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Agronomic characteristics of two corn (Zea mays L.) varieties subjected to
topdressing fertilization using different levels of nitrogen and potassium in
Amazonas, Brazil
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diferentes niveis de adubagdes nitrogenadas e potassicas no Amazonas, Brasil
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ABSTRACT: From the creation of new corn genomics to meet production demands, it is necessary to evaluate
how these new cultivars react to the different environments that exist in Brazil. Front this, the objective of this
study was to evaluate the effects of different levels of N and K used to topdressing fertilization on agronomic
characteristics of two corn varieties at Amazon environmental conditions. The experimental design was
randomized in block using a factorial scheme (2 x 4 x 4), with two corn varieties (BRS Caimbé and BR 5011
Sertanejo), four N dosages (0, 60, 100, and 140 kg.ha?) and four K dosages (0, 20, 60, and 90 kg.ha*). Each plot
was constituted by five lines of 20 m of length and 2.40 m of width, with a space of 0.60 m among these, totalizing
an area of 48 m? per plot. Data collected were subjected to ANOVA and, subsequently, to Tukey test at 5% of
significance. Caimbé corn variety presented higher (p < 0.05) number of plants, plant weight, and spikes per plot.
High dosages of N and K provided high (p < 0.05) number of plants, plant weight, and spikes per plot. Caimbé
corn variety presented higher (p < 0.05) spike weight and size. Other variables did not present significant (p >
0.05) results. High dosages of N provided high (p < 0.05) stem diameter and weight, leaf weight, spike size, and
low spike weight. Lower levels of K caused low (p < 0.05) plant height, first spike height insertion, stem diameter,
and spike weight.
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RESUMO: Com a criacdo de novos genotipos de milho para atender as demandas de produgdo, é necessario
avaliar como estas novas cultivares reagem aos diferentes ambientes que existem no Brasil. Sendo assim, o
objetivo deste estudo foi avaliar os efeitos de diferentes niveis de N e K via adubacdo de cobertura sobre as
caracteristicas agrondmicas de duas variedades de milho nas condigdes ambientais do Amazonas. O delineamento
experimental foi em blocos ao acaso sendo os tratamentos constituidos por duas variedades de milho (BRS Caimbé
e BR 5011 Sertanejo), quatro doses de N (0, 60, 100 e 140 kg.ha) e quatro doses de K (0, 20, 60 e 90 kg.ha't).
Cada parcela foi constituida por cinco linhas de 20 m de comprimento e 2,40 m de largura, com um espaco de 0,60
m, totalizando uma darea de 48 m? por parcela. Os dados coletados foram submetidos & ANOVA e
subsequentemente ao teste de Tukey a 5% de significancia. A variedade Caimbé e maiores doses de N e K
proporcionaram maior (p < 0,05) nimero de plantas, peso da planta e espigas por parcela. A variedade de milho
Caimbé apresentou maior (p < 0,05) peso e tamanho da espiga. Outras variadveis ndo apresentaram resultados
significativos (p > 0,05). Maiores doses de N proporcionaram maior didmetro (p < 0,05) e peso do caule, peso da
folha, tamanho da espiga e baixo peso da espiga. Niveis mais baixos de K proporcionaram menor (p < 0,05) altura
da planta, insercdo da primeira espiga, didmetro do caule e peso da espiga.
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INTRODUCTION

Corn is one of the most produced crops in Brazil, growing in several environments, with
different levels of technology applied (manual or mechanized) and investments. The use of
genotypes with high yield potential, coupled with its adaptability to the crop environment, is
fundamental to the success of corn breeding programs and, consequently, to the national corn
production (MENDES et al., 2012). However, Brazilian average production still is low
compared to other large productor countries such as China and the United States (COLUSSI;
SCHNITKEY, 2021). Previous studies attributed these poor results to use of inadequate
management practices according to the environmental conditions and low input investment by
farmers (ARGENTA et al., 2001).

In Amazon, corn is cultivated in two environments, dryland (terra firme) and wetland
(varzea). Dryland is characterized by not be floodable, being possible the cultivate along all
year seasons, and low natural soil fertility. The wetland is characterized by periodic flooding,
and high natural soil fertility caused by the sedimentation of minerals that occurs in the flood
periods. In this sense, it is interesting that the Amazon farmer has options to acquiring seeds of
corn genotypes with high adaptability to the natural environmental conditions (VIEIRA et al.,
2010; GIRAUD et al., 2017; BEQUIMAN et al., 2020).

It is also important to mention that the low grain production and low planted area in the
Amazon resulting in high costs caused by the great import dependence of these grains from
other states to meet its demands. In production context, several causes contribute to the low
yields of grains produced in the Amazon, especially the use of genotypes with low adaptability
to the local environment, incorrect soil management, lack of technical information's about
weeds, pests and vegetable diseases (OLIVEIRA et al., 2018; BEQUIMAN et al., 2020). The
use of fertilizers and soil management systems on planting phase of corn tends to cause a
significant effect on the plant production in tropical environmental conditions (COSTA et al.,
2009). It is important to mention that after the N, the K is the most absorbed element by corn,
being 30% transferred to the grains (RODRIGUES et al., 2014). The availability of N and K in
the soil for the corn crop is basically controlled by organic matter decomposition and
nitrogenated fertilization. And when crop varieties with low C:N ratio in dry weight are used,
together to the management of incorporation of the cultural remains, the decomposition and the
mineralization are faster, and the N cycling occurs in a short-term, also helping the K absorption
by the plant (SORATTO et al., 2010; FARINELLI; LEMOS, 2012).

The model of application of potassic fertilizers need a special attention due to the K
susceptibility to erosive losses, especially in soils with low quality, and also to the high salinity
level of K (KCI) chloride, the main source of K used (VALDERRAMA; BUZETTI, 2011).
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Furthermore, corn crop presents great differences in the fertilizers dosage according to the
Brazilian region, especially due to the variety in water availability, dry and rainy season, and
its contents into soil (VALDERRAMA; BUZETTI, 2011; OLIVEIRA et al., 2017).

Normally, soil fertility levels are interpreted as being low, average, high or very high.
And even when soil fertility is considered as high or very high, it is common for farmers to
continue fertilizing with fixed amounts of N, P, and K for fear of reduced production. This
practice has resulted in unnecessary or oversized fertilization with low fertilizer efficiency
(BENITES et al., 2010). It is possible that crops managed in these soils can maintain unchanged
production levels even with the use of less fertilizer, which would have positive effects on the
profitability of the enterprises. On the other hand, this practice may cause significant economic
loses at long-term due to unnecessary use of high fertilizer dosages in this soil condition
(LACERDA et al., 2015).

Based on these findings, it is important to encourage the study of information that
provides an adequate soil management protocol for corn crop in the Amazonas State aiming fill
this information gap, besides to provide a corn production with better production volume and
efficiency in this region. The objective of this study was to evaluate the effects of different
levels of N and K to topdressing fertilization of two corn varieties on agronomic characteristics
at Amazon environmental conditions.

2 MATERIAL AND METHODS

The study was conducted in Manaus, Amazonas State, Brazil (2° 38' 43.8" S 60° 02'
27.4" W). The soil of the experimental area was classified as Clayey Yellow Latosol (Latossolo
Amarelo argiloso) (EMPRABA, 2013) The climate of the region is Af according to the Képpen
classification (Martorano et al., 2017), which is a tropical climate with dry winters and hot,
rainy summers, presenting an average rainfall index of 2,300 mm/year. The study was
conducted in the rainy season in the region, presenting average temperature of 34.12°, humidity
of 68.32%, and 2,132 mm of rainfall index.

Before the experimental period, soil samples were collected from 0 to 20 cm of soil
layer and sent to Laboratorio of Anélise de Solos of the Universidade Federal do Amazonas,
presenting the characteristics described in the Table 1. It is important to mention that the
experimental area used in this study annually receive (twice per year) experiments related to
varieties of corn and sorghum. But, for this study, there was not previous fertilization treatment
in the area, in order to consider only the effect of the experimental dosages of N and K used.
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Table 1. Soil analysis of the experimental area

Parameters Values
pH active acidity, CaCl, 4.50
H + Al - potential acidity (PA), cmol.dm 3.10
P Mehlich -1, mg.dm3 125
K Mehlich -1, mg.dm 14.00
AL (KCL), cmolc.dm? 0.05
Ca (KCL), cmol..dm™ 2.10
Mg (KCL), cmol..dm 0.90
Organic matter, dag.kg* 3.40
CTCe, cmolc.dm™ 3.09
CTC at pH 7, cmolc.dm? 6.14
SB, cmol..dm™ 3.04
V (%) 49.48
m (%) 1.62
S.5042, mg.dm™ 4.10
B (hot water), mg.dm3 0.11
Sand, % 11.60
Silt, % 22.20
Clay, % 66.20

At the beginning of the experimental period, the soil was prepared using plowing and
harrowing, being plots demarcated. Fifteen days before start the experimental period, there was
an incorporation of dolomitic limestone (PRNT 90%) at 20 cm depth using a plow grating
aiming reach pH 7.0. The sown of corn varieties was performed using a manual sower (Jumil®
model 2040) in no-tillage system and using rain-fed irrigation (natural irrigation). There was
no need to control pests and diseases. The topdressing fertilization according to the dosages of
the treatments was performed 30 days after sowing of the varieties using a mechanized
handling.

The experimental design was randomized in block using a factorial scheme (2 x 4 x 4),
where the treatments were constituted by two corn varieties (BRS Caimbé and BR 5011
Sertanejo), and topdressing fertilization using four N dosages (0, 60, 100, and 140 kg.ha't), four
K dosages (0, 20, 60, and 90 kg.ha), using ammonium sulphate (NH4).SOx) as the N source,
and potassium chloride (KCI) as the source of K. Each plot was constituted by five lines of 20
m of length and 2.40 m of width, with a space of 0.60 m among these, totalizing an area of 48
m? per plot. The lines were arranged so that the corn varieties alternated between varieties used.

Seedling emergence occurred between 10 and 13 days after the sown of the varieties.
After 75 days of the varieties’ sown, the two central lines of each treatment (N and K) were
considered as useful area of the plot (one line of each corn variety) for performed experimental
analysis. The variables measured in this study were plant height (PH), number of plants per plot
(NPP), plant weight per plot (PHP), leaf weight (LW), height of insertion of the first spike (FS),
number of spikes per plot (NSP), spike weight (SW), stem weight (ST), stem diameter (SD),
and spike size (SS).
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Two linear meters of each line were used for NPP, PHP, and NSP analyses. For the other
analyses, five plants from the same two lines previously chosen were used. Two lines were
discarded from each end of the plot to avoid the border effect. Height of the plants was measured
from the soil level to the apex of the tassel using a manual chain. The plants were cut at 20 cm
from the soil level to evaluate the plant weight (fresh mass) using a portable field scale. After
weighing, the plants were individually fractionated in stem, leaf blade, and spike for individual
measurements using a digital scale and a caliper.

The collected data were submitted to analysis of variance (ANOVA) using the
SAS/STAT (2008) computational program, considering the isolate effect of the factors, and the
interaction between them (cv x N x K). Collected data were subsequently compared using the

Tukey test. The results were considered significant at p<0.05.

3 RESULTS AND DISCUSSION

In Amazon environmental conditions, the Caimbé corn variety presented higher
(p<0.05) number of plants, plant weight, and number of spikes per plot (Table 2). According to
Oliveira et al. (2017), the Caimbé corn variety, developed by EMBRAPA, present a good
productive performance and specific adaptability in unfavorable environments, as verified in
Amazon, which makes it a good option for cultivation in these environmental conditions. And
even the Sertanejo corn variety being indicated to regions with adverse soil and environmental
conditions due to it good adaptability and production, such as the North and Northeast regions
of Brazil, in this study the Caimbé variety presented better results (SENA et al., 2015).
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Table 2. Number of plants per plot (NPP), plant weight per plot (PWP), and number of spikes per plot
(NSP) of two varieties of corn fertilized with different levels of N and K at Amazon environmental
conditions

Variables
Factors NPP PWP NSP
(unit) (kg/plant) (unit)
Corn variety (cv.)

Caimbé 6.68? 2.782 4.622

Sertanejo 6.62° 2.70P 3.62°
Nitrogen (N)

0 kg.ha* 6.37¢ 2.29¢ 3.50°
60 kg.hat 6.12¢ 2.44¢ 4,12°
100 kg.hat 7.00° 2.84° 4,12°
140 kg.hat 7.122 3.40° 4.75°

Potassium (K)

0 kg.hat 6.37° 1.86°¢ 3.75¢
20 kg.ha' 6.50P 2.54° 3.75¢
60 kg.ha* 6.75° 2.97° 4.00°
90 kg.ha' 7.00? 3.59° 5.00

Effect p-value
cv. 0.05™ 0.02™ 0.02™
N 0.02™ 0.03™ 0.05™
K 0.05™ 0.01" 0.04™
cv. x N 0.12m 0.12m™ 0.14m
cv. x K 0.10m™ 0.14m 0.12m
N x K 0.06™ 0.13™ 0.10m™
cv. X N x K 0.07m 0.10m™ 0.15™

CV (%)? 17.28 15.43 13.25

! Treatments with averages in the column differ or not between the Tukey test at 5%;
2 CV — Coefficient of variation; * Significant effect (p<0.01); ** Significant effect (p<0.05); ns - no significant.

High dosages of N provided a high (p<0.05) number of plants, plant weight, and number
of spikes per plot (Table 2). Kablan et al. (2017) pointed that the N management is considered
the major limiting factor corn development. N fertilization is a key component to corn
production, since it often plays a major role in attaining high grain corn yield (KYVERYGA et
al., 2009). N fertilizer rates needed for corn vary largely among fields and also within fields,
due to variations in crop uptake demand, soil N supply, and losses from the soil. Identifying
this demand is very important in high N-demanding crops such as corn, to maximize
profitability and to reduce N losses to the environment (KABLAN et al., 2017). In this sense,
the results of this study pointed a clearly influence of N fertilization on improvement of corn
crop in Amazon environmental conditions. Furthermore, the N response was higher in clay soils
than in loam or sandy soils (CHIVENGE et al., 2011), the most common soil verified in
Amazon.

High dosages of K provided high (p<0.05) number of plants, plant weight, and number
of spikes per plot (Table 2). The amount of K removed from the field by corn depends upon the
plant part or parts removed during harvest. For grain crops in which only the seed and/or fiber
is harvested, such as corn, only a low amount of K is removed from the field (PETTIGREW,
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2008). However, K plays a vital role to physiological processes of the plant, such as
photosynthesis, translocation of photosynthates, protein synthesis, control of ionic balance,
regulation of plant stomata and water use, activation of plant enzymes and, many other
processes (ZARE et al., 2014). Thus, the increase levels of K fertilization may help in the
development of corn plants. K accumulation during the early growth stages of corn is faster
than that of dry weight. The dilution effects and translocation of K from leaves and culm to the
spike and grains cause a rapid decline in K in the vegetative shoot (RASUL, 2010).

The Caimbé corn variety presented higher (p<0.05) weight and size of spike. However,
other variables did not presented differences (p>0.05) between the varieties used (Table 3).
These results corroborate the previous results of this study, where the Caimbé variety obtained
better production in the environmental conditions of the Amazon. In this sense, it was verified
that the Caimbé variety present a better adaptability to this environment than Sertanejo variety.
Oliveira et al. (2017) pointed that the Sertanejo variety have a highest genotypic value,
presenting superior production than other corn hybrids, which may imply in higher nutritional
requirement to an adequate development than Caimbé variety.

High dosages of N provided high (p<0.05) diameter and weight of stem, leaf weight,
spike size, and low spike weight (Table 3). It is important emphasize that a low supply of N is
one of the main factors responsible for a low production of corn. N is the most taken up nutrient
by corn, where according to an increase availability of N occurr a proportional increase on
production, such as observed in the results of this study. Furthermore, corn tends to have a low
N demand at the early growth stages (FOUNTOURA; BAYER, 2009).
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Table 3. Plant height (PH), height of insertion of the first spike (FS), stem diameter (SD), stem weight
(ST), spike weight (SW), leaf weight (LW), and spike size (SS) of two varieties of corn fertilized with
different levels of N and K at Amazon environmental conditions

Variables
Factors? PH FS SD ST SW LW SS
(cm) (cm) (mm) (9) (9) (9) (cm)
Corn variety (cv.)

Caimbé 190.00 71.86 1.71 177.58 189.242 85.22 10.772

Sertanejo 190.00 75.27 2.13 161.12 178.47° 83.40 8.78°
Nitrogen (N)

0 kg.hat 197.00 69.70 2.782 186.60? 170.98° 90.30% 12.20?
60 kg.ha* 181.00 74.05 1.49¢ 142.50P 197.52% 74.17° 7.46°
100 kg.ha' 189.00 76.97 1.62° 161.77% 222.31° 78.17° 9.58%
140 kg.ha' 193.00 73.55 1.79% 186.55° 144.60° 94.60° 9.87%

Potassium (K)

0 kg.ha't 146.00¢ 69.770¢ 1.77° 220.452 116.86° 94.50% 11.562
20 kg.ha! 191.00° 62.07° 1.440 135.05° 177.93P 64.52°¢ 7.840
60 kg.ha 216.00? 84.65% 2.992 194.328 254.15% 102.672 11.662
90 kg.ha 207.00% 77.77® 1.47° 127.60° 186.48% 75.55b¢ 8.04°

Effect p-value
cv. 0.88" 0.40" 0.14" 0.10" 0.03** 0.73" 0.01*
N 0.10m 0.65" 0.01* 0.01* 0.01* 0.02** 0.01*
K 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
cv. x N 0.23m™ 0.13m™ 0.13m™ 0.19™ 0.21m™ 0.20™ 0.25™
cv. x K 0.20m™ 0.14 0.15m™ 0.18™ 0.20™ 0.20™ 0.26™
N x K 0.26™ 0.12m 0.20™ 0.21m™ 0.25™ 0.28™ 0.21m™
cv. X N x K 0.23m™ 0.25™ 0.16™ 0.12m™ 0.14™ 0.24™ 0.15™

CV (%)? 16.07 3.76 4.49 3.80 18.60 4.07 4.80

1 Treatments with averages in the column differ or not between the Tukey test at 5%;
2 CV — Coefficient of variation; * Significant effect (p<0.01); ** Significant effect (p<0.05); ns - no significant.

However, newer corn hybrids have different patterns of N use during grain filling,
requiring greater amounts of N after flowering to fill their kernels (CIAMPITT; VYN, 2013;
PANISON et al., 2019). More recently, studies comparing hybrids from the 1970s with modern
hybrids were observed that current hybrids accumulate 40% more N after flowering and take
up 8.96 kg.ha* more N throughout their cycle (CIAMPITT; VYN, 2013; HAEGELE, 2013;
PANISON et al., 2019). And even the treatment without N fertilization presenting good results,
the increase of level fertilization of N raised that development of corn varieties.

Determining optimal N needs is a great challenging due to the complex interaction
between climatic factors that affecting the availability of soil N and plant demand
(TREMBLAY et al., 2013; MASCAGNI Jr. et al., 2018). In Brazil, it was found recovery rates
of N varying among values by 30%, and between 44 and 55% of applied N (BRAGAGNOLO
et al., 2013). In relation to the topdressing application of N, the fertilization split may or not
result in better production, which is mainly related to the water availability after fertilization,
which allows a high recovery of applied N (BRAGAGNOLO et al., 2013; AMADO et al.,
2017).
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The no use or lower level of K fertilization caused low (p<0.05) plant height, height of
insertion of first spike, stem diameter, and spike weight. The dosage of 60 kg.ha™ of K provided
(p<0.05) higher results of plant height, height of insertion of first spike, stem diameter, and
spike weight (Table 3). Adnan et al. (2020) reported that the K deficiency significantly reduces
the leaves number and size of individual leaf of corn, affecting the photosynthetic activity. K
limits the crop water requirement during drought conditions because K has a dominant role in
the opening and closing of stomata, through which transpiration occurs from the leaves and
CO: enters into leaf tissues (ALI et al., 2016). Furthermore, the K concentration of corn is a
genetic character, and K uptake by corn is positively correlated with K concentration among
the corn varieties (ADNAN et al., 2020). Consideration of the varietal differences for K uptake
is required for evaluating relationships between corn production and soil K fertility or K
fertilizer application (SUNAGA et al., 2015).

On the other hand, there was not a significant (p>0.05) interaction between all factors
considered in this study. This result indicated that each factor individually influenced the
development of the plants, while previous studies indicated that there is a positive correlation
between N and K, because the K acts on the activation of the nitrate reductase enzyme (SILVA
etal., 2011; SEIDEL et al., 2015).

4 CONCLUSIONS

Caimbé corn variety presented better agronomic characteristics with great adaptability
and production in relation to soil and environmental conditions. High dosages of N (140 kg.ha
1y and K (90 kg.hat) provide better development of both corn varieties. The no use or low level
of N (60 kg.ha™) and K (20 kg.ha*) caused a negatively effect on agronomic characteristics of
the corn varieties studied.
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