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

ABSTRACT

Cauliflower (Brassica oleracea var. botrytis L.) is a nutritionally important and commercially valuable vegetable crop widely cultivated in India, where emerging coloured variants with enhanced antioxidant properties are gaining increasing scientific and market attention. However, limited evidence exists on the morpho-physiological performance and yield potential of these coloured varieties under subtropical agro-climatic conditions, highlighting the need for systematic evaluation. A field experiment was conducted to evaluate morpho-physiological traits governing biological yield performance across ten coloured cauliflower (Brassica oleracea var. botrytis) varieties under subtropical agro-climatic conditions at SHUATS, Prayagraj, Uttar Pradesh, India, during the winter season (December 2024 to February 2025). The novelty of this study lies in the systematic, multi-stage quantification of canopy architecture, SPAD-based chlorophyll content, and biomass dynamics in coloured cauliflower varieties traits hitherto underexplored in the subtropical Indian context. Using a Randomized Block Design (RBD) with three replications, significant inter-genotypic variation was recorded for all measured parameters. At 90 days after transplanting (DAT), canopy cover ranged from 30.12 cm (Poosi) to 43.57 cm (Snow Crown); leaf area varied from 342.55 cm² to 427.98 cm²; chlorophyll content (SPAD values) ranged from 47.28 to 63.77; and biological yield ranged from 510.93 g to 744.93 g per plant. Snow Crown recorded the highest biological yield (744.93 g/plant), associated with the largest canopy cover, leaf area, and chlorophyll content. These results demonstrate that canopy architecture and photosynthetic efficiency are key determinants of biomass accumulation, and that Snow Crown is the most promising genotype for subtropical conditions. The findings provide actionable selection criteria for coloured cauliflower breeding programmes targeting high biological yield under comparable agro-climatic settings.
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1. INTRODUCTION
Cauliflower (Brassica oleracea var. botrytis L.) is one of the most commercially significant vegetable crops of the Brassicaceae family, widely cultivated across temperate, subtropical, and tropical regions. In India, it ranks among the top priority vegetable crops, with major production concentrated in Uttar Pradesh, Bihar, West Bengal, Haryana, and Maharashtra. The edible curd, an immature, compact inflorescence constitutes approximately 45% of the total plant biomass and is nutritionally rich, providing 2.6 g protein, 56 mg Vitamin C, 33 mg calcium, and 30 kcal energy per 100 g fresh weight (Singh, 1998).
In recent years, coloured cauliflower varieties including orange (rich in β-carotene), purple (rich in anthocyanins), and green variants have attracted growing scientific and commercial interest due to their superior antioxidant profiles and rising consumer demand in both domestic and export markets (Chaudhary et al., 2022; Poornima & Bhatt, 2021). Despite this growing interest, systematic agronomic evaluation of coloured cauliflower varieties under subtropical Indian conditions remains limited.
The existing body of literature has extensively documented cauliflower biology, cultivation practices, and nutritional composition (Sharma et al., 2005; Singh & Sharma, 2001). However, a critical research gap persists in understanding how key morpho-physiological traits particularly canopy architecture, SPAD-based chlorophyll content, leaf area dynamics, and their collective influence on biomass accumulation vary among coloured varieties under the specific subtropical agro-climatic conditions of Prayagraj. Most prior evaluations have focused on white-curded cultivars or have been conducted under temperate conditions, limiting the applicability of their findings to subtropical growing environments (Meena et al., 2023).
The justification for the present study is therefore twofold: first, to fill the identified research gap through systematic multi-stage morpho-physiological characterization of ten coloured cauliflower varieties; and second, to identify superior-performing varieties for recommendation under Prayagraj’s subtropical agro-climate, thereby contributing practical information to regional variety selection programmes.
1.1 Objectives and Hypotheses
· To evaluate and compare morpho-physiological traits that is canopy cover, leaf area, leaf length, SPAD chlorophyll content, and stem girth among ten coloured cauliflower varieties. 
· To quantify biological yield and biomass accumulation across the varieties and identify the best-performing ones.
[bookmark: _GoBack]Hypothesis:
H₀ (Null hypothesis): There is no significant variation in morpho-physiological traits or biological yield among the ten coloured cauliflower varieties studied.
H₁ (Alternative hypothesis): Significant variation exists among the varieties in morpho-physiological traits, and those with greater canopy area and higher SPAD values are expected to produce higher biological yield.
2. MATERIALS AND METHODS
2.1 Experimental Site and Agro-Climatic Conditions
The field experiment was conducted at the Research Farm of Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, India (25°27’N, 81°51’E; altitude 98 m asl), during the winter cropping season from December 2024 to February 2025. Prayagraj lies in the subtropical Gangetic plains and experiences a typical subtropical climate with cool, dry winters (mean minimum temperature 8–12°C; mean maximum 20–25°C) and adequate solar radiation  conditions ideal for cauliflower curd initiation and development. The experimental soil was sandy loam in texture, with a pH of 6.8, organic carbon of 0.62%, and adequate macro and micronutrient availability.
2.2 Experimental Design and Treatments
Ten coloured cauliflower varieties (Cauliflower F1 Hybrid, Snow Crown, White Dex, Carotena, F1 Hybrid Yellow, Pili Phool Gobhi, Valentena, F1 Hybrid Purple, Bainganee Phool Gobhi, and Poosi) were evaluated using a Randomized Block Design (RBD) with three replications, following the procedures outlined by Gomez and Gomez (1984). Each experimental unit comprised a plot of 3 m × 2 m, with a plant spacing of 60 cm × 45 cm, accommodating a minimum of 20 plants per plot. Transplanting was carried out using 25-day-old nursery-raised seedlings. All recommended agronomic practices  including uniform fertilization (120:60:60 kg NPK ha⁻¹), irrigation scheduling, and integrated pest and disease management were uniformly applied across all plots to isolate genotypic effects on the measured parameters.
2.3 Observations Recorded
Morpho-physiological observations were recorded from five randomly tagged plants per plot at 30, 60, and 90 DAT, and at final harvest. The parameters measured and their respective methodologies are described below:
Canopy cover (cm): The spread of each tagged plant was measured from east to west and north to south using a measuring tape and averaged.
Leaf area (cm²): Leaf area was determined using the gravimetric method, wherein leaf paper cut-outs were weighed and compared to known-area standards. Leaf area index (LAI) was subsequently calculated as the ratio of total leaf area to ground area occupied by the plant.
Leaf length (cm): Measured from leaf base to tip using a ruler on the largest fully expanded leaf of each tagged plant.
SPAD chlorophyll content: Chlorophyll content was measured non-destructively using a SPAD-502Plus chlorophyll meter (Konica Minolta, Japan) on the most recently fully expanded leaf of five tagged plants per plot. Three readings per leaf were averaged to obtain the SPAD value. SPAD readings are reported in dimensionless SPAD units, which have been widely validated as reliable proxies for leaf chlorophyll concentration in Brassica crops.
Stem girth (cm): Measured at the base of the main stem using a digital vernier calliper.
Biological yield (g/plant): At physiological maturity, all above-ground biomass (leaves, stems, and curds) of five randomly selected plants per plot was harvested and the fresh weight recorded using a digital balance.
2.4 Statistical Analysis
Data were subjected to analysis of variance (ANOVA) appropriate for an RBD. Treatment means were compared using the least significant difference (LSD) at the 5% level of significance (p < 0.05). Critical difference (CD), standard error of difference (SEd), and coefficient of variation (CV%) were computed following Gomez and Gomez (1984). All statistical analyses were performed using OPSTAT software (CCS Haryana Agricultural University, Hisar).
3. RESULTS AND DISCUSSION
Significant inter-genotypic variation (p < 0.05) was recorded for all morpho-physiological traits and biological yield across the ten coloured cauliflower varieties evaluated. The results are presented below along with a comparative discussion of relevant findings from the existing literature.
3.1 Growth Parameters
3.1.1 Canopy Cover (cm)
Canopy cover varies significantly (p < 0.05) among varieties at 30, 60, and 90 DAT, and at final harvest. Snow Crown recorded the maximum canopy cover of 43.57 cm, exceeding the overall genotype mean by approximately 15%, while Poosi recorded the minimum at 30.12 cm. The broader canopy observed in Snow Crown likely enhanced light interception, leading to increased photosynthetic activity and greater biomass accumulation (Sarlikioti et al., 2011). These results align with findings by Kumar et al., who reported a positive relationship between canopy spread, light-use efficiency, and economic yield in Brassica crops. Similarly, Giri et al. (2020) documented significant varietal differences in canopy architecture. This observation was further supported by Tripathi et al. (2022) under Indo-Gangetic subtropical conditions, where canopy spread emerged as the strongest indicator of biological yield among Brassica varieties. Comparable results have also been reported for late-season cauliflower cultivars under similar field conditions in the Terai region, highlighting canopy structure as a critical determinant of productivity.
3.1.2 Leaf Area (cm²)
Leaf area varied significantly among varieties, with Snow Crown attaining the highest value of 427.98 cm² and Poosi the lowest at 342.55 cm² at 90 DAT. A larger leaf area increases the interception of photosynthetically active radiation (PAR) (Poor et al., 2021), which in turn enhances assimilate production and biomass accumulation. The F-test for leaf area was non-significant (NS), suggesting that although some trends were observed, variation among varieties for this trait was less pronounced compared to canopy cover and chlorophyll content. The positive association between leaf area and biological yield in the present study is consistent with Alt et al. (2000), who reported a close link between leaf area, photosynthetic capacity, and nitrogen content in cauliflower, and with Bhowal et al. (2020), who found that a higher leaf area index was positively correlated with biological yield in Brassica crops.
3.1.3 Leaf Length (cm)
Significant differences (p < 0.05) were observed among varieties for leaf length at 30, 60, and 90 DAT. Snow Crown recorded the longest leaves (24.11 cm), while Poosi had the shortest (20.34 cm). Longer leaves in Snow Crown variety indicate greater vegetative vigour and are consistent with its higher canopy cover and leaf area values. Leaf length in Brassica crops has been reported as a useful early selection indicates for biomass potential (Singh et al., 2013).
3.1.4 Chlorophyll Content (SPAD Values)
SPAD-based chlorophyll content differed significantly (p < 0.05) among varieties. Snow Crown recorded the highest SPAD value of 63.77, compared to the minimum of 47.28 in Poosi a difference of 34.9%, indicating substantial variation in photosynthetic pigment concentration. Higher SPAD values indicate greater leaf chlorophyll content and, consequently, enhanced photosynthetic potential, which supports increased assimilate production and biomass accumulation. Croft and Chen (2018) confirmed that SPAD-based chlorophyll estimation is a reliable (Uddling et al., 2007), non-destructive indicator of photosynthetic capacity in Brassica crops (Kalaji et al., 2012). Similarly, Singh and Singh (2015) reported a positive association between chlorophyll content and biomass production in cauliflower under subtropical conditions, supporting the present findings. More recently, Yadav et al. (2021) demonstrated that SPAD readings can reliably predict biomass potential in cole crops, while Nair and George (2023) highlighted their effectiveness in differentiating photosynthetic performance among coloured cauliflower varieties under varying temperature conditions.
3.1.5 Stem Girth (cm)
Significant inter-genotypic variation (p < 0.05) was recorded for stem girth. Snow Crown had the largest stem girth (5.19 cm), while Poosi had the smallest (3.53 cm). Stem girth indicates the plant’s structural strength to support the weight of leaves and curd, and a thicker stem is associated with more efficient translocation of photosynthates from source leaves to sink organs. Valentena recorded a relatively high stem girth (4.87 cm), which corresponded with its above-average biological yield of 693.73 g per plant.
3.2 Yield Parameters and Biological Yield
Biological yield (total above-ground fresh biomass per plant) varied significantly (p < 0.05) among varieties, ranging from 510.93 g/plant (Poosi) to 744.93 g/plant (Snow Crown). This range reflects a 45.8% difference between the least and most productive varieties, highlighting the importance of genotype selection for improving coloured cauliflower productivity under subtropical conditions. Valentena ranked second in biological yield (693.73 g per plant), followed by White Dex (654.40 g per plant). In contrast, F1 Hybrid Yellow, despite having moderate canopy cover, recorded a relatively low biological yield (444.67 g per plant), indicating that canopy efficiency, rather than canopy size alone, plays a key role in biomass accumulation.
The strong association observed between SPAD chlorophyll content, canopy cover, and biological yield in the present study supports the source–sink concept in crop physiology (Marcelis, 1996). According to this concept, a well-developed photosynthetic source—characterized by leaves with high chlorophyll content and extensive canopy cover—enhances the plant’s ability to support a larger sink, such as curd and total biomass. Thakur et al. (2018) emphasized the importance of canopy architecture in improving light-use efficiency and overall productivity in Brassica crops, which aligns with the present findings. Similarly, Kumari et al. (2022) demonstrated that source–sink balance, defined by the ratio of photosynthetically active leaf area to curd size, is a major factor influencing biological yield variation among coloured cauliflower varieties under subtropical North Indian conditions, directly supporting these results.
Furthermore, Sharma et al. (2018) reported that higher yield in cauliflower under mid-hill conditions is associated with a combination of favourable morphological and physiological traits. This pattern is clearly reflected in the performance of Snow Crown, which consistently showed superior results across all measured parameters in the present study.
Table 1. Morpho-physiological and yield parameters of ten coloured cauliflower varieties evaluated at 90 DAT under Prayagraj subtropical agro-climatic conditions (Mean ± pooled SED, n = 3)
	Genotype
	Canopy Cover (cm)
	Leaf Area (cm²)
	Leaf Length (cm)
	SPAD Chlorophyll
	Stem Girth (cm)
	Biological Yield (g/plant)

	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

	CD (5%)
	3.75
	46.22
	1.69
	5.70
	0.53
	25.24

	SEd
	1.79
	22.00
	0.81
	2.71
	0.25
	12.01

	CV (%)
	5.74
	7.31
	4.50
	6.23
	7.22
	2.46


S = Significant (p < 0.05); NS = Non-significant; CD = Critical Difference; SEd = Standard Error of Difference; CV = Coefficient of Variation.
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The consistently superior performance of Snow Crown across key parameters canopy cover, SPAD chlorophyll content, stem girth, and biological yield suggests that this genotype possesses an optimal combination of strong photosynthetic capacity and structural vigour under subtropical conditions. The figures illustrating growth trends should be interpreted alongside Table 1. Specifically, Figure 1 presents the progression of canopy cover from 30 to 90 DAT, while Figure 2 shows the corresponding trends in SPAD values over the same stages, both clearly demonstrating the consistent superiority of Snow Crown throughout the evaluation period.
4. CONCLUSION
This study demonstrates significant morpho-physiological variation among ten coloured cauliflower varieties evaluated under subtropical agro-climatic conditions at Prayagraj, Uttar Pradesh. Snow Crown consistently performed the best across all major parameters, recording the highest canopy cover (43.57 cm), largest leaf area (427.98 cm²), highest SPAD chlorophyll content (63.77), greatest stem girth (5.19 cm), and maximum biological yield (744.93 g per plant). Valentena emerged as the second-best performing genotype (693.73 g per plant), while Poosi showed the lowest performance across most traits.
A strong association between canopy architecture, SPAD-based chlorophyll content, and biological yield was observed, supporting the hypothesis that varieties with greater source strength—indicated by wider canopy spread and higher chlorophyll content—achieve higher biomass accumulation. These morpho-physiological traits can thus be used as reliable early selection criteria in breeding programmes aimed at improving biological yield in coloured cauliflower under subtropical Indian conditions.
Future studies should build on these findings by conducting multi-location and multi-season trials across a wider range of coloured cauliflower varieties. This would help confirm the consistency of the observed performance differences and support more reliable recommendations for commercial cultivation.

 Limitations of the Study
This study was conducted in the research farm at SHUATS, Prayagraj — and only during the winter season of 2024–25. Naturally, this means the results reflect what happened under that particular set of climatic, soil, and seasonal conditions, and one should be careful about drawing sweeping conclusions for other subtropical regions or different times of year. The study also worked with ten genotypes, which, while reasonably representative, does not capture the full breadth of variation present across coloured cauliflower germplasm globally. To build a more complete picture, future work would benefit from running similar trials across multiple locations and seasons, and bringing in a wider range of genotypes — particularly those representing the orange, purple, and green colour groups more comprehensively — so that variety recommendations can be made with greater confidence and broader applicability.
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