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CHAPTER 1

INTRODUCTION

Broccoli (Brassica oleracea L. var. italica Plenck.) is one of the most nutritious
vegetable amongst the cole crops grown for its tender heads. It belongs to the family
brassicaceae and originated from the Mediterranean region (Thamburaj and Singh, 2001).
United States of America is the largest producer of sprouting broccoli in the world.
Broccoli is available in three different colours viz., green, yellow and purple, out of which
green colour type is generally preferred.

In India, the cultivation of sprouting broccoli is gaining popularity among the
growers for the last few years obviously due to increasing demand in cosmopolitan cities
and awareness of its high nutritive values. Sprouting broccoli is occupying an important
place as cool season vegetable. In Himachal Pradesh, it is an important vegetable crop and
farmers are getting lucrative returns by selling their produce in nearby markets.

Broccoli contains indole-3-carbinol, which helps to fight breast and lung cancer. Its
sprouts are rich source of glucosinolate, particularly glucoraphanin, the substance
associated with reducing of cancer (Maurya et al., 2008). Besides its anticarcinogenic
properties, broccoli is a rich source of vitamins, minerals and proteins. It has about 130
times more vitamins A content than cauliflower and 22 times more than cabbage. It is
richest source of sulphoraphane, a compound associated with reducing risk of cancer in
human beings (Thamburaj and Singh, 2001). Consumption of 150 gm of broccoli helps in
fulfilling the requirement of adult’s for vitamins E, A, B1 and C and enhances the immune
system (Michaud et al., 2002). Consumption of broccoli has been steadily increased due to
its health promoting properties and conscious of human towards health.

In recent years its cultivation has gained momentum in India. It is grown in an area
of 3,776 acre with annual production of 26,612(000 Ibs) and productivity of 7.04000 Ibs
per acre. (Anonymous, 2015)

The introduction of improved agriculture technologies in vegetable cultivation
emphasized the use of chemical fertilizers and pesticides to enhance productivity, which
has no doubt succeeded in feeding the vast population. However, the excessive use of
chemical fertilizers led to adverse effect on human health and resulted in land, water and
air pollution. Thus, attention is now being shifted towards the alternate sources of nutrients

from the organic ones. Use of organic manure, farm yard manure, compost, oil cakes and



crop residues etc. as nutrient sources is being advocated so as to minimize the use of
chemical fertilizers (Bhardwaj et al., 2000).

Organic fertilizers are rich in both macro and micro nutrients with vitamins,
enzymes and hormones like Auxin, Gibberellin etc. Vermicompost, and cowdung compost
can play a crucial role as soil amendments. Cowdung is good organic manure and is a good
source of different nutrients. Judicious application of manures and fertilizers can increase
crop yield per unit area and minimizes the nutrient imbalance in soil. It is also important to
look beyond immediate crop needs in order to build up soil fertility and to conserve good
soil health, so as to provide a solid base for increased crop production in future.

Organic manures are considered helpful in improving the physical and nutritional
status of the soil and also enhance the activity of soil microflora. They also add
considerable amount of major nutrients in the soil besides improving the soil properties.
Further, decomposition of organics in the soil leads to different types of biological
reactions which are helpful in preventing various diseases causing pathogens (Ramesh et
al., 2010).

There are also evidences to show that the intensive agricultural practices have also
caused decline in quality of fresh fruits and vegetables. Since, vegetables are mostly
consumed as fresh or partially cooked, imbalanced use of fertilizers have resulted in yield
stagnation and deterioration of soil health as well as quality of vegetable produce. Proper
and regular incorporation of farm organic wastes and bio-inoculants are of utmost
importance in maintaining the fertility and productivity of agricultural soils (YYadav, 2009).

Biofertilizers offer an economically attractive and ecologically sound means of
reducing external inputs and improving quality and quantity of vegetable produce. They
contain microorganisms which are capable of mobilizing nutrient elements from
unavailable form to available form through different biological processes. Further, they
also increase the productivity of the soil and control many harmful pathogens and
microorganisms. Use of biofertilizers for improving the soil properties have been
advocated by (Ashokan et al., 2000).The substitution of organic ones is essential for
improving the growth, yield and quality of any crop. The scientific information available
on the production of exotic vegetable like sprouting broccoli utilizing various sources of

nutrients is meager.



Hence, the present investigation have been planned to study the effect of organic manures,
bio-fertilizers and their combination on quality production of broccoli with the following
objectives:
v' To study the effect of organic manure, bio-fertilizers and their combinations on
growth, yield and quality traits of Broccoli.
v To work out the economics of organic manure, bio-fertilizers and their

combinations
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CHAPTER 2
REVIEW OF LITERATURE

Broccoli is one of the important vegetable recently introduced in our country. It
has tremendous production potential and well suited to varied agro-climatic conditions of
Uttarakhand. Thus, there is a need to standardize production technology of this crop for
growing in different pockets of the state. Nutrient management is one the key factor, which
influences the productivity and quality of any crop. Nutrient removal by crops from soil
sometimes exceeds replenishment with fertilizers causing a negative balance of nutrients in
soil and ultimately resulting in multi-nutrient deficiencies. Therefore, balance between
nutrient removal and their incorporation in the form of different nutrient resources are
essential. An attempt has been made to review the literature pertaining to the effect of
organic, biofertilizers and their combinations on sprouting broccoli but due to the lack of
sufficient literature on this crop and aspect, the research work pertaining to other cole
crops has also been cited. The literature so for available pertaining to the present study
entitled “Response of various organic manures and bio-fertilizers on growth, yield and
quality of broccoli (Brassica oleracea var L. italica plenck.) cv. Green Head” is being
presented under the following headings:

2.1  Effect of organic manures on growth, yield and quality of broccoli.
2.2  Effect of biofertilizers on growth, yield and quality of broccoli.
2.3 Effect of nutrient sources in integration (N,P, K, organic manures and biofertilizers)

on growth, yield and quality of broccoli.

2.1  Effect of organic manures on growth, yield and quality of sprouting broccoli

Bhardwaj et al. (2000) reported that the application of 50 per cent recommended
NPK + 50 per cent rapeseed cake (0.72 t/ha) in tomato, 50 per cent recommended NPK +
50 per cent neem cake (0.72 t/ha) in okra, 33.3 per cent recommended NPK + 33.3 per cent
farmyard manure (6.66 t/ha) + 33.3 per cent rapeseed cake (0.48 t/ha) in cabbage, 33.3 per
cent recommended NPK + 33.3 per cent farmyard manure (6.66 t/ha) + 33.3 per cent neem
cake (0.48 t/ha) in cauliflower recorded higher yields, which were statistically at par with

recommended doses of chemical fertilizers. Net returns in organic produce of different



vegetables were higher as the produce received higher price in the market. They further
reported that the application of sole organic sources of nutrients recorded 11-17 per cent
lower yield in different vegetable crops.

Bahadur et al. (2004) evaluated the effect of organic manures and biofertilizers on
the growth and yield of cabbage. There were 13 treatments combinations consisting of 4
organic manures (farmyard manure, pressmud, digested sludge and vermicompost) and 3
biofertilizers (Azospirillum, vesicular arbuscular mycorrhiza and phosphate solubilizing
microorganisms) and one control (recommended NPK only). Pressmud + VAM recorded
the highest values for all parameters studied i.e. number of outer leaves (13.3), fresh
weight of outer leaves (476.67 g), number of inner leaves (31.7), head weight (1616.67 g),
head length (16.8 cm), head diameter (15.5 cm) and head yield (602.67 g/ha).

Chaterjee et al. (2005) conducted a field experiment to evaluate the effect of
organic amendments on broccoli hybrid “Green Country”. Mustard oil cake + biofertilizers
resulted in the highest yield (103.70g/ha) and cost: benefit ratio (1:4.46). Poultry manure +
biofertilizers produced curds with the highest chlorophyll, ascorbic acid and reducing sugar
contents (32.80 mg/100 g, 80.30 mg/100 g and 2.20 per cent, respectively).

Singh et al. (2005) conducted an experiment to assess the effect of vermicompost
on cauliflower productivity and profitability and found that the return per rupee spent in
plots with vermicompost was Rs. 3.30. The farmer’s reaction on the use of vermicompost
was highly positive because of its compatibility with the farming system components as
well as its cost effectiveness. Moreover, vermicompost was also accepted by the resource-
rich farmers who preferred to use vermicompost in place of chemical fertilizers due to
environmental considerations and to combat health hazards.

Magd et al. (2006) studied the response of vegetative growth and yield of some
broccoli varieties to organic manures (cattle and poultry manures) compared with
fertilizers. Results indicated that the highest vegetative growth and total yield of broccoli
was under plots received 100 per cent cattle manure. However, the highest total yield and
quality of broccoli were recorded when poultry manure was added for two consecutive
seasons.

Maurya et al. (2008) conducted a field experiment to study the effects of nutrient
management practices on broccoli cv. Fiesta. The number of fully opened leaves, plant

height, leaf length, leaf width was highest in treatments with poultry manure + 50 per cent



RDF during both the years. The highest yield was also obtained with poultry manure + 50
per cent RDF.

Velmurugan et al. (2008) carried out investigations on cauliflower (Brassica
oleracea L. var. botrytis) cv. Indam 2435 to determine the effect of different organic
manures and biofertilizers on cauliflower with reference to growth and yield attributes. The
results revealed that cauliflower showed better response to the application of organic
manures and biofertilizers. The combined application of vermicompost along with
panchagavya expressed the highest total dry matter content (211.99 g/plant). Application
of the recommended dose of fertilizers recorded the maximum curd length (15.66 cm), curd
width (17.21 cm) and curd weight (340.12 g/plant) than the control.

Padamwar and Dakore (2009) conducted field trial on cauliflower and applied
organic manures (farmyard manure, vermicompost and biofertilizers) to observe their
effect on growth, yield and nutritional value. Application of vermicompost was found to be
most beneficial in increasing the yield and quality of cauliflower.

Singh et al. (2009) conducted a field experiment on alluvial soil to study the effect
of potassium and boron on vyield, quality and uptake of nutrients in cauliflower.
Application of K and B significantly increased the curd and dry matter yield up to 90 kg
K20 and 2 kg boron per ha. Protein content and yield of curd increased significantly with K
and B application. Nitrogen, phosphorus, potassium and boron uptake increased
significantly up to 90 kg K20 and 2 kg B per ha.

Chander et al. (2010) conducted an experiment to investigate the effect of farmyard
manure and boron on cauliflower in north western Himalayas. Twelve treatment
combinations consisting of three levels of FYM and four levels of boron were tested. Study
revealed that increased level of FYM and boron significantly increase the yield and
available N, P and K contents of soil.

Dalal et al. (2010) revealed that application of organic manures either alone or in
combination with urea enhanced the growth and yield attributes in cabbage over control.
Highest growth attributes like plant height, plant spread, number of leaves per plant and
leaf area were obtained in the treatment, which received 50 per cent N as urea + 50 per
cent N as vermicompost. The effect of vermicompost alone or in combination with
chemical fertilizer was at par with application of poultry manure.

Magd et al. (2010) conducted field experiments in newly reclaimed soil for two

seasons to study the effect of different levels of nitrogen sources on vegetative growth,



yield and quality of two broccoli cultivars. The highest vegetative growth was obtained
when all nitrogen requirements was supplemented by 75 per cent organic + 25 per cent
mineral treatment. Lower values of plant growth, higher content of ascorbic acid and total
phenols were obtained by applying 100 per cent of mineral nitrogen. Treatments where,
whole nitrogen was applied as organic manure showed significant increases in the
vegetative growth, yield and quality of heads.

Kumar et al. (2010) conducted a field experiment to study the effect of
vermicompost and VAM inoculation on growth and yield of cauliflower (Brassica
oleraceae L. var. botrytis). Treatments comprised three levels of vermicompost (4, 8 and
12 t/ha) and three levels of VAM (1.0, 1.5 and 2.0 kg/ha) along with a control. Results
revealed that higher level of vermicompost (12 t/ha) or VAM (2.0 kg/ha) caused significant
increase in growth and vyield of cauliflower. Interaction of higher levels of vermicompost
(12 t/ha) and VAM (2.0 kg/ha) have significantly increased curd diameter, curd weight and
yield per hectare.

Padamwar and Dakore (2010) studied the effect of vermicompost, farmyard
manure and biofertilizers on the nutritional quality of cole crops, i.e. cabbage, cauliflower
and knol-khol. The treatments comprised of control (no fertilizer), FYM (11.3 t/ha),
vermicompost (11.3 t/ha) and mixture of biofertilizers (Azotobacter, phosphorous
solubilizing bacteria and vesicular arbuscular mycorrhiza) at 3 kg/ha. There was significant
increase in percentage dry matter, protein, carbohydrate, vitamin C and calcium contents of
curd of all the cole crops due to the application of vermicompost.

Wani et al. (2010) conducted an experiment on cauliflower cv. Snowball-16 to
evaluate the best combination of organic and inorganic sources of nutrients for maximizing
yield and improving quality. Combined application of 50 per cent recommended dose of
NPK and poultry manure @ 3 t/ha recorded significantly higher curd yield (325.1 g/ha)
followed by application of 50 per cent recommended dose of NPK and mixture of half
dose of farmyard manure, poultry manure, sheep manure and pea straw. Curd quality and
nutrient uptake also improved with the same treatment. Highest net return (Rs. 178096/ha)
and benefit: cost ratio of (3.59:1) was obtained for the above treatment combination

Nath and Singh 2011 investigated the effect of vermicompost singly or in
combination with different bio-pesticide on infestation of nematode (Meloidogyne
incognita) and vyield of cauliflower. Mixing of binary combination of vermicompost with

neem oil (94%) in the soil caused significant reduction in M. incognita. Application of



vermicompost with bio-pesticides increased the productivity of cauliflower more than eight
times. The results clearly demonstrated that the use of vermicompost with plant product is
more beneficial in organic farming and helpful to compensate the deficiency of nutrients in
the soil as well as control of the harmful nematodes.

Sarangthem et al. (2011) conducted an experiment to study the effect of organic
manures on soil parameters and yield of cabbage (Brassica oleracea L. var. capitata) in
acid soil. The study consisted of two sources of organic manure (vermicompost and FY M)
and Azospirillum (4 kg per ha). The highest yield of cabbage was obtained with the
application of vermicompost at 3 t/ha and Azospirillum (4 kg/ha), which was significantly
superior than farmyard manure. The post harvest organic carbon and available NPK
content of soil significantly improved with the use of vermicompost and Azospirillum. The
concentration of nutrient (NPK) in shoot and root of cabbage was also observed highest in
the treatment receiving vermicompost 3t/ha along with Azospirillum as compared to FYM
treatments.

Wani et al. (2011) investigated the effect of organic and inorganic nutrient sources
on cauliflower cv Snowball-16. Among the organic manures, poultry manure in
combination with chemical fertilizers proved superior to sheep manure, FYM, paddy straw
and mixture of organic manures. The vitamin C, proteins and uptake of nutrients (NPK) by
the cauliflower plants significantly increased with individual and combined application of
organic manures or inorganic fertilizers over control. The available nitrogen, phosphorus
and potassium of soil were also increased with the increase in organic manure applications.

Choudhary et al. (2012) conducted a study to evaluate the effect of different
organic sources and fertility levels on the growth, yield, quality and economics of
sprouting broccoli under semi-arid conditions of Rajasthan. Significant increase in plant
height, number of leaves, leaf area, volume and diameter of head, total head yield, crude
protein and chlorophyll content in head was recorded under various levels of organic
sources and fertility levels. Growth, yield and quality attributes were recorded maximum
under treatment combination of vermicompost 5.0 t/ha along with recommended dose of
fertilizers (NPK, 100, 80 and 60 kg/ ha), which was at par with poultry manure 5.0 t/ha and
recommended dose of fertilizers, respectively. Further, it also registered maximum net
return and B: C ratio of 4.09:1.

Kumar et al. (2012) studied the effect of temperature on the growth and yield of

broccoli heads grown with 19 treatments of integrated nutrient management. Integrated



nutrient management having chemical fertilizers applied along with organic sources of
nutrients is an effective method for improving the crop yield. Application of 50 Kg N
through vermicompost + 150:100:100 NPK kg/ha resulted in maximum yield of curd.

Kumar et al. (2012) conducted a field experiment to study the effects of boron and
organic manure on autumn cauliflower (Brassica oleracea L. var. botrytis) yield, quality,
availability and efficiency of boron in soil and its uptake. There were 13 treatments
comprising of all the possible combinations of two levels of FYM (20 and 30 t/ha), two
boron sources (boron and granular-11), three levels of boron (0.5, 1.0 and 1.5 kg/ha) and an
absolute control (farmers’ practice). Curd yield, quality, boron uptake, its availability and
balance and net income increased due to use of 30 t/ha farmyard manure compared to 20
t/ha.

Mal et al. (2015) conducted a field experiment to study the response of vermi-
compost and inorganic fertilizers on growth, yield and quality of sprouting broccoli to
determine the treatments comprised of five levels of vermi-compost (0, 2.5, 5, 7.5 and 10 t
hal) and four levels of inorganic fertilizers (0, 50, 75 and 100% of recommended dose)
were evaluated in two factor factorial RBD with three replications. The result revealed that
successive increase in vermi-compost level significantly increased the growth and yield
attributes and application of highest level of vermi-compost (10 t ha) registered 38% and
43% improvement of central head weight and total head yield respectively over control,
whereas application of 100% recommended fertilizers enhanced the head weight and total
head yield by 32% and 35% respectively over control. The nutrient schedule comprising of
higher level of vermi-compost (10 t ha™') and 100% of recommended inorganic fertilizers
emerged as potential nutrient source and resulted in many fold improvement in the form of
vigorous growth, early head initiation, advanced head maturity and higher yield as well as
superior quality of head as compared other nutrient combination.

2.2  Effect of biofertilizers on growth, yield and quality of sprouting broccoli

Sharma (2002) conducted a field experiment to determine the effect of Azospirillum
and Azotobacter in combination with nitrogen on cabbage (Brassica oleracea var.
capitata) production. Treatments comprised 3 biofertilizer levels (no biofertilizer,
Azospirillum and Azotobacter) and 4 nitrogen levels (0, 30, 45 and 60 kg/ha). Azospirillum
significantly increased the number and weight of non-wrapper leaves per plant, head

length, width, net weight of head per plant and yield per hectare over the 'no biofertilizer'



treatment. Treatment combination of Azospirillum + 60 kg N/ha recorded the highest head
weight per plant and yield per hectare with a benefit: cost ratio of 2.9:1.

Manivannan and Singh (2004) conducted a field experiment to study the effect of
biofertilizers namely Azospirillum sp and Azotobacter sp applied as 5.0 and 10.0 per cent,
respectively on the growth and yield of sprouting broccoli (Brassica oleracea L. var.
italica cv. Fiesta). The maximum plant height (41.72 cm), biomass yield per plant (1.08
kg), number of sprouts per head (15.00), slips per sprout (32.00), curd diameter (17.30
cm), plant spread (62.20 cm), and yield (55.57 t/ha) was recorded in plants applied with
5.0 per cent Azotobacter sp and Azospirillum sp.

Wange and Kale (2004) studied the growth and yield response of broccoli and
lettuce to 12 different treatments of biofertilizers (Azotobacter and Azospirillum) and N
level (100, 125 and 150 kg/ha) under field conditions during the rabi season. In broccoli,
the treatment of Azotobacter + Azospirillum with 150 kg N per ha was significantly
superior over the recommended fertilizers.

Singh and Singh (2005) conducted an experiment to evaluate the response of
cauliflower cv. Snowball-16 to four biofertilizers (Azospirillum, Azotobacter, phosphate
solubilizing bacteria and vesicular arbuscular mycorrhiza) and two levels of nitrogen and
phosphorus. Azospirillum + 100 per cent of the recommended NPK recorded the highest
values for all growth, yield and quality parameters studied. This treatment also recorded
the highest net return (Rs. 53 965/ha) and benefit: cost ratio (2.23:1).

Bahadur et al. (2006) carried out an experiment to study the response of organic
amendments and biofertilizers on growth, yield and quality attributes of chinese cabbage
(Brassica pekinensis L.). Combined use of organic amendments coupled with seedlings
inoculation in either phosphate solubilizing micro organisms or vesicular arbuscular
mychorrhizae registered head yield at par with control (conventional fertilization). Sole
application of farmyard manure or digested sludge and/or its combined use with phosphate
solubilizing microorganisms significantly increased the dry matter and total carbohydrate
content of head. The total carotenoids were significantly higher under combined use of
organic amendments or seedling inoculated with either Azotobacter or in phosphate
solubilizing microorganisms.

Sable and Bhamare (2007) conducted an experiment on cauliflower involving four
levels of biofertilizers (no inoculation, Azospirillum, Azotobacter and Azotobacter +
Azospirillum) with three levels of nitrogen (0, 75% and 100% N). Out of the twelve



treatment combinations, the best was 75 per cent nitrogen (120 kg/ha) + Azotobacter +
Azospirillum, which significantly increased ascorbic acid content (87 mg/100 g), protein
content (18.62%), total nitrogen content in plant (2.98%) and compactness of curds
(97.39%).

Khare and Singh (2008) conducted a field experiment on cabbage cv. Golden Acre

to study the effect of Azospirillum, Azotobacter and nitrogen application on growth and
yield. Twelve treatment combinations comprised of three cultures i.e. no biofertilizer,
Azospirillum, Azotobacter and four levels of nitrogen viz., 0, 50, 75 and 100 per cent.
Application of 75 per cent nitrogen of recommended doses (135 Kg/ha) in combination
with Azotobacter significantly increased the growth parameters (numbers of unfolded leaf,
leaf area and leaf area index), yield attributes (number of folded leaf, weight and diameter
of head) and yield of cabbage.
Akbar et al. (2009) studied the effects of vermicompost and bio-fertilizer (Azotobacter) on
the performance of cabbage cv Pride of India. The treatments comprised of three levels of
each of vermicompost (0, 5 and 10 t/ha) and Azotobacter (0, 5 and 10 kg/ha). Results
revealed that application of vermicompost @ 10 t/ha resulted in maximum plant spread,
largest size of head, and highest yield of heads per hectare, while the number of leaves
/plant and number of wrapper leaves/head were maximum with 5 t vermicompost/ha.
Among the various levels of bio-fertilizer inoculation, Azotobacter @ 10 kg/ha resulted in
maximum plant height, diameter of head, maximum number of leaves per plant and
number of wrapper leaves/head, whereas, the length of head and head yield per plant were
maximum with 5 kg Azotobacter/ha.

Khan et al. (2009) conducted field experiments during rabi season for two years to
investigate the response of Azospirillum, Azotobacter, phosphate solubilizing bacteria
(PSB), and vesicular arbuscular mycorrhiza (VAM) on cauliflower production. The
maximum curd yield (213.25 and 219.95 g/ha) was recorded when recommended doses of
NPK were applied along with Azospirillum followed by 75 per cent recommended doses of
NPK applied along with Azospirillum during both the years, which was significantly
superior over the control (170.95 and 180.34 g/ha). Increase in curd yield due to
Azospirillum, Azotobacter, PSB and VAM was 23, 14, 10 and 16 per cent, respectively
over the control (RDF).

Gupta et al. (2010) laid out an field experiment to study the effect of biofertilizers

(Azospirillum and Azotobacter) and nitrogen on growth, yield and quality of Knol-khol.



Both the bacterial inoculants responded to all levels of nitrogen with an increase in growth,
yield and quality parameters as compared to control. However, better results were obtained
by the application of 75 per cent of nitrogen along with both the inoculants. However, the
application of Azospirillum along with 75 per cent nitrogen proved better than Azotobacter.

Khan et al. (2010) evaluated the effect of Azospirillum, Azotobacter, phosphate
solubilizing bacteria and vesicular arbuscular mycorrhiza inoculation on the curd yield of
cauliflower. The biofertilizers were applied together with 75 per cent dose of N or 100 per
cent of the recommended dose of fertilizer (RDF), i.e. NPK at 150:60:60 kg/ha. Maximum
curd yield was obtained with the application of Azospirillum + 100 per cent RDF (213.25
and 219.95 g/ha) followed by Azospirillum + 75 per cent dose of N, during both years.

Sharma and Sharma (2010) conducted a field experiment to investigate the effect of
different levels of bio-fertilizers (Azotobacter and PSB) in combination with four levels of
NPK fertilizers on growth and yield of cauliflower hybrid ‘Swati’. The application of
biofertilizers alone and in combination resulted in significant improvement in plant height,
number of leaves per plant, curd diameter, curd depth, gross weight per plant and
marketable curd yield. The increase in marketable curd yield was to the tune of 26.4 per
cent, 24.19 per cent and 18.16 per cent with the combined inoculation of bio-fertilizers
(Azotobacter + PSB), sole application of PSB and Azotobacter, respectively, over the
uninoculated control. The interaction effects showed that gross weight/plant, marketable
curd yield and benefit: cost ratio were increased in a linear manner with the application of
bio-inoculants integrated with increasing levels of NPK fertilizers. Furthermore, it was
observed that the yield (238.66 g/ha) obtained with the application of 75 per cent NPK +
Azotobacter + PSB was at par with that of recommended NPK (100 %), thus resulting in
net saving of 25 per cent NPK fertilizers with maximum benefit: cost ratio (5.06).

Kumar et al. (2011) laid out an experiment to study the effect of biofertilizers with
chemical fertilizers on growth and yield of cauliflower (Brassica oleracea L. var. botrytis)
cv. Pusa Snowball K-1. The study consisted of nine treatment combinations of
biofertilizers (Azotobacter, Azospirillium and PSB) and NPK. Results of the study revealed
that application of PSB + 120:60:60 NPK kg/ha significantly increased the curd yield and
various growth characters like plant height, number of leaves per plant, curd diameter and
stem diameter.

Kachari and Korla (2012) carried out a field experiment on cauliflower to know the

influence of bio-fertilizers (Azotobacter, Azospirillum and PSB-1) and inorganic fertilizers



on curd quality and economics of cauliflower. The results indicated that bio-fertilizers in
combinations with inorganic fertilizers performed better as compared to control (FYM),
recommended dose of NPK and bio-fertilizers alone. The application of PSB + 50 or 75 or
100 per cent of phosphorus + recommended dose of nitrogen and potassium performed
significantly better than other treatments including control. The inoculation with PSB-1 +
100 per cent phosphorus + recommended dose of nitrogen and potassium recorded highest
yield (33.94 t/ha).

Yadav et al. (2012) conducted studies on the effect of nitrogen and biofertilizers on
growth of cabbage (Brassica oleracea L. var. capitata) cv. Pride of India. The experiment
consisted of 17 treatments viz., four levels of nitrogen (control, 100 kg, 125 kg and 150 kg)
and three doses of biofertilizers (Azotobacter, Azospirillium and PSB) either singly or in
combination and absolute control. The treatment 150 kg N + PSB was recorded maximum
plant height (24.64 cm), plant spread (42.87 cm), number of open leaves (20.67), leaf area
(247.43 cm?), maximum days taken to head maturity (110.00), diameter of stem
(17.51mm) and yield of head per hectare (432.92 g/ha). However, it was statistically at par
with 150 kg N + Azospirillium and 150 kg N + Azotobacter inoculation.

2.3 Effect of nutrient sources in integration (N, P, K, organic manures and

biofertilizers) on growth, yield and quality of sprouting broccoli

Sharma (2000) has undertaken a study to find out the influence of integrated nutrient
management in broccoli using Green Head variety. The results revealed that integration of
organic and inorganic fertilizers application significantly increased the head yield over
inorganic fertilizers alone or over the control. The treatment N175P75Keo + farmyard manure
@ 12.5 t/ha recorded the maximum vyield (63.12 g/ha) which was at par with N1soP75Keo +
FYM (12.5 t/ha).

Parmar and Sharma (2001) studied the response of cauliflower cv. PSB-1 to NPK
fertilizers and farmyard manure. The yield, net return and the soil available N, P and K,
increased with the increase in the level of NPK fertilizers and farmyard manure.

Kamla et al. (2002) conducted a field experiment to determine the effect of
different NPK fertilizer rates (0, 50 and 100%) applied alone or in combination with
different organic manures (no manure, vermicompost and farmyard manure at 25 t/ha) in
cauliflower cv. Pusa Snow Ball K-1 on yield and soil fertility. The application of NPK

fertilizer (100%) significantly increased the curd weight, diameter, plant height and curd



yield but when organic manure (vermicompost or FYM) was applied in combination with
50 per cent NPK, significant increase in all parameters was observed.

Devi et al. (2003) conducted a field experiment on cabbage using 100 and 75 per
cent recommended N rate, alone or in combination with biofertilizers (Azospirillum
brasilense or Azotobacter chroococcum), 75 and 50 per cent recommended N rate along
with cow dung manure, neem cake or poultry manure. Crop yield was highest (55.82 t/ha)
with the application of 75 per cent recommended N + 25 per cent poultry manure +
biofertilizers. The highest benefit cost ratio was highest (4.30) was recorded with the
application of 75 per cent N and biofertilizers.

Choudhury et al. (2004) studied the effect of integrated use of organic manure,
biofertilizers and chemical fertilizer on the nutrient status of soil and productivity of
cauliflower. The organic carbon and available N status increased significantly with
conjunctive use of inorganic fertilizers, biofertilizers and farmyard manure. Soil available
nutrients like N, P and K increased significantly with the application of various organic
and microbial sources of nutrients in combination with fertilizers over the chemical
fertilizers alone. The increase in plant growth and yield of cauliflower was recorded with
Azotobacter, PSB and farmyard manure along with inorganic fertilizers.

Gupta and Samnotra (2004) studied the performance of cabbage (cv. Golden Acre)
to different level of N (0, 25, 50, 75 or 100% of the recommended rate of 120 kg/ha),
biofertilizers (Azospirillum and Azotobacter) and farmyard manure. The application of 75
kg N plus Azospirillum resulted in increased plant height (25.08 cm), more number of
wrapper leaves (31.33), head diameter (14.63 cm), head compactness (45.27), head weight
(1.280 kq), yield (435.22 g/ha), net income (79 450 Rs/ha) and benefit cost ratio (4.35).

Bhardwaj et al. (2007) studied the effect of N (0, 25, 50, 75 or 100 per cent of the
recommended rate of 105 kg/ha and Azotobacter inoculation (2 kg/ha or 1.0 kg/10 litres of
water applied to seedlings), singly or in combination, on the growth and yield of broccoli
(cv. CBH-1). The crop generally showed greater growth and yield with the combined
application of N and Azotobacter. Further, 75 per cent dose of N + Azotobacter was
effective for the enhancement of growth and yield parameters. The results indicated that
Azotobacter inoculation may reduce the N rate by 25 per cent without adversely affecting
the performance of broccoli.

Dass et al. (2008) conducted trials with seven treatments including chemical

fertilizers, vermicompost, cow manure, and microbial inoculants for 3 consecutive years on



a red soils to determine the most effective integrated nutrient management option for
enhancing productivity of cabbage (Brassica oleracea L. var. capitata ). Vermicompost
appeared to be the best soil additive in terms of yield, net economic return, and water use
efficiency (WUE). Use of vermicompost + 50 per cent recommended rate of synthetic
fertilizers produced significantly higher yield over 100 per cent recommended dose of
fertilizers, with a net return increase of 29.8 per cent.

Sharma et al. (2008) conducted a field experiment in high hill dry temperate zone
of HP to investigate the response of broccoli (Brassica oleracea L. var. italica) to
integrated nutrient management using organic manure and Azotobacter along with
chemical fertilizers. There were 12 treatments; i.e., three levels of NPK chemical fertilizer
(50, 75, 100%) integrated with two levels each of cow manure (10 and 20t/ha) and
inoculation with Azotobacter (seedling dipped in culture and no inoculation) in
combination. Integration of Azotobacter with the recommended practice (100% NPK + 20
t/ha of cow manure) produced the highest marketable yield over the recommended practice
of 20 t/ha cow manure + 100 per cent NPK. Moreover, this treatment combination resulted
in maximum leaf width, apical and lateral curd weight along with total yield/plant during
both the years. Nutrient uptake in plant tissues and nutrient build-up in soil have also
followed almost similar trends.

Pandey et al. (2008) recorded highest values for growth of broccoli curd in terms of
head depth, girth and apical head weight with application of vermicompost @ 2.5 t/ha + %
dose of recommended NPK + Azotobacter.

Kandil and Gad (2009) studied that all mineral solution fertilizers gave a
significant synergistic effect for broccoli growth, yield quantity and quality as well as
nutrients composition compared the control (mineral N, P, K recommended fertilizers).
The mineral formula 19: 19: 19 recorded the highest growth heads, yield and quality along
with mineral content in broccoli. Using farmyard manure plus inorganic fertilizers
enhanced all growth and yield parameters. He observed that the highest TSS (8.21°B), in
heads of broccoli was recorded by formula (19: 19: 19) mineral solution fertilizer.
Applying farmyard manure plus the mineral solution fertilizer formula 19: 19: 19 caused
the superior and optimum figures of broccoli growth, mineral composition as well as heads
yield quantity and quality.

Kachari and Korla (2009) laid out an experiment with three levels of inorganic
fertilizers (100, 75 and 50 per cent of recommended dose of NPK 125:75:65 kg/ha),



inoculation with four bio-fertilizers (Azotobacter, Azospirillum, vesicular arbuscular
mycorrhizae and PSB-1), recommended dose of FYM (25 t/ha) and their combinations in
cauliflower. The application of nitrogen and potassium gave consistent results during both
the years with respect to growth and yield attributing characters.

Khan et al. (2009) studied the response of organic and inorganic manures on yield
and economic feasibility in broccoli var. Aishwarya. The integration of organics with
inorganic fertilizer application proved beneficial in term of plant height, leaves per plant,
days to central head, diameter of head (cm), length of head (cm), size of head (cm) and
weight of head per plant than other treatments. The application of vermicompost 2.5 t/ha
plus half NPK (75:60:60 kg/ha) recorded the maximum vyield (183.16 g/ha), net return (Rs
136552) and B: C ratio (4:1). They concluded that productivity of broccoli could be
managed profitably with combined application of chemical fertilizer and vermicompost or
farmyard manure.

Meena et al. (2011) conducted an experiment on cabbage (Brassica oleracea L.
var. capitata) variety Golden Acre and concluded that the application of 180 kg N, 80 kg
P2Os and 40 kg K2O/ha recorded the highest plant height (28.93 cm), number of open
leaves (23.33), number of folded leaves (57.66), cross sectional diameter (17.90 cm),
vertical length of head (16.76), T.S.S. (5.38%) and yield (129.66 g/ha). These results were
significantly superior to the other treatments including control.

Yildirim et al. (2011) investigated the effects of root inoculations with biofertilizers
(both N2-fixing and P-solubilizing) on plant growth, nutrient uptake, and yield of broccoli
in comparison with manure (control) and mineral fertilizer application under field
conditions. Bacterial inoculations with manure significantly increased yield, plant weight,
head diameter, chlorophyll content, nitrogen, potassium, calcium, sulfur, phosphorus,
magnesium, iron, manganese, zinc, and copper content of broccoli. Bacterial inoculations
with manure significantly increased uptake of macronutrients and micronutrients by
broccoli.

Bhardwaj et al. (2012) investigated the effect of conjoint use of bio-organics
(biofertilizers + crop residues + farmyard manure) and chemical fertilizers on yield and
physico—chemical properties. Conjoint bio-organics at varied levels of NPK chemical
fertilizers increased yield of cauliflower, which was statistically at par with 75 per cent of

the recommended NPK application alone. They concluded that the combination of NPK



fertilizers and bio-organics increased vyield, soil available N, K and saved chemical
fertilizers.

Chatterjee et al. (2012) studied the influence of different nutrient sources on quality
attributes of cabbage cv. Golden Acre by combining inorganic and organic sources of plant
nutrients. Application of 75 per cent recommended dose of inorganic fertilizers along with
vermicompost (5t/ha) in presence of biofertilizers significantly increased the head vyield.
Substitution of 25 per cent recommended inorganic nitrogen with higher levels of organic
manure and biofertilizers also prolonged shelf-life as well as improved nutritional qualities
of cabbage heads.

Upadhyay et al. (2012) evaluated the effect of different biofertilizers, organic
manures and inorganic fertilizers on dry matter partitioning, yield and quality traits in
cabbage. Results indicated that treatments comprising recommended fertilizers package
coupled with seedling inoculation in biofertilizer had relatively higher dry matter in leaves
(head), higher number of non-wrapper leaves and head yield. Application of pressmud or
vermicompost plus seedling inoculation in Azospirillum or PSB noticed head yield at par
with conventional fertilization. The maximum protein content was noticed with sole
application of vermicompost (17.4%) or digested sludge (17.3%). The highest total
carotenoids content in head was recorded with the use of FYM + PSB. Significantly higher
ascorbic acid content in head was registered with the use of either farmyard manure or
pressmud along with PSB or VAM.

Kumar et al. (2013) conducted an experiment on cauliflower to studied the eleven
treatments, T1 -Recommended dose of NPK/ha (120 kg:80 kg:60 kg), T2 -Half dose of
NPK/ha + FYM @ 15 tonnes/ha, T3 -Half dose of NPK/ha + Azospirillum @ 5 kg/ha, T4 -
Half dose of NPK/ha + FYM @ 15 tonnes/ha + Azospirillum @ 5 kg/ ha, TS - Half dose
of NPK/ha + VAM @ 5 kg/ha, T6 - Half dose of NPK/ha + FYM @ 15 tonnes/ha + VAM
@ 5 kg/ha, T7 - Half dose of NPK/ ha + FYM @ 15 tonnes/ha + Azospirillum @ 5 kg/ha
+ VAM @ 5 kg/ha, T8 - Half dose of NPK/ha + Vermicompost @ 2.5 tonnes/ha, T9 -
Half dose of NPK/ha + vermicompost @ 2.5 tonnes/ha + Azospirillum @ 5 kg/ha, T10 -
Half dose of NPK/ha + vermicompost @ 2.5 tonnes/ha + VAM @ 5 kg/ha, T11 - Half
dose of NPK/ha + vermicompost @ 2.5 tonnes/ha + Azospirillum @ 5 kg/ha + VAM @ 5
kg/ha were evaluated in Randomized Block Design with the three replication. The
treatment T11 registered significantly higher value plant height (62.02cm), number of
leaves/plant (25.67), width of leaf (25.53cm), length of stalk (12.08cm), spread of the plant



(64.38cm), diameter of curd (19.20cm), weight of curd (953.31g), yield of curd
(267.30qg/ha) as compared to rest of the treatments.

Mishra et al. (2014) carried out field experiment on knolkhol. The experiment
comprised of 11 treatments replicated three times in a Randomized Block Design. Of the
eleven treatments seven comprised of 100 per cent NPK with or without organic nutrient
supplements, two treatments with 50 per cent NPK +organic nutrient supplements, one
treatment with no nutrients (T1 — control), and one treatment with only biofertilizers. The
T7 which comprised of 100 per cent NPK (@150-38-63 kg NPK ha-1) application along
with vermicompost (@ 2.5 t ha-1), biofertilizer @2 kg ha-1 each of Azotobacter,
Azospirillum and PSB) recorded significantly higher values for total dry weight per plant
(77.8 g), yield (420.0 g ha-1), chlorophyll content (56.96%) TSS (3.10Brix), ascorbic acid
content(55.2 mg/ 100g) and protein content (44.2 g/100g) followed by T6. The treatment
T6 had same nutrients as T7 except, FYM instead of vermicompost. But the T6 proved to
be most economical treatment with a benefit: cost ratio of 2.7.

Chatterjee et al. (2014) conducted a field experiment the influence of different
nutrient source on growth, head yield and nitrogen use efficiency in cabbage. Comprised of
15 different nutrients source combining inorganic fertilizers, organic manures (farmyard
manure and vermicompost) and Azophos biofertilizers were laid out in RBD with 3
replications. Growth and head attributes of cabbage were significantly influenced by
different nutrient combination and vermicompost emerged as better organic nutrient source
over farmyard manure. Inoculation with biofertilizers exerted more positive result over
uninoculated treatments. The nutrient schedule comprising of higher amount of
vermicompost (5 t/ha) along with 75% of recommended inorganic fertilizers in presence of
biofertilizers inoculation emerged as potential nutrient source and resulted in many fold
improvement in the form of vigorous growth, advanced head maturity, maximum curding
percent and highest head yield as compared other nutrient combination.

Shree et al. (2014) studied different combinations of five different sources of
nutriensts including organic, inorganic and bio fertilizers and effect of different treatments
were observed and noted that maximum plant height (66.75), plant spread (58.64), curd
diameter (16.09), depth of curd (11.76), curd volume (702.00), weight of curd (568.00),
yield per hectare (252.48) and ascorbic acid (63.19) was noted by application of %
N:P:K(recommended dose)+ FYM@5t/ha + poultry manure@2t/ha+ Azospirillum (T14).
Hence it can be said that the application of % recommended dose of NPK along with FYM



@>5t/ha + poultry manure @2t/ha as well as seedling inoculation with Azospirillum was
found sto be the most effective treatment combination for getting inhanced yield and

quality.
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CHAPTER 3
MATERIALS AND METHODS

The present studies entitled “Response of various organic manures and bio-
fertilizers on growth, yield and quality of broccoli (Brassica oleracea var L. italica
Plenck.)” were carried out at the at Organic and Dairy Block, College of Horticulture,
Uttarakhand University of Horticulture and Forestry, Bharsar, Uttarakhand from August
2015. The details of experimental site, material used and methodologies employed have
been described as under:

3.1 General features of experimental site
3.1.1 Location

Pauri Garhwal is one of the thirteen districts of Uttarakhand, and is located between
290 20'-290 75' N latitude and 780 10'-780 80" E longitude. Bharsar is situated at about 60
km from the district head quarter (Pauri) in the East- south direction on the road side area
of Pauri- Thailisan- Ramnagar National High way 121/41.The meaning of Bharsar in local
dialect is flourished with natural wealth. Since the ancient time, it is famous for its vast
reserve of biodiversity and geographically the temprature climate conditions of the region
are quite congenial for the horticulture.

3.1.2 Climate

In general, the climate of the Bharsar represents the mild summer, higher
precipitation and colder or severe cold prolonged winter. The climate factors i.e.
precipitation, temperature, relative humidity and wind, in association with elevation,
proximity to great Himalaya, slope aspects, drainage, vegetation are responsible for the
micro- climate of this area. Major output of precipitation is in the form of rain fall, besides
occasional occurrence of due, hailstorm, fog, frost, snow fall etc. the south-east monsoon
commences towards the end of June while the North- east monsoon causes occasional
winter showers during November- February. During winter, snow fall is common in this
region. During the summer months, the valley has hot climate prevailing for few hours in a
day, the maximum temperature during May- June is may reach in between 25-29°C
however, and nights are cool. December and January are the coldest months, the minimum
temperature reaches to 1-4°C. Relative humidity is normally highest during rainy season
(July-August), often recorded near to saturation point (92-97%) in thickly forest in this

zone, it gradually decreases towards December (Bisht and Sharma 2014).



3.1.3 Soil

Before laying out the experiment, random soil samples were collected from the

furrow slice (0-15 cm depth) of different spots and composite sample was prepared for

determination of various soil characteristics.

The methods employed and results obtained for important physico-chemical

characteristics of the soils of experimental area have been presented in general, amount of

organic carbon, nitrogen, phosphorus and potassium content present in the soil were 1.162
(9/kg), 324.09 (kg/ha), 55.352 (kg/ha) and 381.92 (kg/ha), respectively.
The pH of the soil was 5.2.

Table 3.1. Physico-chemical properties of soil before transplanting

Particulars Value obtained Method Employed
A. Mechanical analysis (%)
1. Sand 41.42
International Pipette Method
2. Silt 31.25 )
(Piper, 1966)
3. Clay 27.33
B. Chemical analysis
Year 2015
1. Soil pH (1: 2.5) 5.2 Digital pH Meter (Jackson, 1973)
2. Organic carbon 1162 Rapid Titration Method
(%) ' (Walkley and Black, 1934)
324.09 Alkaline Potassium Permanganate
3. Available N (kg/h . ..
vailable N (kg/ha) Method (Subbiah and Asija, 1956)
4. Available P (kg/ha) 55.352 Olsen Method (Olsen et al.,1954)
381.92 Normal Neutral Ammonium

5. Available K (kg/ha)

Acetate Method (Merwin and
Peech,1951)

3.2 Experimental details

3.2.1 Cultivar

Cultivar ‘Green Head’ of broccoli was chosen for the prsesent study. The cultivar

has been recommended for cultivation in different agro-climatic zones of Uttarakhand.




Head of the cultivar is dark green, medium in size and rich in vitamin A. The average yield
of cultivar ranges from 100-175 g/ha.
3.2.2 Treatments

The present study comprised of 10 treatments, which consisted of sole application
of organic sources (vermicompost, neem cake, biovita granules and farmyard manure),
biofertilizers (Azotobacter and Phosphate Solubilizing Bacteria) and their combinations as
detailed in Table 3.2.

Experimental details:-

The details of the experiment to be conducted in 2015 as under

Experiment Design - Randomized Complete Block Design (RCBD)
Treatment - 10

Replication - 03

Spacing - 45cmx45cm

Plot size - 1.8m x1.35m (2.43m?)

Number of plant per plot - 12

Table 3.2. Detail of treatments

Treatment code Treatment Detail
1. Ta - Farmyard manure (FYM) @20t/ha
2. T - Vermicompost @5t/ha
3. T3 - Neem cake @ 2t/ha
4. Ta - Biovita granules @50 kg/ha
5 Ts - Biofertilizers (Azotobacter +PSB) each @5kg/ ha
6. Te - Farmyard manure + Biofertilizers
7. Tq - Vermicompost + Biofertilizers
8. Ts - Neem cake + Biofertilizers
9. To - Biovita granules + Biofertilizers

10. T1o - Control



Allotment of treatments in experiment field under RBD

Replication-1 Replication-2 Replication-3
T-5 T-2 T-9
T-2 T-3 T-10
T-3 T-7 T-6
T-4 T-5 T-7
T-10 T-1 T-8
T-7 T-9 T-1
T-6 T-10 T-3
T-8 T-6 T-4
T-9 T-8 T-2
T-1 T-4 T-5

3.2.3 Procurement of seed

The seed of the cultivar “Green Head” was procured from Department of Vegetable
Science College of Horticulture VCSG Uttarakhand University Of Horticulture And
Forestry, Bharsar, Pauri Garhwal,Uttarakhand, India, 246123

3.2.4 Nursery raising

The seed of the cultivar was sown in the well prepared nursery bed in lines and
covered with a layer of soil and farmyard manure mixture. Further, these beds were
covered with a thin layer of dried grass as mulch and watered with the help of rose cane.
Regular watering was done in these beds to maintain moisture at field capacity for the
proper growth and development of seedlings. After germination of the seedlings, dry grass
was removed to expose the seedlings to sunlight for better growth. Nursery was kept free
from weeds. Timely plant protection measures were also followed to prevent nursery from
damping off and other diseases.
3.2.5 Field Preparation

The experimental field was thoroughly ploughed by tractor 15 days prior to date of
transplanting. Stones, pebbles and residues of previous crop were removed. Experimental

field was levelled properly and sufficient provision for drainage was made. There after, the



Plate. 1 : View of experimental site




layout of the experiment was done, plots were prepared and treatments were allocated
according to the layout plan.

3.3 Method of different treatment application
3.3.1 Application of organic manures

The entire calculated dose of vermicompost, neem cake, biovita granules and
farmyard manure as per treatment combination were applied in the individual specified
plots before transplanting of the seedlings by broadcasting method and was thoroughly
mixed up well with the soil.

3.3.2 Application of biofertilizers

The biofertilizers (Azotobacter and PSB) were applied through seedlings dip
method. A solution of Azotobacter and PSB was prepared by dissolving 200 grams of each
biofertilizers in 5 litres of water and seedlings were dipped in this solution for 30 minutes
before transplanting. After dipping, seedlings were immediately transplanted in the field.
3.3.3 Harvesting

The green compact heads and axillary sprouts were harvested at full maturity stage
with the help of sharp knife. The harvesting was carried out in stages as per the maturity of
central head and secondary heads. The first harvesting of heads was started from third
week of November 2015.

3.4 Observations recorded
The following observations were recorded:
3.4.1 Days taken to 50 per cent heading

This observation was recorded by visiting the experimental field daily and numbers
of days were counted right from the date of transplanting of seedlings to the date, when
head were matured in 50 per cent of the plants per plot.

3.4.2 Plant height at maturity (cm)

Plant height was measured from the ground level to the top of the longest leaf at the
time of harvesting with the help of measuring scale. The height of randomly selected five
plants was measured and the average value was expressed in centimetres.

3.4.3 Number of leaves per plant

All the fully grown leaves were counted except for the leaves attached to the heads.

The number of leaves were counted randomly in selected five plants and averaged to get

number of leaves per plant.



3.4.4 Head size (cm?)

Polar and equatorial diameter of each head was measured in centimetres on five
randomly selected plants and accordingly multiplied to obtain the head size and mean
value was worked out, which was expressed in cm?.

3.4.5 Average head weight (g)

Randomly five heads from different plants were selected from each plot, their
weight was recorded and average value was expressed in grams.

3.4.6 Number of spears /plant

The number of secondary marketable heads were counted on five randomly
selected plants from each plot and mean value was worked out.

3.4.7 Average spears weight (g)

The weight of secondary heads was recorded on randomly selected five plants from
each plot and mean value was worked out and was expressed in grams.

3.4.8 Average plant yield (g)

Total weight of terminal head and spear weight was divided by number of plants to
obtain average plant yield.

3.4.9 Yield quintal per hectare (g/ha)

The yield data pertaining to central head and secondary heads was recorded on all
the plants (g/ha) and accordingly yield per hectare was calculated and expressed in g/ha.
3.4.10 Shelf life (days)

Shelf life of fruits was estimated by keeping the fruits at ambient room temperature
conditions till they shrunk and become unfit for consumption.
3.4.11 Total Soluble Solids (°B)

The total soluble solids content in fruits was determined by Erma Hand
Refractometer (0 to 32°Brix). The refractometer was calibrated with distilled water
before use and then a few drops of fruit juice were placed on the prism and the reading
was recorded. A temperature correction was applied when it was above or below 20°C
(AOAC, 1970). The results were expressed in °Brix.



3.4.12 Ascorbic acid (mg/100g)

Vitamin C is biochemically known as ascorbic acid, which was estimated by
titrimeter method as suggested by Ranganna (1995). Aliquots were prepared by grinding of
well mixed head sample along with metaphosphoric acid solution and titrated against 2-6,
dichlorophenol indophenol dye to pink end point. The vitamin C content was calculated by

using formula as given below:

Titre x Dye factor x Volume made up

Vitamin C (mg/100g) = — — -
Aliquot ta ken for estimation x weight of the sample taken (g)

100

Dye factor = — — 05 . ——
Titre value (Standardi zation of dye with standard ascorbic acid)

3.5 Cost of cultivation

Cost of cultivation was calculated on the basis of prevailing local charges for
different inputs like labourer, implements, seeds, fertilizers and other chemicals, used in
cultivation of crops under different treatments.
3.5.1 Gross returns

The sale rate of broccoli heads and / spears, leaves and plant stalk yield of Broccoli
were converted into gross return (Rs./ha) on the basis of prevailing local market prices of
produce ( broccoli heads and /spears/ leaves).
3.5.2 Net returns

The net return of each treatment was calculated by deducting the cost of cultivation
from the gross return of individual treatment.
3.5.3 Benefit: Cost ratio

Benefit— cost ratio was calculated as follows:

Net return
Cost of cultivatio n

Benefit: cost ratio =

3.6 Statistical analysis
The statistical analysis was carried out for each observed character under the study

using MS-Excel, OPSTATE. The mean values of data were subjected to analysis of



variance and ANOVA was set as per Gomez and Gomez (1984) for Randomized
Complete Block Design. For estimation of different statistical parameters, following
procedure and formulae were adopted:

Analysis of variance

Source of Degree of  Sum of Variance ratio
) Mean sum of squares

variance freedom  squares (V.R))
Replication (r) r-1 Sr Sr/(r-1) = Mr Mr/Me
Treatments (t) k-1 Sk So/(t-1) = Mt Mt/Me
Error (e) (r-1) (k-1) Se Se/(r-1) (g-1) = Me

Where,

r = Number of replications

k = Number of treatments

Sr = Sum of squares due to replications

Sk = Sum of squares due to treatments

Se = Sum of squares due to error

Mr = Mean sum of squares due to replications

Mk = Mean sum of squares due to treatments

Me = Mean sum of squares due to error

The calculated F-value was compared with tabulated F-value. When F-test was
found significant, critical difference was calculated to find out the superiority of one entry

over the others.

The standard error and critical differences were calculated as follows:

SE(m+ = Mel/r

SE()t =  V2Mer

CDo.os = S.E. (d) X t (0.05) (r-1) (k-1) df

Where,

SE (m) + = Standard error of mean

SE (d) = = Standard error of difference

CDo.os = Critical difference at 5 per cent level of significance
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CHAPTER 4
EXPERIMENTAL RESULTS

Broccoli has been regarded as one of the nature’s most valuable health promoting
food capable of preventing the enumerous health disorders. Now a days, broccoli attracted
more attention due to its multifarious uses. It is consumed as raw, fried and cooked with
other vegetables. The heads of broccoli are richest source of vitamins, proteins and
antioxidants. Generally, excess amount of inorganic fertilizers are being applied for higher
yield and it may cause problems for human health. Therefore, complementary use of
locally available enriched manures and biofertilizers may increase yield with less use of
costly fertilizers. Observations recorded on various aspects in the present studies entitled
“Response of various organic manures and bio-fertilizers on growth, yield and quality of
broccoli (Brassica oleracea L. var. italica Plenck.)” are presented in this chapter. The data
recorded on different characters were statistically analyzed and analysis of variance for
different parameters studied has been presented in appendix Il. The results so obtained in

the present investigation have been described character wise here under:

4.1 Growth characters

4.1.1 Plant height at maturity (cm)

The data pertaining to plant height at maturity have been presented in Table 3 and
graphically expressed in Fig 4.1. The results revealed significant differences among
different treatments for plant height. Maximum plant height at maturity was recorded in
treatment Te (Farmyard manure + Biofertilizers) 35.45cm. It was however, found to be
statistically at par with treatment T- (Vermicompost + Biofertilizers), 35.41cm. On the
other hand, minimum plant height at maturity was recorded in treatment Tio (control)
27.38cm, which was followed by Ts (Neem cake + Biofertilizers) 30.28 cm, To (Biovita
granules + Biofertilizers) 30.83cm.



Table 4.1 Effect of various organic manures, biofertilizers and their combinations on

plant height at maturity

Treatments Plant height at maturity (cm) £ SE(m)
T1 FYM @20t/ha 31.60 + 0.57
T2 Vermicompost @5t/ha 32.32+0.57
T3 Neem cake @2t/ha 31.86 +0.57
T4 Biovita granules@50kg/ha 31.75+£0.57
Ts Biofertilizers @5kg/ ha 31.62 £ 0.57
Ts FYM + Biofertilizers 35.45 % 0.57
T7 Vermicompost+ Biofertilizers 35.41+£0.57
Tg Neem cake + Biofertilizers 30.28 £ 0.57
To Biovita granules + Biofertilizers 30.83 £ 0.57
T10 Control 27.38 £ 0.59
SE(d) 0.84
CD (5%) 1.79

4.1.2 Number of leaves per plant

It is evident from the data presented in Table 4.2 and graphically expressed in Fig 4.1.

That number of leaves per plant varied non-significant in different treatments. Maximum

number of leaves per plant was recorded in treatment Te (Farmyard manure +

Biofertilizers) 15.66. In contrast, minimum value was registered in treatment T1o (control)

12.26.




Table 4.2 Effect of various organic manures, biofertilizers and their combinations on

number of leaves per plant

Treatments No. of leaves per plant £ SE(m)
T1 FYM @20t/ha 14.73 +1.33
T2 Vermicompost @5t/ha 14.86 + 0.46
T3 Neem cake @2t/ha 13.80 + 0.52
T4 Biovita granules @50kg/ha 1340+ 1.15
Ts Biofertilizers @5kg/ ha 14.13 + 0.96
Ts FYM + Biofertilizers 15.66 £ 0.70
T7 Vermicompost + Biofertilizers 14.46 £ 0.83
Tg Neem cake + Biofertilizers 13.60+1.21
To Biovita granules+ Biofertilizers 14.46 £ 0.43
T1o0 Control 12.26 +1.18
SE(d) 1.32
CD (5%) 2.77




Fig. 4.1 Graphical representation of effect of various organic manures, biofertilizers and

their combinations on plant height at maturity / number of leaves per plant
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4.1.3 Days taken to 50 per cent heading

A persual of the data presented in Table 4.3 and graphically presented in Fig 4.2,
which revealed significant differences among different treatments on days taken to 50 per
cent heading. Among different treatments, minimum number of days taken to 50 per cent
heading were recorded in treatment Te (FYM + Biofertilizers) 63.40, which was found
statistically at par with treatment T: (FYM @20t/ha) 63.60, T (Vermicompost +
Biofertilizers) 65.13, T3 (Neem cake 2 t/ha) 65.73, T (Vermicompost @5 t/ha) 66.73. On
the other hand, maximum number of days taken to 50 per cent heading was recorded in
treatment Ts (Neem cake + Biofertilizers) 74.93. It was however, found to be statistically
at par with Ts (Biofertilizers) 70.73, and Tg (Biovita granules + Biofertilizers) 70.73.

Table 4.3 Effect of various organic manures, biofertilizers and their combinations on
days to 50 per cent heading

Treatments Days of 50% heading = SE(m)
T1 FYM @20t/ha 63.60 + 0.83*
T2 Vermicompost @5t/ha 66.73 £ 0.78
T3 Neem cake @2t/ha 65.73 £ 2.25
T4 Biovita granules@50kg/ha 68.93 + 1.57
Ts Biofertilizers @5kg/ ha 70.73+0.83
Te FYM + Biofertilizers 63.40 £ 0.11*
T7 Vermicompost + Biofertilizers 65.13 + 0.83
Tg Neem cake + Biofertilizers 74.93 £ 0.37
To Biovita granules + Biofertilizers 70.73+3.1

T1o0 Control 69.50 £ 4.09

SE(d) 2.39

CD (5%) 5.02




4.1.4 Days to marketable maturity

The data pertaining to number of days to marketable maturity have been presented in
Table 4.4 and graphically representation in Fig 4.2, the results revealed significant
differences. Among different treatments, minimum number of days to marketable maturity
was recorded in treatment Te (Farmyard manure + Biofertilizers) 91.13, which was
statistically at par with T1 (FYM) 93.26, T7 (Vermicompost + Biofertilizers) 94.06 and T4
(Biovita granules 50 kg/ha) 99.06. It was however, found to be statistically at par with Tg
(Bioita granules + Biofertilizers) 103.06. On the other hand, Maximum number of days to

marketable maturity was recorded in treatment Tg (Neem cake + Biofertilizers) 110.86.

Table 4.4 Effect of various organic manures, biofertilizers and their combinations on

days to marketable maturity

Treatments Days to marketable maturity + SE(m)
T: FYM @20t/ha 93.26 + 0.88*
T2 Vermicompost @5t/ha 100.06 = 1.38
T3 Neem cake @2t/ha 101.13+1.16
T4 Biovita granules@50kg/ha 99.06 + 4.83
Ts Biofertilizers @5kg/ ha 100.26 + 0.96
Tes FYM + Biofertilizers 91.13+0.78*
T7 Vermicompost + Biofertilizers 94.06 + 0.93
Tg Neem cake + Biofertilizers 110.86 + 0.73
To Biovita granules + Biofertilizers 103.06 + 3.15
T10 Control 101.65 + 6.62
SE(d) 391
CD (5%) 8.22




Fig. 4.2 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on days to marketable maturity/ days to 50 per cent
heading
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4.2 Yield attributing characters

4.2.1 Polar diameter of head size (cm)

A persual of data showed in Table 4.5 and graphically presented in Fig 4.3, revealed that
significant differences were observed for polar diameter of head size. Maximum head size
was recorded in treatment Te (Farmyard manure + Biofertilizers) 11.68cm, which was
statistically at par with T7 (Biofertilizers + Vermicompost) 11.37 cm, T: (FYM @20t/ha)
11.16 cm, Ts (Biofertilizers) 10.04cm, T4 (Biovita granules @50kg/ha) 9.90cm, T3 (Neem
cake @2t/ha) 9.74cm and T2 (Vermicompost 5 t/ha) 9.69cm. Minimum head size was
registered in T1o (control) 8.13cm, which was found statistically at par with Tg (Neem cake
+ Biofertilizers) 8.47cm, To (Biovita granules + Biofertilizers) 9.46 cm, T, (Vermicompost
@5t/ha) 9.69cm, Tz (Neem cake @2t/ha) 9.74cm, T4 (Biovita granules @50kg/ha) 9.90cm
and Ts (Biofertilizers) 10.08cm

Table 4.5 Effect of various organic manures, biofertilizers and their combinations on
polar diameter of head size (cm)

Treatments Polar diameter of head (cm) + SE(m)
T1 FYM @20t/ha 11.16 + 0.34*
T2 Vermicompost @5t/ha 9.69+0.35
T3 Neem cake @2t/ha 9.74 £ 0.44
T4 Biovita granules@50kg/ha 9.90+1.24
Ts Biofertilizers @5kg/ ha 10.08 £ 0.23
Te FYM + Biofertilizers 11.68 + 0.83*
T7 Vermicompost + Biofertilizers 11.37 £ 0.95*
Tg Neem cake+ Biofertilizers 8.47 £ 0.46
To Biovita granules + Biofertilizers 9.46 +1.10
T10 Control 8.13+0.68
SE(d) 0.98
CD (5%) 2.06




4.2.2 Equatorial diameter of head size (cm)

A persual of data given in Table 4.6 and graphically presented in Fig 4.3, which
revealed that significant differences were observed for Equatorial diameter of head size.
Maximum head size was recorded in treatment Te (Farmyard manure + Biofertilizers)
10.45cm, which was statistically at par with T7 (Vermicompost + Biofertilizers) 10.03 cm,
T1 (FYM @20t/ha) 9.84 cm Ty (Biovita granules + Biofertilizers) 8.47cm , T4 (Biovita
granules @50kg/ha) 8.38cm and Tz (Neem cake @2t/ha) 8.17. Minimum head size was
registered in T1o (control) 6.51cm, which was found statistically at par with Ts (Neem cake
+ Biofertilizers) 6.84cm, T, (Vermicompost 5 t/ha) 7.40 cm, Ts (Biofertilizers) 7.88cm, T3
(Neem cake @2t/ha) 8.17cm, T4 (Biovita granules @50kg/ha) 8.38cm and Tg (Biovita

granules + Biofertilizers) 8.52cm

Table 4.6 Effect of various organic manures, biofertilizers and their combinations on

equatorial diameter of head size (cm)

Treatments Equatorial diameter of head (cm) £
SE(m)
T1 FYM @20t/ha 984 +1.71*
T2 Vermicompost @5t/ha 7.40 £ 0.54
T3 Neem cake @2t/ha 8.17 £ 0.92
T4 Biovita granules@50kg/ha 8.38 £1.28
Ts Biofertilizers @5kg/ ha 7.88+0.24
Ts FYM + Biofertilizers 10.45 + 0.99*
T7 Vermicompost + Biofertilizers 10.03 £ 0.29*
Tg Neem cake + Biofertilizers 6.84 £ 0.32
To Biovita granules + Biofertilizers 8.52 +1.47
T10 Control 6.51 £ 0.55
SE(d) 1.11
CD (5%) 2.34




Fig. 4.3 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on polar diameter of head size (cm) / equatorial diameter of

head size (cm)

Polar diameter of head
M Polar diameter of head
2 2 S 3 S @) 9] o >
I R P S SR,
@ @ C 2 & % @ % Q
S 2 > * N L D D o\
R S <> T M R O
A Qé\o Q’\0 Q)\o <b\0
< < <P <2
Equatorial diameter of head (cm)
i Equatorial diameter of head (cm)
2 2 2 o 2 o < o >
EA S T P\ S\ A T L
v S S & SF o © & © &
@ @ C ) @ Q} ,@ AR AR
N N S & o &5 ¥ N N <>
Q& v < £ & & & & &
<> K\ N N3 S & N
Q')\O \Q:‘ Q,\o /\Q7\ 2 >
N &° <o NG N
N T




[ Ts Biofertilizers ]




[ T10 Control ]

Plate. 3 : Pictures of broccoli head




4.2.3 Terminal head weight (g)

The data presented in Table 4.7 and graphically expressed in Fig 4.4, revealed
significant differences among treatments with respect to average head weight. Maximum
head weight was recorded in treatment T (Vermicompost + Biofertilizers) 51.96 g. It was
followed by Te (Farmyard manure + Biofertilizers) 49.42, Ts (Biofertilizers) 43.30.
Minimum head weight of was recorded in treatment Tio (control) 20.09g, and it was
followed by Tg (Neem cake + Biofertilizers) 29.76, T (Vermicompost @5t/ha) 31.68.

Table 4.7 Effect of various organic manures, biofertilizers and their combinations on

terminal head weight (g)

Treatments Terminal head weight (g) £ SE(m)
T1 FYM @20t/ha 38.57 + 0.00*
T2 Vermicompost @5t/ha 31.68 £ 0.57*
T3 Neem cake @2t/ha 42,51 + 0.57*
T4 Biovita granules @50kg/ha 34.98 £ 1.15*
Ts Biofertilizers @5kg/ ha 43.30 £ 0.57*
Te FYM + Biofertilizers 49.42 + 0.57*
T+ Vermicompost + Biofertilizers 51.96 £ 0.57*
Ts Neem cake + Biofertilizers 29.76 £ 0.57*
To Biovita granules + Biofertilizers 40.01 £ 0.57*
T10 Control 20.09 £ 0.57
SE(d) 0.93
CD (5%) 1.95




4.2.4 Number of spear per plant

It is evident from the data presented in Table 4.8 and graphically expressed in Fig
4.4 that non- significant differences were registered for number of spear per plant in
different treatments. Maximum number of spear per plant were recorded in treatment T
(Vermicompost + Biofertilizers) 6.56. Minimum spear was recorded in treatment Tio
(control) 3.63.

Table 4.8 Effect of various organic manures, biofertilizers and their combinations on

number of spear per plant

Treatments Number of spear + SE(m)
T1 FYM @20t/ha 5.50 £ 0.57
T> Vermicompost @5t/ha 4.83 £0.57
T3 Neem cake @2t/ha 4.96 = 0.57
T4 Biovita granules @50kg/ha 5.46 + 0.57
Ts Biofertilizers @5kg/ ha 5.53 £ 0.57
Te FYM + Biofertilizers 6.26 + 0.57
T7 Vermicompost + Biofertilizers 6.56 + 0.57
Ts Neem cake + Biofertilizers 4.63 £ 0.57
To Biovita granules + Biofertilizers 5.56 + 0.57
T10 Control 3.63+0.57
SE(d) 0.74
CD (5%) 1.73




Fig. 4.4 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on terminal head weight (g) / number of spear per

plant
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4.2.5 Average spear weight ()

Observations recorded on average secondary head weight have been presented in
Table 4.9 and graphically expressed in Fig 4.5, revealed significant differences among
different treatments. Maximum average spear weight was recorded in treatment Te
(Farmyard manure + Biofertilizers) 32.12g. It was statistically at par with T7
(Vermicompost + Biofertilizers) 29.15 g, and T3 (Neem cake @2t/ha) 28.61g. In contrast,
minimum value was recorded in treatment T1o (control) 20.08g, and found statistically at
par with Tg (Neem cake + Biofertilizers) 23.29g.

Table 4.9 Effect of various organic manures, biofertilizers and their combinations on

average spear weight (g)

Treatments Average spear weight (g) £ SE(m)
T1 FYM @20t/ha 28.61 +1.48*
T2 Vermicompost @5t/ha 2457 £0.70*
T3 Neem cake @2t/ha 25.97 £ 1.06
T4 Biovita granules @50kg/ha 23.74 £ 2.02*
Ts Biofertilizers @5kg/ ha 25.03 £ 1.35*
Ts FYM + Biofertilizers 32.12 £ 1.50*
T7 Vermicompost + Biofertilizers 29.15 £+ 0.54*
Tg Neem cake + Biofertilizers 23.29+0.43
To Biovita granules + Biofertilizers 27.75 £ 1.14*
T10 Control 20.08 £1.03
SE(d) 1.23
CD (5%) 3.65




4.2.6 Average plant yield (g)

Data recorded on Average plant yield (g) have been presented in Table 4.10 and
graphically expressed in Fig 4.5. The results revealed significant variations have been
observed among different treatments. Maximum average yield was registered in treatment
T7 (Vermicompost + Biofertilizers) 999.45g. It was followed by Te (Farmyard manure +
Biofertilizers) 953.92g, T1 (FYM @ 20t/ha) 903.63g, and Minimum average yield was
registered in treatment Tio (control) 479.04g. It was followed by Ts (Neem cake +
Biofertilizers) 636.92g, T> (Vermicompost @ 5t/ha) 654.32g.

Table 4.10 Effect of various organic manures, biofertilizers and their combinations

on average plant yield (g)

Treatments Average plant yield (g) £ SE(m)
T1 FYM @20t/ha 903.63 + 0.19*
T2 Vermicompost @5t/ha 654.32 + 0.57*
T3 Neem cake @2t/ha 842.51 £ 0.57*
T4 Biovitagranules@50kg/ha 708.44 + 0.57*
Ts Biofertilizers @5kg/ ha 774.67 £ 0.57*
Ts FYM + Biofertilizers 953.92 + 0.57*
T7 Vermicompost + Biofertilizers 999.45 + 0.57*
Tg Neem cake + Biofertilizers 636.12 + 0.57*
To Biovita granules + Biofertilizers 828.80 £ 0.57*
T1o0 Control 479.44 + 0.57
SE(d) 0.33
CD (5%) 0.58




Fig. 4.5 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on average spear weight (g) / average plant yield (g)
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4.2.7 Yield quintal per hectare (g/ha)

The data pertaining to yield quintal per hectare have been presented in Table 4.11
and graphically representation in Fig 4.6, which showed significant differences among the
treatments. Higher yield quintal per hectare was found in treatment T+ (Vermicompost +
Biofertilizers) 41.13g/ha .which was statistically at par with Te (FYM + Biofertilizers)
39.25 g/ha, T1 (FYM @20t/ha) 37.18 g/ha and T3 (Neem cake @2t/ha) 34.67g/ha. Lower
yield of was recorded in treatment T1o (control) 4.79 g/ha, which was statistically at par
with Tg (Biofertilizers + Neem cake) 26.18.

Table 4.11 Effect of various organic manures, biofertilizers and their combinations on
yield quintal per hectare

Treatments Yield g/ha £ SE(m)
T1 FYM @20t/ha 37.18 £ 1.97*
T2 Vermicompost @5t/ha 26.92 £ 1.37*
T3 Neem cake @2t/ha 34.67 £ 67*
T4 Biovitagranules@50kg/ha 29.15 £ 3.42*
Ts Biofertilizers @5kg/ ha 31.88 +4.11*
Ts FYM + Biofertilizers 39.25 + 2.45*
T7 Vermicompost + Biofertilizers 41.13 + 2.32*
Tg Neem cake + Biofertilizers 26.18 £0.77
To Biovita granules + Biofertilizers 34.11 + 2.92*
T10 Control 19.71£1.02
SE(d) 3.17
CD (5%) 6.72




Fig. 4.6 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on yield quintal per hectare (kg) / ascorbic acid

content (mg/100g)
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4.3 Quality characters
4.3.1 Ascorbic acid content (mg/100g)

The data pertaining to ascorbic content in broccoli have been presented in Table
4.12 and graphically representation in Fig 4.6 which revealed non - significant differences
among various treatments. Maximum content of ascorbic acid was recorded in treatment
T3 (Neem cake) 23.46 mg/100g. In contrast, minimum value for this trait was observed in
treatment T1o (control) 12.26 mg/100g.

Table 4.12 Effect of various organic manures, biofertilizers and their combinations on
ascorbic acid content (mg/100g)

Treatments Ascorbic acid content (mg/100g) + SE(m)
T: FYM @20t/ha 19.20 £ 3.69
T2 Vermicompost @5t/ha 18.37 £ 2.59
T3 Neem cake @2t/ha 23.46 £ 2.82
T4 Biovitagranules@50kg/ha 19.20 £ 3.69
Ts Biofertilizers @5kg/ ha 19.10 £ 1.88
Ts FYM + Biofertilizers 22.23+1.70
T7 Vermicompost + Biofertilizers 21.33+3.84
Tg Neem cake + Biofertilizers 16.13+£1.73
To Biovita granules + Biofertilizers 19.43 £ 3.49
T10 Control 12.26 £ 0.58
SE(d) 3.97
CD (5%) 8.34




4.3.2 Total soluble solids (°B)

It is apparent from the data presented in Table 4.13 and graphically representation in
Fig 4.8, that significant differences were observed among the treatments for the T.S.S in
broccoli. Maximum T.S.S was recorded in treatment Ts Biofertilizers @ 5kg/ ha, which
was statistically at par with T4 (Biovita granules) 11.56 ° B, Te (FYM + Biofertilizers)
11.26° B, To (B.G + Biofertilizers) 10.96° B, T7 (Vermicompost + Biofertilizers) 10.76 °B,
T1 (FYM @20t/ha) 10.53° B and Tz (Neem cake @2t/ha), 10.43° B. Minimum T.S.S was
recorded in treatment Tio (control) 8.43  ° B and found statistically at par with T>
(Vermicompost @5t/ha) 8.56 °B.

Table 4.13 Effect of various organic manures, biofertilizers and their combinations on
total soluble solids (°B)

Treatments Total soluble solids ("B) + SE(m)
T: FYM @20t/ha 10.53 £ 0.26*
T2 Vermicompost @5t/ha 8.56 £ 0.29
T3 Neem cake @2t/ha 10.43 £0.17*
T4 Biovita granules @50kg/ha 11.56 + 0.29*
Ts Biofertilizers @5kg/ ha 11.56 + 0.74*
Te FYM + Biofertilizers 11.26 £ 0.12*
T7 Vermicompost + Biofertilizers 10.76 £ 0.17*
Tg Neem cake + Biofertilizers 10.90 £ 0.30*
To Biovita granules + Biofertilizers 10.96 + 0.59*
T10 Control 8.43+0.17
SE(d) 0.46
CD (5%) 0.96




4.3.3 Shelf life (days)

It is evident from the data presented in Table 4.14 and graphically representation in
Fig 4.8, exhibited significant differences among different treatments. Maximum shelf life
of broccoli was recorded in treatment Te (Farmyard manure + Biofertilizers) 13.801. It was
followed by T1 (FYM @20t/ha) 12.73, T7 (Vermicompost + Biofertilizers) 12.46 and T»
(Vermicomppost @5t/ha) 12.004. Minimum shelf life of broccoli was recorded in
treatment T1o (control) 2.0 t/ha, and found statistically at par with T3 (Neem cake @2t/ha)
9.93.
Table 4.14 Effect of various organic manures, biofertilizers and their combinations on

shelf life (days)

Treatments Shelf life (days) + SE(m)
T1 FYM @20t/ha 12.73 £ 0.13*
T2 Vermicompost @5t/ha 12.00 + 0.40*
T3 Neem cake @2t/ha 9.93 + 0.24*
T4 Biovita granules@50kg/ha 11.00 + 0.20*
Ts Biofertilizers @5kg/ ha 10.66 + 0.06*
Te FYM + Biofertilizers 13.80 £ 0.11*
T7 Vermicompost + Biofertilizers 12.46 + 0.40*
Tg Neem cake + Biofertilizers 10.60 £ 0.11*
To Biovita granules + Biofertilizers 11.53+0.17*
T10 Control 8.93+0.17
SE(d) 0.31
CD (5%) 0.65




Fig. 4.8 Graphical representation of effect of various organic manures, biofertilizers
and their combinations on total soluble solids (°Brix) / shelf life (days)

Total soluble solids (%)

i Total soluble solids (%)
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4.4.1 Economics of the treatments
4.4.1.1 Cost: Benefit ratio

The data pertaining to cost of cultivation for different treatments have been
presented in Table 4.15 and in appendix Il to appendix XIII. A persual of the data
revealed that highest gross income per hectare was obtained in treatment Tz
(Vermicompost+ Biofertilizers) Rs. 329496.21, followed by in treatment Ts (FYM +
Biofertilizers) Rs. 314561.23 and treatment T: (FYM @20t/ha) Rs. 297959.27 whereas,
lowest gross income per hectare was calculated in treatment T1o (control) 158029.39. On
the other hand, the highest total cost of cultivation per hectare was incurred in treatment T
(Vermicompost + Biofertilizers). Rs. 72812.25, followed by in treatment T»
(Vermicompost @5t/ha) Rs.71892.25 and in treatment Tg (Biofertilizers + Neem cake) Rs.
65043.85. The lowest cost of cultivation of was obtained in treatment T1o (control) Rs.
49104.82. Net returns per hectare were however, highest in treatment Ts
(FYM+Biofertilizers)  Rs.  252982.41, followed by in  treatment Ty
(Vermicompost+Biofertilizers) Rs. 235592.39 and in treatment T; (FYM @20t/ha) Rs.
237304.45, whereas, lowest net return was calculated in treatment Tio (Control) Rs.
108924.57. Maximum C:B ratio was observed in treatment Ty (Biovita granules+
Biofertilizers) 1: 4.16, followed by treatment Te (Biofertilizers + FYM) 1:4.10 and in
treatment Ts (Biofertilizers @5kg/ ha) 1:4.10, whereas, minimum C:B ratio of was

observed in treatment T1o (control) 1:1.01



Table 4.15 Effect of organic, biofertilizers and their combinations on economics of

treatments
Treatments Yield Total Cost of | Gross Net Return | C:B
(kg)/ha Cultivation (Rs./ | Income (Rs./ha) Ratio
ha) (Rs. / ha)
T1 FYM @20t/ha 3718.66 | gog54.82 297959.27 | 237304.45 | 1: 3.91
T2 Vermicompost @5t/ha 2692.67 | 7189225 215806.77 | 143914.52 | 1:2.0
TsNeem cake @2t/ha 3467.13 | 64119.82 277785.97 | 213666.15 | 1: 3.33
T4 Biovita granules @50kg/ha 291542 | 51992 32 233613.51 | 181621.19 | 1: 3.49
Ts Biofertilizers @5kg/ ha 3187.95 | 50028.28 255436.54 | 205407.72 | 1: 4.10
Te FYM + Biofertilizers 392559 | 61578.82 31456123 | 252982.41 | 1: 4.10
T7 Vermicom + Biofertilizers 4112.98 72812.25 320496.21 | 256683.96 | 1: 3.52
Ts Neem cake +Biofertilizers 2617.78 65043.82 209795.04 | 14475123 | 1:2.22
ToBiovitagranules+Biofertilizers | 3410.70 52916.32 273300.05 | 220383.73 | 1:4.16
T Control 197135 | 49104.82 08888.89 | 49784.07 | 1:1.01
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CHAPTER 5
DISCUSSION

In this present health conscious era, sprouting broccoli (Brassica oleracea L. var.
italica Plenck) is gaining popularity in human diet. It is regarded as important functional
food due to its high nutritional value i.e. vitamin A, protein and anticarcinogenic
compounds like sulphoraphane and glucoraphanin. In the last few decades, production of
vegetable crops has been enhanced manifolds by the excessive use of chemical fertilizers
and pesticides. Further, the indiscriminate use of chemical fertilizers will reduce yield of
+crops over time due to their adverse effect on soil health and fertility, which causes
multi-nutrient deficiencies. Moreover, in developing country like India, chemical
fertilizers are also costly. Therefore, there is urgent need to develop low cost input
management practices like application of organic manure with biofertilizers for sustainable
crop production. Organic manures and biofertilizers have the capabilities to provide many
essential nutrients to the plants and improve the soil environment. Therefore, the
application of organics and biofertilizers will minimize use of costly fertilizers inputs and
results into more fertilizer use efficiency. Further, use of nutrient supply system that
include organic and biofertilizers increases the yield apart from soil health.

Keeping in view the above facts, the present investigation entitled “Response of
various organic manures and bio-fertilizers on growth, yield and quality of broccoli
(Brassica oleracea L. var. italica Plenck)” were carried out and the results obtained have

been discussed in the light of available literature.

5.1 Growth characters
5.1.1 Days taken to 50 per cent heading

Days taken to 50 per cent heading is an important attribute in order to determine
earliness of crop. In the present studies, minimum number of days taken to 50 per cent
heading were recorded in treatment Te (FYM + Biofertilizers) 63.40. This may be due to
the lesser availability of available nitrogen throughout the growing season and early
conversion of vegetative stage to reproductive stage. Present findings are in line with those
reported by Kumar et al. (2013) in brocooli. Chatterjee et al. (2014) in cabbage. Treatment
Ts (Neem cake + Biofertilizers) took maximum days. Further, the data also revealed that
the combination of different organic, biofertilizers and reduced levels of recommended



dose of fertilizers took more days to 50 per cent heading than sole application of different
manure and biofertilizers. Similar observations have been recorded by Chatterjee et al.
(2005) in broccoli. Yadav et al. (2012) have also reported that application of nitrogen and
biofertilizers increases the availability of available soil nitrogen content at the latter stages,
which ultimately favored more uptake of nutrients and increased the vegetative growth,
thereby, took more days to head formation.

5.1.2 Days to marketable maturity

The data pertaining to number of days to marketable maturity have been revealed
significant variations among the treatments on vegetative growth and head characters of
Broccoli. Among different treatments, minimum number of days to marketable maturity
was recorded in treatment Te (Farmyard manure + Biofertilizers). This might be due to
the increased availability of nitrogen due to the action of Azotobacter which is an
important constituent of chlorophyll and protein thus causing more growth. FYM helps in
improving soil health and it ensures proper aeration in soil and improves water holding
capacity of soil. The present findings are in line with the results of Chatterjee et al.
(2005) in broccoli, Mal et al. (2015) in broccoli, Kumar et al. (2013) in broccoli. In
cabbage, Chaubey et al. (2006) observed that higher fertility level favoured the maturity
time whereas the process of growth and development was slower at lower fertility level.
On the other hand, Maximum number of days to marketable maturity was recorded in
treatment Tg (Neem cake + Biofertilizers) similar observations have been recorded by
Chatterjee et al. (2014) in cabbage. Moreover, broccoli being a medium duration crop,
quick release of nutrients favored both vegetative and reproductive growth phases.

5.1.3 Plant height at maturity

The different treatment combinations showed significant variation with respect to
plant height. In the present investigation, maximum plant height at maturity was recorded
in treatment Te (Farmyard manure + Biofertilizers). This may be attributed to better water
holding capacity, supply of micro-nutrient and availability of major nutrients due to
favourable soil conditions offered by the farmyard manure. Chaudhary et al. (2012). The
present findings are in line with the results of Chatterjee et al. (2005) in broccoli, Pandey et
al. (2008) in broccoli. Bhardwaj et al. (2007) also stated that application of biofertilizers

help in secretion of growth promoting substances, which lead to better root development,



transportation of water, uptake and decomposition of nutrients. The present results are also
in agreement with the findings of Sharma (2002) in cabbage and Magd et al. (2006) in
broccoli. On the other hand, minimum plant height at maturity was recorded in treatment

T1o (control).

5.2 Yield attributing characters
5.2.1. Head Size

Proper head size of broccoli is one of the important parameter in order to fetch
premium price in the market. In the present investigation, maximum head size was
recorded in treatment Te (Farmyard manure + Biofertilizers). This might be due to
additional supply of N through FYM, which increased the synthesis of chlorophyll and
amino acid, which in turn enhanced the head size Sharma et al. (2002). Almost identical
results have been reported by Bahadur et al. (2003), Kandil and Gad (2009) in broccoli.
Another possible reason for larger head size may be ascribed to combined application of
bio-inoculants, which resulted in significant improvement compared to individual
application of biofertilizers. The higher bacterial activity due to application of bio-
fertilizers also contributed towards the improvement of fertility in the soil. Sharma and
Sharma (2010), Pandey et al. (2008) also reported the positive effect of biofertilizers in
broccoli, were of the opinion that both the bio-inoculants in combination with organic
manures significantly increased the head size. Similar findings of Parmar and Sharma
(2001) in cauliflower, Brahama et al. (2002) in broccoli, Sharma et al. (2005) and Katiyar
et al. (2011) in broccoli also supported the above findings.

5.2.2 Average head weight

Maximum head weight was obtained in the treatment T; (Vermicompost +
Biofertilizers). It is probably due to the fact that biofertilizers in combination with organic
fertilizers help in better root proliferation, which facililate more uptake of nutrients and
water, higher leaf number and more area responsible for effective photosynthesis and
enhanced food accumulation. Vermicompost is considered as an excellent product since it
IS homogenous, has desirable aesthetics, reduced level of contaminates, plant growth
hormones, higher level of soil enzymes, greater microbial population and tends to hold
more nutrients over a longer period without adversely impacting the environment. The

present findings are in line with those of Sharma (2002) and Bhardwaj et al. (2007) in



broccoli. According to Yadav et al. (2012) more average head weight was recorded due to
effective utilization of nutrients for increased metabolism and synthesis of carbohydrates,
thereby, resulted in increased vegetative growth and subsequent partitioning and
translocation of photosynthates from leaf (source) to the head, which ultimately influenced
the average head weight. Mal et al. (2015) in broccoli observed that vermicompost offers
great potential as organic amendment and it can be used beneficially in combination with
fertilizers for broccoli cultivation. The present results are in accordance with the finding of
Kumar and Chaudhary (2002) in cauliflower, Chatterjee (2010) in cabbage, Wani et al.
(2010) in cauliflower and Chaudhary et al. (2012) in sprouting broccoli.

5.2.3 Average spear weight (g)

Average spear weight also influences the total yield. The higher number of spear
per plant and average spear weight contributed towards the total yield. In the present
investigation, maximum average spear weight was recorded in treatment Te (Farmyard
manure + Biofertilizers). Increase in secondary head weight might be due to higher and
continuous nutrient availability from different sources like organic manures and
biofertilizers at different stages of growth. It might have resulted in better translocation of
carbohydrates to storage organs and influenced the number of lateral heads and their
weight. Similar findings have also been reported by Bhardwaj et al. (2007) and Kumar et

al. (2012) in sprouting broccoli and cauliflower, respectively.

5.2.4 Average plant yield (g)

Perusal of data revealed considerable variability in yield level. The results revealed
significant variations have been observed among different treatments. Maximum average
yield was registered in treatment T7 (Vermicompost + Biofertilizers) 999.45g. This might
be due to the combined application of the biofertilizers with organic manures produced
maximum average plant yield (g) followed by application of organic manure like farmyard
manure. The increase in the total yield resulting by organic manuring may be attributed to
that organic manuring enhanced soil aggregation, soil aeration and increasing water
holding capacity and offers good environmental conditions for the root system of broccoli
plants. In addition, organic manures are slow release nutrients all over the growth season.

FYM is rich in its nitrogen and nutrients content. These favourable conditions creates



better nutrients absorption and favours the growth and development of root system which
in true reflects better vegetative growth, photosynthetic activity and dry matter
accumulation. The reports recorded by other investigators such as Magd et al. (2006) on
broccoli plants. The quality attributes of broccoli head were also influenced significantly in
presence of vermi-compost and organic fertilizers. The present findings are in agreement
with the results of Bahadur et al. (2003) in cabbage, Sharma et al. (2005) in sprouting
broccoli, Singh & Singh (2005) in cauliflower, Pandey et al. (2008), Sharma et al. (2008)
and Magd et al. (2010) in sprouting broccoli.

5.2.5 Yield g/ha

The data pertaining to yield quintal per hectare showed significant differences
among the treatments. Higher yield quintal per hectare was found in treatment T
(Vermicompost + Biofertilizers) 41.13 g/ha. The combination of biofertilizers with organic
manures produced maximum yield quintal per hectare followed by application organic
manure like farmyard manure. This may be because of appropriate levels of nitrogen,
which act as an integral component of many compounds including chlorophyll and
enzymes that are critical for carbohydrate use within plants. This might be due to the
combined application of the biofertilizers with vermicompost played a significant role in
enhancing the growth. Improvement in this growth attribute with the application of
vermicompost might be due to more availability of water, micro-nutrients and major
nutrients because of favourable soil condition Chaudhary et al. (2012). The quality
attributes of broccoli head were also influenced significantly in presence of vermi-compost
and organic fertilizers. The present findings are in agreement with the results of Singh and
Singh (2000), Sharma (2000) and Sharma et al. (2002) in sprouting broccoli, Bahadur et al.
(2003) in cabbage, Sharma et al. (2005) in sprouting broccoli, Singh & Singh (2005) in
cauliflower, Kalabandi et al. (2007) in cabbage, Pandey et al. (2008), Sharma et al. (2008)
and Magd et al. (2010) in sprouting broccoli.

5.3 Quality characters

5.3.1 Total soluble solids (°B)

Total soluble solids content is one of the most important quality parameters in the
processing industry. It represents the sum total of all fruit components other than water and
volatile compounds. Mishra et al. (2014) in knolkhol, reported that the TSS content was



increased with the increase in the nutrient level in the treatments along with organic
nutrient supplements. In the present investigation, maximum T.S.S was recorded in
treatment T4 (Biovita granules). In contrast, minimum value minimum T.S.S was recorded
in treatment Tyo (control). Similar findings have also been reported by Kandil and Gad
(2009) in broccoli, Chatterjee et al. (2012) in cabbage.

5.3.2 Shelf life

Shelf life has been globally identified as an important component of keeping quality
and whole fruit firmness in broccoli. In the present investigation, maximum self life of
broccoli was recorded in treatment Te (Farmyard manure + Biofertilizers). Application of
organic manures influences broccoli longevity due to the increased nutrient uptake by
plants and greater development of water conducting tissue. The similar findings on shelf
life are in agreement with Chatterjee et al. (2013) in tomato, Chatterjee et al. (2012) in
cabbage also observed that the higher shelf life in the treatments containing 75% in
combination with higher amount of organic manure and biofertilizer could be due to
slower rate of respiration and transpiration which might have prevented the moisture loss
from the head surface resulted in delay in loosening of head therefore retained the head

freshness for the longer period.

5.4 Economics of the treatments
5.4.1 Cost: Benefit Ratio

The data pertaining to cost: benefit ratio revealed that maximum cost: benefit ratio
was obtained in that treatment, which fetched highest gross return. Treatment combination
T7 (Vermicompost+ Biofertilizers) registered maximum cost:benefit ratio closely followed
by the treatment combination, which received organic and biofertilizers in combination
treatment Ty (Biovita granules + Biofertilizers) due to higher yield and lesser cost of
Biovita Granules. The results obtained with respect to cost: benefit ratio are in line with
the findings of Chaterjee et al. (2005) in broccoli, Bhardwaj et al. (2000) in cauliflower
and cabbage, Sharma (2000), Sharma et al. (2008) and Khan et al. (2010) in cauliflower,
whereas, minimum benefit: cost ratio was obtained in the treatment Tioi.e. (control) due to
lesser yield, ultimately lesser gross income and lesser net return, taking into consideration
all aspect, it can be concluded that application of organic, and biofertilizers in combination
gave higher cost: benefit ratio as compare to sole application of different nutrient sources

and biofertilizers. Therefore, balance nutrition in integration is essential to enhance the



cost: benefit ratio in broccoli Dass et al. (2008) and Maurya et al. (2008). Mishra et al.
(2014) in knolkhol, reported that the benefit: cost ratio was found to be higher in FYM
treatment due to higher cost of the vermicompost. If the farmer can have his own

vermicompost production the benefit of its use can be better realised.
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CHAPTER 6
SUMMARY AND CONCLUSION

The present investigation entitled “Response of various organic manures and bio-
fertilizers on growth, yield and quality of broccoli (Brassica oleracea L. var. italica
Plenck)” was carried out at the Organic and Dairy Block, College of Horticulture,
Uttarakhand University of Horticulture and Forestry, Bharsar, Uttarakhand from August
2015, to find out the most suitable and economical combination of organic, and
biofertilizers for growth, yield and quality parameters. All the standard package of
practices were followed for raising healthy crop. The experimental detail consisted of 10
treatments. The observations were recorded on plant height at maturity (cm), number of
leaves per plant, days taken to 50 per cent heading, days to marketable maturity , head size
(cm?), polar diameter of head, equatorial head weight, terminal head weight (g), number of
spear /plant, average spear weight (g), average plant yield (g) and yield per hectare (kg),
ascorbic acid (mg/100 g), total soluble solids (°Brix), shelf life (days) and cost : benefit

ratio. The salient findings of the investigation are summarized as follows:
6.1 Growth characters

» Maximum plant height 35.45cm at maturity was obtained in treatment Ts i.e,
Farmyard manure + Biofertilizers, whereas, least plant height at maturity were
recorded in treatment T1o (control) 27.38cm.

» The data revealed that days taken to 50 per cent heading was earliest in Te
(Farmyard manure + Biofertilizers) 63.40, and maximum in treatment Tg (Neem
cake + Biofertilizers) 74.93.

» Minimum number of days to marketable maturity 91.13 was recorded in treatment
Te i.e, Farmyard manure + Biofertilizers. On the other hand, Maximum number of
days to 110.86 marketable maturity was recorded in treatment T7 (Neem cake +
Biofertilizers)

6.2 Yield attributing characters

» Larger head size i.e. polar diameter and equatorial diameter, was recorded
maximum in treatment Te (Farmyard manure + Biofertilizers) 11.68cm and

10.45cm respectively.



» Terminal head weight and average spear weight was recorded maximum in
treatment T (Vermicompost + Biofertilizers) 51.96g and Te (Farmyard manure +
Biofertilizers) 32.12g respectively. On the other hand, minimum terminal head

weight and average spear weight was recorded in treatment T1o (control).

6.3 Head yield character
> Average plant yield (999.45¢g) and yield per hectare (41.13g/ha) was recorded to be
maximum in the plots receiving Vermicompost + Biofertilizers, i.e T7, whereas

minimum yield in treatment T1o (control).

6.4 Quality character
> All the quality characters studied i.e. total soluble solids (°Brix), shelf life (days)
were maximum in Ts (Biofertilizers @5kg/ha) 11.56 (°Brix) and Ts (Farmyard
manure + Biofertilizers) 13.80 respectively, whereas minimum quality characters
was recorded in treatment T1o (control).

6.5 Economics of treatments

» Maximum cost: benefit ratio of was observed in treatment To ( Biofertilizer +
Biovita granules) 1:4.16 with a total net returns of Rs. 220383.73 and minimum
C:B ratio was found in Ty (control) 1:1.01.

Conclusion

Thus from the present study, it can be concluded that treatment T (Biofertilizer +
Vermicompost) followed by Te (Bio fertilizer + Farmyard manure) can give maximum
yield in broccoli cv. Green Head. Owing to the economy of production, Te (Bio fertilizer +
Farmyard manure) can be recommended for commercial cultivation in long run for
sustainable crop production as it maintains the soil health and ultimately improves the
productivity of the crop. Further, application of Biofertilizers and Biovita granules in
combination gave higher cost benefit ratio (1:4.16) as compared to the sole application of
nutrients from different sources and biofertilizers. Thus, balance integration of nutrients is

essential for enhancing the production and economic returns in the broccoli.
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APPENDIX -1

Week Date Temp. (°C) RH (%) Rainfall
no. & with (cm)
month duration | Max. Min. Max. RH Min.

AUG 1-7 20.5 18.5 97 79 0
AUG 8-14 21.5 20.5 93 80 15.5
AUG 21-27 24.5 21.5 94 85 5.5
AUG 28-31 26.5 25 91 79 90.3
SEPT 1-7 24.5 20.5 80 60 0
SEPT 8-14 24.5 20.5 85 70 0
SEPT 21-27 23.5 22 87 60 50
SEPT 28-30 26 20.5 70 55 0
OCT 1-7 18 12 75.5 55 0
OCT 8-14 18.5 10 70 45 0
OCT 21-27 15.5 12 65 55 0
OCT 28-31 10.5 6.5 72 45 17
NOV 1-7 10 5.5 65 55 40
NOV 8-14 13 9.5 65 45 0
NOV 23-30 8.5 4.5 55 45 0
DEC 1-7 7 0.3 50 35 0
DEC 8-14 2 -2 45 35 0
DEC 21-27 6 2 40 35 0

Fig. 1. Graphical representation of weather data

120

100

80

Weather parameters

Weather data during August - December

(2015)

=@=Temp. (°C) Max.

=ll=Temp. Min.

RH (%) Max.

=>&=RH Min.

== Rainfall (cm)




APPENDIX - 11

ANALYSIS OF VARIANCE FOR DIFFERENT CHARACTERS UNDER STUDY

Source of | D.f Mean sum of squares
variation Plant | Num | Daysto | Days | Polar | Equat | Term | Num | Avera | Avera | Yield | Ascorbic | Total | Self life
heigh | ber of | 50 per to diame | orial inal | berof | ge ge | per acid solubl | (days)
tat | leaves | cent | mark | ter of | diame | head | spear | spear | plant | hectar | content e
matu | per | headin | etable | head | ter of | weigh | per | weigh | yield | e(a) (mg/100 | solids
rity | plant g matu | size | head | t(g) | plant | t(g) ()] Q) (°Brix
(cm) rity | (cm) | size )
(cm)
icati 45.4 11. 307 11
rFfeP"Ca“O 2 10399 | 2933 |34.934 95 8 | 3.706 s > 230 21 |4018 |72 |56.16 | 235685 | %3 102778
74,20
Treatment | 18 | 5.613 | 2.630 | 40.527 |96.21 | 4.113 |5.430 |267.7 | 2.090 |35.91 131.0 3.775 |6.205
* ** 8 ** * * 25 ** 5 ** 4339 68** 30007 **% **
**%
Error 29 11075 | 2618 | 8574 ;3'01 1450 | 1.875 |1.299 |0.878 |4.548 |0.201 ;5'14 23652 | 0.317 |0.147




APPENDIX — 111

Cost of cultivation of broccoli as affected by FYM treatment

A. | PARTICULARS (per hectare) COST(Rs.)
1 Seed cost 385
2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4, Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neemspray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. | Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T1 | FYM 200 g/ha @Rs. 50/q 10000
C. | Other costs 1000
1. | Depreciation costs (building, instruments etc.) 1000
2. | Risk factor (5% of working capital) 2625.75
3. | Management Cost (10% of working capital) 5514.07
Total 20139.82
Total cost 60654.82
Sale rate of broccoli heads-Rs. 80/kg 297492.8

Yield of Broccoli is = 3718.66

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs.297492.8
Sale rate of spears, leaves and plant stalk = Rs. 466.47
Total gross return = Rs.297492.8+ 466.47 = 297959.27
Net return = gross return — total cost of cultivation

= 297959.27-60654.82=237304.45
Net return
Cost of cultivatio n

Benefit: cost ratio =

=237304.45/60654.82=3.91




APPENDIX - IV

Cost of cultivation of broccoli as affected by Vermicompost treatment

A. | PARTICULARS (per hectare) COST(Rs.)
1. | Seed cost 385
2. | Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 | Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. | Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T2 | Vermicompost 50 g/ha @ Rs. 400/q 20000
C. | Other costs 1000
1. | Depreciation costs (building, instruments etc.) 1000
2. | Risk factor (5% of working capital) 3125.75
3. | Management Cost (10% of working capital) 6251.5
Total 31377.25
Total cost 71892.25
Sale rate of broccoli heads-Rs. 80/kg 215413.6

Yield of Broccoli is = 2692.67

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs. 215413.6

Sale rate of spears, leaves and plant stalk = Rs. 393.17
Total gross return = Rs. 215413.6 + 393.17 =215806.77
Net return = gross return — total cost of cultivation

=215806.77- 71892.25=143914.52
Net return
Cost of cultivatio n
=143914.52/71892.25=2.00

Benefit: cost ratio =



APPENDIX -V

Cost of cultivation of broccoli as affected by Neem cake manure treatment

A. | PARTICULARS (per hectare) COST(Rs.)

1. | Seed cost 385

2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000

3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day | 400

4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400

5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800

6 Preparation of field 2 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400

7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400

8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600

9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400

10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000

11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650

12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080

13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000

14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515

B. | Individual Costs for Separate Treatments

A. | Organic fertilizers application
Details of treatment to be used

T3. | Neem cake 20 g/ha. @Rs. 650/q 13000

C. | Other costs 1000

1. Depreciation costs (building, instruments etc.) 1000

2. Risk factor (5% of working capital) 2775.75

3. Management Cost (10% of working capital) 5829.07
Total 23604.82
Total cost 64119.82
Sale rate of broccoli heads-Rs. 80/kg 277370.4

Yield of Broccoli is = 3467.13
Sale rate of broccoli (organic)/kg Rs. 80
Total sale rate of broccoli heads = Rs. 277370.4
Sale rate of spears, leaves and plant stalk = Rs. 415.57
Total gross return = Rs. 277370.4+ 415.57 =277785.97
Net return = gross return — total cost of cultivation
= 277785.97-64119.82=213666.15

Net return

Cost of cultivatio n

=213666.15/64119.82=3.33

Benefit: cost ratio =




APPENDIX - VI

Cost of cultivation of broccoli as affected by Biovita Granules treatments

A. | PARTICULARS (per hectare) COST(Rs.)
1. | Seed cost 385
2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. | Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T4. | Biovita granules 50 kg/ha @ Rs.50/kg 2500
C. | Other costs 1000
1. Depreciation costs (building, instruments etc.) 1000
2. Risk factor (5% of working capital) 2250.75
3. Management Cost (10% of working capital) 4726.57
Total 11477.32
Total cost 51992.32
Sale rate of broccoli heads-Rs. 80/kg 233233.6

Yield of Broccoli is = 2915.42

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs. 233233.6

Sale rate of spears, leaves and plant stalk = Rs. 379.91
Total gross return = Rs. 233233.6 + 379.91 =233613.51
Net return = gross return — total cost of cultivation

= 233613.51-51992.32 = 181621.19
Net return
Cost of cultivatio n
=181621.19/51992.19 = 3.49

Benefit: cost ratio =




APPENDIX - VII

Cost of cultivation of broccoli as affected by Biofertilizers treatment

A. | PARTICULARS (per hectare) COST(Rs.)
1. Seed cost 385
2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T5. | Biofertilizers (Azotobacter 5 kg/ha. @ Rs. 80/Kg + PSB 5 kg/ha. @ Rs. 80/Kg ) 800
C. | Other costs 1000
1. Depreciation costs (building, instruments etc.) 1000
2. Risk factor (5% of working capital) 2165.75
3. Management Cost (10% of working capital) 4548.07
Total 9513.82
Total cost 50028.82
Sale rate of broccoli heads-Rs. 80/kg 255036

Yield of Broccoli is =3187.95

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs. 255036
Sale rate of spears, leaves and plant stalk = Rs. 400.54
Total gross return = Rs. 255036+ 400.54 = 255436.54
Net return = gross return — total cost of cultivation

= 255436.54 — 50028.28 = 205407.72
Net return
Cost of cultivatio n
=205407.72/50028.28=4.10

Benefit: cost ratio =




APPENDIX - VIII

Cost of cultivation of broccoli as affected by Biofertilizers+ FYM treatment

A. | PARTICULARS (per hectare) COST(Rs.)

1. | Seed cost 385

2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000

3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day | 400

4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400

5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800

6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400

7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400

8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600

9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400

10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000

11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650

12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080

13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000

14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515

B. | Individual Costs for Separate Treatments

A. | Organic fertilizers application
Details of treatment to be used

T6. | Biofertilizers (Azotobacter 5 kg/ha. @ Rs. 80/Kg + PSB 5 kg/ha. @ Rs. 80/Kg )+ FYM 10800

C. | Other costs 1000

1. Depreciation costs (building, instruments etc.) 1000

2. Risk factor (5% of working capital) 2665.75

3. Management Cost (10% of working capital) 5598.07
Total 21063.82
Total cost 61578.82
Sale rate of broccoli heads-Rs. 80/kg 314047.2

Yield of Broccoli is = 3925.59

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs. 314047.2

Sale rate of spears, leaves and plant stalk = Rs. 514.03
Total gross return = Rs. 314047.2+ 514.03 = 314561.23
Net return = gross return — total cost of cultivation

= 314561.23 - 61578.82 = 252982.41
Net return
Cost of cultivatio n
=252982.41 /61578.82= 4.10

Benefit: cost ratio =



APPENDIX - IX

Cost of cultivation of broccoli as affected by Biofertilizers+ V.C treatment

A. | PARTICULARS (per hectare) COST(Rs.)
1. | Seed cost 385
2. | Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 | Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 | Preparation of field 2 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 | Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 | Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 | Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. | Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T7. | Biofertilizers (Azotobacter 5 kg/ha. @Rs.80/Kg + PSB 5 kg/ha. @ Rs.80/Kg )+ V.C 20800
C. | Other costs 1000
1. | Depreciation costs (building, instruments etc.) 1000
2. | Risk factor (5% of working capital) 3165.75
3. | Management Cost (10% of working capital) 6331.5
Total 32297.25
Total cost 72812.25
Sale rate of broccoli heads-Rs. 80/kg 329038.4

Yield of Broccoli is =4112.98

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs.329038.4
Sale rate of spears, leaves and plant stalk = Rs.457.81
Total gross return = Rs. 329038.4 + 457.81 =329496.21
Net return = gross return — total cost of cultivation

Benefit: cost ratio =

=329496.21-72812.25 = 256683.96
Net return
Cost of cultivatio n

=256683.96/72812.25 = 3.52




Cost of cultivation of broccoli as affected by Biofertilizers + Neem cake treatment

APPENDIX - X

A. | PARTICULARS (per hectare) COST(Rs.)
1. | Seed cost 385
2. | Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. | Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4. | Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 | Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 | Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 | Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 | Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 | Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. | Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T8. | Biofertilizers (Azotobacter 5 kg/ha. @ Rs. 80/Kg + PSB 5 kg/ha. @ Rs. 80/Kg )+ Neem cake 13800
C. | Other costs 1000
1. | Depreciation costs (building, instruments etc.) 1000
2. | Risk factor (5% of working capital) 2815.75
3. | Management Cost (10% of working capital) 5913.07
Total 24528.82
Total cost 65043.82
Sale rate of broccoli heads-Rs. 80/kg 209422.4

Yield of Broccoli is 2617.78

Sale rate of broccoli (organic) /kg @ Rs. 80

Total sale rate of broccoli heads = Rs. 209422.4
Sale rate of spears, leaves and plant stalk = Rs. 372.64
Total gross return = Rs. 209422.4+ 372.64 =209795.04
Net return = gross return — total cost of cultivation

=209795.05 — 65043.82 =144751.23
Net return

Cost of cultivatio n
=144751.23/65043.82 = 2.2

Benefit: cost ratio =




APPENDIX - XI

Cost of cultivation of broccoli as affected by Biofertilizers+ B.G treatment

A. | PARTICULARS (per hectare) COST(Rs.)
1. | Seed cost 385
2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
3. Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day 400
4, Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neemspray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. Individual Costs for Separate Treatments
A. | Organic fertilizers application
Details of treatment to be used
T9. | Biofertilizers (Azotobacter 5 kg/ha. @ Rs.80/Kg + PSB 5 kg/ha. @ Rs.80/Kg )+ B.G 3300
C. | Other costs 1000
1. Depreciation costs (building, instruments etc.) 1000
2. Risk factor (5% of working capital) 2290.75
3. Management Cost (10% of working capital) 4810.57
Total 12401.32
Total cost 52916.32
Sale rate of broccoli heads-Rs. 80/kg 272856

Yield of Broccoli is = 3410.70
Sale rate of broccoli (organic) /kg @ Rs. 80
Total sale rate of broccoli heads = Rs.272856
Sale rate of spears, leaves and plant stalk = Rs. 444.05
Total gross return = Rs. 272856 + 444.05 = 273300.05
Net return = gross return — total cost of cultivation
=273300.05 - 52916.32 = 220383.73
Net return

Cost of cultivatio n
=220383.73/52916.32 = 4.16

Benefit: cost ratio =




APPENDIX - XII

Cost of cultivation of sprouting broccoli as affected by Control treatment

A PARTICULARS (per hectare) COST(Rs.)

1. Seed cost 385

2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000

3. Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/ man/ day | 400

4, Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400

5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800

6 Preparation of field 1 ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400

7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400

8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600

9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400

10. Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000

11 Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650

12 Neem spray 02 L @ Rs.110/250 ml +2 man 1080

13 Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000

14 Rental value of land Rs.5000/ha/3 months 5000
Total 40515

B. Individual Costs for Separate Treatments

A. Organic fertilizers application
Details of treatment to be used

T10. | Control -

C. Otsher costs 1000

1. Depreciation costs (building, instruments etc.) 1000

2. Risk factor (5% of working capital) 2125.75

3. Management Cost (10% of working capital) 4464.07
Total 8589.82
Total cost 49104.82
Sale rate of broccoli heads-Rs. 80/kg 157708

Yield of Broccoli is = 1971.35

Sale rate of broccoli (organic) /kg @ Rs.80

Total sale rate of broccoli heads = Rs.157708

Sale rate of spears, leaves and plant stalk = Rs.321.39
Total gross return = Rs.157708+ 321.39 = 158029.39
Net return = gross return — total cost of cultivation

Benefit: cost ratio =

= 158029.39- 49104.82 =108924.57
Net return

Cost of cultivatio n

108924.57/49104.82=2.21




APPENDIX — X111
Cost of cultivation of broccoli as affected by different treatments

COST
A. | PARTICULARS (per hectare) (Rs.)
1. Seed cost 385
2. Preparation of nursery beds and sowing of seeds 5 man/ days @ Rs.200/man/ day 1000
Thinning and other intercultural practices in nursery beds 2 man/ day @ Rs. 200/
3 man/ day 400
4 Application of Pseudomonas and Trichoderma 2 man /day @ Rs.200/ man/ day 400
5 Irrigation of nursery beds 1 man/ day @ Rs.200/man/ day 4 times 800
6 Preparation of field 1ploughings @ Rs.300/hr 6 hrs for one hectare + 2 man 2400
7 Lifting of seedlings & their transplanting 12 man/day @ Rs. 200/ man /day 2400
8 Planking, layout, Channel & beds preparation 8 man/day @ Rs. 200/ man/ day 1600
9 Total Irrigations in crop 8 irrigations 3 hrs/irrigation 14 man /day @ Rs.200/ man /day 6400
10. | Weeding, raking, hoeing & gap filling 30 man/day @ Rs. 200/ man/ day 2 times 12000
11 | Botanical spray (self prepared+ cow-urine ) 50 L @ Rs.5/L+2 man 650
12 | Neem spray 02 L @ Rs.110/250 ml +2 man 1080
13 | Harvesting, packing, cleaning, grading etc. 30 man /day @ Rs.200/ man/ day 6000
14 | Rental value of land Rs.5000/ha/3 months 5000
Total 40515
B. Individual Costs for Separate Treatments
A. | Organic fertilizers application
1. Vermicompost 50 g/ha @Rs. 400/q 20000
2. FYM 200 g/ha @Rs.50/q 10000
3. Neem cake 20 g/ha @Rs. 650/q 13000
4, Biovita granules 50 kg/ha @ Rs.50/kg 2500
B. Biofertilizers application
1. Azotobacter 5 kg/ha. @Rs.80/Kg 400
2. PSB 5 kg/ha. @ Rs./Kg 400
C. Other costs 1000
1. Depreciation costs (building, instruments etc.) 1000
4440.7
2. Risk factor (5% of working capital) 5
93255
3. Management Cost (10% of working capital) 7
62066.
Total 32
10258
Total cost 1.32
80000
Sale rate of broccoli heads-Rs. 80/kg 0

Yield of Broccoli is 10000
Sale rate of broccoli (organic) /kg @Rs. 80
Total sale rate of broccoli heads = Rs. 800000
Sale rate of spears, leaves and plant stalk = Rs. 20000
Total gross return = Rs. 800000 + 20000 = 820000
Net return = gross return — total cost of cultivation

=820000 — 102581.32=717418.68

Net return

Cost of cultivatio n
717418.68/102581.32=6.99

Benefit: cost ratio =
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