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Brassica oilseed, an important source of vegetable oil, 
occupy third place among the various oilseed crops due 
to its great economic and nutritional importance. Oilseed 
Brassica is sensitive to drought stress. Brassica juncea (L.) 
Czern & Coss (Indian mustard) is the predominant oilseed 
Brassica in Indian subcontinent (Singh et al. 2011). Indian 
mustard is an important rabi oilseed crop and occupies 
a prime position as India ranks first both in acreage and 
production in Asia. In India, Brassica juncea occupies 
second largest area after groundnut with 6.32 million ha 
of area under cultivation producing about 7.9 million 
tonnes seed annually, with 17% increase in production 
(Anonymous 2017). Drought stress is one of the most 
limiting environmental stresses which affect the growth and 
development processes depending on duration of exposure 
and crop growth stages (Juenger 2013). In India, Brassica 
is mostly grown under arid and semi-arid environment, 
therefore, could serve as a model crop for drought related 
studies. Adverse environmental factors, of which water 
scarcity represents the most severe constraint to agriculture, 
account for about 70% of potential yield loses worldwide. 
keeping in view the above facts, it is prime need to develop 
mustard varieties which can tolerate water stress to increase 
yield and area under oilseed crops. 

The breeding strategy to derive high yielding cultivar 
depends upon the nature and magnitude of variation for 
different yield components, the assessment of genetic 
parameters for effective selection. The correlations and path 
analysis unravels the contribution of different traits towards 
seed yield. Present study provides information on nature 
of genetic variability for yield and yield components under 
normal and drought condition in F2:3 populations of Brassica 
juncea. The information derived from the study may be 
helpful in the breeding Brassica for drought tolerance.

MATERIALS AND METHODS
The cross between cv. RB 50 and Kranti was made 

during rabi 2011-12 and the progeny lines along with 
parental genotypes were grown to get F2:3 populations during 
rabi 2014-15 in research area of oilseed section, Department 
of Genetics and Plant Breeding, CCS Haryana Agricultural 
University, Hisar (Latitude - 29°10’ N, Longitude - 75°46’ 
E, Altitude - 215.2 m amsl). The parental genotype RB 50 
has relatively higher drought tolerance due to deeper root 
depth ability and higher number of siliqua/plant. While, the 
parental genotype Kranti is not a highly drought sensitive 
cultivar but it may be useful as being a national check 
for yield under drought stress condition. It has short and 
narrower leaves, small seeds and lesser number of siliqua/
plant under drought stress conditions but under irrigated 
conditions it has more yield than cv. RB 50. 

Both parental genotypes along with the F2:3 progeny 
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ABSTRACT

Indian mustard (Brassica juncea (L.) Czern & Coss) is the major oilseed crop of India ranking first both in 
acreage and production of rapeseed and mustard in Asia. Among abiotic stresses, drought condition may cause the 
most fatal economic losses in agriculture due to their wide range occurrence. Present investigation was undertaken 
with the objective to study RB 50 × Kranti F2:3 population under irrigated and drought environments for phenotypic 
and genetic variability, broad-sense heritability, and interrelationships among agronomic and seed quality traits to 
select Indian mustard genotypes for drought tolerance in research area of oilseed section. The study was carried out 
at CCS Haryana Agricultural University, Hisar during rabi 2014-15. Higher mean values for agronomic traits were 
observed under irrigated than drought environment. Phenotypic correlation coefficient analysis of F2:3 populations 
under irrigated conditions was calculated to assess the association between various traits. Fifty three promising plants 
with higher seed yield as well as better physiological traits having greater drought tolerance were selected, which 
may be useful material for further studies and cultivar development for drought tolerance.
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Electrolyte leakage had higher value decreased under 
drought stress conditions (Table 1). The observed reduction 
in mean performance of progenies under drought stress for 
most of the traits may be ascribed to decreased translocation 
of assimilates and growth substances, impairing nitrogen 
metabolism, loss of turgidity and consequently reduced 
sink size. Singh and Choudhary (2003) and Chauhan et 
al. (2007) reported reduced yield in Brassica in response 
to water stress. Different preliminary studies show the 
changes in plant water relations in Brassica during the 
onset of drought stress. 

We also observed reduction in relative water content 
(RWC) from irrigated to drought regimes in parental 
genotypes and F2:3 populations with 8.94% reduction. RWC 
is considered a measure of plant water status, reflecting the 
metabolic activity in tissues and used as the most meaningful 
index for dehydration tolerance. A decrease in RWC in 
response to drought stress has been noted in wide variety of 
plants when leaves are subjected to drought, leaves exhibit 
large reductions in RWC and water potential and hence the 
yield (Anjum et al. 2011, Sepehri and Golparvar 2011). 
Drought stress reduced the plant height, dry matter weight 
and relative water content of the leaf in both the parental 
genotypes. Electrolyte leakage had higher value decreased 
under drought stress conditions. Growth and seed yield 
production of Brassica sp. significantly decreased owing 
to drought conditions. 

Heritability indicates the effectiveness with which 
selection of genotypes is based on phenotypic performance. 
Broad sense heritability provides an idea about the 
relative importance of genetic effects, which the selected 
parents would pass on to their progenies. In present study, 
high heritability (broad sense) was present for drought 
susceptibility tolerance index followed by plant height, 
siliqua/plant, thousand seed weight and days to flower 
initiation under irrigated conditions. Similarly high 
heritability (broad sense) was found for siliqua/plant followed 
by electrolyte leakage, plant height and number of secondary 
branches/plant under drought stress environment. For most 
of the traits heritability estimates were low as a result of 
higher phenotypic variances, indicating great environmental 
influence in their expression. Traits that revealed higher 
heritability than seed yield/plant combined with relatively 
high genetic gain under irrigated conditions were plant 
height, drought susceptibility tolerance index, number of 
siliquae/plant, 1000 seeds weight, days to flowering, number 
of secondary branches/plant, number of seeds/siliquae, 
dry matter weight, siliqua length, number of days to total 
siliquae development, dry matter weight and number of 
primary branches/plant. Under drought conditions, number 
of siliquae/plant, electrolyte leakage, plant height, number of 
secondary branches/plant and number of primary branches/
plant revealed higher heritability with higher genetic gain 
than seed yield/plant thereby selection of these traits could 
be effective for a breeding programme.

The values of phenotypic variances were higher than 
the corresponding genotypic variances. Number of branches/

lines of cross RB 50 × Kranti with up to 10-15 plants of 
each progeny, were sown in one row of 1 m length with inter 
row spacing of 30 cm and plant spacing of 15 cm under two 
environments, viz. irrigated (Control: two irrigations of 6 
cm depth each at pre flowering and grain filling stage) and 
drought (T1: no irrigation only seasonal rainfall of 69.4 mm 
during the whole crop season). Out of F2:3 progeny lines 
157 lines were chosen for phenological, physiological and 
morphological trait evaluation.

Phenotypic evaluation of RB 50 × Kranti derived F2:3 
populations: Phenotypic evaluation of plants grown in 
field was done in RB 50 × Kranti derived F2:3 populations 
under both irrigated and drought conditions for morpho-
physiological and yield traits during rabi 2014-15. 
Phenological traits included days to flower initiation, days 
to total siliqua development and maturity duration. Growth 
related traits including dry matter weight and plant height 
were recorded for evaluation of growth related parameters. 
Yield and related traits and physiological traits of relative 
water content, electrolyte leakage and drought susceptibility 
index were taken to evaluate high yielding genotypes.

Statistical analysis: Statistical analysis was done 
using OPSTAT software by using the phenotypic data 
recorded from both irrigated and drought conditions in F2:3 
generation along with parents. The mean and range values 
for each character were calculated. The mean squares due 
to genotypes and error were used for the calculation of 
variance components (phenotypic and genotypic coefficient 
of variation) as per the method suggested by Allard (1960). 
The broad sense heritability of a character was calculated 
by using the formula as suggested by Hanson et al. (1956). 
Expected genetic advance (% mean) was calculated for 
each character using formula suggested by Lush (1949) and 
Johnson et al. (1955). Phenotypic correlation coefficients 
were calculated as per the procedure given by Fisher and 
Yates (1963).

RESULTS AND DISCUSSION
Phenotypic evaluation of RB 50 × Kranti derived 

F2:3 populations under irrigated and drought conditions: 
Experiments were carried out to evaluate RB 50 × Kranti 
derived F2:3 populations for yield, physiological, growth 
related and phenological parameters under both irrigated and 
drought conditions and huge variation was observed for all 
the traits. Such variability for more than one character has 
been reported by Majidi et al. (2015). In all the experiments, 
drought susceptible variety Kranti, out yielded the drought 
tolerant variety RB 50 under irrigated conditions in F2:3 
population. Under drought conditions, however, the decrease 
in yield potential was comparatively less in RB 50 from 
irrigated to drought conditions.

In this F2:3 segregating population, higher mean values 
for different quantitative characters were observed under 
irrigated environments, and also found higher in RB 50 under 
drought conditions than Kranti. Drought stress reduced the 
plant height, dry matter weight and relative water content 
of the leaf in both the parental Brassica juncea genotypes. 
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traits under irrigated and drought conditions. Promising 
plants performed better than others plants under drought 
stress conditions and showed considerably less difference 
in yield and RWC under irrigated and drought. Zhu et al. 
(2011) used principal component, regression and clustering 
analyses to evaluate the drought tolerance of 49 rapeseed 
genotypes at the flowering stage. As a result, 20 lines were 
classified as drought-tolerant.

A considerable variation was observed for all the traits 
under both irrigated and drought conditions. For most of 
the traits heritability estimates were low as a result of 
higher phenotypic variances in this study indicating role 
of environmental influence in their expression. Seed yield 
and its contributing traits showed higher genetic advance 
and heritability under drought stress conditions. Significant 
positive correlations were found between seed yield with 
number of secondary branches/plant, number of seeds/
siliqua, number of siliqua/plant, dry matter weight and 
relative water content of leaf while electrolyte leakage 
revealed significant negative correlation coefficient with 
seed yield/plant in F2:3 populations. Selected superior lines 
could serve as a good breeding material for improving yield 
in Brassica under drought stress.
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