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Nutrient management for quality seed production of broccoli in Assam
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ABSTRACT

The experiment was conducted during 2018-19 to evaluate the effect of different levels of nitrogen (80,100,
120 kg/ha), potassium (60, 80 kg/ha), and method of nitrogen application (applied in 2 and 3 splits) on the seed
quality and yield of broccoli variety ‘Pusa Broccoli KTS-1’ in Assam condition having high sub-tropical humid
with hot summer and cold winter. In two splits, 50% nitrogen was applied as basal and the rest at 40 days
after transplanting, and in three split doses, 50% was used as basal, 25% at 30 DAT, and the rest at the flower
initiation stage. The control included the application of FYM only. The treatments significantly affected various
crop growth and seed quality parameters, viz., plant height; canopy spread; leaf length, width, and chlorophyll
content; head diameter; days to heading, flowering and seed maturity; the number of siliquas/plants; the number
of seeds/siliqua; seed yield/plant; leaf NPK content; seed test weight; mean germination time, germination
index and percent, seed vigour index-l and Il, fresh and dry weight of seedling. High doses of nitrogen (120
kg/ha), potassium (80 kg/ha), and three split dosages of nitrogen application significantly enhanced various
crop growth, seed yield, and germination parameters while reducing the time taken for heading, flowering, and
seed maturity. In addition, higher doses resulted in higher leaf N, K, and chlorophyll content that were again
positively associated with plant growth and seed yield.
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INTRODUCTION

Broccoli (Brassica oleracea L. var. italica) is a
winter vegetable crop belonging to the Brassicaceae
family and resembling cauliflower but usually have
green head which can be harvested for longer
time than cauliflower. Broccoli is a very nutritious
crop containing carbohydrates, protein, vitamin-A,
thiamine, riboflavin, ascorbic acid, calcium and
phosphorus, and also contains anti-cancer compound
‘sulforaphane’.

India, after China, is the second largest broccoli
producer. The world productivity of cauliflower and
broccoli increased from 18.71 t/ha in 2002 to 1
8.78 t/ha in 201 6 whereas in India during the same
period the productivity increased from 18.11 t/ha
to 19.25 t/ha (Saxena, 18). In India it is generally
grown in hilly areas of Himachal Pradesh, Jammu
and Kashmir, Nilgiri hills, Uttar Pradesh and Northern
Plains, however, now becoming popular in other
parts of the India including Assam, with prospects of
increasing production and productivity. The weather
and climatic condition of Assam is sub-tropical humid
with hot summer and cold winter, having pre-monsoon
showers from mid-March to May and the monsoon
from June to September with the minimum rainfall
during December- January. This condition favours
production of broccoli head as well as seeds (Gogoi
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et al., 8) hence broccoli is becoming a popular crop
of Assam.

Broccoli absorbs a large amount of nutrients from
the soil (Magnifico et al., 14) and hence requires a
huge amount of chemical fertilizers as well as organic
manures. Since Nitrogen (N) fertilizers promote
vegetative growth, excess N stimulates vegetative
growth at the expense of reproductive growth resulting
in delay or inhibition of flower production and fruit
set. Hence, in the early developmental stage of the
crop, C: N ratio should be low to promote vegetative
growth but just prior to flower the C: N ratio should
be increased to promote flowering and fruit set.
Split application of N enhances the nutrient use
efficiency, promotes optimum yield, mitigates the
loss of nutrients i.e., it synchronizes nitrogen supply
with plants ability to utilize nutrients. Potassium (K)
needed for the formation of amino acid and protein
from amino ions absorbed from the soil. It also helps
in photosynthesis, translocation of food from leaf to
roots. Phosphorus (P) deficiency may restrict the
growth of shoots and roots however in broccoli it was
found that there is no effect of P on seed production
(Cardoso et al., 6). There are studies reporting
significant effect of NPK on broccoli crop and seed
yield however reports are not available for Assam in
respect to quality seed production of broccoli. Hence,
to estimate the amount of nutrient required to produce
good quality broccoli seed in Assam, the crop was
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supplied with different doses of N and K, also the N
was applied in two methods.

MATERIALS AND METHODS

The experiment was conducted during 2018-19
at Assam Agricultural University, Jorhat situated at
26°45’ N latitude, 94°12’ E longitude and altitude
of 87 m above mean sea level. Nutrient status of
experimental plot was estimated before planting of
broccoli. The status of soil organic matter (0.84%)
and available phosphorus (24.4 kg/ha) was within
the normal range. Estimation was done by Wet
Digestion Method and Bray’s method (Jackson, 13)
respectively. Available nitrogen (263.4 kg/ha) and
potassium (94.9 kg/ha) estimated by Modified Kjaldahl
method and Flame Photometric method (Jackson,
13) respectively. The soil pH of experimental plot
was 5.58.

The weather of the experimental site was hot
and humid in summer and, cold and humid in winter.
During the broccoli growing season, the maximum
temperature was between 30.6°C to 21.3°C and
the minimum temperature was between 8.1°C to
23.0°C, similarly maximum RH ranged from 90% to
99% and minimum humidity between 53% and 78%.
Total rainfall was recorded between 0 to 34.3 mm
throughout the broccoli seed production period.

The breeder seed of variety Pusa Broccoli KTS-1
was sown on 5" October 2018 and transplanted on
30" October 2018 in a randomized block design with
thirteen treatment combinations in three replications.
A spacing of 60cm x 40cm with plot size of 3 m x 2
m was used for experimental purpose. 20 t’/ha FYM
applied in experimental plot. Nitrogen was applied
at doses 80, 100 and 120 kg/ha, potassium at 60
and 80 kg/ha, phosphorus at 60 kg/ha only. N was
applied in 2 and 3 splits. In two split application, 50%
of N was applied as basal and rest after 40 DAT. In
three splits, 50% was applied as basal, 25% at 30
DAT and rest at flower initiation stage. In control,
only FYM was applied. Bavistin was sprayed twice @
2g/lit at an interval of 7 days as protection measure
against blight caused by Alternaria species. Scooping
central portions of the heads at maturity was done to
reduce compactness. It resulted in better flower stalk
initiation, flower formation and hence seed formation.
The crop was harvested by cutting the whole plant at
ground level from 25" March 2019 to 5" April 2019.

Crop growth parameters observed were plant
height, measured at heading and at seed maturity
stage from the ground level to the tip of the longest
leaf and panicle respectively; canopy spread as
horizontal distance between edges of two outermost
leaves on either side of plant at head initiation stage;
leaf length and width measured at head initiation

stage, leaf length was measured from leaf blade tip
to petiole, leaf width by measuring the widest part of
the leaf; head diameter at marketable maturity which
was measured in crossed way and average was
taken; days to heading, flowering (as appearance
of the 15t flower) and seed maturity; number of
siliquae/plant and seeds/siliqua; leaf NPK content,
estimated by Micro-Kjeldahl’'s method (Humphires,
11), wet digestion method and flame photometric
method (Jackson, 13) respectively, for which fresh
full grown leaf just before flowering was collected,
dried and grounded; leaf chlorophyll content just prior
to flowering recorded with SPAD-502; seed yield/
plant; seed test weight. Germination parameters viz.,
mean germination time (MGT), germination index
(Gl) and percentage, seed vigour index (SVI) I and Il,
fresh and dry weight of seedling were recorded after
harvesting of the crop. Germination test was done on
top of paper method as per ISTA procedure (ISTA,
12) in three replications. SVI-I was calculated as
suggested by Abdul Baki and Anderson, (1), whereas,
SVI-1I by multiplying germination percent with mean
seedling dry weight. Gl and MGT was calculated as
given below.
GtGt Number of seeds germinated

I = = +o.+ =
Gl=2 TtTt Days of 1st count

Number of seeds germinated = Number of seeds germinated
Days of final count Days of 1st count

Number of seeds germinated
Days of final count

Where, Gt= number of seeds germinated on day t, Tt= number of
days

nxd +nxd+n xd. + .
Seeds germinated of days d

Where, n= number of seeds newly germinated on that day, d=
number of days from the beginning of germination test.

The mean data recorded on different parameters
were analyzed by factorial randomized block design by
using MS Excel. The mean values were compared by
least significant difference based on ANOVA (Gomez
and Gomez, 9).

RESULTS AND DISCUSSION

Many researchers validated the importance of
nitrogen (N) for yield and quality of broccoli. Brassica
genotype requires higher amount of N than other
crop species for optimum growth and yield. Beverly
et al., (3) recommended 350 kg N/ ha to achieve
20 t broccoli/ ha. In the present investigation N
was applied in the form of urea in three different
doses (80, 100 and 120 kg/ha). With the increase
in nitrogen levels, the plant height, canopy spread,
leaf length, leaf width, chlorophyll content, head
diameter, number of siliquas/plant and seeds/siliqua,
seed yield/plant, seed test weight, leaf NPK content,

MGT =
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germination percentage, Gl, SVI-I, SVI-II, seedling
fresh and dry weight also increased though no effect
of nitrogen doses was observed on leaves number
per plant and MGT. The best result was obtained at
120 kg/ha (Table 1 and Table 2). The reduced days
to heading, flowering and seed maturity at 120 kg/ha
might be due to proper utilization of carbohydrates
in shorter time. Singh et al., (19) when carried out
similar experiment by applying N ranging from 100
to 140 kg/ ha, observed maximum plant height,
number of leaves/plant, leaf length and width, plant
spread, curd diameter and other yield parameters
but minimum days to curd formation in 120 kg N
with 60 kg P,0O, 40 kg K,O and15 kg boron per ha
but there was detrimental effect in plant growth
when N was applied at more than 120 kg/ha which
may be due to toxicity. They opined that increase
in different plant growth and yield parameters at
120 kg N/ha might be because of higher protein
synthesis, chlorophyll and carbohydrates production
in crop whereas, Brahma et al., (5).Microelement
like boron helps in optimum NPK accumulation
and translocation in leaves, which may increase
leaf length and width. Similarly, higher plant height,
plant spread, leaf size in higher dose of N (120 kg/
ha) was attributed to the improve photosynthetic
efficiency of plants leading to more metabolites
accumulation for faster cell division and elongation
in the meristematic region to increase plant height
in broccoli, also there would be more carbohydrate
production, protein synthesis that allowed the plant to
grow faster and more vigorously in broccoli (Dufault,
7). In the present investigation higher seed yield
and quality in higher N dose was might be due to
increased leaf N content in high N dose which in turn
might have enhanced the leaf chlorophyll content,
as leaf N content and leaf chlorophyll showed very
high degree of association (Table 3). As already
discussed earlier high chlorophyll content might have
enhanced photosynthesis and more accumulation of
metabolites.

The study revealed better crop growth, seed yield
and quality at higher dose of potassium (80 kg/ha)
applied in the form of MOP than the lower dose of 60
kg/ha (Table 1, Table 2). However, leaves number/
plant and MGT were not affected by potassium
fertilizer. Similarly, Singh et al., (19) observed higher
crop growth and curd yield of broccoli in higher dose
of K (60 kg/ha) than lower dose (40 kg/ha). Better
plant growth and higher seed yield can be attributed
to efficient protein synthesis, better N and K uptake
of the plant due to high concentration of K (Sawan
et al., 17), to efficient use of water and carbohydrate
metabolism due to K (Singh et al., 19), to increased
photosynthetic rates of leaves, CO, assimilation

rate, carbon movement and increased respiration
resulting in better fruit formation (Sangakkara et
al., 16). Potassium found to activate enzymes that
are involved in carbohydrate metabolism and also
it activates metabolism of nucleic acids, proteins,
vitamins and growth substances (Singh et al. 19) as
a consequence, seed yield and quality were favorably
affected.

Nitrogen fertilizer applied in different splits plays
an important role in productive and efficient nutrient
management. The total nitrogen application when
divided into two or more applications enhances
nutrient use efficiency and mitigates nutrient loss.
When N applied in 3 splits, plant height at seed
maturity, leaf length, head diameter, siliquas number
per plant, 1000 seed weight, SVI-I, SVI-Il and
seedling dry weight were found better though
other traits were not affected by methods of N
application (Table 1, Table 2) Nitrogen may get lost
due to denitrification, leaching or volatilization when
supplied as a single dose ahead of crop growth
(Grant et al., 10) and if applied after flowering, there
will be no further leaf expansion, hence N should
be applied before flowering for improvement of
photosynthetic efficiency and yield potential of the
crop(Ahmad et al., 2). For judicious use of nitrogen,
it must be applied in splits and before initiation
of flowering. For long duration crop split should
be more and vice versa and since broccoli seed
production takes longer time, split should be more,
in the present investigation it was 3 splits ensuring
adequate amounts of nutrients to the crop during
the entire growth and development stages, leading
to higher crop growth and seed yield. N supply
in split doses also resulted in better utilization of
carbohydrate to form more protoplasm leading
to larger cells (Black, 4), which again leads to
increased leaf area. Increased leaf area intercepts
more sunlight resulting in more accumulation of dry
matter due to more photosynthesis.

The seed yield was the most important aspect
for present investigation which is highly influenced
by genotype x environment interaction and many
associated traits affect it directly or indirectly (Malek,
15). The seed yield was found to be positively
associated with all the parameters, and with leaf
width, seed number per siliqua, 1000 seed weight,
leaf N content, SVI-l and seedling fresh weight, a very
strong association was observed (r= >0.9) (Table 3).
Thus, itis possible that plant selected for these traits
will also increase seed yield. The negative correlation
of seed yield with days to heading, flowering and
maturity, indicated that shorter the duration of crop,
higher will be the seed yield, hence these traits
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could be used for negative selection for increased
seed yield.

Leaf N and K content were positively and
strongly associated with all the plant growth and
seed yield except days to heading, flowering and seed
maturity, where negative association was observed.
As discussed earlier, higher leaf N and K content
was obtained at higher dose of nitrogen and potash
respectively, thus can be concluded that by managing
N and K nutrient, the leaf N and K content can be
enhanced which other hand will enhance seed yield.
Avery strong association was also observed between
leaf N and chlorophyll content of the leaf measured
by SPAD 502.

The present study established that the
agroclimatic condition of Assam is suitable for broccoli
quality seed production and can be concluded that
N application in 3 splits at 120 kg/ha and K at 80 kg/
ha enhanced crop growth, seed yield and quality
of broccoli significantly. Also, by managing N and
K nutrient, higher leaf N, K and chlorophyll content
could be achieved which other hand would enhance
seed yield and quality.
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