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boron on growth and yield of broccoli (Brassica 

oleracea var. italica) 
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Abstract 
Field investigation was carried out to study the effect of straw mulch and foliar application of boron on 
growth and yield of broccoli (Brassica oleracea var. italica) experiment was carried out in Split plot 
design consisting of fourteen treatments which included rice straw mulch application along with different 
levels of boron foliar application replicated three times. From the investigation it can be concluded that 
application of straw mulch along with foliar application of 0.75% B/ha and resulted in highest 
productivity and profitability in terms of broccoli growth and yield parameter. 
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Introduction 
Broccoli (Brassica oleracae var. italica) belongs to the family crucifereae. Crucifereae is a 
member of cole crop group. The broccoli originated in the mediterranean region. (Gray, 1982) 
[28]. Broccoli is dicotyledonous biennial herbaceous for seed production and considered as 
annual when harvest for fresh consumption (Yamaguchi, 1983) [44]. The area under cauliflower 
and broccoli is about 1.38 million hectares in the world with an annual production of about 
24.18 million tonnes. In India, cauliflower and broccoli are grown over an area of 0.43 million 
hectares with annual production of 8.57 million tonnes (Anonymous, 2020) [21]. In India, it is 
generally grown in hilly areas of Himachal Pradesh, Jammu and Kashmir, Nilgiri Hills, Uttar 
Pradesh and Northern plains. 
It is one of the most nutritious crops containing vitamin A, vitamin B, vitamin C and minerals 
like Ca, P and Fe (Acharya et al., 2015) [19]. Its nutritional value consists of energy (34 Kcal), 
carbohydrate (6.64 g), fat (0.37 g), protein (2.82 g) and water (89.3 g) per 100 g raw broccoli. 
Hence nowadays, broccoli attracted more attention due to its multifarious use and great 
nutritional value. It has also a rich source of sulforaphane compound which is associated with 
reducing the risk of cancer. (Yoldas et al., 2008) [45]. 
Mulching in vegetable crops has been found most effective means for the in situ conservation 
of soil moisture. Mulching represents a common intensifying element in cultivation 
technology of many vegetable crop, including broccoli. (Jasim and Al-Timmen, 2014) [29]. 
Different types of mulch (rice straw, black plastic, fresh weed biomass ) reduces the weed 
population, moderates soil temperature and improves the microbial activity of the soil by 
improving the environment around the root zone (Dong et al., 2009) [27]. Mulches can 
effectively minimize soil erosion and nutrient loss. Rice straw is weed-free organic mulch that 
is readily available in the summer and fall after rice crops have been harvested. Previously 
considered a waste item, rice straw helps reduce weeds and increase soil moisture when used 
on its own or as a base layer for mulch (Saha and Ghosh, 2013) [40]. Being a carbon-rich 
biomass, straw mulch contain carbon (40%-45%), nitrogen (0.6%-1%), phosphorus (0.45%-
2%), potassium (14%-23%), and microelements, which are necessary for crop growth (Wang 
et al., 2020) [43]. Rice straw is lightweight, so it is best used in a place that will not get heavy 
winds when used without heavier mulch as a top layer. In addition straw mulch will reduce 
weeds, conserve soil moisture and is also likely to lower the surface soil temperature (Kumar 
et al., 2015) [31]. Straw mulch also enhance the soil biotic activity of earthworms (Lal, 2000) 
[34]. 
Straw mulch is having additional advantage over poly mulch, as it improve the soil health by 
enriching the soil organic carbon which is the main source of energy for soil microorganisms.  
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The carbon of the microbial biomass are the most used 
attributes in studies on the biological indicators of the soil, 
and microbial biomass is the most active living part of the soil 
organic matter, formed mainly by fungi and bacteria. Straw 
mulching enhances the microbial population in the 
rhizosphere as soil microbes are a diverse group of 
microorganisms that are multifunctional and involved in 
many important ecosystem processes, including biogeo-
chemical cycling (Zhang et al., 2015) [2] and soil aggregation 
(Rilling and Mummey, 2006) [39]. Since last two decades, 
people are taking interest to improve soil quality throughout 
the world. They recognises the fragility of natural resource for 
development of soil health (Kumari et al, 2018) [33]. 
Boron (B) is an essential micronutrient which is required for 
growth and development of the plant and is directly and 
indirectly involved in many plant metabolic functions. Its 
essentiality in plant was reported by Warrington (1923) [42]. It 
is a constituent of cell membrane and is essential for cell 
division. Boran forms ester bonds between apiose residues of 
rhamnogalacturonan II (RGII) monomers, thus contributing to 
the cell wall’s architecture and function and also forms cis-
diol complex compounds with glycoproteins and glycolipids 
from the plasma membrane, thus maintaining its structure 
(Chormova and Fry, 2016) [24]. Boron promotes flowering, 
pollination, IAA and carbohydrate metabolism seed set and 
translocation of sugar. In plants B is required in the structure 
of cell wall (O’Neil et al., 2004) [36]. 
Inadequate boron supply causes numerous biochemical, 
physiological, and anatomic changes; therefore, it is 
extremely difficult to distinguish with certainty the primary 
and secondary effects of the deprivation (Dell and Huang, 
1997) [25]. Interruption of cell division in the apical meristem 
is the most prominent effect that results in a reduction and 
even cessation of root growth. Boron deficiency decreases 
male fertility by reducing microsporogenesis germination, and 
elongation of the pollen tube (Cheng and Rerkasem, 1993) 
[23]. After fertilization, the nutrition disorder affects 
embryogenesis, resulting in seed deterioration or the 
formation of incomplete or damaged embryos (Rerkasem et 
al., 2019) [38]. 
Following green revolution period, with the induction of high 
yielding crop cultivars and use of high analysis chemical 
fertilizers, soils are showing a rapid decline in their ability to 
supply the essential micronutrients in required quantities 
(Bhupenchandra et al, 2020) [22]. Boron deficiency has been 
realized as the second most important micronutrients 
constraint in crops after that of zinc (Zn) on global scale 
(Ahmad et al., 2012) [20]. In India, around 33% soils are 
deficient in boron (Shukla and Behera, 2012) [41]. An 
estimated annual B requirement of 3.9 thousand tonnes by 
2025 is an indication of its emergence as a major limiting 
nutrient to obtain optimum yield of many crops (Murthy, 
2006) [35]. The deficiency of boron was found to be severe in 
the soils of Punjab with an average 12.1% of soil sample were 
found to deficit in available boron (Dhaliwal et al., 2020) [26]. 
 
Materials and Methods 
The field experiment work of the present investigation 
entitled “Effect of straw mulch and foliar application of boron 
on growth and yield of broccoli (Brassica oleracea” was 
carried out in the Rabi season of 2021–2022 at the Students’ 
Vegetable Research Farm, Khalsa College, Amritsar. Punjab 
is the province where Amritsar is located in northwest India. 
Amritsar is situated at a mean elevation of 229 metres above 
mean sea level, at latitude 31°63’ North and longitude 74°86’ 

East. The experiment’s split plot design consisted of two main 
plot treatments (mulch and with mulch and seven sub plot 
each of which had a different boron level and was repeated 
three times. “Palm samridhi” was the cultivar utilised in the 
experiment, and it was planted in ridges 45cm apart, 45cm 
apart. Before preparing the seed bed, FYM was applied. The 
soil type in the field was sandy loam, and the NPK levels are 
provided as 100, 80, and 100 kg ha-1. The three fertilisers 
were combined before application, and they were spread in 
the middle of ridges where the broccoli would later be sown. 
The first quarter of the nitrogen dose was broadcast applied 
during the second irrigation, the final quarter was applied 
after the first irrigation, and the other half was applied at the 
time of planting. 30 days after planting, the earthwork was 
finished (DAP). At 30 DAS and 50 DAS, vermiwash was 
sprayed. During the period of the earthing, weeding was done 
to get rid of the weeds. 
 
Result and discussion Plant height (cm) 
Plant height is an index of growth and development 
representing the infrastructural build up. Plant height was 
recorded periodically at 30, 60 and at harvesting. The perusal 
of data regarding the plant height of the broccoli crop 
presented in the Table 4.4 showed that plant height increased 
with the advancement of crop stages up to maturity. At 30 
DAT plant height of (24.76 cm) in M1 was non-significantly 
higher than the M2. The percent increase in plant height at 60 
DAT in M1 over M2 was 2.09 percent and it was significantly 
higher. At harvesting highest plant height was recorded at M1 
which was significantly different from M2. The percent 
increase in the plant height at harvesting in M1 over M2 was 
2.99 percent. This might be due to the fact that straw mulch 
has helped in improving the soil's physical and chemical 
characteristics in the broccoli rhizosphere and enhancing 
microclimate (Char et al., 2020) [3]. 
While observing the effect of boron level on the plant height 
of broccoli crop, the perusal of data presented in Table 4.4 
showed that the highest plant height was recorded in T4 
(0.75% borax) up to 30 DAT and it was affected non-
significantly due to different boron treatments. 
The effect of boron treatment at 60DAT was significant, the 
plant height of the broccoli ranged from 41.70 (T1) to 47.98 
cm (T4). The maximum plant height at 60 DAT was observed 
in treatment receiving 0.75% borax (47.98 cm), while the 
lowest was observed in T1 (41.70 cm). 
At harvest, a similar trend was observed in plant height as 
noticed at 60 DAT. At harvest, the plant height of broccoli 
ranged from 55.56 cm (control) to 64.12 cm (T4). The 
maximum plant height at harvest was observed in treatment 
receiving 0.75% borax (64.12 cm) which was found to be at 
par with T5 (62.28 cm), while the lowest was observed in 
control (55.56 cm). The increase in plant height with the 
application of boron might be due to its involvement in the 
synthesis of the cell wall and maintaining its structure. These 
results are in line with the finding of Singh et al. (2022), 
Sourabh et al. (2021) and Kumar et al. (2021) [4, 5]. 
 
The interaction effect was non-significant 
Number of leaves per plant 
The number of leaves per plant is an important index of plant 
growth and development. Although the number of leaves per 
plant is controlled genetically it may be markedly modified by 
agronomic manipulations. The application of mulch showed a 
significant difference in the number of leaves per plant as 
shown in Table 4.5. The mean values are given in the table 
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represented that the number of leaves per plant in M1 was 
significantly higher over M2 treatment at 60DAT and at 
harvest. The percent increase in the plant height at 60DAT 
and at harvesting in M1 over M2 was 4.76 and 9.15 percent, 
respectively. Whereas, at 30 DAT it was observed to be non-
significant. The position effect of mulch on the number of 
leave per plant may be through increased nutrient content, 
improving the microclimate (temperature and moisture) 
regime of the soil, as well as by increasing the photosynthetic 
attributes and pigment content which would have encouraged 
the formation of a greater number of leaves (Zhang et al., 
2015) [2] and (Kosterna, 2014) [1]. 
A perusal of data in Table 4.5 further revealed that the 
average number of leaves per plant of all the treatments at 
harvest was higher as compared to the number of leaves per 
plant at 60 DAT. The number of leaves per plant at 30 DAT 
was not influenced significantly by the application of boron, 
while a significant response of boron was observed in the 
number of leaves per plant at 60 DAT. The maximum number 
of leaves per plant recorded was 17.87 and 23.89 in T4 at 
60DAT and at harvesting, respectively. While the minimum 
number of leaves per plant was registered as 13.65 and 18.15 
in control (T1) at 60DAT and at harvest, respectively. This 
might be due to its role in membrane metabolism and 
function. The results are similar to the findings of Farag et al. 
(2022) [6]. 
 
Interaction was non-significant 

 
Table 1: Effect of straw mulch and foliar application of boron on 

plant height of broccoli 
 

Symbol Treatment Plant heigh (cm) 
30 DAT 60 DAT At harvesting 

Straw Mulching 
M1 With Mulch 24.76 46.11 63.37 
M2 Without Mulch 23.02 44.23 59.68 

 CD(P=0.05) NS 1.05 1.5 
Boron Level 

T1 Control 22.37 41.70 55.56 
T2 0.25% Borax 23.04 43.55 58.47 
T3 0.5% Borax 23.66 43.61 59.01 
T4 0.75% Borax 24.64 47.98 64.12 
T5 1.00% Borax 24.59 47.83 62.28 
T6 1.25% Borax 24.01 45.99 59.5 
T7 1.50% Borax 24.02 45.56 58.92 

 CD (p=0.05) NS 1.73 2.5 
 Interaction NS NS NS 

 
Leaf area index 
LAI is a measure of leafiness per unit ground area and 
indicates the extent of photosynthetic activities of the plant. It 
is the most important indicator of the size of the assimilatory 
system to maximize the harvest of the incident solar radiation. 
Leaf area affects the interception and utilization of solar 
radiation by crop canopies, consequently dry matter 
accumulation and ultimately the crop yield 
The data on the leaf area index of crop growth as affected by 
mulch and boron levels are presented in Table 4.6. Significant 
variation in the LAI was observed due to mulch at harvest of 
crop growth. A higher LAI value (2.62) was developed in M1 
(with mulch) while a lower LAI value (2.43) was recorded in 
plots receiving no mulch (M2). The increased LAI could be 
attributed to the favorable aeration-moisture regime 
conditions and higher soil biological activity as compared to 
no mulch (Akhtar et al., 2018) [7]. 
 

At harvest boron application, 0.75% borax recorded a 
maximum leaf area index (2.98) which was significantly 
superior over all other treatments of boron except at 1% borax 
where it was at par with T5 (2.82). The increase in the leaf 
area index might be due to the application of borax that 
accounts for the synthesis of the cell wall, as well as the 
transport of ions, metabolites, and hormones. The result are 
line with findings of Banker et al. (2022) [8]. 
The interaction of mulch and boron level was found non-
significant. 
 
Table 2: Effect of straw mulch and foliar application of boron on the 

number of leaves per plant of broccoli 
 

Symbol Treatment Number of leaves 
30 DAT 60 DAT At harvesting 

Straw Mulching 
M1 With Mulch 6.63 17.65 23.83 
M2 Without Mulch 6.61 15.76 19.88 

 CD(P=0.05) NS 0.47 1.27 
Boron Levels 

T1 Control 6.58 13.65 18.15 
T2 0.25%Borax 6.67 14.42 19.47 
T3 0.5% Borax 6.51 15.92 20.52 
T4 0.75%Borax 6.69 17.87 23.89 
T5 1.00%Borax 6.63 17.67 23.46 
T6 1.25%Borax 6.68 16.96 22.06 
P7 1.50%Borax 6.6 16.70 21.88 

 CD(p=0.05) NS 0.69 1.27 
 Interaction NS NS NS 

 
Table 3: Effect of straw mulch and foliar application of boron on 

growth and yield of broccoli on leaf area index 
 

Symbol Treatment Leaf area index 
Straw Mulching 

M1 With Mulch 2.62 
M2 Without Mulch 2.43 

 CD(P=0.05) 0.14 
Boron Level 

T1 Control 2.04 
T2 0.25% Borax 2.38 
T3 0.5% Borax 2.49 
T4 0.75%Borax 2.98 
T5 1.00%Borax 2.82 
T6 1.25%Borax 2.55 
T7 1.50%Borax 2.46 

 CD(p=0.05) 0.3 
 Interaction NS 

 
Stem girth (cm) 
The data on stem girth at different stages of crop growth as 
influenced by straw mulch and boron application is presented 
in Table 4.7. Significant variation in stem girth was observed 
due to mulching. M1 showed a higher stem girth (5.44 cm) 
while a lower stem girth (4.80cm) was obtained without 
mulch (M2) at harvest. The increase in the plant spread may 
be due to the favorable conditions in mulched plots through 
enhanced nutrients availability and ensuring good soil 
physical conditions (Gharbat et al., 2016) [9]. 
Boron application also had a significant influence on stem 
girth. Maximum stem girth (5.55 cm) was observed in T4 and 
was found to be at par with T5 (5.52 cm). While minimum 
stem girth (4.55 cm) was obtained in T1. An increase in stem 
girth might be due to the role of boron in cell wall formation 
and influenced membrane metabolism. Then result 
conformity with the findings of Lakiang et al. (2021) [10]. 
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Average curd weight (g) 
Data pertaining to average curd weight as affected by mulch 
and boron application are presented in Table 4.8 showed that 
the mulch had a significant effect on average curd weight per 
hectare having higher average curd weight (254.15g) when 
the crop was grown with mulch (M1), whereas lower weight 
(247.02g) was observed when the crop was grown without 
mulch (M2). This might be due to the increase in biomass 
attributing characteristics like plant height (Table no. 4.4), no 
of leaves per plant (Table no. 4.5), and leaf area index (Table 
no. 4.6). The results are in line with findings of Zhang et al. 
(2015) [2]. 
An examination of data presented in table 4.8 further revealed 
that borax 0.75% result in the higher average curd weight 
(267.40g) over the control (235.73g). Among the growth 
attributes, the positive association of crop growth concerning 
plant height, leaf area index, and the number of leaves per 
plant might be the reason for increased average curd weight. 
In addition, the enhanced leaf area index might have helped 
for better exposure of leaves to the sunlight thus increasing 
the photosynthetic area further accounting for average curd 
weight. These results are closely related to Masarirambi et al 
(2013) [11] Interaction was non-significant 

 
Table 4: Effect of straw mulch and foliar application of boron on 

stem girth of broccoli 
 

Symbol Treatment Stem girth (cm) 
Straw Mulching 

M1 With Mulch 5.44 
M2 Without Mulch 4.8 

 CD (p=0.05) 0.32 
Boron level 

T1 Control 4.55 
T2 0.25% Borax 4.79 
T3 0.5% Borax 4.93 
T4 0.75% Borax 5.55 
T5 1.00% Borax 5.52 
T6 1.25% Borax 5.32 
T7 1.50% Borax 5.21 

 CD (p=0.05) 0.17 
 Interaction NS 

 
Head yield (q ha-1) 
Head yield is an important component of the yield parameters. 
Data on the head yield of broccoli as affected by mulch 
(Table 4.8) showed that the head yield of broccoli was found 
significantly higher in M1 (168.95 q ha-1) over M2 (165.28 q 
ha-1). The higher head yield obtained under mulch may be 
through increased nutrient content, improving the 
microclimate (temperature and moisture) regime of the soil, 
as well as by increasing the photosynthetic attributes and 
pigment content which would have encouraged the formation 
of a greater head yield. A similar type of results have already 
been reported by Tiwari et al. (2003) [13] and Tumuhairwe and 
Gumbs (1983) [12]. 
The different boron treatments showed a significant variation 
in the head yield of broccoli during the study period (Table 
4.8). The highest head yield was noticed in T4 (176.34 q ha-1) 
which was at par with T5 (174.61 q ha-1) and the lowest being 
in control T1 (155.33 q ha-1). It might due to season that 
boron had a critical role in crop growth, involving 
photosynthesis processes, and biochemical and physiological 
activities and thus their importance in achieving higher yield. 
These results confirm the findings of Islam et al. (2015) [14] 
and Choudhury et al. (2022) [15]. The interaction of zinc and 
land configuration was found non-significant. 

Dry matter accumulation (DMA) 
Dry matter accumulation (DMA) is the most important 
parameter to observe the effect of different treatments on the 
metabolic efficiency of the plant which is a direct indicator of 
plant health and vigor. It is also a good indicator of 
photosynthetic activity. The data was recorded and presented 
in table 4.8. The data on the dry matter accumulation revealed 
that the mulch had a significant effect on dry matter 
accumulation. The results show that treatment M1 (28.32kg 
ha-1) produced significantly more dry matter in comparison to 
the M2 treatment (26.98kg ha-1). This might be due to better 
hydrothermal conditions in the soil and improved soil 
physical and chemical properties. Dhar et al. (2014) [16] and 
Fracchiolla et al. (2020) [17] also observed such type of results. 
The highest dry matter accumulation due to higher in boron 
level was registered in T4 (29.84 kg ha-1) which was at par 
with T5 (29.51kg ha-1) but significantly superior to all other 
treatments. The increase in DMA in broccoli with the 
increasing level of boron application might be due to higher 
levels of boron resulting in more uptake of nutrients, which 
caused better metabolization of synthesized carbohydrates 
into amino acids and protein which in turn stimulated the cell 
division and cell elongation and thus allowed the plant to 
grow faster, which expressed morphologically an increase in 
various metabolic processes in presence of abundant supply of 
nutrients which ultimately resulted in increased vegetative 
growth. Similar results were observed by Islam et al. (2015) 
[14] and Al- Bayativ (2019) [18]. The interaction effects among 
various treatments were non- significant. 
 

Table 5: Effect of straw mulch and foliar application of boron on 
yield parameter of broccoli 

 

Symbol Treatment Average curd 
weight (g) 

Head 
yield  

(q ha-1) 

Dry matter 
accumulation  

(kg ha-1) 
Straw Mulching 

M1 With Mulch 254.15 168.95 28.32 
M2 without Mulch 247.02 165.28 26.98 

 CD (p=0.05) 3.0 2.18 0.47 
Boron level 

T1 Control 235.73 155.33 24.17 
T2 0.25% Borax 241.62 161.62 26.63 
T3 0.5% Borax 245.98 163.63 27.24 
T4 0.75% Borax 267.40 176.34 29.84 
T5 1.00% Borax 264.38 174.61 29.51 
T6 1.25% Borax 256.54 170.39 28.25 
T7 1.50% Borax 253.75 167.89 27.95 

 CD (p=0.05) 5.3 3.7 0.7 
 Interaction NS NS NS 

 
Conclusion  
The findings of this field study entitled “Effect of straw mulch 
and foliar application of boron on growth and yield of 
broccoli (Brassica oleracea var. italica)” may lead to the 
conclusion that by using straw mulch along with application 
of boron @ 0.75%, better yields and larger returns can be 
achieved. Hence farmer are advised to make combine use of 
organic mulch and foliar boron application 
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