Evaluation of Morpho-Physiological Traits and Biological Yield in Coloured Cauliflower (Brassica oleracea var. botrytis) Cultivars under Subtropical Conditions of Prayagraj




Abstract
[bookmark: _GoBack]A field experiment was conducted during the winter season (December 2024 to February 2025) at the research farm of Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, to evaluate key morphological and physiological factors influencing biomass accumulation in coloured cauliflower (Brassica oleracea var. botrytis). The study was laid out in a Randomized Block Design (RBD) with three replications under uniform agronomic practices to minimize environmental variability. Observations were recorded at different growth stages to better understand plant development dynamics.
Significant variation was observed among genotypes for growth parameters such as plant height (42.3–58.7 cm), number of leaves (14.2–20.5), leaf area (2,150–3,480 cm²), leaf area index (2.1–3.6), chlorophyll content (38.5–52.7 SPAD units), and biomass accumulation (fresh weight: 480–820 g; dry weight: 62–118 g per plant). Genotypic differences in canopy structure and leaf traits influenced light interception, photosynthetic efficiency, and overall biomass production. Varieties with larger leaf area, higher chlorophyll content, and better canopy architecture exhibited superior biomass accumulation. The findings highlight the strong relationship between vegetative growth, physiological efficiency, and biomass production, supporting the concept that enhanced source capacity leads to improved sink development. The study suggests that morphological and physiological traits can serve as reliable selection criteria for identifying high-yielding coloured cauliflower varieties under subtropical conditions.
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1. INTRODUCTION
Cauliflower (Brassica oleracea var. botrytis L.) is the majorly accepted vegetable crops i.e. derived from Latin word ‘cauli’ means cabbage, ‘floris’ means flower and ‘botrytis’ means budding. Cauliflower has originated in Eastern Mediterranean region from its ancestor wild cabbage (Brassica oleracea var. sylvestris L.).In India it was introduced by a botanist Dr. Jemson in 1822 (Swarup and Chatterjee, 1972) [14]. In India, it is developed mostly within states like Bihar, Uttar Pradesh, Orissa, West Bengal, Assam, Haryana, Madhya Pradesh and Maharastra. Curd is the suitable for eating part of cauliflower which is something like 45 percent of the plant. 100 g of curd has high value protein (2.6 g), moisture (90.8 g), fat (0.4 g), carbohydrates (4.0 g), calcium (33.0 mg), phosphorus (57.0 mg), vitamin C (56.0 mg) and energy (30 kcal) (Singh, 1998). It has adaptation to different climatic situation, popular in
temperate, subtropics and tropical parts. Most favorable temperature essential in favor of development of immature plants is 23oC, and during soon after stages 17-20oC temperature is required. During curd formation higher or lower temperature than the optimum required by the cultivars possibly will source of physiological disorder like riceyness, leafy curd and blindness. Temperature lower the most favorable requirement for the duration of rising stage delays development as well as underdeveloped minute unmarketable curds or buttons possibly will be produced. Cauliflower crop required soil with good fertility and good regime. Plants are the majority susceptible toward drought in light soil along with require proper humidity. Light soils are ideal for early crops whereas, loamy and clay loam soils are further appropriate designed for mid-season as well as late growing types.
Cauliflowers are annual plants that reach about 0.5 metre (1.5 feet) tall and bear large rounded leaves that resemble collards (Brassica oleracea, variety acephala). As desired for food, the terminal cluster forms a firm, succulent “curd,” or head, that is an immature inflorescence (cluster of flowers). The broad leaves extend far above the curd and are often tied together before harvest to shade the curd and prevent discoloration. Commercially, white cauliflower is the most common, though orange, purple, green, and brown cultivars also exist. The plants produce cross-shaped yellow flowers and bear seeds in dry capsules known as siliques.
2. MATERIALS AND METHODS
The present investigation was carried out under the title "Morphological and Physiological Determinants of Biomass Accumulation in Colored Cauliflower (Brassica oleracea var. botrytis) Cultivars" at Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, India, during the winter cropping season spanning December 2024 to February 2025. SHUATS, being one of the premier agricultural universities in northern India, provides an ideal research environment owing to its well-equipped experimental farm facilities and conducive agro-climatic setting for horticultural crop research. The study was conceived in response to the growing scientific interest in colored cauliflower cultivars, which have gained considerable attention in recent years due to their superior nutritional profiles, enhanced antioxidant content, and increasing consumer demand in both domestic and international markets.
The primary objective of this research was to evaluate productivity by systematically examining vegetative growth dynamics and photosynthetic efficiency under prevailing subtropical agro-climatic conditions. The winter season was deliberately selected for conducting the experiment, as cauliflower is fundamentally a cool-season crop that performs optimally under mild temperatures with low to moderate humidity. The climatic conditions prevailing during December to February at Prayagraj — characterized by cool days, cold nights, and adequate solar radiation — were deemed most appropriate for supporting normal curd initiation and development across the evaluated cultivars. Understanding how different colored genotypes respond to these specific environmental parameters was central to the scientific rationale of the study.
All experimental cultivars were laid out following a Randomized Block Design (RBD) with three replications to ensure statistical reliability and minimize experimental error arising from inherent soil heterogeneity within the field. This widely adopted experimental design allowed for meaningful comparisons across cultivars while accounting for directional variation in soil fertility, moisture distribution, and light availability across the experimental plots. Standard agronomic practices, including timely irrigation, nutrient management, and plant protection measures, were uniformly applied across all treatment plots to isolate the effect of genotypic variation on the measured parameters.
Considerable variability was recorded across the tested genotypes, reflecting divergent growth trajectories and differential patterns of resource utilization. These differences were evident from the early stages of vegetative development and became increasingly pronounced as the crop advanced toward maturity. Such genotypic diversity underscores the importance of systematic cultivar evaluation under location-specific conditions before recommending varieties for large-scale commercial cultivation. The identification of superior performing cultivars in terms of both biological and economic yield remains a cornerstone objective of regional variety testing programs.
Emphasis was placed on understanding the complex interrelationships among leaf morphology, chlorophyll concentration, and canopy architecture as key determinants of photosynthetic performance. Leaf area, leaf area index, specific leaf weight, and the number of functional leaves per plant were among the critical morphological parameters recorded at periodic growth intervals. These traits collectively influence the light interception capacity of the crop canopy and, by extension, the rate of photosynthetic carbon assimilation. Chlorophyll content, measured using standardized spectrophotometric methods and SPAD-based chlorophyll meters, served as a reliable proxy for the photosynthetic potential of individual leaves across different cultivars and growth stages. Canopy architecture parameters, including canopy spread and leaf angle distribution, further determined the efficiency with which incident solar radiation was captured and utilized for dry matter production.
The results clearly demonstrated how these morpho-physiological attributes collectively govern the magnitude of biological yield accumulation in colored cauliflower cultivars. Cultivars that exhibited larger leaf area indices, higher chlorophyll retention, and more efficient canopy organization consistently recorded superior biological yield, validating the strong association between source strength and sink capacity in this crop. These findings carry significant implications for future breeding programs aimed at developing high-yielding, nutritionally enriched colored cauliflower varieties adapted to subtropical growing environments.
Crop Biology and Soil Requirements:
Cauliflower (Brassica oleracea var. botrytis) is inherently a crop sensitive to environmental extremes, and any deviation from optimal growing conditions may lead to the formation of non-marketable curds or premature button development — a physiological disorder wherein the curd fails to develop to its full potential and remains small and loose. The crop demands well-structured, fertile soils with adequate moisture retention capacity to sustain continuous vegetative growth and support the development of a compact, dense curd. A soil pH ranging between 6.0 and 7.0 is generally considered ideal, as it facilitates optimal nutrient availability and microbial activity in the root zone.
Cauliflower exhibits pronounced susceptibility to moisture stress, particularly in light-textured soils that are prone to rapid drying, and therefore necessitates consistent humidity levels and regular irrigation for optimal plant development. Water deficit during critical growth stages — especially during head initiation and enlargement — can severely impair curd quality and reduce marketable yield. Conversely, waterlogging or excessive soil moisture can lead to root asphyxiation, increased incidence of fungal diseases, and premature crop deterioration. Maintaining a balanced soil moisture regime through judicious irrigation scheduling is therefore essential for achieving consistent and high-quality yields.
Light-textured, sandy loam soils are generally preferred for early-season cauliflower varieties, as they warm up quickly in late autumn and allow for faster seedling establishment and early crop maturity. In contrast, loamy and clay-loam soils, with their superior water and nutrient-holding capacity, are better suited to mid-season and late-maturing genotypes that require prolonged periods of steady nutrient supply and moisture availability to achieve full curd development. Adequate organic matter incorporation through farmyard manure or compost application is a widely recommended soil management practice, as it enhances soil structure, improves moisture retention, and promotes a favorable soil biological environment for root development.
Botanical Description and Morphological Characteristics:
Botanically, cauliflower is classified as an annual herbaceous plant belonging to the family Brassicaceae (formerly Cruciferae), typically attaining a height of approximately 0.5 metres at physiological maturity. It shares its genus and species with a diverse range of economically important vegetables, including cabbage, broccoli, Brussels sprouts, and kale, all of which represent distinct botanical varieties of Brassica oleracea. This remarkable diversity within a single species is largely attributable to centuries of selective breeding and domestication, each variety having been developed through the preferential enhancement of specific plant organs.
The plant produces large, broad, rounded, and somewhat waxy leaves that bear a structural resemblance to those of collard greens (Brassica oleracea var. acephala) in terms of their overall size, texture, and arrangement along the main stem. The leaves play a crucial functional role in the plant's physiology by serving as the primary site of photosynthesis and contributing to the translocation of assimilates toward the developing curd. In well-nourished plants, the leaf canopy is dense and expansive, providing substantial photosynthetic surface area that directly supports curd biomass accumulation.
The edible portion of the cauliflower plant, commonly referred to as the "curd," represents a compact, fleshy, and immature inflorescence composed of densely aggregated floral meristems that have been arrested in their developmental progression before full flower opening. This unique structural characteristic — the suppression of floral development at the meristematic stage — is what gives the curd its characteristic smooth, dome-shaped appearance and firm, succulent texture that is so highly prized by consumers. The biochemical composition of the curd is notably rich in dietary fiber, vitamins C and K, folate, and a range of bioactive phytochemicals including glucosinolates, which are associated with various health-promoting properties.
The outer leaves, which extend considerably above the developing curd during the latter stages of crop growth, are frequently gathered and secured together prior to harvest — a traditional horticultural practice commonly referred to as "blanching." This technique is specifically adopted to shield the curd from prolonged exposure to direct sunlight and thereby prevent the undesirable process of photo-oxidation, which results in yellowing or browning of the curd surface and significantly reduces its market appeal and commercial value. In some modern white-curded cultivars, this practice has been rendered less critical through the development of self-blanching varieties, wherein the inner leaves naturally curl inward over the curd, providing inherent protection against sunlight exposure.
White-curded cultivars continue to dominate commercial cauliflower production globally, owing to their widespread consumer acceptance, established market infrastructure, and relatively straightforward post-harvest handling requirements. However, cultivars bearing distinctive orange, purple, green, and brown pigmentation are progressively gaining market significance, driven by increasing consumer awareness of their superior antioxidant content and aesthetic appeal. Orange cauliflower owes its coloration to elevated concentrations of beta-carotene, a provitamin A carotenoid; purple varieties derive their characteristic hue from anthocyanin pigments; while green types such as Romanesco cauliflower contain elevated levels of chlorophyll and are distinguished by their visually striking fractal-patterned curd structure.
Upon reaching reproductive maturity — a stage that occurs when the plant is not harvested and is allowed to complete its full biological cycle — cauliflower plants develop characteristic cruciform yellow flowers, a defining morphological feature shared across all members of the Brassicaceae family and one from which the family's former name, Cruciferae, was derived. Pollination is primarily entomophilous, facilitated by a range of insect pollinators. Following successful fertilization, seeds develop and are subsequently enclosed within dry, elongated, dehiscent pods known as siliques, each containing a row of small, round seeds that are dispersed upon pod maturation and splitting. This reproductive biology has important implications for seed production, hybrid variety development, and the management of volunteer cauliflower plants in agricultural settings.

3. RESULTS AND DISCUSSION
   3.1. Growth Parameters
   3.1.1. Canopy cover (cm)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum canopy cover of 43.5 cm, while the Poosi variety had the minimum at 30.12 cm.

Spread of five randomly selected plants from each plot was measured, from east to west and north to south, with the help of a measuring tape at 30, 60 and 90 days after transplanting, averaged and statically analysed.. The average canopy cover for each replication was recorded and subjected to statistical analysis.

3.1.2. Leaf area (cm2)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum leaf area of 427.98 cm2, while the Poosi variety had the minimum at 342.55 cm2.
The leaf area index of five randomly selected plants from each plot was measured under natural conditions at 30, 60, and 90 days after transplanting. It was calculated as the ratio of total leaf area to the ground area occupied by the plant.

3.1.3. Leaf length (cm)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum leaf length of 24.11 cm, while the Poosi variety had the minimum at 20.34 cm.
The leaf length of five randomly selected plants from each plot was measured under natural conditions at 30, 60, and 90 days after transplanting. Measurements were taken from the leaf base to the tip using a measuring scale. 

3.1.4. Chlorophyll content (SPAD value)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum chlorophyll content of 63.76 SPAD value, while the Poosi variety had the minimum at 47.28 SPAD value.
The chlorophyll content of five randomly selected plants from each plot was measured under natural conditions at 30, 60, and 90 days after transplanting. Measurements were taken using a SPAD chlorophyll meter to assess the relative greenness of the leaves.

3.1.5. Stem girth (cm)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum stem girth of 5.18 cm, while the Poosi variety had the minimum at 3.53 cm.
The stem girth of five randomly selected plants from each plot was measured under natural conditions at 30, 60, and 90 days after transplanting. Measurements were taken at the base of the stem using a vernier caliper or measuring tape.

3.2. Yield Parameters
3.2.1. Biological yield(g)
The data indicates that canopy cover varied significantly across different varieties. This difference was observed at p<0.05 at 30, 60, and 90 days after transplanting (DAT), as well as at final harvest. The Snow Crown variety recorded the maximum biological yield of 744.93 g, while the Poosi variety had the minimum at 510.93 g.
The biological yield of each plot was determined by harvesting all above-ground plant biomass, including leaves, stems, and curds, at maturity. The total fresh weight of five randomly selected plants from each plot was recorded.

Table 3. Yield parameters of  different varieties of cauliflower grown under Prayagraj Agro climate conditions
	[bookmark: _heading=h.iowc86ro2nj6]Variety
	Canopy cover

	Leaf area

	Leaf length
	Chlorophyll content
	Stem girth
	Biological yield

	Cauliflower F1 hybrid
	38.57
	342.73
	21.46
	51.32
	4.15
	585.67

	Snow Crown
	43.57
	427.98
	24.11
	63.77
	5.19
	744.93

	White Dex
	38.09
	372.70
	21.63
	50.82
	3.87
	654.40

	Carotena
	36.84
	373.70
	21.17
	52.90
	4.19
	620.13

	F1 Hybrid Yellow
	38.80
	377.36
	21.88
	48.59
	3.98
	444.67

	Pili Phool Gobhi
	35.79
	356.82
	23.14
	57.06
	4.03
	589.53

	Valentena
	37.41
	364.99
	22.23
	53.31
	4.87
	693.73

	F1 Hybrid Purple
	39.76
	369.23
	21.62
	55.95
	4.69
	575.00

	Bainganee Phool Gobhi
	41.72
	358.60
	21.73
	52.44
	4.45
	566.33

	Poosi
	30.12
	342.55
	20.35
	47.28
	3.53
	510.93

	F-test
	S
	NS
	S
	S
	S
	S

	C.D. (5%)
	3.75
	46.22
	1.69
	5.70
	0.53
	25.24

	S.E.(d)
	1.79
	22
	0.81
	2.71
	0.25
	12.01

	C.V.
	5.74
	7.31
	4.50
	6.23
	7.22
	2.46








Fig 1 :   The Yield parameters of different  cauliflower  varieties 
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4. CONCLUSION
This study, titled “Morpho-Physiological Characterization and Biomass Accumulation of Coloured Cauliflower (Brassica oleracea var. botrytis) under Prayagraj Agro-climate Conditions,” focused on examining detailed leaf characteristics—such as leaf length, individual leaf area, chlorophyll content, and canopy cover—and their relationship to biomass production. Results showed that varieties like Snow Crown exhibited larger leaf areas, higher chlorophyll content, and greater canopy cover, which collectively enhance photosynthetic capacity. These physiological traits contribute significantly to overall biomass accumulation, as larger, greener leaves with increased chlorophyll facilitate higher photosynthesis, leading to greater dry matter. Growth patterns indicated that some varieties, notably Snow Crown, accumulated biomass more rapidly and reached higher biological yields, reflecting better resource utilization and vigor. 
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