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Abstract
Effect of irrigation frequency and row spacing on growth, yield and water use efficiency of Indian mustard
[Brassica juncea (L.) Czern & Coss.] cultivar Pusa Tarak was studied at J.N.K.V.V., College of Agriculture,
Tikamgarh (Madhya Pradesh), India during two consecutive Rabi seasons of 2012-13 and 2013-14. The
experiment was laid out in split-plot design with three replications, consisted three irrigation frequencies viz.,
I0 (no post sowing irrigation), I1 (one irrigation at 40 DAS) and I2 (two irrigation at 40 and 75 DAS) as main
plot treatments and three row spacing viz., S1 (20 cm), S2 (30 cm) and S3 (40 cm) as sub-plot treatments.
Results showed that application of two irrigations at 40 and 75 DAS (I2) resulted into significantly greater
plant height, more number of branches (plant-1), total dry biomass (g plant-1), LAI at 75 DAS,  more number
of siliquae (plant-1), number of seeds (siliqua-1), seed yield (kg ha-1), biological yield (kg ha-1) and harvest
index followed by one irrigation (I1) and the lowest under no post sowing irrigation (I0). Irrigation frequency
increased the consumptive water use (CU) considerably and an increased in CU by application of two
irrigations (I2) and one irrigation (I1) was 33.1% and 8.34%, respectively over no-post sowing irrigation (I0).
On the other hand, WUE (kg ha-1-mm) was recorded significantly higher with the application of one irrigations
(I1) followed by 2 irrigations (I2) and no-post sowing irrigation ((I0)). WUE between no-post sowing irrigation
(I0) and application of 2 irrigations (I2) did not differ significantly. The significantly greater plant height at
harvest was observed at closer spacing of 20 cm (S1) followed by 30 cm (S2) and 40 cm (S3). The  significantly
more number of branches (plant-1), LAI, dry biomass (g plant-1), number of siliquae (plant-1), number of seeds
(siliqua-1) and higher 1000 seed weight (g) were recorded at wider spacing of 40 cm (S3) and these parameters
were the lowest at closest spacing of 20 cm (S1). Similarly, wider spacing of 40 cm (S3), been on par with 30
cm (S2) also produced significantly higher seed yield (kg ha-1) and biological yield (kg ha-1) over the closer
row spacing of 20 cm (S1). Harvest index among row spacing did not differ significantly. WUE was realized
significantly higher with 40 cm (S3) followed by 30 cm (S2) and 20 cm (S1). However, consumptive water use
was higher with closer row spacing of 20 cm followed by row spacings of 30 cm and 40 cm. Higher accumulation
of dry biomass, more number of branches, more number of siliquae and more number of seeds in mustard
ultimately elevated the seed yield as confirmed by relationship study between seed yield and these parameters.
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Introduction
Indian mustard (Brassica juncea L.) is a member
of the Brassicaceae family and has become one of
the most important sources of oil production in the

world. India is the third largest oil seed producing
country in the world. Rapeseed-mustard is the
second most important edible oilseed after groundnut
sharing 27.8% in the India’s oilseed economy. The
area, production and productivity of rapeseed-
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mustard in India is 6.70 million ha, 7.96 million ton
and 1188 kg ha-1, respectively during the 2013-14
(Anonymous, 2014). However, its productivity is
quite low in the country against the world average
of 1400 kg ha-1 in world. Of the several reasons,
non-availability of adequate irrigation is the most
important one. Owing to hardy and capacity to thrive
well under poor soil moisture, mustard is seldom
irrigated and is generally raised as a rainfed crop in
India. However, the crop responds well to irrigation
and it is a vital factor for proper growth and
development of this crop in dry season. Plant growth
and development are the result of many physiological
processes which are influenced by soil moisture (Pirri
and Sharma, 2007). Yield of mustard is greatly
influenced by irrigation and better results both in terms
of biometric components and seed yield can be
achieved by the application of optimum irrigation.
Non-availability of sufficient irrigation water as per
requirements of mustard crop causes moisture stress
at critical stages of growth and development. There
are several reports, which indicate that irrigation
increased the production of mustard. Raut et al.
(2000) reported about 33% increase in yield with
the application of 2 irrigations at pre-flowering and
pod filling stages. Pirri and Sharma (2007) also
reported that application of two irrigations (45 and
90 DAS) significantly increased the yield attributes
and seed yield of mustard over single irrigation (45
DAS) and no irrigation. Hence, irrigation water plays
a vital role in enhancing mustard production and its
judicious use becomes a necessity.

Among the agronomic factors known to augment
the mustard production are spacing and plant
geometry, which play a pivotal role in enhancing the
production and secure a better translocation of
photosynthates, which render better yield of crop
(Alam, 2004). Spacing is a non-monetary input, but
it plays a vital role by changing the magnitude of
competition. Optimum row spacing are necessary
for interception of sunlight to each strata of leaves.
This will enhance the rate of photosynthesis and
consequently, the dry matter production, which can
ultimately increase the crop yield. Establishment of
optimum plant population by maintaining proper row
spacing is one of the important factors to The plant
density per unit area and the yield per plant are two

most important and inter-dependent factors
responsible for crop yield (Singh and Dhillon 1991).
Therefore, the present investigation was undertaken
to study the effect of irrigation frequency and row
spacing on growth, yield and water use efficiency of
Indian mustard (Brassica juncea L.) var. Pusa Tarak.

Materials and Methods
Field experiment was conducted at Research Farm,
J.N.K.V.V., College of Agriculture, Tikamgarh (24°
43’ N latitude, 78° 49’ E longitude at an altitude of
358 m above mean sea level), Madhya Pradesh, India
during two consecutive Rabi seasons of 2012-13
and 2013-14. The experimental site is of sub-tropical
climate characterized by hot dry summers and cool
dry winter lies in the Bundelkhand Zone (Agro-
climatic Zone-VIII). The soil of experimental plot
was medium to deep black and clayey loam in texture
having pH 7.0, EC 0.12 dS m-1, organic carbon 5.0
g kg-1, available N 266 kg ha-1, available P 11.3 kg
ha-1 and available K 255 kg ha-1, respectively. The
average annual rainfall of this region is about 1000
mm, which is mostly received between June to
September, and a little rainfall (90 mm) is also
obtained during October to May. The average
temperature ranges between 4.5 °C to 45 °C. The
weather parameters during experiment were
recorded at the Meteorological Observatory located
at Research Farm, College of Agriculture,
Tikamgarh, MP, India.

The experiment was laid out in split-plot design with
3 replications and comprised of three irrigation
frequencies viz., no-post sowing irrigation (I0), one
irrigation at 40 DAS (I1) and 2 irrigations at 40 and
75 DAS (I2) as main plot treatments and three row
spacing viz., 20 cm (S1), 30 cm (S2) and 40 cm (S3)
as sub-plot treatments.. The sowing of Indian
mustard variety ‘Pusa Tarak’ was done on 01
November of 2012 and 2013 in lines, 20, 30 and 40
cm apart (as per treatments) drawn by kudali using
a seed rate of 5 kg ha-1. The full recommended doses
of nitrogen (20 kg N ha-1), phosphorus (40 kg P2O5
ha-1), and potassium (20 kg K2O ha-1) were applied
as basal through urea, SSP and murate of potash,
respectively just below the soil. All other agronomic
and plant protection measures were applied as per
recommendations.
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Ten plants were taken out randomly from each plot
leaving the border plants to collect data on growth
characters and yield attributes at harvest. Leaf area
index was recorded at 75 DAS. Seed yield was
determined from net plot area of 9.6 m2 of each
plot. The consumptive use of water (CU) was
computed from the water balance as described by
Dastane (1972). A factor of 0.6 of evaporation from
USBW class A Pan evaporimeter for the period
between irrigation and soil sampling for moisture
content, effective rainfall and soil moisture used
between two irrigations from the soil profile were
added according to following formula :

Where, Cu = consumptive use of water (mm);
Ep=Pan evaporation values (mm) from the USWB
Class ‘A’ pan for the interval from the date of
irrigation to the date of sampling after irrigation;
0.6=A constant factor used to get Et value by
multiplying Ep value for a given period;
M1i=moisture percentage of ith layer on the date of
sampling after irrigation; M2i=moisture percentage
of ith layer on the date of sampling before irrigation;
dbi=bulk density of the ith layer (g cc-1); Di=depth
of the ith layer of the soil (mm); ER=effective rainfall
(mm), if any during the period under consideration;
n= number of soil layers; N=number of days from
irrigation to sampling after irrigation.

The water use efficiency (kg ha-1-mm) for a given
treatments was calculated by dividing the seed yield
with the respective total consumptive water use for
the crop period.

                        Seed yield (kg ha-1)
WUE   =   ————————————
                  Consumptive water use (mm)

The results of both the years were more or less
similar and hence two years data were pooled and
analyzed statistically to draw suitable inference as
per standard ANOVA technique described by Gomez
and Gomez (1984). Regression analysis was made
following Microsoft Excel 2003 Software.

Results and Discussion
Growth characters
The data pertaining to growth characters as
influenced by irrigation frequency and row spacings
are given in Table 1. The irrigation schedule of two
irrigations at 40 and 75 DAS (I2)  was found
significantly superior in terms of plant height (98.8
cm), number of primary branches (5.20 plant-1), total
dry biomass (9.11 g plant-1) at harvest and leaf area
index at 75 DAS (2.36) over one irrigation at 40
DAS (I1) and the lowest in no-post sowing irrigation
(I0). Similar result was also reported by Singh et al.
(2002) and Hasanuzzaman and Karim (2007) in
mustard. Adequate and timely supply of irrigation
water in I2 (at 40 and 75 DAS) treatment ensures
cell turgidity and consequently higher meristematic
activity leading to improved morphological
parameters like greater plant height, more branches,
more foliage development, greater photosynthetic
rate, higher nutrient uptake, higher dry biomass
production and better growth of plant (Agarwal and
Gupta, 1991; Karoria, 2009). Jadhav (1988) also
reported significantly higher dry biomass production
because of increased plant height and number of
branch plant-1 with higher moisture under two
irrigations as compared with less moisture availability
to plants under one irrigation and without irrigation.
On the other hand, moisture deficit in I0 (no-post
sowing irrigation) and I1 (one irrigation at 40 DAS)
treatments results in dehydration of protoplasm which
decreased the turgor potential and turgor driven
physiological processes viz., cell division and cell
elongation which affect the plant growth (height, number
of leaves, branches etc.) and ultimately the total dry
matter accumulation (Tyagi and Upadhyay, 2016).

Among row spacings, the greater plant height (104.3
cm) at harvest was observed at closer spacing of
20 cm (S1) followed by 30 cm (S2) and the widest
row spacing of 40 cm (S3) resulted in the lowest
plant height. The plant probably tended to be taller
for getting the light in closed spacing. Sharma and
Thakur (1993) and Hasanuzzaman and Karim (2007)
also reported the highest plant height from the closest
row spacing (20 cm). On the other hand, significantly
more number of branches (6.41 plant-1), LAI (2.41)
and total dry biomass (10.4 g plant-1) was found in
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Table 1: Effect of irrigation frequency and row spacings on growth of Indian mustard var. Pusa Tarak

Treatments Plant height No. of Leaf area Total dry matter
at harvest primary index at (g plant-1)

(cm) branches plant-1 75 DAS at harvest

Irrigation frequency
I0 89.1 4.16 1.80 6.28
I1 94.8 4.87 2.36 8.25
I2 98.8 5.20 2.36 9.11
S.Em± 1.70 0.26 0.10 0.36
CD at 5% 5.49 0.74 0.36 1.15
Row spacings
S1 104.3 2.61 1.93 6.20
S2 92.5 5.21 2.18 7.01
S3 85.9 6.41 2.41 10.4
S.Em± 2.0 0.14 0.09 0.24
CD at 5% 6.25 0.46 0.30 0.76
Irrigation frequency x row spacing
I0 S1 99.0 2.07 1.52 4.43
I0 S2 89.7 4.68 1.85 5.39
I0 S3 78.6 5.73 2.01 9.02
I1 S1 104.7 2.81 2.17 6.85
I1 S2 93.2 5.45 2.31 7.2
I1 S3 86.6 6.36 2.59 10.7
I2 S1 109.2 2.94 2.09 7.33
I2 S2 94.7 5.50 2.38 8.48
I2 S3 92.4 7.15 2.61 11.5
S.Em± 3.36 0.46 0.15 0.49
CD at 5% NS 1.50 0.56 1.64

I0: No post sowing irrigationI1: One irrigation at   40 DAS I2: Two irrigations at 40 & 75 DAS
S1: 20cm S2: 30cm S3: 40cm

the wider spacing of 40 cm (S3) and these
parameters were the lowest in closer row spacing
of 20 cm (S1). Wider spacing increased the number
of branches plant-1 by 22.7% ovetar closer row
spacing of 20 cm (S1). In rapeseed reduced number
of branches (plant-1) due to increasing population
density has been reported by Singh and Dhillon (1991),
Singh and Verma (1993) and Hasanuzzaman and
Karim (2007). In case of wider row spacing (S3), the
plant could get adequate nutrient and space to produce
highest LAI and dry matter. On the other hand, closer
spacing (S1), the shortage of space and higher
competition for space, nutrient and moisture reduced
the LAI and dry matter production. Earlier, Oad et
al. (2001) also observed more competition for different
inputs among rapeseed with closer row spacing.

Interaction effect indicated that treatment I2S3 (two
irrigations and 40 cm row spacing) produced
significantly more number of primary branches (7.15
plant-1), LAI (2.61) and total dry biomass (11.5 g
plant-1) and being at par with treatment I1S3 (one
irrigation and 40 cm row spacing). These results
corroborate the findings of Tomar et al. (1992) and
Hasanuzzaman and Karim (2007).
Yield attributes and seed yield
Frequency of irrigation showed significant variation
in yield attributes and yields (Table 2). Application
of two irrigations at 40 and 75 DAS (I2) produced
significantly the highest number of siliquae (101.9
plant-1) and number of seeds siliqua-1 (12.0 siliqua-

1) followed by one irrigation at 40 DAS (I1) and the
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lowest under no post sowing irrigation (I0). In case
of I2 treatment, the second irrigation during siliqua
formation stage helped in producing more number
of siliquae without dropping of them. This was
confirmed when reduced number of siliquae plant-1

was observed in I1 (one irrigation at 40 DAS, e.g.
flowering stage) and no post sowing irrigation (I0).
Tomer et al. (1992) also found that number of siliquae
plant-1 was significantly increased up to two
irrigations at pre-flowering and fruiting stages. The
favourable effect of two irrigations at 40 and 75
DAS (I2) on sink component (number of siliquae
and number of seeds) could also be attributed to
better development of the plants in terms of plant
height, number of branches and dry biomass
production leading to increased bearing capacity due
to optimum growth on account of favourable
moisture during entire crop growing period (Chauhan
et al., 2002 and Pirri and Sharma, 2007).

Application of two irrigations (I2) recorded
significantly higher seed yield (1217 kg ha-1) and
biological yield (4162 kg ha-1) followed by one
irrigation (1047 kg ha-1 and 3783 kg ha-1, respectively)
and the lowest with no post sowing irrigation (598
kg ha-1 and 2646 kg ha-1, respectively). The increase
in seed yield due to two irrigations was 50.9% and
14.0% over one and no irrigation, respectively.
Similarly, one irrigation increased seed yield over no
irrigation by 42.9% (Table 2). The significant
improvement in the mustard seed yield under two
and one irrigation might be the cumulative effect of
significant improvement in the value of yield
attributes like number of siliquae plant-1 and number
of seeds siliqua-1. Chauhan et al. (2002), Bharati et
al. (2003), Panda et al. (2004) and Karoria (2009)
also reported an increase in seed yield and biological
yield with increasing irrigation frequency. The data
in Table 2 also reveal that application of two
irrigations (I2), been on par with one irrigation (I1),
significantly increased harvest index over the no-
post sowing irrigation (I0). Availability of more
moisture to plants might have resulted in the
production of more photosynthates which might have
helped in the translocation of more photosynthates
to seeds and increased harvest index. These results
were in conformity with those of Jadhav (1988) and
Hasanuzzaman and Karim (2007).

Yield attributes viz., number of siliquae (plant-1),
number of seeds (siliqua-1) and 1000-seed weight
(g) were gradually declined with the increase in
number of plants per unit area due to closer row
spacing (Table 2). The significantly more number
of siliquae (103.9 plant-1), number of seeds (12.8
siliqua-1) and higher 1000 seed weight (5.82 g) were
recorded at wider spacing of 40 cm (S3) and the
lowest at closest row spacing of 20 cm (S1). These
results confirmed the findings of Singh and Dhillon
(1991), Misra and Rana (1992), Chauhan et al.
(1993) and Hasanuzzaman and Karim (2007).
Because of less plants population per unit area in
case of wider row spacing of 40 cm (S3), the plants
could get adequate nutrients, moisture and space to
produce more number of branches and number of
siliquae with highest dry biomass production.
Whereas, due to more plant population in case of
closer row spacing of 30 cm (S2) and 20 cm (S1),
the shortage of space and higher competition for
space, nutrients and moisture reduced the number
of branches and siliquae number with dry biomass
production in mustard (Hasanuzzaman 2008).
Similarly, closer spacing increases population density
which decreases the number of seeds siliqua-1 due
to the competition between plants that had a
detrimental effect on siliqua formation in rapeseed
(Siddiqui, 1999).

It was also observed from Table 2 that wider row
spacing of 40cm (S3), been on par with 30 cm (S2),
significantly producing the highest seed yield (1160
kg ha-1 and 1138 kg ha-1, respectively) over the
closer row spacing of 20cm (566 kg ha-1). However,
biological yield (kg ha-1) was recorded significantly
higher with row spacing of 30 cm and 40 cm over
the 20 cm row spacing. Off the treatment, 40 cm
(S3) and 30 cm (S2) exhibited 51.2% and 50.0%
higher seed yield (kg ha-1) over closer row spacing
of 20 cm (S1). The decreased in seed yield at closer
spacing (S1), the shortage of space and higher
competition for space, nutrient and moisture reduced
the number of siliquae with dry matter accumulation
in siliquae which ultimately reflected in lower seed
yield (Hasanuzzaman 2008). On the other hand, at
wider row spacing (S3) and (S2), the plant could get
adequate nutrient, moisture and space to produce
highest LAI which contributed to maximum
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photosynthesis and photosynthate had been
partitioned to economic parts (siliquae) of mustard.
These results were supported by Alam (2004),
Hasanuzzaman and Karim (2007) and
Hasanuzzaman (2008). The higher biological yield
(kg ha-1) with wider row spacing (S3) and (S2) might
also be due to adequate nutrient, moisture and space
to produce highest plant height, number of branches,
LAI which attributed to maximum biomass
accumulation in plants.  On the other hand, more
competition among plants for nutrient, moisture and
space reflected in reduced plant height, number of
branches, LAI which ultimately attributed to
minimum biomass accumulation in plants. Harvest
index was found to be non-significant among
different row spacings. These results were
supported by Tyagi (1994) and Thakur (2013).

The interaction between irrigation frequency and row
spacing showed that two irrigations with 40 cm row
spacing (I2S3) produced significantly more number
of siliquae (123.7 plant-1), more number of seeds
(13.7 siliqua-1) and 1000-seed weight (6.30 g) over
rest of the treatments.   Similarly, interactional effect
indicated that treatment I2S3 (two irrigations and 40
cm row spacing) gave higher seed yield (1493 kg
ha-1) and being at par with treatment I1S3 (one
irrigation and 40 cm row spacing). Any row spacing
with no post sowing irrigation failed to produce any
comparable yields. The wider spaced plants with
two irrigations were grown favorably without intra
plant competition thus producing maximum yield
components which ultimately elevated the seed yield.
On the other hand, the closer plant space had higher
intra plant competition due to limited land area and
mutual shading effect resulted into poor growth of
plant. Tomar et al. (1992), Giri (2001) and
Hasanuzzaman and Karim (2007) also found
maximum yield attributes and seed yield with two
irrigations at flowering and siliqua development stage
of wider row spaced mustard plants.

Consumptive water use (CU)
It is clear from the data in Table 2 that irrigation
frequency increased the consumptive water use
(CU) considerably and an increased in CU by
application of two irrigations (I2) and one irrigation
(I1) was 33.1% and 8.34%, respectively over no-

post sowing irrigation (I0). Among different irrigation
frequency, CU of 241.4 mm was recorded
significantly higher with the application of 2
irrigations, each at 40 and 75 DAS followed by
application of one irrigation at 40 DAS (176.3 mm)
and no-post sowing irrigation (161.6 mm). The effect
was, however, more conspicuous at two irrigations
(I2) than no-post sowing irrigation because of more
evapo-transpiration. The higher CU with two
irrigations (I2) was expected because two irrigations
increased the available water in the soil profile and
this facilitated more loss of water through evapo-
transpiration as compared to no irrigation and single
irrigation. These results are similar to those obtained
earlier by Raut et al. (2000), Panda et al. (2004),
Piri et al. (2011) and Kingra and Kaur (2012).

Among row spacing, closer spacing of 20 cm (207.6
mm), been on par with 30 cm ((196.9 mm) exhibited
significantly higher CU over the wider row spacing
of 40 cm (174.7 mm). The higher consumptive use
values with closer row spacings might be due to
greater extraction of soil moisture by the plant as a
result of higher population density per unit area
(Thakur, 2013).

Water use efficiency (WUE)
It is evident from the data in Table 2 that the
increased irrigation frequency resulted into
decreased water use efficiency (WUE). Among
different irrigation levels, WUE of 6.30 kg ha-1-mm
was recorded significantly higher with the application
of one irrigations at 40 DAS followed by 2 irrigations
at 40 and 75 DAS (5.02 kg ha-1-mm) and no-post
sowing irrigation (4.30 kg ha-1-mm). However, WUE
between no-post sowing irrigation (I0) and
application of 2 irrigations (I2) did not differ
significantly. Increased water use efficiency with
the application of one irrigation over no-post irrigation
and two irrigations might be because of more rational
use of moisture by crops grown with this treatment.
Similar results were also found by Tomar et al.
(1992), Yadav et al. (1999) and Piri et al. (2011).
The lower WUE with no-post sowing irrigation (I0)
was due to more water use (more water loss in
evapo-transpiration) by plants without much
increased in seed yield.
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Among row spacing, WUE was realized significantly
higher with 40 cm (7.01 kg ha-1-mm) followed by
30 cm (5.78 kg ha-1-mm) and 20 cm (2.87 kg ha-1-
mm). The less plant population under wider row
spacing resulted in less transpiration loss of water
which in turn reflected in higher water use efficiency
(Thakur, 2013).

The interaction between irrigation frequency and row
spacings for WUE was found significant (Table 2).
Among the treatment, I1S3 (one irrigation and 40
cm row spacing) resulted into significantly higher
WUE (9.53 kg ha-1-mm) and the lowest with I0S1

(1.65 kg ha-1-mm).   The more rational use of
moisture by crops grown under the treatment I1S3

(one irrigation and 40 cm row spacing) resulted in
increased WUE (Thakur, 2013).

Relationship between seed yield and growth
characters and yield attributes

There was a significant positive linear relationships
between number of branches, total dry biomass,
number of siliquae, number of seeds and seed yield
(Figs. 1, 2, 3, 4), which strongly supported the
arguments for seed yield increment of mustard due
to different imposed treatments. Chowdhury et al.
(1999), Hasanuzzaman and Karim (2007),
Hasanuzzaman et al. (2008) and Tyagi and
Upadhyay (2016) also found a correlation between
these characters in rapeseed and mustard.

Conclusion
Results showed that two irrigations, first at 40 DAS
and second at 75 DAS increased the seed yield and
increase in seed yield (kg ha-1) with two irrigations
was 50.9 % and 14.0% higher than no irrigation and
one irrigation, respectively. In most of the cases the
wider row spacing coupled with two irrigations were
found to be influenced for better growth and yield
of plant. Thus, it is concluded that Indian mustard
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var. Pusa Tarak may be cultivated at 40 cm row
spacing along with two irrigations, first at 40 DAS
and second at 75 DAS for optimum growth and yield
production.

References
Agarwal SK and Gupta ML. 1991. Effect of

irrigation, nitrogen and phosphorus levels on yield
and its contributing in mustard (B. juncea).
Indian J Agron 36: 607-609.

Alam MM. 2004. Effect of variety and row spacing
on the yield and yield contributing characters of
rapeseed and  mustard, M.Sc. Thesis,
Bangladesh Agril. Univ., Mymensingh,
Bangladesh.

Anonymous 2014. Agriculture Statistics at a Glance.
Department of Agriculture and Cooperation,
Ministry of Agriculture, Government of India.

Bharati V, Prasad UK and Singh JP. 2003. Irrigation
and sulphur on yield and nutrient uptake of Indian
mustard. J Farming Syst Res Dev 8: 97-98.

Chauhan AK, Singh M and Dadhwal KS. 1993.
Effect of nitrogen level and row spacing on the
performance of rape (B. napus). Indian J
Agron 37: 851-853.

Chauhan DR, Ram M and Singh I. 2002. Response
of Indian mustard. To irrigation and fertilization
with varicose sources and levels of sulphur.
Indian J Agron 47: 422-426.

Chowdhury MA, Miah AJ, Rahman L and Rahman
A. 1999. Correlation and path co-efficient
analysis of nine important characters of mustard
[B. juncea (L.) Czern & Coss.]. Bangladesh
J Agri 12: 149-154.

Dastane NG. 1972. Practical manual for water use
research in agriculture. Navbharat Prakashan,
Poona, Maharashtra, p. 120.

Giri G. 2001. Effect of irrigation and nitrogen on
performance of Indian mustard (B. juncea) and
sunflower (Helianthus annuus) under two
dates of sowing. Indian J Agron 46: 304-308.

Gomez KA and Gomez AA. 1984. Statistical
Procedures for Agricultural Research. J Wiely
and Sons, New York, pp. 139-264.

Hasanuzzaman Mirza 2008. Siliqua and seed
development in rapeseed (B. campestris L.) as

affected by different irrigation levels and row
spacing. Agric Conspectus Scientificus 73:
221-226.

Hasanuzzaman Mirza and Karim MF. 2007.
Performance of rapeseed (B. campestris L.)
cv. SAU sarisha-1 under different row spacings
and irrigation levels. Research J Agric and Biol
Sci 3: 960-965.

Hasanuzzaman Mirza, Karim MF and Ullah MJ.
2008. Growth dynamics of rapeseed (B.
campestris L.) cv. SAU Sarisha-1 as influenced
by irrigation levels and row spacings. Aust J
Basic and Appl Sci 2: 794-799.

Jadhav SN. 1988. Water use and productivity of
mustard as influenced by sowing dates, insect
pest control measures and irrigation. Ph.D.
thesis, Division of Agronomy, Indian Agricultural
Research Institute, New Delhi.

Karoria BS. 2009. Effect of varieties and irrigation
scheduling on yield of mustard (B. juncea L.).
M.Sc. Thesis. JNKVV, Jabalpur (M.P.).

Kingra PK and Kaur P. 2012. Yield and water use
efficiency of oilseed Brassica as influenced by
irrigation levels under normal and late sown
conditions in Punjab. J Agric Physics 12: 44-53.

Misra BK and Rana NS. 1992. Response of Yellow
Sarson to row spacing and nitrogen fertilization
under late sown condition. Indian J Agron 37:
847-848.

Oad FC, Solangi BK, Samo MA, Lakho AA and
Oad NL. 2001. Growth, yield and relationship
of rapeseed (B. napus L.) under different row
spacing. Int J Agric Biol 3: 475-476

Panda BB, Shivay YS and Bandyopadhyay SK.
2004. Growth and development of Indian
mustard (B.   juncea) under different levels of
irrigation and date of sowing, Indian J Pl
Physiol 9: 419-423.

Pirri ISSSA and Sharma SN. 2007. Effect of sulphur
on yield attributes and yield of Indian mustard
(B.   juncea) as influenced by irrigation. Indian
J Agric Sci 77: 188-190.

Pirri ISSSA, Nik MM, Abolfazl TB, Fatemeh R and
Babaeian M. 2011. Effect of irrigation frequency
and application levels of sulphur fertilizer on water
use efficiency and yield of Indian mustard (B.
juncea L.) African J Biotech 10: 11459-1146.



36 Journal of Oilseed Brassica, 8 (1) January, 2017

Raut RF, Hamid Abdul, Ganvir MM, Wanjari SS and
Hadole SS. 2000. Consumptive use, water use
efficiency, seed yield and quality of mustard as
influenced by irrigation and sulphur application.
J Soils Crops 10: 252-5.

Sharma J and Thakur DR. 1993. Performance of
rainfed Argentine rape (B. napus) under dates
of sowing and row spacing in the mid-hills of
north-western Himalayas. Indian J Agron 38:
254-256.

Siddiqui SA. 1999. Population density and source-
sink manipulation effects on rapeseed (B. napus
L.), M.Sc. Thesis, Bangabandhu Sheikh Mujibur
Rahman Agril. Univ., Gazipur (Bangladesh).

Singh F, Sinsinwar BS, Kumar PR and Premi OP.
2002. Effect of different levels of irrigation and
nitrogen on yield and oil content of Indian mustard
(B. juncea). J Oil Seeds Res 19: 62-63.

Singh NB and Verma KK. 1993. Performance of
rainfed Indian mustard (Brassica juncea) in
relation to spacing in diara land of eastern Uttar
Pradesh. Indian J Agron 38: 654-656.

Singh T and Dhillon SS. 1991. Response of Toria (B.
napus) to sowing date and row spacing in south-
western Punjab. Indian J Agron 36: 6-14.

Thakur NS. 2013. Effect of irrigation levels and row
spacings on growth, development and yield of
Indian mustard [B. juncea (L.) Czern & Coss.].
M.Sc. Thesis, JNKVV, Jabalpur (Madhya
Pradesh), pp 99.

Tomer S, Tomer S and Singh S. 1992. Effect of
irrigation and fertility levels on growth, yield and
quality of mustard (B. juncea). Indian J Agron
37: 76-78.

Tyagi PK 1994. Quantification of variability in
growth, development and yield of Indian mustard
(B. juncea L.) under different environments.
M.Sc. Thesis, CCS HAU, Hisar (Haryana).
p122.

Tyagi PK and AK Upadhyay 2016. Growth
dynamics of Indian mustard (B. juncea L.) cv.
Pusa Tarak as influenced by irrigation levels and
row spacings. J Oil Seeds Res 7: 83-90.

Yadav KS, Rajput RL and Agarkar MS. 1999. Effect
of sowing dates and irrigation  schedules on yield
and water use efficiency of Indian mustard (B.
juncea). Indian J Agron 44: 145-150.


