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ABSTRACT

Sustainable vegetable production, soil health management and low cost production technology are the main
issues getting attension in the last few decades. Therefore two years’ field experiments were conducted at the
experimental farm of Department of Vegetable Science, Dr YS Parmar University of Horticulture and Forestry,
Nauni, Solan, HP during Rabi season of 2011-12 and 2012-13 to assess the comparative performance of organic and
inorganic fertilizers and integrated nutrient management on growth, head yield, soil health and severity of black rot
in sprouting broccoli cv Green Head. The experiment was laid out in randomized complete block design having
twenty five treatments comprising organic (FYM, neem manure and vermicompost), inorganic (N, P and K),
biofertilizers (Azotobacter and PSB) and integrated nutrient management (complementary use of organics,
biofertilizers and inorganic fertilizers) with three replications. The pooled analysis revealed that head yield was
maximum with the treatment combination of biofertilizers with recommended dose of fertilizers whereas plant
height at maturity, number of leaves per plant, available soil nitrogen, phosphorus and potassium were exhibited
significantly higher in treatment combination of 33.3 per cent recommended dose of fertilizers + 33.3 per cent
farmyard manure + 33.3 per cent vermicompost + biofertilizers. Minimum days taken to 50 per cent heading and
lesser severity of black rot were also recorded in the same treatment.
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INTRODUCTION

Sprouting broccoli (Brassica oleracea L var
italica Plenck) is one of the most important exotic
vegetables recently introduced in Indian sub-
continent. It belongs to the family Cruciferae and is
very nutritious vegetable crop containing vitamin A
content 130 times more than cauliflower, vitamin C
content 22 times more than cabbage and having
anticancerous property due to the presence of
sulphoraphane and glucoraphanin (Thamburaj and
Singh 2001). Production potential of any crop
increases manifold by synthetic fertilizers. Excessive

use of these ferti lizers causes imbalance in
ecological and soil environment. Organic manures
and biofertilizers have proven best for soil fertility
and productivity. Scientific information on production
of sprouting broccoli is meagre. Complementry use
of organic manures and biofertilizers with inorganic
fertilizers is the present need for the sustainable
vegetable production. Hence the present investigation
was carried out to study the comparative efficiency of
organic manures, biofertilizers, inorganic fertilizers and
integrated nutrient management on growth, head yield,
soil health and severity of black rot of sprouting broccoli
cv Green Head.
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MATERIAL and METHODS

The field experiment was carried out at the
experimental research farm of the Department of
Vegetable Science, Dr YS Parmar University of
Horticulture and Forestry, Nauni Solan, Himachal
Pradesh during Rabi season of 2011-12 and 2012-13
in randomized complete block design. The farm area
falls in the mid-hill sub-humid and sub-temperate
climate. During the two growing seasons the mean
rainfall was 230.40 and 271.70 mm and mean of daily
temperature maxima and minima were 28.32oC and
27.70oC and 14.92oC and 17.0oC. The initial soil
physico-chemical properties are presented in Table 1.
Cultivar Green Head of sprouting broccoli was chosen.
There were of 25 treatments (Table 2) which consisted
of sole application of organic sources (vermicompost,
neem manure and farmyard manure), biofertilizers
(Azotobacter and phosphate solubilizing bacteria),
inorganic fertilizers (N, P and K) and their combinations
with three replications. The entire calculated doses of
vermicompost, neem manure, farmyard manure,
phosphorus, potassium and half of nitrogen were
applied as basal dose through single super phosphate,
muriate of potash and calcium ammonium nitrate
respectively as per treatment combination in the
individual specified plots before transplanting of the
seedlings by broadcasting method and were thoroughly
mixed with the surface layer of soil. The remaining
dose of nitrogen in the form of calcium ammonium
nitrate as per the treatments was side-dressed after
five weeks of transplanting. The biofertilizers
(Azotobacter and PSB) were applied through
seedlings dip method for 30 minutes before
transplanting. One month old healthy seedlings were
transplanted in already prepared raised beds at a
spacing of 60 x 45 cm during evening hours in the
second week of October 2011 and 2012. Only
organic-based formulations like botanical spray (5%)
locally prepared and neem-based formulations like
Neemajal (2%) and Achook (0.15%) were used to
manage the biotic stresses. In general 5 sprays of
each formulation in alternate manner were applied.
Randomly five plants from each plot were selected
for recording observations. Disease rating was done
according to William et al (1972) and per cent disease
severity was calculated by using formula given by
McKinney (1923). Available N, P and K nutrient
contents were analysed as per standard methods of
estimation of Subbiah and Asija (1956), Olsen et al
(1954) and Merwin and Peech (1951) respectively.

The analysis of variance of data was done as per
design of the experiment as suggested by Panse and
Sukhatme (1987).

RESULTS and DISCUSSION

The data on the effect of various treatments
are given in Table 3a and 3b.

Head yield per hectare
Perusal of data reveals considerable variability

in yield level. Variable level of yield per plot and per
hectare was recorded with respect to different
combinations of organic, inorganic and biofertilizers.
The combination of biofertilizers with inorganic fertilizer
produced maximum yield per plot and per hectare
followed by application of organic manures like
farmyard manure, vermicompost, Azotobacter and
PSB with reduced level of NPK.  This may be because
of appropriate level of nitrogen which acts as an integral
component of many compounds including chlorophyll
and enzymes that are critical for carbohydrate use
within plants.  Further phosphorus being a part of ADP
and ATP also plays an important role in the uptake of
nutrients. Similarly potassium activates various
enzymes, modifies energy metabolism, supports starch
synthesis, photosynthesis, sugar translocation and
ultimately plant growth in broccoli.  Application of NPK
in conjunction with biofertilizers might have favoured
the effective utilization of nutrients available in the soil
which ultimately increased auxin activities, growth and
activity of microbial saprophytes which influenced the
yield per hectare.  The present findings are in
agreement with the results of Singh and Singh (2000),
Sharma (2000) and Sharma et al (2008).

Days taken to 50 per cent heading is an
important attribute in order to determe earliness of crop.
In the present studies sole application of biofertilizers
and different organic manures took minimum days for
50 per cent heading. This may be due to the lesser
availability of available nitrogen throughout the growing
season and early conversion of vegetative stage to
reproductive stage (Jana and Mukhopadhyay 2001).
On the other hand treatment T21 ie 33.3 per cent of
RDF + FYM (33.3%) + vermicompost (33.3%) +
Azotobacter (5.0 kg/ha) + PSB (5.0 kg) took maximum
days for 50 per cent heading.  Data also reveal that
the combination of different organic, inorganic,
biofertilizers and reduced levels of recommended dose
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of fertilizers took more days to 50 per cent heading
than sole application of different manures and
biofertilizers. This may be because of the active role
of  NPK in crop maturation as increased availability of
NPK resulted in better crop growth which may have
ultimately delayed the formation of head (Kumar et al
2012).  Yadav et al (2012) have also reported that
application of nitrogen and biofertilizers increased the
availability of available soil nitrogen content at the later
stages which ultimately favoured more uptake of
nutrients and increased the vegetative growth thereby
took more days to head formation.

Plant height at maturity
The different treatment combinations showed

significant  variation with respect to plant height.
Maximum plant height was attained with the application
of recommended dose of fertilizer (33.3%) + FYM
(33.3%) + vermicompost (33.3%) + Azotobacter (5.0
kg/ha) + PSB (5.0 kg/ha) ie treatment T21. This may
be attributed to better water  holding capacity, supply
of micronutrients and availability of major nutrients due
to favourable soil conditions offered by the farmyard
manure and vermicompost (Choudhary et al 2012).
Bhardwaj et al (2007) also stated that application of
biofertilizers helps in secretion of growth promoting
substances which leads to better root development,
transportation of water and uptake and decomposition
of nutrients. On the other hand individual application
of organic manures and biofertilizers recorded the least
plant height.

Number of leaves per plant
The treatment combination (T21) of organic

(FYM 33.3% and vermicompost 33.3%), biofertilizers
(Azotobacrter 5.0 kg/ha and PSB 5.0 kg/ha) and
application of nutrients with reduced level of inorganic
fertilizers (NPK 33.3%) produced highest number of
leaves per plant.  Present studies clearly indicate that
vermicompost in combination with farmyard manure
played a significant role in enhancing the growth and
ultimately number of leaves in broccoli.  Improvement
in this growth attribute with the application of
vermicompost might be due to more availability of water,
micronutrients and major nutrients because of
favourable soil condition (Choudhary et al 2012). The
growth promoting substances secreted by microbes and
increased availability of atmospheric nitrogen due to
fixation by Azotobacterium (Akbar et al 2009) helped
in more plant growth.  According to Yadav et al (2012)
the increase in number of leaves per plant due to the

application of nitrogen, phosphorus and potassium in
combination with biofertilizers might have increased
the availability of nutrients through direct addition in
the soil.

Severity of black rot
Black rot of sprouting broccoli is a bacterial

disease which is caused by Xanthomonas campestris
pv campestris. The development of disease is favoured
by warm and humid climate.  Therefore the severity
of this disease at the head production stage is less.
Verma (2001) has reported that disease severity
increased with increase in relative humidity at all
temperatures while the increase in disease severity
with increase in temperature was recorded up to 30oC.
Disease is considered soil as well as seed borne.  In
the present studies higher disease severity was reported
in those plots where only farmyard manure was applied
whereas lower severity was recorded in those plots
which received organic manures like vermicompost,
neem manure and biofertilizers (Azotobacter and
phosphate solubilizing bacteria) with reduced level of
NPK.  This may be due to active and rapid
multiplication of bacteria especially in rhizosphere
which creates  favourable conditions for N-fixation at
higher rate and availability of insoluble nutrients,
hormone secretion and supply of antibacterial and
antifungal compounds.

Similar findings have also  been reported by
Goel et al (2003) who were of the opinion that heavy
or lesser dose of nitrogen reduced hemicelluloses and
lignin in cell wall and weakened the mechanical
resistance of the plant to the pathogen. Same results
have also been reported by Khan et al (2010) in
cauliflower. Therefore balanced nutrition through
integrated nutrient management is important for
reduction in black rot severity in sprouting broccoli.

Available nitrogen
Available nitrogen after harvest of the crop

was highest under treatment T21. The increase in
available N might be due to direct addition of N through
vermicompost and farmyard manure. Application of
biofertilizers leads to multiplication of soil microbes
which are capable to convert organically bound N into
inorganic form (Sharma et al 2008). Sarangthem et al
(2011) opined that addition of biofertilizers along with
organic sources narrowed the C:N ratio of the organic
manures and thus enhanced the rate of mineralization
resulting in rapid release of nutrient from the organic
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Table 1. Physico-chemical properties of soil before experimentation

Soil pH Organic carbon Available N Available P Available K
(1:2.5) (%) (kg/ha) (kg/ha) (kg/ha)

6.70 0.98 225.00 27.00 150.00

Table 2. Details of treatments used in the experiment

T                 Components

T1 FYM (20.0 tons/ha)
T2 VC (5.0 tons/ha)
T3 NM (2.0 tons/ha)
T4 Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T5 FYM (75%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T6 VC (75%)  + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T7 NM (75%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T8 FYM (50%) + VC (50%)
T9 FYM (50%) + NM (50%)
T10 VC (50%) + NM (50%)
T11 FYM (37.5%) + VC (37.5%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T12 FYM (37.5%) + NM (37.5%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T13 VC (37.5%) + NM (37.5%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T14 FYM (33.3%) + VC (33.3%) + NM (33.3%)
T15 FYM (25%) + VC (25%) + NM (25%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T16 RDF + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T17 RDF (75%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T18 RDF (50%) + FYM (25%) + VC (25%)
T19 RDF (50%) + FYM (25%) + NM (25%)
T20 RDF (50%) + VC (25%) + NM (25%)
T21 RDF (33.3%) + FYM (33.3%) + VC (33.3%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T23 RDF (33.3%) + FYM (33.3%) + NM (33.3%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T24 RDF (25%) + VC (25%) + NM (25%) + FYM (25%) + Azotobacter (5.0 kg/ha) + PSB (5.0 kg/ha)
T25 Control (RDF, FYM 20 tons/ha, CAN:SSP:MoP 500:475:85 kg/ha)

T= treatment, FYM= Farmyard manure, NM= Neem manure, PSB= Phosphorus solublising bacteria,
VC= Vermicompost, RDF= Recommended dose of fertilizer

sources. The present findings are in line with the
findings of Dass et al (2008) in cauliflower and Yoldas
et al (2008) in broccoli.

Available phosphorus
During both the years of study available

phosphorus was observed to be highest in treatment
T21. The higher available phosphorus might be due to
the application of vermicompost along with biofertilizers
which resulted into reduction in fixation of water soluble

phosphorus, increased mineralization of organic
phosphorus due to microbial action and enhanced
mobility of phosphorus (Sarangthem et al 2011).  Dass
et al (2008) have the opinion that overall increase in
the available phosphorus of soil could be due to addition
of organic matter, NPK and increased population of
microbes that can convert bound P to available form.
Another possible reason may be due to the
decomposition of organic matter and P solubilization
from the native soil pool. The organic materials form a
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cover on sesquioxides and reduce phosphate fixing
capacity of soil (Sharma et al 2008).  Minimum available
phosphorus was observed with sole application of neem
manure.

Available potassium
Available potassium content in soil was found

to be highest in treatment combination  T21 closely
followed by the treatment 100 per cent recommended
dose of NPK + Azotobacter (5.0 kg/ha) + PSB (5.0
kg/ha). The increase in available potassium with
integrated application of biofertilizers with organic
source (vermicompost and FYM) might be due to the
beneficial effect of organic source and bioresource
(Sarangthem et al 2011). The increase in available
potassium with the incorporation of organics in
combination with inorganic source was similar as with
the findings of Dass et al (2008) and Bhardwaj et al
(2012).  Another possible reason in improvement of
potassium status in soil is ascribed to the reduction of
fixation and release of K due to the interaction of
organic material with clay.  Similar results have also
been reported by Sood and Sharma (2002) in sprouting
broccoli.

CONCLUSION

From the present studies it can be concluded
that balanced integration of nutrients viz organic
manures and biofertilizers with reduced dose of
inorganic fertilizers sustain yield potential as well as
maintain the soil health and fertility with minimum
severity of black rot.
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