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Abstract 
Withania somnifera (L.) Dunal is one of the important medicinal plant native to India. In present study, 
four lines and seven testers were crossed in line × tester mating design to study the crossability success, 
extent of heterosis, nature of gene action, combining ability of parents and crosses. Experimental material 
comprising forty genotype including twenty-eight crosses, eleven parents and one standard control 
(GAA-1). Investigated traits in present study, during hybridization were number of emasculated flower 
bud, number of flower bud pollinated, number of berries formed, number of berries harvested, berry set 
percentage and during evaluation were days to flowering, days to maturity, plant height, number of 
berries per plant, seed yield per plant, root length, root diameter, fresh root yield per plant, dry root yield 
per plant, total alkaloid content. The study was carried out during rabi 2019-2020 and rabi 2020-2021 at 
Botanical Garden, Department of Genetics and Plant Breeding, C. P. College of Agriculture, 
Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagr-385 506, Gujarat, India. 
Crossability success based on berry set percentage varied from 42.86% to 76.00% among the twenty-
eight different crosses. Analysis of Variance for different traits under studied were presence of 
considerable amount of genetic variability among the parents and their crosses. The preponderance of 
non-additive gene action were reported for expression of all the characters based on GCA and SCA 
variance. The parents L4, T5 and T6 were possessed significant GCA effects for dry root yield and its 
component traits. Based on significant SCA effects, per se performance and heterosis; the crosses L1 × 
T6, L4 × T6, L3 × T4 and L4 × T7 were observed superior for dry root yield, its component characters and 
its quality. 
 
Keywords: Withania somnifera (L.) Dunal, Intraspecific hybridization, crossability success, dry root, 
total alkaloid, hybrid breeding 
 
1. Introduction 
Withania somnifera (L.) Dunal (2n=48) is commonly known as Ashwagandha, Indian ginseng, 
gooseberry or winter cherry and is an ancient medicinal plant used in Ayurveda (Atal and 
Schwarting, 1961; Mir et al., 2013) [4, 15]. It belongs to solanaceous family and is globally 
grown in arid as well as semi-arid regions of India, Africa, Middle East and Mediterranean 
(Meena et al., 2019; Lal, 2015) [13, 12]. The root of Ashwagandha is an economically important 
part due to the presence of several bioactive compounds like alkaloids, withanolides, sterols, 
phenols etc. (Rao et al., 2012; Lal, 2015, Meena et al., 2019) [21, 13, 12]. It is also recognized as 
Royal Herb because of its multifarious rejuvenative effects on human body systems like 
neurological system, immune system, energy production system, reproductive system etc. 
(Dhuri et al., 2017) [7]. In India, rural people having traditional knowledge regarding use of 
medicinal plant in system of health care and has been transmitted orally by different cultural 
communities. It is also proved to be effective in the pandemic of Covid-19 (Saggam et al., 
2021; Shree et al., 2020) [22, 23]. The awareness about the importance of natural products for 
health care has increased the demand of Ashwagandha based ayurvedic products (Meena et al., 
2019) [13]. In India, Ashwagandha is cultivated successfully in Madhya Pradesh, Rajasthan, 
Gujarat, Uttar Pradesh and Haryana. 
The recent increase in the popularity of Ashwagandha, need to be focused on the genetic 
improvement and breeding of new variety in this crop. Being a self pollinated crop, natural 
variability tends to exhaust progressively due to continuous selection. Therefore, hybridization 
is an alternative for creating genetic variability. Due to small size of flower, emasculation and 
pollination become very tedious job. Hence, assessment of cross ability relationship among the 
genotype is the first step for systemic and effective planning of crop improvement. 
Information of heterotic pattern and combining ability among the genotype is essential for 
effectiveness of any breeding program (Patel and Kathiria, 2016) [20].
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According to East (1916) [8] the amount of hybrid vigour 
expressed in F1 is roughly proportionate to the genetic 
diversity present among the parents involved in the 
development of hybrid. The choice of parents is one of the 
important tasks for plant breeder in any plant breeding 
program (Darrudi et al., 2018) [5]. The knowledge of gene 
action that controls the expression of various traits is 
fundamental for genetic improvement of any crop (Adithya et 
al., 2021) [2] and can be acquired through the line × tester 
crosses methodologies developed by Kempthorne (1957) [10]. 
This mating design is the most popular method used in plant 
breeding to obtain information on general combining ability 
effects (GCA) of parents and specific combining ability 
(SCA) of crosses which is useful for the selection of parents 
and cross combination, respectively. 
Therefore, the aims of present the study were to determine the 
crossability success among different genotype through 
intraspecific hybridization; to estimate the extent of heterosis; 
to study the nature of gene action and combining ability 
effects of parents and crosses. 
 
2. Material and Methods 
2.1 Plant material and Experimental design 
The study was carried out during two winter seasons of 2019 
and 2020 under the field condition at Botanical Garden, 
Department of Genetics and Plant Breeding, C. P. College of 
Agriculture, Sardarkrushinagar Dantiwada Agricultural 
University, Sardarkrushinagar-385 506, Gujarat, India. The 
experimental field is located at 24° 19' 26'' N latitude, 72° 18' 
53'' E longitude and 172 m elevation. The average 
temperature and humidity were 22.89 °C and 46.60 per cent, 
respectively. Soil characteristics were sandy loam, pH=7.5-
8.5, electric conductivity 0.02-0.2 dSm-1 and organic 
carbon=0.2-0.3 per cent. In the first year four lines and seven 
testers were selected (Table 1) as a parent on the basis of 
passport data on dry root yield and total alkaloid content in 
dry root powder. The selected parents were crossed in line × 
tester mating design to develop all possible cross 
combinations. Crossing was done using hand emasculation 
and pollination-a conventional hybridization method. Berries 
of eleven parents and twenty-eight crosses were harvested at 
maturity stage and were stored for using in the next year. In 
the second year, seeds of eleven parents, twenty-eight crosses 
and one control variety (GAA-1) were planted in Complete 
Randomize Block Design (CRBD) with three replications. 
Each genotype was sown in single row of 2 m length with 30 
cm spacing between rows. Plants were thinned after 20 days 
after sowing to maintain 10 cm plant to plant distance. 
Agronomical practices and plant protection measures were 
followed as per recommendation for healthy growth and 
development of crop.  
  
2.2 Floral biology 
Flowers were born in clusters of six to ten at nodes in the 
axils of leaves. The flowers were small (4-6 µm), complete, 
yellow, sub sessile, bisexual, pentamerous, actinomorphic and 
perfect with hypogynous ovary. Androecium composed of 
five epipetalous stamens. The ovary was bilocular with axile 
placentation and an exserted pistil. The pollen grains were 
trizonocolporate with scabrate granulate exine sculturing. The 
fruiting calyx was globular and very faintly ribbed. Fruiting 
calyx was a little more elongated and prominently ribbed, 
enclosed yellow/orange berries with non-oily and dry seeds 

(33-36 seeds/berry) (Mir et al., 2012; Mir et al., 2013) [15, 14]. 
 
2.3 Emasculation 
Flowering period in Ashwagandha gets started from two to 
three months after sowing (Peak stage - January). Mature 
flower buds of female parents about to open next day morning 
were selected for emasculation. Inflorescence at the pre-
anthesis stage was kept under observation. Emasculation of 
buds at pre-anthesis stage was done without damaging pistil. 
The emasculated buds were bagged with perforated wax 
coated paper bags which were secured at their open ends with 
thread to prevent contamination. Open flowers close to the 
emasculated buds were removed (Mir et al., 2013) [15]. 
 
2.4 Pollination 
Manual pollinations were conducted between 09:00 h and 
11:00 h during peak flowering period (Mir et al., 2013) [15]. 
Pollination was done by dusting the receptive stigma of 
emasculated flower with pollen from selected male parents. 
Immediately pollination, the flower buds were covered with 
paper bags and clipped to prevent contamination from 
undesirable pollen and were properly tagged in order to 
identify the pollen donor and recipient as well as the times 
that each particular cross was made (Amiteye et al., 2019) [4]. 
Detail of hybridization procedure in Ashwagandha is 
presented in Fig. 1. 
 
2.5 Cross ability success 
Success of cross ability was assessed through observation of 
each emasculated flower bud ten days after pollination. 
Fertilized flowers developed berry between 10 to 15 days 
after pollination depending on the accessions crossed. Where 
fertilization failed, the flowers dropped five to six days after 
pollination without developing any berry. Data on number of 
flower bud emasculated, number of flower bud pollinated, 
number of berry formed after pollination, number of cross 
berry matured and harvested were recorded. Success of 
crossability was determined by calculating berry set 
percentage by using the formula Berry Set per cent (BS) = 
(Number of berries harvested / Number of flower bud 
pollinated) × 100 as described by Amiteye et al. (2019) [3]. 
 
2.6 Evaluated traits 
The data of plant height (cm), number of berries per plant, 
seed yield per plant (g), root length (cm), root diameter (mm), 
fresh root yield per plant (g), dry root yield per plant (g) and 
total alkaloid content (%) were recorded on five randomly 
selected competitive plants from each genotype in each 
replication. Days to flowering and days to maturity were took 
by recording the number of days required to initiate flowering 
in 50 per cent plants and number of days required to reach 
physiological maturity in each genotype on plot basis. Root 
diameter (mm) was measured by Vernier calipers. The Total 
Alkaloid Content (TAC%) was estimated from dried root 
powder of all genotypes as per method suggested by Mishra 
(1998) [17]. 
 
2.7 Statistical analysis  
The analysis of variance was carried out to test the genetic 
divergence among the genotypes under study as per the 
method suggested by Panse and Sukhatme (1978) [19]. The 
combining ability analysis was carried out as per Kempthorne 
(1957) [10] procedures of Line × Tester and estimates the 
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general combining ability as well as specific combining 
ability effects and variance. The ratio of σ2gca/σ2sca was 
calculated to assess the nature of gene action controlling the 
expression of different traits under study. Heterosis was 
estimated as per cent increase or decrease in the mean value 
of F1 crosses over mid parent calculated by formula Mid 
parent heterosis (MP%) = (Mean of F1 - Mean of Parents / 
Mean of Parents) × 100 (Turner, 1953), over better parent by 
Heterobeltiosis (HB%) = (Mean of F1 - value of Better Parent 
/ value of Better Parent) × 100 (Fonseca and Patterson, 1968) 

[9] and over control variety by using the formula Standard 
heterosis (SH%) = (Mean of F1 - value of Control variety / 
value of Control variety) × 100 (Meredith and Bridge, 1972) 

[14]. The critical differences for testing the significance of mid 
parent heterosis was estimated using formula C.D. of RH = 
�(3Me /2r) × t. While for heterobeltiosis and standard 
heterosis were estimated by C.D. of HB or SH = 
�(2Me/r) × t. where, Me was error mean square, r was 
number of replications and t was the table value of t at 5 or 
1% level of significance. 
 
3. Results  
3.1 Crossability success 
The results of crossability success of twenty-eight crosses 
developed by crossing among four lines and seven testers 
through intraspecific hybridization is presented in Table 2. 
Crossability success was determined by calculation of berry 
set per cent using standard formula. Berry set per cent varied 
from 42.86% to 76.00% among twenty-eight different crosses. 
Cross L3 × T3 (76.00%) was reported to have highest berry set 
per cent followed by cross L4 × T6 (72.00%) and L1 × T3 
(70.83%) whereas cross L2 × T3 (42.86%) registered 
minimum berry set per cent.  
 
3.2 Genetic variance and gene action 
The priliminary statastical analysis revealed significant 
difference among the lines, testers and their crosses (F1) for 
all the characters under study (Table 3). These findings 
provided evidence for the presence of considerable amount of 
genetic variability among the parents and their crosses which 
may be helpful for the genetic improvement in Ashwagandha. 
Therefore, to study the combining ability and gene action 
through line × tester analysis was appropriate for the 
characters under the study. The analysis of variance for 
combining ability revealed the significance and higher SCA 
variance was observed for all the characters like days to 
flowering, days to maturity, plant height, number of berries 
per plant, seed yield per plant, root length, root diameter, 
fresh root yield per plant, dry root yield per plant and total 
alkaloid content which indicate the involvement of non-
additive gene action for controlling these characters. The ratio 
of GCA and SCA variance was found less than unity which 
provides further evidance for conforming prime role of non-
additive gene action for expression of all the traits under study 
(Kempthrone, 1957). These results were similar to Dhuri, 
2016 [6] and Adithya, 2020 [1]. 
 
3.3 Days to flowering 
The parents L2 (79.00) and T4 (79.00) took minimum days to 
flowering and among F1 crosses, L2 × T4 displayed the early 
flowering for this trait (Table 4). L1 (-1.00), L2 (-4.14), L4 (-
2.71), T5 (-2.38) and T6 (-3.46) showed significant GCA

effects in desired direction and proved to be good general 
combiners for this trait whereas twelve F1 crosses were 
reported to have significant negative SCA effects; among 
them cross L1 × T1 (-5.25) found to be the best specific 
combiner for this trait (Table 5 and 6). Based on heterosis, F1 
cross L4 × T5 expressed least heterosis over mid parent as well 
as better parent (-12.32%) and F1 cross L2 × T4 (-1.25%) was 
reported to be the best over standard control for this trait 
(Table 7). 
 
3.4 Days to maturity 
Among the parents, L2 (35.67) and T4 (135.00) were observed 
to have early maturing. Out of 28 F1 crosses, L1 × T2 (135.00) 
took minimum days to reach the maturity (Table 4). Parents 
L2 (-3.32), L4 (-1.94), T1 (-1.45) and T6 (-1.29) proved to be 
good general combiners for this trait based on significant 
negative GCA effect (Table 5). Among all the F1 crosses, ten 
crosses were reported to be significant and negative SCA 
effects L1 × T2 (-6.08) followed by L1 × T1 (-5.17). L1 × T3 (-
4.42), L4 × T6 (-3.81) and L2 × T4 (-2.76) were found best 
specific combiners for days to maturity (Table 6). L4 × T6 (-
6.24%) and L4 × T5 (-6.68%) were reported to be the best over 
mid parent and better parent, respectively (Table 7). 
 
3.5 Plant height 
Dwarfness is considered as a desirable trait in crop. The 
parent L2 (35.53 cm) and T5 (31.82 cm) while F1 cross L1 × T7 
(26.00) had minimum plant height (Table 4). Based on the 
significant GCA effects in desired direction, L1 (-3.76), L4 (-
2.19) T2 (-5.77) and T7 (-4.47) were registered as good 
general combiners for this character (Table 5). F1 crosses L2 
×T3 (-9.42), L4 × T4 (-8.33). L3 × T1 (-7.18) and L1 × T7 (-
5.78) had significant negative SCA effects and proved to be a 
good specific combiner for this trait (Table 6). Cross L1 × T7 
was found to be superior based on heterosis over mid parent (-
31.80%), better parent (-30.67%) and standard control (-
45.96%) (Table 7). 
 
3.6 Number of berries per plant 
Among the parent lines, L3 (66.87) and tester T2 (44.50) had 
highest numbers of berries per plant whereas cross L3 × T4 
(74.73) displayed the best performance for this character 
(Table 4). Based on significant positive GCA effects, parents 
L3 (6.77), L2 (3.78), T6 (12.16) and T4 (10.13) were reported 
as good general combiners for this character (Table 5). The 
estimates of SCA effects revealed that the cross L3 × T4 
(15.71) had highest positive SCA effects (Table 6). Among 
crosses, L2 × T5 (57.91%), L2 × T4 (44.78%) and L3 × T4 
(46.74%) were registered as best based on heterosis over mid 
parent, better parent and standard control, respectively (Table 
7). 
 
3.7 Seed yield per plant 
The parent with highest ranking for seed yield was L3 (2.70 g) 
followed by L1 (2.18 g) and among F1 crosses, L3 × T4 (3.52 
g) was reported as the best for this character (Table 4). Parent 
L2 (0.41), T4 (0.57) and T6 (0.54) were registered as good 
general combiners while, F1 cross L3 × T4 (1.38) had highest 
positive significant SCA effect for this trait. (Table 5 and 6). 
On the basis of heterosis over mid parent, better parent as well 
as standard control, best performing crosses were L2 × T5 
(107.57%), L4 × T6 (89.76%) and L3 × T4 (60.58%), 
respectively (Table 7).  

https://www.thepharmajournal.com/
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3.8 Root length 
The parent with top ranking for root length was L3 (15.70 cm) 
followed by T4 (15.21 cm) while, among F1 crosses, L4 × T6 
(17.29 cm) displayed the best performance for this character 
(Table 4). Based on significant GCA effects in desired 
direction, parents L4 (1.07), T6 (1.72) and T5 (1.12) were 
registered as good general combiners (Table 5). Cross L3 × T4 
(1.38) had highest positive significant SCA effect for this 
character (Table 6). The estimates of heterosis revealed that 
cross L4 × T6 was found to be superior over mid parent 
(19.22%), better parent (13.88%) and standard control 
(23.31%) for this character (Table 7). 
 
3.9 Root diameter 
Among the parents L1 (8.95 mm) and T3 (8.33 mm) whereas, 
the cross L1 × T6 (9.71 mm) were reported best for root 
diameter (Table 4). The parent T6 (1.17) was considered as 
good general combiner as it reported significant and positive 
GCA effect for this character. Cross L3 × T4 (1.91) had 
highest SCA effect followed by L4 × T7 (1.36) and it proved 
to be the best specific combiner for this character (Table 5 
and 6). Based on heterosis cross L1 × T6 (30.82%) was found 
to be the best for root diameter over the standard control 
(Table 7).  
 
3.10 Fresh root yield  
The parent T4 (3.20 g) was possessed the maximum fresh root 
yield per plant followed by L3 (3.06 g) and among the crosses, 
L4 × T6 (4.43 g) displayed the best performance for this 
character (Table 4). GCA effect with positive significant 
value was registered by parents T6 (0.81), T5 (0.32) as well as 
L4 (0.24) and they proved to be a good general combiner for 
this trait (Table 5). Meanwhile, cross L3 × T4 (1.14) had the 
highest significant positive SCA effect for this character 
(Table 5). Cross L4 × T6 was registered as best cross for fresh 
root yield based on heterosis over mid parent (88.51%), better 
parent (68.23%) and standard control (39.70%) (Table 7). 
 
3.11 Dry root yield 
Among the parents, L2 (1.57 g) followed by T4 (1.53 g) 
recorded maximum dry root yield. Cross L4 × T6 (2.03 g) had 
the highest dry root yield (Table 4). The parents L4 (0.15), T6 
(0.37) and T5 (0.11) were proved to be good general 
combiners as they showed significant and positive GCA effect 
for this trait (Table 5). Meanwhile, seven crosses were 
registered with significant SCA effect in desired direction for 
this character viz. L3 × T4 (0.68), L4 × T7 (0.53), L1 × T6 
(0.28), L1 × T2 (0.28), L2 × T5 (0.27), L4 × T6 (0.18) and L2 × 
T1 (0.18) (Table 6). Based on significant and positive 
heterosis over mid parent, better parent as well as standard

control, cross L4 × T6, L1 × T6, L3 × T4 and L4 × T7 were 
reported as best crosses for dry root yield (Table 7).  
 
3.12 Total alkaloid content  
The parent L3 (2.81%) followed by T5 (2.59%) and cross L1 × 
T2 (2.99%) had maximum total alkaloid content in dry root 
powder of Ashwagandha (Table 4). Significant and positive 
estimates of GCA effect for this trait were displayed by the 
parents L4 (0.21), T5 (0.36) as well as T6 (0.21) and they 
proved to be good general combiners (Table 5). Meanwhile, 
cross L2 × T1 (0.89) had reported maximum SCA effect for 
this character (Table 6). Among all the crosses, L2 × T1 
registered significant heterosis in desired direction over mid 
parent (59.84%) as well as better parent (56.63%) and L1 × T2 
was found to be best over standard control (18.66%) for this 
character (Table 7).  
 
4. Discussion  
High fertility variations were observed in the berry set per 
cent among the intraspecific crosses of Ashwagandha. Major 
causes of fertility variation might be due to poor 
synchronisation in flowering, pollen viability, stigma 
receptivity and cytoplasmic-genic relationship (Stebbins, 
1958) [24]. Genetic relationships among the genotypes were 
playing an important role in determining the crossability 
success after artificial pollination (Ogburia and Okele, 2001; 
Koelling et al., 2011) [18, 11]. 
The analysis of variance revealed a significant difference 
among all the genotypes for each trait which indicates 
presence of sufficient genetic variability in the material under 
study. The variance due to SCA was higher than GCA 
variance for all the characters which suggests the prime role 
of non-additive gene action for expression of each trait. 
Therefore, heterosis breeding may be rewarding for the 
genetic improvement of Ashwagandha. The superiority of 
crosses over the parents indicates the ability of parental 
combination to give high level of transgressive segregation 
(Fonseca and Patterson, 1968) [9]. Therefore, heterosis study 
was carried out to estimate hybrid vigour to know the genetic 
makeup of parents and create variation through segregation 
and recombination. In the present investigation based on GCA 
effects of parents line L4 and tester T5 as well as T6 were 
reported good general combiners for dry root yield and its 
component traits. Whereas, based on per se performance, 
heterotic effect and SCA effect, crosses L1 × T6, L4 × T6, L3 × 
T4 and L4 × T7 displayed best results for dry root yield, its 
component traits and quality (Fig. 2). Therefore, these parents 
and crosses should be taken in the future generation 
advancement program for getting good transgressive 
segregants. 

 
Table 1: Parents and crosses made during the experiment 

 

 Name of parent  Crosses  Crosses  Crosses 
L1 SKA-11 L1 × T1 SKA-11 × SKA-3 L2 × T6 SKA-15 × SKA-31 L4 × T4 SKA-36 × SKA-26 
L2 SKA-15 L1 × T2 SKA-11 × SKA-9 L2 × T7 SKA-15 × IC 310620 L4 × T5 SKA-36 × SKA-28 
L3 SKA-27 L1 × T3 SKA-11 × SKA-17 L3 × T1 SKA-27 × SKA-3 L4 × T6 SKA-36 × SKA-31 
L4 SKA-36 L1 × T4 SKA-11 × SKA-26 L3 × T2 SKA-27 × SKA-9 L4 × T7 SKA-36 × IC 310620 
T1 SKA-3 L1 × T5 SKA-11 × SKA-28 L3 × T3 SKA-27 × SKA-17   
T2 SKA-9 L1 × T6 SKA-11 × SKA-31 L3 × T4 SKA-27 × SKA-26   
T3 SKA-17 L1 × T7 SKA-11 × IC 310620 L3 × T5 SKA-27 × SKA-28   
T4 SKA-26 L2 × T1 SKA-15 × SKA-3 L3 × T6 SKA-27 × SKA-31   
T5 SKA-28 L2 × T2 SKA-15 × SKA-9 L3 × T7 SKA-27 × IC 310620   
T6 SKA-31 L2 × T3 SKA-15 × SKA-17 L4 × T1 SKA-36 × SKA-3   
T7 IC 310620 L2 × T4 SKA-15 × SKA-26 L4 × T2 SKA-36 × SKA-9   

GAA-1 Gujarat Anand Ashwagandha-1 L2 × T5 SKA-15 × SKA-28 L4 × T3 SKA-36 × SKA-17   
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Table 2: Berry set percentage of different crosses in Ashwagandha 
 

Sr. No. Crosses NEF NFP NBF NBH BS (%) Sr. No. Crosses NEF NFP NBF NBH BS (%) 
1 L1 × T1 30 25 15 14 56.00 15 L3 × T1 35 30 23 18 60.00 
2 L1 × T2 30 23 20 15 65.22 16 L3 × T2 35 30 18 14 46.67 
3 L1 × T3 30 24 20 17 70.83 17 L3 × T3 30 25 22 19 76.00 
4 L1 × T4 30 26 20 18 69.23 18 L3 × T4 34 30 23 18 60.00 
5 L1 × T5 30 23 20 15 65.22 19 L3 × T5 35 30 22 17 56.67 
6 L1 × T6 35 35 22 19 54.29 20 L3 × T6 30 28 20 18 64.29 
7 L1 × T7 30 30 21 17 56.67 21 L3 × T7 30 30 22 19 63.33 
8 L2 × T1 40 40 34 25 62.50 22 L4 × T1 35 30 20 17 56.67 
9 L2 × T2 35 33 22 18 54.55 23 L4 × T2 35 30 20 18 60.00 
10 L2 × T3 40 35 20 15 42.86 24 L4 × T3 40 35 25 20 57.14 
11 L2 × T4 30 25 20 15 60.00 25 L4 × T4 30 28 21 17 60.71 
12 L2 × T5 30 25 19 15 60.00 26 L4 × T5 30 25 20 16 64.00 
13 L2 × T6 35 35 23 20 57.14 27 L4 × T6 30 25 22 18 72.00 
14 L2 × T7 30 30 22 18 60.00 28 L4 × T7 30 27 23 17 62.96 

NEF : Number of emasculated flower bud NBH : Number of berries harvested 
NFP : Number of flower bud pollinated BS : Berry set percentage (%) 
NBF : Number of berries formed (%)   

Bolded and underlined values represent respectively highest and lowest berry set percentage BS (%) 
 

Table 3 Analysis of variance for measured characters in Ashwagandha 
 

Source of 
variation d.f. Mean sum of square 

DF  DM  PH (cm)  NBP  SYP (g)  RL (cm)  RD (mm)  FRY (g)  DRY (g)  TAC (%)  
Replications 2 4.00  2.22  48.59  62.67  0.02  6.01  2.19  0.01  0.07  0.01  
Genotypes 38 125.86 ** 74.32 ** 129.62 ** 448.45 ** 1.19 ** 8.70 ** 2.63 ** 1.32 ** 0.28 ** 0.84 ** 

Parents 10 101.70 ** 64.54 ** 98.20 ** 320.51 ** 0.82 ** 2.87  1.29  0.81 ** 0.15 ** 0.89 ** 
Lines 3 610.86 ** 330.52 ** 284.04 ** 817.60 ** 1.98 ** 13.39 ** 1.43  0.58 * 0.32 ** 0.79 ** 

Testers 6 67.14 ** 19.08 ** 234.21 ** 811.75 ** 1.99 ** 14.16 ** 5.75 ** 2.65 ** 0.45 ** 0.66 ** 
Crosses 27 137.41 ** 76.14 ** 145.59 ** 510.78 ** 1.36 ** 10.99 ** 3.20 ** 1.55 ** 0.34 ** 0.80 ** 
Error 76 2.94  2.44  20.51  27.33  0.04  2.10  1.25  0.15  0.03  0.01  

Estimates of variance component 
σ2 gca  15.59 * 7.40 * 10.07 * 27.60  0.06  0.26  0.06  0.02  0.01  -  
σ2 sca  26.46 ** 16.91 ** 23.49 ** 110.15 ** 0.34 ** 2.43 ** 0.44 * 0.40 ** 0.10 ** 0.28 ** 

σ2 gca/ σ2 sca  0.59  0.44  0.43  0.26  0.17  0.11  0.14  0.05  0.05  -  
*and** indicate significant at 5 per cent and 1 per cent levels of significance, respectively 

Where, ‘-’ indicates -ve estimates. 
DF : Days to flowering RL : Root length 
DM : Days to maturity RD : Root diameter 
PH : Plant height FRY : Fresh root yield per plant 

NBP : Number of berries per plant DRY : Dry root yield per plant 
SYP : Seed yield per plant TAC : Total alkaloid content 

 
Table 4: Mean of parent’s accessions and their F1 crosses for measured characters in Ashwagandha 

 

Genotypes DF DM PH (cm) NBP SYP (g) RL (cm) RD (mm) FRY (g) DRY (g) TAC (%) 
L1 84.00 136.67 37.50 50.89 2.18 15.02 8.95 3.05 1.50 2.64 
L2 79.00 135.67 35.53 42.60 1.77 14.67 7.69 3.00 1.57 1.66 
L3 81.33 137.00 53.07 66.87 2.70 15.70 8.86 3.06 1.49 2.81 
L4 94.67 147.67 42.20 49.40 1.22 15.18 7.73 2.07 1.54 2.61 
T1 83.33 137.33 39.17 40.97 1.67 14.72 7.48 2.86 1.33 1.59 
T2 89.00 146.00 42.39 44.50 1.68 13.41 6.57 1.43 0.83 1.47 
T3 80.67 138.00 40.13 41.87 1.27 12.54 8.33 2.57 1.17 1.51 
T4 79.00 135.00 47.53 44.07 1.70 15.21 8.14 3.20 1.53 1.94 
T5 96.00 146.67 31.82 26.63 0.70 13.27 7.76 2.88 1.38 2.59 
T6 85.67 141.00 40.07 33.87 1.37 13.82 7.99 2.63 1.23 1.52 
T7 84.33 140.00 38.75 36.83 1.50 14.22 7.95 2.75 1.42 2.41 

L1 × T1 81.00 135.33 37.82 44.72 1.33 14.63 8.37 2.91 1.34 1.98 
L1 × T2 81.00 135.00 33.53 35.92 1.65 15.63 7.60 2.90 1.61 2.99 
L1 × T3 81.67 138.33 42.00 39.88 1.38 13.92 7.91 2.44 1.33 1.87 
L1 × T4 89.00 146.33 40.42 43.40 1.44 12.90 7.19 2.59 1.15 1.76 
L1 × T5 84.00 143.67 34.14 26.72 0.94 12.80 7.42 2.64 1.19 2.92 
L1 × T6 84.33 145.67 39.86 56.78 1.64 16.96 9.71 3.97 2.00 2.91 
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L1 × T7 99.00 149.33 26.00 15.44 0.60 11.23 5.73 1.10 0.79 2.29 
L2 × T1 83.33 140.00 43.02 48.35 1.60 13.50 8.09 2.99 1.39 2.60 
L2 × T2 84.00 137.67 34.20 32.53 1.57 12.03 7.32 2.23 1.23 2.41 
L2 × T3 86.00 141.00 31.03 33.87 1.52 12.40 6.74 2.16 1.14 2.31 
L2 × T4 79.33 137.00 49.93 63.80 2.77 12.59 6.68 2.58 1.13 1.63 
L2 × T5 82.33 141.33 46.08 54.67 2.56 15.80 8.99 3.57 1.69 2.48 
L2 × T6 79.67 137.00 45.43 56.67 2.67 14.58 9.08 2.71 1.44 1.41 
L2 × T7 83.33 139.33 41.53 31.40 1.50 12.33 7.23 2.40 1.17 1.66 
L3 × T1 104.67 151.00 38.00 39.67 1.00 10.38 6.77 1.82 0.75 1.54 
L3 × T2 90.67 145.67 35.33 41.48 1.63 12.82 6.34 2.37 1.10 1.65 
L3 × T3 93.67 148.67 49.15 49.37 1.41 12.40 7.20 2.29 1.18 2.30 
L3 × T4 101.00 150.33 57.73 74.73 3.52 17.28 9.09 3.84 1.83 2.85 
L3 × T5 88.00 146.67 41.72 47.93 0.69 14.90 8.21 2.55 1.23 2.68 
L3 × T6 88.67 146.33 52.02 46.91 1.71 13.52 7.78 2.99 1.34 2.96 
L3 × T7 95.33 147.67 36.75 42.17 1.00 11.05 7.33 2.21 0.79 1.91 
L4 × T1 80.00 137.33 44.42 33.88 1.96 15.18 8.71 2.99 1.41 1.71 
L4 × T2 91.33 147.67 33.93 43.45 1.50 14.63 7.46 2.37 1.30 2.25 
L4 × T3 87.33 144.67 33.25 22.17 0.94 12.83 6.75 1.71 1.04 2.48 
L4 × T4 81.67 138.67 35.33 27.07 1.03 12.55 6.77 2.30 1.10 2.94 
L4 × T5 83.00 138.33 36.23 30.72 1.73 16.43 9.04 3.39 1.63 2.63 
L4 × T6 80.33 135.33 43.73 56.78 2.59 17.29 9.22 4.43 2.03 2.82 
L4 × T7 84.33 141.00 37.89 38.92 1.39 15.63 9.07 3.50 1.82 2.88 
GAA-1 80.33 137.33 48.11 50.93 2.19 14.02 7.42 3.17 1.53 2.52 

Parental mean 85.18 140.09 40.74 43.50 1.61 14.34 7.95 2.68 1.36 2.07 
Crosses mean 86.71 142.37 40.02 42.12 1.62 13.86 7.78 2.71 1.33 2.31 
General mean 86.13 141.62 40.42 42.72 1.63 14.00 7.82 2.71 1.34 2.25 

Range Min. 79.00 135.00 26.00 15.44 0.60 10.38 5.73 1.10 0.75 1.41 
Max. 104.67 151.00 57.73 74.73 3.52 17.29 9.71 4.43 2.03 2.99 

S.Em.± 0.98 0.89 2.68 3.01 0.11 0.84 0.64 0.22 0.09 0.04 
C.D. at 5% 2.77 2.51 7.54 8.49 0.31 2.36 1.80 0.61 0.26 0.10 

C.V.% 1.98 1.09 11.48 12.22 11.70 10.37 14.16 13.78 12.05 2.73 
 

Table 5: Estimation of general combining ability (gca) effects of parents for measured characters in Ashwagandha 
 

Parents DF DM PH NBP SYP RL RD FRY DRY TAC 

Lines 

L1 -1.00 ** -0.42  -3.76 ** -4.57 ** -0.33 ** 0.15  -0.08  -0.06  0.02  0.07 ** 
L2 -4.14 ** -3.32 ** 1.59  3.78 ** 0.41 ** -0.55  -0.05  -0.05  -0.01  -0.24 ** 
L3 7.86 ** 5.68 ** 4.37 ** 6.77 ** -0.05  -0.67 * -0.25  -0.13  -0.15 ** -0.04 ** 
L4 -2.71 ** -1.94 ** -2.19 * -5.98 ** -0.02  1.07 ** 0.37  0.24 ** 0.15 ** 0.21 ** 

S.Em.± 0.3474  0.3110  1.0357  1.1724  0.0451  0.3263  0.2521  0.0853  0.0332  0.0136  

Testers 

T1 0.54  -1.45 ** 0.79  -0.47  -0.14 * -0.44  0.21  -0.03  -0.10 * -0.36 ** 
T2 0.04  -0.87 * -5.77 ** -3.77 * -0.03  -0.09  -0.60  -0.24 * -0.02  0.01  
T3 0.45  0.80  -1.16  -5.80 ** -0.31 ** -0.98 * -0.63  -0.56 ** -0.16 ** -0.08 ** 
T4 1.04 * 0.71  5.84 ** 10.13 ** 0.57 ** -0.03  -0.35  0.11  -0.02  -0.02  
T5 -2.38 ** 0.13  -0.47  -2.11  -0.14 * 1.12 * 0.63  0.32 ** 0.11 * 0.36 ** 
T6 -3.46 ** -1.29 ** 5.24 ** 12.16 ** 0.54 ** 1.72 ** 1.17 ** 0.81 ** 0.37 ** 0.21 ** 
T7 3.79 ** 1.96 ** -4.47 ** -10.14 ** -0.49 ** -1.30 ** -0.44  -0.41 ** -0.19 ** -0.13 ** 

S.Em.± 0.4595  0.4114  1.3701  1.5509  0.0597  0.4316  0.3335  0.1128  0.0439  0.0180  

Range Min. -4.14  -3.32  -5.77  -10.14  -0.49  -1.3  -0.63  -0.56  -0.19  -0.36  
Max. 7.86  5.68  5.84  12.16  0.57  1.72  1.17  0.81  0.37  0.36  

Positive 6  5  5  4  3  4  4  4  4  5  
No. of +ve significant 3  2  3  4  3  3  1  3  3  4  

Negative 5  6  6  7  8  7  7  7  7  6  
No. of -ve significant 5  5  4  5  5  3  0  3  4  4  
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Table 6: Estimation of specific combining ability (sca) effects in F1 generation for measured characters in Ashwagandha 
 

Crosses DF DM PH NBP SYP RL RD FRY DRY TAC 
L1 × T1 -5.25 ** -5.17 ** 0.77  7.63 * 0.19  1.06  0.46  0.29  0.10  -0.05  
L1 × T2 -4.75 ** -6.08 ** 3.04  2.14  0.40 ** 1.70  0.50  0.50 * 0.28 ** 0.59 ** 
L1 × T3 -4.50 ** -4.42 ** 6.91 * 8.13 * 0.40 ** 0.89  0.83  0.35  0.14  -0.44 ** 
L1 × T4 2.25 * 3.67 ** -1.67  -4.28  -0.41 ** -1.08  -0.17  -0.18  -0.17  -0.61 ** 
L1 × T5 0.67  1.58  -1.64  -8.72 ** -0.20  -2.32 ** -0.92  -0.33  -0.26 ** 0.17 ** 
L1 × T6 2.08 * 5.00 ** -1.64  7.06 * -0.18  1.23  0.84  0.51 * 0.28 ** 0.31 ** 
L1 × T7 9.50 ** 5.42 ** -5.78 * -11.97 ** -0.19  -1.48  -1.53 * -1.14 ** -0.37 ** 0.03  
L2 × T1 0.23  2.40 ** 0.62  2.92  -0.28 * 0.62  0.15  0.36  0.18 * 0.89 ** 
L2 × T2 1.39  -0.51  -1.63  -9.59 ** -0.43 ** -1.21  0.18  -0.19  -0.06  0.33 ** 
L2 × T3 2.98 ** 1.15  -9.42 ** -6.23 * -0.20  0.06  -0.36  0.06  -0.02  0.31 ** 
L2 × T4 -4.27 ** -2.76 ** 2.49  7.77 * 0.17  -0.69  -0.71  -0.19  -0.16  -0.42 ** 
L2 × T5 2.14 * 2.15 * 4.95  10.88 ** 0.67 ** 1.36  0.62  0.58 * 0.27 ** 0.04  
L2 × T6 0.56  -0.76  -1.42  -1.39  0.11  -0.46  0.18  -0.77 ** -0.25 ** -0.87 ** 
L2 × T7 -3.02 ** -1.68 * 4.40  -4.36  -0.03  0.32  -0.06  0.15  0.04  -0.28 ** 
L3 × T1 9.56 ** 4.40 ** -7.18 * -8.76 ** -0.42 ** -2.37 ** -0.97  -0.73 ** -0.32 ** -0.38 ** 
L3 × T2 -3.94 ** -1.51  -3.28  -3.64  0.10  -0.28  -0.59  0.03  -0.06  -0.63 ** 
L3 × T3 -1.36  -0.18  5.92 * 6.27 * 0.15  0.18  0.30  0.27  0.16  0.10 ** 
L3 × T4 5.39 ** 1.57  7.51 ** 15.71 ** 1.38 ** 4.12 ** 1.91 ** 1.14 ** 0.68 ** 0.60 ** 
L3 × T5 -4.19 ** -1.51  -2.20  1.15  -0.74 ** 0.59  0.04  -0.36  -0.05  0.05  
L3 × T6 -2.44 ** -0.43  2.39  -14.15 ** -0.39 ** -1.40  -0.92  -0.40  -0.21 * 0.48 ** 
L3 × T7 -3.02 ** -2.35 ** -3.16  3.41  -0.07  -0.84  0.23  0.04  -0.20 * -0.23 ** 
L4 × T1 -4.54 ** -1.64 * 5.79 * -1.79  0.51 ** 0.69  0.36  0.07  0.04  -0.46 ** 
L4 × T2 7.30 ** 8.11 ** 1.88  11.09 ** -0.06  -0.21  -0.09  -0.34  -0.16  -0.29 ** 
L4 × T3 2.88 ** 3.44 ** -3.42  -8.17 ** -0.34 ** -1.13  -0.77  -0.69 ** -0.28 ** 0.03  
L4 × T4 -3.37 ** -2.48 ** -8.33 ** -19.20 ** -1.13 ** -2.35 ** -1.03  -0.77 ** -0.35 ** 0.43 ** 
L4 × T5 1.38  -2.23 ** -1.12  -3.31  0.27 * 0.38  0.26  0.11  0.05  -0.27 ** 
L4 × T6 -0.20  -3.81 ** 0.66  8.48 ** 0.47 ** 0.63  -0.09  0.66 ** 0.18 * 0.08 * 
L4 × T7 -3.45 ** -1.39  4.54  12.92 ** 0.29 * 2.00 * 1.36 * 0.95 ** 0.53 ** 0.48 ** 

Range Min. -5.25  -6.08  -9.42  -19.2  -1.13  -2.37  -1.53  -1.14  -0.37  -0.87  
Max. 9.56  8.11  7.51  15.71  1.38  4.12  1.91  1.14  0.68  0.89  

S.Em.± 0.9190  0.8229  2.7402  3.1019  0.1193  0.8632  0.6671  0.2256  0.0879  0.036  
Positive 14  11  14  14  13  15  15  16  13  16  

No. of +ve significant 9  8  4  10  8  2  2  6  7  12  
Negative 14  17  14  14  15  13  13  12  15  12  

No. of -ve significant 12  10  4  8  8  3  1  5  8  11  
*and** indicate significant at 5 per cent and 1 per cent levels of significance, respectively 
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Table 7: Magnitude of heterosis for measured characters in Ashwagandha 
 

Crosses DF DM PH 
MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) 

L1 × T1 -3.19 * -2.80  0.84  -1.22  -0.98  -1.46  -1.35  0.84  -21.4 ** 
L1 × T2 -6.36 ** -3.57 * 0.84  -4.48 ** -1.22  -1.70  -16.07 * -10.6  -30.32 ** 
L1 × T3 -0.81  1.24  1.67  0.73  1.22  0.74  8.21  12.01  -12.71  
L1 × T4 9.20 ** 12.66 ** 10.8 ** 7.73 ** 8.40 ** 6.56 ** -4.92  7.80  -15.98 * 
L1 × T5 -6.67 ** 0.00  4.57 * 1.41  5.12 ** 4.62 ** -1.51  7.28  -29.04 ** 
L1 × T6 -0.59  0.40  4.99 ** 4.92 ** 6.59 ** 6.08 ** 2.78  6.29  -17.15 * 
L1 × T7 17.62 ** 17.86 ** 23.25 ** 7.95 ** 9.27 ** 8.75 ** -31.80 ** -30.67 ** -45.96 ** 
L2 × T1 2.67  5.49 ** 3.74 * 2.56 ** 3.19 ** 1.95 * 15.17  21.06 * -10.59  
L2 × T2 0.00  6.33 ** 4.57 * -2.25 ** 1.47  0.25  -12.22  -3.75  -28.92 ** 
L2 × T3 7.72 ** 8.86 ** 7.06 ** 3.05 ** 3.93 ** 2.68 ** -17.99 * -12.68  -35.51 ** 
L2 × T4 0.42  0.42  -1.25  1.23  1.48  -0.25  20.22 * 40.53 ** 3.79  
L2 × T5 -5.90 ** 4.22 * 2.50  0.12  4.18 ** 2.92 ** 36.83 ** 44.81 ** -4.22  
L2 × T6 -3.24 * 0.84  -0.83  -0.96  0.98  -0.25  20.19 * 27.86 ** -5.57  
L2 × T7 2.04  5.49 ** 3.74 * 1.09  2.70 ** 1.46  11.82  16.89  -13.68  
L3 × T1 27.13 ** 28.69 ** 30.3 ** 10.09 ** 10.22 ** 9.96 ** -17.60 * -2.98  -21.02 ** 
L3 × T2 6.46 ** 11.48 ** 12.87 ** 2.94 ** 6.33 ** 6.08 ** -25.97 ** -16.65  -26.56 ** 
L3 × T3 15.64 ** 16.12 ** 16.61 ** 8.12 ** 8.52 ** 8.26 ** 5.47  22.47 * 2.17  
L3 × T4 25.99 ** 27.85 ** 25.74 ** 10.54 ** 11.36 ** 9.47 ** 14.78 * 21.46 ** 20.01 * 
L3 × T5 -0.75  8.20 ** 9.55 ** 3.41 ** 7.06 ** 6.8 ** -1.72  31.09 ** -13.29  
L3 × T6 6.19 ** 9.02 ** 10.38 ** 5.28 ** 6.81 ** 6.56 ** 11.72  29.84 ** 8.14  
L3 × T7 15.09 ** 17.21 ** 18.68 ** 6.62 ** 7.79 ** 7.53 ** -19.95 ** -5.16  -23.62 ** 
L4 × T1 -10.11 ** -4.00 * -0.42  -3.63 ** 0.00  0.01  9.18  13.4  -7.68  
L4 × T2 -0.54  2.62  13.70 ** 0.57  1.14  7.53 ** -19.77 * -19.59 * -29.47 ** 
L4 × T3 -0.38  8.26 ** 8.72 ** 1.28  4.83 ** 5.35 ** -19.23 * -17.15  -30.89 ** 
L4 × T4 -5.95 ** 3.38  1.67  -1.89 * 2.72 ** 0.98  -21.25 ** -16.27  -26.56 ** 
L4 × T5 -12.94 ** -12.32 ** 3.33  -6.00 ** -5.68 ** 0.74  -2.10  13.86  -24.69 ** 
L4 × T6 -10.91 ** -6.23 ** 0.01  -6.24 ** -4.02 ** -1.46  6.32  9.15  -9.10  
L4 × T7 -5.77 ** 0.00  4.99 ** -1.97 * 0.71  2.68 ** -6.39  -2.22  -21.25 ** 
S.Em.± 1.2121  1.3997  1.3997  1.1029  1.2736  1.2736  3.2018  3.6971  3.6971  

Range Min. -12.94  -12.32  -1.25  -6.24  -5.68  -1.70  -31.80  -30.67  -45.96  
Max. 27.13  28.69  30.30  10.54  11.36  9.96  36.83  44.81  20.01  

Positive 13  23  25  19  24  23  12  17  4  
No. of +ve significant 9  15  18  12  17  17  4  8  1  

Negative 15  5  3  9  4  5  16  11  24  
No. of -ve significant 10  4  0  7  2  0  9  2  16  

Here, MP indicates mid parent heterosis, HB indicates heterobeltiosis and SH indicates standard heterosis 
*and** indicate significant at 5 per cent and 1 per cent levels of significance, respectively 
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Table 7: Cont. 
 

Crosses NBP SYP RL 
MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) 

L1 × T1 -2.65  -12.13  -12.20  -31.08 ** -39.24 ** -39.43 ** -1.59  -2.57  4.38  
L1 × T2 -24.7 ** -29.42 ** -29.48 ** -14.66 * -24.43 ** -24.66 ** 9.93  4.04  11.47  
L1 × T3 -14.00  -21.63 * -21.69 * -20.19 * -36.95 ** -37.14 ** 1.03  -7.30  -0.69  
L1 × T4 -8.59  -14.72  -14.79  -25.67 ** -33.89 ** -34.10 ** -14.68 * -15.21  -8.01  
L1 × T5 -31.06 ** -47.49 ** -47.54 ** -34.34 ** -56.64 ** -56.93 ** -9.49  -14.76  -8.68  
L1 × T6 33.98 ** 11.57  11.49  -7.79  -25.04 ** -25.27 ** 17.61 * 12.92  20.98 * 
L1 × T7 -64.79 ** -69.65 ** -69.68 ** -67.45 ** -72.52 ** -72.68 ** -23.21 ** -25.26 ** -19.92 * 
L2 × T1 15.71  13.50  -5.07  -6.80  -9.43  -26.95 ** -8.17  -8.31  -3.73  
L2 × T2 -25.3 ** -26.89 ** -36.13 ** -9.18  -11.32  -28.47 ** -14.35  -18.04 * -14.23  
L2 × T3 -19.81 * -20.50 * -33.51 ** 0.00  -14.15  -30.75 ** -8.88  -15.49  -11.56  
L2 × T4 47.23 ** 44.78 ** 25.27 ** 59.62 ** 56.60 ** 26.34 ** -15.72 * -17.20 * -10.18  
L2 × T5 57.92 ** 28.33 ** 7.34  107.57 ** 44.91 ** 16.90 * 13.06  7.66  12.68  
L2 × T6 48.21 ** 33.02 ** 11.27  70.43 ** 51.13 ** 21.92 ** 2.36  -0.61  4.01  
L2 × T7 -20.94 * -26.29 * -38.35 ** -8.26  -15.09  -31.51 ** -14.63 * -15.95  -12.04  
L3 × T1 -26.43 ** -40.68 ** -22.12 * -54.20 ** -62.96 ** -54.34 ** -31.75 ** -33.87 ** -25.97 ** 
L3 × T2 -25.5 ** -37.96 ** -18.55 * -25.48 ** -39.51 ** -25.42 ** -11.89  -18.31 * -8.53  
L3 × T3 -9.20  -26.17 ** -3.07  -28.91 ** -47.78 ** -35.70 ** -12.20  -21.02 ** -11.60  
L3 × T4 34.74 ** 11.76  46.74 ** 59.85 ** 30.25 ** 60.58 ** 11.84  10.11  23.28 ** 
L3 × T5 2.53  -28.32 ** -5.89  -59.61 ** -74.57 ** -68.73 ** 2.88  -5.08  6.28  
L3 × T6 -6.86  -29.85 ** -7.90  -15.90 * -36.67 ** -21.92 ** -8.39  -13.87  -3.57  
L3 × T7 -18.68 * -36.94 ** -17.21 * -52.26 ** -62.84 ** -54.34 ** -26.11 ** -29.58 ** -21.18 * 
L4 × T1 -25.01 ** -31.41 ** -33.48 ** 35.95 ** 17.60  -10.51  1.54  0.00  8.28  
L4 × T2 -7.45  -12.04  -14.69  3.45  -10.89  -31.51 ** 2.37  -3.60  4.38  
L4 × T3 -51.42 ** -55.13 ** -56.48 ** -24.03 * -25.53 * -56.93 ** -7.47  -15.50 * -8.53  
L4 × T4 -42.08 ** -45.21 ** -46.86 ** -29.14 ** -39.22 ** -52.82 ** -17.39 * -17.47 * -10.47  
L4 × T5 -19.20  -37.82 ** -39.69 ** 80.17 ** 41.92 ** -21.16 ** 15.48 * 8.21  17.16 * 
L4 × T6 36.37 ** 14.93  11.49  100.77 ** 89.76 ** 18.35 * 19.22 ** 13.88  23.31 ** 
L4 × T7 -9.74  -21.22 * -23.59 ** 2.21  -7.54  -36.53 ** 6.33  2.96  11.49  
S.Em.± 3.6961  4.2679  4.2679  0.1348  0.1557  0.1557  1.0242  1.1826  1.1826  

Range Min. -64.79  -69.65  -69.68  -67.45  -74.57  -72.68  -31.75  -33.87  -25.97  
Max. 57.92  44.78  46.74  107.57  89.76  60.58  19.22  13.88  23.31  

Positive 8  7  6  10  7  5  12  8  12  
No. of +ve significant 6  3  2  7  6  5  3  0  4  

Negative 20  21  22  18  21  23  16  20  16  
No. of -ve significant 11  18  15  14  15  22  7  9  3  

Here, MP indicates mid parent heterosis, HB indicates heterobeltiosis and SH indicates standard heterosis 
*and** indicate significant at 5 per cent and 1 per cent levels of significance, respectively 
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Table 7: Cont. 
 

Crosses RD FRY DRY TAC 
MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) MP (%) HB (%) SH (%) 

L1 × T1 1.85  -6.48  12.77  -1.58  -4.69  -8.21  -5.06  -10.24  -12.21  -6.69 ** -25.22 ** -21.57 ** 
L1 × T2 -2.04  -15.05  2.42  29.42 * -4.91  -8.44  38.20 ** 7.57  5.23  45.50 ** 13.11 ** 18.66 ** 
L1 × T3 -8.45  -11.62  6.56  -13.17  -20.09 * -23.00 * -0.25  -11.14  -13.08  -9.88 ** -29.26 ** -25.80 ** 
L1 × T4 -15.90  -19.67  -3.15  -17.27 * -19.17 * -18.41  -23.87 ** -24.78 ** -24.62 ** -23.29 ** -33.54 ** -30.30 ** 
L1 × T5 -11.20  -17.10  -0.05  -11.01  -13.54  -16.83  -17.03 * -20.27 * -22.01 * 11.79 ** 10.59 ** 16.01 ** 
L1 × T6 14.65  8.49  30.82 * 39.51 ** 29.91 ** 25.14 * 46.52 ** 33.63 ** 30.72 ** 39.52 ** 9.96 ** 15.35 ** 
L1 × T7 -32.15 ** -35.92 ** -22.74  -62.11 ** -63.97 ** -65.40 ** -45.83 ** -47.22 ** -48.37 ** -9.23 ** -13.24 ** -9.00 ** 
L2 × T1 6.66  5.25  9.03  2.16  -0.22  -5.58  -3.91  -11.06  -8.94  59.84 ** 56.63 ** 3.18  
L2 × T2 2.64  -4.81  -1.38  0.75  -25.56 * -29.55 ** 2.78  -21.28 * -19.39 * 54.16 ** 45.18 ** -4.37 * 
L2 × T3 -15.82  -19.06  -9.19  -22.40 * -28.00 ** -31.87 ** -16.93 * -27.45 ** -25.71 ** 45.68 ** 38.96 ** -8.47 ** 
L2 × T4 -15.65  -18.01  -9.99  -16.67  -19.27 * -18.51  -26.88 ** -27.66 ** -25.93 ** -9.18 ** -15.66 ** -35.19 ** 
L2 × T5 16.38  15.86  21.10  21.32 * 18.89  12.52  14.93  8.09  10.68  16.64 ** -4.25 * -1.72  
L2 × T6 15.82  13.65  22.34  -3.79  -9.67  -14.57  3.10  -7.87  -5.78  -11.41 ** -15.06 ** -44.05 ** 
L2 × T7 -7.54  -9.09  -2.57  -16.57  -20.00  -24.30 * -21.88 ** -25.53 ** -23.75 ** -18.43 ** -31.12 ** -34.13 ** 
L3 × T1 -17.11  -23.55 * -8.72  -38.63 ** -40.63 ** -42.70 ** -46.81 ** -49.55 ** -50.99 ** -30.15 ** -45.25 ** -39.03 ** 
L3 × T2 -17.82  -28.44 ** -14.56  5.49  -22.55 * -25.24 * -5.17  -26.01 ** -28.11 ** -22.93 ** -41.33 ** -34.66 ** 
L3 × T3 -16.18  -18.70  -2.95  -18.48  -25.05 * -27.66 ** -10.92  -20.40 * -22.66 * 6.49 ** -18.17 ** -8.87 ** 
L3 × T4 6.96  2.63  22.56  22.58 ** 19.90 * 20.98 * 21.41 ** 19.57 * 19.83 * 20.31 ** 1.66  13.23 ** 
L3 × T5 -1.18  -7.34  10.65  -14.14  -16.67  -19.56 * -13.95  -17.04  -19.39 * -0.49  -4.39 * 6.49 ** 
L3 × T6 -7.68  -12.23  4.81  5.04  -2.29  -5.73  -1.47  -9.87  -12.42  36.87 ** 5.58 ** 17.60 ** 
L3 × T7 -12.85  -17.31  -1.27  -23.85 * -27.67 ** -30.34 ** -45.41 ** -46.64 ** -48.15 ** -26.77 ** -31.95 ** -24.21 ** 
L4 × T1 14.57  12.77  17.44  21.52 * 4.66  -5.63  -1.86  -8.44  -7.85  -18.54 ** -34.44 ** -32.02 ** 
L4 × T2 4.36  -3.45  0.54  35.24 * 14.52  -25.35 * 9.55  -15.58  -15.04  10.46 ** -13.78 ** -10.59 ** 
L4 × T3 -15.95  -18.98  -9.08  -26.33 * -33.51 ** -46.22 ** -23.25 ** -32.47 ** -32.03 ** 20.23 ** -5.23 ** -1.72  
L4 × T4 -14.64  -16.82  -8.70  -12.66  -28.13 ** -27.45 ** -28.42 ** -28.57 ** -28.11 ** 29.08 ** 12.37 ** 16.54 ** 
L4 × T5 16.73  16.50  21.79  37.20 ** 17.82  7.05  11.87  6.06  6.76  1.03  0.51  4.24 * 
L4 × T6 17.39  15.48  24.26  88.51 ** 68.23 ** 39.70 ** 46.15 ** 31.60 ** 32.47 ** 36.18 ** 7.78 ** 11.78 ** 
L4 × T7 15.69  14.04  22.22  45.23 ** 27.12 * 10.42  22.97 ** 18.18 * 18.96 * 14.53 ** 10.08 ** 14.16 ** 
S.Em.± 0.7892  0.9113  0.9113  0.2647  0.3057  0.3057  0.1158  0.1337  0.1337  0.0434  0.0502  0.0502  

Range Min. -32.15  -35.92  -22.74  -62.11  -63.97  -65.40  -46.81  -49.55  -50.99  -30.15  -45.25  -44.05  
Max. 17.39  16.50  30.82  88.51  68.23  39.70  46.52  33.63  32.47  59.84  56.63  18.66  

Positive 12  9  15  13  8  6  10  7  7  16  12  11  
No. of +ve significant 0  0  1  9  4  3  5  4  4  15  10  10  

Negative 16  19  13  15  20  22  18  21  21  12  16  17  
No. of -ve significant 1  3  0  6  12  13  10  12  14  11  16  15  

Here, MP indicates mid parent heterosis, HB indicates heterobeltiosis and SH indicates standard heterosis 
*and** indicate significant at 5 per cent and 1 per cent levels of significance, respectively 
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Fig 1: Procedure followed during hybridization in Ashwagandha 
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Fig 2: Best performing crosses based on per se performance, heterosis and SCA effects for dry root yield per plant 
 

5. Conclusions 
Study of crossability is helpful to plant breeders for selection 
of appropriate breeding approaches to transfer the desirable 
gene of specific traits present in one genotype into the genetic 
background of other genotypes for getting good transgressive 
segregants. The exploitation of heterosis and combining 
ability proved to be a powerful tool to predict the performance 
of hybrid combination, selection of parents for hybridization 
and understand the nature and magnitude of gene actions 
involved in the expression of different traits. In the present 
study prime role of non-additive gene action was observed for 
expression of all the traits. The parents line L4 and testers T5 
as well as T6 were reported as best for dry root yield per plant 
and their contributing traits. Crosses L1 × T6, L4 × T6, L3 × T4 
and L4 × T7 were found to be superior for dry root yield and 
its component traits. Therefore, these parents and crosses 
could be utilized in future breeding programmes to isolate 
good transgressive segregant from the generation 
advancement.  
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