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ABSTRACT

Corn (Zea mays L.) is one of the most important cereals grown and consumed in the world not only for its
economic value but also due to its importance in human and animal nutrition. This study aimed to assess the initial
development of corn as a function of increasing nitrogen doses. The study was carried out in a greenhouse on the
Sipal Farm, Confresa, MT, Brazil. The experiment was set up in a completely randomized design, consisting of five
treatments (0, 100, 200, 300, and 400 mg N dm3 soil), with four replications, conducted from Agpril to June 2020.
Four seeds of the hybrid K 9606 VIP 3 were sown per 8-L polyethylene pot. The plants were thinned at 7 days after
emergence (DAE), leaving only one plant per pot. Morphological components were assessed. A significant effect
was found for almost all the analyzed parameters, except for stem diameter and root dry matter. The maximum
plant height, shoot fresh matter, leaf area index, shoot dry matter, root fresh matter, and root volume was obtained
by applying the maximum agronomic efficiency doses of 248.83, 271.90, 336.91, 279.66, 403.92, and 272.90 mg N
dm3 soil, respectively. Nitrogen doses influenced the initial development of the corn crop.

Keywords: Plant nutrition, nitrogen fertilization, Zea mays.

Desenvolvimento inicial de milho submetido a doses crescentes de nitrogénio

RESUMO

O milho (Zea mayz L.) é um dos mais importantes cereais cultivados e consumidos no mundo, ndo s6 pelo seu
valor econbmico, mas pela importancia na alimentagdo humana e animal. Objetivou-se avaliar o desenvolvimento
inicial do milho em funcdo das doses crescentes de nitrogénio. O estudo foi realizado em casa de vegetagdo na
chacara Sipal, municipio de Confresa-MT. O experimento foi estabelecido em delineamento inteiramente
casualizado (DIC), constituido por 5 tratamentos 0, 100, 200, 300 e 400 mg dm=3de N por kg de solo com 4
repeti¢des, conduzido entre os meses de abril a junho de 2020. Na semeadura foi utilizado o hibrido K 9606 VIP 3
e vasos de polietileno de 8 litros cada vaso. Semeando 4 sementes e aos 7 dias apos a emergéncia (DAE) realizado
0 desbaste das plantas, deixando-se apenas uma por vaso. Foram avaliados os componentes morfolégicos.
Constatou-se efeito significativo para todas as varidveis analisadas, exceto, para o didmetro de colmo e massa seca
de raiz da cultura do milho. A méxima altura de plantas, matéria fresca de parte aérea, indice de area foliar, matéria
seca de parte aérea, matéria fresca de raiz e volume de raiz foi alcan¢ada com a aplicacdo da dose de méaxima
eficiéncia agronémica de 248,83, 271,90, 336,91, 279,66, 403,92 e 272,90 mg dm=3de N por kg de solo,
respectivamente. As doses de nitrogénio influenciaram no desenvolvimento inicial da cultura do milho.

Palavras-chave: Nutricdo de plantas, Adubacéo nitrogenada, Zea mayz.
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2 Initial development of corn subjected to increasing nitrogen doses

1. Introduction

Considering the first and second growing seasons,
the area planted with corn (Zea mays L.) in Brazil in the
2019/2020 agricultural year was estimated to reach 18.2
million hectares, with a production of 101.9 million tons
(Conab, 2020). Corn is one of the most important
cereals grown and consumed worldwide, providing
products widely used for human and animal feed, and
raw materials for industry (Alves et al., 2015).
However, its cultivation is affected by management
conditions, especially plant nutrition.

Nitrogen (N) is one of the costliest inputs for corn
production (Santos et al., 2018). It is the nutrient most
absorbed by this crop and has a great influence on its
yield (Caioni et al. 2016; Morais et al., 2018). Since
Brazilian soils cannot meet corn N demand,
supplementation with fertilizers becomes essential.
However, N fertilization requires attention to time and
application rates. While low N doses can limit corn
yield, high doses lead to lodging, making harvesting
difficult and decreasing yields (Teixeira Filho et al.,
2010).

This macronutrient plays an important role in plant
biochemical processes as a constituent of proteins,
enzymes, coenzymes, nucleic acids, phytochromes, and
chlorophyll (Farinelli and Lemos, 2012). It acts in
photosynthesis and absorption of nutrients and water
from the soil, directly influencing grain yield (Galvéo
and Miranda, 2011; Vieira et al., 2011). Its deficiency in
corn may cause Yyield losses from 14 to 80% (Fancelli
and Dourado Neto, 2000). Thus, studies on ideal doses
and ways of making nutrients available to crops have
become increasingly essential to maximize yields and
reduce production costs (Rolim et al., 2018). In this
context, it is known that N applied to the soil can be lost
by leaching, runoff, denitrification, ammonia
volatilization, and microbial immaobilization (Alva et al.,
2005).

The rational use of agricultural fertilizers, especially
N, has been gaining increasing importance due to its
high economic and environmental costs, which is also
associated with the increased demand for food. In this
sense, this study hypothesized that a higher N
availability can lead to changes in corn shoot and root
system, having an impact on the initial development of
corn plants, as N is a constituent of proteins, enzymes,
coenzymes, nucleic acids, phytochromes, and
chlorophyll. Therefore, we aimed to assess the initial
development of corn as a function of increasing N
doses.

2. Material and Methods
This study was carried out in a greenhouse on the
Sipal farm, city of Confresa — MT (Brazil), at the

geographic coordinates of 10°43'23.5” S and 55°35'43"
W, with an altitude of 239 m, from April to June 2020.
Four corn seeds of the hybrid K 9606 VIP 3 were sown
per polyethylene pot, which had an 8-L capacity. The
corn plants were thinned at 7 days after emergence
(DAE), leaving only one plant per pot.

The soil used was classified as a dystrophic Red-
Yellow Latosol (Oxisol) (Embrapa, 2018), with the
following chemical and physical characteristics: pH
(CaCly) =4.8;P=12mgdm3; K=39 mgdm?3; Ca=
1.1 cmol; dm3; Mg = 0.8 cmolc dm™3; Al = 0.2 cmol.
dm3; CEC = 5.37 cmol, dm™; base saturation =
53.45%; organic matter = 17.0 g dm™3; sand = 670 ¢
kg!; silt = 70.0 g kg™'; and clay = 260.0 g kg™'. Base
dressing consisted of 200 mg P dm~3 soil and 100 mg K
dm?3 soil.

The experiment was carried out in a fully
randomized design, with five treatments consisting of
increasing nitrogen (N) doses (0, 100, 200, 300, and 400
mg N dm> soil), and four replications. Nitrogen
fertilization was performed at 14 DAE using urea (45%
N). When the plants were between the phenological
stage V2 and V3 (40 DAE), the following
morphological components were assessed: plant height,
stem diameter, shoot fresh matter, root fresh matter,
shoot dry matter, root dry matter, leaf area index, and
root volume.

Plant height was measured in centimeters from the
plant base to its apex, using a measuring tape. Stem
diameter was measured in millimeters, using a caliper.
Corn plants were collected and washed in water to
remove excess soil, weighing shoots and roots
separately for fresh matter determinations. Then, plant
shoots and roots were dried in a forced-air circulation
oven at 65 °C, until reaching a constant weight for dry
matter determinations. All leaves from the assessed
plants were used for leaf area index determination,
measuring the length and width of their blades,
according to the method described by Francis et al.
(1969) (Equation 1).

LA=LxW=x075 (1)

Wherein: LA is the leaf area, L is the leaf length, W
is the largest leaf width, and 0.75 is the shape factor.

Root volume was determined using a 2,000-mL
graduated cylinder filled with tap water to a volume of
1,600 mL. The roots were dipped into the cylinder, and
their volume was the difference between the initial and
final volume in cm?.

Data were subjected to analysis of variance at 5%
and/ or 1% probability by the F-test. If significant by the
F-test, data on N doses were subjected to regression
analysis, which was calculated for linear and quadratic
equations, and accepted when significant up to 5%
probability by the F-test.
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3. Results and Discussion

Table 1 displays a summary of the analysis of
variance (F-test) for plant height, stem diameter, shoot
fresh matter, root fresh matter, shoot dry matter, root
dry matter, leaf area index, and root volume. A
significant effect was observed for almost all parameters
but stem diameter and root dry matter.

Plant height averages adjusted to the quadratic
regression model as a function of the increase in N
doses (Figure 1), with a coefficient of determination of
80.99% and a cutoff point of maximum efficiency at the
dose of 248.83 mg dm.

Andrade et al. (2014) assessed corn performance
under different N doses and found that they significantly
influenced plant height, with results adjusted to the
quadratic regression model. According to Veloso et al.
(2006), such an increasing effect of N doses on corn
heights can be explained by the fact that plants well-
nourished in N exhibit better shoot and root
development, as it increases cell division and expansion.

Conversely, stem diameter showed no significant
differences. Similarly, Pizolato Neto et al. (2016)
assessed N doses in irrigated corn cultivars and found
no statistical differences between cultivars and applied
N doses. Valderrama et al. (2011) and Biscaro et al.
(2011) studied increasing topdressing N doses in corn
and observed no increase in stem diameters of plants
receiving N.

The averages of shoot fresh matter fitted the
quadratic regression model (Figure 2), with a coefficient
of determination of 78.45% and a cutoff point of
maximum efficiency at the dose of 271.90 mg dm,
thus maintaining an intermediate dose between 200 to
300 mg dm3,

Cessa et al. (2017) tested N and zinc doses applied
via leaf and found that fresh matter may have increased
due to their leaf contents. Oliveira and Caires (2003)
observed an increase in the N contents of diagnosed
corn leaves as the doses of N applied to the soil were
raised.

Regarding leaf area index (Figure 3), the data fitted
significantly (p < 0.01) to a 2"-degree regression
equation, with a coefficient of determination of 80.41%
and a cutoff point of maximum efficiency at 336.91 mg
dm™. One of the hypotheses for this is the function of N
in cell metabolism as an activator of several enzymes,
increasing cell growth and expansion and resulting in
higher leaf growth and cell structure.

According to Morais et al. (2015), increases in leaf
area index can be justified by N essential role in plant
metabolism, participating directly in the biosynthesis of
proteins and chlorophylls, increasing photosynthetic
rates and hence leaf area index. Fagundes et al. (2007)
assessed the effect of N sources and doses on growth,
development, and leaf senescence retardation of

sunflower grown in pots and observed an increase in
leaf area with an increase in N doses.

Mumbach et al. (2017) assessed Azospirillum
brasilense inoculation associated with N fertilization in
wheat and off-season corn plants and obtained no
significant results for leaf area. On the contrary, Santos
et al. (2017) evaluated canopy structure and tiller
characteristics of Piatd grass pastures managed with
different N doses and varying deferral periods; they
observed significant differences in leaf area index as N
was applied, regardless of deferral periods.

Shoot dry matter (Figure 4) showed significant
differences (p < 0.01), with data fitted to a 2"-degree
regression equation, coefficient of determination (R?) of
0.5768, and cut off point of maximum efficiency at the
dose of 279.66 mg N dm™ soil. Souza et al. (2013)
tested N fertilization in wheat and found an increase in
shoot dry matter as N dose increased, with a maximum
dry matter production at a dose of 165 mg N dm soil.

Plants properly nourished with N have higher
vegetative development, as such nutrient directly
influences cell division and expansion, besides being
essential for photosynthesis as a constituent of
chlorophyll molecules (Bill, 1993). Fresh root matter
was significant at 5% probability by the F-test, with an
average of about 250 g fresh matter pot™! and a trend
line similar to the other parameters, fitting to a quadratic
regression model (Figure 5).

Root volume (Figure 6) also showed significant
differences (p < 0.01), with averages fitted to a 2"-
degree regression equation and cutoff point of
maximum efficiency at the dose of 272.9 mg dm,
following the same pattern of the other parameters.
Such a value is close to the maximum agronomic
efficiency found for plant height (248.83 mg dm™),
shoot fresh matter (271.90 mg dm™3), shoot dry matter
(279.66 mg dm~3), and root volume (272.9 mg dm3).

Silva et al. (2018) found that as N dose is raised,
root volume increases since it favors root spreading
towards a larger soil area, thus reducing N losses.
Contrasting results were found by Morais et al. (2015),
who observed that N absence contributes to a higher
root system. In this sense, Bonifas et al. (2005)
mentioned that roots tend to develop more to explore a
larger soil volume to supply the deficiency in N-limited
environments.

In short, increasing N doses provided a higher initial
development of corn plants as N is part of organic
compounds such as amino acids, protein, chlorophyll,
and many essential enzymes, which stimulate corn shoot
and root growth and development. Moreover, N is
indispensable in several vital processes such as protein
synthesis, ionic absorption, photosynthesis, plant
respiration, as well as cell multiplication and
differentiation (Marschner, 1995).
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Table 1. Summary of analysis of variance (F-test) for corn plant height (PH), stem diameter (SD), shoot fresh matter (SFM), root
fresh matter (RFM), shoot dry matter (SDM), root dry matter (RDM), leaf area index (LAI), and root volume (RV) as a function of
nitrogen doses.

Variation Source PH SD SFM RFM SDM RDM LAI RV
Treatment 18.53" 1.3 13.97" 3.14™ 5.72™ 1.8™ 17.10™ 4.65"
CcVv 4.69 12.90 11.93 23.21 21.11 48.67 18.73 21.91

*Significant at 5% probability, ““significant at 1% probability, and "™non-significant. CV: coefficient of variation.
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4. Conclusions

Nitrogen doses influence the initial development of
corn plants, except for stem diameter and root dry
matter.

Increasing N doses up to 248.83 mg dm—3 implies
an increase in vegetative development without causing
deleterious effects to corn crops at the initial stages.
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