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Abstract

A field experiment was conducted during the winter season of 2019-20 to investigate the response of
broccoli to different fertigation treatments. The experiment consisted of four irrigation levels (11: 1.20 ETe,
I2: 1.00 ET, 13: 0.8 ET¢, and 14: 0.6 ET¢) and four fertilizer levels (F1: 100% recommended dose of NPK
(RD), F2: 75% RD of NPK, F3: 50% RD of NPK, and F4: no fertilizer). The results showed that the
treatment combination of 1:F1 produced the highest head diameter (14.84 cm), head yield (225.41 g/plant),
total yield (18.69 t/ha), harvest index (52.11%), protein content of head (30.03 mg/g), and starch content
(55.73 pg/g). Conversely, the treatment combination of l4F4 resulted in the lowest values for these
parameters, with head diameter (9.34 cm), head yield (71.41 g/plant), total yield (6.29 t/ha), harvest index
(34.35%), protein content of head (19.49 mg/g), and starch content (31.19 pg/g). These findings suggest
that optimized fertigation management can significantly improve broccoli yield and quality.
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Introduction

Broccoli (Brassica oleracea L. var. italica) is a nutritious Cole Crop, cool-season, belongs to the
Brassica family and is renowned for its high nutritional value, rich in vitamins, minerals, and
antioxidants (Li et al., 2019) [, Originating in the Mediterranean region, China leads in broccoli
production. The crop's name is derived from the Latin word 'brachium," meaning arm or branch
(Boswell, 1949) 2. Broccoli's morphology is characterized by a large, green, flower head or
buds, with a branching out of thick, edible stalks. The crop requires a day temperature of 20-25
°C during vegetative growth and 15-20 °C during the heading stage (VVerma and Sharma, 1998)
1271, Broccoli is sensitive to temperature extremes, with above 24 °C leading to early flowering
and maturity (Thompson and Kelly, 1983) !, Broccoli thrives in fertile, well-drained soils with
a slightly acidic to alkaline pH. The recommended fertilizer application is 100-125:50-60:60-80
kg N:P:K/ha, along with 20-25 tons of farmyard manure (FYM) (Nath et al., 2008) 129, Irrigation
is crucial for broccoli cultivation, with frequent watering at 10-15 day intervals, depending on
weather conditions (Paschold et al., 2000) 2. Drip irrigation with water-soluble fertilizers is
recommended for high-value broccoli production (Wojciechowska et al., 2020) 181, Broccoli is
rich in vitamins A and C, thiamine, niacin, and riboflavin, as well as minerals like calcium and
iron. It is also a rich source of sulphoraphane, a compound associated with reducing cancer risk
(Nandini, 2020) [°. Broccoli's market demand is increasing globally due to its nutritional value
and multifarious uses (Rangkadilok et al., 2004) [*31,

Materials and Methods

The field experiment was done on the Water Technology Park in the Instructional-cum-Research
(ICR) Farm, Assam agricultural university, Jorhat, Assam during rabi season of 2019-20. The
farm was situated at 24°47°N latitude, 94°12°E longitude and at an altitude of 86.6 m above the
mean sea level. The experimental field was designed in factorial randomized block design
(FRBD) with three replications and each replication there are 16 numbers of plots. The
individual size of the plot was (4x3)m. Each treatment in each replication was accommodated
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randomly. The gross and net area of the experimental field were
948 m? and 576 m?, respectively. The treatment combinations
comprised of drip irrigation and fertilizer levels are as
mentioned below along with their notations. The variety Green
Magic (F1 hybrid) a high yielding variety of broccoli with
excellent uniformity and high yield was selected for the study.

Treatment details

Drip irrigation level (1)
11: 120% Etc
12: 100% Etc
13: 80% Etc
14: 60% Etc
*RDF- Recommended dose of fertilizer

Fertilizer level (F)
F1: 100% RDF
F.: 80% RDF
Fs: 60% RDF
Fa: No fertilizer

Observations

Head diameter

The five broccoli heads per plot were selected randomly and
diameter (maximum width) was measured using a measuring
tap. The average of five heads was calculated as diameter and
was expressed in cm.

Head yield

The five broccoli plants were randomly selected from each plot,
the head portion was harvested along with 5¢cm stock intact with
the head. The head yield was measured in an electronic balance
and the average of five head weight was recorded. The head
weight was expressed in g/plant.

Total yield

Total yield of broccoli was calculated out by multiplying
average head weight per plant with the number of plant per
hectare and was expressed in t/ha.

Harvest index
Harvest index of broccoli was calculated with the following
formula and was expressed in per cent.

Economic yield

Harvest index (%) = 100

Biological yield .

Protein content

The leaf protein content was estimated at 45 DAT following
procedure given by Lowry et al., (1951) €1, measuring the OD
value at 660 nm in LAS -4200 Spectrophotometer. The amount
of protein present in broccoli leaf was calculated and was
expressed in mg gt

Starch content

The starch content was estimated by Hedge and Hofreiter (1962)
BBl procedure. The sample (0.5g) was homogenized in 80%
ethanol for removing the sugars. After that the samples were
then centrifuged at 3000 rpm for 30 minutes to discard the
supernatant. The remaining residue was again centrifuged till the
washings do not give color after adding the anthrone reagent. To
the residue again 5.0 ml of water and 6.5 ml of 52% perchloric
acid was added. After 20 min of centrifugation it was extracted
and centrifuged. 0.2 ml of the supernatant was pipetted out and
made up the volume to 1ml with water. Then, 4ml of anthrone
reagent was added and heated for 8min in water bath. After
cooling, the intensity of green to dark green color i.e. OD value
at 630 nm was measured in spectrophotometer. For finding the
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starch content in the sample the following formula was used and
multiply it with a factor of 0.9.

Concentration from graph _ 100 g
X—X09{(u=
0.2ml 05g {'ug)

Amount of Starch =

Economics

Total cost of cultivation

The total cost of cultivation was calculated in rupees per hectar
for each treatment combination. It included all gross investment
such as cost of land preparation, labour wages, materials input
cost (Seeds, manures &fertilizers, chemical etc.), transportation
cost and miscellaneous cost.

Gross and net return

Gross and net return were calculated in rupees per hectare
treatment combination wise. Gross return was calculated with
the multiplication of the economic yield to the prevailing market
price. Net return was subtracted by the total cost of cultivation
from gross return on per ha basis.

Net return = Gross return — Cost of cultivation

Benefit-cost ratio (B:C)

The benefit cost ratio was computed by dividing gross return
received per hectare by total cost of cultivation involved per
hectare.

Statistical analysis

The data generated in the present investigation were statistically
analyzed following the method described by Panse and
Sukhatme (1967) [, Critical differences (CD) (at 5%
probability level) was calculated.

Results and Discussion

Yield parameters

The highest head diameter of 14.84 cm was recorded in 1;F; and
the lowest was recorded in 14F4 (9.34 cm). This might be due to
the reason that the fertilizers applied might create a conducive
growth environment with optimum nutrient level near the root
zone that helped the plants to absorb sufficient nutrients from
the soil. This helped the plant to produce more dry matter to
maintain efficient dry matter partitioning towards the head of
broccoli that ultimately led to increased size of broccoli head.
Our observations are in close conformity with the findings of
earlier researchers. Demchak et. al. (1990) I, Brahma et. al.
(2002) ™M, Yang et. al., (2006) ¥ and Fereres et. al., (2009) [,
Again, the highest head yield, total yield and harvest index were
found in 1;1F; (225.41 g/plant, 18.69 kg/plant and 52.11%) and
the lowest were exhibited in I4Fs (71.41 g/plant, 6.29 kg/plant
and 34.35%). This might be due to the logic that, the optimum
level of water the plant gained throughout the growing period in
drip irrigated plots empowered the plant to achieve vigorous
vegetative growth with higher chlorophyll content, CSI, RLWC,
LAR and LAD. The plants with superiority in those morpho-
physiological traits could carry out more photosynthesis and
maintain better source and sink relationship with efficient dry
matter partitioning. These, ultimately help to produce more yield
with drip fertigation in broccoli. The performance of I, and I3
were also better than 14 for the said causes. Similar results are
also reported by Tumuhairwe and Gumbs (1983) [6],
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Table 1: Yield parameters of broccoli influenced by different
fertigation treatments

Head diameter| Head yield | Total yield Harvest
Treatmenty ) (g/plant) | (kg/piant) |index (H1 %)
11F1 14.84 225.41 18.69 52.11
11F2 13.33 220.00 17.17 49.75
11F3 12.74 210.47 16.90 48.87
11F4 12.73 181.67 16.73 47.62
12F1 12.47 175.45 15.63 47.01
12F2 12.26 168.50 14.53 46.75
12F3 11.88 159.00 13.61 45.29
12F4 11.16 147.00 12.47 45.14
I3F1 10.33 133.33 12.15 44.03
13F2 9.57 123.67 11.90 43.75
I3F3 9.55 120.33 10.79 42.69
13F4 9.51 116.75 9.63 41.32
14F1 9.45 111.33 8.27 40.14
14F2 9.40 97.67 7.90 38.50
14F3 9.33 89.33 6.87 33.01
14F4 9.34 71.41 6.29 34.35

Quality parameters

The Protein Content (30.03 mg/g) and Starch Content (55.73
Kg/g) were highest at 1:F;. However, significantly, lowest fruit
quality were observed in I4F4 i.e. 19.49 mg/g and 31.19 ug/g
respectively. This might be due the reason that the plants under
higher drip irrigated plots received appropriate amount of water
S0, it could be assumed that they never experienced any kind of
moisture deficit situation. Thus, the plants under higher drip
were able to absorb adequate amount of water and nutrients
from the soil. With the absorption and utilization of more
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nutrients probably, the metabolic activity of the plant such as
protein, starch, sugars synthesis etc. were increased. Similar
results have been reported by Letey et al., (1983) [l and Sharif
(2008) [ in broccoli that drip irrigation increased the
production of carbohydrates and proteins for more vigorous
growth ultimately enhanced the fruit quality.

Table 2: Quality parameters of broccoli influenced by different
fertigation treatments

Treatments | Protein content (mg/g) | Starch content (ug/g)
11F1 30.03 55.73
11F2 29.33 54.75
I1Fs 26.33 50.86
11F4 26.12 48.03
12F1 25.67 46.41
12F2 25.15 44.53
I2F3 24.40 42.50
I2F4 24.33 42.23
IsF1 23.97 38.92
IsF2 23.67 36.98
IsF3 23.15 35.45
IsF4 23.03 33.92
I4F1 22.47 32.89
I4F2 21.37 31.88
I4F3 19.67 31.55
13F4 19.49 31.19
Economics

The benefit: cost ratio of broccoli was highest in treatment
combination I1F; (3.99:1). While, the lowest was observed in
14F4 (1.96:1).
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Fig 1: Total cost of cultivation (Rs./Ha.)
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Fig 3: Benefit-cost Ratio(B:C)

Conclusion

The drip irrigation and fertilizer application significantly
increase the growth, yield and quality of broccoli crop. The drip
irrigation with higher level of water like 120% Etc and NPK @
301.78, 366.77 and 206.97 t/ha application produces the best
performance in terms of growth, yield and quality of broccoli.
Thus, this treatment combination may be recommended for the
broccoli growers of Assam as well as North-East part of India.
The same treatment combination also maintains the highest
Benefit: Cost ratio 3.99:1. Thus, the outcome of the present
investigation is expected to help the vegetable growers to uplift
their socio-economic condition and thereby may attract the
educated youth of the state to consider the cultivation of high
value vegetable crops like broccoli on commercial basis.
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