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Abstract 
The present investigation was conducted in Vegetable Research Block of Uttarakhand University 

of Horticulture and Forestry, Ranichauri Campus, Tehri-Garhwal (2000 m altitude, 30
0 

15’N 

latitude and 78
0
02’E longitude), the rainfed temperate hills of Uttarakhand during spring-summer 

(February to June), 2013 in broccoli hybrid Calabrese (F1). The experiment was laid out in 

randomized complete block design with three replications. The treatments included three foliar 

sprays of boric acid @ 100 ppm (T1), zinc sulphate @ 100 ppm (T2), ammonium molybdate @ 50 

ppm (T3), copper sulphate @ 100 ppm (T4), ferrous sulphate @ 100 ppm (T5), manganese 

sulphate @ 100 ppm (T6), combinations of T1 with T2 to T6 (T7 to T11, respectively), mixture of T1 

to T6 (T12), a commercial formulation ‘Multiplex’ @ 100 ppm (T13) and a control with no spray 

(T0) as specified in table 1. The schedules of foliar spray were at fortnightly interval from 15 days 

after transplanting. The results indicated that higher and statistically at par head yield was 

realized with three foliar spray at fortnightly intervals of boric acid @100 ppm + zinc sulphate @ 

100 ppm (408.3 q/ha) followed by boric acid @100 ppm + ammonium molybdate @ 50 ppm 

(383.3 q/ha) and mixture of B, Zn, Mo, Cu, Fe & Mn salt solutions (T1 to T6) (362.5 q/ha). 
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Introduction 
 

roccoli (Brassica oleracea L. var. 

italica) is one of most important cole 

crops, extensively grown in many of 

the temperate countries of Europe. However, 

it is sporadically grown in Indian sub-

continent with maximum area in Himachal 

Pradesh followed by J&K and Uttarakhand. 

The health benefits of broccoli are partly 

associated with secondary plant compounds 

known for their antioxidant activity (Jones et 

al., 2006). Prominent components of 

broccoli are glucosinolates (β-thioglucoside-

N-hydroxy-sulfates) which are present in all 

members of the family Brassicaceae. 

Glucosinolates (GLS) and products of their 

breakdown are known for antifungal, 

bactericidal, nematicidal, and allelopathic 

properties (Fahey et al., 2002). From the 

glucosinolates group, broccoli contains 

mostly sulforaphane, which has proven 

anticancer activity. It suppresses and kills 

Helicobacter pylori, which is responsible for 

ulcer disease and is considered an agent in 

many cases of stomach cancer (Fahey et al., 

2002). Vitamin C (ascorbic acid) is a very 

effective antioxidant which acts as an 

anticarcinogenic agent and reduces the risk 

of cardiovascular diseases (Du et al., 2012). 

The potential antioxidant effect of vitamin C 

B 
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has been the subject of many studies. Iqbal 

et al. (2004) indicate that vitamin C prevents 

cancer formation by inhibiting nitroso 

compounds in the stomach and stimulating 

the immune system.  

The floret (head) yield in broccoli is 

affected by many factors including cultivars, 

transplanting time, nutrients and 

micronutrients (Ain et al., 2016; Slosar et 

al., 2016; Thapa et al., 2016). Therefore, 

exploration of possibility to enhance 

productivity of this crop in Uttarakhand, a 

potential area of production through foliar 

spray of formulations of different 

micronutrients individually as well as in 

combination is indispensable. 

 

Materials and Methods 

 

he present investigation was 

conducted in Vegetable Research 

Block of Uttarakhand University of 

Horticulture and Forestry, Ranichauri 

Campus, Tehri-Garhwal (2000 m altitude, 

30
0 

15’N latitude and 78
0
02’E longitude), 

the rainfed temperate hills of Uttarakhand 

during spring-summer (February to June), 

2013. The experiment was laid out in 

randomized complete block design with 

three replications. The treatments included 

three foliar sprays of boric acid @ 100 ppm 

(T1), zinc sulphate @ 100 ppm (T2), 

ammonium molybdate @ 50 ppm (T3), 

copper sulphate @ 100 ppm (T4), ferrous 

sulphate @ 100 ppm (T5), manganese 

sulphate @ 100 ppm (T6), combinations of 

T1 with T2 to T6 (T7 to T11, respectively), 

mixture of T1 to T6 (T12), a commercial 

formulation ‘Multiplex’ @ 100 ppm (T13) 

and a control with no spray (T0) as specified 

in table 1. The schedules of foliar spray were 

at fortnightly interval from 15 days after 

transplanting. The crop of broccoli hybrid 

Calabrese (F1) was raised by transplanting 

30 days old seedlings in plots of 6.08 m
2 

(2.7m x 2.25m)
 
size at 45x45 cm spacing. 

The crop was supplemented with compost @ 

15.0 t/ha and a fertilizer dose of 120:60:45 

kg NPK/ha. The data were recorded on 

number of leaves per plant, polar head 

diameter (cm) equatorial head diameter 

(cm), head compactness (g/cm
3
), head 

weight (g) and head yield (q/ha). 

 

Results and Discussion 

 

he results of this experiment 

indicated that there was significant 

effect of foliar spray of 

micronutrients on growth and yield of 

broccoli over unsprayed controlled (Table 

1). The cole crops are known for their 

responses to micronutrient deficiencies 

particularly boron and molybdenum (Yang 

et al., 2000; Thapa et al., 2016). In addition 

to boron and molybdenum, pronounced 

response of zinc application has also been 

realized in varying soil pH (Kant et al., 

2013; Ain et al., 2016; Slosar et al., 2016). 

The treatments comprising foliar spray of 

formulations containing different 

micronutrients also differed significantly in 

relation to yield of broccoli. Among 

different treatments, maximum head yield 

was found with boric acid @100 ppm + zinc 

sulphate @ 100 ppm in equal quantity 

(408.3 q/ha) followed by boric acid 

@100ppm + ammonium molybdate @ 

50ppm (383.3 q/ha) and mixture of B, Zn, 

Mo, Cu, Fe & Mn salt solutions (T1 to T6) 

(362.5 q/ha) which were statistically at par. 

Above mentioned three treatments were 

also promising for head weight (816.7 g, 

766.7g and 725.0g, respectively), head 

compactness (3.8 g/cm
3
, 3.5 g/cm

3 
and 3.3 

g/cm
3
, respectively), equatorial head 

diameter (24.2 cm, 23.5 cm and 23.1cm, 

respectively) polar head diameter (22.5 cm, 

21.8 cm and 21.2 cm, respectively) and 

number of leaves per plant (10.8, 9.6 and 

9.2, respectively). This is evident from the 

results that foliar spray of boron, 

molybdenum and zinc containing molecules 

had favourable effect on growth and yield 

T 
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of broccoli. The boron, zinc and 

molybdenum are important elements which 

work as catalyst in many physiological and 

biochemical reactions occurring in crop 

plants.  The boron and zinc play pronounced 

role in carbohydrate metabolism and protein 

synthesis (Pilbeanv and Kirkby,1985; 

Varghese and Duraisami, 2005) whereas 

molybdenum is associated with N- and S-

metabolism (Mendel, 2001). Significant 

physiological role of zinc, boron and 

molybdenum and positive effect on growth 

and yield in broccoli as well as other cole 

crops have been mentioned by many earlier 

workers including Noor et al. (2000), Yang 

et, al. (2000), Gupta et al. (2002), Goldbach 

and Wimmer (2007), Kant et al. (2013), Ain 

et al. (2016); and Thapa et al. (2016). The 

second potential group of micronutrient 

formulation in respect to  at par increase 

head yield in broccoli were boric acid @ 

100 ppm (311.2 q/ha), ammonium 

molybdate (287.5 q/ha), copper sulphate @ 

100 ppm (284.2 q/ha), boric acid @ 100 

ppm + copper sulphate @ 100 ppm and 

commercial formulation ‘Multiplex’ @ 100 

ppm (283.3 q/ha), zinc sulphate @ 100 ppm 

(281.7 q/ha) and boric acid @ 100 ppm + 

manganese sulphate @100 ppm (272.2 

q/ha). The increase in the head yield by the 

application of these micronutrients may be 

attributed to their role in enhancing the 

translocation of carbohydrates from the site 

of their synthesis to the storage tissue in the 

curd. These findings are in close conformity 

with the findings of Malewar (2003), Singh 

(2003), Pizeelta et al. (2005) and Varghese 

and Duraisami (2005). 

On the basis of results discussed above, it 

could be summarized that higher and 

statistically at par head yield was realized 

with three foliar spray at fortnightly interval 

of boric acid @100 ppm + zinc sulphate @ 

100 ppm in equal quantity (408.3 q/ha) 

followed by boric acid @100 ppm + 

ammonium molybdate @ 50 ppm (383.3 

q/ha) and mixture of B, Zn, Mo, Cu, Fe & 

Mn salt solutions (T1 to T6) (362.5 q/ha). 

These treatments were also promising for 

other yield attributing traits viz., head 

weight, head size and head compactness in 

broccoli hybrid Calabrese. Therefore, three 

foliar spray of boric acid @100 ppm + zinc 

sulphate @ 100 ppm in equal quantity at 

fortnightly interval is recommended in 

summer broccoli for maximum head yield 

in temperate mid hills of Western Himalaya.  
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Table 1: Effect of foliar spray of micronutrient formulations on growth and yield of broccoli hybrid 

Calabrese (F1) 

 

Treatments 

Number 

of 

leaves 

per 

plant 

Polar 

head 

diameter 

(cm) 

Equatorial 

head 

diameter 

(cm) 

Head 

compactness 

(g/cm
3
) 

Head 

weight 

(g) 

Head 

yield 

(q/ha) 

T0 Control without spray  7.6 16.4 18.6 2.4 289.0 174.5 

T1 Boric Acid @100ppm  7.9 17.9 19.4 2.8 652.3 311.2 

T2 
Zinc Sulphate 

@100ppm 
7.7 16.9 19.2 2.6 573.3 281.7 

T3 
Ammonium 

Molybdate @50ppm 
8.2 18.1 20.4 2.7 575.0 287.5 

T4 
Copper Sulphate 

@100ppm 
8.6 17.5 20.1 2.3 508.3 284.2 

T5 
Ferrous Sulphate 

@100ppm 
7.8 18.2 20.5 2.7 480.0 240.0 

T6 
Manganese Sulphate 

@100ppm 
8.3 18.5 19.7 2.3 487.3 243.7 

T7 

Boric Acid @100ppm 

+ Zinc Sulphate 

@100ppm 

10.8 22.5 24.2 3.8 816.7 408.3 

T8 

Boric Acid @100ppm  

+ Ammonium 

Molybdate @50ppm 

9.6 21.8 23.5 3.5 766.7 383.3 

T9 

Boric Acid @100ppm 

+ Copper Sulphate 

@100ppm 

8.3 18.6 20.3 2.9 566.7 283.3 

T10 

Boric Acid @100ppm 

+ Ferrous Sulphate 

@100ppm   

8.5 17.8 19.2 2.4 476.0 258.0 

T11 

Boric Acid @100ppm 

+ Manganese 

Sulphate @100ppm 

7.5 18.3 19.8 2.4 544.3 272.2 

T12 

Mixture of B, Zn, 

Mo, Cu, Fe & Mn salt 

solutions (T1 to T6) 

9.2 21.2 23.1 3.3 725.0 362.5 

T13 

Commercial 

Formulation 

‘Multiplex’ 

@100ppm 

8.4 19.6 19.4 2.9 566.7 283.3 

 CV (%)  11.6 12.3 12.6 9.8 13.27 17.3 

 SE (m)  0.65 0.83 0.93 0.20 48.96 19.5 

 CD (0.05)  1.80 2.30 2.83 0.60 139.52 54.8 
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