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Abstract 
Sprouting broccoli (Brassica oleracea var. italica) belongs to the family Brassicaceae. An experiment 

was conducted at Indian Institute of Vegetable Research- 221305 U.P. (India) during winter season 2011-

2012, on “Studies on the effect of different levels of boron on vegetative growth, yield and yield 

components of broccoli (Brassica oleracea L. var. italica)”. The experiment was laid out in randomized 

block design with three replications and ten treatments with different boron level which is T1 (50 ppm), 

T2 (100 ppm), T3 (150 ppm), T4 (200 ppm), T5 (250 ppm), T6 (300 ppm), T7 (350 ppm), T8 (400 ppm), 

T9 (450 ppm) and T10 (Control). The observation revealed that the application of different boron level 

and the best result was observed during investigation plant height (70.20 cm), stem length (24.01 cm) 

stem thickness (44.13 mm) fresh weight (272.66 g)in T4 (200 ppm) and minimum was observed in T10 

(control). In the case of leaves characters the maximum number of leaves per plant was counted 16.3, 

fresh weight of leave per plant 773.33 g, dry weight of leave per plant 58.003 g and canopy per plant was 

observed 86.67 cm in T4 (200 ppm) while the minimum result was observed in T10 (control). 

 

Keywords: Vegetative growth, yield and yield components, Brassica oleracea L. var. italica 

 

Introduction 

Sprouting broccoli (Brassica oleracea var. italica) has originated in the Mediterranean region 

and commonly known as Harigobhi in Hindi and a member of cole group, belongs to the 

family Brassicaceae. While the broccoli derived its name from the Latin word Brachium 

meaning an arm or branch. It is used as curries, soups, and pickles, eaten as a salad and cooked 

as a single or mixed vegetable with potato (Thamburaj and Singh, 2001) [19]. Sprouting 

broccoli is high value exotic vegetable with a kind of terminal head consisting of green buds 

and thick fleshy flower stalks morphologically resembles the cauliflower except secondary 

heads, which develop in the axil of leaves and may contribute up to 50 percent of the total 

yield. It is one of the most nutritious cole crop and contains vitamin A (130 times and 22 times 

higher than cauliflower and cabbage, respectively), thiamin, riboflavin, niacin, vitamin C and 

minerals like Ca, P, K and Fe (Hazra and Som, 1999) [4]. It contains carbohydrates (5.5%), 

protein (3.3%), vitamin-A (3500 IU), vitamin-C (137 mg), vitamin-B-1 (0.05 mg), vitamin-B2 

(0.12 mg), calcium (0.80 mg) and phosphorus (0.79 mg). Broccoli has 4.0, 2.5 and 2.0 times 

more riboflavin, calcium and ascorbic acid contents, respectively as compared to cauliflower 

(Thamburaj and Singh, 2001) [19]. It is also a rich source of sulforaphane, a compound 

associated with reducing the risk of cancer (Thamburaj and Singh, 2001) [19]. 

Broccoli (Brassica oleracea L. var. italica) the word broccoli derives from Latin word 

‘Brachium’ meaning arm of branch being a native of Italy. It was introduced by Italian 

immigrants ground 1925 in United of America (Nieuwhout, 1995) [21]. Broccoli is a high value 

heath promoting vegetable of Brassicaceae family. It contains high level of vitamins, proteins, 

and minerals beneficial to human health (Lisiewska and Kmiecik, 1997) [22]. The cultivation of 

sprouting broccoli has becoming increasing popular among Indian growers for the last couple 

of years, primarily due to its high nutritive values and export potentials.  

The broccoli plant forms a kind of head consisting of green buds and thick fleshy stalk. The 

terminal head is rather loose and green colours and the stalks a larger than those of broccoli. 

The inter-node is long and the plant produces axillary flowering shoots in addition the terminal 

inflorescence. The colour of the flower buds forming the edible portion varies from white to 

green depending on cultivars. 
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The inflorescence is made of fully differentiated flower buds 

although, it is considered to be good quality vegetable. The 

sprouts of leaf axil develop strongly after removal of terminal 

head and the sprouts with bud clusters are consumed as 

human food.  

Micronutrients are essential in plant nutrition, but are needed 

in relatively small amounts. In the past, these elements were 

called minor elements or trace elements. The term 

micronutrient is preferred because these elements are needed 

in small or micro amounts. 

Boron is essential for plant growth and development. Its 

application to the soil increased head yield of broccoli (Yang 

Xian et al., 2000) [8]. The importance of boron as a plant 

nutrient was first demonstrated by Warington (1923) [17] with 

characteristic deficiency symptoms of die prematurely broad 

beans and later on by Brandenburg (1931) [1] found heart and 

dry rot in sugar beet and mangles, respectively. On the other 

hand, boron is also regarded as poisonous elements (Buchel 

and Bergmann, 1964) [23], because of its high potency, even 

small quantities gave damage to plants e.g. germination 

inhibition, root growth inhibition, shoot chlorosis and necrosis 

(Bergmann, 1984) [24]. 

Boron deficiency has been reported to be most pronounced on 

leguminous crop such as lucerne, red clover and alfalfa and 

cruciferous crops such as cabbage, cauliflower, broccoli, 

rutabagas, turnip and radish (Murphy and Walsh, 1972) [25], 

because of their relatively large boron demand. It is well 

documented in the literature that monocotyledons require less 

boron than dicotyledons, because the roots of monocotyledons 

had a lower capacity to adsorb boron than roots of 

dicotyledons (Tanaka, 1967) [26]. 

 

Materials and Methods 

Experiment entitled “Studies on the effect of deferent levels 

of boron on vegetative of broccoli (Brassica oleracea L. var. 

italica), was planned to standardize the optimum level of 

boron for growth and yield of broccoli and executed at the 

Research Farm of the Indian Institute of Vegetable Research, 

Varanasi, U.P. during 2011-2012. The recommended fertilizer 

N @ 120 kg/ha, P @ 80 kg/ha and K @ 80 kg/ha was applied. 

The full dose of phosphorus and potassium and 1/3 dose of 

nitrogen was applied at the time planting in form of basal 

application and rest of the nitrogen was applied in two split 

application at 30 and 45 days after transplanting. 

 

Results and Discussion 

Effect of boron application on plant height  

The data depicted in table showed that the plant height of 

broccoli significantly varied under the different levels of boric 

acid application. The maximum plant height (70.20 cm) was 

observed with 200 ppm. The minimum plant high (52.50 cm) 

was found under 450 ppm and control, respectively. It was 

noted that enhancement in concentration of boric acid above 

200 ppm did not prove beneficial and the height of plant was 

reduced as the levels of boric acid application were increased.  

 

Effect of boron application on stem length (cm) of broccoli  

Stem length of broccoli plant influenced with the treatment of 

different levels of boric acid was measured and the mean 

values were subjected to statistical analysis. Results obtained 

after the analysis has been given in table and graphically 

presented in the fig (1). It is evident from the table that 

application of boron in from of boric acid significantly 

influenced the stem length of broccoli. However, the 

maximum stem length (24.10 cm) was recorded with the 

application of boric acid @ 200 ppm followed by 150 ppm of 

boric acid (24.00 cm). The minimum stem length (19.86 cm) 

was recorded under the control i.e. (19.86 cm). It is apparent 

from the table that increasing the concentration of boric acid 

above 200 ppm did not prove effective and the increased 

levels expressed reduced value of the parameters. Thus, 

among all the levels of boric acid, minimum value of stem 

length (19.86 cm) was measured at highest level of boric acid 

i.e. 450 ppm. 

 

Effect of boron application of stem thickness 

Application of boron in from of boric acid significantly 

influenced the stem thickness of broccoli. However, the 

maximum thickness of stem (44.13 mm) was recorded with 

the application of boric acid @ 200 ppm followed by 150 ppm 

of (43.53 mm) of boric acid. The minimum stem thickness 

(36.20 mm) was measured with control i.e. 36.20 mm. It is 

apparent from the table that increasing the concentration of 

boric acid above 200 ppm did not given any positive effect 

towards thickening of stem girth and it was noted that as the 

concentration was increased, stem thickness reduced. 

 

Effect of boron application on fresh weight of stem  

Observations regarding fine fresh weight of broccoli plant has 

been given in the table and graphically presented in the fig. 

(2). It is evident from the table that difference between fresh 

weights of stem was highly significant with the application of 

boric acid. However, the maximum fresh weight of stem 

(272.66 g) was noted with 200 ppm while minimum fresh 

weight of stem (210 g) was recorded under control. It was 

noted that treatment T.8 and T.9 were at par to control.  

 
Table 1: Effect of boron application on vegetative growth of broccoli plant 

 

Treatment level of boric acid Plant height (cm) Stem length (cm) Stem thickness (mm) Fresh weight (g) 

T1-50 (ppm) 65.533 22.4 40.987 252 

T2-100 (ppm) 66.133 23.167 42.385 261.333 

T3-150 (ppm) 67.800 24.00 43.533 264.667 

T4-200 (ppm) 70.200 24.1 44.133 272.667 

T5-250 (ppm) 63.600 21.333 41.733 246.667 

T6-300 (ppm) 60.933 21.267 40.633 243.333 

T7-350 (ppm) 58.867 21.867 39.283 240 

T8-400 (ppm) 56.100 21.493 38.467 221.667 

T9-450 (ppm) 54.733 21.293 37.433 221.667 

T10-control 52.500 19.867 36.200 210 

CD @ of 5% 4.464 1.896 5.028 28.757 
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Fig 1: Effect of boron application on vegetative growth of broccoli plant 

 

 
 

Fig 2: Effect of boron application on vegetative growth of broccoli plant 

 

Effect of born application on number of leaves 

Observation related to number of leaves in broccoli 

influenced with the application of boron were recorded. Mean 

values were analyzed for critical interpretation of the results 

as presented in the table. 

Data recorded in the table indicates that the maximum number 

leaves (16.3 plants) was counted with the application of boric 

acid @ 200 ppm. The minimum number of leaves (11.61 

plant) was counted under 450 ppm and control treatment, 

respectively. Increasing the concentration of boric acid above 

200 ppm did not prove effective and number of leaves 

decreased as the concentration was increased. Among all the 

treatments of boric acid except 450 ppm, all the levels 

significantly increased the number of leaves.  

 

Effect of boron application on fresh weight of leaves  

Fresh weight of leaves of broccoli under all the treatments 

under each replication of randomly selected plants was 

recorded by electronic balance and the mean values were 

analyzed for interpretation of the results. Data has been 

presented in table and graphically presented in fig (3). It 

indicates that application of boron in form of boric acid 

significantly influenced the fresh weight of leaves of broccoli. 

However, the maximum fresh weight of leaves (773.33 g) was 

recorded with application of 200 ppm of boric acid followed 

by 150 ppm of boric acid (713.33 g). The minimum fresh 

weight of leaves (443.33 g) was observed with the control i.e. 

443.33 g. 

It is apparent from the table that increasing the concentration 

of boric acid above 200 ppm did not prove effective and fresh 

weight of leaves reduced as the concentration was increased. 

Among all the leaves of boric acid, 150 ppm and 200 ppm 

levels had significant edge over control and rest of the 

treatment levels. 

 

Effect of boron application on dry weight of leaves  

The data depicted in the table showed that the maximum dry 

weight of leaves (58.00 g) was observed with 200 ppm level 

of boric acid. The minimum dry weight of leaves (48.03 g) 

was obtained with the application of boric acid @ 450 ppm 

and it was at par with control. Increasing the concentration of 

boric acid above 200 ppm did not prove effective and dry 

weight of leaves reduced as the concentration of boric acid 

was enhanced beyond 200 ppm. Further, it was observed that 

increasing the concentration above 200 ppm did not prove 

beneficial and all the levels were at par to control.  
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Effect of boron application on canopy (cm2) of broccoli  

Canopy was measured by measuring the length and width of 

leaves and it was multiplied to express in area. Data shows 

that application of boron in form of boric acid significantly 

influenced the leaf length of broccoli. However, the maximum 

leaf length (86.56 cm) was obtained with application of 200 

ppm of boric acid followed by 150 ppm of boric acid (85.46 

cm). 

The minimum canopy length (72.16 cm) was observed with 

the control i.e. (72.16 cm). It is apparent from the table that 

increasing the concentration of boric acid above 200 ppm did 

not prove effective and length of leaf reduced as the 

concentration was increased. 

 
Table 2: Effect of boron application on various parameters related to leaf characters 

 

Leaves of parameters 

Treatment level of boric acid No of leaves Fresh weight of leave (g) Dry weight of leaves (g) Canopy (cm) 

T1-50 (ppm) 14.733 646 54.97 80.6 

T2-100 (ppm) 15.333 673.333 55.873 84.4 

T3-150 (ppm) 15.833 713.333 57.94 85.467 

T4-200 (ppm) 16.3 773.333 58.003 86.567 

T5-250 (ppm) 14.133 636 51.697 80.6 

T6-300 (ppm) 13.667 632.667 50.903 79.567 

T7-350 (ppm) 13.563 605.333 50.27 78.5 

T8-400 (ppm) 12.733 576 49.523 76.333 

T9450 (ppm) 11.61 536.667 49.1 74.933 

T10-control 11.61 443.333 48.033 72.167 

CD @ of/5% 1.079 61.079 4.037 6.177 

 

 
 

Fig 3: Effect of boron application on various parameters related to leaf characters 
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