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ABSTRACT 
 

The present investigation was conducted during the Rabi seasons of 2017–18 and 2018–19 at the 
Horticultural Research-cum-Instructional Farm, Department of Vegetable Science, Indira Gandhi 
Krishi Vishwavidyalaya, Raipur (C.G.). The field experiments used a Randomized Block Design 
(RBD) with three replications and treatments that included RDF (100%), RDF (75%), Borax (20 kg 
ha

-1
), Ammonium Molybdate (2 kg ha

-1
), and ZnSO4 (25 kg ha

-1
). During the study, various yield 

parameters, gross curd weight (g), net curd weight (g), curd diameter (cm) the final yield, and 
quality parameters, total soluble solids (

o
Brix), protein content in curd (%)  and ascorbic acid 

content in curd (mg/100g) were recorded. The experimental findings revealed that almost all the 
treatments showed a positive effect on yield and quality; however, a combined application of 100% 
RDF with Borax at 20 kg ha

-1
, ammonium molybdate at 2 kg ha

-1
, and ZnSO4 at 25 kg ha

-1
 was 

found most promising compared to the control (100% RDF). Therefore, based on the findings, it 
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can be concluded that the application of micronutrients along with the recommended fertilizer 
dosage is an effective approach for enhancing the performance of cauliflower in terms of both 
quality and quantity. 
 

 
Keywords: Cauliflower; boron; molybdenum; zinc; yield; quality parameters. 

 

1. INTRODUCTION 
 
“Cauliflower (Brassica oleracea var. botrytis L.) is 
the most popular cruciferae vegetable among the 
cole crops. The crop is a native of southern 
Europe in the Mediterranean region and was 
introduced to India from England in 1822” [1]. 
“The edible part of cauliflower is the "curd," which 
is the prefloral fleshy apical meristem. It is 
cultivated for its attractive curd, which is used in 
raw vegetables, curries, soups, and pickles. The 
curd has a high amount of protein (2.6 g) and is a 
rich source of nutrients, including vitamin A (51 
mg), vitamin C (56 mg), carbohydrates (4.0 g), 
fat (0.4 g), fiber (1.2 g), and iron (1.5 mg) per 100 
g of the edible portion of cauliflower” [2,3].  
 
“The micronutrients, though required in small 
quantities, are as important as the 
macronutrients. The role of micronutrients in 
regulating plant growth and yield is well 
established. Different micronutrients have a 
specific role in cauliflower production. 
Micronutrients, although required in trace 
amounts, play a vital role in the completion of the 
life cycle of this crop” [4]. 
 
“Cauliflower responds well to both 
macronutrients (nitrogen, phosphorus, and 
potassium) and micronutrients (boron, 
molybdenum, and zinc), as these are also 
essential for proper crop growth and 
development” [5]. The crucial roles of these 
macronutrients [6,7] and micronutrients [8,9] 
during the plant developmental process are well 
reported by previous researchers in many crops, 
including cauliflower. “However, among the many 
factors responsible for the low productivity of 
cauliflower, inadequate and imbalanced nutrient 
supply occupies the top position, particularly that 
of boron, molybdenum, and zinc” [4].  
 
“Boron deficiency is a common deficiency of the 
micronutrient around the world and causes large 
losses in the production and crop quality of 
cauliflower. It affects the vegetative and 
reproductive growth of plants, resulting in 
inhibition of cell expansion, death of meristem, 
and reduced yield. Boron deficiency and 
exposure of curds to sunlight during development 

causes browning” [10,11]. “It also creates a 
hollow stem in cauliflower. Hollow areas extend 
from below the curd when the core or fleshy 
center splits due to an uneven growth rate with 
the rest of the plant” [12]. “Reproductive growth, 
especially flowering, fruit, and seed set is more 
sensitive to B deficiency than vegetative growth” 
[13]. “Similar to boron, cauliflower is also a 
sensitive crop to molybdenum deficiency. The 
deficiency develops ‘whiptail’ in cauliflower. 
Whiptail results in a deformed growing point, 
causing no head to develop, as well as leaf 
blades consisting mostly of midribs” (Sharma, 
2002). Adventitious buds may form on the lower 
point of the stem of severely affected plants and 
the shoot, and the suckers may produce small 
curds. 
 
“Mo is an essential component of the nitrogen-
fixing enzymes nitrogenase and nitrate 
reductase” [14]. “The nitrate reductase is 
essential in the assimilation of nitrates since it 
catalyzes the first step of the reduction of NO3 to 
NH3. The other major molybdo-protein of plants 
includes nitrogenase, which fixes atmospheric 
nitrogen to NH3, which is assimilated by plants” 
[15].  
 
“The rate of fertilizer application has increased 
compared to earlier in crop production, whereas 
the application of micronutrients has largely been 
neglected, and deficiency of micronutrients is 
more prevalent in Indian soils. Furthermore, the 
over-mining of soil nutrients by plants causes a 
deficiency of micronutrients in crops and the 
appearance of disorders, resulting in low yields” 
[16]. Therefore, rational and optimum use of 
micronutrients coupled with recommended 
fertilizers would be beneficial for increasing curd 
yield per unit area in cauliflower.  
 
“On the other hand, the majority of the available 
literature is confined to studies where either a 
single micronutrient or the interaction of only two 
micronutrients was taken into consideration” 
[17,9]. Hence, keeping in view this scenario, 
research work on the effect of different 
micronutrients on the growth and yield of 
cauliflower during consecutive seasons has been 
carried out to assess the role of micronutrients 
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(boron, molybdenum, and zinc) on both yield and 
quality parameters. 
 

2. MATERIALS AND METHODS 
 
The whole experimental trial was designed and 
carried out for two consecutive rabi seasons, 
2017–18 and 2018–19, at the Horticultural 
Research cum Instructional Farm, Indira Gandhi 
Krishi Vishwavidyalaya, Raipur (C.G.). The 
experimental site comes under sub-tropical 
conditions and was located at 21°16´ N latitude 
and 81°36´ E longitude with an altitude of 298.56 
meters above the mean sea level. The soil at the 
experimental site was clay-loam in texture 
(vertisols), having good drainage capacity, and 
the whole study was undertaken according to 
Randomised Block Design (RBD) in three 
replications, consisting of 15 treatments. The 
seeds of the variety ‘Pusa Sharad’ were sown in 
a nursery bed under polyhouse conditions and 
transplanted into fields after five weeks. The 
recommended package of practices was followed 
to raise healthy seedlings in the nursery and 
need-based plant protection measures were 
taken up as and when necessary. 
 
The treatment combinations were T1 - Control 
(100 % RDF), T2 -100 % RDF + Borax @ 20 kg 
ha

-1
, T3 - 100% RDF + Ammonium molybdate @ 

2 kg ha
-1

, T4 -100% RDF + ZnSO4 @ 25 kg ha
-1

, 
T5 -100% RDF + Borax @ 20 kg ha

-1
 + 

Ammonium molybdate @ 2 kg ha
-1

 + ZnSO4 @ 
25 kg ha

-1
, T6 -100% RDF + Ammonium 

molybdate @ 2 kg ha
-1

 + Borax @ 20 kg ha
-1

, T7 
-100% RDF + Ammonium molybdate @ 2 kg ha

-1
 

+ ZnSO4 @ 25 kgha
-1

, T8 -100% RDF + Borax 20 
kg ha

-1 
+ ZnSO4 @ 25 kg ha

-1
, T9 -75% RDF + 

Borax @ 20 kg ha
-1

, T10 - 75% RDF + 
Ammonium molybdate @ 2 kg ha

-1
, T11 - 75% 

RDF + ZnSO4 @ 25 kg ha
-1

, T12 - 75% RDF + 
Borax @ 20 kg ha

-1
 + Ammonium molybdate @ 2 

kg ha
-1

 + ZnSO4 @ 25 kg ha
-1

, T13 -75% RDF + 
Ammonium molybdate @ 2 kg ha

-1 
+ Borax @ 20 

kg ha
-1

, T14 -75% RDF + Ammonium molybdate 
@ 2 kg ha

-1
 + ZnSO4 @ 25 kg ha

-1
,                   

T15- 75% RDF + Borax 20 kg ha
-1 

+ ZnSO4 @ 25 
kg ha

-1
.  

 
The yield parameters and quality parameters 
encompassed in the study were gross curd 
weight (g), marketable curd weight (g), net curd 
weight (g), curd diameter (cm), curd yield (kg plot 
-1), total soluble solids (0 Brix), protein content in 
curd (%), and ascorbic acid content in curd 
(mg/100g). “The yield parameters and quality 
parameters were recorded at the harvest stage 

for five tagged plants. The data collected from 
five randomly selected plants for the above-said 
parameters were subjected to the analysis of 
variance technique (ANOVA) and the least 
significance difference test was applied to 
separate different treatment means” [18]. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Yield and Yield Attributing Traits 
 
The curd yield and yield attributing traits such as 
gross (g), net curd weight (g), curd diameter 
(cm), curd yield (kg plot

-1
) total soluble solids 

(
o
Brix)), protein content in curd (%) and               

ascorbic acid content in curd (mg/100g)  were 
recorded and are furnished in Tables 1, 2             
and 3. 
 

3.2 Curd Diameter (cm) 
         
The analysis of variance showed significant 
variations in curd diameter during both years. 
The mean curd diameter ranged from 14.85 to 
19.27 cm during the first year and from 14.26 to 
18.70 cm during the second year. The highest 
curd diameter was recorded with a combination 
of RDF (100%), Borax (20 kg ha

-1
), Ammonium 

Molybdate (2 kg ha
-1

), and ZnSO4 (25 kg ha
-1

). 
The mean data indicated that the combined 
application of B, Zn, and Mo along with RDF to 
the cauliflower plants significantly enhanced the 
curd diameter, and this is consistent with the 
findings of Singh et al. [19] and Islam et al. [20]. 
The findings of Lashkari et al. [21] suggested that 
the combined application of micronutrients 
enhances the curd width and curd weight, which 
is due to their promotional effect on physiological 
activities such as photosynthesis, the 
translocation of assimilates from leaves to curd, 
and their storage in curd.  
 

3.3 Gross and Net Curd Weight (g) 
 

The data regarding gross and net curd weight 
revealed significant differences. The mean 
performance revealed that gross curd weight 
varied from 1350.56 to 2270.95 g during the first 
year and from 1285.02 to 2185.05 g during the 
second year. Similarly, net curd weight ranged 
from 325.42 to 736.05 g during the first year and 
from 270.49 to 660.42 g during the second year. 
Among the various treatments, maximum  gross 
and net curd weight were observed                      
with treatment consisting of 100% RDF + Borax 
@ 20 kg ha

-1
 + Ammonium molybdate @ 2  kg 

ha
-1

 + ZnSO4 @ 25 kg ha
-1

 respectively.
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Table 1. Influence of macro and micronutrients on gross curd weight and net curd weight of cauliflower 
 

Treatment Gross curd weight (g) Net curd weight (g) 

2017-18 2018 -19 Pooled Mean 2017-18 2018-19 Pooled Mean 

T1: Control (100 % RDF) 1350.56 1285.02 1317.79 325.42 270.49 297.96 
T2: 100 % RDF + Borax @ 20 kg ha

-1
 1740.46 1680.53 1710.49 575.10 520.61 547.85 

T3: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 1870.44 1741.13 1805.79 564.90 505.39 535.14 
T4: 100% RDF + ZnSO4 @ 25 kg ha

-1
 1670.38 1613.77 1642.08 559.83 482.26 521.05 

T5: 100% RDF + Borax @ 20 kg ha
-1

 + Ammonium molybdate 
@ 2 kg ha

-1
 + ZnSO4 @ 25 kg ha

-1
 

2270.95 2185.05 2228.00 736.05 660.42 698.24 

T6: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 + Borax 
@ 20 kg ha

-1
 

2090.21 2010.92 2050.57 636.39 571.71 604.05 

T7: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 + ZnSO4 

@ 25 kg ha
-1

 
1951.81 1840.68 1896.25 682.25 594.53 638.39 

T8: 100% RDF + Borax 20 kg ha
-1 

+ ZnSO4 @ 25 kg ha
-1

 1980.13 1936.26 1958.20 604.76 550.13 577.45 
T9: 75% RDF + Borax @ 20 kg ha

-1
 1600.90 1451.04 1525.97 558.75 465.17 511.96 

T10: 75% RDF + Ammonium molybdate @ 2 kg ha
-1

 1657.45 1590.81 1624.13 490.28 438.34 464.31 
T11: 75% RDF + ZnSO4 @ 25 kg ha

-1
 1500.39 1420.68 1460.54 428.89 371.05 399.97 

T12: 75% RDF + Borax @ 20 kg ha
-1

 + Ammonium molybdate 
@ 2 kg ha

-1
 + ZnSO4 @ 2 kg ha

-1
 

2160.61 2050.14 2105.38 690.65 625.38 658.02 

T13: 75% RDF + Ammonium molybdate @ 2 kg ha
-1

 + Borax 
@ 20 kg ha

-1
 

2041.78 1970.35 2006.07 624.16 561.83 593.00 

T14: 75% RDF + Ammonium molybdate @ 2 kg ha
-1

 + ZnSO4 
@ 25 kg ha

-1
 

1892.72 1813.75 1853.24 614.36 552.22 583.29 

T15: 75% RDF + Borax 20 kg ha
-1 

+ ZnSO4 @ 25 kg ha
-1

 1972.65 1870.92 1921.78 596.22 548.16 572.19 

Mean 1850.10 1764.07 1807.08 579.20 514.51 546.86 
SEm±  107.15 89.91 97.49 22.51 16.59 19.35 
CD (P=0.05) 310.40 260.46 282.41 65.21 48.07 56.04 
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Table 2. Influence of macro and micronutrients on curd diameter and curd yield (kg plot 
-1

) of cauliflower 
 

Treatment Curd diameter (cm) Curd yield (kg plot 
-1

) 

2017-18 2018-19 Pooled Mean 2017-18 2018-19 Pooled Mean 

T1: Control (100 % RDF) 14.85 14.26 14.55 6.90 6.07 6.49 
T2: 100 % RDF + Borax @ 20 kg ha

-1
 16.80 16.38 16.59 9.14 8.52 8.83 

T3: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 16.37 15.82 16.10 9.52 8.76 9.14 
T4: 100% RDF + ZnSO4 @ 25 kg ha

-1
 16.27 15.74 16.01 8.84 8.06 8.45 

T5: 100% RDF + Borax @ 20kg ha
-1

 + Ammonium molybdate @ 2kg            
ha

-1 
+ ZnSO4 @2 5kg ha

-1
 

19.27 18.70 18.99 11.73 10.75 11.24 

T6: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 + Borax @ 20 kg ha
-

1
 

17.89 17.22 17.56 10.77 10.29 10.53 

T7: 100% RDF + Ammonium molybdate @ 2 kg ha
-1

 + ZnSO4 @ 25 kg 
ha

-1
 

18.54 17.97 18.25 9.89 9.05 9.47 

T8: 100% RDF + Borax 20 kg ha
-1 

+ ZnSO4 @ 25 kg ha
-1

 17.55 16.70 17.13 10.24 9.36 9.74 
T9: 75% RDF + Borax @ 20 kg ha

-1
 15.55 15.11 15.33 8.05 7.38 7.72 

T10: 75% RDF + Ammonium molybdate @ 2 kg ha
-1

 16.04 15.42 15.73 8.41 7.57 7.99 
T11: 75% RDF + ZnSO4 @ 25 kg ha

-1
 15.01 14.89 14.95 7.80 6.76 7.28 

T12: 75% RDF + Borax @ 20 kg ha
-1

 + Ammonium molybdate @ 2 kg ha
-1

 
+ ZnSO4 @ kg ha

-1
 

18.72 18.18 18.45 11.24 10.57 10.91 

T13: 75% RDF + Ammonium molybdate @ 2 kg ha
-1

 + Borax @ 20 kg ha
-1

 18.47 17.55 18.01 10.48 9.71 10.10 
T14: 75% RDF + Ammonium molybdate @ 2 kg ha

-1
 + ZnSO4 @ 25 kg ha

-

1
 

17.64 17.04 17.34 9.86 8.82 9.34 

T15: 75% RDF + Borax 20 kg ha
-1 

+ ZnSO4 @ 25 kg ha
-1

 17.00 16.43 16.72 10.05 9.12 9.58 

Mean 17.07 16.49 16.78 9.55 8.74 9.14 
SEm±  0.54 0.40 0.46 0.43 0.27 0.33 
CD (P=0.05) 1.58 1.14 1.33 1.25 0.77 0.94 
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Table 3. Influence of macro and micronutrients on quality parameters of cauliflower 
 

Treatment Total soluble solids (
0
Brix) Protein content in curd (%) Ascorbic acid content in curd 

(mg/100g) 

2017-18 2018-19 Pooled Mean 2017-18 2018-19 Pooled Mean 2017-18 2018-19 Pooled Mean 

T1: Control (100 % RDF) 6.08 5.43 5.76 12.00 11.50 11.75 52.80 50.05 51.43 
T2: 100 % RDF + Borax @ 20 kg 
ha

-1
 

7.70 7.12 7.41 15.74 15.19 15.46 57.30 56.71 57.01 

T3: 100% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 

7.81 7.35 7.58 16.06 15.56 15.81 57.43 57.04 57.24 

T4: 100% RDF + ZnSO4 @ 25 kg 
ha

-1
 

7.46 6.97 7.22 14.83 14.81 14.82 56.15 55.60 55.88 

T5: 100% RDF + Borax @ 20 kg 
ha

-1
 + Ammonium molybdate @ 

2 kg ha
-1

 + ZnSO4 @ 2kg ha
-1

 

9.22 8.74 8.98 19.68 19.13 19.40 63.20 62.53 62.87 

T6: 100% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 + Borax 

@ 20 kg ha
-1

 

8.59 8.08 8.34 17.70 17.25 17.47 60.97 60.39 60.68 

T7: 100% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 + ZnSO4 

@ 25 kg ha
-1

 

8.80 8.29 8.55 17.56 17.06 17.31 61.55 60.98 61.27 

T8: 100% RDF + Borax 20 kg ha
-

1 
+ ZnSO4 @ 25 kg ha

-1
 

8.18 7.80 7.99 17.49 16.81 17.15 60.28 59.64 59.96 

T9: 75% RDF + Borax @ 20 kg 
ha

-1
 

6.53 6.09 6.31 13.92 13.75 13.83 55.19 54.43 54.81 

T10: 75% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 

7.05 6.56 6.80 14.76 14.56 14.66 55.83 55.81 55.82 

T11: 75% RDF + ZnSO4 @ 25 kg 
ha

-1
 

6.42 6.11 6.26 13.57 12.88 13.22 54.92 52.59 53.75 

T12: 75% RDF + Borax @ 20 kg 
ha

-1
 + Ammonium molybdate @ 

2 kg ha
-1

 + ZnSO4 @ 2kg ha
-1

 

8.90 8.53 8.72 18.54 18.19 18.36 62.88 62.27 62.57 

T13: 75% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 + Borax 

@ 20 kg ha
-1

 

8.12 7.77 7.94 17.14 16.56 16.85 59.71 59.46 59.59 
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Treatment Total soluble solids (
0
Brix) Protein content in curd (%) Ascorbic acid content in curd 

(mg/100g) 

2017-18 2018-19 Pooled Mean 2017-18 2018-19 Pooled Mean 2017-18 2018-19 Pooled Mean 

T14: 75% RDF + Ammonium 
molybdate @ 2 kg ha

-1
 + ZnSO4 

@ 25 kg ha
-1

 

7.95 7.52 7.73 16.93 16.44 16.68 59.32 58.33 58.83 

T15: 75% RDF + Borax 20 kg ha
-

1 
+ ZnSO4 @ 25 kg ha

-1
 

7.87 7.46 7.67 16.23 15.75 15.99 58.24 57.82 58.03 

Mean 7.78 7.32 7.55 16.14 15.70 15.92 58.38 57.58 57.98 
SEm±  0.28 0.23 0.25 0.77 0.62 0.65 2.07 2.39 2.08 
CD (P=0.05) 0.81 0.67 0.73 2.22 1.80 1.89 5.99 6.92 6.03 
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These results are well in agreement with the 
findings of Chattopadhyay and Mukhopadhyay 
[22] and Gabhale et al. [23] in cauliflower. 
Chattopadhyay and Mukhopadhyay [22] 
suggested that the collective effect of B and Mo 
might be the reason for enhanced curd weight. 
Boron and molybdenum together promote the 
distribution of photosynthetic material to 
reproductive tissues in cauliflower curd. Along 
with that, the findings of Kumar and Choudhary 
[24], Singh [25], and Prasad and Yadav [26] 
further supported our results. In this regard, 
Kanujia et al. [27] stated that the increment in the 
weight of curd might be due to the physiological 
role of zinc and boron, and other combined 
micronutrients.  
 

3.4 Curd Yield (kg plot -1) 
 

The curd yield varied significantly from 6.90 to 
11.73 kg during the first year and from 6.07 to 
10.75 kg during the second year. The maximum 
curd yields, i.e., 11.73 kg and 10.75 kg, 
respectively, were observed when micronutrients 
were applied in combination with RDF (100% 
RDF + Borax @ 20 kg ha

-1
 + Ammonium 

Molybdate @ 2 kg ha
-1

 + ZnSO4 @ 25 kg ha
-1

), 
when compared to the control and rest of 
treatments. The higher curd yield might be 
attributed to the application of micronutrients that 
in turn promote the distribution of food material 
from leaves to the storage tissue in the curd, and 
our interpretation is in close conformity with the 
findings of Singh [25]; Varghese and Duraisami 
[28]; Kumar et al. [29]; Gabhale et al. [23], and 
Devi et al. [30]. The soil application of different 
micronutrient mixtures to increase yields can be 
attributed to the enhanced availability of the 
essential plant.  
 

3.5 Total Soluble Solids (0Brix) 
 

The result on total soluble solids (TSS) indicated 
significant differences due to the application of 
micronutrients in different combinations. The 
mean performance showed that during the first 
year, TSS ranged from 6.08 to 9.22 

0
Brix, 

whereas it from 5.43 to 8.74 
0
Brix during the 

second year. The application of micronutrients in 
different combinations was found promising in 
improving the TSS however, maximum TSS was 
recorded with the combined application of RDF 
(100%) + Borax (20 kg ha

-1
) + Ammonium 

molybdate (2 kg ha
-1

) + ZnSO4 (25 kg ha
-1

) 
compared to rest of treatments and control.  
 

These results conform with those of Lashkari et 
al. [21], Zaki et al. [31], Thapa et al. [32], Singh et 

al. [33], Pankaj et al. [34], and Moklikar et al. 
[35]. Furthermore, increased T.S.S. content 
might be due to the process of either complete or 
partial hydrolysis during the process of 
respiration the available food material converts 
into simple sugar and it results in higher TSS 
content.  
 

3.6 Protein Content in Curd (%) 
 
The protein content in curd (%) significantly 
varied during both the first (12.00 to 19.68%) and 
second (11.50 to 19.13%) phases of the 
experiment. The mean performance also 
indicated that the treatment with different 
micronutrients significantly improved the protein 
content in curd compared to the control. In 
addition, the highest protein content was 
reported with the treatment consisting of a 
combined application of RDF (100%) + Borax (20 
kg ha

-1
) + Ammonium Molybdate (2 kg ha

-1
) + 

ZnSO4 (25 kg ha
-1

) compared to the rest of the 
treatment and the control.   
 
The results showed that the protein content was 
significantly influenced and reached its maximum 
when micronutrients were applied in combination 
with RDF. These results were corroborated by 
the findings of Sharma et al. [36]; and Sharma 
and Chandra [37]. This increment in protein 
content might be due to the application of 
different nutrients that enhance the absorption of 
nitrogen and affect the metabolic activities of 
plants; subsequently leading to higher protein 
content as nitrogen is an important constituent of 
protein. 
 

3.7 Ascorbic Acid Content In Curd 
(mg/100g) 

 

The ascorbic acid content in curd (mg/100g) was 
significantly varied and ranged from 52.80 to 
63.20 mg/100g during the first year and from 
50.05 to 62.53 mg/100g during the second year. 
The highest ascorbic acid content in curd was 
noticed with treatment (100% RDF + Borax @ 20 
kg ha

-1
 + Ammonium Molybdate @ 2 kg ha

-1
 + 

ZnSO4 @ 25 kg ha
-1

) when compared to the 
remaining treatments and control.  
 

The obtained results were found to be 
inconsistent with the findings of Kumar et al. [38], 
Mishra et al. [39] in knol-khol, Yadav et al. [40], 
Sharma and Kumar [41] in cauliflower, Roni et al. 
[42] in broccoli, Zaki et al. [31] in broccoli, and 
Kotecha et al. [43] in cabbage. The increased 
ascorbic acid content appeared might be due to 
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the application of micronutrients particularly 
boron which helps in carbohydrate metabolism. 
In addition, zinc is also known to improve the 
quality of cauliflower. 
 

4. CONCLUSION  
 
The present investigation was carried out for two 
years to find out the effect of different 
micronutrients in various combinations along with 
RDF on the yield and quality of cauliflower. The 
obtained experimental results revealed that the 
combined application of all three micronutrients, 
viz., boron, zinc, and molybdenum, in various 
combinations significantly improved the yield, 
yield attributing, and quality of cauliflower. 
Furthermore, the application of 100% RDF + 
Boron at 20 kg ha

-1
, molybdenum at 2 kg ha

-1
, 

and zinc at 25 kg ha
-1

 was found most beneficial 
in improving the yield and quality traits of 
cauliflower. Therefore, it can be concluded that, 
compared to a sole application, a combined 
application of micronutrients (B, Zn, and Mo) 
along with RDF is highly effective in improving 
the yield and quality of cauliflower. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Chatterjee SS, Swarup V. Indian 

cauliflower has a still greater future. Indian 
Hort; 1972. 

2. Singh SP. Production technology of 
vegetable crops, ARCC, Karnal, India. 
1998:335. 

3. Fageria MS, Choudhary BR, Dhaka RS. 
Vegetable Crops Production Technology, 
volume-II. Kalyani Publication, Noida (UP). 
2012;2:34-35. 

4. Pappu Lal Bairwa, Amit Dixit and Mukesh 
Kumar Sahu. Effect of different 
micronutrients on growth and yield of 
cauliflower (Brassica oleracea var. botrytis 
L.) cv. Pusa Sharad. International Journal 
of Chemical Studies. 2020;8(6):3084- 
3089. 

5. Rahman M, Iqbal M, Jilani MS, Waseem K. 
Effect of different plant spacing on the 
production of cauliflower (Brassica 
oleraceae var. botrytis) under the 
agroclimatic conditions of D.I. Khan. 
Pakistan Journal of Biological Sciences. 
2007;10(24):4531-4534. 

6. Das DK. Nutrient transformation in relation 
to soil plant system. Kalyani Publication, 
New Dehli. 2012:378-463. 

7. Sharma V. Effect of nutrient management 
on growth and yield of cauliflower 
(Brassica oleracea var botrytis) inside low 
cost polyhouse. Himachal Journal of 
Agricultural Research. 2016;42(1):88-92. 

8. Kumar S, Kumar V, Yadav YS. Studies on 
effect of Boron and Molybdenum on growth 
yield and yield attributing characters of 
cauliflower (Brassica oleracea L. var. 
botrytis). Annals of Horticulture. 2012;5(1): 
53-57. 

9. Ningawale DK, Singh R, Bose US, Gurjar 
SP, Sharma A, Gautam US. Effect of 
boron and molybdenum on growth, yield 
and quality of cauliflower (Brassica 
oleracea var botrytis) cv. Snowball 16. 
Indian Journal of Agricultural Sciences. 
2016;86 (6): 825–829. 

10. Norman JC. Tropical Vegetable Crops. 
Arthur H. Stockwell Ltd., Elm Court, UK. 
1992;89-93. 

11. Fritz VA, Rosen CJ, Grabowski MA, 
Hutchison WD, Becker RL, Tong CBS, 
Wright JA, Nennich TT. Growing broccoli, 
cabbage and cauliflower in Minnesota. 
University of Minnesota Extension Bulletin, 
Minnesota, USA. 2009;1-15. 

12. Masarirambi MT, Mndzebele ME, Wahome 
PK, Oseni TO. Effects of white plastic             
and sawdust mulch on ‘savoy’ baby 
cabbage (Brassica oleracea var. bullata) 
growth, yield and soil moisture 
conservation in summer in Swaziland. Am. 
Eurasian J. Agric. Environ. Sci. 2013;13(2): 
261–268. 

13. Da Silva DH, Rossi ML, Boaretto AE, De 
Lima Nogueira N, Muraoka T. Boron 
affects the growth and ultrastructure of 
castor bean plants. Sci. Agric. (Piracicaba, 
Braz.). 2008;65(6):659–664. 

14. BARC (Bangladesh Agricultural Research 
Council). Fertilizer Recommendation 
Guide. Bangladesh Agricultural Research 
Council, Dhaka, Bangladesh; 2018. 

15. Adesoji AG, Abubakar IU, Ishaya DB. 
Performance of soybean (Glycine max (L.) 
Merrill) as influenced by method and rate 
of molybdenum application in Samaru, 
Northern Guinea Savanna of Nigeria. Am. 
Eurasian J. Sustain. Agric. 2009;3(4):    
845–849. 

16. Joshi D. Soil fertility and fertilizer use in 
Nepal. Soil Science Division. 1997;          
320-325. 



 
 
 
 

Bairwa et al.; Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 465-475, 2023; Article no.IJPSS.101181 
 

 

 
474 

 

17. Kant U, Raj P, Suresh CP, Pal P. Effect of 
micronutrient on growth and yield of 
cauliflower in genetic alluvial soil of West 
Bengal. Indian Journal of Horticulture. 
2013;21(1): 179-172. 

18. Panse VG, Sukhatme PV. Statistical 
methods for agricultural workers. ICAR, 
New Delhi. 1967;97-151. 

19. Singh R, Benal M, Bose US, Guriar PS. 
Response of different methods of boron 
and nitrogen application on growth and 
yield of cauliflower (Brassica oleracea var 
botrytis L.). Environment and Ecology. 
2014;32(3): 842-848. 

20. Islam M, Hoque MA, Reza MM, Rahman 
MM. Contribution of boron doses on 
growth and yield of different broccoli 
genotypes. International Journal of 
Sustainable Crop Production. 2015;10(2): 
14-20. 

21. Lashkari CO, Parekh HB, Sharma SJ, 
Karetha KM, Kakade DK. Influence of zink 
and iron on yield and quality of cauliflower 
(Brassica oleracea var. botrytis Linn.) cv. 
Snowball-16, The Asian Journal of 
Horticulture. 2008;3(2): 380-381. 

22. Chattopadhyay SB, Mukhopadhyay TP. 
Effect of foliar application of boron and 
molybdenum on growth and yield of 
cauliflower in Terai zone, West Bengal. 
Environment and Ecology. 2003;21(4): 
955-959. 

23. Gabhale LK, Bharad SG, Chaudhari GV. 
Effect of varieties and planting dates on 
growth and yield of cauliflower. Bioinfolet. 
2014;11(3A): 806-808. 

24. Kumar S. Choudhary DR. Effect of           
FYM, molybdenum and Boron            
application on yield attributes and yield of 
cauliflower. Crop Research. 2002;24 
(3):494-496. 

25. Singh DN. Effect of boron on growth and 
yield of cauliflower in lateritic soil of 
western Orissa. Indian Journal of 
Horticulture. 2003;60(3):283-286. 

26. Prasad VM, Yadav D. Effect of foliar 
application of boron and molybdenum on 
the growth and yield of cauliflower cv. 
Snowball-16. New Agriculturist. 2003; 
14(1/2):121-122. 

27. Kanujia SP, Ahmed N, Chato MA, Jabeen 
N, Narayan S. Effect of micronutrients on 
growth and yield of cabbage. Indian 
Journal of Horticulture. 2006;8(1):15-18. 

28. Varghese A, Duraisami VP. Effect of boron 
and zinc on yield, uptake and availability of 
micronutrients on cauliflower. Madras 

Agricultural Journal. 2005;92 (10-12):        
618-628. 

29. Kumar M, Das B, Prasad KK, Kumar P. 
Effect of integrated nutrient management 
on quality of broccoli (Brassica oleracea 
var. italic) cv. Fiesta under Jharkhand 
conditions. The Asian Journal of 
Horticulture. 2011;6(2):388-392. 

30. Devi M, Upadhyay GP, Garima and Spehia 
RS. Biological properties of soil and 
nutrient uptake in cauliflower (Brassica 
oleracea var. botrytis L.) as influenced by 
integrated nutrient management. Journal of 
Pharmacognosy and phytochemistry. 
2017;6(3):325-328. 

31. Zaki MF, Saleh SA, Tantawy AS, EI-
Dewiny CY. Effect of different rates of 
potassium fertilizer on the growth, 
productivity and quality of some broccoli 
cultivars under new reclaimed soil 
conditions. International Journal of 
ChemTech Research. 2015;8(12):28-39. 

32. Thapa U, Prasad PH, Rai R. Studies on 
growth, yield and quality of broccoli 
(Brassica oleracea L. var italica Plenck) as 
influenced by boron and molybdenum. 
Journal of Plant Nutrition. 2016;39(2):         
261-267. 

33. Singh G, Sarvanan S, Rajawat KS, 
Rathore JS, Jat BL. Effect of different 
micronutrients on plant growth, yield and 
flower bud quality of broccoli (Brassica 
oleracea var. Italica) cv. Green Bud. 
International Journal of Advanced 
Research. 2018;4(9):2018-2043. 

34. Pankaj P, Kujur PK, Saravanan S. Effect of 
different micronutrient on plant quality of 
broccoli (Brassica oleracea var. italica) cv. 
green magic, Journal of Pharmacognosy 
and Phytochemistry. 2018;2825-2828. 

35. Moklikar MS, Waskar DP, Maind MM, 
Bahiram VK. Studies on Effect of Micro 
Nutrients on Growth and Yield of 
Cauliflower (Brassica oleracea var. 
botrytis) cv. Sungro-Anandi. International 
Journal of Current Microbiology and 
Applied Sciences. 2018;(6):2351-2358. 

36. Sharma P, Goswami RK, Deka BC. Effect 
of foliar application of boron and 
molybdenum on yield and quality of 
cabbage. Crop Research. 2005;30(1): 68-
72. 

37. Sharma A, Chandra A. Effect of plant 
density and nitrogen levels on physico-
chemical parameters of cauliflower. 
Haryana Journal of Horticultural Sciences. 
2004;33(1/2): 148-149. 



 
 
 
 

Bairwa et al.; Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 465-475, 2023; Article no.IJPSS.101181 
 

 

 
475 

 

38. Kumar S, Verma P, Chaudhary DR. Effect 
of nitrogen and spacing on yield and 
quality of cabbage (Brassica oleracea L. 
var. capitata). Annals of Biology. 
2010;12(2):242-244. 

39. Mishra PP, Das AK, Mishra N. Effect of 
integrated nutrient management on yield, 
quality and economics of knolkhol 
(Brassica oleracea L. cv. gongylodes). 
Asian Journal of Horticulture. 2014;9(2): 
382-385. 

40. Yadav M, Parsad VM, Ahirwar CS. Varietal 
evaluation of cauliflower (Brassica 
oleracea var. botrytis L.) In Allahabad Agro 
– climatic condition. The Bioscan. 
2013;6(1): 99-100. 

41. Sharma JC, Kumar V. Effect of mulches 
and nutrient levels on soil hydro-thermal  

regimes, soil fertility and production of 
cauliflower (Brassica oleracea var. botrytis 
L.) In Himachal Pradish. Journal of the 
Indian Society of Soil Science. 2014;62(1): 
9-17. 

42. Roni MS, Zakaria M, Hossain MM, Siddiqui 
MN. Effect of plant spacing and nitrogen 
levels on nutritional quality of broccoli 
(Brassica oleracea L.). Bangladesh 
Journal of Agricultural Research. 2014; 
39(3):491-504. 

43. Kotecha AV, Dhruve JJ, Patel NJ, Vihol 
NJ. Influence of micronutrients and             
growth regulators on the performance of 
cabbage quality. Advance Research 
Journal of Crop Improvement. 2016;7(1): 
46-51. 

_________________________________________________________________________________ 
© 2023 Bairwa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/101181 

http://creativecommons.org/licenses/by/4.0

