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ABSTRACT 
 

The present field experiment was carried out to study the performance of enriched organic manures 
containing farmyard manure, vermicompost and poultry manure on head quality, nutrient uptake 
and economics of sprouting broccoli during 2018-19 and 2019-20 at UBKV, West Bengal, India, 
which comprised of 8 treatment combinations in randomized block design with 3 replications. The 
results of the field experiment showed that the use of Azophos biofertilizer enriched vermicompost 
@ 2.5 t/ha along with Azophos biofertilizer enriched poultry manure @ 2.5 t/ha as basal + top 
dressing of Azophos biofertilizer enriched vermicompost @ 0.5 t/ha along with Azophos biofertilizer 
enriched poultry manure @ 0.5 t/ha each (T7) significantly improved the head yield (20.47 t/ha) and 
superior head quality in terms of the maximum TSS (8.14°Brix), vitamin A (288.97 IU/100 g) and 
vitamin C (90.00 mg/100 g) of organic broccoli. The greatest benefit to cost ratio (1.93) was also 
obtained from the treatment T7. Hence, the treatment T7 can be recommended for sustainable 
production of organic sprouting broccoli under terai region of West Bengal. 
 

 
Keywords: Azospirillum; biofertilizers; enriched organic manure; sprouting broccoli; yield. 
 

1. INTRODUCTION 
 
Sprouting broccoli is more nutritious cole group 
vegetable, belonging to the family Brassicaceae 
and has chromosome number 2n= 18 [1]. 
Broccoli contains 22 times more vitamin A than 
cabbage and 130 times more than cauliflower. It 
is also rich in vitamin B1, vitamin B2, vitamin C 
and minerals [2]. “The use of organic manures 
such as farmyard manure, vermicompost and 
poultry manure enhance the availability of 
nutrients resulting in good yields and better 
quality of produce” [3,4]. Apart from these 
organic manures, biofertilizers played vital role in 
maintaining sustainable soil health and quality 
[5,6]. Biofertilizers reduce the use of external 
inputs and increase the quantity and quality of 
vegetable crops [7,8]. They fulfill the gap 
between nutrient demand and supply [9]. 
Azotobacter spp. improve germination of seeds, 
plant vigor, thereby improving the crop plants. 
They can produce antifungal compounds that 
fight against plant pathogens [10]. Few research 
studies have also proved the role of Azotobacter 
in nitrogen fixation. Azospirillum spp. provides 
nutrients to the crop plants through 
supplementation with inorganic fertilizers 
[11,12,13]. The use of Azotobacter spp. and 
Azospirillum spp. have increased plant height, 
biomass yield, number of sprouts per head, 
number of slips per sprout and yield of sprouting 
broccoli plants [14]. Phosphate-solubilizing 
bacteria solubilizes both native and applied 
phosphorus and synthesizes vitamins and 
growth-promoting substances (auxin, IAA, GA, 
cytokinin) which improve the plant growth 
[15,16,17]. In addition, VAM (Vesicular 
Arbuscular Mycorrhizae) enhance the availability 
of copper and zinc to the plant parts [18]. 

The enrichment of organic manures with 
biofertilizers enhances the essential nutrient 
content, microbial load, enzymatic activity, 
decomposition and mineralization, which improve 
the availability of nutrients for a longer period. 
The use of farmyard manure and seed 
inoculation with biofertilizer (VAM) significantly 
improved the yield of broccoli [19]. Considering 
the demand for organic sprouting broccoli, there 
is an urgent need to standardize the nutrient 
management schedules for organic cultivation of 
broccoli. Therefore, an attempt was made to 
evaluate different enriched organic manures and 
examine their effects on the yield and quality of 
sprouting broccoli.  
 

2. MATERIALS AND METHODS 
 

The field experiment was carried out at 
Instructional Farm, Uttar Banga Krishi 
Viswavidyalaya, West Bengal, India (26°19' N 
latitude and 89°23′ E longitude at 43 m above 
MSL) during 2018-19 and 2019-20. The soil was 
sandy loamy with acidic pH, organic carbon 
content 0.76%, available N, P2O5 and K2O 
contents were117.60, 14.98 and 104.26 kg/ha, 
respectively. 
 

The field experiment consisted of eight 
treatments viz., T1- farmyard manure @ 20 t/ha 
(basal) + farmyard manure @ 5 t/ha (top 
dressing) as control; T2- enriched farmyard 
manure @ 20 t/ha (basal) + enriched farmyard 
manure @ 5 t/ha (top dressing); T3- enriched 
vermicompost @ 5 t/ha (basal) + enriched 
vermicompost @ 1 t/ha (top dressing); T4- 
enriched poultry manure @ 5 t/ha (basal) + 
enriched poultry manure @ 1 t/ha (top dressing); 
T5- enriched farmyard manure @ 10 t/ha and 
enriched vermicompost @ 2.5 t/ha (basal) + 
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enriched farmyard manure @ 2.5 t/ha and 
enriched vermicompost @ 0.5 t/ha (top 
dressing); T6- enriched farmyard manure @ 10 
t/ha and enriched poultry manure @ 2.5 t/ha 
(basal) + enriched farmyard manure @ 2.5 t/ha 
and enriched poultry manure @ 0.5 t/ha (top 
dressing); T7- enriched vermicompost @ 2.5 t/ha 
along with enriched poultry manure @ 2.5 t/ha 
(basal) + enriched vermicompost  @ 0.5 t/ha 
along with enriched poultry manure @ 0.5 t/ha 
each (top dressing); T8- enriched farmyard 
manure @ 7 t/ha, enriched poultry manure  @ 2 
t/ha and enriched vermicompost  @ 2 t/ha 
(basal) + enriched farmyard manure @ 2 t/ha, 
enriched vermicompost @ 0.25 t/ha and 
enriched poultry manure @ 0.25 t/ha (top 
dressing), were laid out in Randomized Block 
Design which were replicated thrice. 
 

Sprouting broccoli seedlings (var. Green Magic) 
were transplanted in 3 m × 3 m plots with a 
spacing of 60 cm × 60 cm during winter season 
for both the years. The organic manures were 
enriched by mixing well decomposed organic 
manures (farmyard manure, vermicompost and 
poultry manure) with Azophos containing 
Azotobacter chroococcum and phosphate-
solubilizing bacteria (Acinetobacter sp.) with a 
standard microbial population (5 × 108) at 10g/ kg 
of organic manure and kept under shade for 
about 20 days before field application. The crop 
was raised by adopting standard cultural 
practices.  
 

Five plants were randomly selected in each 
replication in each treatment and data were 
recorded with respect to yield and quality 
attributes and mean data were statistically 
analyzed with the help of OPSTAT statistical 
package [20]. Further, economics of different 
treatments was tested based on fixed and 
variable costs of different inputs used. The cost 
of cultivation was calculated as suggested by 
Sharma et al. [21]. The net return was worked 
out by subtracting the cost of cultivation from 
gross returns. The benefit: cost ratio under 
different treatments was calculated by dividing 
net return with total cost of cultivation. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Yield and Quality Attributes of 
Sprouting Broccoli 

 

The maximum head yield per plot was recorded 
in T7 (23.03 kg), followed by T4 (22.66 kg), and 
the minimum head yield per plot was observed in 
T1 (18.93 kg). The average highest head yield 

per hectare was recorded in T7 (20.47 t), 
followed by T4 (20.15 t), and the lowest head 
yield per hectare from T1 (16.83 t) is presented in 
Table 1 and Fig. 1. The greatest amount of head 
dry matter was recorded in T3 (11.44%), followed 
by T4 (10.89%) and T7 (10.65%). The findings of 
the data presented in Table 2 and Fig. 1 showed 
significant effects of enriched organic manures 
on total soluble solids (TSS) content in broccoli. 
Among the treatments, the maximum TSS 
content was recorded in T7 (8.14°Brix) and 
minimum was observed in T1 (5.90°Brix). There 
was a significant effect of enriched organic 
manure on the vitamin- A content in broccoli 
heads. Among the treatments, T7 had recorded 
the highest vitamin-A content (288.97 IU/100 g), 
and the lowest was observed in T1 (189.67 
IU/100 g). The vitamin-C content of broccoli 
heads was highest in the T7 treatment (90.00 
mg/100g) and the lowest was recorded in the T1 

treatment (66.01 mg/100 g). 
 

The application of organic manures along with 
biofertilizers helped in root proliferation, which 
led to increased water and nutrient uptake, 
higher leaf area which might have increased the 
photosynthesis and accumulation of food in 
plants. Vermicompost and poultry manure has 
higher level of plant growth hormones, soil 
enzymes and greater microbial load, that led to 
hold nutrients over a longer period. With 
increasing plant growth and dry matter 
accumulation, plants develop better heads and 
ultimately have higher head yield. These results 
are in accordance with those of Sharma [22], 
Magd et al. [23], Bhardwaj et al. [24], Choudhary 
et al. [18], Mohapatra et al. [25] and Sarker et al. 
[26]. The increase in the TSS, vitamin-A and 
vitamin- C content of broccoli heads may have 
been due to the increase in soil microbial activity, 
which might have added vitamins, hormones and 
growth regulators to the soil and subsequently to 
the plants. These results are in accordance with 
those of Mohapatra et al. [25] for broccoli, 
Chatterjee et al. [27] for cabbage and Chatterjee 
et al. [28] for tomato. 
 

3.2 Available N, P and K Content of 
Broccoli Field 

 

It is clear from the data given in Table 3 and Fig. 
1 that N, P, and K were significantly affected by 
different organic nutrient sources. Among the 
various treatments, T7 (109.48 kg/ha) had the 
highest maximum nitrogen content. The highest 
available phosphorous and potassium contents 
were recorded in T2 (26.11 kg/ha and 121.77 
kg/ha, respectively).  
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The superior characteristics of available N, P and 
K content might be due to the ability of the 
growing organic nutrient sources to provide good 
aeration to plants to sustain the growth and 
development of roots and shoots. Enriched FYM, 
vermicompost and poultry manure resulted in 
maximum growth because of the favourable 

physico-chemical properties of the soil. 
Furthermore, the nutritional value of organic 
manures for supplying nitrogen, phosphorous 
and potassium in addition to micronutrients 
would favour better growth. The availability of N, 
P and K in the soil led to an increase in cell 
number and cell size [29]. 

 
Table 1. Effects of different organic nutrient sources on yield and yield attributes of broccoli 
 

Treatments* Head dry matter (%) Head yield/ 9m2 plot (kg) Head yield/ hectare (ton) 

T1 7.17 18.93 16.83 
T2 8.12 19.68 17.49 
T3 11.44 22.29 19.81 
T4 10.89 22.66 20.15 
T5 10.50 20.31 18.05 
T6   8.30   20.67   18.38 
T7 10.65 23.03 20.47 
T8 9.74 21.65 19.24 

S.Em.± 0.44 0.36 0.32 
CD (0.05) 1.50 1.24 1.10 

*Treatment details are in materials and methods 
S.Em. = standard error of mean; CD = critical difference 

 
Table 2. Effects of different organic nutrient sources on quality of broccoli head 

 

Treatments* TSS (oBrix) Vitamin A (IU/100g) Vitamin C (mg/100g) 

T1 5.90 189.67 66.01 
T2 6.20 196.02 69.59 
T3 7.87 244.32 81.95 
T4 8.02 249.64 86.05 
T5 6.42 206.98 71.34 
T6   6.81   221.38   77.16 
T7 8.14 288.97 90.00 
T8 7.49 227.17 79.31 

S.Em.± 0.08 1.19 0.66 
CD (0.05) 0.25 4.04 2.24 

*Treatment details are in materials and methods 
S.Em. = standard error of mean; CD = critical difference 

 
Table 3. Effects of different organic nutrient sources on residual nutrient status of broccoli 

field 
 

Treatments* Available N (kg/ha) Available P (kg/ha) Available K (kg/ha) 

T1 93.85 20.45 112.45 
T2 96.32 26.11 121.77 
T3 105.98 22.59 116.50 
T4 107.16 19.74 109.97 
T5   96.80 25.39 120.09 
T6 102.09   24.36   119.01 
T7 109.48 21.57 114.01 
T8 105.25 23.59 117.99 

S.Em.± 2.19 0.20 0.40 
CD (0.05) 0.63 0.67 1.35 

*Treatment details are in materials and methods 
S.Em. = standard error of mean; CD = critical difference 
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Table 4. Effects of different organic nutrient sources on economics of broccoli cultivation 
 

Treatments* Head yield (t/ha) Cost of 
cultivation (Rs.) 

Gross 
return (Rs.) 

Net return 
(Rs.) 

Benefit: cost 
ratio 

T1 16.83 80300 218785 138485 1.72 
T2 17.49 85800 227413 141613 1.65 
T3 19.81 90800 257516 166716 1.84 
T4 20.15 90800 261895 171095 1.88 
T5 18.05 88300 234636 146336 1.66 
T6 18.38 88300 238892 150592 1.71 
T7 20.47 90800 266105 175305 1.93 
T8 19.24 86300 250120 163820 1.90 

*Treatment details are in materials and methods 
 

 
 

Fig. 1. Effects of different organic nutrient sources on yield, and quality attributes and residual 
nutrient status of broccoli 

 

3.3 Economics of Broccoli Cultivation 
 
The cost of cultivation of broccoli under enriched 
organic manures is presented in Table 4. The 
highest gross return (Rs. 266105.00), the 
maximum net return (Rs.175305.00) and the 
highest benefit- cost ratio (1.93) was obtained 
from T7. The higher net return value under these 
treatments could be attributed to the higher head 
yield of broccoli. These results are in accordance 
with those of Chaudhary et al. [30], Dass et al. 
[31] Maurya et al. [32], Chaterjee et al. [33] and 
Bhardwaj et al. [34]. Hence, the treatment T7 
(basal application of enriched vermicompost @ 
2.5 t/ha along with enriched poultry manure @ 
2.5 t/ha + top dressing of enriched vermicompost 
@ 0.5 t/ha along with enriched poultry manure @ 
0.5 t/ha each) can be recommended for 
sustainable production of organic sprouting 
broccoli under terai region of West Bengal. 
 

4. CONCLUSION 
 
Based on the present field experiment, it can be 
concluded that basal application of Azophos 
biofertilizer- enriched vermicompost (2.5 t/ha) 

and poultry manure (2.5 t/ha) along with top 
dressing of enriched vermicompost (0.5 t/ha) and 
poultry manure (0.5 t/ha) at 30 and 45 days after 
transplanting exerted maximum head yield along 
with superior head quality of organic broccoli. 
The greatest benefit to cost ratio was also 
obtained from the same treatment. Hence, this 
can be recommended for sustainable production 
of organic sprouting broccoli under terai region of 
West Bengal. 
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