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ABSTRACT 

An experiment was conducted at Horticultural farm of IAAS, Lamjung Campus during 

2015/2016 to evaluate the effect of different combination of nitrogenous fertilizers levels and 

Azotobacter inoculation in broccoli. Centauro variety of broccoli was used for the experiment which 

was spaced in 60×45 cm. There were four rows each consisting of five plants, making altogether of 

twenty plants per plot. Field was laid out into randomized complete design with six treatments viz,(No 

fertilizer, FYM + seedling inoculated, FYM +100kg N/ha +60 kg P/ha +50 kg K/ha, FYM + seedling 

inoculated +100kg N/ha +60 kg P/ha +50 kg K/ha, FYM + seedling inoculated +50kg N/ha +60 kg 

P/ha +50 kg K/ha, FYM + seedling inoculated +25kg N/ha +60 kg P/ha +50 kg K/ha) which were 

replicated thrice. Data regarding total leaf area, average plant height, average leaf spreading, date of 

first heading, full heading, first harvest date, full harvest date, average height of head,  average stem 

length, average head diameter, average stem diameter at harvest, average weight and  yield per ha 

were taken for the observation. Effect of treatments on different parameters like total leaf area, average 
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leaf spreading , plant height, average head diameter, average stem diameter and yield of broccoli was 

found significantly different. But the average weight, average height of head as well as average stems 

length at harvest was not affected by the treatment. Inoculated seedling with 100 kg N/ha produced 

highest yield of 20.772 ton/ha followed by 16.457 ton/ha in 50 kg N/ha with seedling inoculated. 

Subsequent reduction in yield was observed gradually in moving towards 100 kg N/ha without 

inoculation, 25 kg N with inoculation, no NPK with inoculation and control treatment (7.34 ton/ha). 

Similarly significantly higher plant height (23.33 cm), total leaf area (21160 cm2), stem diameter 

(4.183cm) and leaf spreading (75.49 cm) was found in the treatment with 100kg N and inoculated 

seeding while  lowest at control. According to the performance of crop it was deducted that broccoli 

cultivation could be a productive enterprise with the application of a combination of Azotobacter 

inoculation and full doses of nitrogen (100 kg/ha). 
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1.  INTRODUCTION 

 

Broccoli (Brassica oleracia var. italica) member of the Brassicaceae family, is a 

compact, rapidly developing floral vegetable that is usually harvested when the flowering 

heads are immature [1]. It is growing as popular due to increment in preferability among 

consumers. Broccoli is cultivated in 25 ha with production of 273 metric ton with productivity 

11ton ha-1 in Lamjung district [2] which is less in terms of both National and world 

productivity which are 11.9 and 17.65 ton ha-1 respectively. It is a heavy nutrient feeder so 

application of fertilizer have major role in this crop but chemical fertilizer is expensive and 

also leads to health and ecological hazard. It is also reducing the beneficial micro-organisms 

present in the soil and resulting in poor yield. Urea is major source of nitrogen , it is 

frequently lost through volatisation, denitrification and leaching reducing its efficiency to 

only 30-40% [3]. Hence there is a need to think of alternate sources of safe fertilized which 

may enhance crop yields without having adverse effects on soil properties, the use of 

biofertilizers seen to be a hope in this direction.  

Azotobacter can be an important alternative of chemical fertilizer because it provides 

nitrogen in the form of ammonia, nitrate and amino acids without situation of over dosage, 

which might be one of the possible alternatives of inorganic nitrogen source (eg. Urea). It also 

helps to sustain the plant growth and yield even in case of low phosphate content soil, as well 

as helps in uptake of macro and certain micro nutrients which facilitates better utilization of 

plant root exudates itself. Application of Azotobacter chroococcum has the capability for 

contributing nitrogen to a number of non-legumes by tapping the atmospheric nitrogen [4] 

and can meet up to 15-20 kg N ha-1 requirement of crops [5]. Besides enriching the nitrogen, 

it also produces some growth promoting substances and vitamins that promotes plant growth 

and yield [6]. In various vegetables like cabbage, tomato and potato Azotobacter inoculation 

was found to be beneficial in terms of growth, yield and quality attributes [7-9].  

In Broccoli highest result were obtained for growth and yield attributes with 

combination of azotobacter inoculation and 150 kg N ha-1 [10]. However more such studies 

have not carried out in broccoli and from idea of few research on the topic this experiment is 

carried out to increase the broccoli yield with optimum combinatin of Urea and Azotobacter. 
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2.  MATERIALS AND METHOD 

 

The investigation was carried out at Institute of Agriculture and animal science, 

Sundarbazaar Lamjung, Nepal which is located at 28’12’’N, 84’42’’E and altitude of 793 

masl during 2015/016 using broccoli cv Centauro (hybrid). The soil of experimental field was 

sandy loam with ph around 6.5. The nitrogen content and organic matter content of soil was 

about 0.1-0.2 and 1.25-2.5 % respectively. The experiment was conducted in Randomized 

complete block design with 3 levels of N with constant PK i.e. 100:60:50, 50:60:50 and 

25:60:50 kgha-1. Then these N treatments were combined with biofertilizer (Azotobacter) 

treatments making altogether 6 treatments. Well rotted FYM 5 ton ha-1 was also applied 

priory in the field. 

The treatments were as follows: 

T1        Control 

T2        FYM + Seedling inoculation (Azotobacter) 

T3        FYM + 100% NPK (100 kg N + 60 kg P + 50 kg K/ha) 

T4        FYM + 100% NPK (100kg N + 60kg P + 50 kg K/ha) + Seedling inoculation 

T5        FYM + 50% NPK (50kg N + 60kg P + 50 kg K/ha) + Seedling inoculation 

T6        FYM + 25% NPK (25kg N + 60kg P + 50 kg K/ha) + Seedling inoculation 

 

Full doses of P, K and half of N were applied as basal dressing while remaining half of 

N were applied as two split doses and applied after weeding at 30 and 60 DAT. The carrier 

based Azotobacter was used as seedling treatment (2 kg ha-1) wherever required. Hybrid 

Centauro variety was raised in well prepared nursery bed by sowing in 07/09/2015. 25 days 

old seedling were then taken for transplanting in well prepared bed at the spacing of 60×45 

cm consisting of altogether 20 plants in 5.4 m2 plot. Seedlings were inoculated by dipping the 

roots for 15 min in 10% jaggery solution containing Azotobacter prior to transplanting. Inner 

6 plants were taken and 3 plants were chosen randomly for observation.  Data were recorded 

on different vegetative growth parameters (plant height, plant spread, number of leaves, total 

leaf area), yield attributing (Steam diameter, Head diameter and yield) and mean of the values 

were subjected to statistical analysis for critical interpretation of the results [16-26]. 
 

 

3.  RESULTS AND DISCUSSION 
 

The results of the present experiment showed that seedling root dipping with 

Azotobacter significantly influenced the growth and yield parameters of broccoli. The table 1 

revealed that plant height increased with increased in Nitrogen doses in azotobacter 

inoculated seedling. Maximum plant height (23.33 cm), Total leaf area (2160.88 cm2) and 

Average leaf spreading (75.49 cm) were obtained in the 4th treatment of 100% N along with 

Azotobacter inoculation followed by the treatment of 100% N only without inoculation and 

lowest at control. Similar research by Zaki et al. [11] on broccoli also reported that inoculated 

plants with bio-fertilizer showed higher vegetative growth parameters (plant height, leaves 

number, branches number as well as fresh and dry weight of leaves and stems) than the 

untreated plants. Kumaraswami and Madalgeri [12] also noted the vigorous spreading of plant 

in tomato and Bhardwaaj et. al. [10] had also revealed similar results for leaf spreading in 

Broccoli for Azotobacter inoculation anf full doses of Nitrogen. 
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Use of bio-inoculants might have favoured the growth of soil micro flora and improved 

the efficacy of the applied manures and fertilizers [13]. The ability of Azotobacter not only to 

fix nitrogen but also to release certain phytochromes i.e. GA3, IAA and Cytokinins might 

have stimulate plant growth and increase the availability of nutrients for plant roots by the 

increase in their dissolution [14]. 

Similarly highest yield (20.722 ton ha-1) and yield attributing characters like head 

diameter of 18.55 cm and stem diameter of 4.183 cm were obtained in 4th treatment with 100 

kg N ha-1 and Azotobacter inoculation followed by 5th treatment of 50% N ha-1 and 

Azotobacter inoculation followede by 3rd treatment and lowest at control ( Table 1). From the 

similar research by M.M. Abou et. al. [15] similar result of large head and stem diameter was 

obtained with azotobacter along with 120 kg N ha-1 than their singular application and lowest 

in control. Similar result was found by [10] where maximum yield was recorded at full dose 

of Nitrogen i.e. 150 kg ha-1 and lowest at control.  

 

Table 1. Effect of Nitrogen and pre-planting treatment of seedling with Azotobacter during 

harvest in head height, plant height, head diameter, stem diameter, average weight and 

yield/ha of Broccoli (Brassica oleracia var. italica) in Lamjung, Nepal during 2015/16 

 

Fertilizer 
Total leaf area 

(cm2) 

Avg. plant 

height 

(cm) 

Avg. leaf 

spreading 

(cm) 

Avg head 

diameter 

Avg stem 

diameter 
Yield/ha 

No fertilizer 8869.7b 16.056b 51.273b 11.746b 2.7167b 7.434c 

Fym + seedling 

inoculated 
11407b 18.89ab 67.5ab 14.860ab 3.4667ab 11.159bc 

Fym + Full dose  

N + PK 
16754ab 22.61a 71.33a 16.316ab 3.8233ab 16.457ab 

FYM + inoculated 

+ Full dose  

N + PK 

21160a 23.333a 75.49a 18.553a 4.183a 20.722a 

FYM + inoculated 

+ half N + PK 
15362ab 20.553ab 66.22ab 18.163a 4.000a 16.624ab 

FYM + inoculated 

+1/4th N + PK 
11062b 19.553ab 63.723ab 15.553ab 3.270ab 12.990abc 

 

  

The increase in yield attributes due to inoculation with Azotobacter might be due to 

better root proliferation, uptake of nutrient and water, higher leaf number and their area 

responsible for effective photosynthesis and enhanced food accumulation [12]. 

From the performance of crop it was deducted that Seedling root dipping with 

Azotobacter proved its superiority in enhancing the growth and yield attributing character of 
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Broccoli. So, broccoli cultivation could be a productive enterprise with the application of a 

combination of Azotobacter inoculation and full doses of nitrogen (100 kg ha-1). It will also 

be wise to use Azotobacter as supplement along with other chemical fertilizer, which will be 

economically viable and will sustain the fertility and productivity of soil  of Nepal in long 

run. 

 

 
 

Figure 1. Effect of Nitrogen and pre-planting treatment of seedling with Azotobacter on 

Yield (ton/ha) of Broccoli (Brassica oleracia var. italica) in Lamjung, Nepal during 2015/16. 

 

 

4.  CONCLUSIONS 

 

Different combination of Nitrogen doses applied directly and Azotobacter inoculated in 

the seedlings showed significant results for all most all growth and yield-attributing 

characters. Results of this study shows that using the bio-nitrogen fertilizer (Azotobacter) as a 

partial alternative to mineral-nitrogen fertilizer(urea) enabled broccoli plants to produce more 

leaf of more area and spreading, more height, larger and heavier head and finally resulting 

into more yield. From the performance of crop it was deducted that broccoli cultivation could 

be a productive enterprise with the application of a combination of Azotobacter inoculation 

and full doses of nitrogen (100 kg/ha). Application of azotobacter reduced the amount of 

synthetic chemical-N fertilizer (Urea) needed for crop production, and can ameliorate or 

reduce the negative effects of chemical-N fertilizer on the environment. Half Nitrogen with 

Azotobacter inoculation produced almost similar yield as compared to full dose of Nitrogen. 
So it will be wise to use azotobacter as supplement along with other chemical fertilizer, which 

will be environmentally friendly and economically viable. 
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