices, at all stages of the crop. Treatment T1: direct sowing (No preparatory tillage) recorded significantly maximum weed dry weight at.30, 60 and 90 DAS (3.19, 6.67 and 7.94 respectively) than T3 conventional tillage practice however it was found at par with T2: minimum tillage. While, T3: conventional tillage recorded significantly lowest weed dry weight (3.04, 6.34 and 7.59 respectively). This might be due to direct sowing of crop, which created way to full growth of weeds. Similar results were obtained by Yau and Haidar (2008). Different weed control practices, have influenced significantly the weed dry at all the stages of crop. Highest dry weight was recorded significantly at 30, 60 and 90 DAS by treatment W5: Control (4.68, 10.30 and 11.94 respectively). Among weed control treatments, significantly lowest (3.50, 3.63 and 4.97 respectively) weed dry weight was found in W4: integrated weed control, which was found at par with W3 at 30 and 60 DAS. This might be due to better weed control carried out which resulted in reduced dry weight. The interaction effect between different tillage practices and weed management practices was found non-significant towards the weed dry weight at all growth stages.
Weed control efficiency (WCE) (%) 
The data on weed control efficiency as influenced by different tillage and weed management practices are given in Table.5. The weed control efficiency was influenced due to different tillage practices, at all stages of the crop. T3: conventional tillage (63.07, 64.49 and 61.59% respectively) recorded maximum weed control efficiency at.30, 60 and 90 DAS. While, lowest weed control efficiency was found in T1: Direct sowing (No preparatory tillage) (58.61, 60.36 and 57.70 %, respectively). Similar results were obtained by Yau and Haidar (2008). The weed control efficiency was influenced due to different weed control practices, at all stages of the crop. Treatment W4: integrated weed control (83.45, 84.31 and 83.11% respectively) recorded maximum weed control efficiency at.30, 60 and 90 DAS. While, lowest weed control efficiency was found in W1: chemical weed control (55.12, 53.54 and 50.97%, respectively). Similar results were recorded by Blackshaw et al. (1990).
Weed index (WI) (%)
The data on weed index as influenced by different tillage and weed management practices is given in Table 5. The mean weed index was 17.57 %. The weed index was influenced due to different tillage practices. Treatment T1: direct sowing (No preparatory tillage) i.e., 33.68% recorded highest weed index. While, lowest weed index was found in T3: conventional tillage i.e, 1.88%. Similar results were obtained by Yau and Haidar (2008). The weed index was influenced due to different weed control practices. Treatment W5: control (Weedy check) i.e, 44.19% recorded highest weed index. While, lowest weed index was found in W3: hand weeding twice i.e 10.72%. Similar results were obtained by Blackshaw et al. (1990).
Table 3. Weed count at 30, 60 and 90 DAS of safflower as influenced by different treatments. 
	Treatments

	Total weed density (no.m-2)

	Main plot- Tillage practices
	

	
	     30 DAS                         
	     60 DAS
	     90 DAS

	T1 – Direct sowing 
	  5.09 (21.06)
	 6.46 (35.52)
	  7.71 (52.02)

	T2 - Minimum tillage (1 harrowing)
	4.25 (14.06)
	5.65 (26.52)
	  6.90 (40.96)

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	4.03 (12.46)
	5.39 (23.91)
	 6.64 (37.96)

	S.E. m± 
	0.068
	0.119
	0.119

	C.D. (@5%)
	0.265
	0.467
	0.467

	Sub plot- Weed management practices 

	W1 - Chemical weed control
	5.02 (20.43)
	 6.30 (33.64)
	7.60 (50.41)

	W2- Mechanical weed control (hoeing)
	4.78 (18.31)
	 6.11 (31.47)
	7.01 (42.38)

	W3- Hand weeding twice
	  3.62 (9.73)
	5.12 (21.34)
	5.72 (27.24)

	W4 – Integrated weed control 
	  3.50 (9.0)
	 3.63 (9.79)
	4.97 (19.98)

	W5 – Control (Weedy check)
	5.38 (23.81)
	8.00 (56.25)
	10.11 (92.35)

	S.E. m± 
	0.086
	0.158
	0.158

	C.D. (@5%)
	0.252
	0.561
	0.461

	Interaction (T X W)

	S.E. m± 
	0.13
	0.167
	0.23

	C.D. (@5%)
	NS
	NS
	NS

	G.M.
	4.46
	5.83
	7.08



 Table 4. Weed dry weight at 30, 60 and 90 DAS of safflower as influenced by different treatments. 
	Treatments

	                   Weed dry weight (g)

	Main plot- Tillage practices
	

	
	30 DAS
	60 DAS
	90 DAS

	T1 – Direct sowing  
	   3.19 (7.23)
	 6.67 (38.07)
	  7.94 (55.35)

	T2 - Minimum tillage (1 harrowing)
	3.14 (6.96)
	6.55 (36.60)
	7.79 (53.14)

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	3.04 (6.45)
	6.34 (34.10)
	7.59 (50.26)

	S.E. m± 
	        0.04
	0.04
	 0.08

	C.D. (@5%)
	0.17
	0.18
	0.25

	Sub plot- Weed management practices 

	W1 - Chemical weed control
	3.30 (7.84)
	7.18 (44.62)
	8.51 (64.16)

	W2- Mechanical weed control (hoeing)
	3.00(6.25)
	6.22 (32.71)
	7.49 (48.86)

	W3- Hand weeding twice
	2.40 (3.61)
	4.52 (16.16)
	5.71 (27.14)

	W4 – Integrated weed control 
	2.20 (2.89)
	4.38 (15.05)
	5.20 (22.09)

	W5 – Control (Weedy check)
	4.68
(17.47)
	10.30
(96.04)
	11.94
(130.87)

	S.E. m± 
	0.06
	0.07
	0.091

	C.D. (@5%)
	0.21
	0.22
	0.26

	Interaction (T X W)

	S.E. m± 
	0.07
	0.11
	0.27

	C.D. (@5%)
	NS
	NS
	NS

	G.M.
	3.12
	6.52
	7.77








Table 5. Weed control efficiency (%) of safflower as influenced by different treatments.
	                 Treatments

	Weed control efficiency (%)
	Weed index (%)

	Main plot- Tillage practices
	30 DAS
	60 DAS
	90 DAS
	

	T1 – Direct sowing 
	  58.61
	  60.36
	  57.70
	      32.40

	T2 - Minimum tillage (1 harrowing)
	60.16
	61.89
	59.39
	14.27

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	63.07
	64.49
	61.59
	-

	Sub plot- Weed management 
practices 

	W1 - Chemical weed control
	55.12
	53.54
	50.97
	17.67

	W2- Mechanical weed control (hoeing)
	64.22
	65.94
	62.66
	16.56

	W3- Hand weeding twice
	79.33
	83.17
	  79.24
	      10.72

	W4 – Integrated weed control 
	83.45
	84.31
	83.11
	-

	W5 – Control (Weedy check)
	-
	-
	-
	44.19

	GM
	57.99
	50.97
	56.83
	16.97



Economics
The data regarding the economics as influenced by various treatments are presented in Table 6. The mean cost of cultivation, Gross monetary returns, Net monetary returns and B.C ratio were ₹31896, ₹88528, ₹56632 and 2.73, respectively. The significantly maximum gross monetary returns were obtained in treatment T3: conventional tillage (104860 Rs ha-1) than treatment T2: minimum tillage and T1: Direct sowing. However, significantly minimum gross returns (70856 Rs ha-1) was recorded under T1: Direct sowing (No preparatory tillage). The significantly maximum net monetary returns were obtained in treatment T3: conventional tillage (69964 Rs ha-1) than treatment T2: minimum tillage and T1: Direct sowing. However, significantly minimum net returns (41960 Rs ha-1) was recorded under T1: Direct sowing (No preparatory tillage). The treatment T3: conventional tillage recorded significantly highest benefit: cost ratio (2.9) and significantly minimum benefit: cost ratio was (2.4) obtained in treatment T1: Direct sowing (No preparatory tillage). The higher economics of safflower is due to the cost reduction on unnecessary operation at time of seedbed preparation, and use of optimum resources where needed. The results of present investigation are in accordance with the findings of Birajdar (1990), Sivakumar (1997) and Patel et.al., (2014).
[bookmark: _Hlk201786287][bookmark: _Hlk202760476]The significantly highest gross monetary returns were obtained in treatment W4: integrated weed control (106840 Rs ha-1), than all other treatments. The treatment W3: hand weeding twice (95416 Rs ha-1) was found at par with W2: mechanical weed control and treatment W5: Control (Weedy check) recorded significantly lowest gross monetary returns (59624 Rs ha-1). The significantly maximum net monetary returns were obtained in treatment W4: integrated weed control (70900 Rs ha-1), than all other treatments. The treatment W3: hand weeding twice (62216 Rs ha-1) was found at par with W2 and W1 and treatment W5: Control (Weedy check) recorded significantly minimum net monetary returns (30424 Rs ha-1). The treatment W4: integrated weed control recorded highest benefit: cost ratio (2.9) and minimum benefit: cost ratio was (2.0) was obtained in treatment W5: Control (Weedy check). The higher economics of safflower is due to the realization of maximum yield achieved by the various weed management practices and lower crop weed competition. The results of present investigation are in accordance with the findings of Sivakumar (1997) and Patel et.al., (2014). The interaction effect between different tillage practices and weed management practices was found non-significant towards Gross monetary returns, Net monetary returns and B.C ratio.
Table 6. Economics of safflower as influenced by different treatments.
	Treatments
	Cost of Cultivation
(Rs ha-1)
	Gross returns
(Rs ha-1)
	Net 
returns
(Rs ha-1)
	B:C ratio

	Main plot- Tillage practices

	T1 – Direct sowing (No preparatory tillage) 
	28896
	70856
	41960
	2.4

	T2 - Minimum tillage (1 harrowing)
	31896
	89868
	57972
	2.7

	T3 – Conventional tillage (harrowing, levelling and cleaning)
	34896
	104860
	69964
	2.9

	S.E. m± 
	-
	983
	983
	0.04

	C.D. (@5%)
	-
	3860
	3860
	0.15

	Sub plot- Weed management practices 

	W1 - Chemical weed control
	29440
	88004
	58564
	2.9

	W2- Mechanical weed control (hoeing)
	31700
	92756
	61056
	2.8

	W3- Hand weeding twice
	33200
	95416
	62216
	2.8

	W4 – Integrated weed control 
	35940
	106840
	70900
	2.9

	W5 – Control (Weedy check)
	29200
	59624
	30424
	2.0

	S.E. m± 
	-
	2361
	2361
	0.07

	C.D. (@5%)
	-
	6892
	6892
	0.23


	Interaction (T X W)

	S.E. m± 
	-
	4090
	4090
	0.13

	C.D. (@5%)
	-
	NS
	NS
	NS

	G.M.
	31896
	88528
	56632
	2.73


Conclusions
The results of the present investigation indicated that under irrigated conditions of Maharashtra, conventional tillage (harrowing, levelling and cleaning) proved to be the most effective tillage practice for improving yield attributes, yield and economic returns of safflower. Among weed management practices, integrated weed management was found to be the most efficient practice as it recorded higher yield attributes and yield, lower weed density and weed dry weight, higher weed control efficiency (83.45, 84.31 and 83.11 % at 30, 60 and 90 DAS, respectively) and superior economic returns with gross returns (106840 Rs ha-1), net returns (70900 Rs ha-1) and B:C ratio (2.9). Hence, adoption of conventional tillage along with integrated weed management is recommended for achieving higher productivity and profitability for irrigated safflower.
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