


Characterization of different marigold (Tagetes erecta L.) varieties through their morphology and yield in the North-eastern Ghat Zone of Odisha
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Abstract
Marigold occupies the topmost position in loose flower production, and variability in productivity is attributed to genetic differences and genotype-environment interactions. This study evaluates the performance of ten flowering plant varieties (T1 to T10) over two years (2023 and 2024) based on morphological and yield attributes characters in randomized block design at the North-eastern Ghat Zone of Odisha. The experiment was conducted to identify varieties with superior traits for commercial floriculture. Results indicate significant variability among varieties, with T5-A. Vibha exhibiting the highest yield (34.2 q ha-1) and largest flower diameter (6.6cm). A. Vibha produced 3.4 times higher yield compared to GFM-1 with the higher net return of Rs. 200000 ha-1 respectively. These findings provide valuable insights for selecting high-performing varieties and optimizing cultivation practices in floriculture. 
Introduction
Floriculture is a vital sector of modern agriculture, driven by the demand for ornamental plants with desirable traits such as large flower size, high yield, and robust growth (Titisari 2025). Marigold (Tagetes erecta L.), a member of the Asteraceae family, is one of the most important commercial annual flower crops in India. It is widely cultivated and holds traditional significance, making it the most popular flower across the country. Marigolds are known for their excellent keeping quality and adaptability to diverse growing conditions, making them more versatile than many other annual flowering plants. In addition to their widespread use in landscape gardening, marigolds are grown for ornamental purposes and marketed in various forms such as cut flowers, loose flowers sold in bulk, garlands, and decorations for religious and cultural events. Marigolds also play a significant role in integrated pest management; they suppress soil nematode populations and act as a trap crop to control fruit borers in tomato cultivation. Furthermore, they show potential in phytoremediation due to their pollutant-absorbing abilities. The crop's year-round availability, ease of cultivation, and broad adaptability have contributed to its rising popularity across India. Marigolds are often referred to as the "poor man's crop" because they provide a good return even when cultivated on a small scale, such as in backyard gardens. Despite this, the currently available varieties tend to have lower yields, reduced vigor, and are more prone to lodging, highlighting the need for the development of genetically stable, high-yielding, semi-tall genotypes (Kumar et al., 2022). Genetic variability plays a critical role in plant breeding, as it determines the potential for selecting superior genotypes. Since marigold is a cross-pollinated crop, the development of high-yielding varieties with specific desirable flower colours can significantly enhance farmer income. The vibrant marigold flowers are also rich in xanthophyll, a natural pigment used in poultry feed to enhance the colour of egg yolks and chicken skin, and in the textile industry for fabric dyeing. This varietal performs well across different locations, seasons, and varying environmental conditions, maximizing its potential for successful adoption by farmers. To meet the growing demand and breeding objectives, research has been carried out to assess variability among marigold genotypes for traits of economic importance. Odisha, with its diverse agro-climatic zones, is well-suited for the cultivation of a wide range of horticultural crops, including fruits, vegetables, flowers, and spices. Given that high-value horticultural crops offer better economic returns per unit area than traditional field crops, it is essential to focus on their development. In this context, ten African marigold cultivars were evaluated under the North-eastern Ghats Zone of Odisha to identify promising types that could enhance production, productivity, and profitability for farmers in the region.
Material and Method
The experimental trials were conducted at the Regional Research and Technology Transfer Station, G. Udayagiri, located at 20.5472° N latitude and 84.2286° E longitude. Due to its position in the north-eastern corner of the Deccan Plateau, the district enjoys a milder climate compared to the main deccan region. The area receives an average annual rainfall of 1427.9 mm, with approximately 74 rainy days per year (defined as days with at least 2.5 mm of rainfall). The climate is broadly categorized into four seasons: the hot summer season (March to May), the southwest monsoon season (June to September), the post-monsoon season (October to November), and the winter season (December to February). Figure 1 presents the average monthly weather parameters recorded during the cropping period. The soil at the experimental site was classified as sandy loam in texture. The bulk density (BD) of the soil was recorded at 1.51 g cm⁻³, indicating a moderately compacted structure. The soil exhibited a slightly acidic reaction, with a pH of 5.8. The electrical conductivity (EC) measured at 25°C was 1.10 dS m⁻¹, which falls within the normal range for crop cultivation, suggesting non-saline conditions. The organic carbon content of the soil was 5.72 g kg⁻¹, reflecting a moderate level of organic matter. The soil was found to have available nitrogen (N) content of 220 kg ha⁻¹, available phosphorus (P) of 12 kg ha⁻¹, and available potassium (K) of 180 kg ha⁻¹, indicating a medium fertility status in terms of macronutrients essential for crop growth. The experiment involved ten marigold varieties A. Abhi, A. Subha, B. Kaligendu, BM-4, A. Vibha, GFM-1, P. Arpita, Punjab Gaindu, BM-2, and P. Deep arranged in a randomized block design (RBD) with three replications (Fig. 2). Standard agronomic practices were followed throughout the trial. Observations were recorded on morphological traits such as plant height, number of primary and secondary branches per plant, and plant spread at 60 and 90 days after transplanting (DAT). Yield attributes included the number of days to 50% flowering, number of flowers per plant, flower diameter, average flower weight per plant, total flower yield, and number of flower head colours. The benefit-cost ratio was calculated following the methodology described by Mohapatra et al. (2023).
Benefit -Cost ratio =
	

	


Fig 1. Climatic data during cropping period. 
Statistical Analysis 
All parameters data were measured in triplicate (n=3), and the results were presented based on statistical analysis using methodology of Gomez and Gomez (1984). The data underwent one-way analysis of variance (ANOVA), and significant differences between treatments were assessed using Fisher’s protected least significant difference (LSD) at a significance level of P < 0.05, utilizing R Studio software (Doebioresearch package). 
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Fig 2. Experimental photo of field trails and Morphological characteristics of different varieties flowers. 
Results and Discussion 
Plant height 
Morphological attributes 
[bookmark: _Hlk205498208]The height of a marigold variety is important for planning planting geometry, ensuring each plant has enough room to grow and thrive. The evaluation of ten marigold varieties over two consecutive years (2023 and 2024) revealed significant variations in morphological attributes are presented in Table 1. The maximum plant height was recorded in treatment T1 (A. Abhi) with heights of 53.0 cm and 55.0 cm in 2023 and 2024. In contrast, T6 (GFM-1) and T9 (BM-2) consistently recorded the lowest plant height across both years, with values ranging from 13.0 to 17.0 cm.  A similar outcome in terms of variation in plant height was also reported by Sharma and Jadagoudar (2021) in marigold. Plant height is a varietal trait, and the observed variation among marigold varieties can be attributed to genetic differences and genotype-environment interactions (Sumalatha, (2025).). Additionally, improved root development and vigorous vegetative growth under favorable conditions may have contributed to increased plant height by enhancing photosynthetic activity. Furthermore, the favourable effects of nitrogen availability and higher chlorophyll content in the leaves may have promoted the synthesis of carbohydrates and amino acids, thereby supporting enhanced vegetative growth (Lahkar et al., 2024). Taller plants can improve plant ability to resist weed infestation and higher nutrient and solar radiation use efficiency and enhance overall productivity. More importantly, it creates a visually aesthetic ecosystem service for the viewers (Singh, 2017). 
Yield attributes 
The yield attributes characters like average number of effective buds at the time of ploughing, numbers of ploughing, flowers diameter, Fresh flower yield are presented in the Table 1. Significant variation in number of effective buds per plant among the treatments was found and ranged between 16 to 54 per plant. The maximum number of buds was found in A. vibha which as 100 to 184 percent higher over A. Abhi. The variation in the number of buds per plant may be attributed to the genetic traits of the different varieties. An increase in the number of branches per plant could lead to a higher number of buds. Furthermore, differences in photosynthetic efficiency among varieties may enhance food accumulation, promoting better plant growth and, consequently, a higher number of flowers per plant. Similar findings have also been reported by DEDHIA et al., (2024). The frequency of plucking varied slightly among treatments. Most genotypes required four to six ploughings, with T5 (A. Vibha) and T3 (B. Kaligendu) needing the highest (six), whereas T6 (GFM-1), T7 (P. Arpita), and T9 (BM-2) required the fewest (2-3 times). The frequency of plucking was closely linked to the duration of the flowering period and the timing of bud opening. Variations in the number of pluckings may be attributed to the genetic traits of the varieties, environmental conditions, and management practices (Parasharet al., 2021; Lahkar et al., 2024)). Similar difference in the number of buds per plant among the genotypes was also recorded earlier in marigold by Netam et al. (2019). Similarly, the maximum flower diameter was recorded at A. Vibha during both year 2023, 2024 respectively, followed closely by T4 (BM-4) and T2 (A. Subha). The observed variation in this parameter can be attributed to the genetic makeup of the varieties and their interaction with environmental factors. Additionally, greater dry matter accumulation under favorable climatic conditions may have contributed to the increased flower diameter. The differences in flower diameter among marigold varieties are likely influenced by the genetic characteristics inherent to each variety (Lahkar et al., 2024). The smallest flowers were observed in T6 (GFM-1) and T7 (P. Arpita), ranging between 3.0 and 3.2 cm. Similar results were observed by Narsude et al. (2010) and Deepa et al. (2016) in marigold (Table1). The fresh flower yield varied significantly among the treatments. The highest yields were obtained from T5 (A. Vibha) at 34.0 q ha⁻¹ (2023) and 34.2 q ha⁻¹ (2024), followed by T2 (A. Subha) and T3 (B. Kaligendu) which was 3.4 times higher over T6 (GFM-1) and T7 (P. Arpita). The lowest yields were recorded in T6 (GFM-1) and T7 (P. Arpita), with values below 10.0 q ha⁻¹. Higher flower weight and a greater number of flowers per plant for certain varieties, along with ideal temperature and photoperiod conditions during the flowering season, may be the causes of the rise in flower production per hectare (Chandel et al.,2023; (Lahkar et al., 2024). Deepa et al. (2016) and Shilpa et al. (2022) similarly observed similar outcomes in marigold. The variation in flower yield is due to the genetic variability of the genotype and agroclimatic condition reported by Shilpa et al., (2022); and Pratheeksha et al., (2024).
Table 1.  Effect of different marigold varieties on morphological characters and yield.
	Treatment
	Effective Plant height
	no. of effective bud per plant
	Frequency of Plucking
	flower diameter (Cm)
	Fresh flower yield
(q ha-1)

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	T1-A. Abhi
	53
	55
	16
	19
	5
	4
	5.5
	5.4
	14.9
	15.7

	T2-A. Subha
	40.5
	44.2
	20
	22
	6
	5
	5.5
	5.6
	25.2
	25.9

	T3-B. Kaligendu
	31
	32
	26
	32
	6
	5
	4
	4
	24.6
	24.4

	T4-BM-4
	32
	
	23
	24
	4
	3
	5.5
	5.8
	17.6
	17.7

	T5-A. Vibha
	47
	52
	32
	54
	6
	5
	6.5
	6.6
	34.0
	34.2

	T6-GFM-1
	13
	15
	23
	24
	3
	3
	3.0
	3.2
	9.8
	10.0

	T7-P. Arpita
	42.5
	45
	18
	20
	3
	3
	3.0
	3.1
	9.81
	9.92

	T8-Punjab Gaindu
	48
	51
	20
	26
	4
	4
	5.0
	5.4
	16.9
	17.5

	T9-BM-2
	16
	17
	15
	18
	3
	2
	4.0
	4.2
	12.6
	12.7

	T10-P. Deep
	28
	31
	32
	29
	4
	5
	4.0
	3.8
	17.2
	17.3

	CD
	 
	
	 
	
	 
	
	 
	
	3.45
	3.85

	SEM
	 
	
	 
	
	 
	
	 
	
	1.25
	1.33


Economic Analysis
The economic feasibility of different chrysanthemum genotypes was evaluated based on gross return, net return, and benefit-cost (B:C) ratio across two consecutive years (2023 and 2024) (Table 2). Among all treatments, T5 (A. Vibha) recorded the highest gross return of ₹2,72,000 in 2023 and ₹273600 in 2024, followed by T2 (A. Subha) and T3 (B. Kaligendu). Conversely, the lowest gross returns were observed in T6 (GFM-1) and T7 (P. Arpita), with values below ₹80,000 in both years. A similar trend was observed for net return. T5 (A. Vibha) outperformed all other treatments, providing a net return of ₹2,00,000 in 2023 and ₹2,01,600 in 2024. Treatments T2 (A. Subha) and T3 (B. Kaligendu) also recorded high net returns above ₹1,20,000 in both years. In contrast, the lowest net returns were observed in T6 (GFM-1) and T7 (P. Arpita), both under ₹10,000 in 2023. The highest B:C ratio was obtained in T5 (A. Vibha), with values of 3.78 and 3.80 in 2023 and 2024, respectively, indicating excellent profitability. T2 (A. Subha) and T3 (B. Kaligendu) also recorded economically viable B:C ratios, ranging from 2.71 to 2.88. On the other hand, T6 (GFM-1) and T7 (P. Arpita) reported the lowest B:C ratios (< 2), suggesting these treatments were economically less viable. Overall, A. Vibha (T5) emerged as the most economically profitable genotype across both years, followed by A. Subha (T2) and B. Kaligendu (T3), considering all three economic indicators gross return, net return, and B:C ratio. Kaur et al. (2022) also reported the similar result of doubling farmers income with the cultivation of suitable marigold varieties. The expansion of marigold cultivation can significantly boost employee productivity, create jobs in floral production, and increase the profitability of farmers who grow marigolds.
Table 2.  Effect of different marigold varieties on farmer’s economy. 
	Treatment
	Cost of cultivation
	Gross Return
	Net return
	B: C ratio

	
	
	2023
	2024
	2023
	2024
	2023
	2024

	T1-A. Abhi
	72000
	119200
	125600
	47200
	53600
	1.66
	1.74

	T2-A. Subha
	72000
	201600
	207200
	129600
	135200
	2.8
	2.88

	T3-B. Kaligendu
	72000
	196800
	195200
	124800
	123200
	2.73
	2.71

	T4-BM-4
	72000
	140800
	141600
	68800
	69600
	1.96
	1.97

	T5-A. Vibha
	72000
	272000
	273600
	200000
	201600
	3.78
	3.80

	T6-GFM-1
	72000
	78400
	80000
	6400
	8000
	1.09
	1.11

	T7-P. Arpita
	72000
	78480
	79360
	6480
	7360
	1.09
	1.10

	T8-Punjab Gaindu
	72000
	135200
	140000
	63200
	68000
	1.88
	1.94

	T9-BM-2
	72000
	100800
	101600
	28800
	29600
	1.4
	1.41

	T10-P. Deep
	72000
	137600
	138400
	65600
	66400
	1.91
	1.92

	CD
	
	1624
	1752
	548
	764
	0.15
	0.19

	SEM
	
	15.42
	13.42
	7.02
	5.64
	0.02
	0.02



Conclusion 
The experiment was based on a comparative assessment of marigold varieties as per their morphological and yield attributes. The result obtained among the French marigold genotypes was that A. Vibha was found to be better with regard to vegetative growth, flower productivity, and economy among marigold varieties. This information will contribute to the selection of the best marigold variety suitable for an agroclimatic zone. This information will also assist the government and policymakers in including the best-performing marigold varieties in the varietal release cycle under the floriculture mission in the North Eastern Ghat Zone. Furthermore, this study contributes to improving farmers' livelihoods by supporting efforts to double farm income.

COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
Reference 
Chandel, A., Thakur, M., Singh, G., Dogra, R., Bajad, A., Soni, V., & Bhargava, B. (2023). Flower regulation in floriculture: an agronomic concept and commercial use. Journal of Plant Growth Regulation, 42(4), 2136-2161.
DEDHIA, L., ARIVALAGAN, M., & TEJASWINI, P. (2024). Performance evaluation of marigold pre-breeding lines for total carotenoids content, flower yield and associated traits. Journal of Ornamental Horticulture, 27(1), 82-89.
Deepa VP, Patil VS, Venugopal CK, Biradar MS, Shridhar K. Study on the growth and yield attributes of marigold (Tagetes spp.) hybrids under Dharwad condition. HortFlora Res. Spectrum 2016;5(1):43-47. 
Gomez, K. A., & Gomez, A. A. (1984). Statistical procedures for agricultural research. John wiley & sons.
Kaur, M., Bhat, A., Sadik-Zada, E. R., & Sharma, R. (2022). Productivity Analysis and Employment Effects of Marigold Cultivation in Jammu, India. Horticulturae 2022, 8, 263.
Kumar, A., Gautam, R. D., Kumar, A., Singh, S., & Singh, S. (2022). Understanding the effect of different abiotic stresses on wild marigold (Tagetes minuta L.) and role of breeding strategies for developing tolerant lines. Frontiers in Plant Science, 12, 754457.
Lahkar, C., Singh, S. K., Baruah, A. R., & Borkakati, R. P. (2024). Assessment of genetic purity in african marigold (Tagetes erecta) hybrids using microsatellite markers. Agricultural Research, 13(1), 1-9.
Mohapatra, K. K., Nayak, A. K., Patra, R. K., Tripathi, R., Swain, C. K., Moharana, K. C., ... & Tesfai, M. (2023). Multi-criteria assessment to screen climate smart rice establishment techniques in coastal rice production system of India. Frontiers in Plant Science, 14, 1130545.
Narsude PB, Kadam AS, Patil VK. Studies on the growth and yield attributes of different African marigold (Tagetes erecta L.) genotypes under Marathwada conditions. AsianJ Hort 2010;5(2):284-286. 
Netam M, Sharma G, Shukla A. The growth performance of marigold (Tagetes erecta L.) Under Chhattisgarh plains agro-climatic condition. J Pharmacogn Phytochem2019;8(2S):235-237.
Parashar, K., Parashar, A., Yogesh, S., Vigyan, K., Sirohi, K., & Coa, S. J. (2021). Marigold Cultivation:-A sustainable avenue for farmer's livelihood security.
Pratheeksha, C. T., Kulkarni, B. S., Pavankumar, P., Shirol, A. M., Thammaih, N., Satish, D., & Nishani, S. (2024). Standardization of Spacing and Fertilizer Levels for Growth, Yield and Flower Quality of French Marigold (Tagetes patula L.). Journal of Advances in Biology & Biotechnology, 27(8), 387-398.
Sharma, G., & Jadagoudar, B. (2021). Comparative analysis and agro-morphological evaluation of French marigold genotypes (Tagetes patula L.). J Pharma Innov, 10(5), 1558-1560.
Shilpa, P., Sreelatha U., Minimol J.S., Sankar M. and Suma A. (2022). Evaluation of growth parameters and yield attributes of marigold genotypes under humid tropical plains. Journal of Tropical Agriculture, 60(1).
Singh, H. P. (2017). Landscape gardening for ecological and aesthetic gains. Floriculture and Landscape Gardening; Malhotra, SK, Ram, L., Eds, 1-10.
Sumalatha, A. (2025). Genetic inheritance and identification of molecular markers linked to male sterility in African marigold (Tagetes erecta L.).
Titisari, A. (2025). Floriculture: A comparative insight of environmental business opportunities in Indonesia and India. Jurnal Bisnis Kehutanan dan Lingkungan, 2(2), 122-138.
Normal rainfall	45292	45323	45352	45383	45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	12.4	19.5	24.5	47	77.900000000000006	198.1	333.6	362.2	263.39999999999998	133.1	29.8	7.3	12.4	19.5	24.5	Rainfall	45292	45323	45352	45383	45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	10	14.6	44.4	17.2	108.4	194.6	179	171.4	242.8	51.2	5	90	0	0	43.8	No of Rainy Days	45292	45323	45352	45383	45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	3	1	2	3	11	12	17	12	13	5	1	6	0	0	1	
Rain fall (mm)


Rainy days




Temperature deg C	Max	
45292	45323	45352	45383	45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	25.2	29.1	31.9	36.200000000000003	35.299999999999997	33.9	29.1	29.4	29.5	30.1	27.4	25.6	27.2	31.4	34	Temperature deg C	Min	
45292	45323	45352	45383	45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	10.6	12.7	16.600000000000001	18.8	21.3	22.7	22.7	22.2	21.6	19.5	11.9	12.8	7.1	11.9	13.8	
Average Temparature









image1.png
(p. Aty Broumt Gunsd) (B [GH8 SO




