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Abstract

The genetics of morphological and biochemical determinants of drought tolerance in sixteen genotypes and their F
2

population was investigated. Analysis of variance revealed significant differences among parents and F
2
 population for

all the traits recorded in both E
1 
and E

2
. Estimates of genetic parameters for traits viz., main shoot length, number of

siliquae per plant for E
1
 and days to 50% flowering, number of secondary branches for E

2
 environments were found to

have high heritability coupled with high genetic advance. Estimates of genetic parameters from the pooled data of the
environments also revealed that traits like plant height, main shoot length and number of siliquae per plant have high
heritability coupled with high genetic advance thereby, indicating effectiveness of these traits in selection. Estimation of
proline content in leaves at flowering stage was analysed to evaluatethe maximum stress tolerant cross combinations.
Similarly, results for Drought Susceptibility Index (DSI) revealed that parents RB-77, RB-24, RB-69 and cross combinations
DRMR-4006 x RB-24 followed by PM-25 x RB-24 and RH-749 x PM-25were found to be tolerant. Hence, these lines may
be used for further improvement of draught tolerance breeding program in Oilseed Brassica.

Keywords:  Drought Susceptibility Index, Heritability, Indian Mustard, Proline

Introduction
Rapeseed-mustard group of crops belongs to the family
Brassicaceae are the third most important oilseed crop
after soyabean and palm in terms of oil seed production.
Globally, it accounts for an estimated area of 36.59 million
hectares with production and yield of 72.37 million tonnes
and 1980 kg / ha, respectively (USDA, 2018-19). In India,
being the second most important oilseed crop, next to
soybean it accounts for 19.8% and 9.8% of the total area
and production (Anonymous, 2020-21). In J&K UT total
area is 51870 ha with production of 37000 metric tonnes
which shares a 0.43% of thetotal production in India
(Anonymous, 2020-21). Among all cultivating species of
rapeseed-mustard, Indian mustard (Brassica juncea L.)
covers about 80% of the total cultivated area in India
because of its wider adaptability and high yielding
performance (Priyamedha et al., 2014). Genome wise it is
an amphidiploid (2n= 36; AABB) derived from inter
specific crossing and natural chromosomal doubling of
B. nigra (2n= 16; BB) and B. rapa (2n=20; AA) (Srivastava
et al., 2001). As predominantly consumed for edible oil
and livestock feed it has a huge potential for cultivation
in semi-arid regions because it is known for more drought
tolerant and shattering resistant crop than B. napus and
B. rapa (Vinu et al., 2013). Due to increase in per capita
oil consumption, growing population and rising living

standards it is urgently necessary to use genetic
interventions to boost yield potential of B. juncea in order
to meet the current oil demand. Among all the abiotic
stress, drought plays a significant role in reducing the
physiological growth and restricts complete expression
of the genes. Mustard genotypes which have drought
tolerant traits, will perform better under water limited
conditions as compare to genotypes which do not have
desired drought tolerant traits. Indian mustard, is mostly
grown as rainfed crop, resulting in occurrence of drought
stress results in productivity loss ranging from 17-94 %
(Luo et al., 2014). For increasing yield in of mustard under
adverse climatic conditions, drought tolerant varieties
need to develop, which are least effected by drought and
can survive well in abiotic stress conditions (Zhao et al.,
2008). Keeping all in view, an investigation was carried
out with the aim to study the genetics of morphological
and biochemical determinants in Indian mustard.

Materials and Methods

The experimental material includes 45 genotypes of Indian
mustard, including16 genotypes used as parents and 29
F

2
 segregants ofdifferent cross combinations. Parental

material used in the experimentalmaterial were brought
from different sources. The experimental study was carried
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out at Advanced Centre for Rainfed Agriculture (ACRA),
Dhiansar in rainfed environmental conditions (E

1
) and

Experimental Research Area of Sher-e-Kashmir University
of Agricultural Sciences and Technology of Jammu
(SKUAST-J) in irrigated conditions (E

2
) during 2021-22.

Recommended package of practice was followed for
raising good crop. The morphological observations viz.,
days to 50 percent flowering, number ofprimary branches
per plant, number of secondary branches, plant height,
main shootlength, number of siliquae on main shoot, siliqua
length, number of seeds per siliqua,days to maturity, seed
yield per plant, 1000 seed weight, harvest index and
Drought Susceptibility Index (DSI) were observed for the
different traits in two different environments according to
Fischer and Maurer (1978) to differentiate the average
performance of yield of different cultivars in stress and
non-stress environment. Moreover, biochemical estimation
of proline content was measured for each genotype using
the method given by Bates et al., 1973.

Results and Discussion

The observations of morphological and biochemical were
recorded and statistically analyzed to estimate analysis
of variance, estimation of genetic variability parameters,
estimation of proline and estimation of Drought
Susceptibility Index (DSI).

Analysis of variance: Analysis of variance for different
traits for environments E

1
, E

2
 and Pooled. In E

1 
all traits

were found significant at 5% significant level except for
1000 seed weight and in E

2 
except plant height, main shoot

height and 1000 seed weight all were found significant at
5% significant level (Table 1). Similarly, pooled analysis
of variance for all the traits of genotypes were found
significantat 5% significant level. The presence of
significant amount of genetic variations among lines may
be due to inherent variations in the parents being
hybridized. Similar results were obtained in study of Vinu
et al., 2013; Chaurasiya et al., 2018 and Hyder et al., 2021.

Genetic variability parameters: For estimation of genetic
parameters, genotypic and phenotypic coefficient of
variation was calculated, results revealed maximum
genotypic and phenotypic coefficient of variation was
observed fornumber of secondary branches in both the
environment E

1
 and E

2
 indicating that equal influence of

these in the expression of this trait (Table 2). Similar results
were found by Yadav et al., 2011 and Anand et al., 2020.
Moderate estimates of coefficient of variation (PCV and
GCV) were observed for traits viz., number of primary
branches per plant and number of siliquae in E

1
 and

number of primary branches, number of seeds per siliqua
and 1000 seed weight in E

2
, indicating additive gene action Ta
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in such traits. Similar results were found by Singh et al.,
2004; Gupta et al., 2019 and Anand et al., 2020. Low value
estimates of PCV and GCV in E

1
 were present in days to 50%

flowering, plant height, main shoot length, siliqua length,
number of seeds per siliqua,seed yield per plant, 1000 seed
wight and harvest index. Similarly, lowest PCV &GCV were
observed in E

2
 for traits viz., days to 50% flowering, plant

height, mainshoot length, siliqua length, seed yield per plant
and harvest index indicates that thereis limited scope for
improvement through selection. Similar findings were reported
by Nandi et al., 2021and Tripathi et al., 2019 for plant height.
High estimates of broad sense heritability were observed in
E

1
 for the traits viz., number of primary branches per plant,

number of secondary branches per plant, mainshoot length,
number of siliquae, days to maturity, seed yield per plant and
1000 seedweight while in E

2
 high heritability was observed in

traits viz., days to 50% flowering, number of secondary
branches per plant, plant height, seeds per siliqua, days to
maturity, seed yield per plant,1000 seed weight and harvest
index, indicates reasonable variation for these traits thus
suggesting that selection can be practiced by using these
traits. Similar findings were reported by Rai et al., 2005; Singh
et al., 2013 and Gupta et al., 2019. Moderate estimates of
heritability were reported in traits viz., plant height andseed
per siliqua in E

1.
 Similarly, in E

2
 traits viz., number of primary

branches, mainshoot length and number of siliquae on main
shoot showed moderate heritability.Results showed similar

findings to Sandhu et al., 2017; Tiwari et al., 2017; Abe et al.,
2019 and Nandi et al., 2021. In E

1
 number of secondary

branches show high genetic advance as percent of mean. In
E

2
 traits like number of secondary branches and seed per

siliqua show high heritability with high genetic advance.
These results are found similar with previous findings of
Pant and Singh et al., 2001; Ara et al., 2013 and Gupta et al.,
2019. Moderate genetic advance as percent of mean was
found in traits viz., number of primary branches, main shoot
length and number of siliquae in E

1
. Similarly, in E

2
traits like

seed yield per plant, 1000 seed weight and harvest index also
recorded with moderate genetic advance as percent of mean.
Similar findings were reported byAnand et al. 2020. This
suggested that these characteristics were less affected by
environment al influences, which in turn suggested that these
characteristics were largely under the control of genes that
have either additive or additive x additive gene action and
was expected to respond to direct selection for improvement
means selection can be effective.

Estimation of proline: The proline content of 45 cultivars,
under irrigated conditions ranged from 0.69 (Kranti x RH-
749) to 0.9 (DRMR-4006 x RB-24), whereas under rainfed
conditions it ranged from 0.97 (PM-28) to 1.3 (DRMR-
4006 x RB-24) (Table 3). Similar findings were recorded by
Din et al., 2011; Ali et al., 2022.

Table 3: Concentration of proline accumulation (µmol g-1FW) under rainfed and irrigated conditions

S.No. Genotypes Irrigated (IR) Rainfed (RF) S.No. Genotypes Irrigated (IR) Rainfed (RF)

1 DRMR-4006 0.86 1.19 24 PM-195x RB-24 0.85 1.22
2 RH-1209 0.84 1.16 25 PM-25x RB-24 0.78 1.19
3 RSPR-01 0.79 1.09 26 RB-77xRB-24 0.81 1.14
4 RB-24 0.74 1.12 27 DRMR-541-46x RB-24 0.82 1.18
5 JM12-6 0.72 1.07 28 PM-28x RB-24 0.85 1.23
6 DRMR541-46 0.82 1.11 29 DRMR-541xRH-761 0.77 1.11
7 Tawari 0.74 0.92 30 JM12-6xRH-761 0.88 1.22
8 RL-1359 0.75 1.09 31 RB-77x RH-761 0.84 1.2
9 RB-77 0.84 1.03 32 RH-1206x RH761 0.81 1.07
10 PusaBold 0.69 0.98 33 PusaBoldxRH-761 0.79 1.12
11 RH-761 0.78 1.16 34 PM-25x RH-761 0.74 1.09
12 PM-28 0.82 0.97 35 RSPR-01xRH-761 0.79 1.21
13 RH-749 0.83 1.08 36 JM-12-6xRH-761 0.81 1.07
14 Kranti 0.79 1.17 37 RB-69x RH-761 0.78 1.04
15 RB-66 0.77 1.03 38 RH-761x RB-69 0.78 1.15
16 PM-195 0.80 1.21 39 PM-28x RH-749 0.88 1.19
17 DRMR-4006x RB-24 0.9 1.3 40 Krantix RH-749 0.69 1.01
18 TawarixRB-24 0.89 1.22 41 Tawarix RH-749 0.77 1.12
19 RB-69xRB-24 0.88 1.25 42 RH-1209x RH-749 0.88 1.14
20 Krantix RB-24 0.78 1.09 43 RSPR-01xRH-749 0.86 1.17
21 RSPR-01xRB-24 0.81 1.21 44 RH-749x PM-25 0.79 1.11
22 DRMR-659x RB-24 0.87 1.23 45 PusaBoldxRH-741 0.75 1.06
23 PM-25x RB-24 0.76 1.06
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Drought Susceptibility Index (DSI): DSI was calculated
for using yield data of both the environments. DSI value of
different cultivars was ranged from 0.77 (RB-77) to 1.26
(RB-77 x RH-761). Thirteen lines came under the category

of drought tolerant on the basis of categorization of DSI
value; tolerant, moderate and susceptible (Table 4). Similar
method to determine DSI was used by Singh et al., 2003;
Chauhan et al., 2007; Singh et al., 2018 and Ali et al., 2022.

Table 4 Drought Susceptibility Index (DSI) of different cultivars of Brassica juncea

Cultivars Rainfed (RF) Irrigated (IR) DSI Ascending order DSIrange Remarks

RB-77 0.84 1.03 0.45 <0.6 Tolerant
DRMR-4006x RB-24 0.9 1.30 0.46
RB-24 0.74 1.12 0.53
RB-66 0.84 1.16 0.56
RH-1209 9.63 13.63 0.56
PM-25x RB-24 0.78 1.19 0.61
RH-749x PM-25 0.79 1.11 0.61
DRMR-54x RB-24 0.87 1.23 0.63
JM-12-6 0.72 1.07 0.64
RB-66xRB-24 0.88 1.25 0.64
PM-195 0.80 1.21 0.65
PM-28 0.82 0.97 0.65
JM-12-6xRH-761 0.81 1.07 0.67
PM-195x RB-24 0.85 1.22 0.69
JM12-6xRH-761 0.88 1.22 0.70 0.7-1.10 Moderate
RB-24XPM-25 0.76 1.06 0.70
PusaBoldxRH-741 0.75 1.06 0.72
TawarixRB-24 0.89 1.22 0.74
RSPR-01xRH-749 0.86 1.17 0.75
RSPR-01xRH-749 0.86 1.17 0.75
DRMR-659-46x RB-24 0.82 1.18 0.78
RH-749 0.83 1.08 0.79
KrantixRB-24 0.78 1.09 0.81
Tawarix RH-749 0.77 1.12 0.82
RSPR-01xRH-761 0.79 1.21 0.85
RH-761 0.78 1.16 0.86
PusaBoldxRH-761 0.79 1.12 0.88
RSPR-01xRB-24 0.81 1.21 0.89
Kranti 0.79 1.17 0.91
PM-28x RH-749 0.88 1.19 0.92
RH-1206x RH761 0.81 1.07 0.98
PM-28x RB-24 0.85 1.23 0.98
PM-25x RH-761 0.74 1.09 0.99
RH-761x RB-66 0.78 1.15 0.99
RL-1359 0.75 1.09 1.01
RB-77xRB-24 0.81 1.14 1.01
DRMR4006 0.86 1.19 1.10
Krantix RH-749 0.69 1.01 1.04
RH-1209xRH-749 0.88 1.14 1.17
RH-1209x RH-749 0.88 1.14 1.17
DRMR-51xRH-761 0.77 1.11 1.18
Tawari 0.74 0.92 1.19
RB-66x RH-761 0.78 1.04 1.26 dd1.2 Susceptible
RB-77x RH-761 0.84 1.20 1.26
RB-77x RH-761 9.69 15.54 1.26
PusaBold 9.23 15.27 1.37
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Conclusion

On the basis of parameters taken into consideration
parents RB-77, RB-24, RB-66, PM-195, PM-28 and crosses
DRMR-4006 x RB-24, PM-25 x RB-24, RH-749 x PM-25,
DRMR-51 x RB-24, RB-66 x RB-24 and JM-12-6 x RH-761
can further bee exploited after ascertaining their drought
tolerant ability in future generations.
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