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Abstract

A field experiment was conducted on transplanted Indian mustard during rabi season of 2020-21 at Sardarkrushinagar,
Gujrat in loamy sand soil. The experiment consisted twelve treatment combinations, with four planting geometry viz., 45
cm × 30 cm, 45 cm × 45 cm, 60 cm × 30 cm and 60 cm × 45 cm accommodate in main plots and three dates of transplanting
viz., 31st October, 10th November and 20th November taken in subplots were undertaken in split-plot design with three
replications. Significantly higher plant height at 30 & 60 DAT (94 & 180 cm), leaf area index at 30 & 60 DAT (0.87 & 2.03)
and oil yield (893 kg/ha) were recorded with mustard transplanted at 45 cm × 30 cm and, whereas, higher number of
secondary branches per plant (26.3) and number of siliquae per plant (718) were recorded at 60 cm × 45 cm. Mustard
transplanted at 45 cm × 30 cm spacing recorded significantly higher seed yield (2187 kg/ha) which was remained
statistically at par with spacing 45 cm × 45 cm (2070 kg/ha). Crop transplanted on 10th November significantly out yielded
(2143 kg/ha) over the 20th November (1829 kg/ha) but remained statistically at par with 31st October (1996 kg/ha) in terms
of seed yield.
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Introduction

Brassica juncea, commonly known as Indian
mustard, brown mustard, leaf mustard, oriental
mustard and vegetable mustard, is a species of mustard
plant. Mustard plays an important role in the oilseed
economy of the country. The estimated area, production
and yield of rapeseed-mustard in the world was 36.59
million hectares (m ha), 72.37 million tonnes and 1980 kg/
ha respectively, during 2018-19. Globally, India accounts
for 19.8% and 9.8% of the total acreage and production
of the crop (Anonymous, 2019). Vegetable oil has one of
the highest shares (40%) of the production of all
agricultural commodities globally. India is the largest
importer of edible oils ($10.5 billion) in the world followed
by China & USA (Choudhary et al., 2021). India’s share
of world edible vegetable oil imports is about 15% (FAO,
2019; Choudhary et al., 2021). Currently the area,
production and productivity of rapeseed-mustard in
Gujarat is about 1.72 lakh ha, 3.33 lakh tonnes and 1932
kg/ha, respectively (Anonymous, 2019-20). Kumari et al.
(2012) reported that late sown mustard has the shorter
growing period due to the high temperature during the
reproductive phase which led to concomitant reduction
in yield. Among the agronomic factors known to augment
the mustard production are spacing and planting time

which plays a pivotal role in enhancing the production.
Spacing is a non-monetary input, but it plays a vital role
by changing the magnitude of competition. The
competitive ability of a rapeseed-mustard plant depends
greatly upon the density of plants per unit area and soil
fertility status (Shekhawat et al., 2012). Transplanted crop
has the exact plant population with mathematical
precision, and there is also some time benefit after harvest
of the kharif crops. Through transplanting, the full
potentiality of individual plants can be realized and yield
more than drilling of seeds. The late sowing of mustard
cultivars resulted in yield losses and thus affected the
supply-chain of the oil in the market. The forceful late
sowing conditions of the crop are mainly because of
delayed harvesting of kharif crops. Therefore, early crop
establishment through transplanting technique could be
a better alternative option to minimize the yield losses in
mustard. The system of mustard intensification (SMI)
also gives another opportunity for more productivity and
profitability by adopting intercropping pea, lentil or
chickpea with transplanted mustard which shall utilize
the available resources like space, light and nutrients
efficiently. In 2011-12, the Sir Dorabji Tata Trust (SDTT)
extended support for this innovation effort, so that about
1600 farmers were able use SMI method for rapeseed
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cultivation. Keeping in view the potential of crop, in terms
of better use of resources by single plant to realize
identical yield, there is need to improve mustard
productivity in India. Therefore, present investigation
was conducted to find out the feasibility of Indian
mustard establishment through transplanting technique
with different planting schedule under North Gujarat
Agroclimatic region.

Materials and Methods

The field experiment was conducted during rabi 2020-21
at Castor-Mustard Research Station, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar,
Gujarat. Geographically, Sardarkrushinagar is situated at
24°19’ North latitude and 72°19’ East longitude with an
elevation of 154.52 m above MSL and situated in the
North Gujarat Agro-climatic region. Climate of this region
is sub-tropical monsoon type and falls under semi-arid
region. Soil of the experimental field was loamy sand in
texture, low in organic carbon (0.28 %), low in available
nitrogen (134.7 kg/ha), medium in available phosphorus
(54.3 kg/ha) and medium in available potassium (272.3
kg/ha) having pH value of 7.4. The experiment consisted
twelve treatment combinations with four different spacing
viz., S

1
: 45 cm × 30 cm, S

2
: 45 cm × 45 cm, S

3
: 60 cm × 30 cm

and S
4
: 60 cm × 45 cm in main plots and three dates of

transplanting viz., D
1
: 31st October, D

2
: 10th November and

D
3
: 20th November in sub-plots of split-plot design and

replicated thricely. The seedlings were raised on plastic
pro-trays having 72 cups. The soil was mixed well with
vermicompost and coco pit with the ratio of soil,
vermicompost and coco pit on volume basic was 2:1:1.
The seed were sown on that tray before 14-days of
transplanting. The recommended dose of fertilizer for
mustard crop was N

50
, P

50
, K

0
 and S

40
 kg/ha. Full dose of

phosphorus, sulphur and half dose of nitrogen fertilizers
were drilled just before planting as a basal application
through urea, DAP and bentonite sulphur and remaining
half dose of nitrogen was applied at 25-30 DAT. First
irrigation was given before transplanting of the crop.
Remaining irrigations were given as per crop need. Total
six irrigations were applied during the life period of
mustard crop. Observation on plant height and leaf area
index (LAI) was recorded from the net plot area at 30 and
60-days after transplanting (DAT). Leaf area was measured
by leaf area meter (model-211) and leaf area index was
calculated by formula:

                       Total leaf area per plant
LAI = 

___________________________

              Total land area occupied by plant

The oil content in seed was determined by FT-NIR
(Fourier Transferable Near Infra-Red) technique (Model

Bruker) as per standard procedure suggested by Tiwari
et al., 1994. The data recorded for various parameters
during the course of investigation were statistically
analysed by a procedure appropriate to the design of
experiment as described by Gomez and Gomez (1984). The
significance of difference was tested by “F” test at 5 per
cent level. The critical difference was calculated when
the differences among treatments were found significant
under “F” test.

Results and Discussion
Crop growth

Plant height at 30 and 60 DAT (94 and 180 cm), leaf area
index at 30 and 60 DAT (0.87 and 2.03) of transplanted
mustard were significantly higher with spacing of 45 cm
× 30 cm, though it was remained statistically at par to
spacing 45 cm × 45 cm and 60 cm × 30 cm in case of plant
height (Table 1). This might be due to increased plant
population in narrow crop geometry probably tended the
plants to be taller for getting light in closer spacing. Singh
et al. (2019) also reported the higher plant height with
close spacing under transplanted mustard. Similar results
on leaf area index were also reported by Kumar et al.
1997. Primary branches, days to 50 % flowering and days
to physiological maturity of transplanted mustard were
not influenced significantly due to different spacing.
Significantly higher number of secondary branches per
plant (26.3) was registered at 60 cm × 45 cm. Because of
less plant population in wider crop geometry of 60 cm ×
45 cm, plants could get adequate nutrient, moisture and
space to produce higher branches. On the other hand,
increased plant population density in narrow crop
geometry of 45 cm × 30 cm, the shortage of space and
light which led to higher competition for resources
utilization i.e., space, nutrient and moisture resulted
ultimately increase in plant height and reduced the number
of branches in plants. In lower densities under wider
spacing crop and due to lesser competition within the
plants and get sufficient light intensity as a potent source
for increasing crop biomass, results in higher number of
branches plant per plant (Mamun et al., 2014).

Plant height at 30 DAT (91 cm), leaf area index at 60 DAT
(1.79) and number of secondary branches per plant (22.2)
was higher of transplanted mustard on 10th November
(Table 1). Plant height at 30 DAT was statistically at par to
20th November (87). Similar findings were also reported by
Singh et al. (2019). Number of secondary branches per
plant remained statistically at par with 31st October (21.2).
Maximum days taken to 50% flower initiation (30.8 days)
were recorded when mustard transplanted on 31st October
and the minimum days taken to flower initiation was
recorded when mustard transplanted on 10th November.
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Number of primary branches, leaf area at 30 DAT and days
to physiological maturity were not influenced significantly
due to different date of transplanting.

Yield performance

The crop transplanted at 60 cm × 45 cm produced
significantly higher number of siliquae per plant (718) as
compared to rest of spacing (Table 2). This might be due
to less plant’s population per unit area in case of crop
geometry 60 cm × 45 cm, the plants could get adequate
nutrients, moisture and space to produce more number
of branches and number of siliquae with higher dry
biomass production. Whereas, due to more plant
population in case of crop geometry 45 cm × 30 cm, 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
siliquae these results are in close conformity with the
findings of Singh and Dhillon (1991). Transplanting of
mustard seedlings at 45 cm × 30 cm produced the higher
seed yield (2187 kg/ha) and stover yield (5518 kg/ha) being
significantly superior over other spacing and remained
statistically at par to spacing 45 cm × 45 cm and 60 cm ×
30 cm, while stover yield remained statistically at par with
spacing 45 cm × 45 cm (Table 2). The growth characters
and yield attributes viz., the number of branches and
siliquae per plant were higher under wider spacing as
compared to the closer spacing. The decreased in seed
yield with crop geometry of 60 cm × 45 cm was mainly due
to less plant population per unit area. On the other hand,
crop geometries of 45 cm × 30 cm and 45 cm × 45 cm,
accommodate higher plant population per unit

Table 1: Effect of planting geometry and date of transplanting on growth parameters of transplanted mustard

Treatments    Plant height (cm)      Leaf area index  No. of branches/plant Days to Days to
30 DAT 60 DAT 30 DAT 60 DAT Primary Secondary 50% physiological

flowering maturity

Planting geometry
45cm × 30cm 94 180 0.87 2.03 4.2 16.6 28.3 104
45cm × 45cm 84 171 0.62 1.62 4.5 21.2 28.1 104
60cm × 30cm 86 169 0.74 1.71 4.3 20.3 28.0 103
60cm × 45cm 81 153 0.47 1.30 4.8 26.3 28.2 104
SEm± 2.4 5.0 0.02 0.05 0.14 0.85 0.73 1.8
CD (P=0.05) 8.4 17.2 0.07 0.16 NS 2.95 NS NS
Date of transplanting
31st October 81 166 0.66 1.59 4.5 21.2 30.6 105
10th November 91 170 0.68 1.79 4.6 22.2 26.8 105
20th November 87 168 0.68 1.62 4.3 19.9 27.1 102
SEm± 2.0 4.2 0.02 0.04 0.10 0.56 0.47 1.0
CD (P=0.05) 5.9 NS NS 0.11 NS 1.67 1.39 NS

Table 2: Effect of planting geometry and date of transplanting on yield attributes, yield and oil content of transplanted mustard

Treatment No. of Seed yield Stover yield Harvest index Oil content Oil yield
siliquae/plant (kg/ha) (kg/ha) (%) (%) (kg/ha)

Planting geometry
45cm × 30cm 478 2187 5518 28.3 40.8 893
45cm × 45cm 605 2070 4940 29.7 40.0 829
60cm × 30cm 570. 1954 4884 28.7 40.0 778
60cm × 45cm 718 1746 4410 28.9 39.4 685
SEm± 23.8 78.9 203.2 1.2 1.7 39.0
CD (P=0.05) 82.4 273.1 703.2 NS NS 135.1
Date of transplanting
31st October 594 1996 4806 29.6 39.9 800
10th November 624 2143 5508 27.9 40.2 860
20th November 561 1829 4500 29.1 40.0 730
SEm± 14.6 59.2 172.8 0.9 0.9 28.5
CD (P=0.05) 43.7 177.5 518.1 NS NS 85.5
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area resulted into higher seed yield. These results are in
close vicinity with findings of Singh et al. (2019) and
Sahar et al. (2012).

Among the different date of transplanting, mustard
transplanted on 10th November recorded significantly more
number of siliquae (624) as compared to earlier and later
date of transplanting (Table 2). Adverse effect of low
temperature on flowering, siliqua setting and seed
development in rapeseed-mustard have also been reported
by Adak et al. (2011); Biswas et al. (2011) and Kumari et al.
(2012). Seed yield (2143 kg/ha) and stover yield (5508 kg/
ha) were recorded significantly higher under 10th November
and seed yield was remained statistically at par with 31st

October transplanting. Mustard was adversely affected
due to high temperature in earlier transplanting, so in early
transplanted plant could get a transplanting shock and
take some time to recover. The later planting usually causes
a decline in growth, leaf area and shortening of reproductive
phase due to faster maturation (forced maturity) due to
high temperature in late transplanting which led to more
aphid and powdery mildew incidence at later stage thus
decreasing yield (Mondal et al., 2011). The results revealed
that harvest index was found non-significant due to the
different spacing and date of transplanting (Table 2).

Oil content and oil yield

Oil content was found statistically unaffected due to
different spacing. Even though, marginally higher oil
content (40.8 %) was recorded at 45 cm × 30 cm (Table 2).
Significantly higher oil yield (893 kg/ha) was observed
with the spacing of 45 cm × 30 cm and its remained
statistically at par to spacing 45 cm × 45 cm and 60 cm ×
30 cm. Oil content was significantly not influenced by
different date of transplanting. Oil yield (860 kg/ha) was
significantly higher under 10th November and it was
remained statistically at par with 31st October.

Conclusion

It can be concluded that growth, seed yield contributing
parameters of transplanted mustard were positively
influenced due to planting geometry and planting time.
Hence, 14-days old seedlings of mustard should be
transplanted on 10th November at the spacing of 45 cm ×
30 cm for securing higher seed yield and oil yield under
loamy sand soil of north Gujarat.
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