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ABSTRACT

A field experiment was conducted in the new alluvial zone during rabi season of 2019-20 and 2020-21at District Seed Farm(22°93'
N latitude, 88°53' E longitude and 9.75 m above mean sea level), Bidhan Chandra Krishi Viswavidyalaya, Kalyani, West
Bengal, India to study the effect of spacing and fertilizer levels on yield of hybrid mustard (Brassica juncea M.). Kesari gold
variety was planted under split plot design at two different spacings (S, 30x10 cm; S,: 45x10 cm) as main plot treatment and
three fertilizer levels (F,: NPK@80-50-50 kg ha'; F,: NPK@100-60-60 kg ha'; F.: NPK@120-70-70 kg ha) as subplot
treatment. Among the spacings, the highest seed yield (1948 kg ha™' and 1887 kg ha') was obtained with S,. Highest seed yield
(2018 kg ha' and 1937 kg ha'') was recorded in the plots fertilized with F in both years of study. Interaction of spacing and
fertilizer had a non-significant effect on seed yield. Increase in the number of branches per plant, number of siliqua per plant,
number of seeds per siliqua and harvest index was recorded with S, and F . Highest oil content was found in wider spacing crops
but less fertilised plots. Benefit cost ratio obtained under interaction of different spacing and fertilizer levels revealed that the

highest profit was earned from the S F, plot.
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Apart from cereals, oilseed crop is the second
important foodgrains grown in India. Among the seven
edible oilseed crops cultivated in India, rapeseed and
mustard is a significant rabi oilseed crop. It belongs to
genus Brassica of family Cruciferae. 1t is cultivated in
diverse agro-climatic zones mostly in rainfed areas.
Rapeseed and mustard occupy 6.4 million hectare of
area in India resulted in 8.78 million tonnes of seed
production. Rajasthan occupies first rank in production
of rapeseed and mustard with 2.37 million hectare of
area and 4.08 million tonnes of seed production
followed by Haryana with 0.61million hectare of area
and 1.25 million tonnes production and Uttar Pradesh
with 0.75 million hectare of area and 1.12 million tonnes
production (Anon., 2019).Indian mustard (Brassica
Jjuncea M.) is the main source of cooking oil in northern
India among all other cultivated species and occupies
about 80-85% of the total area under rapeseed and
mustard cultivation.

Despite being one of the largest producers of oilseed
at global level, India is heavily dependent on the import
of edible oil to meet its requirement. This is mainly due
to the demand-supply gap in edible oil. This gap needs
to be bridged by increasing production and productivity
of oilseed crops which can be done either through
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increasing the area under oilseed crop or through
decreasing uncertainties in production. Uncertainties in
production include erratic rainfall leading to moisture
stress at different growth stages, higher temperature
during crop establishment, cold spell, fog and
intermittent rainfall during crop growth, farmers
reluctance in using balanced fertilizer dose, adoption
of proper plant protection measures to control insect
pests, weeds and diseases which cause considerable loss
in seed yield (Jha et al., 2012).

The best way to increase productivity is by
improving fertilizer management, the right method and
time of sowing, adoption of improved cultivars and
proper disease management (Biswas et al., 2016).
Balanced application of fertilizer and optimum plant
population are the key factors affecting seed yield. N,
P, K and S are the key nutrients for growth and
development of the mustard crop. Spacing in between
plant rows regulates the uniform distribution of plants
in the field. It has a direct impact on plant solar radiation
absorption and has an indirect impact on water use
efficiency and thus helps in proper utilization of natural
resources (Lalitha and Chhabra, 2020). Higher plant
population as a result of closer spacing helps in reduction
of weed growth and lower plant population as a result
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of wider spacing makes higher availability of water and
nutrients to individual plants that lead to higher
production. Optimum doses of fertilizers should be
applied at the right time with the proper method of
application. Nitrogen is the most responsive nutrient to
rapeseed-mustard. Now-a-days some improved varieties
of mustard have been reported which respond up to 120
kg N ha'! application (Kumar et al., 2008). Split
application of nitrogen with 50% as basal and 50% as
top dressing after first irrigation gave better nitrogen
use efficiency and higher seed yield (Gill ez al., 2018).
Adequate phosphorus helps the mustard plant to partition
of a major proportion of dry matter into seed.

MATERIALS AND METHODS

The experiment was carried out at District Seed
Farm(22°93' N latitude, 88°53" E longitude and 9.75 m
above mean sea level), AB block of Bidhan Chandra
KrishiViswavidyalaya, Kalyani, Nadia,West Bengal,
India during rabi season (November — February) of
2019-20 and 2020-21. Temperature during different
months of cropping period in the experimental plot
ranged from 8.87 °C to 29.7°C (November, 2019 to
February, 2020) and 9.2°C to 30.6°C (November, 2020
to February, 2021) in both years of the study. Rainfall
was scarce during the cropping months in both the years.
Maximum amount of rainfall obtained during these
months was 2.79 mm and 0.8 mm in 2019-20 and 2020-
21, respectively. During the experimentation period, the
maximum relative humidity ranged between 95.24% to
98.06% and 89.7% to 93.5% while minimum relative
humidity varied from 57.34% to 67.38% and 44.4% to
61.5% during the experimentation period of 2019-20
and 2020-21, respectively. The experiments were carried
out on a medium land, well-drained Gangetic alluvial
soil (order: Inceptisol), which belonged to the class of
clayey loam having medium fertility (NPK @ 184.5-
26.63-182.3 kg ha'') and almost neutral(PH-7.3) in
reaction.

The experiment was performed under split plot
design with 2 main plots, 3 subplots and 4 replications.
Total 24 plots were taken, each with dimension of
3mx4m (12 m?). Under main plot treatment two spacings
were considered i.e., spacing 30x10 cm (S,) and 45x10
cm(S,) and under sub-plot treatment 3 different fertilizer
doses were considered i.e. F =NPK @ 80-50-50 kg
ha'', F,=NPK @ 100-60-60 kg ha and F,.=NPK @ 120-
70-70 kg ha''. Fertilizers were applied in the field in 2
split doses, first as basal application of NPK @ F : 60-
30-30 kg ha' , F,: 80-40-40 kg ha" and F,: 100-50-50
kg ha'and second as top dressing (21 DAS) with
application of NPK @ 20-20-20 kg ha to each of 24
plots. Kesari Gold was the hybrid mustard variety opted
for the study. Kesari Gold is an early maturing variety
(105-115 days) with 85% germination purity, 97%
physical purity and 95% genetic purity.
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The crop was sown in mid-November (15
November) with spacing S, and S, under main plot and
fertilizer doses F,, F, and F, under sub-plot treatment.
The seed rate used was 2.5 kg ha''. The fertilizers were
applied, firstly, as basal dose and then top dressing was
done at 21 DAS. Before top dressing, thinning was done
to remove extra mustard seedling and to maintain plant
spacing of 10 cm in the plots. On the day of top dressing,
first irrigation was given for proper availability of
nutrients to the crop. One hand weeding is sufficient to
control weeds in the plot which was done in 30 DAS.
At 80% pod maturity stage, the crop was harvested by
using sickle leaves 10-12 cm from the crop base and
then it was dried under sun in the field for 2-3 days.

Five plants were randomly selected from each plot
and tagged. Different yield parameters like number of
branches per plant, number of siliqua per plant were
recorded at harvest. The mean of the five plants were
represented as number of branches per plant and number
of siliquas per plant. Siliqua length and number of seeds
per siliqua is obtained by means of randomly five
selected siliqua from tagged plants. Seed yield and stover
yield were recorded from each plot (4mx 3m) and then
converted into kg ha'l. Test weight was obtained by
weighing 1000 seeds from seed yield of each plot by
using weighing balance. Harvest Index is the success in
partitioning assimilated photosynthates (Asefa, 2019).
Harvest index was calculated by using the following
formula:

Harvest index = (Economic yield/Biological yield) x 100

The oil content (%) in seed was determined by using
Soxhlet apparatus with hexane as an organic solvent
according to A.O.A.C. (1995), and then oil yield was
calculated.

Oil (%) = [weight of oil (g)/weight of samples (g)] x 100

RESULTS AND DISCUSSION
Number of branches per plant

Significantly higher number of branches per plant
(5.6 and 5.5) were observed at wider plant spacing under
S,treatment in two subsequent years which was at par
with the number of branches at closer spacing under
treatment S, in 2019-20 but in 2020-21, it was followed
by S,. Pooled results also showed a higher number of
branches per plant (5.5) at wider spacing which was
statistically at par with S (Table 1). Highest number of
branches (5.7 and 5.5) were observed with treatment F,
which were statistically at par with treatment F, followed
by treatment F, in the years 2019- 20 and 2020-21,
respectively. Pooled data showed that the highest
number of branches per plant (5.6) were recorded with
treatment F, (NPK@120-70-70 kg ha'') which was
statistically at par with treatment F but significantly
higher over treatment F . Similar findings were also
reported by Sondhiya et al. (2019) and Nautiyal et al.
(2020).

Number of siliqua per plant

Number of siliqua per plant is an important attribute
which governs the seed yield in mustard plants. From
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Economics of hybrid mustard production :

Treatment
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Table 1 we found that S, treatment resulted in a
significantly higher number of siliqua per plant (296
and 242) in 2019-20 and 2020-21, respectively as
compared to closer spacing (30x10 cm). Pooled results
also showed a similar trend. Number of siliqua per plant
was significantly affected by the amount of fertilizer
applied. Highest number of siliqua per plant (296 and
250) was obtained with the application of NPK(@120-
70-70 kg ha under F, treatment followed by treatment
F,and F in respective years. Pooled data also showed a
similar result and the highest number of siliqua per plant
were obtained under treatment F (NPK@120-70-70 kg
ha') followed by treatment F, and F . The above findings
were also confirmed by Sondhiya et al. (2019) and
Yadav and Dhanai (2020).

Number of seeds per siliqua

Seeds are principal attributes governing the
economic yield of the mustard crop. In case of oilseed,
the oil content is a quality parameter which is dependent
on seed quality and seed yield. Number of seeds per
siliqua significantly varies with different crop geometry.
Highest number of seeds per siliqua (14.2 and 12) were
obtained when mustard was sown at wider spacing
(treatment S)) during rabi season of 2019-20 and 2020-
21, respectively. Pooled results also showed the same
trend of response. Nutrients applied to the crop and
numbers of seeds per siliqua were directly related. The
range of number of seeds per siliqua at harvest under
different subplot treatments varied between 11.9-14.9
and 10.7-12.1 in 2019-20 and 2020-21, respectively
(Table 1). The highest number of seeds per siliqua (14.9
and 12.1) were obtained with F, followed by F, and F|
treatment in the respective years. In the case of pooled
data, the highest number of seeds per siliqua was
obtained with F, followed by F, and F . Arifet al. (2012)
and Saini ef al. (2020) had also reported similar results.

Seed yield

Seed yield is the most important parameter which
governs the selection and adoption of new agro-
techniques of crop production. Seed yield is significantly
affected by the crop geometry and responsiveness to
different levels of fertilizer application. Lesser row
spacing resulted in a higher number of plants per plot
than in wider row spacing thus resulting in the higher
seed yield. Seed yield obtained varies between 1781 kg
ha'to 1948 kg ha' and 1740 kg ha'to 1887 kg ha'(Table
2) in both the years of experimentation. In case of pooled
data, the highest seed yield was obtained under S,
treatment and lowest yield was obtained with S,
treatment. Higher seed yield was obtained during the
first year of experimentation than in the second year.
During the first year (2019-20), seed yield varied to the
tune of 2018 kg ha'’, 1924 kg ha! and 1650 kg ha™! being
highest with F, which was at par with F, treatment and
followed by F, treatment. When pooled data was
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analysed, it was observed that application of higher
amount of fertilizers increased the growth as well as
yield of the crop. These findings are in conformity with
Sandhu et al. (2015) and Premi ef al. (2013).

Stover yield

Highest stover yield (4134 kg ha!, 3886 kg ha! and
4010 kg ha'') was obtained with treatment S, followed
by treatment S, in both the respective seasons and pooled
value under consideration. Stover yield varied with the
amount of nutrient applied to the crop. Nitrogen is the
chief nutrient which contributes to the growth and
development of the mustard plant. Highest stover yield
was obtained with the application of the highest amount
of fertilizer under F, which was at par with F, and
followed by treatment F,. Pooled analysed data of the
respective years of experiment followed the same trend
(Table 2). Similar findings were conformated by Sandhu
et al. (2015).

Harvest Index

The proportion between grain yield and biological
yield is noted as the harvest index. Harvest index
indicates the partitioning of photosynthates from source
(green vegetative parts) to sink (grain). Importance of
row spacing on the harvest index was non-significant
in the first year as well as in the 2" year of the experiment
but pooled analysed data of the harvest index
significantly varied with the row spacing of mustard.
Maximum harvest index (32.3) was obtained at closer
row spacing than wider row spacing (Table 2). Harvest
index significantly varied with the fertilizer doses.
Harvest index was directly related with the seed yield
and biological yield as like seed yield and stover yield
increases with the increase in fertilizer doses, similar
pattern of variation was found in case of harvest index.
Maximum harvest index (33 and 32.7) was observed
with the application of highest doses of fertilizer (F:
NPK@120-70-70 kg ha') in both years which was at
par with F, in 2019-20 but significantly varied in 2020-
21(Table 2). In case of pooled analysis, maximum
harvest index (32.4) was obtained under treatment F,
which was at par with F, followed by F,. Richa et al.,
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(2019) and Yadav and Dhanai (2018) also reported
similar results.

Test weight

The seed weight expresses the magnitude of seed
development, which is a key yield determinant factor.
Test weight comprises weight of 1000 seed in case of
mustard. Crop sown either at wider spacing or closer
spacing had non-significant effect on test weight.
Application of NPK significantly increased the test
weight of the mustard. Highest test weight (5.8 and 4.5)
was observed under F, treatment (NPK@120-70-70 kg
ha') which was at par with F, treatment (NPK@100-
60-60 kg ha) followed by F| treatment (NPK@80-50-
50 kg ha'). Test weight plays an important role for
exhibiting the yield potential of the crop. Pooled analysis
revealed the similar result and maximum test weight
(5.1) was found under F, treatment which was at par
with F, treatment followed by F (Fig 1.a). Similar
findings were also reported earlier by Rathi et al. (2019)
and Saini et al. (2020).

Qil content

Oil content is an important parameter governing the
quality of the yield. Significant variation was observed
in the oil content of mustard seed under different
spacings between the rows. Higher oil content was
recorded from the crops planted in the second year than
in the first year. Maximum oil content (36% and 37.2%)
was observed in seeds obtained under treatment S,
followed by treatment S, with oil content 33.7% and
35.6% in both years. Amount of fertilizer applied to the
crop and oil content was inversely related. As we
increase the amount of nitrogen fertilizer, oil content
decreases. Maximum oil content (35.6% and 37.3%)
was observed with the application of lowest amount of
fertilizer (NPK@80-50-50 kg ha') which was at par
with the oil content (34.8% and 36.2%) obtained with
F,followed by F, (NPK@120- 70-70 kg ha™') at which
lowest oil content was observed (Fig. 1b). Pooled data
also showed similar results. Oil content varied to the



tune 0f 36.4%, 35.5% and 34.9% at different treatments
F ,F,and F, respectively. Oil content may go up to 41%
in Southern Bengal condition (Das et al., 2019). Similar
results were also reported in the findings of Sondhiya
et al. (2019) and Sandhu et al. (2015).

CONCLUSION

From the findings of two-year study it can be
concluded that better performance in yield (1917 kg
ha' and 1905 kg ha'') was seen in crops sown at closer
spacing (S,= 30 cmx10 c¢m) and plot treated with
maximum fertiliser dose (F,: NPK@120-70-70 kg
ha). Although from an economic point of view, we can
say that the highest benefit-cost ratio (2.1) was obtained
under treatment S F [mustard planted at closer spacing
(3010 cm) in medium fertilised plots (NPK@100-60-
60 kg ha™)].
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