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ABSTRACT:
An experiment was conducted to evaluate the performance and stability of twenty-five turnip (Brassica rapa subsp. rapa.) genotypes collected from diverse agro-climatic regions of India. The study was carried out during the rabi season of 2024 at three locations in Kashmir: the Vegetable Experimental Farm, Division of Vegetable Science, Shuhama (E1), located at 1,619 m above sea level (35°30′ N, 75°15′ E) with a mean annual temperature of 14°C; Krishi Vigyan Kendra, Shopian (E2), situated at 2,057 m (33.72° N, 74.83° E) with a mean annual temperature of 13.9°C; and Krishi Vigyan Kendra, Bandipora-I, Potushai (E3), located at 1,581 m (34°25′ N, 74°39′ E) with a mean annual temperature of 14°C. The experiment was laid out in a complete randomized block design with three replications at each location. Observations were recorded for plant height, leaf area, plant spread, root length, root breadth, net root weight, root compactness, harvest index, and root yield per hectare.The genotypes exhibited substantial variation across locations for all recorded traits. Analysis of variance indicated highly significant differences among genotypes, reflecting the presence of considerable genetic variability and the scope for improvement through selection. Environmental effects were significant for most traits, except reducing and non-reducing sugars, indicating differential influence of locations on trait expression. Genotype × environment interaction effects were also significant for all traits, demonstrating differential genotypic responses under varying environmental conditions. The wide range of variability observed across traits highlights the potential for targeted selection to improve yield, quality, and stability in turnip breeding programmes. Among the three test environments, E1 (Vegetable Experimental Farm, Shuhama) was the most favourable for the expression of most economic traits. Maximum root length was recorded in genotypes SKAU-B-T9 and SKAU-B-T12, while the highest root breadth was also observed in these genotypes. SKAU-B-T9 followed by Nageen recorded the highest net root weight, whereas the maximum root yield per hectare was obtained from SKAU-B-T9 and SKAU-B-T12, indicating their superior performance under favourable environmental conditions.
Stability and adaptability of genotypes across environments were assessed using the Eberhart and Russell (1966) model, which considers mean performance, regression coefficient, and deviation from regression. The stability analysis revealed that genotypes SKAU-B-T7, SKAU-B-T10, SKAU-B-T17, and SKAU-B-T22 exhibited moderate stability for economic traits such as root yield per plant and root yield per hectare, indicating their relatively consistent performance across environments
                                                         
  INTRODUCTION
Vegetables are an important component of the human diet[1] as they supply biologically active compounds, energy, and essential nutrients. They contribute significantly to daily nutritional requirements by providing dietary fiber, minerals, and health-promoting phytochemicals. Several studies have shown that regular consumption of vegetables supports bone health, regulates blood pressure, improves cardiovascular and mental well-being, and aids hormonal balance, along with offering many other health advantages. Turnip (Brassica rapa Subsp. rapa L.), a biennial root vegetable with a chromosomal composition of 2n=2x=20, holds global significance as a staple in both culinary and fodder applications[2,3]. Classified within the Brassicaceae family, commonly known as the mustard family, turnips are widely cultivated for their versatile uses and nutritional value. The turnip is a vital winter vegetable esteemed for its succulent, edible roots, which are consumed in various forms, including raw in salads, pickled, or as a cooked vegetable. Particularly popular during the colder months. The fleshy roots, which are swollen hypocotyls, are round in shape with distinctive white flesh. Encased in thin, textured leaves adorned with prickly hairs, the roots exhibit various colorations, including purple, white and yellow.
	 Although the exact center of origin of turnip is not clearly established, two major regions have been suggested as its possible origin. The Mediterranean basin and the Near Eastern region, encompassing areas such as Afghanistan, Pakistan, and Asia Minor, are considered the primary centers of origin. In addition, regions including Transcaucasia and Iran are regarded as secondary centers where considerable diversity of turnip has developed [4]. Fig (A)
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                                      Fig (A) The primary and secondary centres of origin of turnip

Vegetables belonging to the genus Brassica, including turnip (Brassica rapa Subsp. rapa ), have been consumed since prehistoric times and are among the earliest domesticated vegetable crops [5]. Turnip is especially popular in Europe, where it grows well under temperate climatic conditions, and it is widely recognized as a nutritious root vegetable across Eastern America, Asia, and Europe. Historical records indicate that turnips were an important staple food during ancient Greek and Roman civilizations[6]. 
	Turnip roots possess a valuable nutritional composition, containing considerable amounts of calcium, phosphorus, and vitamin C. In addition, turnip leaves are highly nutritious and are rich sources of calcium, iron, vitamin A, and vitamin C, along with notable quantities of B-complex vitamins, folate, beta-carotene, lutein, and zeaxanthin. These bioactive compounds function as powerful antioxidants and have been associated with several health benefits, including a reduced risk of certain cancers such as those of the colon, lungs, prostate, and stomach. Turnip is a widely cultivated root vegetable in India, particularly across the northern plains. It is commonly grown in states such as Bihar, Haryana, Jammu & Kashmir, Punjab, Delhi, Himachal Pradesh, Tamil Nadu, and western Uttar Pradesh. As per the Second Advance Estimates (2023–24) released by the Ministry of Agriculture and Farmers Welfare, India’s total vegetable production is estimated to be about 204.96 million tonnes. Fig(B)                                                                                                                                                                                                 [image: ]
                                   Fig (B)    Turnip Producing regions in India                           
   The turnip is cultivated under a wide range of agro-climatic conditions, genotype × environment interaction plays a significant role in the expression of yield and related traits. Therefore, stability analysis becomes essential to identify genotypes with consistent performance across environments as well as those suited to specific conditions. The Eberhart and Russell (1966) model [7] was used to assess the adaptability and stability of genotypes based on mean performance, regression coefficient, and deviation from regression.
Material and methods:
Site description:
The current study was conducted during the rabi season of 2024 at three locations:
·  Vegetable Experimental Farm, Division of Vegetable Science, SKUAST-Kashmir,   Shuhama (E1).
The site is situated at an altitude of 1, 619 m above mean sea level, with geographic co-ordinates 35°30′ N latitude and 75°15′ E longitude with mean temperature of the mean temperature is around 14°C annually.

· Krishi Vigyan Kendra, Bandipora-1, SKUAST-Kashmir.(E2)
 The site is situated at approximately 1,581 meters (5,187 feet) and is located at coordinates around 34°25′N, 74°39′E. The mean annual temperature is approximately 14°C. 

· Krishi Vigyan Kendra, Shopian, SKUAST-Kashmir.(E3)
The site is situated at approximately 2057m above sea level,with demographic coordinates 33.72°N, 74.83°E . The mean annual temperature is about 13.9°C.
 		All three locations have a temperate climate, and the main source of irrigation is flood irrigation, which ensures the availability of water throughout the year. (Fig C)
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                        (Fig C)   Sites of study           
Material used:       
The study utilized twenty five diverse phenotype of Turnip (Brassica rapa Subsp. rapa), specifically SKAU-B-T1, SKAU-B-T2, SKAU-B-T3, SKAU-B-T4, SKAU-B-T5, SKAU-B-T6, SKAU-B-T7, SKAU-B-T8, SKAU-B-T9, SKAU-B-T10, SKAU-B-T11, SKAU-B-T12, SKAU-B-T13, SKAU-B-T14, SKAU-B-T15, SKAU-B-T16, SKAU-B-T17, SKAU-B-T18, SKAU-B-T19, SKAU-B-T20, SKAU-B-T21, SKAU-B-T22, SKAU-B-T23., along with two check varieties: Nageen and PTWG conical. These lines were evaluated across three distinct locations to assess a range of yield and yield-related traits. The genotypes were maintained by the Division of Vegetable Science, SKUAST-K.
Layout :	
Turnip seeds were sown in well-prepared beds on the following dates:
	August 27, 2024, at the Vegetable Experimental Farm, Shuhama (E1).
	August 28, 2024, at KVK Shopian (E2).
	August 29, 2024, at KVK Bandipora-1 (E3).
	The experiment was designed using a Completely Randomized Block Design (CRBD) with three replications at each site. The spacing between rows and plants was maintained at 30 × 10 cm across all sites. A recommended package of practices was uniformly implemented to ensure healthy crop cultivation.
Methodology Adopted:
From each replication, five competing plants were randomly selected, and their observations were recorded. Statistical analyses were performed using the means of these five plants. The following subheadings outline the various traits observed and the methodologies employed for each:
Stability analysis
Analysis of variance for stability
The phenotypic stability of fifteen genotypes studied in three different environments was determined following the linear model proposed by Eberhart and Russel (1966). The parameters are defined by the following model.
Yij = µi + biIJ + Sij
Where,
	Yij = Mean performance of ith genotype (I = 1,2,…, g) in jth environment (j = 1,2,…,n),
	µi = Overall mean of ith genotype over all the environments,
	bi = Regression coefficient which measures the linear response of ith genotype to varying environments,
	Ij = Environmental index acquired as the mean of all varieties at the jth environment minus the grand mean, and
	Sij = Deviation from linear regression of ith genotype in jth environment.


The environmental index Ij for jth environment was calculated as:
 IJ = [(Σyij/g) – (Σ i=1 Σ j=1 Y ij/gn)]
 j=1 Σ ij = 0
list 1 : Drawing from the aforementioned model analysis of variance, phenotypic stability is presented below
	S.No
	Source
	d.f
	SS

	1
	Genotypes
	(g-1)
	(ΣY2i / n) – (Y2 …/ gn)

	2
	Environments
	(n-1)
	(ΣY2j / g) – (Y2 …/ gn)

	3
	Environments + (genotypes x environment)
	(n-1) +(g-1) (n-1) = g(n-1)
	Σ Σ Y2ij – (ΣY2i /n)

	4
	Genotypes × Environment
	(g-1) (n-1)
	ΣΣ Y2ij – (Σ Y2i / n) – (Σ y2j / g) + (Y2 …/n)

	5
	Environment (linear)
	1
	( 1 / g) (Σ YiΣ Ij)2 / Σ I2j

	6
	Genotypes × Env. (linear)
	(g-1)
	Σ [ (Yij Ij)2 / Σ I2j] – Env. (Linear) SS

	7
	Pooled deviation
	g(n-2)
	ΣΣ S2ij = Σ [Σ Y2ij – (Y2I / n)] - [( Σ Yij Ij)2 / Σ I2j]

	8
	Pooled error
	n(r-1) (g-1)
	1 pooled replications × genotypes S.S. over environments = Me

	9
	Total
	(gn-1)
	2 ΣΣ Y2ij – (Y2 …/ gn)


Where,
 g = number of genotypes,
 r = number of replications,
Yij= basic observation (mean of ith genotype over replications in jth environment)
	 Me = (σ2e / r).
Estimation of stability parameters 
I. Regression coefficient (bi) = Σ Yij – (Ij / Σ I2j) 
II. Mean square deviation (S2di) from linear regression = (Σ S2ij / n-2) – (S2e / r)
Where,
	Σ S2ij= [Σ Y2ij –( Y…/ n)] – (Σ Yij Ij / Σ I2j)
	S2e = mean square for pooled error
Test of significance
I. Among the variety means:
	H0 : g1 = g2 = g3 … = gn, appropriate test is defined as F ≈ MS1 / MS3 
II. Among varieties for their regression on environmental index:
	H0 : B1 = B2 = B3 = Gg,
	F ≈ MS2 /MS3 
III. The genetic differences among genotypes for their regression on 	environmental index were tested by ‘t’ test
t = [b-0]/(S.E. b)]
Where,
S.E. (b) = [MS Pooled deviation / [image: C:\Users\dell\AppData\Local\Temp\ksohtml2096\wps2.jpg] I2J]0.5
IV.	The deviation of b1 values from unity was tested as:
t = [b-1/ S.E. (b)], for n-2 d.f
V.	For the deviation from the regression of each genotype
F = [ΣS2 IJ / n-2] / M.S. pooled error.

Result and Discussion:
	The present investigation was carried out to during rabi 2024 to generate information on stability of twenty five genotypes with regard to twenty four parameters viz., Plant height (cm), Leaf area (cm²), Plant spread (cm), Root length (cm), Root breadth (cm), Root compactness, Net Root weight (g), Root to shoot ratio, Root yield (q/ha), Harvest Index, Total dry matter content of roots. The experiment was conducted in a completely randomised block design with three replications across three environments. The observations were statistically and biometrically analysed, and the results are summarised in this chapter beneath the subsequent headings:
	In the current study, the analysis of variance for stability revealed that the mean sum of squares for genotypes was highly significant across all traits, indicating that the selected genotypes were diverse and exhibited substantial genetic variation for each trait, as shown in Tables I. The mean squares attributed to environmental effects were significant for all traits, reflecting the variability in trait expression influenced by different environmental conditions, except root length, root breadth, and root to shoot ratio, where environmental effects were less prominent. The genotype × environment interaction was significant for all traits, indicating varying environmental influence on trait expression. The linear environmental component was significant for most traits, while root length, root breadth, and root-to-shoot ratio. Conversely, the genotype × environment (linear) component significantly affected plant height, leaf area, net root weight, root compactness, and root yield per hectare. Whereas traits such as plant spread, root length, and root breadth showed minimal interaction effects. In general, linear components were higher than non-linear components for most traits. Pooled deviations were significant for plant height, number of leaves, root compactness, and root yield per hectare, suggesting that these traits experienced substantial variation beyond linear environmental effects, reflecting complex environmental interactions.[8,9]
Table I: Mean squares of stability analysis for growth, yield attributing and quality traits in turnip genotypes evaluated across three environments:
	S. No.
	Source of Variation
	d.f
	Plant height
	Leaf area (cm2)
	Plant spread (cm2)
	Root length (cm)
	Root breadth (cm)

	1. 
	Genotype
	24
	175.44**
	118.72**
	226.99**
	4.37*
	8.34*

	1. 
	Environment
	2
	118.38**
	41.16**
	51.43**
	2.79**
	3.85*

	1. 
	Gen. X Envion.
	48
	16.16*
	15.48*
	1.99*
	0.154*
	0.465*

	1. 
	Env+Gen. X Env
	50
	8.71
	5.58
	10.07**
	0.01
	0.33

	1. 
	Env (Linear)
	1
	350.88
	237.44
	453.99
	0.04
	4.18

	1. 
	Env X Gen.(Lin)
	24
	1.82
	1.44
	1.77
	0.02
	0.32

	1. 
	Pooled Deviation
	25
	1.64
	0.27
	0.31
	0.01
	0.19

	1. 
	Pooled Error
	144
	11.18**
	9.86*
	1.41
	0.104
	0.210

	1. 
	Total
	74
	1609.92
	1419.84
	203.04
	14.976
	30.24`


Cont…
	S. No.
	Source of Variation
	d.f
	Net root weight(cm)
	Root compactness
	Root to shoot ratio
	Harvesting index
	Root yield/ ha
	Dry matter

	1. 
	Genotypes
	24
	2,322.54**
	1,597.70**
	2.09**
	145.37**
	17,713.47**
	27.39**

	1. 
	Environment
	2
	991.43**
	233.51**
	0.17**
	81.36**
	578.80**
	34.16**

	1. 
	Genotype x environments
	48
	26.78*
	30.63*
	0.171*
	0.75*
	35.5*
	1.44*

	1. 
	Env+Gen. X Env
	50
	65.37**
	93.31*
	0.02
	10.54
	31.86
	1.78

	1. 
	Environments (linear)
	1
	1,982.85
	3,195.40
	0.33
	452.72
	1,157.61
	68.31

	1. 
	Env X Gen.(Lin)
	24
	46.74
	43.15
	0.02
	1.95
	16.49
	0.58

	1. 
	Pooled deviation
	25
	4.56
	17.38
	0.01
	1.09
	6.63
	0.24

	1. 
	pooled error
	144
	187.86
	1.41
	0.115
	0.891
	23.95
	1.04

	1. 
	Total
	74
	27051.84
	203.04
	16.56
	128.30
	3448.8
	149.76


The stability parameters for various growth and yield attributing traits are presented in tables .
Plant height:
The stability of plant height in 25 turnip genotypes (Brassica rapa subsp. rapa) is summarized in Table 1, with a population mean of 47.45 cm. The tallest plants were recorded in SKAU-B-T9 (56.27 cm), followed by Nageen (54.34 cm) and SKAU-B-T12 (54.30 cm), while the shortest height was observed in SKAU-B-T4 (34.52 cm) and SKAU-B-T2. Genotypes exceeding the population mean included SKAU-B-T5 (48.69 cm), SKAU-B-T8 (53.15 cm), SKAU-B-T9 (56.26 cm), SKAU-B-T10, SKAU-B-T11 (52.56 cm), SKAU-B-T14 (52.90 cm), and PTWG Conical (51.68 cm). Regression coefficients (B1) indicated that most genotypes exhibited stable performance across environments, with non-significant deviations, except for SKAU-B-T18, which showed notable variation.
	Genotype stability for plant height in turnip was assessed using Eberhart and Russell’s (1966) model, considering the regression coefficient (B1) and deviation from regression (S²di). Genotypes with B1 near unity, such as SKAU-B-T15 and SKAU-B-T16, exhibited wide adaptability, while highly responsive genotypes like SKAU-B-T18 performed well only under favorable conditions. PTWG Conical and SKAU-B-T21 showed specialization for stable environments. Low S²di values in most genotypes indicated predictable performance, whereas SKAU-B-T18 displayed high deviation, reflecting inconsistent performance across environments. Overall, PTWG Conical, SKAU-B-T5, and SKAU-B-T14 combined high mean height with stability, making them suitable for breeding programs targeting broad adaptation.[10]
Table 2 : Stability parameters for plant height in turnip (Brassica rapa subsp. rapa.)
	S.No.
	Genotype
	µ
	B1
	σ2di
	S.No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	44.15
	1.100
	-2.190
	13
	SKAU-B- T13
	50.86
	0.852
	-2.155

	2
	SKAU-B-T2
	41.44
	1.171
	-1.796
	14
	SKAU-B- T14
	51.93
	1.475
	-2.202

	3
	SKAU-B- T3
	39.05
	0.955
	-2.134
	15
	SKAU-B-T15
	49.79
	1.010
	-0.770

	4
	SKAU-B- T4
	37.02
	0.662
	-2.201
	16
	SKAU-B-T16
	48.70
	1.001
	-2.182

	5
	SKAU-B- T5
	53.15
	1.265
	-2.086
	17
	SKAU-B- T17
	47.36
	0.685
	-2.172

	6
	SKAU-B-T6
	43.80
	0.930
	-2.181
	18
	SKAU-B- T18
	45.43
	2.191
	31.422

	7
	SKAU-B- T7
	46.35
	0.983
	-1.425
	19
	SKAU-B- T19
	44.37
	0.652
	-2.037

	8
	SKAU-B- T8
	42.01
	0.656
	-2.151
	20
	SKAU-B-T 20
	43.97
	0.968
	-1.082

	9
	SKAU-B- T9
	38.23
	0.671
	-2.202
	21
	SKAU-B-T21
	43.01
	0.594
	-2.104

	10
	SKAU-B- 10
	34.52
	0.989
	-1.350
	22
	SKAU-B- T22
	41.83
	1.406
	-1.706

	11
	SKAU-B-T11
	41.61
	1.297
	-2.031
	23
	SKAU-B- T23
	45.77
	1.230
	-0.920

	12
	SKAU-B-T12
	48.96
	0.977
	-1.995
	24
	Nageen
	40.73
	0.774
	-2.171

	
	
	
	
	
	25
	PTWG
	54.34
	0.506
	-2.161

	
	population mean
	47.45
	
	

	
	S.E (±)
	0.91
	
	


Leaf area (cm2):
The leaf area of 25 turnip genotypes ranged from 31.39 cm² (SKAU-B-T22) to 45.82 cm² (SKAU-B-T9), with a population mean of 38.17 cm². Genotypes with the largest leaf area included SKAU-B-T9 (45.816 cm²), SKAU-B-T12 (44.940 cm²), Nageen (42.566 cm²), and PTWG Conical (43.556 cm²). Genotypes with lower leaf area were SKAU-B-T22 (31.393 cm²), SKAU-B-T23 (32.507 cm²), and SKAU-B-T13 (35.531 cm²). Regression coefficients (B1) varied widely, ranging from 0.224 (SKAU-B-T8) to 1.915 (SKAU-B-T18), while deviation from regression (σ²di) values were mostly negative or low, indicating predictable performance for most genotypes.
	Genotypes with B1 values close to unity, such as SKAU-B-T16 (1.200) and SKAU-B-T20 (1.202), showed wide adaptability across environments. Highly responsive genotypes like SKAU-B-T18 (1.915) and SKAU-B-T17 (1.482) performed well under favorable conditions but were less stable in variable environments. In contrast, genotypes with low B1, such as PTWG Conical (0.381) and SKAU-B-T21 (0.493), were stable under consistent conditions. Low or negative σ²di values in most genotypes confirmed stability, with PTWG Conical (-0.075) showing highly predictable performance. Overall, PTWG Conical, SKAU-B-T9, and Nageen combined high leaf area with stability, making them suitable candidates for breeding programs targeting broad adaptability[11]
Table 3: Stability parameters for leaf area (cm2) in turnip (Brassica rapa subsp. rapa.)
	S.No.
	Genotype
	µ
	B1
	σ2di
	S.No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	33.869
	1.291
	-2.106
	13
	SKAU-B- T13
	35.531
	0.815
	-2.033

	2
	SKAU-B-T2
	36.631
	0.909
	-1.932
	14
	SKAU-B- T14
	34.440
	1.065
	-2.046

	3
	SKAU-B- T3
	36.524
	0.853
	-2.025
	15
	SKAU-B-T15
	34.867
	1.067
	-2.104

	4
	SKAU-B- T4
	38.698
	0.889
	-2.088
	16
	SKAU-B-T16
	40.938
	1.200
	-1.748

	5
	SKAU-B- T5
	37.013
	1.053
	-2.070
	17
	SKAU-B- T17
	40.374
	1.482
	-1.666

	6
	SKAU-B-T6
	39.448
	1.404
	-1.630
	18
	SKAU-B- T18
	34.740
	1.915
	-1.508

	7
	SKAU-B- T7
	38.398
	0.864
	-2.105
	19
	SKAU-B- T19
	35.448
	0.923
	-1.699

	8
	SKAU-B- T8
	40.151
	0.224
	-1.447
	20
	SKAU-B-T 20
	39.444
	1.202
	-2.108

	9
	SKAU-B- T9
	45.816
	0.765
	-2.001
	21
	SKAU-B-T21
	39.038
	0.493
	-2.051

	10
	SKAU-B- 10
	39.558
	1.314
	-2.081
	22
	SKAU-B- T22
	31.393
	0.768
	-2.101

	11
	SKAU-B-T11
	38.447
	1.652
	-2.087
	23
	SKAU-B- T23
	32.507
	1.148
	-2.107

	12
	SKAU-B-T12
	44.940
	0.741
	-1.104
	24
	Nageen
	42.566
	0.579
	-2.071

	
	
	
	
	
	25
	PTWG conical
	43.556
	0.381
	-0.075

	
	population mean
	38.17
	
	

	
	S.E (±)
	0.37
	
	



Plant spread (cm2):
The stability analysis for plant spread in turnip (Brassica rapa subsp. rapa.) indicated a population mean of 49.68 cm². The largest plant spread was recorded in SKAU-B-T9 (55.728 cm²) and PTWG Conical (55.300 cm²), while the smallest spread was observed in SKAU-B-T2 (42.022 cm²) and SKAU-B-T1 (42.880 cm²). Genotypes such as SKAU-B-T4 and SKAU-B-T5, with regression coefficients (B1) near unity and low or negative deviation from regression (σ²di), exhibited stable and consistent performance across diverse environments. In contrast, highly responsive genotypes like SKAU-B-T13 (B1 = 1.569) and SKAU-B-T20 (B1 = 1.440) were more sensitive to environmental fluctuations, performing best under favorable conditions. These results highlight the potential of stable genotypes for broad adaptability and the value of environment-specific genotypes for targeted cultivation.
The population mean for plant spread was 49.68 cm², with SKAU-B-T9 (55.73 cm²), PTWG Conical (55.30 cm²), and SKAU-B-T13 (53.48 cm²) showing superior performance, while SKAU-B-T2 (42.02 cm²) and SKAU-B-T3 (42.73 cm²) recorded lower values. Factors such as plant density, growth hormones (gibberellins and auxins), and adequate water availability contribute to increased lateral growth, enhancing biomass, marketability, stress adaptation, and soil protection through improved coverage. Regression coefficients (B₁) reflected genotype responsiveness to environmental changes. SKAU-B-T4 (1.000) and SKAU-B-10 (1.009) exhibited broad adaptability, whereas SKAU-B-T13 (1.569) and SKAU-B-T20 (1.440) were more responsive to favorable conditions. Genotypes with lower B₁ values, such as Nageen (0.605) and SKAU-B-T12 (0.623), performed stably under less variable environments. Deviation from regression (σ²di) further confirmed stability, with SKAU-B-T4 (-1.939), SKAU-B-T14 (-1.937), and Nageen (-1.939) showing high consistency, while SKAU-B-T17 (-0.334) and SKAU-B-T21 (-0.294) exhibited moderate stability.
Table 4: Stability parameters for plant spread (cm2) in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	42.880
	0.883
	-1.888
	13
	SKAU-B- T13
	53.478
	1.569
	-0.857

	2
	SKAU-B-T2
	42.022
	0.925
	-1.917
	14
	SKAU-B- T14
	51.622
	1.102
	-1.937

	3
	SKAU-B- T3
	42.733
	0.879
	-1.939
	15
	SKAU-B-T15
	52.856
	1.034
	-1.692

	4
	SKAU-B- T4
	42.744
	1.000
	-1.939
	16
	SKAU-B-T16
	52.767
	1.265
	-1.836

	5
	SKAU-B- T5
	45.289
	1.041
	-0.882
	17
	SKAU-B- T17
	52.989
	1.433
	-0.334

	6
	SKAU-B-T6
	46.444
	1.173
	-1.682
	18
	SKAU-B- T18
	47.189
	1.026
	-1.797

	7
	SKAU-B- T7
	47.278
	1.311
	-1.898
	19
	SKAU-B- T19
	52.822
	0.719
	-1.931

	8
	SKAU-B- T8
	48.911
	0.772
	-1.890
	20
	SKAU-B-T 20
	50.267
	1.440
	-1.712

	9
	SKAU-B- T9
	55.728
	0.823
	-1.857
	21
	SKAU-B-T21
	52.800
	0.126
	-0.294

	10
	SKAU-B- 10
	49.133
	1.009
	-1.932
	22
	SKAU-B- T22
	52.067
	1.391
	-1.115

	11
	SKAU-B-T11
	51.011
	0.984
	-1.685
	23
	SKAU-B- T23
	47.922
	0.975
	-1.923

	12
	SKAU-B-T12
	53.300
	0.623
	-1.893
	24
	Nageen
	52.337
	0.605
	-1.939

	
	
	
	
	
	25
	PTWG
	55.300
	0.894
	-1.900

	
	
	population mean
	49.68
	
	

	
	
	S.E (±)
	0.40
	
	



Root length (cm):
The stability parameters for root length in turnip (Brassica rapa subsp. rapa.) reveals a population mean of 5.48 cm. The highest mean root length is noted in genotypes SKAU-B-T9 (7.529 cm), SKAU-B-T12 (7.002 cm)and PTWG Conical (6.694 cm), Genotypes with lower root length include SKAU-B-T19 (4.069 cm) and SKAU-B-T8 (4.237 cm).Genotypes such as SKAU-B-T3, with a highly negative B1 value (-14.706), exhibit a distinct response pattern under environmental variations, suggesting less stability. Meanwhile, genotypes like SKAU-B-T13 (B1 = 0.572) and SKAU-B-T5 (B1 = 0.740) display a B1 value near 1 and low deviation from regression (σ²di), indicating a stable performance across environments.
	The population mean for root length was 5.48 cm, with the highest values recorded in SKAU-B-T9 (7.53 cm), SKAU-B-T12 (7.00 cm), and PTWG Conical (6.69 cm), while SKAU-B-T19 (4.07 cm), SKAU-B-T8 (4.24 cm), and SKAU-B-T18 (4.45 cm) showed the lowest values. Regression coefficients (B₁) highlighted genotype responsiveness: SKAU-B-T4 (0.774) and SKAU-B-T5 (0.740) demonstrated broad adaptability, whereas SKAU-B-T12 (4.325) and PTWG Conical (8.222) were highly responsive to favorable environments. Negative B₁ values in SKAU-B-T3 (-14.706) and SKAU-B-T7 (-1.160) indicated poor stability. Deviation from regression (σ²di) confirmed consistency, with most genotypes showing low or negative values. SKAU-B-T12 (-0.026) and PTWG Conical (0.001) combined high performance with stability, while SKAU-B-T3 (0.100) showed less predictable performance. Overall, SKAU-B-T9, SKAU-B-T12, and PTWG Conical excelled in root length, and genotypes like SKAU-B-T4 and SKAU-B-T5 exhibited good adaptability, making them promising candidates for breeding programs targeting both performance and stability.
Table 5: Stability parameters for root length (cm) in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	5.187
	1.752
	-0.032
	13
	SKAU-B- T13
	6.166
	0.572
	-0.037

	2
	SKAU-B-T2
	4.627
	0.735
	-0.037
	14
	SKAU-B- T14
	4.821
	1.962
	-0.037

	3
	SKAU-B- T3
	5.047
	-14.706
	0.100
	15
	SKAU-B-T15
	6.040
	0.729
	-0.037

	4
	SKAU-B- T4
	6.666
	0.774
	-0.037
	16
	SKAU-B-T16
	5.657
	1.698
	-0.037

	5
	SKAU-B- T5
	5.460
	0.740
	-0.037
	17
	SKAU-B- T17
	5.340
	1.365
	-0.037

	6
	SKAU-B-T6
	5.871
	2.310
	-0.036
	18
	SKAU-B- T18
	4.450
	1.264
	-0.037

	7
	SKAU-B- T7
	6.703
	-1.160
	-0.037
	19
	SKAU-B- T19
	4.069
	1.315
	-0.036

	8
	SKAU-B- T8
	4.237
	1.163
	-0.037
	20
	SKAU-B-T 20
	4.382
	0.973
	-0.036

	9
	SKAU-B- T9
	7.529
	2.695
	-0.036
	21
	SKAU-B-T21
	4.356
	-0.323
	-0.032

	10
	SKAU-B- 10
	4.753
	0.648
	-0.036
	22
	SKAU-B- T22
	4.893
	4.110
	-0.014

	11
	SKAU-B-T11
	5.544
	1.444
	-0.037
	23
	SKAU-B- T23
	5.117
	0.726
	-0.036

	12
	SKAU-B-T12
	7.002
	4.325
	-0.026
	24
	Nageen
	6.468
	1.667
	-0.036

	
	
	
	
	
	25
	PTWG
	6.694
	8.222
	0.001

	
	
	population mean
	5.48
	
	

	
	
	S.E (±)
	0.07
	
	



Root Breadth (cm):
The population mean for root breadth in turnip (Brassica rapa subsp. rapa.) was 6.37 cm. Genotypes with the largest root breadth included SKAU-B-T9 (7.352 cm), PTWG Conical (7.188 cm), and SKAU-B-T12 (7.071 cm), while SKAU-B-T19 (5.238 cm) and SKAU-B-T17 (5.579 cm) recorded the lowest values, indicating comparatively smaller roots. Genotypes such as SKAU-B-T7 (B1 1.017, σ²di -0.038) and SKAU-B-T11 (B1 1.119, σ²di -0.071) exhibited stable performance across environments, with B1 values near unity and minimal deviation from regression. In contrast, genotypes with high or negative B1 values, like SKAU-B-T19 (B1 3.308) and SKAU-B-T16 (B1 -2.209), showed greater sensitivity to environmental variation, reflecting less predictable performance. These findings highlight the importance of selecting genotypes that combine high root breadth with stability for effective turnip breeding programs.
	The population mean for root breadth was 6.37 cm, with PTWG Conical (7.19 cm), SKAU-B-T9 (7.35 cm), and SKAU-B-T12 (7.07 cm) exhibiting the highest values, indicating superior root development. Lower values were observed in SKAU-B-T19 (5.24 cm), SKAU-B-T17 (5.58 cm), and SKAU-B-T16 (5.67 cm), reflecting comparatively smaller roots. Regression coefficients (B₁) highlighted genotype adaptability. SKAU-B-T7 (1.02), SKAU-B-T11 (1.12), and SKAU-B-T15 (1.32) showed B₁ values near unity, indicating broad adaptability across environments. PTWG Conical (2.61), SKAU-B-T9 (2.69), and SKAU-B-T3 (2.25) were more responsive to favorable conditions, whereas SKAU-B-T16 (-2.21) and SKAU-B-T17 (-2.35) showed poor adaptability or instability. Favorable environmental conditions, genetic traits, growth hormones (auxins promote root elongation; cytokinins enhance lateral growth), broader leaves, and higher plant spread all contribute to optimal root length and breadth, directly influencing yield. Deviation from regression (σ²di) reflected stability, with most genotypes showing low or negative values. SKAU-B-T17 (1.837) displayed higher deviation, indicating instability, while SKAU-B-T4 (-0.035), SKAU-B-T11 (-0.071), and SKAU-B-T20 (-0.059) maintained consistent performance across environments. Overall, PTWG Conical, SKAU-B-T9, and SKAU-B-T12 combined high root breadth with stable performance, while SKAU-B-T7, SKAU-B-T11, and SKAU-B-T15 demonstrated wide adaptability and reliability, making them ideal candidates for breeding programs aimed at improving turnip root traits[12,13].
Table 6: Stability parameters for root breadth (cm) in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	6.254
	1.842
	0.323
	13
	SKAU-B- T13
	6.149
	0.211
	-0.068

	2
	SKAU-B-T2
	5.972
	0.817
	0.030
	14
	SKAU-B- T14
	6.333
	-0.069
	0.155

	3
	SKAU-B- T3
	6.164
	2.251
	0.009
	15
	SKAU-B-T15
	6.358
	1.320
	-0.037

	4
	SKAU-B- T4
	6.472
	1.862
	-0.035
	16
	SKAU-B-T16
	5.670
	-2.209
	-0.014

	5
	SKAU-B- T5
	6.963
	0.100
	0.011
	17
	SKAU-B- T17
	5.579
	-2.347
	1.837

	6
	SKAU-B-T6
	6.499
	0.237
	0.089
	18
	SKAU-B- T18
	5.764
	0.995
	0.346

	7
	SKAU-B- T7
	6.769
	1.017
	-0.038
	19
	SKAU-B- T19
	5.238
	3.308
	-0.033

	8
	SKAU-B- T8
	6.326
	1.671
	0.084
	20
	SKAU-B-T 20
	6.483
	0.926
	-0.059

	9
	SKAU-B- T9
	7.352
	2.685
	0.144
	21
	SKAU-B-T21
	6.587
	1.411
	-0.014

	10
	SKAU-B- 10
	6.774
	0.617
	-0.073
	22
	SKAU-B- T22
	5.951
	1.286
	-0.048

	11
	SKAU-B-T11
	6.529
	1.119
	-0.071
	23
	SKAU-B- T23
	5.819
	-1.078
	0.209

	12
	SKAU-B-T12
	7.071
	2.405
	0.112
	24
	Nageen
	6.889
	2.012
	-0.006

	
	
	
	
	
	25
	PTWG
	7.188
	2.610
	0.083

	
	
	population mean
	6.37
	
	

	
	
	S.E (±)
	0.31
	
	



Net root weight (gm):
The stability parameters for net root weight in turnip (Brassica rapa subsp. rapa.) revealed a population mean of 206.43 g. Genotypes with the highest net root weight included SKAU-B-T9 (236.32 g), Nageen (229.23 g), and SKAU-B-T12 (228.64 g), while lower values were observed in SKAU-B-T17 (95.39 g), indicating notable variation among genotypes.Stability across environments was reflected in regression coefficients (B1) near unity and low deviation from regression (σ²di). For example, SKAU-B-10 (B1 0.990, σ²di -50.411) and SKAU-B-T8 (B1 0.894, σ²di -66.442) demonstrated stable net root weight performance. In contrast, genotypes such as SKAU-B-T1 (B1 2.951) and SKAU-B-T2 (B1 2.281) were more sensitive to environmental fluctuations, showing variable performance across conditions. These findings emphasize the importance of selecting genotypes that combine high root weight with stability for breeding programs aimed at improving turnip productivity.
	The population mean for net root weight in turnip was 206.43 g, with SKAU-B-T9 (236.32 g), Nageen (229.23 g), and SKAU-B-T12 (228.64 g) showing the highest values, indicating superior root development. Lower values were observed in SKAU-B-T17 (95.39 g) and SKAU-B-T4 (173.73 g), reflecting comparatively weaker performance. Enhanced root weight is influenced by several interrelated traits, including plant spread (promotes better light interception and photosynthesis), leaf length and breadth (broader leaves improve photosynthetic efficiency), root length and breadth (larger roots contribute to greater biomass), harvesting index, and nutrient use efficiency. Regression coefficients (B₁) indicated genotype adaptability. SKAU-B-T6 (1.36), SKAU-B-T3 (1.97), and SKAU-B-T1 (2.95) exhibited above-unity B₁ values, performing better under favorable conditions, whereas SKAU-B-T5 (-0.03) showed poor adaptability. Genotypes such as SKAU-B-T14 (0.73), SKAU-B-T8 (0.89), and SKAU-B-T9 (0.94) had B₁ values near unity, reflecting broad adaptability across environments. Deviation from regression (σ²di) provided insights into stability. Most genotypes displayed highly negative σ²di values, indicating stable performance, whereas SKAU-B-T4 (32.41) showed instability and SKAU-B-T1 (-50.21) and SKAU-B-10 (-50.41) exhibited relatively higher deviations, suggesting less consistent performance. Overall, SKAU-B-T9, Nageen and SKAU-B-T12 emerged as high-performing genotypes for net root weight. Genotypes like SKAU-B-T14, SKAU-B-T8, and SKAU-B-T9, with B₁ values near unity and stable σ²di, are well-suited for diverse environments, making them promising candidates for breeding programs aimed at improving net root weight in turnip.[14,15]
Table 7: Stability parameters for net root weight in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	183.222
	2.951
	-50.212
	13
	SKAU-B- T13
	220.000
	0.609
	-66.755

	2
	SKAU-B-T2
	183.611
	2.281
	-66.319
	14
	SKAU-B- T14
	221.867
	0.729
	-66.361

	3
	SKAU-B- T3
	200.711
	1.971
	-63.920
	15
	SKAU-B-T15
	210.244
	0.754
	-66.895

	4
	SKAU-B- T4
	173.733
	2.814
	32.407
	16
	SKAU-B-T16
	216.033
	0.532
	-65.766

	5
	SKAU-B- T5
	215.962
	-0.025
	-57.087
	17
	SKAU-B- T17
	95.392
	0.255
	-66.736

	6
	SKAU-B-T6
	210.478
	1.362
	-60.575
	18
	SKAU-B- T18
	184.167
	1.203
	-65.942

	7
	SKAU-B- T7
	217.067
	1.188
	-66.157
	19
	SKAU-B- T19
	208.122
	0.603
	-66.620

	8
	SKAU-B- T8
	206.333
	0.894
	-66.442
	20
	SKAU-B-T 20
	211.022
	0.421
	-66.895

	9
	SKAU-B- T9
	236.322
	0.941
	-66.931
	21
	SKAU-B-T21
	218.411
	0.442
	-66.359

	10
	SKAU-B- 10
	218.556
	0.990
	-50.411
	22
	SKAU-B- T22
	217.344
	0.680
	-66.092

	11
	SKAU-B-T11
	217.333
	1.362
	-63.254
	23
	SKAU-B- T23
	211.656
	0.516
	-66.236

	12
	SKAU-B-T12
	228.644
	0.385
	-66.873
	24
	Nageen
	229.233
	0.810
	-66.820

	
	
	
	
	
	25
	PTWG
	225.344
	0.333
	-66.667

	
	
	population mean
	206.43
	
	

	
	
	S.E (±)
	1.81
	
	



Root compactness:
The population mean for root compactness in turnip was 82.40. Genotypes SKAU-B-T2 (94.47), SKAU-B-T3 (88.86), and SKAU-B-T9 (87.26) exhibited high root compactness, reflecting robust root structure, while SKAU-B-T17 (51.02) and Nageen (70.71) showed lower values, indicating less favorable root formation. Stability across environments was assessed using regression coefficients (B1) and deviation from regression (σ²di). SKAU-B-T1 (B1 1.342, σ²di 83.60) and SKAU-B-T4 (B1 2.001, σ²di 21.77) were sensitive to environmental variations, whereas SKAU-B-T16 (B1 0.562, σ²di -0.39) and SKAU-B-T17 (B1 0.783, σ²di 0.67) demonstrated stable performance with minimal deviation, indicating consistent root compactness across diverse conditions.
The population mean for root compactness was 82.40%, with SKAU-B-T2 (94.47%), SKAU-B-T16 (93.18%), and SKAU-B-T23 (92.06%) showing the highest values, while SKAU-B-T17 (51.02%) and Nageen (70.71%) recorded the lowest. High root compactness enhances root yield, nutrient content, and storage life. Regression coefficients (B₁) indicated adaptability. SKAU-B-T4 (2.00) and SKAU-B-T7 (1.98) were highly responsive to favorable environments, whereas SKAU-B-T15 (-0.28) and SKAU-B-T5 (0.34) showed limited adaptability. SKAU-B-T3 (1.20), SKAU-B-T8 (0.92), and PTWG Conical (1.64) displayed broad adaptability. Deviation from regression (σ²di) reflected stability. SKAU-B-T3 (-0.44), SKAU-B-T16 (-0.39), and SKAU-B-T20 (-0.47) were highly stable, whereas SKAU-B-T1 (83.60) and SKAU-B-T9 (76.74) were less consistent. Overall, SKAU-B-T2, SKAU-B-T16, and SKAU-B-T23 are top performers, with SKAU-B-T3 and SKAU-B-T8 combining stability and adaptability, making them ideal for breeding programs.[16]
Table 8 : Stability parameters for root compactness in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	80.880
	1.342
	83.599
	13
	SKAU-B- T13
	87.587
	0.738
	5.157

	2
	SKAU-B-T2
	94.470
	0.586
	4.868
	14
	SKAU-B- T14
	81.242
	1.356
	17.064

	3
	SKAU-B- T3
	88.863
	1.202
	-0.443
	15
	SKAU-B-T15
	81.072
	-0.284
	31.587

	4
	SKAU-B- T4
	76.219
	2.001
	21.765
	16
	SKAU-B-T16
	93.179
	0.562
	-0.389

	5
	SKAU-B- T5
	80.614
	0.344
	0.400
	17
	SKAU-B- T17
	51.018
	0.783
	0.672

	6
	SKAU-B-T6
	79.113
	0.943
	39.558
	18
	SKAU-B- T18
	77.744
	0.330
	15.464

	7
	SKAU-B- T7
	82.714
	1.978
	9.480
	19
	SKAU-B- T19
	87.046
	1.044
	1.707

	8
	SKAU-B- T8
	86.598
	0.917
	1.667
	20
	SKAU-B-T 20
	82.039
	0.699
	-0.468

	9
	SKAU-B- T9
	87.256
	1.522
	76.735
	21
	SKAU-B-T21
	88.423
	1.331
	18.934

	10
	SKAU-B- 10
	83.794
	0.434
	3.606
	22
	SKAU-B- T22
	86.454
	1.678
	14.574

	11
	SKAU-B-T11
	86.509
	1.862
	59.320
	23
	SKAU-B- T23
	92.056
	0.622
	0.066

	12
	SKAU-B-T12
	82.409
	0.900
	15.615
	24
	Nageen
	70.710
	0.469
	-0.462

	
	
	
	
	
	25
	PTWG
	71.960
	1.641
	2.735

	
	
	population mean
	82.40
	
	

	
	
	S.E (±)
	2.95
	
	



Harvesting index:
The population mean for harvesting index in turnip was 72.46, with SKAU-B-T9 recording the highest value (80.59), indicating efficient resource allocation for yield. Lower values were observed in SKAU-B-T3 (67.11) and SKAU-B-T1 (67.90), suggesting less efficient conversion of biomass into harvestable yield. Regression coefficients (B1) highlighted adaptability. SKAU-B-T7 (1.69) and SKAU-B-T3 (1.29) were highly responsive to environmental changes, whereas SKAU-B-T22 (0.48) and SKAU-B-T21 (0.46) showed broad stability with minimal environmental sensitivity. Deviation from regression (σ²di) further confirmed stability, with most genotypes showing negative values, while SKAU-B-T18 (8.57) displayed higher deviation, indicating variable performance. Overall, SKAU-B-T9 is a top performer for harvesting efficiency, and genotypes like SKAU-B-T22 and SKAU-B-T21 combine stability with adaptability, making them promising candidates for breeding programs.
	The population mean for harvesting index was 72.46, with SKAU-B-T9 (80.59), Nageen (78.81), and SKAU-B-T14 (77.21) showing the highest values, reflecting superior partitioning of biomass toward economically valuable roots. Lower values were recorded in SKAU-B-T3 (67.11) and SKAU-B-T1 (67.90), indicating less efficient resource allocation. Regression coefficients (B₁) highlighted adaptability. SKAU-B-T7 (1.69) and SKAU-B-T18 (1.42) were highly responsive to favorable environments, whereas SKAU-B-T21 (0.46) and SKAU-B-T22 (0.48) showed limited responsiveness. Genotypes SKAU-B-T13 (1.05) and SKAU-B-T12 (1.02) with B₁ near unity demonstrated broad adaptability. Agronomic practices, optimal environmental conditions, and enhanced photosynthetic efficiency further contribute to higher harvesting index and root yield. Deviation from regression (σ²di) indicated stability. SKAU-B-T14 (-3.97), SKAU-B-T19 (-2.64), and SKAU-B-T15 (-2.65) showed minimal deviations, confirming stable performance, whereas SKAU-B-T18 (8.57) exhibited environmental sensitivity. Overall, SKAU-B-T9, Nageen, and SKAU-B-T14 were top performers, while SKAU-B-T13 and SKAU-B-T12 combined stability and adaptability, making them ideal for breeding programs targeting consistent root yield.[17,18,19]
Table 9: Stability parameters for harvesting index in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	67.900
	1.255
	-3.951
	13
	SKAU-B- T13
	74.624
	1.059
	-4.209

	2
	SKAU-B-T2
	68.981
	0.576
	-4.185
	14
	SKAU-B- T14
	77.209
	0.874
	-3.975

	3
	SKAU-B- T3
	67.111
	1.289
	-2.881
	15
	SKAU-B-T15
	68.561
	1.111
	-2.650

	4
	SKAU-B- T4
	68.022
	0.857
	-2.930
	16
	SKAU-B-T16
	70.733
	1.247
	-2.839

	5
	SKAU-B- T5
	76.609
	0.948
	-3.498
	17
	SKAU-B- T17
	71.430
	0.648
	-3.845

	6
	SKAU-B-T6
	71.251
	0.849
	-4.135
	18
	SKAU-B- T18
	69.613
	1.423
	8.566

	7
	SKAU-B- T7
	73.019
	1.685
	-0.363
	19
	SKAU-B- T19
	68.154
	1.063
	-2.638

	8
	SKAU-B- T8
	68.577
	0.816
	-4.202
	20
	SKAU-B-T 20
	70.433
	0.674
	-3.785

	9
	SKAU-B- T9
	80.594
	0.799
	-4.187
	21
	SKAU-B-T21
	74.422
	0.464
	-4.008

	10
	SKAU-B- 10
	72.832
	1.527
	-4.016
	22
	SKAU-B- T22
	74.980
	0.482
	-4.194

	11
	SKAU-B-T11
	75.751
	1.420
	-3.691
	23
	SKAU-B- T23
	69.096
	0.885
	-4.003

	12
	SKAU-B-T12
	76.873
	1.016
	-3.766
	24
	Nageen
	78.809
	0.751
	-4.209

	
	
	
	
	
	25
	PTWG
	75.929
	1.282
	-4.209

	
	
	population mean
	72.46
	
	

	
	
	S.E (±)
	0.74
	
	



Root yield per ha:
The population mean for root yield per hectare was 399.18 kg/ha, with SKAU-B-T9 achieving the highest yield (477.35 kg/ha), reflecting superior productivity. Lower yields were observed in SKAU-B-T14 (194.90 kg/ha), indicating limited performance or adaptability. The data reveal substantial variability among genotypes. Regression coefficients (B₁) indicated genotype stability and adaptability. SKAU-B-T2 (2.49) and SKAU-B-T1 (2.43) were highly responsive to favorable environments, while SKAU-B-T7 (1.04) and SKAU-B-T8 (1.75) showed moderate responsiveness. Genotypes like SKAU-B-T17 (0.73) exhibited B₁ close to unity with low deviation from regression (σ²di = -1.21), reflecting stable performance. Deviation from regression (σ²di) further highlighted stability. Positive σ²di values, such as SKAU-B-T1 (20.47), indicate potential for higher yield in favorable conditions, whereas negative σ²di values in SKAU-B-T14 (-3.07) and SKAU-B-T18 (-2.17) suggest susceptibility to environmental fluctuations. Overall, SKAU-B-T9 emerged as the top performer, while SKAU-B-T17 and similar genotypes combine stability and adaptability, making them suitable for breeding programs aimed at improving consistent root yield in turnip.
The population mean for root yield was 399.18 q/ha, with SKAU-B-T9 (477.35 q/ha), Nageen (471.44 q/ha), and SKAU-B-T12 (469.88 q/ha) recording the highest yields, reflecting superior productivity. Lower yields were observed in SKAU-B-T17 (186.99 q/ha) and SKAU-B-T14 (194.90 q/ha), indicating limited adaptability or genetic potential. Root yield is closely associated with traits such as leaf length, leaf breadth, root length, root breadth, root weight, and harvesting index; improvement in these traits proportionally enhances yield.Regression coefficients (B₁) revealed environmental responsiveness. SKAU-B-T2 (2.49) and SKAU-B-T1 (2.43) were highly responsive to favorable conditions, while SKAU-B-T15 (0.51) and SKAU-B-T14 (0.60) exhibited limited responsiveness. Genotypes with B₁ near unity, such as SKAU-B-T13 (1.05) and SKAU-B-T18 (1.17), demonstrated consistent performance across environments. Deviation from regression (σ²di) highlighted stability. SKAU-B-T16 (-3.16), SKAU-B-T20 (-3.20), and SKAU-B-T23 (-3.19) showed high stability with low σ²di values, whereas SKAU-B-T1 (20.47) and SKAU-B-T3 (2.13) displayed higher deviations, indicating sensitivity to environmental fluctuations. Overall, SKAU-B-T9, Nageen, and SKAU-B-T12 were identified as high-yielding and stable genotypes. Genotypes such as SKAU-B-T13 and SKAU-B-T18 combined adaptability and stability, making them suitable for cultivation across diverse environments, while low-yielding and unstable genotypes may require targeted breeding interventions.


Table 10 : Stability parameters for root yield/ha in turnip (Brassica rapa subsp. rapa.)
	S. No.
	Genotype
	µ
	B1
	σ2di
	S. No.
	Genotype
	µ
	B1
	σ2di

	1
	SKAU-B-T1
	434.894
	2.426
	20.467
	13
	SKAU-B- T13
	349.277
	1.048
	-3.034

	2
	SKAU-B-T2
	425.103
	2.492
	-2.599
	14
	SKAU-B- T14
	194.898
	0.595
	-3.068

	3
	SKAU-B- T3
	455.744
	2.390
	2.129
	15
	SKAU-B-T15
	370.538
	0.515
	-3.137

	4
	SKAU-B- T4
	419.818
	0.760
	-3.085
	16
	SKAU-B-T16
	374.764
	0.671
	-3.160

	5
	SKAU-B- T5
	434.683
	0.524
	-3.058
	17
	SKAU-B- T17
	186.992
	0.726
	-1.207

	6
	SKAU-B-T6
	446.674
	0.847
	-2.646
	18
	SKAU-B- T18
	417.040
	1.168
	-2.170

	7
	SKAU-B- T7
	345.388
	1.038
	-2.602
	19
	SKAU-B- T19
	437.897
	0.696
	-2.415

	8
	SKAU-B- T8
	310.936
	1.748
	-2.947
	20
	SKAU-B-T 20
	367.592
	0.582
	-3.197

	9
	SKAU-B- T9
	477.348
	0.705
	-3.092
	21
	SKAU-B-T21
	475.274
	0.774
	-3.139

	10
	SKAU-B- 10
	442.473
	0.754
	-2.061
	22
	SKAU-B- T22
	385.507
	0.819
	-1.751

	11
	SKAU-B-T11
	418.073
	0.698
	-2.136
	23
	SKAU-B- T23
	405.831
	0.914
	-3.190

	12
	SKAU-B-T12
	469.881
	0.594
	-3.039
	24
	Nageen
	471.444
	0.758
	-3.090

	
	
	
	
	
	25
	PTWG
	461.442
	0.760
	-3.149

	
	
	population mean
	399.18
	
	

	
	
	S.E (±)
	0.89
	
	



Conclusion:
	Twenty-five turnip genotypes, including check varieties Nageen and PTWG Conical, were evaluated across multiple locations in Kashmir during the rabi season of 2024 to assess stability for maturity, yield, and quality traits. Significant linear components of Genotype × Environment interaction were observed for key traits such as plant height, leaf area, petiole length, leaf length, root length, root breadth, and root yield, indicating that environmental conditions had a substantial influence on trait expression. Most traits exhibited larger linear than non-linear components, reflecting predictable genotypic responses across varied environments.
Based on stability analysis, genotypes SKAU-B-T9, SKAU-B-T10, and SKAU-B-T8 demonstrated average to above-average stability for critical economic traits, including net root weight and root yield per hectare. The analysis revealed that some genotypes were highly responsive to favorable environmental conditions, while others maintained consistent performance under diverse environmental stresses. These genotypes, along with others exhibiting stable performance, represent promising candidates for breeding programs aimed at enhancing productivity, stability, and adaptability in turnip. The evaluated material also displayed sufficient genetic variability, providing a strong foundation for future selection and crop improvement efforts.
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