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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 recorded maximum plant height (71.04 cm) and spread (133.53 cm) whereas, Inca Yellow showed earliest flowering (30.73 days), highest yield per plant (632.88 g), yield per plot (18.98 kg), and yield per hectare (234.31 q ), along with superior flower quality viz.,largest diameter (7.20 cm), longest vase life (5.00 days), and highest B:C ratio (1:2.10). Inca Gold produced the highest number of flowers per plant (112.20), while Marvel Yellow 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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1. 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 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, floriculture spans 2.85 million hectares (NHB, 2019–2020), with marigold accounting for nearly two-thirds of the loose flower area. 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 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.

Given the genetic variability among marigold varieties and hybrids, it is imperative to evaluate their performance under field conditions to enhance yield, flower quality, and economic returns.

Objectives

1. 
2. 
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 phosphorus 3.3 mg kg⁻¹, potassium 158.3 mg kg⁻¹, and 42% saturation; ten treatments viz.,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 in an RBD with three replications (30 seedlings/plot) planted at 60 × 45 cm spacing; seedlings were raised in cocopeat-perlite medium with SSP and vermicompost, treated with Bavistin (2 g/kg), and transplanted on 10 October 2024; five tagged plants perplot were assessed for growth (height, spread), flowering traits (days to bud, days required to flower, days required to 50% flowering, days required to first harvest, flowering duration), yield (flowers per plant, weight of ten fresh flowers, yield per plant, yield per plot, yield per hectare), quality (flower colour via RHS chart, diameter of flower, vase life of flower), pest anddisease incidence (bud borer and leaf spot), economics (B:C ratio), and drying (dry weight of ten flowers); daily mean temperature and relative humidity were recorded, and data were statistically analysed at 5% significance (Panse & Sukhatme, 1985).
results and discussion

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.


At 30 days after transplanting (DAT), the maximum plant height was recorded in T1 (Pusa Narangi Gainda) at 13.24 cm, followed by T6 (Marvel Yellow) at 12.55 cm and T8 (Marvel Orange) at 11.86 cm, while the minimum height was recorded in T4 (BM-4) at 8.56 cm. At 45 DAT, the maximum height was recorded again in T1 (59.56 cm), with T3 (Pusa Bahar, 54.12 cm) and T5 (Kalwan Local, 49.50 cm) next in rank; the minimum heights were recorded in T9 (Inca Yellow, 26.55 cm) and T10 (Inca Gold, 25.67 cm), which were statistically similar. By 60 DAT, the maximum height was recorded in T5 (79.07 cm), while T1, T3, and T4 grouped closely between 69.17–71.43 cm; the minimum heights were recorded again in T9 (40.84 cm) and T10 (39.75 cm). These consistent differences underscore the genetic influence on vegetative vigor T1 and T5 consistently demonstrated maximum growth potential, while T9 and T10 displayed minimum stature, suggestive of inherent dwarfing traits.
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.at5%
	0.64
	1.98
	1.64



At 30 days after transplanting (DAT), maximum spread was recorded in the east–west (EW) direction for T6 (Marvel Yellow, 8.91 cm)—closely matched by T1 (Pusa Narangi Gainda, 8.77 cm)—while the minimum spread was recorded in T9 (Inca Yellow, 6.53 cm); in the north–south (NS) direction, T7 (Marvel Gold, 9.10 cm) had the maximum spread, on par with T6 (8.81 cm) and T5 (Kalwan Local, 8.02 cm), while T2 (Pusa Basanti Gainda, 6.14 cm) exhibited the minimum. By 45 DAT, T5 (Kalwan Local) showed the maximum EW spread (36.02 cm), statistically similar to T4, T3, and T1 (~35.6 cm), whereas T10 (Inca Gold, 25.01 cm) marked the minimum; in NS, T5 again recorded the maximum spread (43.22 cm), followed by T3 (37.50 cm), while T6 (28.15 cm) and T8 (Marvel Orange, 28.48 cm) registered the minimums. At 60 DAT, the maximum EW spread was recorded for T5 (58.29 cm), followed by T1 (53.80 cm) and T3 (51.93 cm), and the minimum occurred in T10 (37.49 cm) and T8 (38.96 cm); in the NS direction, T1 recorded the maximum spread (133.53 cm), followed by T6 (129.80 cm), while T8 had the minimum (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
	PusaNarangiGainda
	8.77g
	8.02d
	35.48e
	34.90c
	53.80e
	133.53i

	T2
	PusaBasantiGainda
	7.15c
	6.14a
	31.13d
	31.40b
	51.67d
	45.16c

	T3
	PusaBahar
	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
	KalwanLocal
	7.73e
	7.68cd
	39.10f
	43.22e
	58.29f
	56.94f

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

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

	T8
	MarvelOrange
	6.72b
	7.10bc
	26.58b
	28.48a
	38.96ab
	39.26a

	T9
	IncaYellow
	6.53a
	7.10bc
	28.17c
	31.37b
	40.06bc
	41.31b

	T10
	IncaGold
	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


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).


The earliest bud initiation was recorded in T9 (Inca Yellow, 29.53 days), closely followed by T8 (Marvel Orange, 29.63 days) and T1 (Pusa Narangi Gainda, 30.53 days), while the maximum duration was recorded in T4 (BM-4, 58.00 days).
Earliness may be attributed to genetic makeup and the role of plant growth regulators and sucrose, corroborating findings of Kumar et al. (2019.


T9 (Inca Yellow) flowered earliest (30.73 days), at par with T8 (Marvel Orange) (31.20 days) and T10 (Inca Gold) (31.60 days). T4 (BM-4) took the longest period (62.60 days).
 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).


Earliest 50% flowering was achieved by T10 (Inca Gold) (43.06 days), followed by T9 (Inca Yellow) (44.46 days) and T8 (Marvel Orange) (46.10 days). The maximum duration was in T4 (BM-4) (73.40 days). 
Pinching significantly advanced flowering, while unpinched plants delayed it, as also noted by Prakash et al. (2016).


The earliest harvest occurred in T9 (Inca Yellow) (48.16 days), at par with T10 (Inca Gold) (48.60 days), while T4 (BM-4) required the longest time (81.80 days). 
Earliness is due to genetic traits and the stimulatory effect of GA₃ on flower development (Badge et al., 2016).


T1 (Pusa Narangi Gainda) recorded the maximum flowering duration (49.66 days), at par with T2 (Pusa Basanti Gainda) (49.33 days). The minimum duration was in T6 (Marvel Yellow) (31.66 days). 
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 NarangiGainda
	30.53a
	45.93d
	56.47e
	59.30d
	49.67e

	T2
	PusaBasantiGainda
	37.40a
	52.86e
	62.53f
	65.73e
	49.33e

	T3
	PusaBahar
	33.96c
	57.40f
	65.26g
	69.40f
	46.00d

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

	T5
	KalwanLocal
	50.26e
	61.00fg
	69.67h
	76.33g
	44.67d

	T6
	MarvelYellow
	30.73ab
	37.47c
	47.47d
	52.33c
	31.67a

	T7
	MarvelGold
	30.63a
	32.07b
	48.10d
	51.17c
	34.33b

	T8
	MarvelOrange
	29.63a
	31.20ab
	46.10c
	49.40b
	33.33a

	T9
	IncaYellow
	29.53a
	30.73a
	44.47b
	48.17a
	35.00bc

	T10
	IncaGold
	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


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).


Maximum flowers per plant were recorded in T10 (Inca Gold) (10.63), followed by T9 (Inca Yellow) (10.44) and T7 (Marvel Gold) (10.32). The minimum was in T3 (Pusa Bahar) (9.50). 
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). 

The maximum fresh weight was in T9 (Inca Yellow) (58.76 g), followed by T8 (Marvel Orange) (51.40 g) and T6 (Marvel Yellow) (50.80 g), while the minimum was in 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). 

Maximum yield/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). 
Enhanced branching from integrated use of inorganic fertilizers and biofertilizers increases yield (Narashimha & Haripriya, 2001). 
T9 (Inca Yellow) recorded the maximum yield/plot (18.98 kg), followed by T10 (Inca Gold) (16.69 kg), while 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).

The maximum yield/ha was in T9 (Inca Yellow) (234.31 q), followed by T10 (Inca Gold) (206.04 q), with the minimum in T4 (BM-4) (112.96 q). 
Nutrient uptake efficiency and N × P interactions contributed to yield differences, corroborating 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 perplant
	Fresh weight of

10flowers (g)
	Yield of flowers perplant(g)
	Yield of flowers per plot (kg)
	Yield of flowers perha (q)

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

	T2
	PusaBasanti Gainda
	96.3 b(9.86)
	39.43b
	379.42b
	11.38b
	140.49b

	T3
	PusaBahar
	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
	KalwanLocal
	95.8b(9.83)
	43.70c
	411.93c
	12.35c
	152.46c

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

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

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

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

	T10
	IncaGold
	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


Quality parameters

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

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. 
Variations were due to inherent genetic makeup.


Maximum flower diameter was recorded in T9 (Inca Yellow) (7.20 cm), followed by T6 (Marvel Yellow) (6.20 cm) and T1 (Pusa Narangi Gainda) (6.13 cm). The minimum was in T4 (BM-4) (4.49 cm).
 Variation was attributed to genetic factors and cultural practices like pinching, which enhances size and varietal expression (Khan et al., 2018). 


             Maximum vase life was in T7 (Marvel Gold) (5.03 days), closely 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 parameters of different Marigold(Tagetes erecta L.) varieties and hybrids under Pune condition.

	
	Treatments
	Quality parameters

	
	
	Flower colour
	Flower diameter(cm)
	Vaselife(days)

	T1
	Pusa Narangi Gainda
	Strong Orange N25C
	6.13d
	3.96d

	T2
	PusaBasantiGainda
	VividYellow9A
	4.84b
	2.73b

	T3
	PusaBahar
	BrilliantGreenish Yellow 6A
	6.10d
	3.50c

	T4
	BM-4
	StrongOrange N25B
	4.49a
	1.73a

	T5
	KalwanLocal
	VividYellow9A
	5.75c
	4.33e

	T6
	KalwanLocal
	VividGreenishYellow 2A
	6.20d
	4.93f

	T7
	MarvelYellow
	VividYellow14A
	4.56a
	5.00f

	T8
	MarvelGold
	StrongOrangeYellow N25 D
	4.86b
	4.23de

	T9
	MarvelOrange
	VividGreenishYellow 2A
	7.20e
	5.00f

	T10
	IncaYellow
	VividYellow9A
	4.71ab
	3.90cd

	S.E.(m)±
	
	0.07
	0.13

	C.D.at5%
	
	0.23
	0.40


Pests and Diseases Incidence

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


Infestation was non-significant among varieties and hybrids. Minimum larvae/plant were observed in T5 (Kalwan Local) (0.27), while the highest was in T2 (Pusa Basanti Gainda) (0.43). 
Differences were attributed to inherent varietal resistance and pest response.


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
	Larvaeperplant

	T1
	PusaNarangi Gainda
	0.35

	T2
	PusaBasantiGainda
	0.43

	T3
	PusaBahar
	0.33

	T4
	BM-4
	0.33

	T5
	KalwanLocal
	0.27

	T6
	MarvelYellow
	0.38

	T7
	MarvelGold
	0.32

	T8
	MarvelOrange
	0.42

	T9
	IncaYellow
	0.32

	T10
	IncaGold
	0.38

	S.E.(m)±
	0.06

	C.D.at5%
	N.S.


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
	GrossReturn
	TotalCost
	BenefitCost Ratio

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

	T2
	PusaBasantiGainda
	2,80,980
	2,12,644
	1:1.32

	T3
	PusaBahar
	3,17,760
	2,12,644
	1:1.49

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

	T5
	KalwanLocal
	3,04,920
	2,12,644
	1:1.44

	T6
	MarvelYellow
	3,99,756
	2,78,704.17
	1:1.42

	T7
	MarvelGold
	3,85,120
	2,78,704.17
	1:1.38

	T8
	MarvelOrange
	4,23,698
	2,78,704.17
	1:1.52

	T9
	IncaYellow
	5,85,775
	2,78,704.17
	1:2.10

	T10
	IncaGold
	4,12,080
	2,78,704.17
	1:1.48


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


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 of10 flowers (g)

	T1
	PusaNarangi Gainda
	12.83b

	T2
	PusaBasantiGainda
	17.00c

	T3
	PusaBahar
	23.03d

	T4
	BM-4
	14.93c

	T5
	KalwanLocal
	14.80c

	T6
	MarvelYellow
	15.20c

	T7
	MarvelGold
	11.13ab

	T8
	MarvelOrange
	15.60c

	T9
	IncaYellow
	16.53c

	T10
	IncaGold
	10.10a

	S.E.(m)±
	0.59

	C.D.at5%
	1.78


4. Conclusion

Under Pune conditions, the growth, flowering, yield, quality, pest and disease incidence, economics, and drying parameters of five marigold varieties and five hybrids were evaluated. The hybrid Inca Yellow (T9) exhibited superiority in key flowering attributes, yield parameters, and economic returns, recording the highest B:C ratio (1:2.10). The variety Pusa Narangi Gainda (T1) performed best in plant height, plant spread, and several flowering traits, with a B:C ratio of 1:2.03. Overall, hybrids demonstrated notable advantages over varieties in terms of flowering compactness, yield, and profitability, while certain varieties excelled in specific growth traits.
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