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HIGHLIGHTS:
With the exception of the yield characteristics, the doses of B, Cu and Zn studied influenced the development of onion.
There was a reduction in the non-commercial yield of onion in the experiment conducted in 2019.
Application of higher doses of B, Cu, and Zn is not recommended for the studied conditions.

ABSTRACT: Micronutrients structurally constitute several enzymes and act as a cofactor of essential proteins to
maintain cell function, thereby contributing to crop growth and yield. The objective of this study was to evaluate the
leaf content, growth, accumulation of micronutrients, classification and yield of onion as a function of fertilization
with boron, cooper and zinc in two years of cultivation. The experiments were carried out from June to November
in 2018 and 2019, in a soil classified as Ultisol, both at the Rafael Fernandes Experimental Farm, belonging to
the Universidade Federal Rural do Semidrido, in the municipality of Mossord, Rio Grande do Norte, Brazil. The
experimental design was in randomized blocks with 15 treatments and four replicates. The treatments consisted of
application of doses of B, Cu and Zn, in two experiments. Contents of B, Cu and Zn in the diagnostic leaf, growth,
accumulation of B, Cu and Zn in the leaf, bulb and total, classification and commercial, non-commercial and total

ields were evaluated. Application of B, Cu and Zn did not influence the number of leaves, relation of bulb shape,
eaf, bulb, and total dry mass and yield of onion. Application of B, Cu and Zn, respectively at doses of 1-2-1 kg ha™
favored a greater accumulation of B, Zn and Cu in the bulb. Higher number of leaves, leaf dry mass, bulb dry mass,
total dry mass, class 1 bulbs and non-commercial yield were produced in Experiment 1.

Key words: Allium cepa L., plant nutrition, diagnostic leaf, doses of micronutrients

RESUMO: Os micronutrientes constituem estruturalmente diversas enzimas e atuam como cofatores de
proteinas importantes para manter o funcionamento celular, com isso contribuem com o crescimento e aumento
da produtividade das culturas. O objetivo deste estudo foi avaliar o teor foliar, o crescimento, o acimulo de
micronutrientes, a classificacdo e a produtividade da cebola em fun¢io da adubagio com boro, cobre, zinco em dois
anos de cultivo. Os experimentos foram realizados nos periodos de junho a novembro de 2018 e de 2019, em solo
classificado como Argissolo, ambos na Fazenda Experimental Rafael Fernandes, pertencente a Universidade Federal
Rural do Semiarido, no municipio de Mossord, Rio Grande do Norte. O delineamento experimental foi em blocos
casualizados com 15 tratamentos e quatro repeti¢cdes. Os tratamentos foram constituidos pelas doses de B, Cu e Zn
em dois experimentos. Foram avaliados os teores de B, Cu e Zn na folha diagnose, crescimento, acimulo de B, Cu
e Zn na folha, bulbo e total, classificagdo de bulbos e produtividade comercial, ndo comercial e total. A aplicagdo de
B, Cu e Zn nio influenciou o numero de folhas, relagido de formato de bulbo, massa seca de folha, bulbo, e total e
a produtividade da cebola. A aplicacio de B, Cu e Zn, respectivamente nas doses de 1-2-1 kg ha™* favoreceu maior
acimulo de B, Zn e Cu no bulbo. Maior niimero de folhas, massa seca de folhas, massa seca de bulbo e massa seca
total, classe 1 e produtividade ndo comercial foram produzidos no Experimento 1.
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INTRODUCTION

The response of onion crop to the addition of micronutrients
depends on the availability of micronutrients in the soil, pH,
organic matter content, and interaction with other chemical
elements. The application of Zn, Mn, B, Cu and Fe in onion crop
increases the concentration of nutrients in the leaves, triggering
enzymatic activation, increased carbohydrate metabolism, bulb
diameter, bulb weight and commercial and total bulb yields
(El-Tohamy et al., 2009; Acharya et al., 2015).

In an alkaline soil deficient in Zn and B, Acharya et al.
(2015) studied application via soil and leaf of these nutrients
in onion, observing an increase in the diameter of bulbs with
the application of 10 kg ha' of borax and 60% increase in
yield with foliar spraying of 0.5% zinc sulfate in comparison
to the control.

Babaleshwar et al. (2017) observed increased commercial
yield (30.35 t ha') and total yield (36.04 t ha') with soil
application of 10 kg ha! of Zn. A study carried out in Santa
Catarina, Brazil, in Inceptisols (Kurtz & Ernani, 2010), found
that application via soil corresponding to 2.7 and 4.5 kg ha™* of
Zn in onijon led to yields of 22.3 and 35.6 tha™ in comparison to
the control, respectively, in two seasons. The authors observed
no increase in yield with the application of B and Mn.

There are few studies in the literature on application of
B, Cu and Zn via soil. In Brazil, there are few studies with
micronutrients in onion, predominantly in the South and
Southeast, where the conditions of climate, soil and crop
management differ from those of the Brazilian semiarid region.

In this context, knowledge of the onion response to
fertilization with micronutrients will be a fundamental tool
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in crop optimization, especially for producers in the Western
region of Rio Grande do Norte, Brazil. The objective of this
study was to evaluate the leaf content, growth, accumulation
of micronutrients, classification and yield of onion as a
function of fertilization with boron, copper, zinc in two years
of cultivation.

MATERIAL AND METHODS

The experiments were conducted in the period from June
to November 2018 (Experiment 1) and 2019 (Experiment
2), at the Rafael Fernandes Experimental Farm, belonging to
the Universidade Federal Rural do Semi-Arido (UFERSA),
located in the rural district of Alagoinha, in the municipality
of Mossoré-RN (latitude 5° 3” 37” S, longitude 37° 23’ 50" W
and altitude of 72 m). Data of temperature, relative air humidity
and precipitation during the conduction of the experiments
are shown in Figure 1.

The soil was classified as Ultisol. Results of chemical
and physical analysis of the soil (0-0.20 cm depth) of the
experimental area are shown in Table 1.

In both years of cultivation, the experimental design was
in randomized blocks with 15 treatments, four replicates and
two experiments. The treatments consisted of the isolated or
combined application of the micronutrients B, Cu and Zn. For
Band Zn, doses of 1 and 2 kg ha! were considered, respectively.
For Cu, doses of 2 and 4 kg ha' were considered, according to
Trani et al. (2014). The treatments were as follows: T1
(B,Cu,Zn ), T2 (B,Cu Zn ), T3 (B,CuZn ), T4 (B ,Cu,Zn ), T5
(B,Cu,Zn ), T6 (B Cu,Zn ), T7 (B,Cu,Zn,), T8 (B,Cu,Zn,), T9
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Figure 1. Maximum and minimum air temperatures (A, B), relative air humidity and precipitation (C, D), during the conduction

of experiments I (2018) and II (2019), in the experimental area
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Table 1. Chemical and physical characterization of the soil of the experimental area, at the Rafael Fernandes Experimental

Farm, Mossord, RN

H + Al - Potential acidity; SB - Sum of bases; CEC - Cation exchange capacity; V - Base saturation; OM - Organic matter; CS - Coarse sand; and, FS - Fine sand

(B,Cu,Zn,), T10 (B,Cu,Zn ), T11 (B,Cu,Zn ), T12 (B,Cu,Zn ),
T13 (B,Cu,Zn,), T14 (B,Cu,Zn,) and T15 (B,Cu,Zn,).

Each plot was constituted by 3.5 m of bed with width of
1.0 m, containing eight rows of plants spaced by 0.10 x 0.06 m. The six
central rows of plants consituted the useful area, disregarding
two plants in each row. The soil preparation consisted of
plowing, harrowing, and making of the beds. Basal fertilization
was performed based on soil analysis, using 210 kg ha™ of PO,
(Silva, 2018) in Experiments 1 and 2, in the form of single
superphosphate. Sowing was carried out manually, placing two
to three seeds in 2.0 cm deep hole. Thinning was carried out
20 days after sowing (DAS), leaving one plant per hole. The
cultivar used was the hybrid ‘Rio das Antas..

The irrigation system used was micro-sprinkler up to 22 DAS,
and in the rest of the cycle, the drip system, with four tubes per
bed, spaced by 0.20 m, with pressure-compensating drippers
and an average flow rate of 1.5 Lh™, spaced at 0.30 m. Irrigations
were performed daily and the depths were determined based on
the evapotranspiration of the crop (Allen et al., 2006), applying
total depths of 904.51 and 1,102.62 mm in Experiments 1 and
2, respectively.

The water used in irrigation came from a deep tubular well
of the Arenito A¢u aquifer, with the following characteristics:
pH 7.1, EC = 0.61 dS m’}, 0.65, 1.73, 2.50, 1.90, 1.60, 0 and
4.00 mmol L' of K*, Na*, Ca**, Mg**, CI', CO,* and HCO, and
SAR of 1.2 (mmol L)%, respectively.

The fertilizer applications were carried out weekly via
fertigation, starting at 22 DAS and ending at 84 DAS. In
Experiment 1, 99.04 kg ha' of N, 40.51 kg ha" of P,O,, 213.94
kg ha'of KO, 13.77 kg ha' of Mg and 47.5 kg ha™' of Ca were
applied. In Experiment 2, 86.53 kg ha' of N, 40.51 kg ha! of
P,O,,213.94kgha"'of K,0,13.77 kgha' of Mg and 47.5 kg ha™!
of Ca were applied. The doses of N and K were established
according to the recommendation for the crop, according to
Gongalves et al. (2019a, 2019b). The application of the other
macronutrients was according to recommendation of Aguiar
Neto et al. (2014). The fertilizer sources were purified MAP,
urea, potassium nitrate, calcium nitrate, potassium chloride
and magnesium sulphate. The doses of B, Cuand Zn were based
of the soil analysis and fertilization recommendation for onion
crops (Trani et al., 2014). The sources of micronutrients used
were: boric acid, copper sulfate and zinc sulfate.

During the conduction of the experiment, manual weeding
and phytosanitary control were performed according to the
crop’s need. Irrigation was suspended at 114 DAS (Experiment
1) and 130 DAS (Experiment 2) when 70% of the plants were
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lodged, and the curing process began. After 22 and 24 days of
irrigation suspension, respectively, in Experiments 1 and 2,
the bulbs were harvested and cleaned.

The following variables were evaluated: B, Cu and Zn
contents in the diagnostic leaf (mg kg"). The tallest leaf was
collected from 20 plants in the plot’s observation area, at 60
DAS (Malavolta et al., 1997).

Growth analyses were carried out on eight plants in the
plot’s observation area at 120 days after sowing: plant height
(PH), number of leaves (NL) and relation of bulb shape (RBS)
obtained by calculating the ratio between the longitudinal
diameter and the transverse diameter of the bulb. At harvest,
eight plants were collected from the plot’s useful area, separated
into leaf and bulb and washed. The leaves were placed in a
paper bag and the bulbs in an aluminum tray; and placed in
a forced-air circulation oven, at a temperature of 65 °C, until
reaching a constant mass. The total dry mass of the plant was
calculated by summing the dry masses of leaf and bulb. The
results were expressed in g plant™.

For the accumulation of B, Cu and Zn in leaf, bulb and
total, eight plants were collected in the plot’s observation area,
at 140 DAS. Chemical analysis to determine the micronutrient
contents present in each fraction of the plant (leaf and bulb)
was performed in the extracts obtained by wet digestion in
a microwave oven (EMBRAPA, 2009). The B content was
determined by digital UV/VIS spectrophotometry using
Azomethine H. Cu and Zn were determined by atomic
absorption spectrophotometry according to the methodology
proposed by EMBRAPA (2009). Based on the contents of B,
Cu and Zn and the dry masses of leaf and bulb, accumulation
of micronutrients was calculated. To determine the amount
of these accumulated in each fraction of the plant, the
micronutrient content was multiplied by the dry mass of that
fraction. The total accumulations of each micronutrient was
calculated by summing the accumulations in the leaf and bulb,
and the results were expressed in mg plant™.

The classification of the bulbs was carried out according to
the standards of the Ministry of Agriculture and Supply, being
classified in: Class 1: Bulbs with diameter < 35 mm and double bulbs;
Class 2: Bulbs with diameter within the range of 35-50 mm; Class
3: Bulbs with diameter within the range of 50-75 mm and Class 4:
Bulbs with diameter within the range of 75-90 mm. The quantities
of bulbs in each class were expressed as percentages of total bulbs
obtained in each experimental unit. The yield of commercial
bulbs (t ha') was determined by the total weight of bulbs with
diameter > 35 mm. Non-commercial bulbs corresponded to
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bulbs with diameter < 35 mm (class 1) and double bulbs, and
total yield was expressed as the sum of commercial and non-
commercial yields.

The obtained data were subjected to joint analysis of
variance. When there was a significant effect for the treatments,
the means were compared by the test of Scott & Knott (1974),
at 0.05 probability of error, and for the experiments the means
were compared by the t-test at 0.05 probability of error, using
SISVAR 5.3 software (Ferreira, 2019).

RESULTS AND D1SCUSSION

The contents of B in the diagnostic leaf of onion in
Experiment 1 varied from 30.5 to 115.5 mg kg™, the highest
values being associated with the application of 1 and 2 kg ha!
of B. In Experiment 2, the contents varied from 48.50 to
83.50 mg kg of B, and the highest contents were related to
the application of T9, T4, T12 and T13 (Table 2).

Boron is a micronutrient that may have its availability
reduced, among other characteristics, due to the amount of
CaCO, in the soil or in the irrigation water. According to Maia
etal. (2001), Niaz et al. (2016) and Dridi et al. (2018), B can be
precipitated with CaCO,, making it unavailable to plants and/
or reducing its availability.

In this context, the amount of bicarbonate in the applied
irrigation water was 4.00 mmol_L". Thus, the amount of CaCO,
supplied via irrigation water until the period of collection of the
onion diagnostic leaf, in Experiment 2, was 480 kg ha'; with
this, it can be explained why the B content was higher in the
treatment that did not have boron (T4), because the amount
of CaCO, supplied via irrigation water may have influenced
the response to the isolated application of B (T2 and T3) in
the experiment 2 (Table 2).

All treatments of the Experiments 1 (30.50 to 115.75 mg kg™)
and 2 (52.25 to 83.50 mg kg') showed contents of boron within
or above the range considered suitable (30 to 50 mg kg™'),
according to Trani et al. (2014), and no symptoms of toxicity
were found in any of the treatments.
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However, for some crops, such as onions, which use polyols
as primary photosynthetic metabolites, under limited supply
of B, active absorption predominates, which is why there is
no significant concentration gradient in the leaves (Brdar-
Jokanovi¢, 2020).

Shaaban et al. (2004) evaluated the ratio between Zn and
B in wheat development, under low and high levels of calcium
carbonate in the soil, and noted that the application of the
appropriate dose of the combination of these two nutrients
resulted in the ideal concentration of both in the tissues of the
aerial part. According to these authors, this is due to B and Zn
essentiality in the activity of ATPase in the plasma membrane
and the role of B in the stability of this membrane.

The contents of Cu in Experiment 1 ranged from 4.50
to 10.75 mg kg, the highest values being associated with
application of 4 kg ha' of Cu, combined with B and Zn. In
Experiment 2, the contents varied from 1.25 to 6.00 mg kg™
the highest contents were related to the isolated application of
2 and 4 kg ha! of Cu (Table 2).

The Cu concentration considered suitable for onion ranges
from 10 to 30 mg kg (Trani et al., 2014). The levels found are
below the recommended for the crop, except for T12 (10.75 mgkg™),
in Experiment 1. Low Cu content may be related to the form
of application, absorption speed by plants, competition with
Zn and soil pH (Malavolta et al., 1997).

The Cu content in the soil is low in both experiments
compared to the literature, and in Experiment 2 it was lower
than in Experiment 1. Thus, in addition to the factors already
mentioned, the applied dose may not have been sufficient to
provide the necessary Cu content in soil, which resulted in
contents below the recommended for the crop, especially in
Experiment 2. However, no visual symptoms of Cu deficiency
were observed in plants of any of the experiments.

The contents of Zn, in Experiment 1, varied from 25.25 to
37.00 mg kg, with the highest values being associated with
the treatment 11. In Experiment 2, the levels varied from 19.75
to 26.00 mg kg, and the highest levels were related to the
treatment 8 (Table 2). The Zn content considered adequate,

Table 2. Contents of B, Cu and Zn in the diagnostic leaf of onion as a function of the application of B, Cu and Zn and experiments

Means followed by the same lowercase letter, in the column by Scott-Knott test (p > 0.05) and means followed by the same uppercase letter, in the row by the t-test (p > 0.05), do

not differ from each other
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according to Trani et al. (2014), for onion, varies from 30 to
100 mg kg'. The contents found were adequate in Experiment
1, except in treatments 2, 5, 9 and 10. In Experiment 2, the
contents are below that reported as ideal for the crop. Similar
to Cu, no visual symptoms of Zn deficiency were observed
in plants.

In treatment 8 (combined application of 1-2-1 kg ha' of B,
Cuand Zn), a content of 26 mg kg™ of Zn was observed, while
in treatments 6 and 7 (isolated application) the levels were 25.75
and 24.50 mg kg'. Although the result of T8 is numerically
greater, it is statistically similar to that obtained with the
isolated application in T6 and T7 (Table 2). The difference
between T8 and T9 can be explained by the inhibition between
Cu and Zn, resulting from the competition for the same
exchange site. Like boron, it can also reduce the absorption of
Zn, by non-competitive inhibition (Marschner, 1995; Malavolta
et al,, 1997).

The results of this study differ from those observed by
Kurtz & Ernani (2010), who, studying the application of Zn
via leaf and soil, did not observe an increase in Zn contents-in
the leaf (the contents varied from 14.1 to 15.1 mg kg"). The
authors verified the difference between the application forms
and claim that application via soil is more effective compared
to foliar application.

There was an increase in plant growth with the application
of B, Cu and Zn in comparison to the control in Experiment 1;
the isolated applications of 2 kg ha' of Cu and 1 kg ha' of
Zn contributed to greater plant height, 60.36 and 60.73 cm,
followed by treatments 8, 10, 14 and 15, with the values ranging
from 57.19 to 59.00 cm (Table 3).

In Experiment 2, two groups of averages were formed, with
plant height ranging from 50.56 to 58.09 cm (Table 3). The
results of plant height in Experiment 1 were similar to those
obtained by Abedin et al. (2012), who observed mean plant
height of 61.30 cm with a combined application of 3 kg ha™
of Zn + B. Manna & Maity (2016), who observed higher plant
height of 63.93 and 67.25 cm, with foliar application of 0.5% B
and Zn, attribute greater plant growth to the beneficial effect of

Table 3. Mean plant height of onion as a function of the
application of B, Cu and Zn in experiments

Means followed by the same lowercase letter, in the column by Scott-Knott test (p > 0.05)
and means followed by the same uppercase letter by the t-test (p > 0.05), in the row, do
not differ from each other
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application of these micronutrients, due to the role involved in
physiological processes and cellular functions. In this context,
these contribute with the increase in photosynthetic activity,
chlorophyll formation, nitrogen metabolism and auxin content
in plants, influencing higher plant height (Veer et al., 2018).

The variations in the number of leaves (NL) between
treatments were slight, with the group of higher averages
formed by treatments with isolated application of B and Zn
and treatments 9, 10, 14 and 15. The number of leaves (NL)
varied from 8.03 to 8.43 (Table 4).

For the relation of bulb shape (RBS), leaf dry mass (LDM),
bulb dry mass (BDM) and total dry mass (TDM) variables,
there was an isolated effect for experiments, observing that,
except for the RBS, the highest averages were obtained in
Experiment 1. The mean values for LDM, BDM and TDM were
2.65, 13.03 and 15.68 g plant’, respectively, as a function of
the experiments (Table 5).

The observed results differ from those reported by Backes
et al. (2018), who obtained a dry mass of onion bulbs of
27.4 g plant™ and a total dry mass of 31.7 g plant™ at 140 days
after transplanting. The authors explain that the dry mass
accumulation is influenced by the cultivar and the method of
implementation of the crop.

The higher result observed in Experiment 1 may have been
influenced by the soil’s characteristics. In both experiments,
the contents of B, Cu and Zn in the soil were low, with a low
content of organic matter (OM) and a sandy texture; what
differs the soils in the experiments is the pH, which in the
first experiment is more acidic, and this difference, combined
with other conditions, interfered with the availability of
micronutrients for plants.

Table 4. Mean number of leaves (NL) of onion, as a function
of the application of micronutrients B, Cu and Zn

Means followed by the same lowercase letter, in the column do not differ by Scott-Knott
test (p > 0.05)

Table 5. Mean number of leaves (NL), relation of bulb shape
(RBS), leaf dry mass (LDM), bulb dry mass (BDM) and total
dry mass (TDM) of onion, as a function of the experiments

Means followed by the same letter in the column do not differ statistically by t-test (p > 0.05)
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The availability of B, Cu and Zn is reduced by pH higher
than 6.0 (Malavolta et al., 1997; Niaz et al., 2016). As noted,
the soil’s pH in Experiment 1 was more acidic (4.8) in contrast
to that in Experiment 2 (6.3), which may have influenced the
availability of B, Cu and Zn in the soil solution and interfered
in the crop response to fertilization with micronutrients, which
resulted in lower plant height (PH), number of leaves (NL),
leaf dry mass (LDM), bulb dry mass (BDM) and total dry
mass (TDM) in Experiment 2. Maurya et al. (2018) state that,
except for Mo, increase in the soil pH reduces micronutrients’
availability for plants.

Boron deficiency is predominant in soils of sandy texture
and with low organic matter content (Niaz et al., 2016) and a
high percentage of CaCO,, and its availability is reduced with
an increase in pH of the soil; it can also be complexed with
organic matter and precipitated with CaCO, (Niaz et al., 2016;
Dridi et al., 2018).

The greater B accumulation in the leaf was obtained with
the application of T3, representing an increase of 31.08% in
comparison to the control. Greater accumulations in the bulb
and total were obtained with the application of T2, T4 and T8
treatments, with an increase in the accumulation of B in the
bulb of 16.25, 13.32 and 28.89%, and in the total accumulation
of 15.04, 8.72 and 21.80% in comparison to the control, in
Experiment 1 (Table 6).

In Experiment 2, greater accumulation in the bulb and total
were obtained in T1, T2, T3, T4, T6, T7 and T8 treatments.
Although the treatments that formed the same group of means
are similar to the control, there was an increase between 2.12
and 16.14% with application of micronutrients compared to
the control (Table 6).

The accumulation of B varied in the vegetative parts of the
plant, which can be explained by the difference in the contents
absorbed, mass accumulation, availability of the nutrient in
the soil solution and the mobility inside the plant (Moraes et
al., 2016). According to the authors, a greater accumulation
of B in the bulbs is important for the formation of cataphylls.

The positive effect for greater accumulation is due to
the increase of dry mass in the bulbs and the redistribution
of micronutrients from the leaves to the bulbs, which may
have intensified during the curing process, with highter
accumulation estimated at harvest period (Acharya et al., 2015;
Trivedi & Dhumal, 2017).

The application of micronutrients contributed to the
increase in Cu accumulation compared to the control in both
experiments. In Experiment 1, treatments 13 and 15 showed
higher accumulations, 0.137 and 0.142 mg plant’ of Cu in
the leaf. Higher accumulation in the bulb was obtained in
T4, T9,T10, T11 and T13, with accumulations between 0.144
and 0.163 mg plant™. For the total accumulation per plant, the
combined application of T13 favored greater accumulation,
0.285 g plant™, compared to the control (Table 7).

In Experiment 2, treatments 5, 12, 13, 14 and 15 contributed
to a greater accumulation of Cu in the leaf. The accumulated
quantities ranged from 0.021 to 0.030 mg plant’. For the
accumulation in the bulb and in the plant, there was no
significant effect between treatments. The accumulations varied
between 0.52 and 0.97 mg plant (Table 7).

In general, the combined application of the three
micronutrients with the highest dose of Cu (4 kg ha™') favored
the highest accumulation of Cu in onion. The concentration of
this nutrient in the soil is low and the onion has a high response
to Cu (Manna & Maity, 2016). In addition to that, fertilization
with the highest dose of Cu may have contributed to this result.

Treatments 13 and 15 accumulated more Zn in the leaf,
0.065 and 0.061 mg plant™. In the bulb, greater accumulations
were obtained with isolated B, Cu and Zn and treatments
8,9, 10 and 12, ranging from 0.244 to 0.285 mg plant’,
represented an increase of 11.44 to 41.79% compared to the
control. Treatments 4, 6, 7, 8, 9, 10 and 12 contributed with a
higher total accumulation of Zn, ranging from 0.254 to 0.315
mg plant”, with an increase of 23.30 to 52.91% in comparison
to the control, in Experiment 1 (Table 8).

In experiment 2, a higher accumulation of Zn (0.037 and
0.034 mg plant™) in the leaf was represented by treatments

Table 6. Boron accumulation in the leaf, bulb and total in onion, as a function of the application of B, Cu and Zn and experiments

Means followed by the same lowercase letter, in the column by Scott-Knott test (p > 0.05) and means followed by the same uppercase letter by the t-test (p > 0.05), in the row, do

not differ from each other
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Table 7. Copper accumulation in the leaf, bulb and total in onion, as a function of the application of B, Cuand Zn and experiments

Means followed by the same lowercase letter, in the column belonging to the same group, by Scott-Knott test (p > 0.05) and means followed by the same uppercase letter by the t-test

(p > 0.05), in the row, do not differ from each other

Table 8. Zinc accumulation in the leaf, bulb and total in onion, as a function of the application of B, Cu and Zn and experiments

Means followed by the same lowercase letter, in the column by Scott-Knott test (p > 0.05) and means followed by the same uppercase letter by the t-test (p > 0.05), in the row, do

not differ from each other

7 and 9, with increases of 85 and 70% compared to the
control. Higher accumulations of Zn in the bulb and total
were obtained at the dose of 4 kg ha! of Cu, 0.611 and 0.632
mg plant™, and the increases in comparison to the control
were 49.02 and 46.98% in the bulb and total, respectively
(Table 8).

Higher Zn accumulation in the bulb is due to the higher
dry mass at the harvest and, although Zn is little mobile in
the plant (Malavolta et al., 1997), onion is demanding and
responsive to Zn (Kurtz & Ernani, 2010), which influences the
nutritional content, dry mass and, as a consequence, higher
accumulation of Zn by the crop.

It can still be observed that, although onion is more
responsive to Zn and Cu, there was a reduction in the
accumulation of Zn, when maximum combined doses of Cu
and Zn with B were applied, which may be due to the inhibition
between Cu and Zn, due to competition for the same exchange
site (Marschner, 1995).
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Less accumulation of nutrients in the leaves occurs because
the leaves lose their position as a nutritional source and
become the main sinnk for the bulbs (Moraes et al., 2016). This
occurs because when the development of the bulb starts the
redistribution of nutrients to this organ is greater, and at the
end of the cycle there is a reduction in the mass of the vegetative
part and an increase in the mass of the bulbs.

Higher dry mass in the bulb contributed to the greater
accumulation of micronutrients in this organ during the
harvest period. The decreasing sequence of micronutrient
accumulation in onion in Experiment 1 was: B > Zn > Cu, and
in Experiment 2 it was: Zn > B > Cu.

In this study, the chemical characteristics of the soil in
Experiments 1 and 2 differed in terms of pH, organic matter
(OM), base saturation and availability of micronutrients. This
difference between the experiments may have interfered with
lesser or greater absorption capacity and development of
plants, affecting the accumulation of micronutrients in both
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Table 9. Percentages of onion bulbs in Class 1, 2, 3, 4 and commercial (CY), non-commercial (NCY) and total (TY) yields of

onion as a function of the experiments

Means followed by the same letter in the column do not differ statistically by t-test (p > 0.05)

experiments. In the area of Experiment 1, there was no history
of prior cultivation, whereas in the area of Experiment 2, there
was a history of cultivation in previous years with onion, beet,
and carrot; consequently, pH and base saturation values were
higher, with low contents of B, Cu, Zn and OM.

This information helps to explain the inferior results
obtained in Experiment 2. According to Malavolta et al. (1997),
pH values close to 7.0 reduce Cu and Zn availability in the soil
solution. As the soil of Experiment 2 has a history of cultivation
and has a greater pH than that of Experiment 1, this may be
related to the addition of calcium via fertigation, carbonate
and bicarbonate via irrigation water, which over time tends to
contribute to an increase in pH (Maia et al., 2001), precipitating
B with CaCO,, and reducing its availability for plants.

Base saturation values of the soil in Experiments 1 and 2
were 29 and 75% and the soil pH was 4.8 and 6.3, respectively.
These characteristics, mainly observed in Experiment 2,
contributed to the reduction of Cu and Zn in the soil solution,
interfering with absorption. As Resende (2005) explained, soils
with pH above 6.0 and base saturation greater than 50% reduce
the availability of Cu, Fe, Mn and Zn in the soil solution.

No significant differences were observed between
treatments for the following variables: classification of bulbs,
commercial and non-commercial yields (Table 9). However,
between experiments, there were differences in the percentage
of bulbs in the classes 1 and 2, with higher values of class 1 in
the first experiment and class 2 in the second (Table 9).

Regarding the characteristics related to onion yield, the
results obtained in this study are superior to those observed
in the literature. Several studies confirm the positive influence
of Zn (Kurtz & Ernani, 2010; Maurya et al., 2018; Rashid &
Islam, 2019), B (Maurya et al., 2018; Rashid & Islam, 2019)
and Cu (Rashid & Islam, 2019).

The positive influence of these micronutrients on onion
yield found in the literature may be related to the conditions of
the soil where the studies were carried out, as well as the applied
doses. The studies are primarily carried out in regions of India,
in the limestone soils, with alkaline pH, medium texture, low
OM content, and high doses of B and Zn, as verified by Acharya
etal. (2015); Manna & Maity (2016); Babaleshwar et al. (2017)
and Maurya et al. (2018).

The lack of response to B, Cu and Zn applications in this
experiment for yield may be related to the application of doses,
which may not have been sufficient to influence yield, and
factors such as pH, low content of organic matter and sandy
soil, may also have influenced the response to fertilization
with micronutrients

Although the treatments with micronutrients did not
significantly influence onion yield, the results obtained are

superior to those observed in the literature: Babaleshwar
et al. (2017) obtained commercial yield of 30.35 t ha! and
total yield of 36.04 t ha! with the application of 10 kg ha™' of
zinc sulfate, compared to the control. Manna & Maity (2016)
obtained 25.89 and 30.74 t ha! of commercial and total
yields of onion, respectively with foliar application of 0.5% B;
Maurya et al. (2018) applied NPKS + 50 kg ha™* of zinc sulfate,
obtaining commercial and total yields of 24.10 and 24.6 t ha,
respectively. Acharya etal. (2015) performed foliar application
of 0.5% zinc sulfate at 30 and 45 DAT and obtained a yield of
16 t ha of onion.

Therefore, the yield above 80 t ha! obtained in this study
was possibly influenced by favorable climatic conditions, such
as little temperature variation and low relative air humidity,
absence of rain, low incidence of pests and diseases, use of
appropriate technologies, such as drip irrigation, fertigation,
direct sowing, and dense cultivation.

In addition to these factors, the fertilization established
according to soil analysis and recommendation for the crop
contributed to increasing yield, which was higher than the
national (31.95 tha') and the Northeast (28.00 t ha') averages.

Several factors possibly interfered with the results
obtained in this study. The chemical characteristics of the
soil in Experiments 1 and 2 differed with respect to pH, OM,
base saturation and consequently affected the availability of
micronutrients in the soil solution. The micronutrients studied
are more available under acidic pH conditions. Soil pH close
to neutrality tends to reduce the availability to plants, mainly
when associated with sandy soils and low organic matter
content, influencing the plant’s response to growth, B, Cuand
Zn accumulation and yield.

CONCLUSIONS

1. Application of B, Cu and Zn did not influence the number
of leaves, relation of bulb shape, leaf dry mass, bulb dry mass,
total dry mass and yield of onion.

2. Application of B, Cu and Zn at doses of 1-2-1 kg ha™
favored a greater accumulation of B, Zn and Cu in the bulb.

3. Higher number of leaves, leaf dry mass, bulb dry mass,
total dry mass, class 1 bulbs and non-commercial yield were
produced in Experiment 1.
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