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ABSTRACT

The study was conducted during rabi 2020-21 to evaluate the ten genotypes of
mustard viz.,, ACN-240, SKM-1626, ACN-226, ACN-244, ACN-250, ACN-255, T-9, ACN-237,
PM-26 and TAM 108-1 under two sowing dates i.e. 30" October and 30™ November for
chemical, biochemical, yield and yield contributing parameters. The experiment was laid
out in FRBD with three replications. Data revealed that genotypes ACN-250, ACN-237 and
ACN-226 performed better under 30" October sowing as compared to 30" November sowing
over two checks (PM-26 and TAM 108-1) and remaining genotypes in respect of chlorophyll,
N, P, K content in leaves, oil content in seeds, number of siliquae plant', number of seeds
siliqua, test weight and seed yield ha'. In terms of chemical, biochemical, yield and yield
contributing characters 30" October sowing date with genotype ACN-250 proved to best
among the interactions. These all characters showed positive and highly significant

correlation with yield.

(Key words: Mustard genotypes, sowing dates, chemical, biochemical, yield contributing
parameters, yield, correlation, interaction)

INTRODUCTION

Mustard is an important oil seed crop next to
groundnut. It requires cool weather for its satisfactory
growth and therefore, grown as rabi crop in northern-eastern
and central part of the country. It belongs to family
Crucifereae with Chromosome number 2n = 36. Oil content
of Indian mustard seeds varies from 30% to 48%. It is known
that Indian mustard seeds are largely crushed for oil which
is rich source of energy, predominantly in vegetarian diet.
Apart from culinary purpose, oil is also used for medicinal
purpose, preparation of hair oil and making soap. Oil cake
remaining after oil extraction is used as animal feed and
manures.

Mustard seeds are considered as excellent source
of dietary protein i.e. 27%, with desired amino acid profile.It
is common medium for pickling and food preservation. In
fact, mustard oil is nutritionally far superior than any other
vegetable oil due to low level of saturated fatty acids i.e.
8%, moderate level of poly unsaturated fatty acid and
appreciable amount of omega-3 and omega-6 fatty acid in
very right proportion. Keeping these things in mind varieties
with low erucic acid (less than 3%) have been developed
and presently such varieties are under cultivation. Indian
mustard seed meal contains 3% to 8% glycosylates, which
is an anti-nutritional factor which decreases probability of
cake.

The tender leaves of these cultivars serve as
vegetable, while the seeds as a source of lubricating and
cooking oil. It produces 9 k cal. energy from 1g of oil unit"
in comparison with other diets (carbohydrate and protein).
In a balanced diet for human health 20-25% of calories should
come from fats and oils. The protein quality and quantity of
B. campestris obtained oil cake is high (Chowdhury et al.,
2014).

Sowing time is the most vital non-monetary input
to achieve target yields in mustard. Production efficiency
of different genotypes greatly differs under different planting
dates. Soil temperature and moisture influences the sowing
time of rapeseed-mustard in various zones of the country
(Singh et al., 2018).The optimum time of sowing can provide
congenial conditions to have maximum light interception,
best utilization of moisture and nutrients from early growth
stage to seed filling stage. Sowing time is very important for
mustard production (Mondal et al., 1999). Hence,
considering the fact, present investigation was undertaken
to study the effect of sowing dates on chemical, biochemical,
yield and yield traits in mustard genotypes.

MATERIALS AND METHODS

Field experiment was carried out at research farm
AICRP on linseed and mustard, college of agriculture,

Nagpur during rabi 2020-21 in FRBD replicated thrice.
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Experimental gross plot size was 3.15 m x 2.20 m and net plot
size was 2.25 m x 2.00 m. Sowing was done on 30" October
and 30" November with spacing of 45 ¢cm x 10 ¢cm. The ten
genotypes including checks viz., ACN-240, SKM-1626, ACN-
226, ACN-244, ACN-250, ACN-255, T-9, ACN-237, PM-26
and TAM 108-1 were tested in two dates of sowing i.e. 30"
October and 30™ November. Chlorophyll content in leaves
was estimated by colorimetric method suggested by
Bruinsma (1982). N content in leaves was determined by
micro-kjeldahl’smethod as given by Somichi et al. (1972). P
content in leaves was determined by venado-molybate
yellow colour method given by Jackson (1967). K content
in leaves was determined by flame photometer by di-acid
extract method given by Jackson (1976). The estimation of
oil content of seed was done by Soxhlet’s procedure
described by Shankaran (1965). Observations on number of
siliquae plant?, number of seeds siliqua’', test weight and
seed yield ha! were also recorded at the time of harvesting.
Simple correlation was calculated by using the formula given
by Singh and Choudhary (1994).

RESULTS AND DISCUSSION

Chlorophyll content in leaves

Chlorophyll content in leaves at 25, 45 and 65 DAS
was significantly higher in 30" October sown crop (0.667,
1.510 and 1.284 mg g respectively) as compared to 30"
November sown crop (0.419, 1.228 and 1.098 mg g
respectively). This might be due to reason that favourable
temperature and bright sunshine at vegetative phase
enhanced the chlorophyll synthesis in leaves during 30™
October sowing whereas, relatively low temperature and
lower sunshine at grand growth phase led to decrease in
chlorophyll content during 30" November sowing.
Chlorophyll was increased from 25-45 DAS but later it was
decreased. It might be due to leaf senescence which led to
degradation of chlorophyll.

Significant increase in amount of both nitrogen
and potassium in plant shoot play an important role in
increasing the number of chloroplasts cell”, cell size, number
of unit! area, as well as increased synthesis of chlorophyll
(Possinghum, 1980). This might be the reason for increase
in chlorophyll content in the present study.

Tripathi et al. (2006) studied the leaf appearance
and chlorophyll content in Indian mustard under different
crop environments. Treatment considered three sowing
dates viz., S, (5" October), S, (20" October) and S, (5"
November). They reported that the chlorophyll content was
significantly higher in S and S, as compared to S,. The
higher value of chlorophyll content in early sowing may be
due to warmer growing environment which supported better
plant physiological characters. However, under late sown
conditions temperature declined during grand growth period.
The reduction in temperature during vegetative and
flowering phases may have decreased chlorophyll content.

At 25, 45 and 65 DAS significantly higher
chlorophyll content was recorded in genotypes ACN-250,
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ACN-237 and ACN-226 which were superior over the checks
(PM-26 and TAM 108-1) and other genotypes (ACN-244,
SKM-1626, ACN-255, T-9 and ACN-240). Data revealed that
significantly highest chlorophyll content was observed in
genotype ACN-250 at all stages of observations (i.e. 0.82,
1.85 and 1.65 mg g! at 25, 45, and 65 DAS respectively),
while lower in genotype ACN-240 at all stages of
observations (i.e. 0.28, 0.84 and 0.68 mg g ' at 25, 45 and 65
DAS respectively). This might be due to their genetic
potential among the genotypes studied.

Uddin et al. (2012) found that the variation in
chlorophyll content during flowering and fruiting stage was
significant among the mutants. The highest chlorophyll
content was recorded in RMO05 and the lower was recorded
in RMO1. This might be due to genetic makeup of mutants.

Results revealed that significantly highest
chlorophyll content was observed under 30™ October
sowing (D,) with genotype ACN-250 (G,) when compared
to other interactions, while lower chlorophyll content was
recorded under 30" November sowing (D,) with genotype
ACN-240 (G)) at all the stages of observations (25, 45 and
65 DAS).

At all stages of observations significantly strong
and positive association was noticed between chlorophyll
content in leaves and seed yield (0.946%%, 0.944** and
0.923%% at 25, 45 and 65 DAS respectively).Raut et al. (2012)
and Deotale et al. (2019) had recorded significantly positive
association of chlorophyll content with seed yield in
mustard.

Nitrogen content in leaves

At 25,45 and 65 DAS significantly higher nitrogen
content in leaves was noticed in 30" October sown crop
(3.16, 3.05 and 2.94 % respectively) as compared to 30™
November sown crop (2.47, 2.35 and 2.24 % respectively).
This might be due to reason that relatively warmer
temperature during vegetative growth which led higher
accumulation of nitrogen in leaves during 30" October
sowing, while relatively low temperature at grand growth
stage led to decrease in nitrogen content during 30"
November sowing. Leaf nitrogen contents decreased
progressively at 45-65 DAS. It might be due to development
of new organs of the plant i.e., flowers and developing seeds
which drew the nitrogen from leaves.

Gardner et al. (1988) observed that leaf nitrogen
content was decreased at 45 and 65 DAS when compared
with 25 DAS stage. The decrease in nitrogen content might
be due to fact that younger leaves and developing organs,
such as seeds act as strong sink demand and may draw
heavily nitrogen from older leaves.Results recorded by
Poonkodi (2003) also stated that decrease in nitrogen content
at later stage might be due to translocation and utilization
of nutrient for flower and pod formation.

At 25,45 and 65 DAS significantly highest nitrogen
content was recorded in genotypes ACN-250, ACN-237 and
ACN-226 when compared with checks (PM-26 and TAM
108-1) and other genotypes (SKM-1626, ACN-244, ACN-



255, T-9 and ACN-240).Data showed that significantly higher
nitrogen content in leaf was observed in genotype ACN-
250 at all stages of observations (i.e. 3.57, 3.47 and 3.35 % at
25, 45 and 65 DAS respectively), while lower in genotype
ACN-240 at all stages of observations (i.e. 1.89, 1.77 and
1.66 % at 25, 45 and 65 DAS respectively). This might be
due to genotype-to-genotype variation in their genetic
potential.

Interaction between sowing dates and genotypes
for nitrogen content in leaves was found non-significant at
all stages of observations (25, 45 and 65 DAS).

Nitrogen content in leaves was found to be
significant and positively correlated with seed yield at all
stages of observations (0.974%% 0.976%* and 0.976%* at 25,
45 and 65 DAS respectively). Uke et al. (2011),Raut et al.
(2012) and Deotale et al. (2019) had also noted significantly
positive association of nitrogen content with seed yield in
mustard.

Phosphorus content in leaves

At 25, 45 and 65 DAS significantly higher
phosphorus content in leaves was found in 30" October
sown crop (0.38, 0.46 and 0.42 % respectively) when
compared with 30" November sown crop (0.32,0.39 and 0.36
% respectively) at all stages of observations. This might be
due to relatively high soil temperature during vegetative
growth which enhances the availability and efficiency of
phosphorus uptake led to higher accumulation of
phosphorus in leaves during 30" October sowing. Whereas,
relatively low soil temperature at grand growth phase led to
decrease in uptake and accumulation of phosphorus content
during 30" November sowing.

The inferences drawn from the data, it is clear that
leaf phosphorus content was gradually increased up to 45
DAS and reduced thereafter, at 65 DAS. The decrease in
phosphorus content might be due to translocation of leaf
phosphorus and its utilization for development of food
storage organ. (Deotale er al., 2018).

Low temperature in the root zone reduced the
availability of P for wheat (Power eral., 1961). Barber (1986)
studied the soil-plant interaction in the phosphorus nutrition
of plant. They stated that temperature influenced
mechanisms involved in plant phosphorus (P) uptake and
phosphorus deficient plants have been associated
sometimes with low soil temperatures, suggesting that P
supply to the root is restricted with low soil temperature.

At 25, 45 and 65 DAS significantly higher
phosphorus content was observed in genotypes ACN-250,
ACN-237 and ACN-226 as compared to checks(PM-26 and
TAM 108-1) and other genotypes (SKM-1626, ACN-244,
ACN-255, T-9 and ACN-240).Results revealed that
significantly highest phosphorus content in leaves was
observed in genotype ACN-250 at all stages of observations
(i.e.0.52,0.60 and 0.56 % at 25, 45 and 65 DAS respectively),
whereas, it was lowered in genotype ACN-240 at all stages
of observations (i.e. 0.14, 0.18 and 0.16 % at 25, 45 and 65

DAS respectively). This might be due to their genetic
potential among the genotypes studied.

Interaction between sowing dates and genotypes
for phosphorus content in leaves was found non-significant
at all stages of observations (25, 45 and 65 DAS).

Phosphorus content in leaves was significantly
and positively correlated with seed yield at all stages of
observations (0.910%%,0,907** and 0.911** at 25, 45 and 65
DAS respectively). Uke et al. (2011) and Raut et al. (2012)
also observed significant and positive correlation of
phosphorus content with seed yield in mustard.

Potassium content in leaves

Potassium content in leaves at 25, 45 and 65 DAS
was significantly higher in 30" October sowing (0.66, 1.35
and 1.17 % respectively) as compared to 30" November
sowing (0.52, 1.16 and 1.04 % respectively). It might be due
to higher soil moisture which enhances the availability of
potassium led to higher uptake and accumulation of
potassium in the leaves in 30" October sown crop. Whereas,
relatively low temperature at grand growth stage led to
decrease in potassium content in leaves in 30" November
SOWN Crop.

Kumar et al. (2020) investigated the effect of sowing
dates on nutrient availability and nutrient uptake of Indian
mustard (Brassica juncea). Treatments consisted of three
sowing dates viz., 17" November, 27" November and 07"
December and eight nutrient sources. Results revealed that
the crop sown on November 17", total potassium uptake
was recorded 87.38 kg ha™' on the basis of pooled analysis
as compared to crop sown on November 27"and December
7", Lower potassium content at latter two dates of sowing
might be due to relatively low soil temperature at grand
growth phase led to decrease in uptake and accumulation
of potassium content in leaves.

At 25, 45 and 65 DAS significantly higher
potassium content was observed in genotypes ACN-250,
ACN-237 and ACN-226 which were superior over the checks
(PM-26 and TAM 108-1) and other genotypes (ACN-244,
SKM-1626, ACN-255, T-9 and ACN-240).Results showed
that significantly higher potassium content in leaves was
observed in genotype ACN-250 at all stages of observations
(i.e.0.76, 1.47 and 1.33 % at 25, 45 and 65 DAS respectively),
whereas, it was lowered in genotype ACN-240 at all stages
of observations (i.e. 0.41, 0.95 and 0.76 % at 25, 45 and 65
DAS respectively). This is because of variation in different
genotypes in their genetic makeup.

Interaction between sowing dates and genotypes
for potassium content in leaves was found non-significant
at all stages of observations (25, 45 and 65 DAS).

Significantly positive correlation was noticed
between potassium content in leaves and seed yield at all
stages of observations (0.970%*,0.953%* and 0.91 1°** at 25,
45 and 65 DAS respectively). Uke et al. (2011), Raut et al.
(2012) and Deotale et al. (2019) also reported positive
association of potassium content in leaves with seed yield
in mustard.



Qil content in seeds

Significantly more oil content in seed was observed
in 1¥date of sowing i.e. 30" October (38.73 %) when compared
with 2"date of sowing i.e. 30" November (34.52 %). This
might be due to reason that optimum temperature during
siliqua and grain filing stage under 30" October sown crop
led to higher accumulation of fatty acids in seed. Whereas,
lower oil content under 30" November sown crop might be
due to higher temperature during maturity adversely affected
the fatty acids accumulation in seeds and enforced the
maturity earlier.

Canvin (2011) studied the effect of temperature on
the oil content and fatty acid composition of the rapeseed
and revealed that highest oil content in rapeseed was found
at the lowest temperature and a continual decrease was
observed with the increase in temperature. This might be
due to decrease in the amount of highly unsaturated fatty
acids when the temperature was increased.

Keerthi er al. (2017) investigated the yield
attributes, yield and quality of Indian mustard (Brassica
Juncea L.) in genotype RH-749 having four different dates
of sowing viz., 15" October, 25" October, 5" November and
15" November. Results revealed that sowing on 15" October
gave highest oil content against the minimum oil content
recorded with 15" November sown crop. The significant
increase in oil content in early sown crop was due to
increased nitrogen content in seed.

Significantly higher oil content was recorded in
genotypes ACN-250, ACN-237 and ACN-226 when
compared with checks (PM-26 and TAM 108-1) and other
genotypes (ACN-244, SKM-1626, ACN-255, T-9 and ACN-
240).Data revealed that significantly highest oil content was
observed in genotype ACN-250 (41.63%) might be due to
their higher genetic potential to accumulate higher amount
fatty acids in the seeds, while lower oil content was observed
in genotype ACN-240 (30.12%) might be due to their lower
genetic potential when compared among the genotypes
studied.

Patel er al. (2017) investigated the effect of different
sowing dates on growth, yield and quality of Indian mustard
varieties. Treatments consisted of four sowing dates viz.,
15" October, 30" October, 14" November and 29" November
and three varieties Varuna, Narendra Rai-1 and Kranti. They
found that among the varieties, Varuna recorded
significantly higher oil yield as compared to Narendra Rai-1
and Kranti. This might be due to their genetic makeup.

Among the interactions the highest oil content
was observed in genotype ACN-250 (G,) with 30" October
(D)) sown condition, while lower oil content was observed
in genotype ACN-240 (G,) with 30" November sowing date
(D).

Oil content of seed exhibited significantly strong
and positive correlation with seed yield (0.969%%),
Ramanjanuyulu and Giri (2007), Uke et al. (2011), Raut et al.
(2012) and Deotale et al. (2019) had also observed significant
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and positive correlation of oil content with seed yield in
mustard.

Number of siliquae plant and number of seeds siliqua™

Significantly more number of siliquae plant' and
number of seeds siliqua' was found in 30" October sown
crop (255.54 and 15.52) when compared with 30" November
sown crop (204.10 and 11.88). This might be due to reason
that favourable environment for growth during the 30™
October sowing leads to proper grain filing. Whereas, 30"
November sown crop expose to higher temperature and
water deficit condition during terminal stage caused flower
and siliqua abscission as well as shortening of reproductive
period led lower number of siliquae plant' and number of
seeds siliqua’'.

Wright er al. (1996) also opined that water deficit
at flowering stage of mustard caused shortening of the
reproductive growth duration, infertility of some flowers
and their abscission and finally lower number of seeds
siliqua™.

Singh et al. (2014) reported the highest number of
siliquae plant'and number of seeds siliqua™' under normal
sown condition (26" October), while lower number of siliquae
plant'and number of seeds siliqua™' was found under late
sown condition (26" November). This might be due to high
temperature during terminal stage. Moreover, the exposure
to higher temperature during flowering and siliqua formation
stage resulted in considerable reduction in number of siliquae
plant” and number of seeds siliqua™' with more severe flower
and siliqua abscission.

Significantly higher number of siliquae plant'and
number of seeds siliqaua™' was observed in genotypes ACN-
250, ACN-237 and ACN-226 which were superior over the
checks (PM-26 and TAM 108-1) and other genotypes (ACN-
244, SKM-1626, ACN-255, T-9 and ACN-240). The
significantly highest number of siliquae plant'and number
of seeds siliqua’ was observed in genotype ACN-250
(350.83 and 17.11), whereas significantly lower number of
siliquae plant'and number of seeds siliqua™' was observed
in genotype ACN-240 (126.67 and 9.16). This might be due
to their genetic potential when compared with remaining
genotypes studied.

Kumar er al. (2018) reported higher number of
siliquae plant” and number of seeds siliqua™ in genotype
RH-0116 and minimum in RH-1019. This might be because
of variation in different genotypes in their genetic makeup.

Results revealed that significantly highest number
of siliquae plant! and number of seeds siliqua’ was recorded
at 30™ October sowing (D) with genotype ACN-250 (G,),
while lower number siliquae plant'and number of seeds
siliqua’ was found in 30" November sowing (D,) with
genotype ACN-240 (G, ).

Correlation studies revealed highly significant and
positive association of number of siliquae plant” and number
of seeds siliqua™' with seed yield (0.937** and 964**). Uke
etal. (2011), Raut e al.(2012) and Dhongade ef al. (2019)



also reported significantly positive association of number
of siliquae plant' and number of seeds siliqua’! with seed
yield in mustard.

Test weight

Significantly higher test weight was noticed at
I*date of sowing i.e. 30" October (4.63 g) as compared to 2™
date of sowing i.e. 30"November (3.21 g). This might be due
to higher interception of PAR on leaf canopy during 30™
October sowing as compared to 30" November sowing which
helps in assembling better source sink relationship.

Jain et al. (2019) investigated the radiation
interception and growth dynamics in mustard under
different dates of sowing. They found that the PAR
interception was higher in 10" October sowing as compared
to 5" November and 1* December sowing at the flowering
and siliqua formation stage. This might be due to higher
leaf area index under 10™ October sowing. The PAR
interception by the canopy influences the leaf
photosynthesis efficiency as well as source to sink strength
of the photosynthetic system leads to higher accumulation
of assimilates to the sink.

Significantly higher test weight was recorded in
genotypes ACN-250, ACN-237 and ACN-226 when
compared with checks (PM-26 and TAM 108-1) and other
genotypes (SKM-1626, ACN-244, ACN-255, T-9 and ACN-
240).Significantly highest test weight was recorded in
genotype ACN-250 (5.98 g) might be due to their genetic
behaviour and better source sink system to produce high
quality seeds. While, significantly lower test weight was
found in genotype ACN-240 (1.71 g) might be due to their
lower genetic potential when compared with other
genotypes.

Patel ef al. (2017) conducted an experiment to study
the effect of different sowing dates on growth of Indian
mustard varieties. They reported that the variety Varuna
produced higher value of seed as compared to Narendra
Rai-1 and Kranti which might be due to aggressive growth
characters and better source sink relationship.

Among the interactions significantly highest test
weight was observed during 30" October sowing (D) with
genotype ACN-250 (G,), while significantly lower test weight
was found at 30" November sowing (D,) with genotype
ACN-240(G,).

Highly significant and positive correlation was
observed in test weight with seed yield (0.949%%), Raut et
al. (2012) and Dhongade et al. (2019) had also noted a
positive and significant association of test weight with seed
yield in mustard.
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Seed yield ha™!

Seed yield ha' was significantly highest in 30™
October sowing (14.23 q) when compared with 30" November
sowing (10.56 q) This might be due to reason that early
sowing facilitates optimum environmental conditions for
better crop growth in terms of maximum assimilating surface
(leaf area) that enhances the rate of photosynthesis which
led to higher dry matter accumulation, higher plant height,
more number of branches plant' and ultimately resulted
into higher seed yield.The greenness of the leaf generally
considered to be a parameter contributing to yield ability of
cultivar. Leaves constitute most important aerial organ of
the plants, playing the major role in the anabolic activities
through chlorophyll pigments and photosynthetic system.
There was significant increase in chlorophyll content,
nitrogen, phosphorus and potassium content in leaves
which were observed during 1*date of sowing (30" October)
which might increase the yield in present investigation.

Keerthi et al. (2017) tested the Indian mustard
(Brassica juncea L..) genotype RH-749 having four different
dates of sowing viz., 15" October, 25" October, 5" November
and 15" November for yield attributes, yield and quality.
They reported that early (October 15™and 25™) sown crop
received the optimum environmental conditions required
for better crop growth in terms of higher dry matter
accumulation and maximum number of seeds siliqua' led to
higher seed yield. Whereas, late (November 5" and 15")
sown crop expose to higher temperature at the time of
harvesting resulted into less number of primary and
secondary branches and siliquae plant' led to lower seed
yield.

Significantly higher seed yield ha' was reported
in genotypes ACN-205, ACN-237 and ACN-226 as compared
to checks (PM-26 and TAM 108-1) and other genotypes
(ACN-244, SKM-1626, ACN-255, T-9 and ACN-244).Data
revealed that significantly highest seed yield ha' was found
in genotype ACN-250 (16.54 q) than other genotypes, while
significantly lower in genotype ACN-240 (8.82 q). This might
be due to genetic potential of genotype ACN-250 to produce
higher leafl area which enhances the photosynthetic rate,
dry matter accumulation and ultimately yield of the crop.

Jiotode et al. (2017) reported that different varieties
had significant influenced on the seed yield. The variety V1
(Pusa Bold) recorded higher seed yield than V2 (ACN-9).
This might be due to variety-to-variety variation between
their genetic potential to produce more seed yield.

Among the interactions significantly highest seed
yield ha' was recorded at 30" October sowing (D)) with
genotype ACN-250 (G,), while lower in 30" November sowing
(D,) with genotype ACN-240(G)).



176

Suimos Jo e = ( ‘9dA1ousn) = H (IPQUIDAON ,0E) FUIMOS JO NB wWT = ‘[ (4290100 yOE) FUIMOS JO ([ [ = '(

- S6t'0  9LT°0 - 66€£°0 8LI'0 - 80¥'0 T8I0 I¥T0 6ET0 T90°0 TITO ITI'0 +#S0°0  TIT°0O  #90°0 8T0'0 %S 1 dD

- LET'O  T190°0 - 6£T°0  T90°0 - oo €900 #80°0 800 TIT0°0 €L0°0 TFO'0 61070 8E00 TTO0 0100 Fugs
2xd D a oxd D a oxd D a oxa D a oxd D a oxd ) a

£Cl L0T Cee o't L¥'e 91t 860°1  ¥8T'1 8¢l 0IST 6I¥°0  L99°0 (@ ueapy

T LET O L0E €8T 6FT  91'€E  €6T 8ST  LTE  0STI 0TTT  6LTT OLKT  €0ST  8T9T 0860 9zh0  0£L0("D) I-80T VL
98T  ¥ST 9t 96T 9T LTE LOE  SLT  6£€  PRET  00€T 88T O£l IS8T TLYL 090 0TS0 SI80 (D) 9T-INd
0T€ 68T 0S€ 1€E€ 66T T9E  TPE Ot vLE 0TS TEFT 1091 00LT T6ST LOST 1SLO  L090 9680 (*9) LET-NDV
80T 091 ST 0TT ELT 9T TET 98T 8LT  ¥B80  FI90  PSI'T HELT  TOGSO 9LET  T6E0  1TTO 19570 (‘D)6L
€T T8l T TeT 161 €5T  €€T 10T ¥9T 0060 1180 0660 0SOT SE60 9911 OPE0  SLTO  COv0  ("DISST-NIV
TSOT  €6V'1 TISTT 0SS’ 00LT  100T  0Z80 1L90 8960 (D) 0ST-NOV

ce'e c0€ POt LY 9I'e 9L'e  LSE  9TE Ly

€ €
S¥'T 81'CT ILT  LST  6TC 8T 89T 0FC 96T  OVI'l  €LUT 6601 €1TT  SETT  T6I'T OIF0  €8€0  9zH0 (D) PPT-NOV

90°¢ 9L'T cee  LI'E  L8T LF'E  6TE 66T 85°C  IEKT  SLET  S8P'T OLST  €IFT LTLT 0TL0 6950 +98°0 (D) 97T-NOV

S e 86°1 16°C 65°C e cO'E 0L'T 92'¢ rl'e ocrt #1071 91T OpEl 8OI'L 6951 +8F0  RIEO 1S90 ANUV 9791-INMS

99°1 €1 LOT  LL] ¢’ I8C 681 051 LTT 1890 9vS0  9IS0 I¥8'0 TILO 1960 0ST0 T0T0 6SE0 (‘D) 0pT-NOV

@uedw ‘a  'a Muew ‘a ‘a @uen ‘a 'a @uenw ‘a 'a @uesw ‘a 'a @uen ‘a 'a sadfjoudn
SVQ 91 SVda sy e Svasgie SVa sy e SVda sy e SVa st e

(95) Juauod (25) Juauod (24) Juau0d (;-8 Swr) Juaguod (;-8 Sur) Juayuod (;-8 Sur) Juayuod B FULROS

mwdonu jeary udgon)iu Jeary udgonu yeary [Aydoaopya yeay lAydoaoqy year| lAydoioyd yeary 1°q FHmos

sad£)oudd paejsnur ur SIABI UI JUIU0D UISo.31u pue [[AYdoIo[yd uo sajep SUIMO0S JUIIIFJIP JO ANANYH T dqeL



177

Suimos Jo ae( = (7 ‘2dL10uan = O (JAqWIAON ,0f) SUIMOS JO AR pT = " (12q0190,0E) SUIMOS JO B[ = '(

= 0SS0°0 9¥20°0 - SPS0'0 PPZ00 - S9P00 80200 - S9£0°0 €9100 - PPEO0 £SI00 - 6S£00 09100 %S ® A
- T6T0°0 98000 - 06I0°0 S800°0 - 79100 <TLOOO - LTIO0 LSO00 - OTI00 €S00°0 - STIO0 9S00°0 Fugs
oxa 9 a oxa o a oxa o a o9xa 9 a oa 9 a o9xa 9 a

POT LT 91T SET S0 990 960 THO 650 9V €0 8€0 (@ uedy
SI'T 1T #TT  I€T  ITT  OF1 €90 950 690 0  OF0  ¥¥0 KO €70  0S0  9¢0  L£0  8€0("D) I-80T WVL
1IT1 #I'T 8TT  SCT STI #1990 650 TLO  LFO  SKFO  LKFO  6F0 90 IS0 €70 170 st0  (“D)9zT-Wd
671 0TT L&1 #PT  SET  TET  TLO 90 080 80 9¥0 050 IS0 60 S0 L0 €70 050 (") LET-NOV
€60 880 10T OI'l 660 6I'T 60 OF0 LSO I€0 STO 9€0 SE0 670 OF0 LTO 1T0  TEO (“9)6-L
v60 160 960 II'T P01 9I'l  6F0 €0 $S0  €€0  6T0 SE0  9€0  €€0 8€0  8TO STO  0£0 ("D)SST-NOV
€€ YT WL LT LET 98T 940 690 €80 950 IS0 650 090 SSO 90 TS0 8F0 950 (") 0ST-NOV
LOT €01 Il €TT SI'T 0€T LSO IS0 790 LEO  €€0  OF0  OF0  LEO €0 €0 080 v€0 (") phT-NOV
91 LIl €CT KT T 6¥T 0L0  T90  LLO  8F0  SKO 050 0S0 90 TS0 t¥0  O0F0 L0 (*D) 9ZZT-NOV
601 00T LI'T  PTT IIT SET 950 8F0 P90 LEO  TEO K0 IF0  S€0 S0 vE0 620  LE0 (“D) 9TIT-INNS
9L0  0L0 180 S60  I80 60T I¥0 €0 80 910 €10 610 810 vI'0 1TO 10 110 910 (‘D) 0pT-NOV

(OuedW  “a ‘a (OuLn ‘a ‘a (@uew ‘a '‘a muesw ‘q ‘a uedsy “‘a ‘a (muen ‘a ‘a sadAjoudn)

SVas9 e SVa st e SVd sT v SVa s9 e SVa sy e SVasc e
(%) yuayuU0d (%) yuaju0d (%) yuayu0d (25) yudyuod (%) yuajuod (%) yuayuod

wnissejod Jeda| winisseyod jeary wnissejod Jea| snoydsoyd Jeary snaoydsoyd jea| snaoydsoyd Jeary Ae( Bumos

$ad£)oudsd paeisnur ur S3ALI ul Juuod wnissejod pue snaoydsoyd uo sajep FurMos JUIIPJIP JO KNANIDYH T dqeL



178

Furmos jo e = ( 2dK1ouan = 0 {(1AQUIDAON ,0€) SUIMOS JO M8 T = “d (1990100 ,OE) SUIMOS JO AR ] = '

POT 8T'T TS0  6£0°T 0090 89T°0 T6'C 89°1 S0 €o'LY LY°LT LETI 80L°T 986°0 FF0 %S ® dD
IL0 I¥F0  8T0 €920 60T°0 €600 10T 8570 90  PLIT 99°6 wy 96570 Fre o P10 Fwgs

oxa 9 a oxa D a oxd D a oxd D a oxd D a
9¢01  €T¥I [T 97 8811  TESI 01'+0T rSeet v L3¢ (@) ueay
L9TI  FEIT 66'€l  TFP 86t  98F  6C¥l 8L°T1I  B6'ST  0SSPT  0L'LIT 09°€LT £e'8¢ LL9E 68°6¢ ("'D) 1-801T IWVL
ceel  0TTI  6Fvl TSP 90¢ L6'S  TTCI LOET  9L91  L1'S9T  €O0'IvC rE 68T €9'8¢ €6'9¢ reor (*D) 97-Nd
6V'S1  6TEl  89LI LSS 86y ¥1'9 09I 661 66'LT  0070E  PE68T 99'81¢ 0’1 T8¢ 08'¢w (*0) LET-NOV
€E0l  SSL II'El €8T €0T €9t 00711 ITL  8BL¥PL  0S8CI 09801 0€"80C €6'Ce 08°0¢ 60°¢e (‘0)6-L
€80l 676 0OFTL 16T €€T LTE 8T FEOT  ITTL 087791 X! 9¢'CLI L9EE 8¥'I¢ 78'cE (’D)SST-NOV
¥SOI  €FFPl €981  86'S 06  FOL  ITLI 9¢’Cl €981 £8'0sc  T99I¢ 90°S8E €91y 0L'8€ SCvr (D) 0ST-NOV
IS TO0I  86CTI  9t't €0t L9t 6ttl ¥ETI  €T¥L 00°10T  99'10T 7£'00T PESE i8ce 98'9¢ (') PPT-NOV
FOEl 19TI L9FI 9T 68°c  FFS 9191 9L %l  9SLI  EE98T  TE99C TE£90¢ ST6E 8S°LE 16°0% (*9) 97T-NOV
€Tl EL8  ELEl e 9F'c LIV 68T <0l SHSL 0§Lol £ETI L9°0ST [£°6¢ 8'CE oL'LE ANUV 9T9T-INMS
w8 819 9901 L1 LT FI'C 916 €99 LOTT L979T1 S0901 6L LTI croe 08¢ faray (') 0PT-NOV
(Dueay ‘a  'a (ueaw ‘@ 'a (Duednw  ‘a 'a @uew ‘a 'a  (ueaw  ‘a ‘a sadfjouan)
(] duimog

anbips Juerd
(8) 1ySram sy, (8) 1yBram 183y, SPAIS JO JaquInN anbiis jo Jpquny (25) W0 [I0

sad{jouad paejsnur ur,. ey pRIL paas
pue Jysm 1533 ‘. enbijis spass jJo saqunu ¢ jueld denbipis Jo JdqUINU ‘JUIJU0D [10 UO SIJEP FUIMOS JUAIPIP JO ANANINRYIH “¢ dqe]L



REFERENCES

Barber, S. A. 1986. Soil-plant interactions in the phosphorus nutrition
of plant. In F. E. Khasawneher al. (ed) The role of
phosphorus in agriculture. ASA, CSSA an SSSA,
Medison, WIL. pp. 591-615.

Bruinsma, J. 1982. A comment on spectrophotometric determination
of chlorophyll. Biochem. BioPhy. Acta. 52: 576-578.

Canvin, D. T. 2011. The effect of temperature on the oil content
and fatty acid composition of the oils from several oil
seed crops. Canadian J. Bot. 43(1): 63-69.

Chowdhury, M. F. N., K. S. Ahmed, M. Hosen, R. K. Paul and D. K.
Bhattachariya, 2014. Evaluation of grain weight, moisture,
dry matter, oil cake, d-carotene, oil content and
aflatoxin content of different varieties and advanced lines
of mustard and rapeseed. IOSR J. A.V. Sci. 7(6): 34-39.

Deotale, R. D.. A. P. Dhongade, S. R. Kamdi. V. 5. Madke, M. P.
Meshram and V. B. Kalamkar, 2019. Experimental study
on biochemical parameters and yield of M4 Indian mustard
mutants. J. Soils and Crops,29(2) 297-301.

Dhongade, A. P., R.D. Deotale, Beena Nair, N.D. Jadhav and V.A.
Guddhe, 2019. Assessment of M4 Indian mustard mutants
for morpho-phisilogical variability and yield attributes. J.
Soils and Crops. 29 (1) : 140-145

Gardner, F. P., R. B. Pearce and R. L. Mitchell, 1988. Transport and
partitioning. In Physiology of Crop plants. 2nd Ed.
Scientific publishers, Jodhpur. pp. 58-95.

Jackson, M. L. 1967. Soil chemical analysis, Printice hall of India
Pvt. Ltd. New Delhi, pp.25-28.

Jain, G. and S. K. Sandhu, 2019. Radiation interception and growth
dynamics in mustard under  different dates of sowing.
J. Pharmacogno. and Phytochem. SP1: 499-504.

Jiotode, D. 1., N. D. Parlawar, S. R. Patil, O. D. Kuchanwar, V. S.
Khawle and A. G. Dhanwate, 2017. Effect of weather
parameters on rabi mustard varieties under different sowing
dates. Int. J. Res. Bio. Sci. Agri. Tech.5(2): 72-78.

Keerthi, P, R. K. Pannu, A. K. Dhaka and Ashoka Reddy, 2017.
Yield attributes, yield and quality of Indian mustard
(Brassica juncea L.) as influenced by dates of sowing and
nitrogen levels in Western Haryana. Int. J. Chemical
Studies. 5(6): 1890-1893.

Kumar, A., M. Lal, N. Mohan, M. Kumar and N. Kumar, 2018.
Effect of different sowing dates on yield and yield
attributes of Indian mustard (Brassica juncea L.)
genotypes. Int. J.  Pure and Appl. Biosci. 6(2): 848-853.

Kumar, S., R. S. Meena and S. S. Jatav, 2020. Effect of sowing dates
and nutrient sources on nutrient uptake of Indian mustard
(Brassica juncea). Ind. J. Agril. Sci. 90(10): 1902-1907.

Mondal, R. L., M. Biswas,A. M. K.Hyder and M. A. Akbar, 1999,
Response of rapeseed genotypes to seed rate and sowing
date. Bangladesh J. Agric. Res.24(1):83-90.

Patel. A., A. K. Singh, A. V. Singh, A. Sharma, N. Raghuvanshi and
Avanish K. Singh, 2017. Effect of different sowing dates

179

on growth, yield and quality of various Indian mustard
(Brassica juncea L.) varieties. Int. J. Curr. Microbiol.
App. Sci. 4: 71-77.

Poonkodi, P. 2003. Phosphorus use efficiency in black gram with
pressmud. Adv. PL. Sci. 17(1): 239-241.

Possinghum, J. V. 1980. Plastid replication and development in the
life cycle of higher plants. Ann. Rev. Plant Physiol. 31:
113-129.

Power, I. F., D. L. Grunes and G. A. Reichman, 1961. The influence
of phosphorus fertilizers and moisture on growth and
nutrient absorption by spring wheat: 1. Plant growth, N
uptake and moisture use. Soil Sci. Soc. Proc. 25: 613-618.

Ramanjaneyulu, A. V. and G. Giri, 2007. Correlation and path
coefficient analysis in Indian mustard (Brassica juncea
L.). J. Res. ANGRAU. 35(1): 107-110.

Raut, M. S., R. D. Deotale, S. R. Patil, N, S. More and P. V. Kapse,
2012, Correlation and path analysis of morpho-
physiological, biochemical and yield contributing
characters using 12 mustard local collections. J. Soils and
Crops,22(2): 387-391.

Shankaran, A. 1965. A laboratory manual of Agril. Chem. Asia Publ.
Bombay. pp. 258.

Singh, A. K., B. Singh, S. K. Thakral and M. Irfan, 2018, Effect of
sowing dates and varieties for higher productivity of
Indian mustard (Brassica juncea 1..)-a review.Adv.Biores.
9(4): 1-8.

Singh, M., 8. 5. Rathore an P. Raja, 2014, Physiological and stress
studies of different rapeseed-mustard genotypes under
terminal heat stress. Int. J. Genet. Eng.& Biotech. 5(2):
133-142.

Singh, R. K. and R. D. Choudhary, 1994. Biometrical methods in
quantitative genetic analysis. Kalyani publishers, New
Delhi. pp. 54-58.

Somichi, Y., S. Y. Douglas and A. P. James, 1972, Laboratory manual.
Physiological studies in rice analysis for total nitrogen
(organic N) in plant tissue. The Inter. Res. Instti. Los
Banos, Languna, Phillipine: II.

Tripathi, M. K., V. U, Rao, Diwan Singh and Raj Singh, 2006. Leaf
appearance of chlorophyll content in Indian mustard
(Brassica juncea L.) under different environments. J.
Physiol. Res. 19(2): 275-279.

Uke, A.P, R.D. Deotale, J.M. Tumdam, S.R. Patil and V.B. Kalamkar,
2011. Path Analysis of morpho-physiological and yield
contributing traits in mustard (Brassica Juncea) J. Soils
and Crops 21 (2) : 28B5-289

Uddin, M. A., M. A, Ullah, F. Sultana, K. M. Rahman and M. Z.
Rahman, 2012. Evaluation of some rapeseed mutants
based on morpho-physiological, biochemical and yield
attributes. J. Environ. Sci. & Nat. Resour. 5(2): 281-285.

Wright, P.R., L.M. Morgan and R.S. Jessop, 1996.comparative
cedaptation of canola (Brassica napus L.) and Indian
mustard (Brassica juncea) to soil water deficits : plant
water relations and growth. Fld. crops. Res. 49 : 51-49.

Rec. on 01.07.2021 & Acc. on 10.07.2021



