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Abstract

Increasing pace towards water crisis results in demand of screening of drought tolerant genotypes which
were suitable for both non-irrigated as well as in irrigated condition. Keeping consideration over this
experiment was designed to study genetic variability and heritability under non- irrigated and irrigated
condition on some physiological and quality traits an experiment on Indian mustard (Brassica juncea L.
Czern & Coss), was conducted in Randomized Complete Block Design (RBCD) accommodating 20
genotypes, from various Rapeseed & Mustard centres located across country, randomly in three
replications during Rabi 2016-17, one subjected to a drought regime inside the Rainout shelter under
non- irrigated condition which was also devoid of rainfall and another one provided with normal irrigated
field condition in Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur. Analysis of
variance for the studied traits revealed considerably exploitable variability. Out of 20 genotypes under
both non-irrigated as well as irrigated condition, Rajendra Suphalam showed tolerance towards water
stressed condition and perform well in terms of productivity in irrigated situation for traits namely Tap
Root Length, Root Volume, Root Mass, Relative Water Content, Leaf Membrane Stability Index,
Excised Leaf Water Loss, Chlorophyll Content, Catalase Activity, Peroxidase Activity, Proline
Accumulation, Relative Growth Rate, Leaf Area Index, Specific Leaf Weight, Drought Tolerance Index,
Stress Intensity, Oil Yield, Grain Yield/Plot. Under NI condition high heritability coupled with high
GAM for traits namely, RL, RGR, LAI, LMSI, RWC, ELWL; RM only in irrigated and RV, SLW, CA
under both conditions which were indicative of preponderance of additive gene action for expression of
these traits, hence are acquiescent for simple selection.

Keywords: Brassica juncea L., drought tolerance index, stress intensity, leaf area, deficit irrigation

Introduction

Drought is the most solemn problem for global agriculture, roughly affecting 40% of the
world’s land area. Global climate change is predicted to lead to extreme temperatures and
severe prolonged drought in some parts of the world, which will have a dramatic impact on
crop growth and productivity (Trenberth et al. 2014) 31, The average annual yield loss of
crops due to drought in the world is about 17 percent that can increase to more than 70 percent
a year. Currently, around 7% of the world's population lives in areas that suffer from water
shortage and this could increase to 67 percent by 2050. Under this water scarce situation
growing population too have to meet their food demands. Due to scarcity of water resources,
deficit irrigation is used as an efficient option for increasing productivity under water shortage.
Another strategy is using plant genetic engineering and breeding to develop drought-tolerant
genotypes is mainly due to the quantitative nature of stress tolerance (Ehsani and Khaledi et al,
2004) 61, Clarke et al., (1984) [*3l opined that selection for yield under dry condition should
alone be more productive avenue for improvement of drought resistance until more rapid and
effective screening procedures could be developed. DSI values and seed yield under drought
conditions as a selection criterion in Indian mustard (Singh and Choudhary, 2003) [,
Availability of genetic variability for the component characters is a major asset for initiating a
fruitful crop improvement programme. A purposeful management of variability is a pre-
requisite before embarking on any breeding method. For successful utilization of genetic
variability crop breeders emphatically search for the traits of importance and subsequently to
incorporate it genetically into an usable variety.
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Material and Methods

The experiment consisting of 20 Indian mustard genotypes
was planted on October 2016 under two conditions i.e. non-
irrigated and irrigated (two irrigation) condition, laid out in
Randomized Complete Block Design (RCBD) with three
replications during Rabi season (2015-16), including check
for variability and heritability study, received from different
All India Co-ordinated Research Project- Rapeseed &
Mustard centres: DRMR, Bharatpur, Rajasthan, CCSHAU,
Hisar, Haryana, BARC, Trombay, Maharastra, GBPUAT,
Pantnagar, Uttarakhand, CSAUAT, Kanpur, U.P, IARI, New
Delhi, ARS, RAU, Sriganganagar, Rajasthan and
DR.RPCAU, Dholi, Bihar, providing only basal dose of
fertilizers i.e. N:P;Os:K;0:S:: 40:40:40:40 kg/ha under
residual moisture conditions inside rainout shelter and 40
Basal dose of fertilizer N:20 P,0s5:20 K;0:40 S kg/ha and
other at green siliqua stage (E4,65DAS) required 40 N for top
dressing after pre flowering stage at Research Farm of Dr.
Rajendra Prasad Central Agricultural University Farm (25.29°
N, 85.40° E and 51.80 m MSL), Pusa, Samastipur, Bihar.
Keeping row to row and plant to plant distance 30cm and
10cm, respectively. The spacing between plants was
maintained at 10cm by thinning at 14 DAS.

The observations were recorded for Tap Root Length (RL),
Root Volume (RV), Root Mass (RM), Relative Water Content
(RWC), Leaf Membrane Stability Index (LMSI), Excised
Leaf Water Loss (ELWL), Chlorophyll Content (CC),
Catalase Activity (CA), Peroxidase Activity (PERO), Proline
Accumulation (PRO), Relative Growth Rate (RGR), Leaf
Area Index (LAI), Specific Leaf Weight (SLW), Drought
Tolerance Index (DTI), Stress Intensity (SI), Oil Yield(kg/ha)
(OY), Grain Yield/Plot (kg/ha) (GY/P). The data were
recorded on five randomly selected plants from each genotype
in each replication leaving the border rows to avoid the
sampling error. The observations were recorded using
standard methodology. Readings from five plants were
averaged replication-wise and the mean data subjected for
analysis by using statistical package WINDOSTAT version
9.2 (INDOSTAT Service, Hyderabad) for yield and its
morpho-physio-quality traits.

The phenotypic variance was partitioned into genotypic and
environmental variances for a clear understanding of the
pattern of variations. The GCV, PCV, heritability, genetic
advance, GAM were calculated following standard statistical
methods (Burton, 1952; Lush, 1949; Burton and Devane,
1953 and Johnson et al., 1955) [925.10.22],

The leaf area index was calculated according to the formula
given by Watson (1947) (44l as mentioned below

Leaf Area

LAI= Ground Area

The amount of total chlorophyll present in the extract was
calculated in terms of milligrams of chlorophyll per gram of
leaf tissue extracted as per following equations-

Total Chlorophyll mg /g tissue = 20.0(0OD 645) +8.02(0OD
663) x VV 1000 x W

Where, OD is the optical density obtained of the extract at the
wave lengths specified, V the final volume of the extract and
W the fresh weight in grams of the tissue extracted.

The Specific Leaf Weight was calculated by formula given by
Pearce et al. (1968) 4 in alfalfa

Leaf weight
SLW=———
Leaf area

Drought Tolerance Index can be calculated as mention below
by Fischer and Maurer (1978) [*l in wheat.

S= (1-YIY ) (1-XIXp)

Y=Mean seed yield of a genotype in a stress environment
Yo,=Mean seed vyield of a genotype in a stress free
environment

X=Mean seed yield of all genotype in a stress environment
Xo=Mean seed yield of all genotype in a stress free
environment

Stress Intensity can be calculated as mention below by Lewis
(1954) [241;

SI: (1' Ys/Yn) X 100

Ys=Yield under stress
Y,=Yield under normal condition

Results and Discussion

In a study of Indian mustard (B. juncea L.), on perusal of
Table 1 Analysis of variance indicated presence of exploitable
variability among the genotypes for all the 11 traits except
RGR, LAI,CC, DTI, Sl and PRO.

On comparison (Table 2) between mean values under non-
irrigated (NI) and irrigated (TI) condition for root length three
genotypes namely, Rajendra Suphalam, Pusa Mahak and
TM151 showed longer root in NI condition Roots are
believed to play an important role in drought response,
because they are the major organs for water uptake and can
first experience and sense water deficit. This suggested the
plant develop its survival mechanism and escape from the
water inadequate condition by increasing length of root.
These findings were in agreement with Blum, 1988. Root
volume under NI condition is more as compared to TI
indicated under moisture stress condition root expands its
capillaries more in order to receive water from deep down
water table from lateral percolation and seepage of water. But
root mass is lesser as in NI due to non-availability of water
roots are almost shrinked. These results were in accordance to
Hashem et al., 1998; Qaderi et al., 2012; Ashraf et al., 2013;
Shafiq et al., 2014 2433331 |n NI condition due to low water
potential inside the leaf surface leaf resulting in less
accumulation of sink in terms to photosynthates as source
reduces its biomass. Under NI condition it viewed that LAI
and RGR are less in value as in T suggesting that decrease in
area of leaf under moisture stress reduces LAI in turn and
RGR due to reduced leaf biomass. Similar findings of
Hashem et al., 1998; Qaderi I., 2012; Moaveni et al. 2010 [2%
3, 2711 NI condition has low water potential in leaf surface
which reduces RWC and LMSI. This findings were also
suggested by Alikhan et al. 2010; Fushieng et al., 2006; Baji
2001 [ 18, Rajendra Suphlam has more RWC supported with
its deepest root system have more power in water uptake from
the soil and maintaining more moisture in their leaves. These
results were in agreement Kage et al., 2004 3. Proline
content is more in NI than in Tl that too Rajendra Suphlam,
the drought-tolerant genotype was observed to have a higher
proline contents to adjust the redox potential as an energy
source, and eliminates the active oxygen species and provides
the conditions required for continued absorption of water
from root.. Similar findings were of Phutela et al. 2000; Din
et al., 2011, Omidi et al., 2010 [ 15 291 Proline acts as a
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nitrogen storage tank or soluble substance that reduces the
cytoplasm osmotic potential and helps plant in stress tolerance
(Ehsani et al., 2004) 61, Peroxidase and Catalase activity
enhances under NI than in Tl suggesting that again Rajendra
Suphlam have higher yields under drought stress have higher
levels of catalase activity and peroxidase activity; also more
DSl as compared to other genotypes as a defense mechanism
to plant stress as well as stops damage from free radicals to
membranes and vital component of the cell. These results
were in accordance with Bakke and Skinners, 2003; Boon et
al., 2007 8,

Grain yield is greatly reduced under NI condition. Our
findings in agreement with Chauhan et al. 2007; Mendham
and Salisbury, 1995 12 261, The reproductive phase of the plant
is more susceptible to drought stress (Hall 1992; Poulsen,
1994) [20. 301 Drought stress caused a significant reduction on
seed oil yield and compared to irrigation stop in flowering and
grain filling, respectively 40 and 21% oil yield decreased.
Decrease in oil yield was the reason of decrease in oil percent
yield in non-irrigated condition. Oil yield loss caused by
drought stress has been reported by many researchers
(Champolivier, 1996; Tesfamariam et al. (2010); Nilsson et
al. 1997; Sinki et al. (2007). Gunasekara et al., 2006;
Szumigalski, and Van Acker, 2006; Tesfamariam et al., 2010)
(11, 41,28, 38, 19, 40. 41 DT| value is maximum for Rajendra
Suphlam indicating that under water stress condition this
genotype is more tolerant to rest of the genotypes.

Under NI condition (Table 3) showed wider range for root
parameters, LAI, SLW, LMSI, RWC and ELWL as compared

to Tl indicated presence of maximum variability among
genotypes for particular traits which can be further exploited
in breeding programme.

On perusal (table 4) under both the conditions, the genotypic
and phenotypic coefficient of variation showed very meager
difference indicated that there is little influence of
environment on the traits except grain and oil yield. The GCV
estimates had close agreement with PCV estimates for traits
namely Tap Root Length, Root Volume, Root Mass, Relative
Water Content, Leaf Membrane Stability Index, Excised Leaf
Water Loss, Chlorophyll Content, Catalase Activity,
Peroxidase Activity, Proline Accumulation, Relative Growth
Rate, Leaf Area Index, Specific Leaf Weight, Stress Intensity
indicating that these characters were mostly governed by
genetic factors as the role of environment deviating the
expression of these traits was meagre except, DTI, GY and
OY presence of wide gap between indicated that an.
environmental factor strongly affects traits.

High heritability for all traits implicated high magnitude of
heritable portion of variation that could be exploited for
selection of superior genotypes on basis of phenotypic
performance under both conditions except CC, DTI, SI under
non-irrigated and GY, OY under both conditions.

Under NI condition high heritability coupled with high GAM
for traits namely, RL, RGR, LAI, LMSI, RWC, ELWL; RM
only in irrigated and RV, SLW, CA under both conditions
which were indicative of preponderance of additive gene
action for expression of these traits, hence are amenable for
simple selection.

Table 1: Analysis of variance for physio- morphological and quality characters in Indian mustard under non- irrigated and irrigated condition

Mean squares
Source of | Environ D.F.|Tap rootl  Root Root Relative | Leaf |Specific |Chlorop merl;wi)arfane Relative | Excised |Drought
Variation | ments |~ ‘|'8&P growth rate| area | leaf hyll - water |leaf water|tolerance
length | volume | mass _ - . stability .
(x*1073) |index | weight |content index content loss index
Reblication NI 2 | 0.051 0.212 0.008 0.517 0.007 | 0.101 | 0.001 0.206 2.025 1.067 0.044
P TI 2 | 0.261 0.382 0.001 0.650 0.074 | 0.311 | 0.004 2.166 0.000 0.273 -
Genotvoe NI 19 |21.466**|118.953**| 2.829** | 62.241 | 1.694 |7.432**| 0.015 |160.937** |359.552**|138.258**| 0.634
yp TI 19 |4.869** | 73.644** | 2,565** | 58.473 | 0.510 |12.669**| 0.094 | 35.792** | 70.172** | 25.598** -
Error NI 38 | 0.142 0.243 0.007 2.604 0.076 | 0.055 | 0.001 0.198 2.529 0.804 0.216
TI 38 | 0.116 0.278 0.002 2.825 0.033 | 0.336 | 0.004 1.253 0.122 0.773 -
s ; Mean squares
ource o .
o Environments | D.F. i i
Variation Vi _ Stres_s Cat_al_ase Peropdase Prollne_ Grain yield ha | Oil yield ha't
intensity activity activity accumulation
_— NI 2 0.002 6.32** 7.25%* 0.0009 278.26** 15.98**
Replication
TI 2 - 1.03 10.05** 0.0002 28273.82** 1948.89**
Genotvoe NI 19 0.028 2475.90** 1612.33** 0.03 85216.37** 12944.62**
typ TI 19 - 1500.54** 429.38** 0.02 188327.55** 28708.46**
Error NI 38 0.009 5.86 5.79 0.0003 26870.36 4332.19
TI 38 - 7.06 7.50 0.0001 59077.45 9858.62

*Significant at P= 0.05 ** Significant at P= 0.01

Table 2: Mean performance standard error (mean), critical difference for physio-morphological and quality characters under non- irrigated and
irrigated condition

Characters Tap root length Root volume Root mass

Varieties NI TI NI TI NI TI
DRMRLEJ902 9.28 9.42 8.14 5.98 1.10 2.41
DRMR150-35 7.79 9.40 12.70 8.46 0.80 2.88
NRCDR2 10.60 10.33 16.60 11.52 0.70 3.71
RH8814 9.67 10.95 8.04 6.70 0.80 5.07
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TM151 13.80 10.36 11.60 8.95 0.80 4.25
TM128 8.73 9.69 8.19 7.01 0.90 2.22
KRANTI 7.73 10.26 451 4.40 1.40 3.15
KMR10-1 8.93 11.44 7.86 5.40 1.70 1.61
MAYA 9.29 12.34 9.29 8.22 3.00 3.40
ROHINI 8.38 11.24 5.36 3.05 4.60 3.67
PKRS28 9.20 10.54 6.79 5.20 1.90 1.87
PUSA MUSTARD 25 11.10 10.41 2.84 2.13 1.90 2.73
PUSA MUSTARD 28(NPJ-124) 10.90 9.61 5.64 3.01 1.70 2.93
RGN-13 9.97 10.52 3.93 3.46 0.90 3.04
RAURD 212 10.90 11.39 6.01 5.74 1.70 3.65
RAURD 78 11.20 11.05 7.81 7.00 1.30 241
VARUNA(CHECK) 12.60 9.58 5.96 5.52 0.90 1.29
PUSA BOLD 9.14 11.17 4.04 3.97 0.90 3.72
PUSA MAHAK(JD-6) 15.00 10.04 21.90 14.47 1.10 331
RAJENDRA SUFLAM 18.70 15.02 27.70 24.01 3.00 3.87
SEm (%) 0.22 0.20 0.28 0.30 0.05 0.02
CD (5%) 0.62 0.56 0.81 0.87 0.13 0.07
CD (1%) 0.84 0.75 1.09 1.17 0.18 0.09
Characters | Specific leaf weight | Chlorophyll content | Leaf membrane stability index | Relative water content
Varieties NI TI NI TI NI TI NI TI
DRMRLEJ902 3.70 8.82 0.74 1.10 24.30 48.60 20.60 84.63
DRMR150-35 4.90 9.79 0.80 1.27 27.40 50.62 31.00 88.44
NRCDR2 8.00 10.73 0.91 1.35 43.50 52.01 51.30 90.90
RH8814 6.30 14.18 0.83 1.49 31.30 52.65 40.30 92.50
TM151 6.90 10.64 0.85 1.34 34.90 51.91 45.20 90.89
TM128 7.70 7.77 0.87 1.02 37.20 46.56 50.60 82.93
KRANTI 8.00 10.57 0.89 1.30 37.70 50.96 50.60 90.88
KMR10-1 7.10 11.17 0.86 1.39 35.60 52.20 45.30 91.39
MAYA 6.70 9.64 0.84 1.26 32.50 50.26 42.60 86.46
ROHINI 8.20 11.74 0.93 1.42 46.10 52.45 52.40 91.51
PKRS28 6.80 10.17 0.84 1.29 34.70 50.82 42.90 90.02
PUSA MUSTARD 25 6.30 8.33 0.88 1.04 30.60 46.75 36.00 83.92
PUSA MUSTARD 28(NPJ-124) 8.00 9.43 0.92 1.25 45.00 49.10 51.60 86.09
RGN-13 4.40 8.60 0.78 1.06 26.70 48.29 27.60 84.09
RAURD 212 5.40 6.64 0.90 0.99 27.60 44.03 35.00 78.56
RAURD 78 7.30 9.29 0.87 1.18 36.10 48.72 50.20 84.82
VARUNA(CHECK) 4.00 7.71 0.77 1.01 25.90 45.10 24.00 80.56
PUSA BOLD 3.30 5.79 0.66 0.95 23.10 39.94 20.50 78.18
PUSA MAHAK(JD-6) 6.30 6.78 0.83 0.99 31.10 44.92 36.80 79.36
RAJENDRA SUFLAM 8.30 12.27 0.96 1.48 47.60 52.48 52.80 92.44
SEm () 0.10 0.33 0.014 0.04 0.26 0.65 0.92 0.20
CD (5%) 0.40 0.96 0.04 0.11 0.74 1.85 2.63 0.58
CD (1%) 0.50 1.28 0.05 0.14 0.98 2.48 3.52 0.77
Characters | Excised leaf water loss | Drought tolerance index | Stress intensity | Catalase activity
Varieties NI TI NI TI NI TI NI TI
DRMRLEJ902 34.30 35.95 2.30 - 0.50 - 120.30 | 123.60
DRMR150-35 30.80 35.38 3.10 - 0.60 - 136.50 | 136.98
NRCDR2 20.20 33.28 2.30 - 0.50 - 198.10 | 149.92
RH8814 25.10 30.01 3.40 - 0.70 - 158.60 | 162.16
TM151 23.60 34.10 2.70 - 0.60 - 170.10 | 148.26
TM128 24.40 38.13 2.30 - 0.50 - 181.30 | 105.67
KRANTI 22.30 34.69 2.00 - 0.40 - 196.70 | 146.87
KMR10-1 26.80 33.27 2.60 - 0.50 - 173.00 | 151.98
MAYA 23.30 35.43 2.20 - 0.50 - 165.30 | 130.14
ROHINI 14.40 32.55 2.70 - 0.60 - 199.90 | 156.59
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PKRS28 24.40 35.20 2.30 - 0.50 - 169.80 | 139.94
PUSA MUSTARD 25 26.20 37.82 2.40 - 0.50 - 142.50 | 108.44
PUSA MUSTARD 28(NPJ-124) 15.90 35.53 1.80 - 0.40 - 199.40 | 125.96
RGN-13 33.80 37.19 2.20 - 0.50 - 130.90 | 115.16
RAURD 212 28.00 39.82 3.00 - 0.60 - 139.20 | 97.04
RAURD 78 22.90 35.93 2.20 - 0.50 - 179.80 | 124.02
VARUNA(CHECK) 33.10 38.41 2.50 - 0.50 - 126.10 | 103.69
PUSA BOLD 40.70 40.76 2.10 - 0.40 - 114.30 | 96.67
PUSA MAHAK(ID-6) 25.80 39.18 2.80 - 0.60 - 155.00 | 98.52
RAJENDRA SUFLAM 14.00 30.28 3.50 - 0.70 - 201.10 | 159.73
SEm () 0.52 0.51 0.30 - 0.10 - 1.40 1.53
CD (5%) 1.48 1.45 0.80 - 0.16 - 4.00 4.39
CD (1%) 1.99 1.95 1.00 - 0.21 - 5.36 5.88
Characters | Peroxidase activity | Proline accumulation | Relative growth rate | Leaf area index
Varieties NI TI NI TI NI TI NI TI
DRMRLEJ902 194.91 218.83 0.89 0.76 17.30 31.67 0.90 3.19
DRMR150-35 204.67 223.07 0.93 0.82 18.70 34.00 1.60 3.32
NRCDR2 249.46 229.95 1.12 0.86 28.30 37.33 2.70 3.52
RH8814 225.81 243.70 0.97 0.90 22.00 39.00 1.80 3.66
TM151 229.62 227.11 1.02 0.86 24.00 37.33 2.60 3.48
TM128 237.87 213.45 1.05 0.71 26.00 29.67 2.70 2.74
KRANTI 246.07 227.07 1.08 0.84 27.70 36.00 2.70 3.47
KMR10-1 231.51 234.04 1.03 0.87 25.70 37.33 2.60 3.54
MAYA 228.22 220.19 0.98 0.81 24.30 33.00 2.20 3.24
ROHINI 263.99 237.31 1.17 0.88 30.30 37.00 2.80 3.61
PKRS28 229.42 223.20 1.02 0.83 24.00 35.33 2.60 3.43
PUSA MUSTARD 25 216.86 216.73 0.94 0.74 20.70 29.67 1.70 2.78
PUSA MUSTARD 28(NPJ-124) | 259.23 220.05 1.14 0.78 29.70 33.33 2.80 3.23
RGN-13 196.94 218.28 0.92 0.75 18.70 30.67 1.30 2.80
RAURD 212 212.66 205.22 0.93 0.69 19.00 25.00 1.70 2.48
RAURD 78 234.37 219.16 1.03 0.77 26.70 32.33 2.60 3.22
VARUNA(CHECK) 195.51 209.40 0.92 0.70 18.30 28.33 0.90 2.65
PUSA BOLD 192.92 195.17 0.83 0.68 16.00 25.67 0.50 2.47
PUSA MAHAK(ID-6) 219.75 207.87 0.95 0.69 21.00 26.00 1.70 2.60
RAJENDRA SUFLAM 269.20 238.09 1.19 0.89 30.00 38.33 3.00 3.64
SEm () 1.39 1.58 0.01 0.01 0.93 0.97 0.20 0.11
CD (5%) 3.98 453 0.03 0.02 2.67 2.78 0.50 0.30
CD (1%) 5.33 6.06 0.04 0.02 3.57 3.72 0.60 0.40
Characters Grain yield ha! Qil yield ha'?
Varieties NI TI NI TI
DRMRLEJ902 1055.45 1944.30 411.80 716.72
DRMR150-35 1111.00 1999.80 436.80 773.34
NRCDR2 1390.60 2129.40 537.80 818.82
RH8814 1203.58 2592.30 471.00 996.02
TM151 1259.13 2092.40 512.50 811.61
TM128 1370.23 1870.20 540.60 721.48
KRANTI 1388.75 2055.40 547.30 805.33
KMR10-1 1333.20 2259.00 525.00 871.60
MAYA 1203.58 1999.80 468.20 766.82
ROHINI 1462.82 2527.50 572.60 990.32
PKRS28 1259.13 2036.80 488.90 784.95
PUSA MUSTARD 25 1129.52 1907.20 445.50 740.07
PUSA MUSTARD 28(NPJ-124) 1425.79 1972.00 560.80 770.79
RGN-13 1092.48 1944.30 423.20 747.09
RAURD 212 1129.52 1833.20 442.60 701.84
RAURD 78 1351.72 1962.80 530.90 754.84
VARUNA(CHECK) 1055.45 1870.20 407.10 718.39
PUSA BOLD 925.83 1638.70 360.70 628.77
PUSA MAHAK(JD-6) 1185.07 1851.70 465.70 704.91
RAJENDRA SUFLAM 1610.95 2536.80 616.60 957.61
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SEm (¥) 94.64 140.33 38.00 57.33
CD (5%) 270.95 401.75 108.80 164.12
CD (1%) 362.92 538.12 145.70 219.83

NI- Non —Irrigated TI- Irrigated (Two irrigation)

Table 3: General Mean, CV and Range of Physiological and quality characters under non- irrigated and irrigated condition

Characters MEAN RANGE CV%

E1 Es E1 Ea Ei1 Ea
1 Tap root length 10.64 10.74 7.73-18.69 9.40-15.02 355 | 3.17
2 Root volume 9.24 7.21 2.84-27.70 2.13-24.01 533 | 7.31
3 Root mass 1.55 3.06 0.74-4.57 1.29-5.07 523 | 1.29
4 Relative growth rate 23.42 32.85 16.00-30.33 25.00-39.00 6.89 | 5.117
5 Leaf area index 2.07 3.15 0.49-2.98 2.47-3.66 13.32 | 5.789
6 Specific leaf weight 6.38 9.50 3.33-8.30 5.79-14.18 3.69 | 6.099
7 Chlorophyll content 0.85 1.21 0.66-0.96 0.95-1.49 295 | 5.38
8 | Leaf membrane stability index | 33.94 48.92 23.10-47.57 39.94-52.65 131 | 2.29
9 Relative water content 40.36 86.43 20.45-52.78 78.18-92.50 3.94 | 040
10 Excised leaf water loss 25.49 35.65 13.97-40.67 30.01-40.76 352 | 247
11 Drought tolerance index 2.51 - 1.81-3.48 - 18.51 -
12 Stress intensity 0.52 - 0.38-0.73 - 18.50 -
13 Catalase activity 162.90 | 129.07 | 114.33-201.13 96.67-162.16 1.49 | 2.06
14 Peroxidase activity 226.95 | 221.39 | 192.92-269.20 195.17-243.70 1.06 | 1.24
15 Proline accumulation 1.01 0.79 0.83-1.19 0.68-0.90 174 | 121
16 Grain yieldha! 1247.19 | 2051.18 | 925.83-1610-95 | 1638.73-2592.33 | 13.14 | 11.85
17 Oil yield ha? 488.28 | 789.07 | 360.72-616.57 628.77-996.02 | 13.48 | 12.58

Table 4: Genotypic and phenotypic variance and coefficient of variation, heritability in broad sense and genetic advance as percent of mean for
physio -quality characters under non- irrigated and irrigated condition

S No. Character Genotypic variance Phenotypic variance
El E4 E1 E4
1 Tap root length 7.11 1.58 7.25 1.70
2 Root volume 39.57 24.46 39.81 24.73
3 Root mass 0.94 0.85 0.95 0.86
4 Relative growth rate 19.88 23.35 22.48 23.47
5 Leaf area index 0.54 0.16 0.62 0.19
6 Specific leaf weight 2.46 4.11 2.51 4.45
7 Chlorophyll content 0.0008 0.029 0.001 0.034
8 Leaf membrane stability index 53.58 11.51 53.78 12.77
9 Relative water content 119.01 23.35 121.54 23.47
10 Excised leaf water loss 45.82 8.27 46.62 9.05
11 Drought tolerance index 0.14 - 0.36 -
12 Stress intensity 0.01 - 0.02 -
13 Catalase activity 823.35 497.83 829.20 504.89
14 Peroxidase activity 535.51 140.63 541.30 148.13
15 Proline accumulation 0.01 0.0054 0.01 0.0055
16 Grain yieldha* 19448.67 43083.37 46319.03 102160.81
17 QOil yield ha* 2870.81 6283.28 7203.00 16141.90
GCV PCV
S. No. Character E E: E E
1 Tap root length 25.06 11.72 25.31 12.14
2 Root volume 68.05 68.58 68.26 68.97
3 Root mass 62.41 30.20 62.63 30.22
4 Relative growth rate 19.04 13.11 20.25 14.07
5 Leaf area index 35.52 12.64 37.94 13.90
6 Specific leaf weight 24.60 21.33 24.87 22.19
7 Chlorophyll content 8.23 14.29 8.74 15.27
8 Leaf membrane stability index 21.56 6.94 21.60 7.30
9 Relative water content 27.03 5.59 27.31 5.61
10 Excised leaf water loss 26.55 8.07 26.78 8.44
11 Drought tolerance index 14.83 - 23.71 -
12 Stress intensity 14.84 - 23.73 -
13 Catalase activity 17.61 17.29 17.68 17.41
14 Peroxidase activity 10.20 5.36 10.25 5.50
15 Proline accumulation 9.68 9.34 9.83 9.42
16 Grain yieldha 11.18 10.12 17.26 15.58
17 QOil yield ha'! 10.97 10.05 17.38 16.10
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Heritability GAM (%)
S. No. Character E Es E Ex
1 Tap root length 98.07 92.94 51.11 23.32
2 Root volume 99.40 98.91 39.76 40.48
3 Root mass 98.95 98.84 28.12 62.15
4 Relative growth rate 88.43 99.49 36.88 25.16
5 Leaf area index 87.10 84.21 68.52 23.67
6 Specific leaf weight 98.01 92.36 50.11 42.26
7 Chlorophyll content 40.00 85.29 15.97 27.55
8 Leaf membrane stability index 99.63 90.13 44.34 13.57
9 Relative water content 97.92 99.49 55.10 25.16
10 Excised leaf water loss 98.28 91.38 54.22 15.90
11 Drought tolerance index 38.89 - 19.10 -
12 Stress intensity 50.00 - 19.13 -
13 Catalase activity 99.29 98.60 36.16 35.36
14 Peroxidase activity 98.93 94.94 20.89 10.75
15 Proline accumulation 99.99 98.18 19.62 19.08
16 Grain yieldha! 41.99 42.17 14.93 13.54
17 QOil yield ha'! 39.86 38.93 14.27 12.91
—
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Fig 1: Genetic parameters for physio -quality characters under non- irrigated condition
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Fig 2: Genetic parameters for physio-quality characters under irrigated condition
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