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COMPARATIVE STUDY OF VARIETIES AND HYBRIDS OF MARIGOLD (Tagetes erecta L.)
ABSTRACT
A field experiment was conducted during the 2024–25 at Modibaug, College of Agriculture, Pune, to evaluate the growth, yield, flower quality, and pest-disease incidence among ten marigold (Tagetes erecta L.) varieties and hybrids under randomized block design with three replications. Treatments included Pusa Narangi Gainda (T1), Pusa Basanti Gainda (T2), Pusa Bahar (T3), BM 4 (T4), Kalwan Local (T5), Marvel Yellow (T6), Marvel Gold (T7), Marvel Orange (T8), Inca Yellow (T9), and Inca Gold (T10). Significant variation was observed among genotypes. Pusa Narangi gainda (T1) recorded maximum plant height (71.04 cm) and spread (133.53 cm). Inca Yellow (T9) showed earliest flowering (30.73 days), highest yield per plant (632.88 g), plot (18.98 kg), and hectare (234.31 q ha⁻¹), along with superior flower quality—largest diameter (7.20 cm), longest vase life (5.00 days), and highest B:C ratio (1:2.10). Inca Gold (T10) produced the highest number of flowers per plant (112.20), while Kalwan Local (T5) exhibited the lowest pest incidence (0.27). T3 recorded the highest dry weight of ten flowers (23.03 g). The study identifies Inca Yellow (T9) as the most promising genotype for superior yield, quality, and economic return under field conditions.
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INTRODUCTION 

Flowers, known for their vibrant hues and diverse morphology, play a vital role in the floriculture sector—a significant component of the horticultural industry under the purview of the Ministry of Commerce (Patel et al., 2016). They contribute not only to aesthetic and cultural values but also to psychological well-being by promoting peace, reducing stress, and enhancing self-esteem.

Marigold (Tagetes erecta L.), a hardy annual belonging to the family Asteraceae, is extensively cultivated worldwide for its ornamental, economic, and medicinal significance. Originating from Central and South America, particularly Mexico, Tagetes comprises 33 species, of which T. erecta (African marigold) and T. patula (French marigold) are commercially cultivated in India. The species Tagetes erecta L. is diploid (2n = 24) and is widely adaptable to diverse agro-climatic conditions. Often referred to as the “poor man’s crop,” marigold is grown for loose flowers, bedding, cut flowers, and landscaping due to its ease of cultivation, wide color range, and mass flowering.

In India, total export value of floriculture produce in India is 86.63 US Dollar Million for 2023-24 according to Agricultural and Processed Food Products Export Development Authority. Total area under floricultural production is 285 thousand hectares with loose flower production at 2284 thousand tonnes for 2023-24 (Ministry of Agriculture and Farmers Welfare, 2nd Advance Estimate).  India ranks first in loose flower production, with states like Karnataka, Tamil Nadu, Maharashtra, and West Bengal as major producers (Loharet et al., 2018).

Marigold is valued for its essential oil, rich in carotenoid content especially lutein which is used in food, pharmaceuticals, and poultry feed industries. Additionally, its extracts have ethnomedicinal applications and utility as natural dyes and mosquito repellents.

By conducting a comparative analysis of the economic factors associated with the growing

different variety and hybrids, the research aims to provide holistic understanding of financial implications. This economic dimension is pivotal for growers, farmers and stakeholders, offering insights into the profitability and sustainability of cultivating specific marigold variants.

Considering the importance of marigold and keeping in view the above facts, the present investigation was undertaken with the following objectives:

1. To study the different hybrids and variety of marigold for growth, yield and quality of flower.
2. To study the pest and disease incidence on different hybrids and variety of marigold at field condition.

material and methods 
The study was conducted during the Rabi season of 2024–25 at Modibaug Garden, College of Agriculture, Pune (18.5204° N, 73.8567° E; 560 m altitude) on well-drained, medium-deep black soil (738 m²) with pre-planting soil properties: pH 7.9, EC 1.8 dS m⁻¹, organic matter 0.84%, available P 3.3 mg kg⁻¹, K 158.3 mg kg⁻¹, and 42% saturation; In Randomized Block design (30 seedlings/plot) ten treatments ie. five varieties (Pusa Narangi Gainda, Pusa Basanti Gainda, Pusa Bahar, BM 4, Kalwan Local) and five hybrids (Marvel Yellow, Marvel Gold, Marvel Orange, Inca Yellow, Inca Gold) were evaluated. The seedlings were raised in cocopeat-perlite medium with SSP and vermicompost, treated with Bavistin (2g/kg), and transplanted on October 10, 2024 with 60 × 45 cm spacing. The total fertilizer dose required were 14.13 kg urea, 40.62 kg SSP and 10.83 kg MOP. The dose of fertilizers was calculated as per plot size and per treatments. Nitrogen was given in three split doses. First l/3rd N with full P and K in October and the remaining dose of nitrogen were given 30 and 60 days after the first dose (as top-dressing). Five tagged plants/plots were evaluated for growth (height, spread), flowering traits (days to bud, flower, 50% flowering, first harvest, duration), yield (flowers per plant, weight of ten fresh flowers, yield per plant, plot, hectare), quality (flower colour via RHS chart, diameter, vase life), pest/disease incidence, economics (B:C ratio), and drying (dry weight of ten flowers). The B:C ratio was calculated using formula Total value of benefits / Total cost of cultivation. The daily mean temperature and relative humidity were recorded, and the data were statistically analysed at 5% significance (Panse & Sukhatme, 1985).
results and discussion
4.1 Growth parameters
Comparative evaluation of plant height and plant spread at 30, 45, and 60 days after transplanting (DAT) is presented in Tables.1 and 2.

4.1.1 Plant height (cm)
The result of plant height at 30, 45 and 60 days after transplanting are presented in table 1. The plant height at 30 days after transplanting was recorded significant difference among varieties and hybrids. The significantly maximum plant height was recorded by treatment T1 (Pusa Narangi Gainda) (13.24 cm) followed by T6 (Marvel Yellow) (12.55 cm. Treatment T7 (Marvel Gold) (11.76 cm) was statistically at par with treatment T8 (Marvel Orange) (11.86 cm). Whereas the minimum plant height was recorded by treatment T4 (BM-4) (8.56 cm). At 45 days after transplanting, the treatment T1 (Pusa Narangi Gainda) (59.56 cm) recorded maximum plant height followed by T3 (Pusa Bahar) (54.14 cm), T5 (Kalwan Local) (49.50 cm) and T4 (BM- 4) (40.59 cm). The minimum plant height was recorded by treatment T10 (Inca Gold) (25.66 cm) at par with T9 (Inca Yellow) (26.54 cm). At 60 days after transplanting, the treatment T5 (Kalwan Local) (79.06 cm) recorded maximum plant height. The treatment T1 (Pusa Narangi

Gainda) (71.04 cm), T4 (BM-4) (69.86 cm) and T3 (Pusa Bahar) (69.86 cm) are statistically at par with each other. The minimum plant height was recorded in treatment T9 (Inca Yellow) (40.84 cm) at par with T10 (Inca Gold) (39.75 cm).

An increase in plant height might be due to the genetic character of straight variety, increased cell division and cell elongation. The plant height with the closer spacing and pinching will produce better results. These results are in accordance with the findings by Rolaniya et al., (2012) and Isnawatibhat et al., (2023).

Table 1.: Performance of plant height (cm) on different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Plant Height(cm)

	
	
	30 DAT
	45 DAT
	60 DAT

	T1
	Pusa NarangiGainda
	13.24f
	59.56g
	71.04e

	T2
	PusaBasantiGainda
	9.55b
	31.08b
	55.42d

	T3
	PusaBahar
	11.26d
	54.12f
	69.86e

	T4
	BM-4
	8.56a
	40.59d
	69.86e

	T5
	KalwanLocal
	11.70d
	49.50e
	79.07f

	T6
	MarvelYellow
	12.55e
	33.20c
	44.59b

	T7
	MarvelGold
	11.76d
	30.38b
	45.93bc

	T8
	MarvelOrange
	11.86d
	29.38b
	47.37c

	T9
	IncaYellow
	10.53c
	26.55a
	39.19a

	T10
	IncaGold
	11.28d
	25.67a
	39.75a

	S.E.(m)±
	0.21
	0.66
	0.55

	C.D. at 5%
	0.64
	1.98
	1.64


Note:  1. S.E.(m)± = Standard error

2. C.D.at 5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.
4. DAT= Days after transplanting.

4.1.2 Plant spread (cm)

The plant spread (EW) at 30 days after transplanting recorded significant difference. The treatment T6 (Marvel Yellow) (8.91 cm) recorded significantly maximum plant spread and was statistically at par with treatment T1 (Pusa Narangi Gainda) (8.76 cm). The minimum plant spread was recorded in treatment T9 (Inca Yellow) (6.52 cm). The plant spread (NS) at 30 days after transplanting recorded significant difference. The treatment T7 (Marvel Gold) (9.10 cm) recorded significantly maximum plant spread which was statistically at par with treatment T6 (Marvel Yellow) (8.81 cm) and T5 (Kalwan Local) (8.02 cm). The minimum plant spread was recorded in treatment T2 (Pusa Basanti Gainda) (6.14 cm) which

was at par with T4 (BM-4) (6.67 cm). The plant spread (EW) at 45 days after transplanting recorded significant differences. The maximum plant spread was recorded by treatment T5 (Kalwan Local) (36.02 cm). Treatment T4 (BM-4) (36.02 cm), T3 (Pusa Bahar) (35.49 cm) and T1 (Pusa Narangi Gainda) (35.48 cm) was statistically at par with each other. The minimum plant spread was recorded in treatment T10 (Inca Gold) (25.01 cm). The plant spread (NS) at 45 days after transplanting recorded significant difference. The treatment T5 (Kalwan Local) (43.22 cm) recorded significantly maximum plant spread. The minimum plant spread was recorded in treatment T6 (Marvel Yellow) (28.14 cm) at par with T8 (Marvel Orange) (28.48 cm).

The plant spread (EW) at 60 days after transplanting recorded significant difference. The treatment T5 (Kalwan Local) (58.28 cm) recorded significantly maximum plant spread. The treatment T1 (pusa Narangi Gainda) (53.80 cm) was statistically at par with treatment T3 (Pusa Bahar) (51.93 cm). The minimum plant spread was recorded in treatment T10 (Inca Gold) (37.49 cm) and is statistically at par with treatment T8 (Marvel Orange) (38.96 cm). The plant spread (NS) at 60 days after transplanting recorded significant difference. The treatment T1 (Pusa Narangi Gainda) (133.53 cm) recorded significantly maximum plant spread followed by treatment T6 (Marvel Yellow) (129.8 cm). The minimum plant spread was recorded in treatment T8 (Marvel Orange) (40.64 cm).

These consistent differences indicate genotype-driven variation in canopy expansion, potentially enhanced by nutrient management practices (100% RDF + Azotobacter + PSB).
Table 2.: Performance of plant spread (cm) on different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Plant Spread(cm)

	
	
	30
DAT
	45
DAT
	60
DAT

	
	
	EW
	NS
	EW
	NS
	EW
	NS

	T1
	Pusa Narangi Gainda
	8.77g
	8.02d
	35.48e
	34.90c
	53.80e
	133.53i

	T2
	Pusa Basanti Gainda
	7.15c
	6.14a
	31.13d
	31.40b
	51.67d
	45.16c

	T3
	Pusa Bahar
	7.65e
	6.79b
	35.48e
	37.50d
	51.93de
	51.10e

	T4
	BM-4
	7.29cd
	6.67ab
	36.02e
	35.07c
	49.97d
	47.58d

	T5
	Kalwan Local
	7.73e
	7.68cd
	39.10f
	43.22e
	58.29f
	56.94f

	T6
	Marvel Yellow
	8.91g
	8.81e
	25.64b
	28.15a
	41.20c
	129.80h

	T7
	Marvel Gold
	8.03f
	9.10e
	25.50ab
	29.25a
	39.87bc
	126.80g

	T8
	Marvel Orange
	6.72b
	7.10bc
	26.58b
	28.48a
	38.96ab
	39.26a

	T9
	Inca Yellow
	6.53a
	7.10bc
	28.17c
	31.37b
	40.06bc
	41.31b

	T10
	Inca Gold
	7.39d
	7.56cd
	25.01a
	34.50c
	37.49a
	42.42b

	S.E.(m)±
	0.05
	0.21
	0.45
	0.61
	0.66
	0.46

	C.D.at5%
	0.17
	0.63
	1.35
	1.83
	2.0
	1.37


Note:  1. S.E.(m)± = Standard error

2. C.D.at5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.

4. DAT= Days after transplanting.

4.2 Flowering Attributes

Flowering traits, including days to first bud appearance, first flowering, 50% flowering, first harvest, and flowering duration, showed significant variation among treatments (Table 3).

4.2.1 Days to First Bud Appearance
It was observed that minimum number of days for emergence of first bud appearance was recorded by treatment T9 (Inca Yellow) (29.53 days) which was at par with treatment T8 (Marvel Orange) (29.63 days) and treatment T1 (Pusa Narangi Gainda) (30.53 days). The maximum number of days for the emergence of bud was recorded by treatment T4 (BM-4) (58 days).

The variation in days required for first bud emergence might be due to genetic character of varieties and hybrids. Application of plant growth regulators and sucrose concentration affected days to first bud emergence causing earliness in bud emergence. The findings are consistent with the work of Kumar et al., (2019). 

4.2.2 Days to First Flowering
It was observed that minimum number of days for first flowering was recorded by treatment T9 (Inca Yellow) (30.73 days) which was statistically at par with treatment T8 (Marvel Orange) (31.20 days) and treatment T10 (Inca Gold) (31.60 days). The treatment T4 (BM-4) (62.60 days) recorded the maximum number of days required for first flowering.

 Variations are likely due to nutrient uptake efficiency, especially nitrogen and phosphorus, as well as the influence of gibberellic acid and pinching (Naik et al., 2015).

4.2.3 Days to 50% Flowering
It was observed that minimum number of days for fifty percent flowering was recorded by treatment T10 (Inca Gold) (43.06 days) which was followed by treatment T9 (Inca Yellow) (44.46 days) and treatment T8 (Marvel Orange) (46.10 days). The treatment T4 (BM-4) (73.40 days) recorded the maximum number of days required for first flowering.

The variation in days required for 50% flowering might be due to the genetic characters, pinching and fertilizers uptake of different varieties. Pinching significantly advanced flowering, while unpinched plants delayed it, is noted by Prakash et al. (2016).

4.2.4 Days to First Harvest
It was observed that minimum number of days required for first harvest was recorded by treatment T9 (Inca Yellow) (48.16 days) which was statistically at par with treatment T10 (Inca Gold) (48.60)
recorded the maximum number of days required for first flowering.
The variation in the days required to harvest might be due the genetic characters of varieties prevailing under Pune condition. Earliness is due to genetic traits and the stimulatory effect of GA₃ on flower development (Badge et al., 2016).

4.2.5 Flowering Duration (days)
It was observed that maximum duration of flowering was recorded by treatment T1 (Pusa Narangi Gainda) (49.66 days) which was statistically at par with treatment T2 (Pusa Basanti Gainda) (49.33 days). The treatment T6 (Marvel Yellow) (31.66 days) recorded the minimum duration of flowering.

The variation in duration of flowering might be due the genetic makeup of varieties and due to the effect and uptake of fertilizers. These differences can be attributed to varietal potential and nutrient management, with pinching shown to extend flowering duration (Prakash et al., 2016).

Table 3.: Performance of flowering attributes (days) of different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Flowering Attributes

	
	
	Days required for first bud

appearance
	Days required
for first
flowering
	Days required for 50%
flowering
	Days required for first harvest
	Duration of flowering (days)

	T1
	Pusa Narangi Gainda
	30.53a
	45.93d
	56.47e
	59.30d
	49.67e

	T2
	Pusa Basanti Gainda
	37.40a
	52.86e
	62.53f
	65.73e
	49.33e

	T3
	Pusa Bahar
	33.96c
	57.40f
	65.26g
	69.40f
	46.00d

	T4
	BM-4
	58.00f
	62.60g
	73.40i
	81.80h
	46.33d

	T5
	Kalwan Local
	50.26e
	61.00fg
	69.67h
	76.33g
	44.67d

	T6
	Marvel Yellow
	30.73ab
	37.47c
	47.47d
	52.33c
	31.67a

	T7
	Marvel Gold
	30.63a
	32.07b
	48.10d
	51.17c
	34.33b

	T8
	Marvel Orange
	29.63a
	31.20ab
	46.10c
	49.40b
	33.33a

	T9
	Inca Yellow
	29.53a
	30.73a
	44.47b
	48.17a
	35.00bc

	T10
	Inca Gold
	31.20b
	31.60ab
	43.07a
	48.60a
	37.33c

	S.E.(m)±
	0.50
	1.40
	0.33
	0.85
	1.10

	C.D.at5%
	1.50
	4.2
	1.01
	2.57
	3.30


Note:  1. S.E.(m)± = Standard error

2. C.D.at5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.

4.3 Yield Parameters

Yield traits studied included number of flowers per plant, fresh weight of 10 flowers, yield per plant, yield per plot, and yield per hectare (Table 4).

4.3.1 Number of Flowers per Plant
The maximum flowers per plant were recorded in treatment T10 (Inca Gold) (10.63 days), followed by T9 (Inca Yellow) (10.44 days) and T7 (Marvel Gold) (10.32 days). The minimum was in T3 (Pusa Bahar) (9.50 days). 
Differences were attributed to varietal genetic potential. GA₃ at 50 mg/L has been reported to increase flower number (Patel et al., 2010), and the use of coirpith + vermicompost + garden soil (1:1:1) supported higher flowering (Rajan et al., 2020). 

4.3.2 Fresh Weight of 10 Flowers (g)
The maximum fresh weight was recorded in treatment T9 (Inca Yellow) (58.76 g), followed by treatment T8 (Marvel Orange) (51.40 g) and treatment T6 (Marvel Yellow) (50.80 g), while the minimum was recorded in treatment T4 (BM-4) (33.53 g). 
Variation was due to genetic factors, petal size, and flower size. Sucrose application (0.5 g/L) is known to improve fresh weight in snapdragon (Abdulrahman et al., 2012). 

4.3.3 Yield of Flowers per Plant (g)
The maximum yield per plant was recorded in T9 (Inca Yellow) (632.88 g), followed by T10 (Inca Gold) (555.39 g), with the minimum in T4 (BM-4) (305.18 g). 
The variation in yield of flowers per plant might be due to the uptake of nutrients and genetic response of variety. The increased flower yield per plant may be due to the indirect effect of more number of branches as stimulated and developed by the influence of inorganic fertilizer along with biofertilizers. Enhanced branching from integrated use of inorganic fertilizers and biofertilizers increases yield (Narashimha & Haripriya, 2001). 
4.3.4 Yield of Flowers per Plot (kg)
The treatment T9 (Inca Yellow) recorded the maximum yield per plot (18.98 kg), followed by T10 (Inca Gold) (16.69 kg), while treatment T4 (BM-4) was minimum (9.15 kg). 
Differences were attributed to nutrient uptake efficiency and branching. Application of 50 kg P ha⁻¹ significantly enhanced yield (Mane et al., 2020; Deware et al., 2021).

4.3.5 Yield of Flowers per ha (q)
The maximum yield per ha was recorded in treatment T9 (Inca Yellow) (234.31 q), followed by treatment T10 (Inca Gold) (206.04 q), with the minimum was recorded in treatment T4 (BM-4) (112.96 q). 
The variation in yield of flowers per hectare might be due to the effect of uptake of nutrients in different variety. Nutrient uptake efficiency and N × P interactions contributed to yield differences by Jat et al. (2006).

Table 4.: Performance of yield parameters of different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Yield Parameters

	
	
	Number of flowers per plant
	Fresh weight of

10 flowers (g)
	Yield of flowers per plant(g)
	Yield of flowers per plot (kg)
	Yield of flowers per ha (q)

	T1
	Pusa Narangi Gainda
	105.6 d(10.32)
	46.00d
	        485.76e
	14.57e
	179.87e

	T2
	Pusa Basanti Gainda
	96.3 b(9.86)
	39.43b
	379.42b
	11.38b
	140.49b

	T3
	Pusa Bahar
	89.4a(9.50)
	48.90e
	429.12d
	12.87d
	158.88d

	T4
	BM-4
	91.1a(9.59)
	33.53a
	305.18a
	9.15a
	112.96a

	T5
	Kalwan Local
	95.8b(9.83)
	43.70c
	411.93c
	12.35c
	152.46c

	T6
	Marvel Yellow
	101.2c(10.10)
	50.80fg
	514.09f
	15.42f
	190.36f

	T7
	Marvel Gold
	105.6d(10.32)
	49.35e
	520.60g
	15.61f
	192.56g

	T8
	Marvel Orange
	101.4c(10.11)
	51.40g
	520.18g
	15.60f
	192.59g

	T9
	Inca Yellow
	108.0d(10.44)
	58.77h
	632.88i
	18.98h
	234.31i

	T10
	Inca Gold
	112.2 a(10.63)
	49.53ef
	555.39h
	16.69g
	206.04h

	S.E(m)±
	0.05
	0.58
	0.77
	0.16
	0.30

	C.D.at5%
	0.16
	1.747
	2.30
	0.48
	0.89


Note:  1. S.E.(m)± = Standard error

2. C.D.at 5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.

4.4 Quality Parameters

Quality traits assessed included flower colour, flower diameter, and vase life (Table 5).

4.4.1 Flower Colour
Flower colour were recorded using the RHS Colour Chart, showed distinct varietal differences. Pusa Narangi Gainda, Pusa Basanti Gainda, Pusa Bahar, BM-4, Kalwan Local, Marvel Yellow, Marvel Gold, Marvel Orange, Inca Yellow, and Inca Gold exhibited Strong Orange N25C, Vivid Yellow 9A, Brilliant Greenish Yellow 6A, Strong Orange N25B, Vivid Yellow 9A, Vivid Greenish Yellow 2A, Vivid Yellow 14A, Strong Orange Yellow N25D, Vivid Greenish Yellow 2A, and Vivid Yellow 9A, respectively. 
4.4.2 Flower Diameter (cm)
The maximum flower diameter was recorded in treatment T9 (Inca Yellow) (7.20 cm).
The variation in diameter of flower might be due to effect of genetic expression of varieties and hybrids. Effect of pinching has shown significant increase in size of flowers in varieties resulting in maximum flower size and better characterization. Variation was attributed to genetic factors and cultural practices like pinching, which enhances size and varietal expression (Khan et al., 2018). 

4.4.3 Vase Life (days)
             The maximum vase life was recorded in treatment T7 (Marvel Gold) (5.03 days), followed by T9 (Inca Yellow) (5.00 days) and T6 (Marvel Yellow) (4.93 days). The minimum vase life was in T4 (BM-4) (1.73 days). 
Differences were due to varietal genetic makeup and postharvest management. Application of Bio-veg (3 ml L⁻¹) and humic acid (250–500 mg L⁻¹) improved longevity (Shinde et al., 2010; Allavirdizadeh et al., 2014). 

Table .5.: Performance of quality parametersof different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Quality Parameters

	
	
	Flower colour
	Flower diameter(cm)
	Vase life(days)

	T1
	Pusa Narangi Gainda
	Strong Orange N25C
	          6.13d
	           3.96d

	T2
	Pusa Basanti Gainda
	Vivid Yellow9A
	4.84b
	2.73b

	T3
	Pusa Bahar
	Brilliant Greenish Yellow 6A
	6.10d
	3.50c

	T4
	BM-4
	Strong Orange N25B
	4.49a
	1.73a

	T5
	Kalwan Local
	Vivid Yellow9A
	5.75c
	4.33e

	T6
	Marvel Yellow
	Vivid Greenish Yellow 2A
	6.20d
	4.93f

	T7
	Marvel Gold
	Vivid Yellow14A
	4.56a
	5.00f

	T8
	Marvel Orange
	Strong Orange Yellow N25 D
	4.86b
	4.23de

	T9
	Inca Yellow
	Vivid Greenish Yellow 2A
	7.20e
	5.00f

	T10
	Inca Gold
	Vivid Yellow9A
	4.71ab
	3.90cd

	S.E.(m)±
	
	0.07
	0.13

	C.D.at5%
	
	0.23
	0.40


Note:  1. S.E.(m)± = Standard error

2. C.D.at5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.

4.5 Pests and Diseases Incidence

Incidence of bud borer and leaf spot was recorded during the experiment (Table.6).

4.5.1 Bud Borer
The variation in diameter of flower might be due to effect of genetic expression of varieties and hybrids. Effect of pinching has shown significant increase in size of flowers in varieties resulting in maximum flower size and better characterization. 

4.5.2 Leaf Spot
No incidence was recorded, likely due to absence of inoculum and unfavourable conditions for disease development.

Table 6. Performance of pest and disease incidence on different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatment
	Larvae per plant

	T1
	Pusa Narangi Gainda
	0.35

	T2
	Pusa Basanti Gainda
	0.43

	T3
	Pusa Bahar
	0.33

	T4
	BM-4
	0.33

	T5
	Kalwan Local
	0.27

	T6
	Marvel Yellow
	0.38

	T7
	Marvel Gold
	0.32

	T8
	Marvel Orange
	0.42

	T9
	Inca Yellow
	0.32

	T10
	Inca Gold
	0.38

	S.E.(m)±
	0.06

	C.D.at5%
	N.S.


Note:  1. S.E.(m)± = Standard error

2. C.D.at5% = Critical Difference 

4.6 Economics (B:C Ratio)

The benefit–cost ratio (B:C) of different varieties and hybrids is presented in Table 7. The maximum B:C ratio was observed in T9 (Inca Yellow) (1:2.10), followed by T1 (Pusa Narangi Gainda) (1:2.03), T8 (Marvel Orange) (1:1.52), T3 (Pusa Bahar) (1:1.49) and T10 (Inca Gold) (1:1.48). The minimum was recorded in T4 (BM-4) (1:1.17). Variations in B:C ratio were primarily due to differences in yield potential and marketable quality. 
Similar results in marigold were reported by Sharma et al. (2017), where higher yield and superior flower quality enhanced economic returns.

Table 7.: Performance of Benefit Cost Ratio of different Marigold (Tagetes erectaL.) varieties and hybrids under Pune condition.

	
	Treatment
	Gross Return
	Total Cost
	Benefit Cost Ratio

	T1
	Pusa Narangi Gainda
	4,31,688
	2,12,644
	1:2.03

	T2
	Pusa Basanti Gainda
	2,80,980
	2,12,644
	1:1.32

	T3
	Pusa Bahar
	3,17,760
	2,12,644
	1:1.49

	T4
	BM-4
	2,48,512
	2,12,644
	1:1.17

	T5
	Kalwan Local
	3,04,920
	2,12,644
	1:1.44

	T6
	Marvel Yellow
	3,99,756
	2,78,704.17
	1:1.42

	T7
	Marvel Gold
	3,85,120
	2,78,704.17
	1:1.38

	T8
	Marvel Orange
	4,23,698
	2,78,704.17
	1:1.52

	T9
	Inca Yellow
	5,85,775
	2,78,704.17
	1:2.10

	T10
	Inca Gold
	4,12,080
	2,78,704.17
	1:1.48


4.7 Drying Parameters
Drying parameters included the dry weight of ten flowers (Table 8).

4.7.1 Dry Weight of 10 Flowers (g)
The maximum dry weight was recorded in T3 (Pusa Bahar, 23.03 g), followed by T2 (Pusa Basanti Gainda, 17.00 g) and T9 (Inca Yellow, 16.53 g), while the minimum dry weight was recorded in T10 (Inca Gold, 10.10 g). 

Variation in dry weight was mainly attributed to differences in flower size and moisture retention capacity. Furthermore, balanced application of organic and inorganic fertilizers, such as 14-14-14 NPK, has been shown to increase total dry matter production (Bi et al., 2010). 
Table 8. : Performance of Drying parameters of different Marigold (Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatment
	Dry weight of 10 flowers (g)

	T1
	Pusa Narangi Gainda
	12.83b

	T2
	Pusa Basanti Gainda
	17.00c

	T3
	Pusa Bahar
	23.03d

	T4
	BM-4
	14.93c

	T5
	Kalwan Local
	14.80c

	T6
	Marvel Yellow
	15.20c

	T7
	Marvel Gold
	11.13ab

	T8
	Marvel Orange
	15.60c

	T9
	Inca Yellow
	16.53c

	T10
	Inca Gold
	10.10a

	S.E.(m)±
	0.59

	C.D.at5%
	1.78


Note:  1. S.E.(m)± = Standard error

2. C.D.at5% = Critical Difference 

3. Superscript = i. The treatment means having common supersubscript are statistically non-significant.

ii. The treatment means having different supersubscript are statistically significant.

4. Conclusion

To study the growth performance, flowering characteristics, yield parameters, quality parameters, pests and diseases incidence, economics and drying parameters, five varieties and five hybrids of marigold under Pune condition were assessed. Conclusions are drawn from the observations and are given here.

1. The treatment T9 viz. hybrid (Inca Yellow) was found superior in days required for first bud appearance (29.53 days), Days required for first flowering (30.73 days), Days required for 50% flowering (44.46 days), Days required for first harvest (48.16 days), Duration of flowering (35.00 days), Fresh weight of ten flowers (58.76 g), yield of flowers per plant (632.88 g), Yield of flowers per plot (18.98 kg), yield of flowers per hectare (234.3 q), flower diameter (7.20 cm), Vase life (5.00 days), Benefit cost ratio (1:2.10), Dry flower weight (16.53 g).

2. The treatment T1 viz. variety (Pusa Narangi Gainda) was found superior in Plant height (71.04 cm), Plant spread (133.53 cm), days required for first bud appearance (30.53 days), Days required for first flowering (45.93 days), Days required for 50% flowering (56.46 days), Days required for first harvest (59.30 days), Duration of flowering (49.66 days), Numbers of flowers per plant (105.60), Fresh weight of ten flowers (46.00 g), yield of flowers per plant (485.76 g), Yield of flowers per plot (14.57 kg), yield of flowers per hectare (179.87 q), flower diameter (6.13 cm), Vase life (3.96 days), Benefit cost ratio (1:2.03).
In this investigation under Pune condition during season the performance of five varieties and five hybrids were studied. The hybrid Inca yellow (1:2.10) recorded maximum yield and flowering attributes with more economic returns and found excellent over other four hybrids followed by variety Pusa Narangi Gainda (1:2.03) found to be superior in yield and flowering attributes over other four varieties.

With overall observation it was noticed that even though the five varieties showed good performance in growth parameters when compared to five hybrids, then also hybrids with their flowering attributes, flower compactness and yield parameters excelled over the varieties standing superior with more yield and economic returns.

Future line of work:
1. Plan lutein, carotenoid, and xanthophyll extraction from marigold varieties and hybrids.
2. Plan utilization of post-harvest losses through optimized drying and value-addition.
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