
Integrated Nutrient Management for Sustainable Sprouting Broccoli (Brassica 1 

Oleracea L. Var. italica) Production  2 

ABSTRACT  3 

Aim: The objective of the research was to study the effect of Integrated Nutrient Management on the 4 

vegetative growth of sprouting broccoli (Brassica Oleracea L. Var. italica) Var. Green Magic. 5 

Study design: The field experiment was conducted in Randomised Block Design (RBD). 6 

Place and duration of study: The experiment was conducted at the Research Farm of the 7 

Department of Vegetable Science, Chandra Shekhar Azad University of Agriculture & Technology, 8 

Kanpur U.P during the Rabi seasons of 2021-22 and 2022-23.  9 

Methodology: During bed preparation, the required quantity of farmyard manure (FYM), 10 

vermicompost and biofertilizers was mixed into the soil in individual specified plots according to the 11 

treatment.  The treatments included T0: Control, T1: 100% RDF @ 120: 80: 60, N: P: K (kg/ha), T2: 12 

75% RDF + 25% N through FYM, T3: 75% RDF + 25% N through Vermicompost, T4: 75% RDF + 25% 13 

N through FYM + Biofertilizer, T5: 75% RDF + 25% N through Vermicompost + Biofertilizer, T6: 75% 14 

RDF + 12.5% N through FYM + 12.5% N through Vermicompost, T7: 75% RDF + 12.5% N through 15 

FYM + 12.5% N through Vermicompost + Biofertilizer, T8: 50% RDF + 50% N through FYM, T9: 50% 16 

RDF + 50% N through Vermicompost, T10: 50% RDF + 50% N through FYM + Biofertilizer, T11:  50% 17 

RDF + 50% N through Vermicompost + Biofertilizer, T12: 50% RDF + 25% N through FYM + 25% N 18 

through Vermicompost  and T13: 50% RDF + 25% N through FYM + 25% N through Vermicompost + 19 

Biofertilizer. Observations were recorded on plant height (cm) and plant spread (cm) at 30 DAT, 60 20 

DAT and at maturity and on stalk length (cm) and stalk diameter (cm) at maturity.  21 

Results: The treatment T11: 50% RDF + 50% N through Vermicompost + Biofertilizer outperformed all 22 

the other treatments in terms of plant height (cm), plant spread (cm), stalk length (cm) and stalk 23 

diameter (cm). 24 

Conclusion: The study emphasizes the vital necessity of transitioning to INM with organic and 25 

inorganic fertilizers to preserve soil fertility, ecosystem health, and sustainable food production for 26 

future generations. 27 
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1. INTRODUCTION 31 

Broccoli, scientifically known as Brassica oleracea var. italica, holds a significant place among 32 

cruciferous vegetables. In India, broccoli cultivation is prominent in Himachal Pradesh, the hilly areas 33 

of Uttar Pradesh as well as Jammu and Kashmir and the northern plains. Broccoli is a nutritional 34 

powerhouse, boasting high levels of essential vitamins. It is notably rich in vitamin C, known for its 35 

immuno-boosting properties and antioxidant benefits. Furthermore, broccoli serves as an excellent 36 

source of vitamin A, essential for vision and skin health, vitamin B2 (riboflavin), which supports 37 

various metabolic processes in the body, and calcium, crucial for strong bones and teeth [1]. These 38 

 



key factors attribute to the surge in popularity of broccoli among the affluent health-conscious 39 

individuals of the country.  40 

In today's market, the growing demand for vegetables has pushed farmers to produce higher yields 41 

thus intensifying competition in the agricultural sector. To achieve this, farmers have turned to the 42 

application of heavy doses of chemical fertilizers to boost growth and yield. This overreliance on 43 

chemical fertilizers, in an attempt to increase food and fiber production has paradoxically resulted in 44 

diminishing productivity over time, despite the apparent nutrient abundance. Hence, there arises a 45 

pressing need for farmers to adopt a more balanced approach to plant nutrition management. This 46 

involves integrating organic and inorganic fertilizers in a judicious manner, a practice known as 47 

integrated nutrient management (INM). Integrated nutrient management not only enhances and 48 

maintains soil fertility but also benefits the physical, chemical, and biological properties of the soil [2]. 49 

Moreover, it helps prevent deficiencies in secondary and micronutrients, ensuring a more sustainable 50 

agricultural system. Accordingly, the present study was undertaken to know the effect on Integrated 51 

Nutrient Management on vegetative growth of sprouting broccoli.  52 

2.METHODOLOGY 53 

The experiment was conducted during Rabi seasons of 2021-22 and 2022-23 at the Research Farm 54 

of the Department of Vegetable Science, Chandra Shekhar Azad University of Agriculture & 55 

Technology, Kanpur U.P. Geographically, Kanpur is situated in the alluvial belt of Gangetic Plains of 56 

Central Zone of U.P. It is positioned at 25.26" and 26.58" North latitude and 79.31" and 80.34" East 57 

longitude at an altitude of 127 meter above the mean sea level (MSL). This investigation was aimed at 58 

knowing the effect of Integrated Nutrient Management on the vegetative growth of sprouting broccoli 59 

Var. Green Magic. The experiment was laid out in a Randomized Block Design (RBD) with fourteen 60 

treatments in three replications. The treatments included T0 : Control, T1 : 100% RDF @ 120: 80: 60, 61 

N: P: K (kg/ha), T2 : 75% RDF + 25% N through FYM, T3 : 75% RDF + 25% N through Vermicompost, 62 

T4 : 75% RDF + 25% N through FYM + Biofertilizer, T5 : 75% RDF + 25% N through Vermicompost + 63 

Biofertilizer, T6 : 75% RDF + 12.5% N through FYM + 12.5% N through Vermicompost, T7 : 75% RDF 64 

+ 12.5% N through FYM + 12.5% N through Vermicompost + Biofertilizer, T8 : 50% RDF + 50% N 65 

through FYM, T9 : 50% RDF + 50% N through Vermicompost, T10: 50% RDF + 50% N through FYM + 66 

Biofertilizer, T11 :  50% RDF + 50% N through Vermicompost + Biofertilizer, T12: 50% RDF + 25% N 67 

through FYM + 25% N through Vermicompost  and T13: 50% RDF + 25% N through FYM + 25% N 68 

through Vermicompost + Biofertilizer. Initially, seedlings were raised under a polyhouse in Pro-trays, 69 

and they were ready for transplanting to the main field in approximately 28-30 days. Meanwhile, 70 

during bed preparation, the required quantity of farmyard manure (FYM) and vermicompost was 71 

broadcasted and mixed into the soil in individual specified plots according to the treatment 72 

combinations to ensure proper mineralization before seedling transplanting. Nonetheless, biofertilizers 73 

like PSB and Azotobacter were mixed into the soil a mere 2-3 days prior to transplanting. Nitrogen, 74 

phosphorus, and potash were applied in the form of urea (46% N), di-ammonium phosphate (46% 75 

P2O5), and muriate of potash (60% K2O), respectively. As per treatment combinations, the entire 76 

recommended dose of phosphorus, potassium, and one-third of the nitrogen was applied during 77 



transplanting. The remaining half of the nitrogen was split into two doses, one 30 days after 78 

transplanting and the other just before head initiation. The remaining half dose of nitrogen was split 79 

into two applications, with the first occurring at 30 days after transplanting and the second just before 80 

head initiation. Four weeks old healthy and uniform seedlings having 4-5 leaves with an average 81 

height of about 8-10 cm were transplanted in well prepared experimental plots in straight lines during 82 

evening hours at a spacing of 60 cm × 45 cm. Subsequently, the recommended package of practices 83 

for cultivation was diligently followed. Observations were recorded on five randomly selected plants 84 

per replication for plant height (cm) and plant spread (cm) at 30 DAT, 60 DAT and at maturity and on 85 

stalk length (cm) and stalk diameter (cm) at maturity. The field data recorded for agronomic traits were 86 

statistically analyzed using randomized block design (RBD), as per [3]. 87 

3. RESULTS AND DISCUSSION 88 

The data recorded on vegetative parameters clearly indicated that the plant height (cm), plant spread 89 

(cm), Stalk length (cm) and stalk diameter (cm) were significantly influenced by the integrated nutrient 90 

management practices. 91 

Plant Height (cm)  92 

The data illustrating the impact of integrated nutrient management on plant height (cm) is presented in 93 

Table 1 and Figure 1. At 30 days after transplantation (DAT), the highest plant heights of 27.13 cm 94 

and 28.90 cm were observed in T11: 50% RDF + 50% N through Vermicompost + Biofertilizer. In 95 

contrast, the lowest plant heights of 19.04 cm and 19.92 cm were recorded in T0: Control. 96 

Furthermore at 60 DAT, the tallest plants, measuring 49.49 cm and 50.58 cm, were found in T11: 50% 97 

RDF + 50% N through Vermicompost + Biofertilizer. Conversely, the shortest plants at this stage were 98 

in T0: Control, with heights of 42.10 cm and 44.38 cm. Upon reaching the harvesting stage, the 99 

maximum plant heights were observed in T11: 50% RDF + 50% N through Vermicompost + 100 

Biofertilizer, reaching 51.03 cm and 52.31 cm. Meanwhile, T0: Control exhibited the minimum plant 101 

heights at this stage, measuring 46.63 cm and 47.66 cm. The observed effect can be attributed to the 102 

combined benefits of Vermicompost and biofertilizers. Vermicompost supplies essential 103 

micronutrients like zinc, calcium, copper, and iron at optimal levels, aids in nutrient retention from 104 

inorganic fertilizers, enhances soil properties, and boosts microbial activity, making both micro and 105 

macro nutrients readily available. Biofertilizers, on the other hand, serve as microbial inoculants, 106 

facilitating the decomposition of organic matter. This synergistic combination of 50 % RDF, 107 

Vermicompost and biofertilizers collectively contribute to improved plant growth. This finding is in 108 

confirmity with the results of [4] [5] [6] [7] [8]. 109 

Table 1. The effect of Integrated Nutrient Management of Plant height (cm) of sprouting broccoli 110 
Plant height (cm) 

Treatment Details 
At 30 DAT At 60 DAT At Maturity 

2021-22 2022-23 2021-22 2022-23 2021-22 2022-23 

T0 Control 19.04 19.92 42.10 44.38 46.63 47.66 

T1 100% RDF @ 120: 80: 60, N: P: K (kg/ha) 23.01 23.72 45.70 46.59 48.85 49.10 



T2 75% RDF + 25% N through FYM 23.43 24.01 45.18 45.60 46.01 46.62 

T3 
75% RDF + 25% N through 

Vermicompost 
24.14 25.01 44.97 45.73 48.05 49.57 

T4 
75% RDF + 25% N through FYM + 

Biofertilizer 
23.78 24.54 47.11 47.98 48.99 49.30 

T5 
75% RDF + 25% N through 

Vermicompost + Biofertilizer 
25.21 25.54 48.06 48.74 48.86 49.52 

T6 
75% RDF + 12.5% N through FYM + 

12.5% N through Vermicompost 
22.83 23.71 46.69 47.62 48.21 48.83 

T7 

75% RDF + 12.5% N through FYM + 

12.5% N through Vermicompost + 

Biofertilizer 

21.74 22.75 46.74 47.73 48.67 48.56 

T8 50% RDF + 50% N through FYM 22.75 25.25 47.09 48.44 50.20 51.14 

T9 
50% RDF + 50% N through 

Vermicompost 
23.15 25.85 46.39 47.78 49.79 49.68 

T10 
50% RDF + 50% N through FYM + 

Biofertilizer 
24.25 26.11 48.23 48.85 48.68 49.61 

T11 
50% RDF + 50% N through 

Vermicompost + Biofertilizer 
27.13 28.90 49.49 50.58 51.03 52.31 

T12 
50% RDF + 25% N through FYM + 25% 

N through Vermicompost 
24.11 25.34 44.83 45.53 48.11 48.60 

T13 
50% RDF + 25% N through FYM + 25% 

N through Vermicompost + Biofertilizer 
25.79 27.28 49.13 49.30 50.13 50.78 

           SE(m) ± 0.569 4.863 1.093 0.851 0.655 0.602 

           CD (P=0.05) 1.66 0.69 3.18 2.47 1.90 1.75 
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Figure 1. The effect of Integrated Nutrient Management of Plant height (cm) of sprouting broccoli 112 

 113 

Plant spread (cm)  114 

The data in Table 2 and Figure 2 showcases the effects of integrated nutrient management on plant 115 

spread. At 30 DAT, the most extensive plant spread, measuring 37.13 cm and 37.53 cm, was 116 

observed in T11: 50% RDF + 50% N through Vermicompost + Biofertilizer. In contrast, the minimum 117 
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plant spread, 25.87 cm and 26.32 cm, was recorded in T0: Control. Subsequently at 60 DAT, the 118 

maximum plant spreads of 58.67 cm and 59.91 cm were found again in T11: 50% RDF + 50% N 119 

through Vermicompost + Biofertilizer. Conversely, the smallest plant spread at this stage was in T0: 120 

Control, with measurements of 48.23 cm and 49.03 cm. Upon reaching the harvesting stage, the 121 

maximum plant spread was observed in T11: 50% RDF + 50% N through Vermicompost + Biofertilizer, 122 

reaching 68.80 cm and 70.05 cm. Meanwhile, T0: Control exhibited the minimum plant spread at this 123 

stage, measuring 53.19 cm and 55.22 cm. The plant spread and various growth parameters were 124 

notably amplified when biofertilizer and vermicompost were applied in combination, as demonstrated 125 

in studies by [9] [10] [11] [12] [13] [14]. Nitrogen is recognized as a pivotal nutrient for optimal plant 126 

growth and development. The improved plant spread achieved by applying nitrogen through 127 

vermicompost and biofertilizer can be attributed to the favourable soil conditions they foster, including 128 

enhanced moisture retention capabilities and increased availability of major nutrients.  129 

Table 2. The effect of Integrated Nutrient Management of Plant spread (cm) of sprouting broccoli 130 

Plant spread (cm) 

Treatment Details 
At 30 DAT At 60 DAT At Maturity 

2021-22 2022-23 2021-22 2022-23 2021-22 2022-23 

T0 Control 25.87 26.32 48.23 49.03 53.19 55.22 

T1 100% RDF @ 120: 80: 60, N: P: K (kg/ha) 31.20 30.82 50.53 51.79 59.46 60.07 

T2 75% RDF + 25% N through FYM 32.31 33.66 54.52 55.48 55.19 56.94 

T3 
75% RDF + 25% N through 
Vermicompost 

28.89 29.99 48.37 49.34 58.46 59.11 

T4 
75% RDF + 25% N through FYM + 
Biofertilizer 

34.34 34.14 49.65 51.52 67.23 67.30 

T5 
75% RDF + 25% N through 
Vermicompost + Biofertilizer 

34.26 34.96 54.47 56.85 67.36 67.69 

T6 
75% RDF + 12.5% N through FYM + 
12.5% N through Vermicompost 

35.81 36.78 56.25 53.34 67.53 67.93 

T7 
75% RDF + 12.5% N through FYM + 
12.5% N through Vermicompost + 
Biofertilizer 

34.81 35.61 54.84 55.46 65.00 66.10 

T8 50% RDF + 50% N through FYM 34.70 34.26 56.08 56.51 67.34 67.85 

T9 
50% RDF + 50% N through 
Vermicompost 

33.92 33.42 54.50 56.60 66.53 67.20 

T10 
50% RDF + 50% N through FYM + 
Biofertilizer 

34.02 34.20 54.73 55.39 67.17 68.00 

T11 
50% RDF + 50% N through 
Vermicompost + Biofertilizer 

37.13 37.53 58.67 59.91 68.80 70.05 

T12 
50% RDF + 25% N through FYM + 25% N 
through Vermicompost 

30.14 31.36 57.42 57.80 59.73 60.46 

T13 
50% RDF + 25% N through FYM + 25% N 
through Vermicompost + Biofertilizer 

35.37 35.54 55.00 55.93 66.30 67.78 

           SE(m) ± 1.247 1.222 1.461 1.198 0.434 0.576 

           CD (P=0.05) 3.62 3.55 4.27 3.50 1.26 1.68 

 131 
 132 
 Figure 2. The effect of Integrated Nutrient Management of Plant spread (cm) of sprouting broccoli 133 



 134 

Stalk length (cm) 135 

The data depicting the influence of integrated nutrient management on stalk length (cm) have been 136 

displayed in Table 3 and Figure 3. At the final harvest the maximum stalk length (cm) of 20.81 cm and 137 

22.10 cm was recorded with the application of T11 : 50% RDF + 50% N through Vermicompost + 138 

Biofertilizer. Whereas the minimum stalk length of 13.52 cm and 14.57 cm was recorded in T0: 139 

Control. Similar results were reported by [15]. Accordingly, the best treatment increased broccoli stalk 140 

length by optimizing nutrient availability, improving moisture retention, enhancing soil conditions and 141 

promoting the activity of beneficial microbes in the soil. This treatment provides essential nutrients like 142 

nitrogen and micronutrients, supporting plant growth and cell elongation for longer stalks. 143 

Table 3. The effect of Integrated Nutrient Management of stalk length (cm) of sprouting broccoli 144 

Stalk length (cm) 

Treatment Details 
At 30 DAT 

2021-22 2022-23 

T0 Control 13.52 14.57 

T1 100% RDF @ 120: 80: 60, N: P: K (kg/ha) 15.35 16.02 

T2 75% RDF + 25% N through FYM 16.12 16.42 

T3 75% RDF + 25% N through Vermicompost 17.25 18.22 

T4 75% RDF + 25% N through FYM + Biofertilizer 19.12 20.15 

T5 75% RDF + 25% N through Vermicompost + Biofertilizer 17.84 18.35 

T6 
75% RDF + 12.5% N through FYM + 12.5% N through 
Vermicompost 

18.16 19.57 

T7 
75% RDF + 12.5% N through FYM + 12.5% N through 
Vermicompost + Biofertilizer 

19.02 20.42 

T8 50% RDF + 50% N through FYM 19.06 20.58 

T9 50% RDF + 50% N through Vermicompost 20.19 20.41 

T10 50% RDF + 50% N through FYM + Biofertilizer 19.28 20.41 
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T11 50% RDF + 50% N through Vermicompost + Biofertilizer 20.81 22.10 

T12 
50% RDF + 25% N through FYM + 25% N through 
Vermicompost 

17.31 18.39 

T13 
50% RDF + 25% N through FYM + 25% N through 
Vermicompost + Biofertilizer 

19.33 20.26 

             SE(m) ± 0.568 0.712 

             CD (P=0.05) 1.65 2.07 

 145 
Figure 3. The effect of Integrated Nutrient Management of stalk length (cm) of sprouting broccoli 146 

 147 

 148 

Stalk diameter (cm) 149 

The data illustrating the impact of integrated nutrient management on stalk diameter (cm) is presented 150 

in Table 4 and Figure 4. During the harvesting stage, the plots treated with T11 : 50% RDF + 50% N 151 

through Vermicompost + Biofertilizer exhibited  the maximum stalk diameter of 4.03 cm and 4.62 cm. 152 

In contrast, T0: Control reported minimum stalk diameter of 2.17 cm and 2.83 cm. results parallel to 153 

the present study were reported by [16]. Accordingly, the most effective treatment combination 154 

according to the present study, delivers ample essential nutrients, including nitrogen and 155 

micronutrients, in a well-balanced manner. This nutrient equilibrium fosters cell expansion and growth, 156 

consequently leading to thicker stalks. 157 

Table 4. The effect of Integrated Nutrient Management of stalk diameter (cm) of sprouting broccoli 158 

Stalk diameter (cm) 

Treatment Details 
At 30 DAT 

2021-22 2022-23 

T0 Control 2.17 2.83 

T1 100% RDF @ 120: 80: 60, N: P: K (kg/ha) 2.75 3.73 
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T2 75% RDF + 25% N through FYM 2.63 3.79 

T3 75% RDF + 25% N through Vermicompost 2.75 3.75 

T4 75% RDF + 25% N through FYM + Biofertilizer 2.84 3.87 

T5 75% RDF + 25% N through Vermicompost + Biofertilizer 2.61 3.58 

T6 
75% RDF + 12.5% N through FYM + 12.5% N through 
Vermicompost 

2.73 4.08 

T7 
75% RDF + 12.5% N through FYM + 12.5% N through 
Vermicompost + Biofertilizer 

2.89 3.59 

T8 50% RDF + 50% N through FYM 3.15 3.87 

T9 50% RDF + 50% N through Vermicompost 2.85 3.70 

T10 50% RDF + 50% N through FYM + Biofertilizer 2.94 3.75 

T11 50% RDF + 50% N through Vermicompost + Biofertilizer 4.03 4.62 

T12 
50% RDF + 25% N through FYM + 25% N through 
Vermicompost 

2.67 3.52 

T13 
50% RDF + 25% N through FYM + 25% N through 
Vermicompost + Biofertilizer 

3.01 4.15 

             SE(m) ± 0.176 0.158 

             CD (P=0.05) 0.51 0.46 

 159 

Figure 4. The effect of Integrated Nutrient Management of stalk diameter (cm) of sprouting 160 
broccoli161 

 162 

 163 

4. CONCLUSION  164 

In this study, it is evident that  treatment T11: 50% RDF + 50% N through Vermicompost + Biofertilizer 165 

outperformed all the other treatments in terms of plant height (cm), plant spread (cm), stalk length 166 

(cm) and stalk diameter (cm). Fundamentally, this study highlights the need to shift from chemical 167 

fertilizers to INM with organic and inorganic fertilizers from the imperative to protect soil fertility, 168 
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maintain ecosystem health, and ensure sustainable food production for the future. This transition isn't 169 

just a matter of choice, it's an essential mandate to safeguard the health of ecosystems and secure 170 

the welfare of generations to come.  171 

ACKNOWLEDGEMENTS 172 

The authors extend their heartfelt gratitude to the department where this study was conducted for 173 

their invaluable support and resources. Your assistance was instrumental in the successful 174 

completion of this research. 175 

COMPETING INTRESTS  176 

The authors declare that they have no competing interests. 177 

AUTHOR CONTRIBUTIONS  178 

Pranjal Singh: Data collection, wrote the first draft of the manuscript.  179 

Sanjive Kumar Singh: Designed the research program. 180 

Ram Batuk Singh: Provided the facilities required during the course of the research. 181 

Ashutosh Upadhyay: Analysis of the study.  182 

Bankey Lal: Managed the literature searches.  183 

All the authors read and approved the final manuscript.  184 

REFERENCES  185 

1. Sanwal SK, Laxminarayana K, Yadav DS, Rai N and Yadav RK. Growth, yield, and dietary 186 

antioxidants of broccoli as affected by fertilizer type. Journal of vegetable 187 

Science. 2006;12(2):13-26.  188 

2. Aulakh MS and Grant CA. Integrated nutrient management for sustainable crop production. 189 

2008. (No Title).  190 

3. Panse VG and Sukhatme PV. Statistical methods for agricultural workers (4
th
 edition). Indian 191 

Council of Agricultural Research, New Delhi, India. 1985.  192 

4. Kumar P, Kumar S, Meena RK, Kumar R and Rawat R. Efficacy of bio-fertilizers on growth, 193 

yield and quality of sprouting broccoli (Brassica oleracea var. italic plank), cv. Pusa Broccoli 194 

KTS-1. Plant Archives. 2017;17(2):1647-1650. 195 

5. Mohanta R, Nandi AK, Mishra SP, Pattnaik A, Hossain MM and Padhiary AK. Effects of 196 

integrated nutrient management on growth, yield, quality and economics of sprouting broccoli 197 

(Brassica oleracea L. var. italica) cv. Shayali. Journal of Pharmacognosy and Phytochemistry. 198 

2018;7(1): 2229- 2232. 199 



6. Singh S, Chamroy T, Malik S and Kundu S. Integrated nutrient management (INM) studies on 200 

growth and yield of broccoli (Brassica oleracea var. italica Plenck). Plant Archives. 2020;20(2): 201 

9651-9654. 202 

7. Walling I, Kanaujia SP and Changini M. Response of broccoli (Brassica oleracea var, italica) to 203 

integrated nutrient management. Annals of Plant and Soil Research. 2022;24(1):106-109. 204 

8. Sagar K, Kumar D, Singh N and Pathania A. Response of Integrated Nutrient Management on 205 

Growth and Yield of Cauliflower (Brassica oleracea var. botrytis). Environment and Ecology. 206 

2023;41(2), 772-780. 207 

9. Manivanan MI and Singh JP. Effect of biofertilizer on the growth and yield of sprouting broccoli. 208 

Indian journal of applied science research. 2004;15(2): 33-36. 209 

10. Dass A, Lenka NK, Patnaik US and Sudhishri S. Integrated nutrient management for 210 

production, economics, and soil improvement in winter vegetables. Journal of Vegetable 211 

Science. 2009;14(2): 104-120.   212 

11. Singh V, Khan NS and Rana DK. Combined effect of organic manures and bio-fertilizers on 213 

growth and yield of broccoli under Garhwal Himalayan Region. Hort Flora Research Spectrum. 214 

2017;5(4).  215 

12. Gogoi P, Barua M, Barua PK, Gogoi S and Borah N. Nutrient management for quality seed 216 

production of broccoli in Assam. Indian Journal of Horticulture. 2021;78(4):409-416.  217 

13. Tiwari P, Mishra SK, Roy S and Kumar N. Study on integrated nutrient management in broccoli 218 

(Brassica oleracea L. var. italica Plenck) for better growth and curd quality. The Pharma 219 

Innovation Journal. 2021;10(3): 161-163.  220 

14. Chaudhary RP, Kumar J, Thapa P, Singh A, Giri B, Kishore B. Effect of integrated nutrient 221 

management on growth and yield parameter of cauliflower (Brassica oleracea var. Botrytis) 222 

variety Madhuri.2023  223 

15. Sharma C, Kang BS, Kaur R, Singh SK and Aulakh K. Effect of integrated nutrient management 224 

on growth, yield and quality of broccoli (Brassica oleracea L. var. italica). International Journal 225 

of Chemical Studies. 2018;6(2): 1296-1300.  226 

16. Atal MK, Dwivedi DH, Narolia SL, Bharty N and Kumari R.  Influence of bio-fertilizer (Rhizobium 227 

radiobacter) in association with organic manures on growth and yield of broccoli (Brassica 228 

oleracea L. var. italica Plenck) cv. Palam Samridhi under Lucknow conditions. Journal of 229 

Pharmacognosy and Phytochemistry. 2019;1: 604-608. 230 

 231 

 232 

 233 

 234 

 235 

http://paper.researchbib.com/view/issn/2250-2823/5/4
http://paper.researchbib.com/view/issn/2250-2823/5/4
http://paper.researchbib.com/view/issn/2250-2823/5/4
http://paper.researchbib.com/view/issn/2250-2823/5/4


 236 

 237 

 238 

 239 


