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ABSTRACT

A field experiment was tested in the Central Laboratory for Agricultural Climate Experimental Farm, Dokki, Giza
Governorate, Egypt, during the two growing seasons of 2019/2020 and 2020/2021 on cauliflower. The aim of this
research was to study the effect of plant spacing foliar spraying with different concentrations of application of boron
(B) on the vegetative growth, chemical content and curds yield of cauliflower cv. Amshiry under field conditions.
Plants were sprayed with 50, 100 and 200 ppm at 20, 40, 60 and 80 days after transplanting, whilst the in-row plant
spacing was 0.3 and 0.5 m between plants. Results showed that boron foliar application significantly improved
vegetative growth parameters, curds yield and its components and chemical composition of leaves and cauliflower
plant. Likewise, using 0.50 m plant spacing significantly enhanced plant fresh weight, plant height, leaves fresh
weight and leaves dry weight and chemical composition of leaves and curds.

The highest yield per plant was obtained by plant spacing 0.5m combined with 200 ppm boron followed by plant
spacing 0.50 m combined with 100 ppm boron. On the other hand, the production from land units increased by using
0.3 m in-row plant spacing while the production of individual plants was less than 0.5m treatment. The 200 ppm
boron application gave the highest net profit per feddan followed by 100 ppm. The lowest net profit was obtained by

0.30 m plant spacing combined with control treatment.
Keywords: Cauliflower, boron foliar spraying, plant spacing

Introduction

Cauliflower (Brassica oleraceae var. botrytis L.) is one
of the most popular cruciferous vegetable crops cultivated for
its white curds as an edible part. It is being grown round the
year for its white and tender curd vegetables and thrives best
in a cool, moist climate and it does not withstand very low
temperature or too much heat (Sani et al., 2018)

Plant spacing is an important aspect of crop production
for maximizing the yield. It helps to increase the number of
leaves, branches and healthy foliage. Densely planted crops
obstruct proper growth and development. On the other hand,
wider spacing ensures the basic requirements but decreases
the total number of plants as well as total yield Crop yield
may be increased up to 25% by using optimum spacing
(Hossain et al., 2015).

Number of plants is mostly dependent upon spacing
which also plays an important role in its development. The
height of the plant was found to increase maximum at 60cm
spacing. The plants of the spacing of 45cm were smaller than
60cm spacing at 30cm spacing plants were significantly
shorter. Plants which were grown in wider spacing improved
their fresh and dry weight characters, number of leaves,
showed best results at 60cm spacing and with decrease in
spacing the characters were decreased and worst results were
obtained at 30cm spacing (Singh et al., 2019).

Cauliflower responds well to macronutrients as well as
nitrogen,  phosphorus and  potassium. However,
micronutrients are also essential for its proper growth and
yield, especially boron and molybdenum (Rahman et al.,
2007). Boron application increased plant height, number of
leaves per plant, length and width of the leaf, plant spread,
main head weight and head yield both per plant and per
hectare (Moniruzzaman et al., 2007).

In brassica crops like cauliflower, broccoli and cabbage,
the boron requirement is very high. Application of different
levels of B influenced the growth and yield in different crops
also reported by Sohel et al. (2006).

Cauliflower has a high micronutrients requirement,
particularly boron. Boron is very important for growth and
development of cauliflower and is involved in cell division
and hence helps in root elongation and shoot growth. It is
associated with several physiological processes such as
calcium metabolism, hormone synthesis, sugar metabolism,
translocation of solutes and protein synthesis. Boron plays an
essential role in the development and growth of cells in the
plant meristem (Singh et al., 2017).

Chattopadhyay, and Mukhopadhyay (2003) show that
boron spray application enhance plant growth (i.e. Plant
height, number of leaves per plant, root length, stem length,
stem diameter and plant weight) and yield attributing
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characters (i.e. Curd height, curd weight and curd diameter)
over the control.

The present study was undertaken to evaluate the effect
of boron spray application and different spacing distance on
the growth and yield characteristics of cauliflower.

Material and Methods

Plant Materials and Growing Conditions: Two field
experiments were conducted at the farm of the Central
Laboratory for Agricultural Climate, Giza, Egypt during the
winter growing season of 2019/2020 and 2020/2021.
Climatic data (Table 1) of the experimental site was collected
from automated weather station belongs to the Central
Laboratory for Agricultural Climate. The coordinate of the
farm is 30.04588 N and 31.20463 E. Experiments were
conducted in clay soil with pH 7.26, EC 3.92dS/m, HCO
1.78meq/l, SO, 22.1 meq/l, CI 10.487 meq/l, Mg 9.90, Ca
10.95meq/l and K 0.33meq/l. Chemical analysis of the soil
was determined according to procedures described by Ryan
et al. (1996).

Experimental Design

Five-week old seedlings of healthy cauliflower cv.
Amshiry were transplanted on row at a distance of 0.60 m on
November 24™ and 28" in 2019/2020 and 2020/2021 season,
respectively. Drip irrigation system was used for irrigate
plants.

The experimental layout was split-plot with three
replicates. Plant spacing was allocated in the main plot at
0.30 and 0.5 m between each two plants. The distance
between drippers was the same distance between plants.
Inline dripper was used with discharge 2l/hr. the distance
between drippers was 0.3 and 0.5m according to the applied
treatments. On the other hand, boron was applied at 50, 100
and 200 ppm as well as control treatment in the sub main
plots. Boron treatment was applied at 25, 40 and 60 days
after transplanting. Boric acid (H;BO; 17% B) was used to
prepare different foliar spray concentrations. Tap water was
sprayed to the control plants.

Each sub-plot consisted of five rows 5.0 m length and
75 cm width and the plot area was 20 m”. Guard rows were
set between the experimental units. Common cultural
practices were used for the cauliflower production such as
irrigation, fertilization ...etc., according to recommended
practices for cauliflower in the commercial fields. The
harvesting period was achieved from March 5th to March
28thin 2019 and from March 10th to April 2nd in 2020. At
the end of each growing season, cauliflower plants were
harvested 3-5 days intervals when heads were well-
developed. Cauliflower heads were cut, trimmed to
marketable form and used to determine fresh weight yield.
The yield was determined per plant (g) and per square meter
(kg).

Vegetative Growth Parameters: At harvesting time, plant
height (cm), foliage fresh weight (g), foliage dry weight (g),
number of leaves/plant.Stem diameter (cm), was measured
one week before starting harvest date as mentioned above.

Plant Analysis: At harvesting stage, ten leaves were
separated from five cauliflower plants that were selected
from the middle row of each plot. Nutrient element
composition (N, P, K and B) were measured in the leaves
according to AOAC (2009).

Growth and yield of cauliflower as affected by boron spray and in-row plant spacing

Economic analysis of applied treatments: Economic
analysis, after considering the cost of cauliflower seedling
and boron spray application as well as field operating and
irrigation system cost, the incomes from cauliflower yield
was used (CIMMYT, 1988) according to the formulas:

Net Income = value of obtained yield —production costs;
Statistical Analysis

Analysis of data was done, using SAS program for
statistical analysis. The differences among means for all traits
were tested for significance at 5 % level according to Waller
and Duncan (1969).

Results and Discussions
Vegetative growth characteristics

Data in Table 2 show that the highest vegetative growth
was obtained by plant spacing 0.50 m during the both
seasons. Using 0.30 m plant spacing led to decrease of all
vegetative growth characteristics. The same trend was
obtained during the second growing season. Referring to the
effect of boron spray application, data in Table (2) illustrate
that increase the concentration of boron led to significantly
increased plant height, number of leaves per plant, foliage
fresh and dry weight significantly during the two seasons.
The highest plant height, number of leaves per plant, foliage
fresh and dry weight were obtained by 200 ppm followed by
100 ppm; 50ppm boron came in the third option. There was
no significant difference between boron concentration
treatments in terms of stem diameter of cauliflower plant; all
boron foliar sprays were significantly higher than control
treatment. While the lowest plant height, number of leaves
per plant, foliage fresh and dry weight was obtained by 50
ppm. the interaction effect between plant spacing and boron
spray revealed the highest plant height, number of leaves per
plant, foliage fresh and dry weight were obtained by 0.50 m
plant spacing combined with 200 ppm boron spray followed
by 0.50 m plant spacing combined with 100 ppm boron
spray; the lowest plant height, number of leaves per plant,
foliage fresh and dry weight were obtained by 0.30 m plant
spacing combined with control treatment. The same results
were obtained by Hossain et al. (2015) who concluded that
proper plant spacing is essential for crop production due to
sufficient utilization of light, nutrients and water by the
plants. High plant population significantly affects plant
growth. So, it is important to maintain sufficient plant
spacing for maximum seed yield of cauliflower. However,
foliar application of boron gave the highest fresh weight, the
same results was obtained by Brown and Hu, (1997) who
mentioned that boron application increased plant height,
fresh and dry weight for plants. Naresh-Babu (2002) showed
that foliar application of B at rates from 50 to 300 ppm on
tomatoes had a positive effect on vegetative growth of the
plants. Jafari-Jood et al., (2013) showed that spraying of
boron significantly improved growth parameters of plants
(plant height, leaves per plant and shoot weight) as compared
with control (without spray).

Yield

Data in Table (3) show that the highest curd weight per
plant was obtained by plant spacing 0.50 m followed by plant
spacing 0.30m during the both seasons. The productivity of
curds per Feddan took another trend, using 0.30 m plant



A.A. Farag et al.

spacing gave the highest curds weight during the both
seasons due to higher plant density and then higher number
of curds per Feddan. The curd diameter and curd volume
took the same trend as the cauliflower yield per plant during
the both seasons. The 0.50 m gave a higher curd diameter
than 0.30m during the two seasons.

Regarding the foliar spray application of boron on yield
of cauliflower plant, data in Table (3) show that increasing
the concentration of boron increases cauliflower yield during
the both seasons. The highest cauliflower productivity was
obtained by 200 ppm boron, followed by 100 ppm during the
both seasons. The lowest cauliflower yield was obtained by
control treatment. The curd diameter and curd volume took
the same trend as the cauliflower yield per plant during the
both seasons.

Referring to the interaction effect data indicated that the
highest yield per plant were obtained by plant spacing 0.5m
combined with 200 ppm boron followed by plant spacing
0.50 m combined with 100 ppm boron; while the lowest yield
per plant was obtained by plant spacing 0.30 m combined
with control. The yield per feddan took another trend, the
highest yield feddan was obtained by 0.30m plant spacing
combined with 200 ppm boron followed by 0.30 m plant
spacing combined with 100 ppm boron during the both
seasons. The lowest yield per square meter was obtained by
0.30 m plant spacing combined with control treatment. The
same results was obtained by Keng er al. (2004) who
concluded that high density planting increased the seed yield
per unit area without significant effect on quality
significantly. Hossain et al. (2015) the high plant density
obtained higher cauliflower per land unit. Bacha et al. (2017)
stated that wider plant spacing produces heads of larger size
and narrow row spacing produces smaller heads. As for
boron foliar application enhanced yield of cauliflower, the
same results

El-Said (2009) who showed that foliar application of
boron at 100 ppm and fertilization with 75% mineral nitrogen
fertilizer + 25% organic nitrogen resulted significant increase
of plant height, number of branches, fresh and dry weight,
total yield per feddan and N, P and K contents in sweet
pepper plants leaves. El-Mahdy, (2007) showed that foliar
spray of B increased pepper vegetative growth parameters
and yield.

Nutrient percentage

Data in Table 4 show that plant spacing affected the
nutrient percentages, the highest nutrient percentages were
obtained by 0.5 m plant spacing. N, P, K, Ca and Mg were
lower under 0.3 m plant spacing than 0.5m.

Regarding the boron spray, obtained data show that 200
ppm of foliar spray of boron led to increased boron content
of cauliflower leaves followed by 100 ppm, while the lowest
B content was obtained by control treatment. The boron
application increased the N, P, K, Ca and Mg percentages,
the highest N, P, K, Ca and Mg were obtained by 200 ppm
followed by 100 ppm while the control treatment had the
lowest N, P, K, Ca and Mg percentages during the both
seasons. These results agreed with Keng et al. (2004) who
concluded that higher plant density led to reduced nutrient
content in plants due to higher competition between plants of
water and nutrients. These obtained results in terms of boron
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foliar application agreed with Arisha et al. (1999) who
concluded that foliar spray of B at rates 12.5, 25 and 50 ppm
as boric acid with recommended doses of NPK increased
number of leaves per tomato plant, dry weight of plant,
concentration and total uptake of N, P and K. another
possibility, the optimum amount of boron stimulated the
phosphorus uptake by plant roots and promoted plant growth
with higher yield (Day, 2000). On the other hand, boron
helps in the absorption of water and carbohydrate metabolism
(Haque et al., 2011), translocation of carbohydrates in plants,
DNA synthesis in meristems, cell division and elongation,
active salt absorption, fertilization, water relation and
photosynthesis and involves indirectly in metabolism of
nitrogen, phosphorous, fat and hormones. Furthermore,
application of B possesses a typical ‘starter effect’. Boron
deficiency may markedly inhibit nutrient uptake and growth
of the trees, whereas severe deficiency of B may result in the
death of the trees even though the supply of other nutrient
elements is adequate (Meng et al., 2008).

Economic analysis

Operating costs of producing one feddan of cauliflower
using two different distances 0.3 and 0.5 m were estimated
including the seasonal cost such as labor, irrigation,
fertilization, etc. (Table 5). Cauliflower production not
according to weight but per number of heads. The price of
cauliflower head was according to head diameter. The
average of curd diameter during the two tested seasons was
considered in the economic analysis. The price of curd was
categorized according to head diameter.

The plant spacing treatment had high economic impacts
due to the effect of plant spacing on curd diameter (Table 3).
The highest net profit per feddan was obtained by 0.50 m
plant spacing compared to 0.30 m. Despite the 0.30 m plant
spacing had a higher number of curd heads per feddan; the
net profit of 0.50 m plant spacing was higher due to the price
of curd was determined according to the curd diameter.
According to the economic analysis using 0.5 cm plant
spacing had higher net profit than 0.30m (Figure 1).

Regarding the boron application, the economic impact
was effective due to the effect of boron foliar application on
curd diameter. The 200 ppm boron application gave the
highest net profit per feddan followed by 100 ppm; while the
lowest net profit per feddan was obtained by control
treatment (Figure 2). We can conclude that the highest net
profit per feddan was obtained by 0.50 m plant spacing
combined with 200 ppm boron foliar application followed by
0.30 m plant spacing combined with 200 ppm boron foliar
application. The lowest net profit was obtained by 0.30 m
plant spacing combined with control treatment.

Conclusion

In the experiment plant spacing 50 cm treatment gave
higher curd yield per plant but plant spacing 30 cm treatment
gave the highest curd yield per area unit (feddan).

Micronutrients boron foliar spray application was more
effective than control. The results of the investigation suggest
that the highest cauliflower curd yield per plant can be
obtained, in plant spacing 0.5m combined with 200 ppm
boron. While, the production from land units increased by
using 0.3 m in-row plant spacing combined with 200 ppm
boron.
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Table 1 : Climate data during the experiment duration for Dokki area.
AIRTEMP RH% PRECIPITATION WIND SPEED SOIL TEMP TEMPTTEMP. ET,

max  min avg sum avg avg avg
°C °C mm m/s °C mm
1* season
Nov. 2019 289 108 579 11.6 0.3 21.7 32
Dec. 2019 21.6 6.6 56.5 10.7 0.5 16.5 2.6
Jan. 2020 17.8 4.2 59.6 32 0.5 13.4 2.1
Feb. 2020 19.6 5.7 57.2 6.9 0.4 15.2 24
Mar. 2020 22.6 7.2 56.2 4.6 0.7 16.8 3.1
2™ season
Nov. 2020 276 103 58.2 7.4 0.4 20.2 3.1
Dec. 2020 23.1 8.8 58.8 6.0 0.3 16.8 2.8
Jan. 2021 18.3 5.5 58.8 3.8 0.4 16.4 2.2
Feb. 2021 20.9 5.5 57.8 1.6 0.5 16.6 2.5
Mar. 2020 21.9 6.9 56.9 34 0.6 16.8 2.9
Air Temp = air temperature RH% = relative humidity percentage.
Soil Temp = Soil temperature ETo = reference evapotranspiration

Table 2 : Effect of in-row plant spacing and boron foliar spray on plant height, number of leaves per plant, stem diameter,
fresh and dry weight of leaves and stem during 2019/2020 and 2020/2021 seasons in Dokki farm

2019/ 2020 2020/ 2021
plant spacing Foliar a]zplication
plant height (cm)
Control B1 B2 B3 Mean Control B1 B2 B3 Mean
30 Cm 615e 68.2d 70.0 cd 71.5cd 67.8 B 585¢g 652 f 66.2 ef 674de 643B
50 Cm 72.2 be 73.4 ab 75.3 ab 76.4 a 743 A 69.2 cd 70.7 ¢ 729b 76.0 a 722 A
Mean 66.9 C 70.8 B 72.7 AB 74.0 A 63.8 D 67.9 C 69.5 B 71.7 A
Number of leaves
30 Cm 154 c 16.3 be 16.8 b 182 a 16.7B 157c¢c 17.0 be 17.7 be 18.3 ab 172 B
50 Cm 16.8 b 16.8 b 182 a 19.1 a 17.7 A 17.3 be 17.0 be 19.0 ab 203 a 18.4 A
Mean 16.1 C 16.6 C 17.5B 18.7 A 16.5 C 17.0 BC 18.3 AB 193 A
Stem diameter (cm)
30 Cm 39b 44 4.5 ab 4.6 ab 43B 3.6d 4.1cd 4.3 bc 4.3 be 4.1B
50 Cm 4.4 ab 4.8 ab 4.5 ab 5.0a 4.7 A 4.2 bed 5.1a 4.1 bed 4.8 ab 4.5 A
Mean 42 B 4.5 AB 4.5 AB 4.8 A 39B 4.6 A 4.2 AB 4.5 A
Canopy fresh weight (Kg)
30 Cm 3.1f 33ef 3.4 de 3.6cd 33B 32e 3.4 de 3.6 cd 3.8 bc 35B
50 Cm 32ef 3.7 bc 4.1a 4.0 ab 38 A 35cd 4.0 ab 43 a 4.2a 4.0 A
Mean 3.1C 35B 3.8A 3.8A 33C 3.7B 39A 4.0 A
Canopy dry weight (g)
30 Cm 261d 279d 304 c 331D 294.4 B 267 d 288 d 328 bed 304 cd 297 B
50 Cm 287 cd 348 b 392 a 392 a 3552 A 325 bed 383 abc 396 ab 429 a 383 A
Mean 274 D 314 C 348 B 362 A 296 B 335 AB 362 A 366 A

Table 3 : Effect of in-row plant spacing and boron foliar spray on yield per plant, yield per square meter, curd diameter and
curd density during 2019/2020 and 2020/2021 seasons in Dokki farm

2019/ 2020 2020/ 2021
plant spacing Foliar application
Curd weight (Kg/plant)
control B2 B3 B4 Mean Control B1 B2 B3 Mean
30 Cm 0.89¢ 1.15d 1.15d 1.27 cd 1.11B 094 ¢ 1.22d 1.24 ¢ 1.38 ¢ 1.19B
50 Cm 1.47 bc 1.50 be 1.64 ab 1.74 a 1.59 A 1.56 b 1.56 b 1.65b 1.81 a 1.65 A
Mean 1.18 C 1.32 BC 1.39 AB 1.51 A 1.25D 1.39C 1.45B 1.59 A
Yield (Ton/Fadden)
30 Cm 102 e 13.2 abc 13.2 ab 14.6a 128 A 10.8 d 14.1b 143 Db 158 a 137 A
50 Cm 103 e 10.5 de 11.5 cde 12.2 be 11.1B 109 d 10.9d 11.6 cd 12.7 ¢ 11.5B
Mean 10.2 C 11.8 B 12.4 AB 13.4 A 10.8 D 12.5C 129B 142 A
Curd diameter (cm)
30 Cm 13.6¢ 16.3d 17.0d 17.5d 16.1 B 14.8d 15.8 cd 16.8 cd 179¢ 16.3 B
50 Cm 22.5¢ 23.6 bc 24.5 ab 25.6a 24.1 A 250D 25.5 ab 26.3 ab 275a 26.1 A
Mean 18.1 D 20.0 C 20.7B 215 A 19.9C 20.7 BC 21.6 B 227 A
Volume (L/curd)
30 Cm 0.37d 0.48d 0.69 ¢ 0.73 bc 0.57B 0.35d 0.46d 0.65c 0.69 be 0.54 B
50 Cm 0.77 bc 0.81 bc 0.86 b 1.03 a 0.87 A 0.73 bc 0.77 bc 0.78 b 1.09 a 0.84 A

Mean 0.57C 0.65 C 0.77B 0.88 A 0.54 D 0.61 C 0.72 B 0.89 A
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Table 4 : Effect of in-row plant spacing and boron foliar spray on N, P, K, and B during 2019/2020 and 2020/2021 seasons in

Dokki farm
2019/ 2020 2020/ 2021
. Foliar application
plant spacing N (%)
Control B1 B2 B3 Mean Control B1 B2 B3 Mean
30 Cm 2.65b 2.69 ab 2.73 ab 2.75ab  2.71B 2.51 a 2.60 a 2.66 a 2.74 a 2.63 A
50 Cm 2.70 ab 2.76 ab 2.78 ab 2.83 a 2.77 A 2.64 a 2.78 a 2.90 a 301 a 2.83 A
Mean 2.68 B 2.73 AB 2.76 AB 2.79 A 2.57B 2.69 AB 2.78 AB 2.87 A
P (%)
30 Cm 0.22d 0.31 be 0.31 bc 037ab 0.30B 0.23e 0.27 de 0.29d 036bc 0.29B
50 Cm 0.26 cd 0.32 be 0.33b 0.40 a 0.33 A 0.27 de 0.31 cd 0.37 ab 0.41a 0.34 A
Mean 0.24 C 0.31 B 0.32 B 0.39 A 0.25D 0.29 C 0.33 B 0.39 A
K (%)
30 Cm 2.33e 2.54 cd 2.56 cd 2.74ab  2.54 A 2.30e 2.49 cde 2.54bcd 270ab 251 A
50 Cm 2.36 de 2.59 be 2.70 abc 2.82a 2.62 A 2.36 de 2.53 bede 2.67 abc 2.81a 2.59 A
Mean 2.35C 2.56 B 2.63 B 2.78 A 2.33C 2.51 B 2.60 B 2.76 A
B (ppm)
30 Cm 38.2d 428 ¢ 44.0 be 475ab 431 A 38.5d 422¢ 46.6 ab 482ab 439A
50 Cm 38.4d 425¢ 44.8 abc 48.0 a 434 A 38.9d 42.6 ¢ 457b 48.7 a 44.0 A
Mean 383 C 42.7B 444 B 47.8 A 38.7D 424 C 46.1 B 484 A

Table 5 : Average economic analysis for producing cauliflower under different plant spacing and boron foliar application

during 2019/2020 and 2020/2021 seasons in Dokki farm

Total Boron Others cost Total Average .
plant Boron Number . . . e . Price per| Total
spacing | application | Seedling seedling | application (lrr}gatlon, production .curd curd return Net profit
cost cost fertilizer...) costs diameter
Per feddan L.E./Feddan cm L.E./Feddan

control 11500 2875 25 13805 16705 14.2 2.5 28750 12045

0.30 m B1 11500 2875 50 13805 16730 16.1 2.6 29900 13170

B2 11500 2875 100 13805 16780 16.9 2.7 31050 14270

B3 11500 2875 200 13805 16880 17.7 2.8 32200 15320

control 7000 1750 25 8895 10670 23.8 3.5 24500 13830

0.50 m B1 7000 1750 50 8895 10695 24.6 3.6 25200 14505

B2 7000 1750 100 8895 10745 254 3.7 25900 15155

B3 7000 1750 200 8895 10845 26.6 3.8 26600 15755

Boron application Plant spacing
20000 15000
14800
c c 14600
LA 8 a0
k T 140
T 10000 € 14000
g g 1380
""i 5000 w 13600
- = 13400
13200
0 13000
control Bl B2 B3 03m 05m
Boronfoliar application plant spacingtreatments

Fig. 1: Effect of boron application on average net profit per
feddan during 2019/2020 and 2020/2021 seasons in Dokki

AOAD (2009). Arab Agricultural Statistics Yearbook. Vol.

No. (29).

Bacha, S.A.S.; Mehwish, S.H.A.; Igbal, J.D.; Ahmed, A.;
Shah, S.; Ali, S. and Haq, N. (2017). International
Journal of Advanced Research and Review. 2(8); 07-12

Basavarajeswari, C.P.; Hosamni, R.M.; Ajjappalavara, P.S.;
Naik, B.H.; Smitha, R.P. and Ukkund (2008). Effect of
foliar application of micronutrients on growth, yield

farm

References

farm

Fig. 1: Effect of plant spacing on average net profit per
feddan during 2019/2020 and 2020/2021 seasons in Dokki

components of Tomato (Lycopersicon esculentum Mill).

Karnataka Journal Agricultural Sciences, 21(3), 28-430
Brown, P.H. and H.; Hu (1997). Does boron play only a
structural role in the growing tissues of higher plants.
Plant Soil, 196: 211-215.
Canada, A.L. (2002). "Fact Sheet No. 90": Boron as a Plant
Nutrient. A & L Canada Laboratories, 2136 Jetstream
Rd.; London, ON N5V 3P5, 519-457-2575. (C.F.
www.alcanada.com).




430

Chattopadhyay, S.B. and Mukhopadhyay, T.P. (2003). Effect
of foliar application of boron and molybdenum on
growth and yield of cauliflower in tarai zone West
Bengal. Environment and Ecology. 21(4): 955-59.

CIMMYT (1988). An Economic Training Manual: From
Agronomic Data to Farmer Recommendations, Mexico,
1-25.

Davis, J.M.; Sanders, D.C.; Nelson, P.V.; Lengnick, L. and
Sperry, W.J. (2003). Boron improves the growth, yield,
quality and nutrient content of tomato. Journal of the
American Society for Horticultural Science, 128: 441-
446.

Day, S.C. (2000). Tomato Crop.In: Vegetable Growing
(Eds.). Agrobios, Jodhpur, India, pp. 59-61.

El-Mahdy, R.E. (2007). Effect of heavy nitrogen application
on pepper plant (Capsicum annuum). M.Sci. Thesis
Fac. Agric. Mansoura Univ.; Egypt.

El-Said, M.E. (2009). Effect of boron foliar application and
different combinations of mineral and organic nitrogen
fertilization on growth, chemical composition and yield
of sweet pepper (Capsicum annuum L.). J. of Agric.
Sci.; Mansoura Univ.; 34(5): 4841-4860.

Haque, M.E.; Paul, A.K. and Sarker, J.R. (2011). Effect of
nitrogen and boron on the growth and yield of tomato
(Lycopersicon esculentum Mill.). International Journal
of Bio-resource and Stress Management, 2: 277-282.

Hossain, M.F.; Ara, N.; Uddin, M.R.; Islam, M.R. and Azam,
M.G. (2015). Effect of sowing date and plant spacing
on seed production of cauliflower. Bangladesh J. Agril.
Res. 40(3): 491-500

Hossain, M.F.; Ara, N.; Uddin, M.R.; Islam, M.R. and Azam,
M.G. (2015). Effect of sowing date and plant spacing
on seed production of cauliflower. Bangladesh J. Agril.
Res., 40(3):491- 500.

Jafari-Jood, S.; Shiranirad, A.H.; Daneshian, J. and
Rokhzadi, A. (2013). Effects of nitrogen application
and spraying of boron and manganese on growth trails
of two potato cultivars. Intern. J. of Biosci.; 3(9): 298-
303.

Keng L.J.; Zhang, G.X. and Yao, D.W. (2004). Seed
production technology of carrot in foreign countries.
China.Veg.; 2:54-56.

Meng, C.F.; Cao, Z.H.; Jiang, P.K.; Xu, Q.F. and Zhou, G.M.
(2008). A study on foliarapplied boron preventing
boron-deficiency symptoms of red bayberry (Myrica
rubra Sieb. et Zuca). J. Zhejiang Forestry College
20(3): 208-212.

Growth and yield of cauliflower as affected by boron spray and in-row plant spacing

Moniruzzaman, M.; Rahman, S.M.L.; Kibria, M.G.; Rahman,
M.A.; Hossain, M.M. (2007). Effect of boron and
nitrogen on yield and hollow stem of broccoli. J. Soil.
Nature. 1(3): 24-29.

Narayanamma, M.; Chiranjeevi, C. and Ahemed, S.R.
(2007). Effect of foliar application of micronutrients on
growth, yield and nutrient content of cabbage. Indian J
of Hort. 34(2): 213-221.

Naresh-Babu (2002). Response of foliar application of boron
on vegetative growth, fruit yield and quality of tomato
var. Pusa Ruby. Ind. J. Hill. Farm.; 15(1): 109-112.

Rahman, M.; Igbal, M.; Jilani, M.S. and Waseem, K. (2007).
Effect of different plant spacing on the production of
cauliflower (Brassica oleraceae var. Botrytis) under the
agroclimatic conditions of D.I. Khan. Pakistan J. Biol.
Sci. 10(24): 4531-4534.

Ryan, J.; Garabet, S.; Harmsen, K. and Rashid, A. (1996). A
soil and plant analysis manual. Adapted for the West
Asia and North Africa Region. International Center for
Agricultural Research in the Dry Areas, ICARDA,
Aleppo, Syria.

Sani, M.N.H.; Tahmina, E.; Hasan, M.R.; Islam, M.N. and
Uddain, J. (2018). Growth and Yield Attributes of
Cauliflower as Influenced by Micronutrients and Plant
Spacing. Journal of Agriculture and Ecology Research
International, 16(1): 1-10.

Singh, A.; Singh, A.K.; Shekhar, R.; Singh, R.P. and Singh,
D.K. (2019). The response of cauliflower var. Snowball
affected by different day stages level and spacing
distances.  Journal  of  Pharmacognosy  and
Phytochemistry. 3: 04-07

Singh, S.; Bairwa, H.; Gurjar, S.C.; Kumar, H.; Jangir, M.
and Bagri, UK. (2018). Effect of Foliar Spray of
Micronutrients on Uptake of Micronutrients in
(Solanum esculemntumMill.) cv. Navoday. Int. J Curr.
Microbiol. App. Sci., 7: 930-933.

Singh, V.; Singh, A.K.; Raghuvanshil, T.R.; Singh, M.K,;
Singh, V. and Singh, U. (2017). Influence of Boron and
Molybdenum on Growth, Yield and Quality of
Cauliflower (Brassica oleracea L. var. botrytis). Int. J.
Curr. Microbiol. App. Sci. 6(10): 3408-3414

Sohel, M.M.; Islam, M.A.; Das, A.C. and Mondal, M.F.
(2006). Effects of potassium and boron on the growth
and yield of broccoli. J. Bangladesh Soc. Agric. Sci.
Technol.; 3(3&4): 49-52.



