Zinc supply methods and doses for corn1
Métodos de fornecimento e doses de Zinco para o milho
Carlos Felipe Fernandes and Flávio Carlos Dalchiavon*
Instituto Federal de Educação, Ciência e Tecnologia de Mato Grosso-Campus Campo Novo do Parecis, curso de Bacharelado em Agronomia, MT 235, km 12, Zona Rural, 78360-000 Campo
Novo do Parecis MT Brazil
1This paper has been retrieved from a monograph written by the first author.
(*E-mail: flavio.dalchiavon@cnp.ifmt.edu.br)
https://doi.org/10.19084/RCA18106
Received/recebido: 2018.04.15
Accepted/aceite: 2018.09.19

ABSTRACT
Deficiency of the micronutrient Zinc (Zn) is a limiting factor for corn productivity and its lack is a notorious factor in
the Brazilian savannah. Current research, analyzing the best method and dose to be supplied to corn in the region,
was performed on the experimental field of the Instituto Federal de Mato Grosso, campus Campo Novo do Parecis
MT Brazil. Sowing occurred on the 11th March 2017, with corn variety NS90, and harvest on the 24th July 2017. Design
consisted of randomized blocks, with a 2 x 5 factorial scheme, with 4 replications, or rather, 2 supply forms (application
to soil and to leaves, at vegetative stage 4 – fourth leaf) and 5 doses of Zn (0; 0.25; 0.50; 0.75; 1.0 kg ha-1). Corn´s vegetative
and reproductive characteristics were evaluated. Analysis of variance (F-test) and regression test were undertaken
(p<0.05). Zn provided via leaf increased stalk diameter, insertion height and spike length. Reduction in the mass of one
thousand grains and grain productivity occurred for increasing Zn doses. Zn is highly relevant for the development of
corn and its supply provides significant responses to the above-mentioned variables.
Keywords: Savannah, micronutrient, corn yield, grain yield, Zea mays L.
RESUMO
A deficiência do micronutriente Zinco (Zn) é considerada um fator limitante à produtividade da cultura do milho, sendo
que a ausência deste elemento é encontrada em toda a região do Cerrado. Objetivou-se com esta pesquisa evidenciar o
melhor método e dose de Zn a ser fornecida ao milho. O trabalho foi realizado no Campo experimental do IFMT campus
Campo Novo do Parecis – MT. A semeadura ocorreu no dia 11 de março de 2017, com a variedade de milho NS90, e a
colheita realizada em 24 de julho de 2017. Utilizou-se delineamento em blocos casualizados, em esquema fatorial 2 x 5,
com 4 repetições, sendo 2 formas de fornecimento (sulco de semeadura e foliar, no estádio vegetativo 4 – quarta folha)
e 5 doses de Zn (0; 0,25; 0,50; 0,75 e 1,0 kg ha-1). Foram avaliadas as características vegetativas e reprodutivas do milho.
Realizou-se a análise de variância (teste F) e de regressão (p<0,05). O Zinco fornecido via foliar incrementa o diâmetro
de colmo, altura de inserção e comprimento de espiga. Há decréscimo da massa de mil grãos e produtividade de grãos
para doses crescentes de Zinco. O Zinco é de extrema importância para o desenvolvimento da cultura do milho, pois
seu fornecimento proporciona respostas significativas para as variáveis mencionadas.
Palavras-chave: Cerrado, micronutriente, milho safrinha, produtividade de grãos, Zea mays L.

INTRODUCTION
Indian corn or maize (Zea mays L.) is one of the main
crops cultivated by humans. It is greatly important
for human and animal consumption and a relevant
energy source worldwide, especially in developing
countries (Osório et al., 2015). Corn is economically
significant in Brazil and it is widely cultivated in
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several states. According to the Brazilian Supply
Company (CONAB, 2017), corn production in
Brazil reached 97.7 million tons for the 2016-2017
harvest.
The development and productivity of crops are
affected by several factors among which nutritional
imbalance, especially micronutrients, may be

underscored. Araújo and Silva (2012) register
that Zn is a limiting micronutrient, due to its low
concentration in the soil. Zn is frequently hidden
in clay, ranging between 30 and 60% of total, while
part of it is adsorbed in organic matter. However,
Zn may be supplied by seed treatment, through
the leaves, or indirectly by application to the soil
(Gonçalves Júnior et al., 2007). Since Zn has low or
no mobility in the soil, its absorption by plants is
difficult, especially during the vegetative stages
when demand is greater. Due to such effects, other
means, such as supply through the leaves, have
been employed to avoid the occurrence of visible
or hidden deficiencies that would compromise
crop´s development (Marióstica and Feijó, 2013).
When Ferreira (2012) researched deficiency
symptoms of macro- and micro-nutrients in corn,
the author reported low Zn mobility in the phloem
and, consequently, distribution limitations in the
plant. Since Prado (2013) registered that Zn has
high mobility in the phloem, it became clear that
there was a deep divergence on the mobility of
the nutrient in the plant. Several research works
evidenced a rise in productivity in several cultures
(common beans, castor beans and soybeans) when
Zn in supplied at different doses and in different
methods (Cardoso et al., 2013; Inocêncio et al.,
2015). When the nutrient is provided in inadequate
doses, in excess or lack, interference in growth,
development, productivity and modifications in
cell metabolism may occur (Santos et al., 2012).
Further, plants fertilized with balanced doses
resist environmental adversities and produce a
greater number of good-quality seeds (Zucareli
et al., 2011; Meneghete et al., 2017). Consequently,
micronutrients cannot be discarded. Plants’
performance depends on the balanced supply of all
elements, including those with very low demand
(Salimpour et al., 2010).
In spite of the importance of Zn for corn, the
supply method should be better determined. Corn
requires relatively low amounts of Zn, but there
are several difficulties in providing the nutrient
uniformly. Therefore, current study investigates
the best Zn dose and method to be supplied to
corn.

MATERIALS AND METHODS
Current assay was performed at the Instituto
Federal de Educação, Ciência e Tecnologia de Mato
Grosso (IFMT), on the campus Campo Novo do
Parecis MT Brazil, at 13°40’31’’S; 57°53’31’’W, and
mean altitude 574 m. According to Köppen, the
region´s climate is Aw, or tropical climate, with
rainless winters and rains in summer. The dry
and wet seasons are well defined, with the former
ranging between May and September, and the
latter between October and April (Dallacort et al.,
2011).
According to the Brazilian System for Soil
Classification (Santos et al., 2013), the soil of the
experimental area is Dystrophic Red Latosol, with
slightly rolling hills and good drainage. Prior to
sowing, ten soil samples were collected at layers
ranging between 0 and 0.20 m deep. The composed
sample determined soil fertility and revealed the
following properties: pH (CaCl 2) = 5.7; O.M.
= 22.7 mg dm -3; P = 12.6 mg dm-3; K, Ca, Mg
and H+Al = 66.8 mg dm-3; 1.75 cmol c dm -3,
0.66 cmol c dm -3, 3.40 cmol c dm -3, respectively;
V = 43.14%.
The area was covered with 600 L drift spray with
2 kg ha-1 of ammonium glyphosate salt, on the 14th
October 2016. Liming (1500 kg ha-1 lime, PRNT 80%)
was applied on the 12th December 2016, following
soil analysis and recommendations by Souza and
Lobato (2004).
Assay design comprised randomized blocks,
factorial scheme 2 x 5, with 4 replications. The
first factor comprised the method Zn was supplied
(in the soil on seeding or on leaves at stage V4 –
fourth leaf). The second factor comprised Zn doses
(0; 0.25; 0.50; 0.75; 1.00 kg ha-1). The two supply
types were done by a 5L-shoulder sprayer for better
distribution. Zn source was zinc oxide (40% Zn and
1% N). Each plot measured 3.15 x 7 m, totaling
22.05 m², with 7 rows of seeds, spaced 0.45 m
and sowing density at 66,666 plants per hectare.
Scarification and subsoiling to improve the soil’s
physical characteristics were done on the 11th March
2017. Seeds were sown by a seven-drill mechanical
sower. Basic fertilization comprised 250 kg ha-1 of
10-30-20 (N-P2O5-K2O), with an expected yield of
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8,000 kg ha-1 (Souza and Lobato, 2004). Covering
fertilization was done manually by launching the
product at 60 kg ha-1 N (urea), in two applications,
at V4 and V7 (seventh leaf).
Corn hybrid NS 90 VT PRO2 was employed,
resistant to ammonium glyphosate salt and to the
fall armyworm Spodoptera frugiperda, Helicoverpa zea
and Elasmopalpus lignosellus. Industrial treatment
of the seed comprised deltametrin 25 g L-1 (8.0 mL
for 100 kg seeds) + pirimiphos-methyl 500 g L-1
(1.6 mL for 100 kg of seeds) + metalaxyl-M 20 g L-1
(150 mL for 100 kg of seeds), tiabendazole 150 g L-1
(150 mL for 100 kg of seeds) + fludiaxonil 25 g L-1
(150 mL for 100 kg of seeds). Additionally, seeds
were treated with fipronil 250 g L-1 (50 mL for
100 kg of seeds).
Immediately after sowing, a sample of each
treatment was collected at layers between 0 and
0.20 m deep to quantify Zn rates in the soil. Rates
were 5.3; 6.3; 6.5; 6.0 and 6.2 mg dm-3 for plots
which received Zn through the soil, and 5.6; 6.6;
6.9; 6.2 and 6.0 mg dm-3 for plots which received
Zn through the leaves.
Control of pests, diseases and invading weeds
was undertaken at V4. Thiamethoxam 141 g L-1
+ lambda-cyhalothrin 106 g L-1 (250 mL ha-1)
were used to control the armyworm (Spodoptera
frugiperda); pyraclostrobin 26 g L-1 + epoxyconazol
160 g L-1 (300 mL ha-1) were used to control the leaf
spot (Phaeosphaeria maydis); ammonium glyphosate
salt 792 g kg (2000 g ha-1) was employed to control
invading weeds.
The following evaluations of corn were undertaken
within the useful area (3 central rows with six
meters), with six plants per plot: height of plant:
at stage pasty grain (R3), measured from ground
level up to the base of the leaf axil; height of spike
insertion: in R3, measured from ground level up
to spike base; stalk diameter obtained by digital
caliper, at 5 cm from the ground. Green mass in
five plants, continuous in the row, was determined
during flowering (R1). They were then dried in a
forced air buffer (65°C) till constant mass. Weight
of dry matter was calculated. Ten spikes were
harvested manually at physiological maturity (R6)
on the 24th July 2017. They were retrieved from
the plot´s planted area to determine the diameter
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of the spike by digital caliper, measuring the
spike´s middle third section; length of spike was
measured by ruler; number of grain rows per
spike; mass of one thousand grains by counting
and weighing; grain productivity calculated by
weighing the total mass of grains obtained from
the entire useful area of the plot after threshing;
they were measured for kg ha-1, with correction
of grain humidity at 13% (wet base), following
Dalchiavon et al. (2011):
PR = P.[(100-Uob) / (100 – Ud)]

(1)

where PR is the corrected grain mass (kg ha-1);
P is the grain mass on the field (not corrected)
(kg ha-1); Uob is the humidity of each plot (%); Ud is
the desired standard humidity (13%).
Data underwent analysis of variance (F-test)
for supply forms and regression analysis was
employed for supplied Zn doses, at 5% probability,
with statistical program Sisvar (Ferreira, 2011).

RESULTS AND DISCUSSION
Mean rates for maximum, medium and minimum
temperatures were 30.9; 22.7 and 17.1°C respectively,
with rainfall rate at 510.4 mm (Figure 1). These
rates attended to the crop’s hydric demand, since
it required an accumulated rainfall between 450
and 800 mm, regularly distributed throughout the
cycle (Bergamaschi and Matzenauer, 2014).
Regardless of form and dose, the application of
Zn failed to provide a significant increase in plant

Figure 1 - Rainfall and temperature means on the
experimental area during the experimental period,
2017.

height (PH), diameter of spike (DS), grain rows
per spike (GR), green mass (GM) and dry mass
(DM) (Table 1). The above may be due to the initial
Zn rates in the soil, corroborated by Muner et al.
(2011).

Table 1 - F rates and statistical significance for variables
analyzed in corn cultivated with different Zn doses
and supply methods. Campo Novo do Parecis MT
Brazil, 2017
Variables1

Form (F)

Doses
(D)

FxD

CV
(%)2

MG3

PH (m)
SD (mm)
IH (m)
SL (cm)
DS (mm)
GR
GM (kg ha-1)
DM (kg ha-1)
TG (g)
PR (kg ha-1)

3.2
6.4*
5.0*
6.8*
3.9
1.8
3.0
3.7
16.9**
130.4**

2.0
0.5
0.2
0.8
0.7
0.6
1.3
1.3
6.9**
6.3**

2.5
0.8
0.8
0.3
1.5
0.6
0.8
0.9
5.7**
2.1

4.2
7.3
5.4
4.9
3.0
4.7
10.2
11.4
5.8
3.2

2.4
25.1
0.9
15.4
48.8
17.9
46741.8
5867.7
277.8
5576.4

= PH = plant´s height; SD = spike´s diameter; IH = height insertion of spike;
SL = spike´s length; DS = diameter of spike; GR = grain row per spike; GM =
green mass; DM = dry mass; TG = mass of one thousand grains; PR = grain
productivity; ** and * significant at 1 and 5%, respectively; 2 = CV = Coefficient
of variance; 3 = GM = General means.
1

In the case of non-significant variables, general
means (GM) and coefficients of variance (CV) for
PH were respectively 2.4 m and 4.2% (Table 1);
48.8 mm and 3.0% for DS; 17.9 and 4.7% for GR;
46741.8 kg ha-1 and 10.2% for GM; 5867.7 kg ha-1 and
11.4% for DM. However, there was a significant
effect for Zn supply method and dose for variables
stalk diameter (SD), spike insertion height (IH),
spike length (SL), mass of one thousand grains
(TG) and grain productivity (GP) (Table 1). Leafsupplied Zn provided greater development for SD,
IH and SL, with a respective increase of 6.2; 12.5
and 4.0%, when compared to supply through soil
(Table 2).
According to Serra et al. (2011), glyphosate
decreases Zn rates in plants and may have
jeopardized performance of the plants´ DC,
IH and SL when the nutrient was applied through
the soil during sowing (prior to the application
of glyphosate for the control of invading plants).
The above contrasted Zn supply through leaves at

Table 2 - Mean rates for diameter of spike (SD); insertion
height of spike (IH) and spike´s length (SL) in
corn cultivated with different Zn doses and supply
methods. Campo Novo do Parecis MT Brazil, 2017
Variables

Stalk diameter (mm)
Insertion height of spike (m)
Length of spike (cm)
Grain productivity (kg ha-1)

Supply form
Leaf

Soil

25.8 a
0.9 a
15.7 a
6134.1 a

24.3 b
0.8 b
15.1 b
5243.7 b

Different letters show difference by F-test at 5% probability.

V4 (after the application of glyphosate) and may
have been the cause of a greater accumulation
through Zn leaf application (23.1 mg dm-3 when
nutrient was supplied by leaf application and
19.6 mg dm-3 by soil application), with direct
influence on the variables under analysis. The best
vegetal development by Zn leaf application may be
associated to the nutrient´s important role as the
component of several enzymes and formation of
auxins which cause vegetal growth (Taiz et al., 2017).
In his research on Zn doses (0; 1.0; 2.5; 5.0;
10.0 kg ha-1) supplied at corn sowing during the
summer in Manaus AM Brazil, Abreu (2012)
did not report any significant effect for variables
PH and IH, respectively with means 2.12 m and
1.08 m, in contrast to current study with regard to
the latter.
Further, Abreu et al. (2016) evaluated Zn doses
(0; 1.0; 2.5; 5.0; 10.0 kg ha-1) supplied through
soil immediately at the sowing of summer corn
in Iranduba AM Brazil, and did not report any
significant effect for IH and SL. However, mean
rates (1.08 m and 14.8 cm, respectively) were close
to those in current study (Table 2). This fact was
corroborated by Steiner et al. (2011) in their analysis
of Zn doses through soil (0; 5.0; 10.0 kg ha-1) for the
agronomic performance of inter-harvest corn in
Mercedez PR Brazil. The authors did not register
any significant effect for IH (0.8 m) and SD (29.4 mm).
It has been observed that in the interface between
supply forms and Zn doses (Table 3), interaction
occurred only for doses above 0.75 kg ha-1 for TG.
Supply through leaf revealed heavier grains and
thus higher grain productivity rates, regardless
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of the dose. The above proved the importance of
Zn supply by leaf application, especially with
hybrid corn RR, due to the effect of glyphosate
in the metabolism of the nutrient (Taiz et al.,
2017). Farinelli and Lemos (2012) corroborated
the above when they reported that grain mass is
a characteristic influenced by Zn availability and
adequate forms, among other factors.

Table 3 - Results for Zn supply forms with each Zn dose for
the variable mass of one thousand grains (TG)
in corn cultivated in Campo Novo do Parecis MT
Brazil, 2017
Supply form

Zn doses (kg ha-1)
0

0.25

0.5

0.75

1.0

Mass of one thousand grains (g)

Soil
Leaf

299.6 a 265.9 a 266.1 a 250.9 b 254.0 b
302.1 a 253.9 a 283.4 a 295.2 a 306.6 a

Different letters show difference by F-test at 5% probability.

In their study on TG and PR in Zn doses applied
to the soil at sowing, Steiner et al. (2011) reported
significant results for these variables, respectively
at 266 g and 5465 kg ha-1, for dose 10 kg ha-1.
An inverse effect was registered between
Zn supply applied to soil and thousand grain mass
(Figure 2a). Or rather, the greater the Zn dose, the
less was TG, with rates between 288.54 and 246.06 g,
whereas Zn doses ranged between 0 and 1.0 kg ha-1.
Since there was a 17.3% decrease in grain mass,
the above clearly demonstrated the negative/toxic

effect of Zn excess (Oliveira and Oliveira, 2011).
According to Prado et al. (2007), either a reduction
in productivity may occur when Zn is absorbed
in excess or there is no positive effect in corn
performance by increasing doses due to sufficiency
of Zn in the soil (Muner et al., 2011).
Besides the occurrence of toxic effect by excess
of Zn in the soil, a nutritional imbalance may
occur, which interferes in the absorption of other
nutrients, causes lignification of the plant, restricts
growth of the secondary cell wall and reduces
radicular growth, affecting the absorption of
nutrients in general (Cunha et al., 2008; Oliveira and
Oliveira, 2011). In the case of the variable TG, Abreu
et al. (2012) reported a greater mass rate (307.55 g)
when Zn was not supplied by leaf application.
However, increasing Zn doses caused linear
TG decreases, corroborating data from current
analysis (Figure 2a). Soares et al. (2003) showed
that the toxicity of some elements, such as Zn,
may reduce grain mass of corn plants in the field.
In their research on grain mass and corn
productivity as a response to Zn doses (0; 10;
20 kg ha-1) in Marechal Cândido Rondon PR Brazil,
Gonçalves Júnior et al. (2007) failed to obtain
significant results for TG and PR. They attributed
this result to the adequate amount of Zn in the
soil. Abreu et al. (2016) applied doses 0; 1.0; 2.5; 5.0;
10 kg ha-1 of Zn in the soil and did not obtain any
significant results for PR, with mean 4378.0 kg ha-1.
Results were different from those in current
study, with greater PR rate (5785.5 kg ha-1) at dose
0 kg ha-1 (Figure 3). However, PR decreased when
increasing doses were supplied.

Figure 2 - Regression equations for the mass of one thousand grains as a function of Zn doses applied through soil (a) and leaf
(b) in corn cultivated in Campo Novo do Parecis MT Brazil, 2017.
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CONCLUSIONS
The application of Zn on leaves increases stalk
diameter, spike´s insertion height and spike´s
length.
The mass of one thousand grains and grain
productivity decrease with increasing doses of Zn.

Figure 3 - Regression equation for grain productivity as a
function of Zn doses in corn cultivated in Campo
Novo do Parecis MT Brazil, 2017.

Zinc is highly relevant for the development of corn
and its supply provide significant responses to the
variables analyzed.
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