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ABSTRACT

Aims: This study aimed to select efficient and responsive maize genotypes to the use of nitrogen
for silage.

Study Design: The experimental design was randomized blocks in a 2 x 11 factorial scheme, the
first factor being two nitrogen levels: 165 kg ha™ of N and 15 kg ha™ of N, and second factor eleven
maize genotypes: BRS 3046, M 274, AG 8088PR0O2, ANHEMBI, PR 27D28, AG 1051, P33-16,
P33-11, P29-M12, P36-19, and P40-8.

Place and Duration of Study: The experiment was carried out in the 2017/18 harvest at Sitio
Vitéria (8°18'32" S, 50°36'58" W), located in the municipality of Santa Maria das Barreiras, southern
region of Para state, Brazil.

*Corresponding author: E-mail: lucarneiromaciel@gmail.com;
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Methodology: Sowing fertilization was performed in the furrow with 300 kg ha™ of NPK 5-25-15.
Topdressing nltrogen fertilization was performed only at high N, having as source urea (45% N) at
a dose of 150 kg ha™ of N. Parceled in stages V4 and V8. The shoot fresh mass was evaluated at
stages R4 and R5, with the cut performed 20 cm from the soil.

Results: The highest shoots fresh masses were obtained in treatments with high use of N, with a
general mean of 628 g plant The mean response of 1.87 g of plants per kg of N applied.
Genotypes M 274, AG 8088PR0O2, PR 27D28, AG 1051 and P 36-19 were efficient to use N.
Genotypes AG 8088PRO2, PR 27D28, P29-M12, and P 36-19 were classified as responsive to N
application.

Conclusion: Genotypes AG 8088PRO2, PR 27D28 and P36-19 were efficient in use and
responsive to nitrogen application. And they are recommended for cultivation with low and high
technological level.

Keywords: Abiotic stress; forage; nitrogen fertilization; Zea mays L.

1. INTRODUCTION and evaluation is necessary through
experimentation to establish the potentialities
To supply the nutrition of animals by protein and weaknesses of these genotypes in different
(cattle, pigs and poultry), several forages have regions, that is, in different climatic conditions [7].
been studied. Among the forages for silage
confection, maize is considered the standard Maize production is influenced by several factors,
crop. Because it presents favorable such as soil correction and soil fertilization. But
characteristics, such as high dry matter one of the main factors is genetics. That's why.
production per hectare, flexibility at the sowing the identification of more efficient and/or
time, good fermentation patterns, high nutritional ~ nitrogen-responsive genotypes will contribute to
value, excellent energy concentration, low fiber higher crop yields in different circumstances [8].
content and among others [1].
Considering these points, the present study aims
To increase maize yield and consequently obtain  to evaluate and select maize genotypes that are
good silage, care is required with all stages of efficient and responsive to the use of N for silage
production, from planting to harvesting. The production in tropical climate of the southern
management of nitrogen fertilization is one of the  region of the State of Para, Brazil.
cares that requires greater attention because it is
directly related to high crop yields, especially for 2. MATERIALS AND METHODS
grasses [2].
The experiment was carried out in the 2017/18
The response of maize to nitrogen fertilization harvest at Sitio Vitéria (8°18'32" S, 50°36'58" W
occurs because nitrogen (N) participates in 278 meters altitude), located in the municipality
important plant metabolisms being a constituent of Santa Maria das Barreiras, southern region of
of nucleic acids, proteins, enzymes, coenzymes, Para state, Brazil. The climate of the region (Fig.
phytochrome and chlorophyll [3], this nutrient 1) was classified as Aw [9].
should be used in adequate quantities and times
for better productive performance of the crop [4]. Sowing was carried out on November 14, 2017.
Also, N is responsible for vegetative growth, The final density obtained was 55,555 plants ha
directly influencing grain yield [5]. According to . The soil of the experimental area, in the layer
Bender et al. [6], N is the most exported element of 0-20 cm, presented 150 g kg of clay, and the
in maize, and about 64% of it is translocated following chem|cal characteristics: 4.8 pH CaCIg,
from soil to grains. 17 g kg organic matter 0.2 cmol, dm®
aluminum, 1.7 cmol, dm™ caIC|um 0.3 cmol, dm™
Every year, large amounts of maize genotypes magnesium, 4. 9 mg dm? phosphorus (Mehllch-
are commercialized, and these have variability in 1), 43 mg dm? potassium, and 5.21 cmol, dm?
productivity, among other production cation exchange capacity. Sowing fertlllzatlon
characteristics. This variability is due to the was performed in the furrow with 300 kg ha™' of
interaction between genotype and environment, NPK 5-25-15[11].
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Fig. 1. Mean temperature (°C) and rainfall (mm) in the municipality of Santa Maria das
Barreiras, Para State, Brazil
S: sowing, F: topdressing N fertilization, H: harvest.
Adapted from Climatempo [10]

A randomized block design with three
replications was used. The treatments were
arranged in the factorial scheme 2 x 11. The first
factor consisted of contrasting nitrogen levels:
high N (165 kg ha™) and low N (15 kg ha™"). The
second factor consisted of eleven maize
genotypes (Table 1). The experimental plot
consisted of four rows of 5.0 meters. All maize
genotypes have a good adaptation in tropical
climate.

Topdressing nitrogen fertilization was performed
only at high N, having as source urea (45% N) at
a dose of 150 kg ha'of N. Half was applied in
stage V4 and the other half in stage V8. Low and
high contents of N were considered for lower and
increase expected forage yield [11].

Weed control was performed at stage V4 using
Atrazine (2.000 kg i.a. ha”). Three applications

of Permethrin (0.025 kg i.a. ha™) were performed
to control Spodoptera frugiperda in stages V4,
V8 and V12.

The shoot fresh mass (SFM) was evaluated in
ten plants of the two central rows discarding 0.5
meters from the extremities. The plants were
harvested at stages R4 and R5, with the cut
performed 20 cm from the soil.

To identify efficient genotypes regarding the use
of N and responsive to its application, the
methodology proposed by Fageria & Kluthcouski
[13] was used. By this methodology, the
efficiency corresponding to the mean SFM below
N. And the answer was given by the equation:

SFM (High N) — SFM (Low N)
N in high — N in low

Response =

Table 1. Description of eleven maize genotypes used in the experiment

Genotype Genetic base Company

BRS 3046 Triple hybrid EMBRAPA

M 274 Open-pollinated population Priorizi Seeds

AG 8088PRO2 Simple hybrid Agroceres Seeds

ANHEMBI Open-pollinated population Priorizi Seeds

PR 27D28 Simple hybrid Priorizi Seeds=

AG 1051 Double hybrid Agroceres Seeds

P33-16 Inbred lines Federal University of Tocantins
P33-11 Inbred lines Federal University of Tocantins
P29-M12 Inbred lines Federal University of Tocantins
P36-19 Inbred lines Federal University of Tocantins
P40-8 Inbred lines Federal University of Tocantins

Adapted from Pereira Filho and Borghi [12]
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The data were submitted to the normality test.
Then, variance analysis was performed. The
means of genotypes were compared with the
Scott and Knott test [14], at 5% significance.
Statistical analyses were performed in the
SISVAR program, version 5.5 [15]. The efficiency
and response data were presented in a graph,
using SigmaPlot software.

3. RESULTS AND DISCUSSION

The analysis of variance showed a significant
effect for N levels, genotype, and interaction
(Table 2). The latter indicates (N x G) the
existence of differential behavior of genotypes
according to N levels [16,17]. The coefficient of
variation was classified as low and indicated
good experimental accuracy [18].

In high N (Table 3) there was a higher overall
mean of SFM (628 g plant”) when compared to
the low N assay, with 348 g plant'1. For all
genotypes, there was a significant increase of
SFM from low N to high N, indicating the need to
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use a higher level of N so that a higher
production of fresh matter can be obtained.

The highest SFM in high N treatments to low N
occurred probably due to a greater contribution
of the ear mass. According to Neumann et al.
[19], the highest percentage contribution in the
ensiled material comes from the mass of the ear
(40.48%), followed by the stem (25.68%), the
leaves (19.38%) and bracts (14.45%).

In plants with a high dose of N, there is a higher
translocation of carbohydrates to the roots,
resulting in root system development and more
efficient use of nitrogen, present or added to the
soil through the use of fertilizers [20], reflecting
an increase in silage production [21].

N is the nutrient required in greater quantity by
the crop, and may limit the SFM of genotypes.
Santos et al. [16], and Silva et al. [17] also found
significant differences in several characteristics
when maize genotypes were grown under high N
and low N.

Table 2. Analysis of variance of shoot fresh mass (g plant'1) of eleven maize genotypes as a
function of nitrogen use in tropical climate

Source of variation Degree of freedom

Mean square
Shoot fresh mass

Nitrogen (N) 1

1305322.03*

Genotype (G) 10 70835.21*
Interaction (N x G) 10 15663.13*
Block 2 63.8

Error 42 553.66
Mean 195
Coefficients of variation (%) 2.09

*: significant by the F test at 5% significance

Table 3. Shoot fresh mass and response to nitrogen use of eleven maize genotypes in tropical

climate
Genotype Shoot fresh mass (g plant™) Response
High N Low N
BRS 3046 539 Af 323 Bc 1,44
M 274 518 Af 418 Bb 0.67
AG 8088PR0O2 904 Aa 486 Ba 2.79
ANHEMBI 568 Af 288 Bc 1.86
PR 27D28 840 Ab 449 Ba 2.61
AG 1051 595 Ae 410 Bb 1.23
P33-16 464 Ag 272 Bd 1.28
P33-11 522 Af 248 Bd 1.83
P29-M12 661 Ad 263 Bd 2.66
P36-19 759 Ac 414 Bb 2.30
P40-8 535 Af 257 Bd 1.85
Mean 628 348 1.87

Means followed by the same lowercase letter in the column and uppercase in the row, belong to the same group,
by the Scott & Knott [14] grouping criterion, at 5% significance
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In high N, seven groups of means were formed in
high N, where genotype AG 8088PRO2 (904 g
plant’) and genotype P33-16 (464 g plant’)
obtained the highest and lowest mean,
respectively, when compared with the other
genotypes.

For the low N environment, genotypes AG
8088PRO2 (487 g plant") and PR 27D28 (449 g
plant’) belong to the group with the highest
mean. Genotypes P33-16 (272 g plant”), P29-
M12 (248 g plant"), P36-19 (263 g plant") and
P40-8 (257 g plant™) obtained the lowest SFM
values.

The response to N use ranged from 0.67 to 2.79
g of plant per kg of N applied, achieved by
genotypes M 274 and AG 8088PRO2,
respectively. Cancellier et al. [22] in the study
with twenty-five genotypes obtained a mean of
1.52, lower than the mean of this study.

On the other hand, Fernandes et al. [23], in a
study involving five doses of N, and Rodrigues et
al. [24], in a study with four nitrogen sources,
obtained mean responses of 2.70 and 2.91,
respectively, which were higher than the means
of this study.

Using the methodology of Fageria and
Kluthcouski [13], the genotypes were classified
according to the response efficiency in the use of
N (Fig. 2). For this classification, the media of the

3.0
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genotypes were compared with the general
mean.

By this methodology, the efficiency
corresponding to the mean SFM of each
genotype in low N. On the other hand, the
response to the application of N, for each
genotype, resulted from the difference of SFM
obtained in high N and low N divided by the
difference between the N levels used in high N
and low N.

The genotypes classified as efficient to use N
(Quadrant | and 1V) were: M 274, AG 8088PRO2,
PR 27D28, AG 1051 and P36-19. These are
indicated for production with a low technological
level, as they produce well under conditions of
low use of N. Of these, genotypes M 274 and AG
1051 were classified as non-responsive, i.e.,
despite producing well under conditions of low N
utilization, they do not respond well to increasing
levels of N [17].

Genotypes AG 8088PRO2, PR 27D28 and P36-
19 were also classified as responsive (Quadrant |
and Il), together with P29-M12. These genotypes
are recommended for production at a high
technological level, as they can respond well to
increasing levels of the nutrient. On the other
hand, genotype P29-M12 classified as inefficient,
that is, as much as it can respond well to
increasing levels of N, it does not produce well
under low use of N [17].

Quadrant II Quadrant I
L
. AG 8088PRO2
L]
P29-M12 - SRsTIEE
[ ]
P36-19
2.0 4
[ L NHEM T T
P33-11 P40-8 ANHEMBI
200 300 400 500
* 1.5 A
BRS 3046
. [ ]
P33-16
AG 1051
1.0 4
L]
Quadrant IT1 M274 Quadrant IV

0.5 =

Fig. 2. Efficiency in the use and response to nitrogen application of eleven maize genotypes in
tropical climate
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Still following the methodology, it was also
possible to distinguish the genotypes that are
non-efficient and non-responsive to the use of N:
BRS 3046, ANHEMBI, P33-16, P33-11 and P40-
8, which are not indicated for any technological
level or cultivation, because they produce poorly
with low or high use of N [17].

This study allowed the classification of genotypes
for efficiency and response to nitrogen use. This
result helps the choice of genotypes according to
the production environment. Contributing to
increased yield and elevation of nitrogen efficient
use.

4. CONCLUSION

The genotypes show different responses to
nitrogen  application in  tropical climate.
Genotypes AG 8088PRO2, PR 27D28 and P36-
19 were efficient in use and responsive to
nitrogen application. Besides that, they are
recommended for cultivation with low and high
technological level.
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