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Contraste de híbridos de milho em diferentes ciclos em primeira safra
com resposta a níveis de desfolha e épocas de semeadura

Marcelo C. Mendes2* , Janaína Neiverth3 , Marcos V. Farias2 , Paulo R. Sékula3 ,
Rafael de L. Borba4  & Gabrielly S. G. de Camargo4

ABSTRACT: Damage caused by diseases, pests, or adverse weather conditions in the reproductive stages of corn 
crops results in reduced grain yield. However, studying the contribution of leaves in new hybrids is an alternative 
that makes it possible to reduce this damage. Therefore, this study aimed to contrast the effect of artificial defoliation 
at the R1 stage on the agronomic traits of four corn hybrids in a high-altitude region in two sowing seasons. The 
experimental design was randomized blocks in a 4 × 4 × 2 factorial scheme, referring to four defoliation levels (1- no 
removal of the leaf blade; 2- removal of all leaves; 3- removal of all leaves above the ear, and 4- removal of all leaves 
below the ear) × four hybrids (P1225 VYH, P3016 VYHR, DKB 345 PRO3, and P4285 VYHR) x two sowing dates 
(October and November), with four replicates. The loss of leaf area above the ear decreases the number of grains 
per ear by 19.5%, 1000-grain weight by 11%, and grain yield by 44.5% for the hybrids and sowing seasons studied 
in a high-altitude region. Grain yield was increased by sowing in October by 23% compared to November. The 
hybrid DKB 345 PRO3 obtained the highest grain yield at all defoliation levels at the R1 stage under the conditions 
of Guarapuava, PR.
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RESUMO: Os danos acometidos por doenças, pragas ou intempéries climáticas nos estádios reprodutivos da cultura 
do milho resultam em redução na produtividade de grãos, porém o estudo da contribuição das folhas em novos 
híbridos é uma alternativa que possibilita a redução desses danos. Sendo assim objetivou-se o estudo de contraste do 
efeito da desfolha artificial no estádio R1, nas características agronômicas de diferentes híbridos de milho, em região 
de alta altitude em duas épocas de semeadura. O delineamento experimental foi de blocos ao acaso, no esquema 
fatorial 4 × 4 × 2, referente a quatro níveis de desfolha (1- sem remoção do limbo foliar; 2- remoção de todas as folhas; 
3- remoção de todas as folhas acima da espiga e 4- remoção de todas as folhas abaixo da espiga) × quatro híbridos 
(P1225 VYH, P3016 VYHR, DKB 345 PRO3 e P4285 VYHR) x duas épocas de semeadura (outubro e novembro), 
com quatro repetições. A perda da área foliar acima da espiga, diminui o número de grãos por espiga 19,5%, massa 
de mil grãos 11% e produtividade de grãos 44,5% para híbridos e época de semeadura. A produtividade de grão 
aumentou na semeadura em outubro em 23% frente a de novembro. Nas condições de Guarapuava, o híbrido DKB 
345 PRO3 obteve maior produtividade de grãos em todos os níveis de desfolha no estádio R1.

Palavras-chave: Zea mays, zoneamento climático, desempenho produtivo, interceptação da radiação

HIGHLIGHTS:
Removing the upper third leaf reduces the grain yield of corn hybrids of different cycles at high altitudes.
The edaphoclimatic conditions of October positively influence the agronomic traits compared to November.
The hybrid DKB 345 PRO3 had the highest grain yield in the different levels of defoliation studied at the R1 stage.
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Introduction

When considering the harmful effects caused by loss of 
leaf area in corn crops, it is extremely important to search 
for new alternatives that can minimize the damage caused by 
pest attacks, the incidence of diseases, and climatic problems 
through the choice of hybrids that present greater tolerance to 
leaf loss, especially during the phases that most compromise 
grain yield and in different sowing seasons (Silva et al., 2020).

The preferred sowing season coincides with good availability 
of light, longer days, and without water limitations, as these 
factors depend on each region. However, the cultivation of 
the first harvest conducted in later seasons, from December 
onwards, can reduce the yield potential of hybrids due to 
unfavorable weather conditions (Cazarim et al., 2023).

In this context, high altitude also has a strong influence on 
the yield capacity of genotypes; corn yield at altitudes above 
700 m is greater when compared to altitudes below 700 m due 
to climatic conditions being favorable for cultivation, as they 
have as characteristics the reduction of nighttime temperature 
and greater availability of light for plant development, which 
directly intervenes in net photosynthesis (Caron et al., 2017).

According to Nascimento et al. (2011), who studied the 
grain yield of corn genotypes in response to the sowing season, 
the seasons can influence the leaf area index since sowing 
conducted in December allowed for a greater number of leaves 
above the ear. Now, Lima et al. (2016), working in the region 
of Uberlândia (MG), observed that the contribution of leaves 
in different thirds of the plants assume different responses to 
hybrids, which demonstrates that the loss of leaf area above 
the ear is responsible for lower grain yield. Therefore, it is 
essential to understand the impacts caused by the stress to 
which the plant is subjected to conduct adequate management 
(Andrzejewski et al., 2020).

Vaz et al. (2016) demonstrated that the loss of leaf area 
above the main ear can reduce grain yield by up to 41.87%. In 
a study by Lima et al. (2016), defoliation below the ear reduced 
grain yield by up to 13%. Similarly, Silva et al. (2020) reported 
that leaves positioned at different locations along the stem 

contribute directly to metabolite synthesis, with 50% being 
produced in the upper third of the plant.

Nonetheless, several studies indicate that the loss of leaf 
area may limit several physiological processes due to the 
reduction in the interception of photosynthetically active 
radiation, where the reduction in leaf area in the post-flowering 
phases will cause losses in grain filling and, as a consequence, 
demand other plant reserves, which may favor the occurrence 
of diseases and may even cause the plants to fall over or become 
lodged (Sousa et al., 2015; Silva et al. 2020). Therefore, the 
objective was to study the contrast of the effect of artificial 
defoliation at the R1 stage on the agronomic traits of different 
corn hybrids in a high-altitude region in two sowing seasons.

Material and Methods

The experiment was installed and conducted under field 
conditions in an experimental area of the Department of 
Agronomy of the Universidade Estadual do Centro-Oeste – 
UNICENTRO, next to Fazenda Escola, Guarapuava, PR, at 25º 
22’ 58” S, 51º 33’ 10” W, and altitude of 1,120 m. According to 
the Köppen-Geiger classification, the region’s climate is humid 
subtropical mesothermal (Cfb-type). Meteorological data on 
rainfall and maximum and minimum temperatures for the two 
sowing seasons were obtained from the meteorological station 
of the Instituto de Desenvolvimento Rural do Paraná – Iapar-
Emater, located at UNICENTRO, approximately 10 km from 
Fazenda Escola. This station is considered a reference point, 
and provided data presented in Figure 1 as ten-day averages 
spanning from October 2019 to April 2020.

Initially, it is important to highlight that there were 
differences in climatic conditions between the periods 
studied, mainly concerning the rainfall index, whose values 
were different between them (season 1 - October/2019 and 
season 2 - November/2020). In season 1, throughout the crop 
cycle, the total rainfall was 506 mm, while in season 2, the 
total volume was 427 mm (Figure 1); as a response to this 
factor, the crop’s water requirements were met. The climatic 

Figure 1. Rainfall (mm) and average air temperature (°C) per ten-day period in Guarapuava, PR, from October 1, 2019 to 
April 30, 2020



Contrasting first-crop corn hybrids with different growth cycles in response to defoliation levels and sowing dates 3/7

Rev. Bras. Eng. Agríc. Ambiental, v.29, n.7, e288896, 2025.

values found in the study region are ideal for producing corn 
hybrids.

The soil in the region is classified as Dystroferric Brown 
Latosols (Oxisols), with a very clayey texture. The results of 
the chemical analysis of the soil conducted in the 0-20 cm 
layer were: pH (CaCl2): 4.32; O.M.: 34.15 g dm-3; P: 4.63 mg 
dm-3; K: 0.28 cmolc dm-3; Ca: 2.13 cmolc dm-3; Mg: 0.99 cmolc 
dm-3; Al: 0.5 cmolc dm-3; H+Al: 6.64 cmolc dm-3; CEC: 10.04; 
Base saturation (%): 33.9; S: 14.72 mg dm-3. The fertilization 
in the sowing furrow was conducted according to soil analysis, 
applying 250 kg ha-1 of the 8-20-20 NPK formulation. The 
topdressing fertilization was conducted at the V4 and V6 
stages, with fully expanded leaves, with a dose of 200 kg ha-1 of 
urea in each application. Cultural treatments were conducted 
based on the requirements of the crop and phytosanitary 
management as necessary, emphasizing that irrigation was not 
conducted in this study.

The experimental design consisted of randomized blocks 
arranged in a 4 × 4 × 2 factorial scheme with four replicates. 
Four defoliation levels (1- without removal of the leaf blade; 
2- total defoliation; 3- removal of all leaves above the ear and 
4- removal of all leaves below the ear) x four hybrids (P1225 
VYH, P3016 VYHR, DKB 345 PRO3 and P4285 VYHR) × 
two sowing seasons (October 23 and November 22, 2019) 
were evaluated.

To assess the effect of defoliation levels, a 4 × 4 × 2 factorial 
design was followed, which consisted of four defoliation levels 
(1- without removal of the leaf blade; 2- removal of all leaves; 
3- removal of all leaves above the ear; and 4- removal of all 
leaves below the ear) × four hybrids (super early, early and late 
cycles) × two sowing seasons (October and November) and 
four replications. However, it was impossible to analyze the 
total defoliation for the trait of the number of grains per ear.

The plots consisted of four rows with spacing of 0.45 m 
between them and 5.0 m length, totaling a useful area of 9 m², 
with the two central rows being considered for data collection. 
In the same experimental area, the experiment was manually 
installed under a direct planting system in two sowing seasons, 
October 23 and November 22, 2019. After the emergence of 
plants, thinning with spacing between rows of 45 cm and 
between plants of 0.26 cm was performed to reach a final 
population of 85,000 plants ha-1.

The following corn hybrids were used in the experiment: 
P1225 VYH with a super early cycle (CRM 112 days), P4285 
VYHR with a late cycle (CRM 142 days), P3016 VYHR with an 
early cycle (CRM 130 days) and DKB 345 PRO3 with an early 
cycle (CRM 130 days), with high yield potential, also being 
more recommended for high-altitude regions.

The defoliation levels were performed as follows: without 
removal of the leaf blade, removal of all leaves, removal of all 
leaves above the ear, and removal of all leaves below the ear. 
The removal was conducted in the two central rows of the plots, 
considering the two defoliation positions above and below the 
main ear and making cuts at the point where the leaf blade 
joins the stem at the time when 50% of the plants were in the 
R1 (flowering) stage of development.

For both sowing seasons, plant traits characterizing the 
hybrids were evaluated using six plants within the effective 

area of each plot. The traits assessed included ear insertion 
height (EIH), measured as the height of the first ear insertion; 
plant height (PH), measured from the ground to the flag 
leaf insertion; and stem diameter (SD), measured at the 
second internode above the ground using a caliper (mm). 
Subsequently, the number of grains per ear (NGE) was 
determined by estimating the number of grains per row and 
the total number of rows. The 1000-grain weight (1000W) was 
calculated as the average weight of eight samples of 100 grains, 
adjusted to 13% moisture, and expressed in grams. Grain yield 
(YLD) was also evaluated. Ears were threshed, grains weighed, 
and moisture content determined. Grain weight data were then 
converted to kg ha⁻¹ and standardized to a moisture content 
of 13%.

The data were subjected to analysis of normality and 
homogeneity of variances by using the Shapiro-Wilk and 
Bartlett tests, respectively. Afterwards, it was applied analysis 
of variance. The means were compared using the following 
non-orthogonal contrasts (control vs. total defoliation, control 
vs. defoliation above the ear, control vs. defoliation below 
the ear, total defoliation vs. defoliation above the ear, total 
defoliation vs. defoliation below the ear, defoliation above the 
ear vs. defoliation below the ear, P1225 VYH vs. P4285 VYHR, 
P1225 VYH vs. P3016 VYHR, P1225 VYH vs. DKB 345 PRO3, 
P4285 VYHR vs. P3016 VYHR, P4285 VYHR vs. DKB 345 
PRO3, P3016 VYHR vs DKB 345 and Season 1 vs Season 2).

Results and Discussion

In the initial phase of crop implementation, a delay in 
seed germination was observed concerning the first season 
(October), justified by the lower rainfall, which may have 
affected the initial establishment of the plants since, during 
this period, the seed needs moisture in the soil to begin its 
germination process. Furthermore, another relevant fact was 
the difference between rainfall indexes during the flowering 
period, as 285 mm were observed for October and 158 mm 
for November, highlighting a lower water volume for season 
2 in the course of maximum demand for the crop, which may 
have influenced grain yield (Figure 1).

Regarding air temperature (maximum and minimum), 
it was observed that the average maximum temperature was 
26.31 °C, and the average minimum temperature was 15.18 
°C, which were suitable for development since the corn plant 
produces better at temperatures of 10 to 30 °C (Kappes et al., 
2014, Albert et al., 2023; Santos et al., 2023).

There were significant effects (p ≤ 0.05) of the corn hybrids 
on the plant height (PH), while for the ear insertion height 
(EIH), there were effects of corn hybrids and sowing seasons. 
For stem diameter, corn hybrids and sowing season had a 
significant effect. In this sense, it demonstrates the importance 
of assessing different corn hybrids in the same location at 
different sowing seasons to understand their behavior when 
environmental conditions change (Berghetti et al., 2020). 
Table 1 shows seven non-orthogonal contrasts which were 
performed (P1225 VYH vs. P4285 VYHR, P1225 VYH vs. 
P3016 VYHR, P1225 VYH vs. DKB 345 PRO3, P4285 VYHR 
vs. P3016 VYHR, P4285 VYHR vs. DKB 345 PRO3, P3016 
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VYHR vs. DKB 345 PRO3, and Season 1 vs. Season 2), as to 
compare the super early, early, and late cycle hybrids in both 
sowing seasons, the plant height, ear insertion height, and 
stem diameter.

For the contrasts involving the PH, EIH, and SD, the 
responses of the corn hybrids evidenced what was already 
expected due to the genetic modifications of each material. It 
was observed that the stem diameter and ear insertion height 
for the hybrid P4285 VYHR were significantly responsive, 
which demonstrated the superiority of the hybrid since the 
greater the stem diameter, the lower the probability of lodging 
and the greater the plant’s capacity to store photoassimilates 
that contribute to grain filling.

A smaller leaf area reduces the photosynthetic rate, thus 
affecting the formation of the stem during the vegetative 
process, which in turn can cause the stem to lose resistance 
and reduce its capacity to store photoassimilates (Sarturi et al., 
2022; Correia et al., 2024).

As for the hybrids, it was observed (Table 1) that the PH 
and EIH were inferior for the P1225 VYH, a super-early cycle 
hybrid that presents lower vegetative growth than the later 
cycle ones (Vieira et al., 2015).

Concerning the sowing seasons, an increase in the ear 
insertion height and a reduction in the stem diameter were 
observed for the second sowing season (November), which 
evidences that this higher growth was also represented 
by greater competition for light among plants. It was also 
observed that the increase in population density favored plant 
etiolation, as the number of plants per unit area intensifies 
intraspecific competition for light, water, and nutrients 
(Santos et al., 2019).

Thirteen non-orthogonal contrasts were performed 
for NGE, 1000W, and YLD to compare different levels of 
defoliation during the sowing seasons, as shown in Table 
2. With the assessed data, it was not possible to perform 
the contrast for the control plot vs. total defoliation, total 
defoliation vs. defoliation above the ear, and total defoliation vs. 
defoliation below the ear for the NGE since it was not assessed 
for the total defoliation treatment.

The NGE showed significant effects from defoliation levels 
and corn hybrids for both sowing seasons. In the 1000W 
and YLD, a significant interaction was observed between 
defoliation levels × corn hybrids × sowing seasons. For the 
total defoliation treatment, regardless of the sowing season 
and corn hybrid, greater losses in grain yield were observed.

Concerning the number of grains per ear, a significant effect 
of 99% probability was observed for the contrasts: control vs. 
defoliation above the ear, control vs. defoliation below the 
ear, and defoliation below the ear vs. defoliation above the 
ear (Sousa et al., 2015; Sand et al., 2023). Although the yield 
components, such as the number of rows and number of grains 
per row, are defined at vegetative stages, significant decreases 
of 21 and 18% were recorded for the NGE with defoliation 
above the ear for both sowing seasons, respectively. Significant 
differences still occur between the corn hybrids, except for 
P4285 VYHR, which presented lower NGE.

Similar results were reported by Vaz et al. (2016) in their 
study; when all leaves above the ear were removed immediately 
after flowering, NGE was reduced by approximately 28%. 
Sangoi et al. (2012) found similar results for the same assessed 
traits, although they observed that NGE drastically reduced 
when defoliation occurred during the V15 and VT stages, 
stating that insufficient photoassimilates associated with low 
leaf area promoted considerable reductions in the number of 
grains per ear. The defoliation process in different thirds of 
the plant will provide different responses, the most significant 
being the removal above the ear, which compromises grain 
yield (Sousa et al., 2015).

The analysis of the results showed that artificial defoliation 
performed below the ear compromised NGE by approximately 
8% in the October season; in November, there were no 
differences in the reduction of NGE compared to the treatment 
without artificial defoliation. According to Trogello et al. 
(2017), although the impact on the number of grains per 
ear is smaller due to the defoliation below, it is of significant 
importance that the leaves in the lower third are present to 
obtain a good yield.

In both seasons, it was evident that the super-early and 
early cycle genotypes outperformed the late cycle genotypes 
(P4285 VYHR) for the NGE parameter. According to Klein et 
al. (2018), early-cycle corn hybrids, with smaller sizes, less stem 
elongation, and fewer leaves, have a greater participation in ear 

Table 1. Estimative and probability of significance of contrasts 
for plant height (PH), first ear insertion height (EIH), and stem 
diameter (SD), obtained for corn hybrids and sowing seasons 
in Guarapuava, PR, in the 2019/2020 crop season

SEASON 1 (October); SEASON 2 (November). In each comparison, the + sign refers to 
the superiority of the first average, and the - sign refers to the superiority of the second 
average. ** p ≤ 0.01; * p ≤ 0.05; NS (not significant) by F test

Table 2. Estimative and probability of significance of contrasts 
for number of grains per ear (NGE), 1000-grain weight 
(1000W), and grain yield (YLD), obtained for different levels of 
defoliation, corn hybrids, and sowing seasons in Guarapuava, 
PR, in the 2019/2020 crop season

1 TRAT 1 (control); TRAT 2 (total defoliation); TRAT 3 (defoliation above the ear); 
TRAT 4 (defoliation below the ear); NR (not conducted); Season 1 (October); Season 2 
(November); In each comparison, the + sign refers to the superiority of the first average 
and the - sign refers to the superiority of the second average. **p ≤ 0.01; * p ≤ 0.05; NS 
(not significant) by F test
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development, while late-cycle hybrids have higher percentages 
of leaves and stems.

When evaluating the contrasts for the defoliation levels, 
it is observed that 1000W (Table 2) is negatively influenced 
when subjected to the removal of all leaves, which resulted in 
a decrease of 29% for the first season concerning the treatment 
without artificial defoliation. Nevertheless, this reduction was 
more expressive in November, presenting a 1000W of 36% less 
concerning the treatment without defoliation, showing that 
the season interfered significantly in 1000W, with the October 
sowing season resulting in greater grain weight, which may be 
linked to the higher rainfall rates during the flowering stage of 
the crop. The stress caused by defoliation treatment can cause 
changes that interfere with the source-sink relationship and 
reduce the plant’s photosynthetic rate, thus causing damage to 
yield and the amount of biomass (Silva et al., 2020).

The results indicate that the artificial defoliation process 
conducted during the reproductive period may result in losses 
in ear length (Table 2), ear diameter, and 1000-grain weight. 
The ear length is influenced by environmental conditions that 
occur after flowering, so defoliation during this period has a 
greater influence on the yield and architecture of the plant 
(Sousa et al., 2015), agreeing with Brito et al. (2011), who 
verified that the obtained weight of 103.05 g in the treatment 
with total defoliation corresponds to less than a third of the 
value obtained by the control (without defoliation) of 331.77 
g, what indicates that as the number of grains per ear and the 
number of rows were not altered by artificial defoliation, the 
reduction in 1000W contributed to lower grain yield.

Removing leaves from the upper and lower thirds showed 
significant reductions of approximately 11 and 10% for both 
sowing seasons, respectively. Nonetheless, the losses were 
more pronounced for the treatment with removing all leaves, 
being 28% for October and 35% for November. Concerning 
the hybrids in the second sowing season, P3016 VYHR and 
DKB 345 PRO3 did not present differences in 1000W for 
defoliation above and below the main ear concerning the 
treatment without defoliation.

According to Lima et al. (2016), who studied the effect of 
artificial defoliation on the yield components of corn hybrids, 
which were of contrasting size and cycle, adapted to the soil and 
climate conditions of the Minas Gerais region, the defoliation 
above the ear reflects in loss of yield, while defoliation below 
the ear has smaller effects, this occurs because the leaves 
above the ear have a greater contribution of photoassimilates 
for grain filling.

Artificial defoliation below the ear in the hybrid P1225 
VYH (super early cycle) showed less interference in the 1000W, 
obtaining values similar to those of the control in the October 
and November sowing. The results analyzed show that a large 
part of the photoassimilates directed to grain filling is obtained 
by the photokinetic activity of the leaves in the upper third, 
therefore evidencing that the greatest impacts on 1000W come 
from the stress of artificial defoliation performed above the ear, 
as well as for the availability of environmental factors (Sand et 
al., 2023; Correia et al., 2024).

Concerning the hybrids P1225 VYH and P3016 VYHR, 
regardless of the sowing date that they were subjected to, 

they presented the lowest 1000W. These results show that 
the 1000-grain weight is influenced by the cultivar genotype, 
nutrient availability, and climatic conditions during the grain-
filling phase (Shojaei et al., 2023; Sand et al., 2023).

For the contrasts of the grain yield trait, they presented 
significant data, reaching more than 99% probability in the 
contrasts between control and total defoliation, control and 
defoliation above the ear, control and defoliation below the 
ear, total defoliation and defoliation above the ear, total 
defoliation and defoliation below the ear, defoliation above 
the ear and defoliation below the ear, P1225VYH and P4285 
VYHR, P1225VYH and P3016 VYHR, P1225VYH and DKB 
345 PRO3, P4285 VYHR and DKB 345 PRO3, P3016 VYHR 
and DKB 345 PRO3, and Season 1 and Season 2.

In the total artificial defoliation of plants, there was a 
reduction in grain yield, with a reduction of 95% for the 
sowing in October and approximately 96% for the sowing 
in November. The total removal of the photosynthetically 
active leaf area in the reproductive phase of the plant caused 
an imbalance in the source-sink relationship. Being that, at 
this moment, the reproductive organs are externalized, the 
ovules are fertilized, and the grains are filled, which negatively 
influences the number of grains formed and the 1000-grain 
weight, thus contributing to the lower grain yield of the crop 
(Trogello et al., 2017).

By analyzing grain yield according to the position of 
artificial defoliation (above and below the main ear), it can 
be verified that when defoliation was performed above the 
main ear, there was a reduction in YLD of 46% for the first 
season (October) and 43% for the second season (November), 
providing an average reduction of 44.5%. At the same time, 
defoliation below the ear for the first and second sowing 
season resulted in yield losses of approximately 26 and 23%, 
respectively, demonstrating the importance of the contribution 
of the leaves to the middle and upper third in grain filling and 
obtaining high yield.

The removal of leaves above the ear during the grain filling 
period resulted in a greater reduction in grain yield when 
compared to removal below the ear. For Sangoi et al. (2014), 
who worked with corn hybrids of contrasting cycles and sizes 
under the vegetative and reproductive phenological stages, it 
can be concluded that the greatest damage to the crop occurs 
when artificial defoliation is performed close to the flowering 
stage.

For most of the results presented, it was found that 
removing leaves above the ear during the flowering period 
caused a significant reduction in yield, evidencing their 
importance in the final yield. The effect of removing the leaf 
blade below the ear was less pronounced; however, it negatively 
influenced grain yield when compared to the control treatment, 
where the leaf blade was not removed.

No matter how small the reduction in the photosynthetically 
active area of corn plants, it is enough to compromise 
photosynthetic efficiency, the source-sink ratio, and 
consequently, the distribution of photoassimilates, which 
reduces the final grain yield (Barbosa et al., 2019). It is also 
worth noting that in regions with altitudes below <700 m, yield 
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losses are even more pronounced, as for the availability of solar 
radiation in smaller quantities for plants, as well as the increase 
in temperature at night. The sowing season significantly 
affected the yield index, with the average grain yield obtained 
in the October season being 23% higher than in November. 
The results corroborate those obtained by Mendes et al. (2015), 
who found that late sowing conducted in November in the 
Guarapuava-PR region leads to a decrease in yield, explained 
by the shortening of the cycle of some corn hybrids due to 
thermal summation and reduction of ideal conditions for crop 
development.

The location and altitude (1,120 m) at which the experiment 
was conducted may be related to the results obtained since 
the meteorological conditions for both sowing seasons were 
favorable for cultivating the hybrids assessed. Nevertheless, 
there was less variability among the corn hybrids concerning 
grain yield for the first sowing season, indicating that the 
October season coincides with the lowest probability of 
climatic stresses, especially during the flowering period.

Considering the three levels of artificial defoliation (total 
defoliation, defoliation above the ear, and defoliation below 
the ear) and by analyzing the two sowing seasons, the hybrid 
DKB 345 PRO3 showed an increase in grain yield concerning 
the super early cycle hybrid P1225 VYH, the final grain yield is 
dependent on the number of grains per ear and the 1000-grain 
weight (Uitzil et al., 2016).

The hybrid P1225 VYH, regardless of the sowing season, 
when subjected to different artificial defoliation levels, 
presented the lowest yield performance, differing from the 
other hybrids, both at the beginning and end of the cycle. This 
finding is supported by the smaller leaf area associated with 
the short cycle of the super-early genotypes, which hinders 
the recovery capacity of these plants when subjected to stress 
factors, causing significant losses even in conditions with lower 
defoliation intensity.

Conclusions

1. The loss of leaf area above the ear at the R1 stage 
(flowering) decreases the number of grains per ear by 19.5%, 
the 1000-grain weight by 11%, and grain yield by 44.5% for the 
hybrids and sowing seasons studied in a high-altitude region.

2. Grain yield increased by the sowing season in October 
by 23% compared to November.

3. In the October and November sowing seasons, the DKB 
345 PRO3 hybrid obtained higher grain yield at all defoliation 
levels performed at the R1 stage.
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