


Phenotypic Expression of Growth Traits and Productivity in Vegetable Amaranthus Genotypes Under Indo-Gangetic Plains Conditions


Abstract
Vegetable amaranthus (Amaranthus tricolor L.) is a fast-growing leafy vegetable valued for its short production cycle, nutrient density and adaptability to tropical environments. Although substantial genetic variation is known in cultivated types, the precise identification of elite genotypes requires statistically robust post-hoc comparison under uniform conditions. The present experiment evaluated twenty amaranthus genotypes during the summer season of 2023 to characterize their growth dynamics, leaf architectural traits, physiological variation and foliage yield. The trial was conducted in a Randomized Complete Block Design with three replications, and fourteen quantitative traits covering early and late vegetative growth, stem vigor, leaf number, leaf area development, chlorophyll density, edible biomass proportion and foliage yield were recorded. Post-hoc mean comparison revealed strong genotypic stratification across all traits. Arka Suguna produced the highest foliage yield (234.50 q/ha), followed by Kashi Suhawani (211.70 q/ha), VRAM-370 (204.83 q/ha) and Pusa Kiran (201.18 q/ha), forming the most productive yield group. Arka Arunima (196.51 q/ha), VRAM-359 (196.07 q/ha) and VRAM-339 (196.16 q/ha) constituted a high-yield intermediate cluster. Arka Arunima attained the tallest plant height at maturity, indicating prolonged vegetative growth. Kashi Suhawani expressed the highest edible biomass proportion, followed by Pundibari Lal Sag, demonstrating valuable culinary quality despite moderate yield. High chlorophyll density observed in VRAM-330 did not directly correspond to maximum biomass, indicating a multi-trait basis of yield expression. The study identifies Arka Suguna, Kashi Suhawani, VRAM-370 and Pusa Kiran as promising commercial cultivars, while Pundibari Lal Sag provides edible quality traits useful for breeding.
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1. Introduction
Vegetable amaranthus (Amaranthus tricolor L.) is one of the most widely cultivated leafy vegetables in tropical and subtropical regions due to its rapid growth, short crop duration, and high nutritional value. The crop can produce marketable biomass within 25–35 days after sowing, making it particularly suitable for intensive and peri-urban production systems (Sarker et al., 2022). Unlike several leafy vegetables that exhibit physiological suppression under high temperatures, amaranthus maintains active photosynthesis and canopy expansion in warm conditions, which contributes to its popularity as a summer green in South Asia (Schafleitner et al., 2022). The edible foliage contains significant levels of provitamin-A carotenoids, vitamin C, folates, iron and calcium, along with high antioxidant activity arising from betalains and phenolic compounds (Butera et al., 2002; Alvarez-Jubete et al., 2010). These attributes support the use of amaranthus in nutrition-sensitive agriculture aimed at dietary diversification and micronutrient enrichment.
Substantial genetic variability exists in amaranthus for agronomic and morphological traits, including plant height, stem thickness, branching behaviour, leaf number, leaf lamina expansion, pigment density and flowering time (Sarker et al., 2014). Yield expression in leafy vegetables depends on the structural and physiological capacity of the canopy to maintain assimilate production over the vegetative period. In amaranthus, traits such as leaf number per plant, total leaf area and stem diameter significantly influence marketable biomass (Shukla et al., 2010). The transition from vegetative to reproductive growth is also a critical determinant of yield, because early flowering reduces the effective duration of biomass accumulation (Chattopadhyay et al., 2013). Genotypic differences in phenology therefore create variation in vegetative duration, canopy vigour and total fresh yield under identical environments.
While the analysis of variance provides statistical evidence of genetic differences, it does not distinguish genotypes into discrete performance groups. In breeding populations and multi-genotype evaluations, performance means often overlap, complicating the process of identifying truly superior types (Dhangrah et al., 2015). Post-hoc mean comparison approaches are widely recommended in genetic evaluation studies to separate genotypes into homogeneous groups and to visualize the magnitude of superiority under controlled error limits (Adeniji, 2018). Such grouping is particularly relevant in leafy vegetables where yield is influenced by multiple traits acting together rather than a single dominant characteristic. In amaranthus, post-hoc classification has been used to distinguish high-yielding genotypes from those expressing superior edible quality, measured through the leaf-to-stem ratio (Anjali et al., 2013). Landraces often show desirable textural and culinary properties despite moderate total biomass, indicating their role as trait donors for quality improvement (Buhroy et al., 2017).
Recent research emphasises the need to develop selection indices combining structural vigour and physiological efficiency to improve foliage yield (Panda et al., 2017). Multi-trait selection allows breeders to integrate desirable leaf number, lamina expansion, pigment density and stem strength into elite ideotypes (Shahiba et al., 2020). The genetic characterization of diverse amaranthus genotypes using standardized field evaluation provides a foundation for trait-based breeding, varietal recommendation and nutritional improvement. In this context, the present study was undertaken to evaluate twenty vegetable amaranthus genotypes to investigate their variability for growth traits, edible biomass proportion and foliage yield. The study aimed to identify statistically distinct high-yielding genotypes and to characterize trait patterns associated with edible biomass potential through rigorous post-hoc mean comparison under uniform management conditions.

2. Materials and Methods 
The field experiment was conducted during the summer season of 2023 at the Vegetable Research Farm of the Department of Horticulture, Institute of Agricultural Sciences, located in a subtropical agro-climatic zone characterized by high solar radiation and elevated temperatures that are well suited for the rapid vegetative growth of leafy amaranthus. The soil at the research site was sandy-loam in texture with neutral pH and moderate organic carbon status, permitting adequate aeration, water holding capacity and root proliferation. Prior to sowing, the experimental field was prepared through repeated ploughing, harrowing and levelling to obtain a fine tilth suitable for uniform seed emergence. A set of twenty genetically diverse genotypes of vegetable amaranthus (Amaranthus tricolor L.) was evaluated, consisting of advanced breeding lines from the VRAM series along with commercial varieties and local landrace cultivars that differ in canopy structure, leaf pigmentation, vegetative duration and edible biomass quality. Seeds of all genotypes were obtained from conserved institutional seed stock and directly sown on raised beds under uniform agronomic conditions at a spacing of 25 cm × 15 cm to ensure optimum canopy spread, aeration and light interception.
The experimental layout followed a Randomized Complete Block Design with three replications to account for spatial variability in the field and to provide statistically valid comparison among genotypes. Each genotype was assigned randomly within the blocks to avoid positional bias, and uniform fertilizer application was ensured across the experimental area. A basal nutrient dose equivalent to 60 kg nitrogen, 40 kg phosphorus and 40 kg potassium per hectare was applied before sowing, while the remaining half of the nitrogen was top-dressed at 25 days after sowing to support vegetative expansion. Irrigation was provided at weekly intervals according to soil moisture status, and routine intercultural operations, including weeding and hoeing, were performed to minimize competition and enhance nutrient uptake. No major pest or disease incidence occurred during the study period, and standard precautionary measures were maintained to preserve crop health.
Observations were recorded on five competitive plants selected at random from each plot, avoiding border plants to minimize edge effects. A total of fifteen quantitative traits were measured to capture the variation in growth dynamics, leaf architectural development, physiological pigment status, phenological behaviour, edible biomass proportion and final foliage yield. Sequential plant height was recorded at 30, 60 and 90 days after sowing using a measuring scale to describe the early, mid and late vegetative growth phases, while stem diameter was measured approximately two centimetres above the soil surface using a digital Vernier caliper as an indicator of structural robustness. The branching behaviour was quantified by counting the total number of primary branches per plant, and leaf architectural traits were estimated by recording the total number of leaves per plant along with measurement of leaf length, leaf width and petiole length at peak vegetative growth. Leaf area was measure using leaf area meter. The physiological status of the canopy was assessed through chlorophyll index measured using a SPAD-502 meter on fully expanded mature leaves. Days to first flowering were monitored through daily observation of the onset of floral bud initiation as an indicator of vegetative duration. Edible biomass proportion was determined by measuring the fresh weight ratio of leaves to stems in destructively sampled plants, while total foliage yield was estimated by harvesting each plot at different harvesting, recording fresh biomass weight and extrapolating values to yield per hectare.
The collected data were subjected to analysis of variance under the RCBD model to test the statistical significance of genotypic differences across all traits. For traits showing significant mean variation, post-hoc mean comparison was applied to classify genotypes into statistically homogeneous performance groups, enabling precise distinction of superior, intermediate and inferior genotypes for each trait. The interpretation of results in this study relied primarily on the statistical grouping pattern derived from mean comparison rather than simple numerical ranking, providing a robust framework for selection of elite foliage-type genotypes of amaranthus under tropical field conditions.
2.5 Statistical analysis
Data were analysed using ANOVA under RCBD structure (Gomez and Gomez, 1984). Treatment means were separated using Duncan’s Multiple Range Test (DMRT) at p ≤ 0.05 (Steel and Torrie 1981). Standard error and critical difference were used to interpret differences.

3. Results and Discussion
The evaluation of twenty vegetable amaranthus genotypes under uniform field conditions revealed highly significant genetic variability for all recorded traits, clearly demonstrating considerable divergence in growth dynamics, leaf architectural attributes, physiological efficiency and foliage yield (Table 1). The magnitude of genotypic mean ranges for plant height, branching behaviour, leaf attributes, chlorophyll content, days to first flowering, leaf-to-stem ratio and foliage yield, coupled with low coefficients of variation and highly significant F-values, confirms the robustness of the experiment and the presence of exploitable phenotypic diversity. Post-hoc mean separation through DMRT grouped the genotypes into distinct performance clusters for most traits, enabling the identification of elite, competitive and relatively weaker types. Such wide variability and clear phenotypic stratification are in line with earlier reports highlighting broad genetic diversity and phenotypic plasticity in leafy amaranths under tropical production systems (Sarker et al., 2014; Malathy et al., 2012; Shukla et al., 2010). Overall, the results indicate that yield expression in vegetable amaranthus is governed by multi-trait integration, in which morphological vigour, leaf architecture, phenology and physiological behaviour act jointly rather than as isolated determinants of edible biomass productivity.
Vegetative growth dynamics, expressed through sequential plant height measurements at 30, 60 and 90 DAS, revealed clear genotype-specific growth trajectories. During the early vegetative phase (30 DAS), VRAM-339, Arka Samraksha, Arka Arunima, VRAM-366, VRAM-330, Banarasi Lal Chaulai and Kashi Suhawani recorded above-average plant height, whereas VRAM-329 and Banarasi Chaulai remained in the shorter group, indicating slower initial elongation. This pattern suggests that a subset of genotypes possesses greater early vigour and faster canopy establishment, which may be advantageous under short-duration or competitive cropping situations. By 60 DAS, the height hierarchy had shifted; Arka Arunima (53.41 cm) and Kashi Suhawani (52.36 cm) emerged as the most vigorous, followed closely by Pusa Lal Chaulai (51.39 cm) and VRAM-339 (50.25 cm). These genotypes maintained rapid stem elongation into the mid-growth phase, reflecting sustained assimilatory activity and strong vegetative vigour. At maturity (90 DAS), Arka Arunima attained the tallest stature (121.61 cm), followed by VRAM-366 (119.14 cm), Kashi Suhawani (116.35 cm), VRAM-333 (117.20 cm), VRAM-359 (114.29 cm) and VRAM-339 (114.13 cm), forming a tall, late-vigour cluster. The extended vegetative growth of these genotypes implies a prolonged period for canopy expansion and light interception, a feature that has been described as advantageous for single-harvest leafy crops where biomass accumulation is closely tied to vegetative duration (Shukla et al., 2006; Dhangrah et al., 2015). The shifting dominance pattern across growth stages some genotypes excelling early, others peaking later—highlights divergent growth strategies, with implications for genotype choice under different harvest windows and cropping calendars.
Stem diameter also varied widely and provided important insight into the structural robustness of different genotypes. VRAM-339 exhibited the thickest stem (43.27 mm), closely followed by Arka Arunima, Arka Samraksha and Arka Suguna, all exceeding 42 mm. These genotypes combined strong axial support with the capacity to sustain an expanded leaf-bearing surface. A second tier comprising VRAM-366, VRAM-359, VRAM-355 and VRAM-333 exhibited moderately high stem thickness. In contrast, Pundhibari Lal Sag had the thinnest stem (11.71 mm), while VRAM-329 and Banarasi Chaulai also recorded relatively low stem diameters. Thick stems are known to enhance mechanical stability and facilitate efficient assimilate transport towards growing leaves, thereby favouring biomass production (Sarker et al., 2014). In the present study, this relationship was evident in genotypes such as VRAM-339, Arka Arunima and Arka Suguna, which combined strong stems with high foliage yield. Meanwhile, some landrace types, although only moderate in stem thickness (e.g., Kashi Suhawani, Banarasi Chaulai), compensated through favourable leaf traits and edible proportion, reinforcing the idea that biomass expression is multidimensional and not exclusively stem-driven.
Leaf architectural traits showed a strong and interpretable association with edible biomass formation. Arka Arunima produced the highest number of leaves per plant (93.00), followed by VRAM-339 (87.40), Kashi Suhawani (86.07), VRAM-352 (85.00), Arka Suguna (84.47), VRAM-370 (82.80), VRAM-359 (82.27) and Pusa Kiran (82.07), whereas Pundhibari Lal Sag (50.07) and VRAM-329 (69.47) constituted the lower leaf-number group. These patterns clearly demonstrate that total leaf proliferation is a major determinant of foliage yield in amaranthus. Leaf area also differed significantly, with VRAM-339 expressing the largest mean lamina (37.27 cm²), followed by Arka Arunima (36.49 cm²), Pusa Lal Chaulai (36.14 cm²), Arka Suguna (36.10 cm²), VRAM-370, VRAM-333, Arka Samraksha, Kashi Suhawani, Banarasi Lal Chaulai and Pundhibari Lal Sag, all exhibiting leaf areas above the overall mean (34.08 cm²). On the other hand, VRAM-329, VRAM-353, VRAM-366 and VRAM-359 remained in the smaller to intermediate lamina group despite, in some cases, having relatively high leaf numbers. These results indicate that both leaf number and individual leaf size contribute jointly to the effective photosynthetic surface, confirming previous reports that total lamina production and canopy leafiness are more critical to biomass formation than the size of individual leaves alone (Bhargava et al., 2006; Ali et al., 2009; Sarkar and Oba, 2020).
The highest yielding genotype, Arka Suguna, achieved superior performance through a combination of moderately high leaf number (84.47), substantial lamina size (36.10 cm²), robust stem structure and long petioles, enabling efficient light interception and canopy spread. Kashi Suhawani, another leading genotype, combined high leaf number (86.07) with above-average leaf area and balanced leaf dimensions, translating into a high-yield profile. VRAM-339 and Arka Arunima, while not the absolute highest in yield, exemplified the role of integrated canopy structure, with high leaf numbers, large lamina and superior plant stature contributing to their placement within the high-yielding cluster.
Physiological variability expressed through SPAD readings further differentiated the genotypes. VRAM-330 recorded the highest chlorophyll density (58.41 SPAD units), followed by Arka Samraksha, VRAM-355, Arka Suguna, VRAM-352, VRAM-353 and VRAM-366, all expressing chlorophyll content well above the overall mean (47.87 SPAD units). At the lower end, Pundhibari Lal Sag and Arka Arunima showed relatively low SPAD values (39.67 and 40.27, respectively), despite their contrasting structural attributes. Interestingly, VRAM-330, although physiologically strong in terms of chlorophyll density, did not appear in the top yield cluster (172.05 q/ha), whereas Arka Suguna combined high SPAD with superior canopy traits to achieve the maximum yield. This reinforces the concept that chlorophyll density alone cannot fully account for foliage yield unless accompanied by adequate structural vigour and favourable leaf and stem architecture, as documented earlier in leafy vegetables (Shah et al., 2018; Jimenez et al., 2017). In effect, the superior yield of Arka Suguna appears to be driven by a synergistic interplay of leaf production, lamina size, stem robustness and vegetative duration rather than pigment concentration alone.
Phenological behaviour, as indicated by days to first flowering, exerted a pronounced influence on cumulative biomass accumulation. VRAM-329 flowered earliest (29 days), followed by Pundhibari Lal Sag (34.00 days), Arka Samraksha (35.33 days), VRAM-352 (40.00 days) and VRAM-339 (42.33 days), forming an early to early-medium flowering group. These genotypes shifted relatively quickly into the reproductive phase, thereby limiting the effective duration of vegetative growth. In contrast, Arka Suguna (61.33 days) and Arka Arunima (60.00 days) exhibited the latest flowering, with VRAM-370 (58.00 days), VRAM-355 (57.00 days), Banarasi Chaulai (55.00 days), Kashi Suhawani (54.33 days) and VRAM-359 (53.00 days) also clustered in the late-flowering group. The extended vegetative duration of these genotypes allowed prolonged canopy expansion and sustained assimilatory activity, reflected in their higher yield performance. VRAM-333, VRAM-366, Pusa Lal Chaulai and VRAM-330 occupied an intermediate position, suggesting moderate flexibility between vegetative growth and reproductive onset. The strong association between delayed flowering and higher yield observed in this study corroborates earlier findings that, in short-duration leafy vegetables, a longer vegetative phase is a key driver of biomass accumulation (Sharma et al., 2024; Siamey et al., 2025).
Leaf-to-stem ratio provided additional insight into edible biomass distribution and quality. Kashi Suhawani expressed the highest leaf-to-stem ratio (4.36), closely followed by Pundhibari Lal Sag (4.27) and Pusa Kiran (3.76). Several other genotypes, including Banarasi Lal Chaulai, Pusa Lal Chaulai, VRAM-356 and Banarasi Chaulai, also exhibited ratios above the overall mean (3.41). On the other hand, VRAM-366 (2.96) and VRAM-333 (2.99) recorded lower ratios, indicating a relatively higher stem proportion in the harvested biomass. The superior leaf-to-stem ratio of Kashi Suhawani and Pundhibari Lal Sag highlights their potential as consumer-preferred types, offering more edible leaf mass per unit of stem weight. This pattern underscores the quality contribution of traditional and regionally adapted landraces, which may not always top yield rankings but provide excellent edible fractions and desirable tenderness—traits of high relevance for fresh markets (Shahiba et al., 2020; Panda et al., 2017). Such genotypes represent valuable donor material for targeted improvement of edible quality traits in breeding programmes.
Foliage yield, expressed on a per-hectare basis, provided the integrated outcome of all measured traits. Arka Suguna recorded the highest yield (234.50 q/ha), positioning it clearly as the most productive genotype. Kashi Suhawani (211.70 q/ha), VRAM-370 (204.83 q/ha) and Pusa Kiran (201.18 q/ha) formed the next high-yielding group, suggesting that these genotypes combine favourable structural traits, robust vegetative growth and efficient biomass partitioning. A competitive upper-intermediate cluster comprised Arka Arunima (196.51 q/ha), VRAM-339 (196.16 q/ha), VRAM-359 (196.07 q/ha), Banarasi Chaulai (190.56 q/ha), Pusa Lal Chaulai (189.33 q/ha), VRAM-352 (186.36 q/ha) and VRAM-355 (184.00 q/ha), all of which produced yields clearly above the overall mean (179.37 q/ha). Genotypes such as VRAM-333 and VRAM-330 occupied the moderate-yield class, while VRAM-366, VRAM-353, Pundhibari Lal Sag, Banarasi Lal Chaulai, VRAM-329, VRAM-356 and Arka Samraksha remained in the lower-yield groups.
The yield distribution clearly indicates that superior edible biomass expression in vegetable amaranthus is determined by the combined effects of leaf proliferation, lamina development, stem robustness, vegetative duration and favourable leaf-to-stem ratio. Genotypes like Arka Suguna and Kashi Suhawani exemplify this integration, whereas landraces such as Pundhibari Lal Sag, despite only moderate yield, offer exceptional edible proportion and thus remain important from a quality standpoint. The present findings reinforce the concept that post-hoc mean comparison and multi-trait selection models are powerful tools for identifying elite genotypes and designing trait-based selection strategies for improving foliage yield and edible biomass quality in amaranthus (Tejaswini et al., 2017; Sarker et al., 2016; Shukla et al., 2006).

4. Conclusion
The study revealed significant genetic variability among twenty vegetable amaranthus genotypes for growth traits, canopy architecture, chlorophyll content, phenology and foliage yield under tropical field conditions. Yield expression was determined by multi-trait integration rather than any single attribute, with prolonged vegetative growth, strong stem architecture, abundant leaves and favourable lamina development driving biomass accumulation. Arka Suguna was the highest-yielding genotype, followed by Kashi Suhawani, VRAM-370 and Pusa Kiran. Kashi Suhawani and Pundhibari Lal Sag expressed superior edible proportion. The identified elite genotypes offer scope for varietal recommendation and targeted breeding to improve foliage yield and edible biomass quality.
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	Genotype
	Plant height at 30 DAS
(cm)
	Plant height at 60 DAS
(cm)
	Plant height at 90 DAS
(cm)
	Stem diameter (mm)
	Number of branches/ plants
	Number of leaves/ plants
	Leaf length (cm)
	Leaf width (cm)
	Leaf area (cm2)
	Petiole length (cm)
	SPAD Units
	Days to first flowering
	Leaf stem ratio
	Foliage yield
(q/ha)

	VRAM-329
	20.18k
	32.41n
	86.40l
	19.34i
	10.84j
	69.47ij
	7.34h
	5.46h
	29.34h
	7.34hi
	43.22gh
	29.00l
	3.18hij
	147.70i

	VRAM-330
	30.42cd
	45.46de
	101.70hi
	30.44de
	13.54de
	80.13f
	6.44i
	4.44j
	33.44ef
	7.44hi
	58.41a
	50.00f
	3.46cdef
	172.05g

	VRAM-333
	24.26h
	40.39ijkl
	117.20abc
	37.20bc
	11.88i
	68.67j
	11.20ef
	4.20j
	35.20bcd
	6.20j
	46.48ef
	52.67de
	2.99k
	174.93g

	VRAM-339
	32.51a
	50.25b
	114.13bcde
	43.27a
	16.00a
	87.40b
	14.49a
	8.49a
	37.27a
	10.27ab
	42.47hi
	42.33i
	3.05jk
	196.16de

	VRAM-352
	21.89ij
	44.72def
	109.46ef
	27.46f
	13.60de
	85.00bcd
	12.46c
	6.34f
	34.46de
	7.46hi
	51.89c
	40.00j
	3.36fg
	186.36f

	VRAM-353
	24.43h
	39.64jklm
	111.87cdef
	29.16e
	12.94fg
	73.80gh
	11.16f
	4.16j
	30.16h
	7.16i
	51.84c
	45.67h
	3.40defg
	153.55i

	VRAM-355
	22.89i
	38.95klm
	108.98efg
	35.82c
	13.28ef
	74.53gh
	12.82bc
	7.82d
	34.82cde
	8.82f
	53.20bc
	57.00b
	3.09ijk
	184.00f

	VRAM-356
	24.94gh
	37.52m
	92.04k
	31.44d
	10.16k
	75.80gh
	11.82d
	5.82g
	33.82de
	9.82cd
	48.35de
	47.67g
	3.56c
	152.00i

	VRAM-359
	25.82fg
	42.57fghi
	114.29bcde
	36.06c
	15.78ab
	82.27def
	14.06a
	7.38e
	32.06g
	8.06g
	48.60de
	53.00de
	3.39efg
	196.07de

	VRAM-366
	30.53c
	43.26efgh
	119.14ab
	38.14b
	11.94i
	76.07gh
	11.14f
	5.56gh
	30.07h
	7.14i
	50.74cd
	51.67ef
	2.96k
	163.14h

	VRAM-370
	24.25h
	44.01defg
	103.44hi
	30.25de
	12.30hi
	82.80cdef
	13.25b
	6.41f
	35.25bcd
	7.25i
	46.32ef
	58.00b
	3.25ghi
	204.83c

	Arka Arunima
	31.07bc
	53.41a
	121.61a
	42.49a
	15.92a
	93.00a
	14.27a
	7.14e
	36.49ab
	10.38ab
	40.27ij
	60.00a
	3.17ij
	196.51de

	Arka Suguna
	29.24d
	48.01c
	103.76ghi
	42.10a
	15.62ab
	84.47bcde
	14.10a
	8.10bcd
	36.10abc
	10.49a
	52.74bc
	61.33a
	3.33fgh
	234.50a

	Arka Samraksha
	32.17ab
	41.08hijk
	94.23jk
	42.33a
	15.22b
	76.67g
	14.33a
	8.33ab
	35.33bcd
	10.33ab
	54.80b
	35.33k
	3.11ijk
	133.21j

	Banarasi Chaulai
	20.88jk
	41.83ghij
	106.52fgh
	20.43hi
	12.64gh
	76.60g
	11.43def
	7.43e
	32.43fg
	9.43de
	46.02ef
	55.00c
	3.52cde
	190.56ef

	Banarasi Lal Chaulai
	30.15cd
	38.21lm
	94.42jk
	29.99de
	10.76j
	72.60hi
	13.99a
	5.71gh
	34.99cd
	9.99bc
	45.46fg
	45.00h
	3.55cd
	149.33i

	Kashi Suhawani
	30.11cd
	52.36ab
	116.35abcd
	30.14de
	15.46ab
	86.07bc
	14.14a
	8.27abc
	35.14bcd
	9.14ef
	47.83ef
	54.33cd
	4.36a
	211.70b

	Pundhibari Lal Sag
	26.52ef
	31.22n
	73.49m
	11.71j
	5.00l
	50.07k
	11.71de
	7.99cd
	34.71cde
	7.71gh
	39.67j
	34.00k
	4.27a
	150.29i

	Pusa Kiran
	27.18e
	46.25cd
	111.12def
	22.38g
	14.42c
	82.07def
	12.38c
	7.38e
	34.38de
	10.10abc
	48.23de
	45.67h
	3.76b
	201.18cd

	Pusa Lal Chaulai
	26.41ef
	51.39ab
	98.29ij
	21.07gh
	14.10cd
	81.13ef
	10.07g
	5.07i
	36.14abc
	5.56k
	40.87hij
	50.33f
	3.55cd
	189.33f

	Overall Mean
	26.79
	43.15
	104.92
	31.06
	13.07
	77.93
	12.13
	6.58
	34.08
	8.5
	47.87
	48.4
	3.41
	179.37

	Range of means
	20.18-32.51
	31.22-53.41
	73.49-121.61
	11.71-43.27
	5-16
	50.07-93
	6.44-14.49
	4.16-8.49
	29.34-37.27
	5.56-10.49
	39.67-58.41
	29-61.33
	2.96-4.36
	133.21-234.5

	CV%
	2.52
	3.13
	2.93
	2.86
	2.5
	2.55
	2.49
	2.74
	2.29
	2.82
	3.03
	2.22
	2.55
	2.08

	CD (5%)
	1.12
	2.23
	5.08
	1.47
	0.54
	3.29
	0.5
	0.3
	1.29
	0.4
	2.4
	1.78
	0.14
	6.17

	CD (1%)
	1.49
	2.99
	6.81
	1.97
	0.72
	4.4
	0.67
	0.4
	1.73
	0.53
	3.21
	2.38
	0.19
	8.26

	SEm ±
	0.39
	0.78
	1.77
	0.51
	0.19
	1.15
	0.17
	0.1
	0.45
	0.14
	0.84
	0.62
	0.05
	2.15



Table 1. Growth physiological and yield traits of vegetable amaranthus genotypes
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Foliage Yield and Leaf Number Performance of Amaranthus Genotypes
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