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Abstract

Adequate nutrition management of maize crop is essential when aiming at high yields and grain quality. In this context, Zn fertil-

ization stands out since its content increase in grains used for human consumption is an alternative to alleviate malnutrition. There-

fore, the aim of the present study was to evaluate foliar fertilization as a supplement, with alternative Zn doses and sources in the

maize crop in southern Amazonia. The field experiment was conducted in Alta Floresta, Mato Grosso State, in dystrophic red yellow

Oxisol. A randomized block design in a 4x2 factorial scheme was used, with four doses (0, 250, 500 and 1000 g ha') and two sources

(ZnSO, and ZnO 40 nm) with foliar application during R1 stage. At the end of the experiment, the cob diameter, mass of 100 grains,

number of grain rows per cob, Zn content in grains and productivity were evaluated. Foliar application of doses and sources of Zn did

not promote significant difference between treatments. This was possibly due to the low mobility of the micronutrient in the plant.

Thus, it is suggested to apply higher doses, or more than one foliar application along the maize crop cycle.
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Introduction

Zinc (Zn) metabolic deficiency in humans is considered a
worldwide health problem and it is estimated that about 17%
of the world population share this condition. This fact is further
aggravated in developing countries. For example, in South Asian
regions this index can reach 30%. This micronutrient deficiency
occurs predominantly in children and pregnant women and is as-
sociated with the death of 800,000 people a year [1]. One of the
main factors associated with this deficiency is the intake of low Zn

content food.

Despite consensus that adequate feeding through food diversi-
fication and supplementation is the key to alleviate this situation,
these practices are limited in developing countries where the diet
is poor and based in only one grain [2]. Additionally, it is known

that about 30% of the soils available for agriculture in the world

have inadequate levels of Zn, which ends up reflecting on the mi-
cronutrient content in the grains, and consequently in the popu-
lation’s health [3,4]. Thus, the production of biofortified grains,
that is, grains with higher levels of micronutrients, using agricul-
tural practices, is the object of many studies [5]. In this context, the
maize crop stands out, since it is the most widely grown crop in
the world used as raw material for making several food products,

animal food, oil and ethanol [6].

The application of Zn in the crop can be carried out both via soil
or leaves. However, when the focus is on biofortication, foliar fertil-
ization has shown promising results. Although foliar application is
considered a complement to soil application, due to low mobility
of this micronutrient in the plant, a supplementary fertilization of
this micronutrient on the leaves is associated with an increase in Zn

content in the grains [7-10].
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Regarding Zn sources, Zn sulfate (ZnS0,) is a totally soluble
source and the most widely used. However, due to its solubility
it could cause some phytotoxic effects, since all Zn?* is released
at the application time [11,12]. Thus, alternative sources such as
nanoparticulated Zn oxide have been studied [13-16]. Compared
with traditional sources, Zn nanofertilizers make the micronutri-
ent available to plants for a longer period of time by promoting its
gradual release, which is beneficial for better nutrient uptake [17].
Nevertheless, field experiments are still scarce and there is no stan-
dard in the literature on variables such as dose, time of application

and size of nanoparticles when this type of source is used.

Hence, studies on Zn nanometric sources and doses in the foliar
fertilization of the maize crop are essential for the production of
biofortified grains. Therefore, the aim of the present study was to
evaluate foliar fertilization as a complement, with alternative doses

and sources of Zn in the maize crop in southern Amazonia.

Materials and Methods
Experimental site

The experiment was conducted at the State University of Mato
Grosso (UNEMAT), Campus 2, Alta Floresta, Mato Grosso State, Bra-
zil, at the coordinates 9 °51°40.02 Sand 56 °4’11.18 W, 224 meters

18
altitude, during October 2019 to March 2020. Soil was classified
as a Dystrophic Red Yellow Oxisol [18] and local monthly rainfall
during the experiment varied around 300 mm (Figure 1). Soil sam-
pling was carried out at a 0-20 cm depth for the purpose of assess-

ing soil fertility. Results of these analysis are shown in table 1 [19].

450

0 I I I I ‘ ‘

oct/19 nov/19 dec/19  jan/20 feb/20 mar/20

b W
oo wun o
o o o o

Precipitation (mm)
[s¥]
=
=)

Figure 1: Monthly rainfall according to BDMEP - INMET from
October 2019 to March 2020.

pH I ‘ K | KO ‘ Ca® ‘ Mg® ‘ Al® ‘ H+AI® Zn®
H,0 | CaCl, -—--mgdm?3---- | e cmol_dm3---m-nnmmmemeneneees -mg dm3-
56 | 50 16 | 55 | 014 | 240 | 039 o | 1.94 03
Calculated results -------------mcommmmmeee | s Physical properties ------------
T | sB v ' m | K | ca | wmg sand | silt | Clay
-cmol_dm- % gkg!
49 | 29 601 | 0 | 29 | 49 | 8 614 | 77 | 309

Table 1: Soil chemical and physical properties in the experimental area. UNEMAT - Alta Floresta, 2020.

T: Cation exchange capacity at pH 7; SB: sum of bases; V: base saturation; m: saturation by Al; % K, Ca, Mg: saturation per element.

M Mehlich 1;® KCI 1 mol L-;® Calcium acetate 0.5 mol L.

The Hybrid Corn 22S18 Top2 from “Sempre Sementes” was
sown manually on October 26%, 2019, aiming at 60,000 plants ha!
and harvested on March 9%, 2020.

Along with planting fertilization was carried out within the sow-
ing line. 100 kg ha™ of P,0, (20 kg ha! of split corrective fertiliza-
tion + 80 kg ha' of sowing fertilization) and 60 kg ha™ of K,0 were
applied, using MAP ((NH,) H,PO,) and KCI as sources, respectively,

taking into account an expected maize grain yield of 8 tha™. In V7
stage, top dressing was applied with 70 kg ha of N and 30kgha of
K,O, with urea and KCl as sources, respectively [19].

Before planting, atrazine was applied at a dose of 5L ha with
a volume of 300 L ha! and preventive controls against pest attack
in the crop were carried out using Engeo Pleno® (thiamethoxam +
lambda-cyhalothrin) in V6 stage at a dose of250 mL ha with a vol-
ume of 200 Lha™.
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Experimental design and procedures

The experimental design used was in randomized blocks with
four replications in a 4 x 2 factorial arrangement. The treatments
were composed by the combination of four doses of Zn applied via
leaf (0, 250, 500 and 1000 g ha of Zn) [20] and two sources: zinc
sulfate (ZnS0,) and zinc oxide (ZnO 40 nm). Each plot had a total
area of 11.25 m? consisting of five maize lines of 5 m length spaced
0.45 m. The three central lines were considered as the useful area

of each plot, excluding 1 m at each side for evaluation purposes.

Leaf applications of Zn were carried out at the R1 stage in the
morning. It was done using a constant pressure knapsack sprayer
at a volume of 2 L plot ™. Plastic canvas surrounding the plots were
used to reduce the contamination of neighboring plots due to the

drift effect.

Traits measured

Ten cobs were harvested per plot, then they were threshed and

the grains weighed and stored in identified paper bags, correcting
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humidity to 130 g kg to calculate productivity [21]. The produc-
tive characteristics evaluated were number of rows per cob and
cob diameter, which were evaluated in 10 cobs per plot. The mass
of 100 grains was determined in a sample of grains per plot. The
grains were ground in a Willey mill, digested (HNO,, HCIO,) and the
Zn content determined by inductively coupled plasma optical emis-

sion spectrometry (ICP-OES).

Statistical analysis

Data obtained were subjected to analysis of variance and F test.
Source averages were compared using the Tukey test at 5% prob-
ability, while those of doses using a polynomial regression study

and both with the aid of Sisvar statistical software [22].

Results and Discussion
Foliar fertilization with Zn did not have a significant effect on
the production components, Zn content in grains or grain produc-

tivity of the maize crop (Table 2), which was not expected.

Zn doses Cob diameter Mass of 100 Number of rows Zn content in Productivity
(g ha) (mm) grains (g) per cob grains (mgkg?) (kg ha™)
0 46.99 40.43 17.66 71.32 9666.23
250 47.16 40.10 17,41 69.89 8957.06
500 46.82 39.78 17.69 69.51 9812.61
1000 47.17 40.57 17.60 74.94 9698.28
Zn Source

ZnS0, 46.63 39.80 17.42 70,75 9390.13
Zn0 47.44 40.64 17.77 72.08 9676.96
F Test

Dose 0.110™ 0.278ns 0.363" 1.544rs 1.518"
Source 2.731™ 1.578™ 2.897n 0.447m 0.824"s
Dose x Source 3.037"s 0.315"s 1.148ns 1.479ms 2.325"
CV (%) 2.97 4.71 331 7.89 9.38

Table 2: Productivity, cob diameter, mass of 100 grains, number of rows per cob and Zn content in the grains related to

the application of Zn sources and doses in the maize crop. Alta Floresta - MT, 2020.

"s; not significant by the F test.

A hypothesis to explain this lack of treatments effect on the pro-
duction components was the time of application of the micronu-
trient in the R1 stage, with the objective of obtaining biofortified
grains with Zn. During V4 and V6 stages the number of cobs and

grains is defined, confirming the production potential [23]. Thus,

it is at this time that productivity is established. However, due to
the low mobility of Zn in the phloem, it was decided to apply it at
the beginning of the reproductive stage, since the effects of foliar
application occur on the organs that received the application [24].

In order to have good results in fertilization it is important to jus-
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tify, know and define the factors (time of application, source, dose,
number of applications, climatic conditions, among others) that
must be controlled in the practice of foliar nutrition for each ele-

ment.

In addition, positive responses to fertilization with Zn, mainly
foliar, occur in conditions where the soil has low levels of this mi-
cronutrient [25,26]. Although Zn content of the experimental area
is classified as low, according to the Cerrado manual, during the
experiment there was no evidence of Zn deficiency. Additionally,
the productivity of all treatments was similar and higher than the
Brazilian average, which is 4.9 t ha! [27], suggesting sufficiency of

the micronutrient in the plant.

It is worth mentioning that even though the Zn content found
in the soil before planting is low, according to the interpretation
manual used [19], it may have been sufficient for the hybrid seeds
used. Even during development of the crop, it can have nutrients
input, such as Zn, through other fertilization practices (nitrogen,
potassium and phosphate), which even in small amounts, it can
contain Zn in their composition, as well as through mineralization
of organic matter, since the area had considerable plant biomass on
the surface. It should also be noted that the Cerrado manual is not
suitable for the Amazon region and inconsistencies regarding the
classification of P contents have already been reported [28-30], be-

ing the classification of Zn content possibly not ideal for the region.

Foliar application, although necessary in particular situations,
is used as a complement to traditional fertilization and is recom-
mended when the soil content is low. Thus, when the crop is prop-
erly nourished, the practice has a low probability of responding to

fertilization with the nutrient [31].

Regarding Zn content, the absence of statistical difference may
be linked to the low mobility of the nutrient in the phloem sap and
the low capacity of foliar penetration, from 2 to 5% [24], limiting
its arrival to the grains. However, the value found is in agreement
with the literature, which ranges between 33.8 to 70 mg kg ' in
the grains [32], demonstrating that the plant Zn content was ade-
quate even when it was not applied, obtaining average levels above
the upper limit described above. Nevertheless, field studies using
nanometric Zn sources report an increase of Zn content in maize
grains when the application was split throughout the phenological

stages of the crop, even with adequate soil levels.

For example, when the application was carried out in the silk

(R1) and blister (R2) stages it was possible to verify at the end of
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the experiment a 37% increase in Zn content in the grains with a
nanometric source compared to the control and 29% in relation
to the ZnSO, source [33]. In addition, the application in V7 and V8
stages promoted an increase of 70% in Zn content in the grains

when the nanometric source was compared to the control [34].

It was also found that the foliar application of a mixture of mi-
cronutrients containing Zn (4.7%), Fe (2%), Cu (0.3%), B (1%)
and Mn (2%) in the wheat crop (Triticum aestivum) promoted an
increase in micronutrient content. The treatments differed at the
time and number of applications, namely: T1 - water; T2 - appli-
cation during tillering; T3 - application during tillering and stem
elongation; and T4 - application during tillering, elongation of the
stem and cobs. It was found that T4 had higher levels of Zn, Cu,
Mn, Fe and B in 21, 47, 22, 22 and 25%, respectively, in wheat flour
compared to T1. These results reinforce the importance of know-
ing and defining all the factors that interfere in the efficiency of fo-
liar fertilization for each element, because according to the results
found here and others available in the literature, these have shown

to be decisive.

Conclusion

The supplementary foliar application of Zn doses and sources
in the field did not promote significant difference between doses,
source or the combination of factors when applied in the R1 stage.
Due to the low mobility of this micronutrient in the plant, it is sug-
gested that the application of higher doses, or more than one foliar
application during the crop cycle, is necessary to increase the Zn

content in the grains.
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