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ARTICLE DETAILS ABSTRACT

Article History: The purpose of this research was to determine the effect of seedling age and plant spacing on the growth and
yield of broccoli. The experiment consisted of four groups of seedling age viz., A1 (14 days), A2 (21 days), A3
(28 days) and A4 (35 days) and three levels of plant spacing viz, S1 (60 cm x 60 cm), S2 (60 cm x 50 cm) and
S3 (60 cm x 40 cm). The experiment was laid out in the randomized complete block design with three
replications. The findings showed that plant spacing and seedling age had a substantial impact on all the
parameters examined. It was observed that growth, yield contributing traits and yield of broccoli were
superior in case of 35-day old seedling as compared to other age group seedlings. Among the plant spacing,
the maximum number of leaves and the highest plant height were recorded from S1 (60 cm x 60 cm) but the
maximum yield per hectare was found from the closest spacing S3 (60 cm x 40 cm). From the combined effects
of seedling age and mulching materials, it was observed that A4 S1 (35-day old seedling with 60 cm x 60 cm)
performed superior performance on plant growth and yield of broccoli while the lowest were recorded from
A1S3 (14-day old seedling with 60 cm x 40 cm). But the maximum yield per plot, per hectare were obtained
from A4S3 (35-day old seedling with 60 cm x 40 cm) whereas the lowest results were obtained from A1S1
(14-day old seedling with 60 cm x 60 cm). It was found that the highest yield obtained from the oldest
seedlings (35-day) with the closest spacing (60 cm x 40 cm).
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1. INTRODUCTION

Broccoli (Brassica oleracea L. var. italica) is one of the most nutrient-dense
vegetables. It belongs to the Brassicaceae family. Vegetables are an
essential part of human nutrition. It contains carbohydrates, lipids,
minerals, vitamins, and roughages, all of which are necessary components
of a well-balanced diet (Roy, 2011). The average vegetable intake of
Bangladeshis is well below the FAO recommendation, which states that a
person should consume at least 200 g of vegetables each day (FAO, 2017).
Phytochemicals that promote health, such as nitrogen-sulfur derivatives,
polyphenols, minerals (Se, K, and Mn), and vitamins (A, C, K, and B6), are
abundant in broccoli (Baenas et al,, 2012; Fuente et al., 2019). Broccoli's
ability to prevent cancer is not new; prior research has linked these
advantages to the plant's high concentration of glucosinolates, which are
active phytochemicals (Zhao et al., 2007). Among the Cole crops, this is
regarded by many as the most elegant. When the primary apical bloom
head is harvested, broccoli, in contrast to cauliflower, generates tiny
flowering shoots from the leaf axis (Roni et al,, 2014).

In agricultural production, seedling age and plant spacing have a big
impact on growth and yield. Seedling age is one of the key factor in
attaining a high yield and better return on broccoli. Delaying planting
resulted in a lower yield. Crop yield increases with earlier planting dates
and decreases linearly with later planting dates (Soniya et al., 2019; Ruyi
et al,, 2012). Compared to late-planted crops, early-planted crops had a
longer lifespan, produced taller plants with more leaves, a larger plant
spread, a higher leaf size index, and the lowest percentage of aberrant
curds, which was ultimately linked to a better curd production (Hossain
and Mohona, 2018; Hoque, 2006; Das et al,, 2000). Therefore, there is
ample opportunity to determine the best time to plant broccoli in order to

maximize its output. Due to the fact that older transplants were more
flexible in the field than younger ones, older transplants were occasionally
more adaptive than younger ones (Choi et al., 2002).

The growth and development broccoli are greatly influenced by the
planting spacing. The main head yield and overall broccoli output
exhibited a similar trend in response to plant spacing. An area's head size,
average marketable head weight, and maturity were all decreased by a
higher plant population (Haque et al., 2015). The optimum plant spacing
plays a key role for crop production through efficient utilization of
nutrients, water and light by the plants. In general, the higher plant
population adversely affect the yield per unit area hampering plant growth
and development (Islam et al., 2017). Plant spacing is one of the most
crucial cultural practices for plant growth and development since it
influences crop growth rate, canopy development, soil moisture loss, weed
management, and light interception. The larger plant spacing declined the
number of plants per unit area.

Depending on how close they are grown they can also receive less air than
they require for proper growth. Plants can therefore be more vulnerable
to deposition of essential nutrients if they are not provided enough space
(Ara et al.,, 2007). There is very little information available regarding the
impact of seedling age and plant spacing on broccoli development and
productivity. Adopting better production techniques, such as appropriate
plant spacing, seedling age, and planting strategy, can boost broccoli yield.
It was noted that seedling age and plant spacing have a vital impact on
broccoli growth, development and yield. Considering the above all aspects,
the present study was undertaken to investigate the impact of seedling age
and plant spacing on growth, yield attributes and yield of broccoli and to
select a suitable seedling age for transplanting with an optimum plant
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density for commercial cultivation of broccoli.

2. MATERIALS AND METHODS
2.1 Description of study area

This study was conducted at the Horticulture Farm, Department of
Horticulture, Bangladesh Agricultural University, Mymensingh,
Bangladesh during October 2017 to March 2018. The experimental area
belongs to the Agro-ecological zone-9 (AEZ-9) Brahmaputra Flood Plain
(FAO, 1988). The site of the experiment is located at 24°75" N latitude and
90°50' E longitude at a height of 18 m above the sea level.

2.2 Land preparation and raising of seedlings

The experimental plot was ploughed on 2 October, 2017 by a tractor
attached with disc plough to make good tilth condition. The land was then
carefully ploughed multiple times with a power tiller and then laddered.
To get different age groups seedlings, seeds of broccoli cv. Early You F1
hybrid were sown in the seedbed at 15, 22, 29 October and 5 November,
2017, respectively. Proper care was taken to produce healthy, diseases
free seedlings for transplanting in the experimental plots.

2.3 Experiential design and treatment

The factorial experiment was carried out following randomized complete
block design with three replications. Factor A consisted of three seedling
ages viz,, Al: 14 days, A2: 21 days, A3: 28 days, and A4: 35 days old and
Factor B consisted of three levels of plant spacing viz, S1 (60 cm x 60 cm),
S2 (60 cm x 50 cm) and S3 (60 cm x 40 cm). The experimental plot was
divided into three blocks. Each block consisted of 12 plots and the total
number of plots were 36. The size of a unit plot was 3 m x 2 m. A distance
of 0.5 m between the plots and 1 m between the blocks was kept. In each
block, combinations of seedling age and plant spacing were assigned
randomly according to treatment combination.

2.4 Application of manures and fertilizers

The experimental plot was fertilized with well-decomposed cowdung,
nitrogen, phosphorus, potassium, sulphur, zinc and boron at the rate of 10
tons, 105, 36, 60, 18, 2 and 1.2 kg per hectare, respectively (FRG, 2012). N,
P, K, S, Zn, and B were obtained from urea, triple super phosphate (TSP),
muriate of potash (MoP), gypsum, zinc sulphate, and borax, respectively.
Half of the cow dung and the whole amount of TSP, gypsum, zinc sulphate,
and borax were applied during the final land preparation. The remaining
quantity of cow dung was applied before transplanting of seedlings. Urea
and MoP were applied at 15, 30, and 45 days following transplantation
(FRG, 2012).

2.5 Intercultural operations

Light irrigation was applied immediate after transplanting. Flood
irrigation was applied after each top dressing of fertilizer. Manual weeding
was done three times during the growth period of broccoli. For controlling
fungus infestation, Ridomil Gold (at 2g/L water) was applied thrice at the
morning hour. The older and dead leaves of broccoli were discarded from
the field.

2.6 Collection of data

To prevent border effect, five plants were chosen at random from each
plot's center rows. At 15, 30, and 45 days after transplanting (DAT),
respectively, measurements of the plants' height and leaf count were
taken. At harvest, measurements were taken of the curd yield, crown
spread, length of the biggest leaves, primary curd diameter, primary curd
weight, secondary curd number, weight, and stem diameter.

2.7 Statistical analysis

The MSTAT statistics tool was used to statistically evaluate data on various
parameters. The F-test was used to analyze the variance for each character
once the mean for each treatment was determined. The least significant
difference (LSD) test was used to assess the significance of the differences
between the treatment mean pairs (Gomez and Gomez, 1984).

3. RESULTS

3.1 Growth parameters of broccoli

Seedlings age and plant spacing significantly affected plant growth
parameters. Plant height and leaf number of broccoli were significantly
influenced by the different age of seedling, plant spacing and combination
of seedling age and plant spacing at different days after transplanting
(DAT). Plant height of broccoli gradually increased with time progressed.
Seeding age significantly influenced the height of plant. At 45 DAT, the
longest plant height (20.79 cm) was observed from A4 treatment (35-day
old seedling) and the shortest plant height (17.21 cm) from A1 treatment
(14-day old seedling) (Figure 1A). Plant height of broccoli also
significantly influenced by the plant spacing. At 45 DAT, the highest plant
height (20.09 cm) was found from S1 treatment (60 cm x 60 cm) and the
minimum plant height (17.75 cm) from S3 treatment (60 cm x 40 cm)
(Figure 1B).
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Figure 1: Effect of seedling age (A) and plant spacing (B) on plant height
of broccoli at different days after transplanting. Vertical bars represent
LSD at 5% level of significance. Here, A1: 14 days, A2: 21 days, A3: 28
days, A4: 35 days, S1: 60 cm x 60 cm, S2: 60 cm x 50 cm, S3: 60 cm x 40
cm.

The combined effect of seedling age and plant spacing was significant on
plant of broccoli. At 45 DAT, the longest plant height (23.0 cm) was found
from A4S1 treatment (35-day old seedling with 60 cm x 60 cm) and the
shortest plant height (15.0 cm) from A1S3 treatment (14-day old seedling
with 60 cm x 40 cm) (Table 1).
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Table 1: Combined effects of seedling age and plant spacing on plant height at different days after transplanting (DAT) of broccoli.

Plant height (cm) at DAT
Treatment combinations
15 30 45
S1(60cm x60cm) 8.00 16.00 18.38
A1 (14 days) S2 (60 cm x50 cm) 7.88 16.00 18.25
S3(60cm x40cm) 6.63 13.88 15.00
S1(60cm x60cm) 9.50 17.00 19.50
A2 (21 days) S2 (60 cm x50 cm) 9.38 16.13 18.50
S3 (60 cm x40 cm) 8.63 15.50 18.13
S1(60cm x60cm) 10.25 18.13 19.50
A3 (28days) S2 (60 cm x50 cm) 10.00 16.50 19.19
S3(60cm x40cm) 9.13 15.63 18.25
S1(60cm x60cm) 13.00 22.00 23.00
A4 (35 days) S2 (60 cm x50 cm) 12.38 18.38 19.75
S3(60cm x40cm) 12.13 17.88 19.63
LSDo.0s 0.21 0.79 0.78
LSDo.01 0.28 1.07 1.06
Level of significance o ok ok
** indicates significant at 1% level of probability
Similarly, leaf number of broccoli impacted by the age of seedlings as well 20 -
as plant spacing. At 45 DAT, the maximum number of leaves (14.83) was (B)
recorded from A4 treatment (35-day old seedling) and the minimum T
number of leaves (12.67) from A1 treatment (14-day old seedling) (Figure T
2A). At the same time i.e. at 45 DAT, the maximum number of leaves 15 A =
(14.59) was counted from S1 treatment (60 cm x 60 cm) and the minimum
number of leaves (13.22) from S3 treatment (60 cm x 40 cm), (Figure 2B). e
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0 significant on number of leaves of broccoli. At 45 DAT, the A4S1 treatment
15 30 45 combination (35-day old seedling with 60 cm x 60 cm) produced the

Days after transplanting

maximum number of leaves (15.50), whereas the A1S3 treatment (14-day
old seedling with 60 cm x 40 cm) produced the minimum leaves (11.13)
(Table 2).

Table 2: Combined effects of seedling age and plant spacing on number of leaves at different days after transplanting (DAT) of broccoli.

Treatment combinations

No. of leaves/plant at DAT

15 30 45
S1 (60 cm x 60 cm) 6.50 11.13 13.50
A1 (14 days) S2 (60 cm x 50 cm) 6.13 10.25 13.38
S3 (60 cm x 40 cm) 5.25 8.38 11.13
S1 (60 cm x 60 cm) 6.88 12.13 14.13
A2 (21 days) S2(60 cm x 50 cm) 6.88 11.00 13.63
S3 (60 cm x 40 cm) 6.75 10.88 13.50
S1 (60 cm x 60 cm) 7.25 12.30 15.25
A3 (28 days) S2 (60 cm x 50 cm) 7.00 11.75 14.75
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Table 2 (cont): Combined effects of seedling age and plant spacing on number of leaves at different days after transplanting (DAT) of broccoli.

S3 (60 cm x 40 cm) 6.88 11.00 14.00
S1 (60 cm x 60 cm) 7.75 13.25 15.50
A4 (35 days) S2(60 cm x 50 cm) 7.25 13.00 14.75
S3(60 cm x 40 cm) 7.00 12.13 14.25
LSDo.0s 0.34 0.65 0.56
LSDo.01 0.46 0.88 0.76
Level of significance *x o o

** indicates significant at 1% level of probability

Plant spacing and seedling age differences had a major impact on crown
spread. The 35-day-old seedling had the largest crown spread (79.79 cm),
followed by the 28-day old (78.04 cm) and 21-day-old (75.58 cm)
seedlings, in that order. The seedling that was 14-day old had the smallest
crown spread (72.21 cm) (Table 3). Plant spacing S1 (60 cm x 60 cm)
produced the largest crown spread (80.79 cm), followed by 60 cm x 50 cm
spacing (77.53 cm), and 60 cm x 40 cm spacing generated the smallest
crown spread (70.72 cm) (Table 3).

The seedlings that were 35-day old had the biggest diameter of primary
curd (14.42 cm), followed by those that were 28-day old (13.15 cm) and
21-day old (12.29 cm), in that order. The seedling that was 14-day old had
the smallest diameter of primary curd, measuring 11.31 cm (Table 3).

Primary curd's biggest diameter (13.36 cm) was measured at 60 cm x 60
cm spacing, followed by 60 cm x 50 cm spacing (12.97 c¢m), and the
smallest diameter (12.05 cm) was measured at 60 cm x 40 cm spacing
(Table 3).

In terms of primary curd weight, the 35-day old seedling weighed the most
(384.25 gm), followed by the 28-day old (337.50 gm) and 21-day old
(293.56 gm) seedlings, respectively. From seedlings that were 14-day old,
the minimal weight of primary curd (258.06 gram) was found (Table 3).
With 60 cm x 60 cm spacing, the primary curd's weight reached its
maximum (346.27 gm), followed by 60 cm x 50 cm spacing (328.41 mg),
and 60 cm x 40 cm spacing produced the lowest weight (280.36 gm) (Table
3).

Table 3: Effect of seedling age and plant spacing on crown spread, diameter of primary curd and weight of primary curd of broccoli at harvest.

Age of seedlings Crown spread/diameter (cm) Primary curd diameter (cm) Primary(g:;;‘ weight
A1 (14 days) 72.21 11.31 258.06
A2 (21 days) 75.58 12.29 293.56
A3 (28 days) 78.04 13.15 337.50
A4 (35 days) 79.79 14.42 384.25
LSDo.os 0.86 0.12 7.38
LSDo.o1 1.17 0.16 10.04
Level of significance o ok ok

Plant spacing Crown spread/diameter (cm)

Primary curd diameter(cm) Primary curd weight

(gm)
S1 (60 cm x 60 cm) 80.97 13.36 346.27
S2 (60 cm x 50 cm) 77.53 12.97 32841
S3 (60 cm x 40 cm) 70.72 12.05 280.36
LSDo.os 0.75 0.10 6.39
LSDo.o1 1.02 0.14 8.69
Level of significance o, *x o

** indicates significant at 1% level of probability

The A4S1 treatment (35-day old seedling with 60 cm x 60 cm spacing) had
the largest crown spread (85.13 cm), whereas the A1S3 treatment (14-day
old seedling with 60 cm x 40 cm spacing) had the smallest crown spread
(66.50 cm) (Table 4). The A4S1 treatment provided the biggest primary
curd diameter (15.07 cm) with a seedling that was 35 days old and spaced
60 cm by 60 cm apart, whereas the A1S3 treatment generated the smallest

primary curd diameter (10.57 cm) with a seedling that was 14 days old
and spaced 60 cm by 40 cm apart (Table 4). The A4S1 treatment (35-day
old seedling with 60 cm x 60 cm spacing) gave the highest weight of
primary curd (412.69 gm), whereas the A1S3 treatment (14-day old
seedling with 60 cm x 40 cm spacing) delivered the lowest weight of
primary curd (184.88 gram) (Table 4).

Table 4: Combined effects of seedling age and plant spacing on crown spread, diameter of primary curd and weight of primary curd of broccoli at

harvest.

Treatment combination Crown spread (cm) Primary curd diameter (cm) | Primary curd weight (gm)

2 S1(60cm x60cm) 75.88 11.75 309.38
= § $2 (60 cm x 50 cm) 74.25 11.63 279.94

= S3(60cm x40 cm) 66.50 10.57 184.88

Z S1(60cm x60cm) 80.38 12.57 318.00
P S2 (60 cm x50 cm) 75.13 12.50 288.19

i

A S3 (60 cm x40 cm) 71.25 11.82 274.50

2 S1(60cm x60cm) 82.50 14.07 345.00
2 '0% S2(60cm x50 cm) 80.00 13.25 337.13

o S3 (60 cm x40 cm) 71.63 12.13 330.38
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Table 4 (cont): Combined effects of seedling age and plant spacing on crown spread, diameter of primary curd and weight of primary curd of broccoli

at harvest.
T,,; S1(60cm x60cm) 85.13 15.07 412.69
3 ﬁ S2(60cm x50 cm) 80.75 14.50 408.38
N S3 (60 cm x40 cm) 73.50 13.69 331.69
LSDo.os 1.49 0.21 12.79
LSDo.o1 2.03 0.28 17.39
Level of significance ok ok wE

** indicates significant at 1% level of probability

Number of secondary curd was significantly influenced by the different
seedling age and plant spacing. The maximum number of secondary curd
(3.17) was recorded from 35-day old seedling followed by 28-day old
seedling (2.92) and 21-day old seedling (2.67). The minimum number of
secondary curd (1.92) was recorded from 14-day old seedling (Table 5).
The maximum number of secondary curd (3.13) was obtained from 60 cm
x 60 cm spacing followed by 60 cm x 50 cm spacing (2.63) and minimum
number of secondary curd (2.25) was obtained from 60 cm x 40 cm
spacing (Table 5).

The 35-day old seedling produced the highest weight of secondary curd
(84.33 gm), followed by its 28-day old counterpart (69.83 gm) and 21-day
old counterpart (61.00 gm). From seedlings that were 14-day old, the

minimum weight of secondary curd (47.33 grams) was attained (Table 5).
At 60 cm x 60 cm spacing, the secondary curd's weight reached its
maximum of 85.25 gm, followed by 60 cm x 50 cm spacing (62.00 gm), and
at 60 cm x 40 cm spacing, it reached its minimum of 49.63 gm (Table 5).

In terms of fresh weight of leaves, the 35-day old seedling had the highest
(743.25 gm), followed by the 28-day old seedling (673.81 gram) and the
21-day old seedling (660.00 gm), in that order. The 14-day old seedling
had the lowest fresh weight of leaves (618.69gm) (Table 5). 60 cm x 60 cm
spacing produced the highest fresh weight of leaves (739.55 gm), followed
by 60 cm x 50 cm spacing (668.58 mg), and 60 cm x 40 cm spacing
produced the lowest weight of secondary curd (613.69 gram) (Table 5).

Table 5: Effect of seedling age and plant spacing on no. of secondary curds, weight of secondary curd, fresh weight of leaves and curd yield of broccoli.
Age of seedlings No. of se;;gc:la;ry curds Second(agl}yp(il;;ctl)weight Leaf(fgr/e;ll;rvl\:)aight Curd yield (g/plant)
A1 (14 days) 1.92 47.33 618.69 305.40
A2 (21 days) 2.67 61.00 660.00 354.56
A3 (28 days) 2.92 69.83 673.81 407.33
A4 (35 days) 3.17 84.33 743.25 468.58
LSDo.os 0.169 1.75 13.38 7.02
LSDo.o1 0.230 2.38 18.19 9.54
Level of significance o o o ok
Plant spacing No. of se/cg;::iry curds Second(;;x}ypcl:::)weight Leaf(fgr/e;ll;;vt()eight Curd yield (g/plant)
S1 (60 cm x 60 cm) 3.13 85.25 739.55 431.52
S2 (60 cm x 50 cm) 2.63 62.00 668.58 390.41
S3 (60 cm x 40 cm) 2.25 49.63 613.69 329.98
LSDo.os 0.15 1.51 11.59 6.08
LSDo.o1 0.2 2.06 15.75 8.26
Level of significance o, *x *x o,

** indicates significant at 1% level of probability

The A4S1 treatment formed the most secondary curd (4.0), while the A1S3
treatment produced the fewest (1.75). The A4S1 treatment produced
seedlings that were 35-day old and spaced 60 cm by 60 cm apart (Table
6). With a seedling that was 35-day old and spaced 60 cm by 60 cm apart,
the A4S1 treatment delivered the highest weight of secondary curd (116.0
g), whereas the A1S3 treatment produced the lowest weight (38.50 gm)

with a seedling that was 14-day old and spaced 60 cm by 40 cm (Table 6).
The A4S1 treatment, which generated 35-day-old seedlings spaced 60 cm
by 60 cm apart, had the highest fresh weight of leaves (784.69 gm), while
the A1S3 treatment provided the lowest weight of secondary curd (510.00
gm) from seedlings that were 14-day-old and spacing 60 cm x 40 cm
(Table 6).

Table 6: Combined effects of seedling age and plant spacing on no. of secondary curds, secondary curd weight, leaf fresh weight, and curd yield of

broccoli.
e L. No. of secondary curds Secondary curd weight Leaf fresh weight .
Treatment combinations /plant (g/ plant) (g/plant) Curd yield (g/plant)
S1(60
cm x 60 2.00 52.00 716.06 361.38
cm)
@ S2 (60
po) < cm x 50 2.00 51.50 630.00 331.44
= cm)
S3(60
cm x 40 1.75 38.50 510.00 223.38
cm)
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Table 6 (cont): Combined effects of seedling age and plant spacing on no. of secondary curds, secondary curd weight, leaf fresh weight, and curd yield
of broccoli.

S1(60
cm x 60
cm)

3.00

82.00 721.13 400.00

S2 (60
cm x 50
cm)

2.75

A2
(21 days)

53.50 648.00 341.69

S3 (60
cm x 40
cm)

2.25

47.50 610.88 322.00

S1(60
cm x 60
cm)

3.50

91.00 736.31 436.00

S2 (60
cm x 50
cm)

2.75

A3
(28 days)

70.50 669.75 407.63

S3 (60
cm x 40
cm)

2.50

48.00 615.38 378.38

S1(60
cm x 60
cm)

4.00

116.00 784.69 528.69

S2 (60
cm x 50
cm)

3.00

A4
(35 days)

72.50 726.56 480.88

S3 (60
cm x 40
cm)

2.50

64.50 718.50 396.19

LSD0.05 0.29

3.03 23.18 12.16

LSDO0.01 0.39

4.12 31.50 16.52

Level of significance *x

% *k *%

** indicates significant at 1% levels of probability.
3.2 Yield parameters of broccoli

Yield per plant was significantly influenced by the different seedling age
and plant spacing. Maximum yield per plant (468.58 gm) was counted
from 35-day old seedling followed by 28-day old seedling (407.33 gm) and
21-day old seedling (354.56 gm), respectively. Minimum yield per plant
(305.40 gm) was acquired from 14-day old seedling (Table 5). Maximum
yield per plant (431.52 gm) was observed from 60 cm x 60 cm spacing
followed by 60 cm x 60 cm spacing (390.41 gm) and minimum yield per
plant (329.98 gm) was observed from 60 cm x 40 cm spacing (Table 5).
The maximum yield per plant (528.69 gm) was obtained from A4S1 (35-
day old seedling with 60 cm x 60 cm) and the minimum yield per plant
(223.38 gm) from A1S3 (14-days old seedling with 60 cm x 40 cm)_(Table
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6). The varying seedling ages have a major impact on yield per hectare.
The 35-day old seedling had the highest yield per hectare (15.25 t),
followed by the 28-day old seedling (13.42 t) and the 21-day old seedling
(11.60 ton), respectively. The 14-day old seedling delivered the lowest
yield per hectare (9.80 t) (Figure 3A). Regarding plant spacing, 60 cm x 40
cm spacing supplied the highest output per hectare (13.75 t), followed by
60 cm x 50 cm spacing (13.01 t), and 60 cm x 60 cm spacing supplied the
lowest yield per hectare (10.79 t) (Figure 3B). When seedling age and
plant spacing were combined, the A4S3 treatment delivered the highest
yield per hectare (16.51 t) with a 35-day old seedling spaced 60 cm by 40
cm, whereas the A1S1 treatment generated the lowest yield per hectare
(9.03 t) with a 14-day old seedling spaced 60 cm by 60 cm (Figure 4).
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Figure 3: Effect of seedling age (A) and plant spacing (B) on curd yield of broccoli. Vertical bars represent LSD at 5% level of significance. Here, A1: 14
days, A2: 21 days, A3: 28 days, A4: 35 days, S1: 60 cm x 60 cm, S2: 60 cm x 50 ¢cm, S3: 60 cm x 40 cm.
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Figure 4: Combined effects of seedling age and plant spacing on yield of broccoli; vertical bar represents at LSD at 5% level of significance. Here, A1l: 14
days, A2: 21 days, A3: 28 days, A4: 35 days, S1: 60 cm x 60 ¢cm, S2: 60 cm x 50 ¢cm, S3: 60 cm x 40 cm.

4., DISCUSSION

Broccoli development and output were significantly impacted by seedling
age and plant spacing. In this experiment, the 35-day old seedlings had the
most leaves; this could be linked to the vegetative development stage's
optimal temperatures, which result in higher photosynthetic activity and
assimilate mobilization (Kaymak et al.,, 2009). It was found that plants with
greater plant separation had more leaves, while plants with closer spacing
had less leaves. It most likely results from interplant competition, which
limits access to resources like fertilizers (Ullah et al,, 2013). The quantity
of leaves was significantly impacted by the interaction between plant
spacing and seedling age. The highest plant height from older seedlings
and maximum plant spacing. This could be because there is more room for
growth, as well as more nutrients, moisture, and sunshine (Mourao et al.,
2007). The result of plant height is partially contradictory with (Thirupal
et al, 2014); they found maximum plant height at closer spacing (50 cm x
30 cm). This could be because plants that are closer together have more
terminal development than plants that are farther apart, which have more
lateral growth. Furthermore, compared to younger transplants, elder
transplants shown greater adaptability in the field (Solunke et al,, 2011).
Maximum crown spread from wider spacing and older seedlings; they
recorded among the plant spacings, 60 cm x 45 cm the highest crown
spread (84.38 cm) followed by 45 cm x 45 cm (Sharif, 2008).

We also found maximum curd diameter and maximum curd weight from
wider spacing and older seedlings. The bigger size and weight of heads
may have been due to better food accumulation in plants grown at wider
spacing and from older seedlings (Hossain et al,, 2011; Gogoi et al,, 2016).
This finding was corroborated by the current investigation, which found
that older seedlings with wider spacing had the highest fresh weight of
leaves per plant (Grabowska et al., 2009). In our present study we found
that older seedlings gave early maturity of curd. In our experiment 35 days
old seedling gave the maximum yield compared with 14-day old seedling.
The greatest values in this treatment are most likely the result of older
transplants making effective use of light, moisture, and temperature to
ensure optimal plant growth (Wlazlo and Kunicki, 2003). Compared to
transplants that were 20-day old, the 50-day old transplants produced the
lowest yield (Babik, 2001; Delony et al.,, 2020; Grabowska, 2014).

The measurements for the lowest and maximum single head weights were
60 cm x 40 cm and 60 cm x 60 cm, respectively. Because nutrients, space,
moisture, air, and light were better utilized by the plant growing at a wider
spacing, it accumulated the food in maximum. Consequently, the weight
reached its maximum and the head grew in size (Moniruzzaman, 2011).
The amount of broccoli produced each plot varied considerably between
treatments, though. The maximum number of broccoli plants per plot
resulted in the highest production from a plot with a 60 cm x 40 cm plant
spacing, while the least number of broccoli plants per plot resulted in the
lowest yield from a plot with a 60 cm x 60 cm plant spacing (Suther et al,,

2017). Although the head size shrank, the yield rose when the number of
plants per plot increased (Bhangre etal., 2011).

5. CONCLUSION

The results of the experiment demonstrated that seedling age and planting
spacing had a substantial impact on growth and curd yield of broccoli.
Plant growth and yield per plant of broccoli were the best in 35-day old
seedling with spacing 60 cm x 60 cm and the lowest in 14-day old seedling
with 60 cm x 40 cm spacing. The curd yield was increased by increasing
the number of plants per plot since the size of the heads was reduced. The
highest broccoli curd yield per hectare was achieved with a treatment
combination of 35-day old seedling and 60 cm x 40 cm plant spacing,
whereas the lowest yield was acquired with a treatment combination of
14-day old seedling and 60 cm x 60 cm plant spacing. So, 35-day old
seedling with closer plant spacing (60 cm x 40 cm) can be recommended
for higher curd yield of broccoli.
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