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Highlights

Vigorous seeds favor wheat crop establishment and productive performance.

BRS Sabiá has higher yield in Ponta Grossa and BRS Gralha-Azul in Londrina.

Nitrogen fertilization increases wheat grain/seed production.

Inadequate N supply impairs wheat grain and seed production.

Abstract

Wheat is one of the most important cereals grown in the world, and in Brazil, increasing national production 

is still a challenge. Nitrogen (N) supply can favor grain yield and the physiological quality of wheat seeds. 

However, the definition of adequate N rate and fertilization timing must consider genotype, cultivation 

environment, and initial seed vigor level. The aim of this work was to evaluate the effect of initial seed vigor 

and the combinations of rates and timings of N application on grain yield and seed physiological quality 

of wheat cultivars under different edaphoclimatic conditions. The experiment was carried out in Londrina 

and Ponta Grossa, state of Paraná, in a randomized block design in a 2 × 2 × 7 factorial scheme, with four 

replicates.  Treatments consisted of two seed vigor levels (vigorous and non-vigorous seeds), two wheat 

cultivars (BRS Gralha-Azul and BRS Sabiá) and seven combinations of fertilization timings and N rates (kg 

ha-1) (control-0N; 20N at sowing and 60N at tillering; 40N at sowing; 80N at sowing; 40N at sowing and 40N 

at tillering; 40N at tillering; 80N at tillering). Number of emerged seedlings, vegetation index, shoot dry 

matter, number of fertile spikes m-2 and grain yield were evaluated. Additionally, the physiological potential 
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of seeds produced in Londrina was evaluated by the testes of first count, germination, seedling emergence 

in sand and emergence speed index. The climatic conditions during the experiment, in both cultivation 

environments, were similar to average historical records, with some periods of water deficit. The highest 

grain yield was obtained with the BRS Gralha-Azul in Londrina, and with BRS Sabiá in Ponta Grossa. The 

use of vigorous seeds favored the stand establishment and the response of plants to N fertilization. The 

treatments 40N + 40N, and 40N + 0N favored the majority of evaluated variables. Both cultivars showed 

potential for the production of high physiological potential seeds in Londrina environment. Inadequate N 

supply impairs wheat grain yield and seed production.

Key words: Nitrogen rates. Germination. Macronutrient. Seed quality. Triticum aestivum L.

Resumo

O trigo é um dos cereais mais importantes cultivados no mundo, sendo que no Brasil o aumento da produção 

nacional ainda é um desafio. A aplicação de nitrogênio (N) pode favorecer o aumento do rendimento de grãos 

e da qualidade fisiológica de sementes de trigo. Porém, a definição da dose correta de N e do momento 

adequado da adubação deve considerar o genótipo, o ambiente de cultivo e o nível de vigor inicial das 

sementes. O objetivo deste trabalho foi avaliar o efeito do vigor inicial de sementes e de combinações de 

doses de N e épocas de adubação sobre o rendimento de grãos e a qualidade fisiológica de sementes 

de cultivares de trigo em diferentes condições ambientais. O experimento foi conduzido em Londrina e 

em Ponta Grossa, Paraná, em delineamento em blocos casualizados em esquema fatorial 2 × 2 × 7, com 

quatro repetições. Os tratamentos consistiram em dois níveis de vigor de sementes (sementes vigorosas 

e não vigorosas), duas cultivares de trigo (BRS Gralha-Azul e BRS Sabiá) e sete combinações de épocas 

de adubação e doses de N (kg ha-1) (testemunha-0N; 20N na semeadura e 60N no perfilhamento; 40N na 

semeadura; 80N na semeadura; 40N na semeadura e 40N no perfilhamento; 40N no perfilhamento; 80N no 

perfilhamento). Foram avaliados: número de plântulas emergidas, índice de vegetação, matéria seca da parte 

aérea, número de espigas m-2 e rendimento de grãos. Adicionalmente, foi avaliado o potencial fisiológico 

das sementes produzidas em Londrina pelos testes de primeira contagem, germinação, emergência de 

plântulas em areia e índice de velocidade de emergência. As condições climáticas durante a condução do 

experimento, em ambos locais de cultivo, foram semelhantes aos registros médios históricos, com alguns 

períodos de déficit hídrico. O maior rendimento de grãos foi obtido com a BRS Gralha-Azul em Londrina e 

BRS Sabiá em Ponta Grossa. O uso de sementes vigorosas favoreceu o estabelecimento do estande e a 

resposta das plantas à fertilização com N. Os tratamentos 40N + 40N e 40N + 0N favoreceram a maioria 

das variáveis avaliadas. Ambas cultivares demostraram potencial para a produção de sementes de elevado 

potencial fisiológico no ambiente de Londrina. O suprimento inadequado de N prejudica o rendimento de 

grãos e a produção de sementes de trigo. 

Palavras-chave: Doses de nitrogênio. Germinação. Macronutriente. Qualidade de sementes. Triticum 

aestivum L.



Wheat yield and seed physiological quality as influenced by seed vigor...

3583Semina: Ciênc. Agrár. Londrina, v. 42, n. 6, suplemento 2, p. 3581-3602, 2021

Introduction

Wheat is one of the most important 
cereals grown in the world, with world 
production around 766 million tons (United 
States Department of Agriculture [USDA], 
2020). In Brazil, it is the main winter crop and, 
in the last crop season, wheat production 
increased by approximately 6.8 million 
tons, which represents an increase of 32% 
compared to the previous crop (Companhia 
Nacional de Abastecimento [CONAB], 
2021). However, Brazilian production is still 
insufficient to meet domestic consumption, 
depending on imports to supply approximately 
half of its demand, which demonstrates the 
need to expand national production.

Wheat breeding programs in southern 
Brazil significantly contribute to increase grain 
production in the country. Increases in wheat 
grain yield have been observed in recent 
decades, resulting from the adoption of new 
cultivars adapted to different environmental 
conditions, associated with the technified 
management of the production system 
(Caierão, Scheeren, Só e Silva, Castro, & 
Cargnin, 2013).

Among the various cultivation 
techniques adopted in order to improve wheat 
yield, the choice of adapted cultivars stands out, 
as genetic characteristics directly influence 
the growth, development and yield of grains 
(R. R. Silva et al., 2011). The identification of the 
best cultivar for each growing environment 
must consider the genotype × environment 
interaction, as there are significant differences 
in the performance of cultivars when produced 
under different environmental conditions (Yan 
& Holland, 2010). Although wheat presents 
plasticity of yield components as a function 

of environmental changes, edaphoclimatic 
conditions influence gene expression and, 
therefore, there are specific recommendations 
of cultivars for each growing region (Tavares, 
Foloni, Bassoi, & Prete, 2014).

The use of quality seeds is another 
fundamental management technique for 
establishing the crop and obtaining greater 
grain yield (Abati, Brzezinski, Zucareli, Foloni, 
& Henning, 2018). Seed quality is mainly 
determined by its physiological potential, 
including seed germination and vigor (Marcos, 
2015).

Vigorous seeds present greater 
germination rate, emergence and initial 
development, which contributes to a quick 
and uniform plant stand establishment in 
the field (Sbrussi & Zucareli, 2014). On the 
other hand, low-vigor seeds are less able to 
withstand adverse environmental conditions, 
which results in higher proportion of abnormal 
seedlings and sowing line failures (Henning et 
al., 2010).

Nitrogen (N) fertilization is also relevant 
in wheat crop management, as N is the 
nutrient most uptaken by plants (Pietro-Souza, 
Bonfim-Silva, Schlichting, & Silva, 2013), 
directly influencing their growth, development 
and productive performance, in addition 
to be involved in the formation of reserve 
substances related to the quality of grains 
and seeds produced (Sangoi, Berns, Almeida, 
Zanin, & Schweitzer, 2007).

The high instability of N forms in tropical 
and subtropical soils, associated with leaching, 
volatilization and denitrification processes, 
becomes it difficult to make this nutrient 
available to plants and makes N fertilization 
complex to manage (Ernani, 2003). In this 
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context, splitting N fertilization is a strategy to 
make part of the nutrient available at sowing 
and the rest for topdressing at different 
phenological crop stages. This strategy can 
increase the efficiency of N use by plants 
and minimize possible leaching losses, which 
can cause underwater contamination (Costa, 
Zucareli, & Riede, 2013; Comissão Brasileira de 
Pesquisa de Trigo e Triticale [CBPTT], 2016).

Recommendations for N rates and 
timings of application should consider the 
wheat cultivar used, as genotypes differ in 
terms of tillering capacity, development cycle, 
plant architecture and production potential. 
These differences can affect N use, uptake 
and assimilation, influencing the quality of the 
grains and/or seeds produced (Sangoi et al., 
2007). Furthermore, the adequate combination 
of rates and timings of N application, depending 
on the genotype and cultivation environment, 
can also favor wheat yield components and 
the quality of the harvested product.

Therefore, the aim of this work was to 
evaluate the effect of initial seed vigor and 
the combinations of rates and timings of N 
application on grain yield and physiological 
quality of wheat cultivar seeds produced 
under different edaphoclimatic conditions.

Material and Methods

The experiment was carried out in 2015 
in two cultivation sites in the state of Paraná, 
municipalities of Londrina and Ponta Grossa, 
which have contrasting edaphoclimatic 
characteristics. In Londrina, the experiment 
was installed in the experimental farm of 
Embrapa Soja (23º11’37” S and 51º11’03” 
W, and 628 m a.s.l.), in a clayey-textured 
Eutroferric Red Latosol. According to the 
Köppen’s classification, the climate is Cfa 
type, described as humid subtropical with hot 
summers, infrequent frosts and predominance 
of rainfalls in the summer months, but without 
defined dry season. In Ponta Grossa, the 
experiment was carried out in the experimental 
farm of Embrapa Produtos e Mercado 
(25º09’31” S and 50º04’22” W, and 886 m 
a.s.l.), in a medium-textured Dystroferric Red 
Latosol. The climate is Cfb type, mesothermal 
humid subtropical, with mild summer, well-
distributed rainfall and expressive risk of 
frost. The maximum, mean, and minimum 
daily temperatures and rainfall data during the 
growing season are presented in Figure 1.
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Prior to the installation of the 
experiment, soil samples were collected in 
the experimental areas in the 0–20 cm layer 
for chemical analysis. The results for Londrina 
and Ponta Grossa were respectively: pH 
(H2O): 5.3 and 5; P (Mehlich-1): 31.7 and 10.4 
mg dm-3; H+Al: 3.46 and 4.35 cmolc dm-3; K: 
0.95 and 0.34 cmolc dm-3; Ca: 4.8 and 3.12 
cmolc dm-3; Mg: 1.87 and 1.19 cmolc dm-3; 
CEC: 10.36 and 9 cmolc dm-3; base saturation 
(V): 66 and 52%.

Figure 1. Average daily maximum (―Temp-max), mean (---Temp-mean) and minimum temperature 
( - - - Temp-min) and precipitation (vertical bars) during the experimental period in Londrina and 
Ponta Grossa, PR, in the 2015 crop season.  
S: sowing; H: harvesting.

in Figure 1. 
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Prior to the installation of the experiment, soil samples were collected in the experimental areas in 

the 0‒20 cm layer for chemical analysis. The results for Londrina and Ponta Grossa were respectively: pH 

(H2O): 5.3 and 5; P (Mehlich-1): 31.7 and 10.4 mg dm-3; H+Al: 3.46 and 4.35 cmolc dm-3; K: 0.95 and 0.34 

cmolc dm-3; Ca: 4.8 and 3.12 cmolc dm-3; Mg: 1.87 and 1.19 cmolc dm-3; CEC: 10.36 and 9 cmolc dm-3; base 

saturation (V): 66 and 52%. 

The experimental design was completely randomized blocks in a 2 × 2 × 7 factorial scheme, with 

four replicates. Treatments consisted of two wheat cultivars (BRS Gralha-Azul and BRS Sabiá), two initial 

seed vigor levels (vigorous seeds and non-vigorous seeds) and seven combinations of timings of application 

and N rates (kg ha-1) (control-0N; 20N at sowing and 60N at tillering; 40N at sowing; 80N at sowing; 40N at 

sowing and 40N at tillering; 40N at tillering; 80N at tillering). 

BRS Sabiá is a bread class wheat cultivar with early cycle, stability for industrial quality and grain 

yield, wide adaptability, rapid initial establishment, lower tillering capacity and can be sown at any time as 

long as recommended for the crop (Bassoi & Foloni, 2015a; Bassoi et al., 2019). BRS Gralha-Azul is a 

bread/improver class wheat with medium cycle, it is stable for industrial quality, with wide adaptability and 

better tillering capacity (Bassoi & Foloni, 2015b; Bassoi et al., 2019). 

The experimental design was 
completely randomized blocks in a 2 × 2 
× 7 factorial scheme, with four replicates. 
Treatments consisted of two wheat cultivars 
(BRS Gralha-Azul and BRS Sabiá), two initial 
seed vigor levels (vigorous seeds and non-
vigorous seeds) and seven combinations of 
timings of application and N rates (kg ha-1) 
(control-0N; 20N at sowing and 60N at tillering; 
40N at sowing; 80N at sowing; 40N at sowing 
and 40N at tillering; 40N at tillering; 80N at 
tillering).
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BRS Sabiá is a bread class wheat 
cultivar with early cycle, stability for industrial 
quality and grain yield, wide adaptability, rapid 
initial establishment, lower tillering capacity 
and can be sown at any time as long as 
recommended for the crop (Bassoi & Foloni, 
2015a; Bassoi et al., 2019). BRS Gralha-Azul 
is a bread/improver class wheat with medium 
cycle, it is stable for industrial quality, with 
wide adaptability and better tillering capacity 
(Bassoi & Foloni, 2015b; Bassoi et al., 2019).

Seeds considered to have lower vigor 
were obtained from lots of vigorous seeds 
using a process of vigor reduction through 

accelerated artificial aging, which consisted of 
packaging seeds in gerbox-type plastic boxes, 
with screened supports, containing 40 mL of 
distilled water, and subsequent incubation 
in BOD chamber at temperature of 42 ºC 
for a period of 48 hours. After this process, 
aged and non-aged seeds were exposed to 
environment with controlled temperature and 
humidity for humidity homogenization. Seeds 
not submitted (vigorous) and those submitted 
to the artificial vigor reduction process 
(lower vigor) did not receive any treatment 
with fungicides or insecticides, and were 
characterized (Table 1) for initial physiological 
quality by the following tests:

Germination: carried out with eight 
subsamples of 50 seeds distributed on 
germination paper moistened with volume of 
distilled water in the proportion of 2.5 times 
the dry mass of the substrate. Paper rolls with 
seeds were placed in BOD at temperature of 
20 ºC. Evaluations of normal seedlings were 
carried out at four (first count) and eight days 
(final count) after the test installation and the 
results expressed as percentage (Ministério 

Table 1
Physiological attributes of vigorous and non-vigorous seeds of BRS Gralha-Azul and BRS Sabiá cultivars 
used in the sowing of the experiment

Vigor level
Physiological attributes

FG (%) G (%) SE (%) ESI

BRS Gralha-Azul

Vigorous 91 96 86 12.81

Non-vigorous 74 88 78 11.61

BRS Sabiá

Vigorous 91 97 85 12.97

Non-vigorous 87 95 77 11.75

FG: first germination count; G: germination; SE: seedling emergence in sand; ESI: emergence speed index.

da Agricultura, Pecuária e Abastecimento 
[MAPA], 2009).

Seedling emergence in sand: carried 
out in greenhouse with four replicates of 
50 seeds sown at depth of 4 cm in trays 
containing washed sand. Periodic irrigations 
were carried out to maintain humidity. The 
number of normal seedlings was evaluated on 
the fifteenth day after sowing and results were 
expressed as percentage.
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Emergence speed index: performed 
in combination with the seedling emergence 
in sand test by means of daily counts of the 
number of normal emerged seedlings, without 
discarding them, obtaining a cumulative value. 
Collected data were used to calculate the 
emergency speed index according to formula 
proposed by Maguire (1962).

Experiments were carried out in a no-
tillage system in area previously occupied 
with soybean crop. Experimental areas 
were separated by at least 100 m from 
other wheat crops. Based on the chemical 
soil characteristics in experimental areas, 
base fertilization was carried out in the 
sowing furrow, using 250 kg ha-1 of 00-20-20 
formulated fertilizer (N–P2O5–K2O). The first split 
N fertilization in top dressing was performed 
on the day of sowing, and the second split was 
carried out in the same way at the beginning of 
the tillering stage, using ammonium nitrate as 
source of N. Cultural practices were performed 
as needed, according to indications of the 
Brazilian Commission for Wheat and Triticale 
Research for wheat crop (S. R. Silva, Bassoi, 
& Foloni, 2018). Roughing activity was carried 
out when necessary in order to guarantee the 
genetic purity of cultivars.

Seeds with high degree of purity, 
provided by the genetic breeder of wheat 
cultivars, were used. Sowing was carried out 
with 350 viable seeds per m-2 on May 18 and 
July 7, 2015, in Londrina and Ponta Grossa, 
PR, respectively, according to indication of 
the climatic risk agricultural zoning (ZARC) 
for each municipality (MAPA, 2015). Seeds 
were treated with insecticide (imidacloprid) 
and fungicide (carboxin + thiram) prior to 
sowing. Experimental plots were formed by 
10 rows with 6 meters in length spaced 0.20 
m. For evaluations, the 6 central rows were 

considered as useful area, discarding 0.5 m at 
the initial and final ends of the plot.

Harvesting was carried out after grains/
seeds reached harvest maturity, a stage 
characterized by caryopsis hardening, plants 
with dry appearance and grains/seeds with 
moisture content below 20%. Immediately 
after harvest, 2 kg of grains/seeds (with 
moisture content of 14–15%) were sampled 
from each experimental plot to carry out 
analyses of wheat productive performance 
and physiological quality of seeds. Samples 
were air-dried until reaching approximately 
13% humidity, and then kept in cold chamber 
(7–10 °C) until analyses.

To determine the productive 
performance of wheat, the following 
evaluations were carried out in both cultivation 
environments:

Number of emerged seedlings per 
m-2: performed fifteen days after sowing by 
counting the total number emerged seedlings 
in an area of 0.75 m2 per plot, which is 
composed of three sub-samples of 0.25 m2.

Normalized Difference Vegetation 
Index (NDVI): evaluated using the GreenSeeker® 
equipment during the stem elongation 
growth stage (Zadoks GS 30). The device was 
positioned approximately 30 cm above the 
canopy of plants, traversing the useful area of 
the experimental plot at constant speed.

Shoot dry matter (SDM): evaluated 
at the physiological maturity stage of grains 
(Zadoks GS 92) through sampling in two 0.5 m 
long crop rows, totaling 0.2 m2 per experimental 
plot. Sampled plants were cut close to the soil 
surface, and the plant material was dried in 
oven with forced air circulation at 60 °C until 
reaching constant weight. Subsequently, all 
material and also the grains were weighted 
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separately. SDM was obtained by subtracting 
the grain weight from the total weight of plants.

Number of fertile spikes m-2: quantified 
at the harvest maturity stage, by counting 
the total number of fertile spikes within the 
sampled area (0.25 m2).

Grain yield: determined by harvesting 
grain from plants contained in the useful 
area of the plot. After threshing, grains were 
weighed and data were transformed into kg 
ha-1 at 13% moisture content.

The physiological quality of seeds 
produced by both cultivars in the experiment 
of Londrina was evaluated through first count 
tests, germination, seedling emergence in 
sand, and emergence speed index, according 
to methods previously described. The 
physiological potential of seeds produced in 
Ponta Grossa was not evaluated, as there was 
no production of ‘seeds’, since the germination 
percentage was below the standard (≤ 80%) 
established for the seed commercialization in 
both cultivars (MAPA, 2013).

Data obtained were submitted to 
analysis of normality and homogeneity of 
deviations and, later, to analysis of variance. 
Means of cultivars and vigor levels were 
compared by the F test and of combinations 
of rates and timings of N application by the 
Scott-Knott test, all at 5% significance using 
the R software (R Core Team [R], 2020).

Results and Discussion

Agronomic characteristics and yield 
components

The ‘cultivar’ factor influenced the 
following characteristics: emerged seedlings, 

NDVI (only in Londrina), grain yield, SDM and 
number of fertile spikes m-2 (Table 2). For most 
of variables, BRS Sabiá cultivar presented 
superior performance in relation to BRS 
Gralha-Azul, except for grain yield in Londrina.

The difference in cultivar behavior is 
mainly related to edaphoclimatic and genetic 
characteristics, which determine the length 
of the development cycle, formation of yield 
components, ability to adapt to cultivation 
environments, and length of the maturation 
period (Iwańska, Paderewski, Stepień, & 
Rodrigues, 2020). The highest grain yield of 
the BRS Gralha-Azul in Londrina shows its 
better adjustment capacity and compensation 
of some yield components.

The number of emerged seedlings in 
Londrina was influenced by the initial seed 
vigor level, with the highest values for vigorous 
seeds (Table 2). This result corroborates Rossi, 
Cavariani and França (2017), who studied the 
effect of seed vigor on soybean agronomic 
performance and found that vigorous 
seeds favored some crop characteristics, 
especially the initial seedling development, 
without necessarily influencing final yield. 
Working with wheat, Abati et al. (2018) also 
observed that high-vigor seeds favored stand 
establishment, plant growth and development 
at early phenological stages, in addition to grain 
yield. In Ponta Grossa, milder temperatures 
and higher rainfall during the initial phase of 
crop establishment allowed seeds with less 
vigor to emerge in a similar way as those with 
greater vigor, demonstrating an environmental 
compensation effect.

Despite inconsistencies in literature on 
the influence of seed vigor on grain yield, the 
use of vigorous seeds anticipates the initial 
crop establishment, with higher proportion of 
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normal seedlings, emergence uniformity and 
plant development (Amaro et al., 2014) and, 
therefore, should be recommended.

The combinations of rates and timings 
of N application influenced SDM and NDVI (only 
in Ponta Grossa) (Table 2). The application of 40 
kg ha-1 of N at sowing favored SDM in Londrina, 
being this treatment superior to the others. In 
Ponta Grossa, the application of 80 kg ha-1 of 
N at the beginning of tillering resulted in higher 
SDM, while the control treatment (without N 
fertilization) resulted in the worst result. For 
NDVI evaluated in Ponta Grossa, 40N + 0N, 
80N + 0N, and 40N + 40N treatments stood 
out compared to the others.

Nitrogen is one of the most important 
nutrients for the wheat crop, as it is an essential 
constituent of the cell wall, chlorophyll, nucleic 
acids and important biomolecules such as 
ATP, NADH and NADPH, and participates in key 
metabolic pathways and reactions essential 
for plant survival (Taiz, Zeiger, Moller, & Murphy, 
2017). Furthermore, N fertilization directly 
influences the leaf area index of plants, which 

improves the efficiency of solar radiation use 
and results in greater biomass production 
(Heinemann et al., 2006). Therefore, increase in 
SDM and NDVI in treatments with N compared 
to control treatment (without addition of 
N), regardless of cultivation environment, 
confirms the importance of this nutrient for 
wheat.

The production of SDM in Londrina was 
also influenced by the interaction between 
cultivar and seed vigor (Table 2). When 
originated from non-vigorous seeds, BRS 
Gralha-Azul plants produced 14% more SDM 
than BRS Sabiá plants. On the other hand, 
when originated from vigorous seeds, there 
was no difference between cultivars regarding 
SDM. Regarding the vigor effect individually 
for each cultivar, it was verified that BRS 
Gralha-Azul plants from non-vigorous seeds 
produced greater amount of SDM (12,031 kg 
ha-1) compared to vigorous seeds (11,182 kg 
ha-1), which effect was not observed for BRS 
Sabiá plants (data not shown).
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The differences observed in the 
performance of cultivars are due to the 
expression of the respective genetic 
characteristics, which include the tillering 
capacity in different cultivation environments 
(Abati et al., 2018). BRS Gralha-Azul showed 
greater adaptability in relation to BRS Sabiá, 
as it produced large amounts of SDM even for 
plants obtained from non-vigorous seeds. This 
may be related to the greater tillering capacity 
of this cultivar (Bassoi & Foloni, 2015b; Bassoi 
et al., 2019), reflecting in the increase of the 
number of spikes per area, minimizing the 
effects of low vigor on grain yield.

The interaction between combinations 
of rates and timings of N application with 
seed vigor was significant for the number of 
fertile spikes m-2 in Ponta Grossa (Table 2). For 
plants originating from vigorous seeds, 40N + 
40N, and 0N + 80N treatments favored spike 
production. On the other hand, treatment 
without N application resulted in the lowest 
production of spikes m-2. For plants originating 
from non-vigorous seeds, most combinations 
of rates and timings of N application were 
favorable to spike production, except for 
treatments without N fertilization and 20N + 
60N. Regarding vigor level, there was difference 
only in 40N + 0N treatment, with superiority of 
plants originating from non-vigorous seeds in 
relation to those from vigorous seeds. In the 
other combinations of rates and timings of N 
application, no significant differences were 
observed between initial seed vigor levels 
(data not shown).

Nitrogen application favors the 
tillering of the wheat plant and, consequently, 
increases the density of fertile spikes per 

area, as verified in the present work. On the 
other hand, N deficiency in Poaceas, such as 
wheat, can negatively affect the formation of 
leaves and tillers (Neumann, Oliveira, Spada, 
Figueira, & Poczynek, 2009), which influences 
the number of fertile spikes m-2, as seen in 
the control treatment (without addition of N), 
which often reduces grain yield.

Effect of the cultivar × vigor × 
combination of rate and timing of N application 
for the variables grain yield and emerged 
seedlings was observed, both evaluated in 
Ponta Grossa (Table 2), whose results are 
shown in Table 3.

For grain yield in Ponta Grossa, no 
difference was observed between seed vigor 
levels for BRS Gralha-Azul. For BRS Sabiá, 
difference in 0N and 20N + 60N treatments 
was observed, with vigorous seeds being 
superior in the control treatment, and non-
vigorous seeds being superior in the 20N + 
60N treatment. As for combinations of rates 
and timings of N application, no significant 
difference in grain yield was observed among 
treatments for plants originating from vigorous 
seeds of both cultivars evaluated. For plants 
originating from non-vigorous seeds, 40N 
+ 0N and 40N + 40N treatments resulted in 
higher grain yield for BRS Gralha-Azul. For BRS 
Sabiá, all treatments favored the yield of plants 
originating from non-vigorous seeds, except 
for treatment without N application. Assessing 
the effect of cultivar, individually for each seed 
vigor level, greater grain yield of BRS Sabiá in 
relation to BRS Gralha-Azul was observed in all 
treatments, regardless of vigor of seeds that 
originated the wheat crop (Table 3).
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For the ‘emerged seedlings’ 
characteristic in Ponta Grossa, no significant 
difference was found comparing the seed 
vigor levels for the BRS Gralha-Azul. For BRS 
Sabiá, difference in emerged seedlings in the 
control treatment was observed, with better 
performance of non-vigorous seeds, and in 
the 80N + 0N treatment, with superiority of 
vigorous seeds. Regarding N combinations, 
no significant difference was observed 
among treatments for BRS Gralha-Azul in 
both vigor levels evaluated, and for BRS 
Sabiá originated from vigorous seeds. For 
plants originated from non-vigorous seeds 
of BRS Sabiá, most treatments favored the 
number of emerged plants m-2, except for the 
application of 20 kg ha-1 of N at sowing + 60 
kg ha-1 of N at tillering and 80 kg ha-1 of N at 
sowing, which resulted in the lowest emerged 
seedlings value. Difference was also observed 
between cultivars for the number of emerged 
seedlings in Ponta Grossa, at both vigor levels 
evaluated, with BRS Sabiá being superior to 
BRS Gralha-Azul in most of the N fertilization 
combinations, except for plants originated 
from vigorous seeds in 0N, 40N + 0N, and 
0N + 80N treatments, in which no significant 
differences were observed between cultivars 
(Table 3).

The little significant influence of the 
initial seed vigor level for cultivars under 
study shows that both have high adaptability, 
as even plants originated from non-vigorous 
seeds showed grain yield similar to those 
from vigorous seeds. In addition to the ability 
of compensation among yield components, 
reasonable meteorological conditions, 
with few periods of water deficit (Figure 1), 
also justify the low magnitude of difference 
between vigor levels, since the effects of 

vigor on wheat establishment and yield is 
more accentuated under more unfavorable 
environmental conditions (Marcos, 2015).

For treatments with N fertilization, 
it was observed that N availability favored 
the productive performance of the wheat 
crop. N application of 40 kg ha-1 at sowing 
and topdressing at the beginning of tillering 
or only at sowing (40N + 40N, and 40N + 0N 
treatments, respectively) favored most of 
the evaluated variables, regardless of vigor 
and cultivar. These results confirm that 
adequate N availability is essential for growth, 
development and high yield of wheat grains 
(Mattuella et al., 2018).

On the other hand, in the absence 
of N (0N treatment), cultivars showed lower 
performance for most variables under study, 
showing that the deficiency of this nutrient is 
harmful to the development and yield of wheat 
grains. Camponogara, Oliveira, Georgin and 
Rosa (2016) studied the effect of N fertilization 
on the wheat productive performance and 
also found that treatments that included N 
application were superior to control treatment 
(without N).

Although the application of a single N 
rate (80 kg ha-1) at sowing or topdressing has 
favored, to a lesser extent, wheat cultivars, 
this management should be avoided due 
to the risks associated with the application 
of high N rates, which increase N losses 
and can cause underwater contamination. 
Furthermore, the application of high N rates 
can cause plant lodging and, consequently, 
hamper mechanized harvesting and reduce 
grain yield and quality (Teixeira, Buzetti, 
Andreotti, Arf, & Benett, 2010). Therefore, 
splitting N fertilization, by providing part of 
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N in sowing and other part in topdressing, is 
the most recommended management, as this 
nutrient is considered to have high mobility in 
soil. Haile, Nigussie and Ayana (2012) studied 
rates and timings of N application in wheat and 
found that splitting N fertilization increased 
grain yield, corroborating results obtained in 
the present work.

In general, BRS Sabiá stood out over 
BRS Gralha-Azul, as it was more responsive 
to N fertilization, especially in the Ponta 
Grossa environment. However, it is important 
to highlight that N application favored the 
performance of both cultivars. Benin et al. 
(2012) studied the response of wheat cultivars 
to N rates and obtained response variability 
between cultivars; however, N fertilization 
favored yield components of all genotypes.

The most favorable results to N 
application in Ponta Grossa can be attributed 
to the milder temperatures in this region (Figure 
1), which results in slower rates of soil organic 
matter mineralization and decomposition of 
straw from the previous crop, which reduces 
the N supply. In Londrina, on the other hand, 
temperatures are higher and, therefore, 
there are greater rates of mineralization 
and decomposition, which may increase N 
availability for wheat plants. Thus, N is uptaken 
in greater amounts by plants through these 
pathways, reducing the possibility of crop 
response to N fertilization. Thus, in Londrina, 
there is no such strong response to N 
fertilization as in Ponta Grossa.

Physiological potential of seeds

In Londrina, there was no significant 
effect of factors on variable seedling 
emergence in sand (Table 4). However, there 

were interactions between cultivar × vigor, 
and between N fertilization × vigor on seed 
germination.

Regarding germination, BRS Sabiá 
was 3% higher than BRS Gralha-Azul, only 
for seeds originated from crops using non-
vigorous seeds (Table 4). Plants from vigorous 
seeds of BRS Gralha-Azul produced seeds 
with higher germination (in relation to those 
from non-vigorous seeds), which can be 
attributed to the better development of 
plants during the growth cycle and to the 
greater accumulation of photoassimilates 
that, translocated to reproductive organs, 
contributed to the formation of seeds with 
greater amount of reserve substances. 
For BRS Sabiá, no significant difference 
in germination was observed, comparing 
seed vigor levels. Concerning N fertilization 
treatments, no difference was observed 
among them, considering non-vigorous seeds 
(Table 5). On the other hand, plants from 
vigorous seeds produced seeds with higher 
germination in 40N + 0N, 80N + 0N, and 0N 
+ 80N treatments. Significant difference was 
also observed between initial seed vigor levels 
in 0N, 40N + 0N, and 0N + 80N treatments, 
with better performance of vigorous seeds 
(over non-vigorous seeds) (data not shown), 
whose result can be attributed to better 
plant development, greater accumulation 
of photoassimilates and better quality of 
the formed seeds, as previously discussed. 
It is important to highlight that treatments 
presented germination above 80%, that is, 
above the minimum value established for 
commercialization of wheat seeds (MAPA, 
2013).
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Table 4
Summary of analysis of variance (ANOVA) and means of first count, germination, seedling emergence in 
sand, and emergence speed index of two wheat cultivars, cultivated in Londrina, as affected by the initial 
seed vigor level and combinations of rates and timings of N application

Source of
variation 

DF

Mean square

Londrina

First count Germination
Seedling 

emergence
Emergence 
speed index

Block 3 23.7 10.1 27.3 0.25

Cultivar (C) 1 0.76 63.6* 60.0 9.74**

Vigor (V) 1 94.4* 45.8* 26.0 0.014

N rate 6 29.3 25.3* 10.6 0.24

C x V 1 71.0* 76.2** 15.8 0.17

C x N 6 89.7*** 17.6 18.6 0.32

V x N 6 117*** 44.0** 54.6 0.65

C x V x N 6 42.5* 9.79 57.0 2.55*

Error 81 16.7 10.6 30.5 0.99

CV (%) 4.67 3.55 6.19 10.6

Factor Treatment
First count 

(%)
Germination 

(%)
Seedling 

emergence (%)
Emergence 
speed index

Cultivar (C)
BRS Gralha-Azul 88 91 88 9.14

BRS Sabiá 88 92 90 9.73

Vigor (V)
Vigorous 89 92 90 9.45

Non-vigorous 87 91 89 9.43

N rate
(kg ha-1)

0N 88 90 89 9.38

20N + 60N 87 92 89 9.45

40N + 0N 88 92 90 9.60

80N + 0N 88 93 89 9.45

40N + 40N 87 91 88 9.42

0N + 40N 87 91 89 9.56

0N + 80N 90 93 90 9.23

DF = degrees of freedom; CV = coefficient of variation. *, **, e *** = significant at P ≤0.05, P ≤0.01, and P ≤0.001, 
respectively, by the F test.
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The results obtained reinforce the 
argument that the use of vigorous seeds is 
essential to guarantee seedling emergence and 
development, especially under unfavorable 
conditions, in addition to provide greater 
possibility of reaching the desired plant stand 
(Marcos, 2015), reflecting in greater production 
of better quality seeds. Furthermore, vigorous 
seeds generated vigorous plants that were 
more responsive to N fertilization. Marinho 
et al. (2021) studied the effects of initial 
seed vigor on the performance of two wheat 
cultivars under different edaphoclimatic 
conditions and found that vigorous seeds 
favored stand establishment, especially under 
unfavorable environmental conditions, which 
directly influences crop performance.

The interaction between cultivar × 
vigor × combination of rate and timing of N 
application was significant for the variables 
‘first germination count’ and ‘emergence 
speed index’ (Table 4).

For the first germination count, 
difference between vigor levels in 40N + 0N, 
and 0N + 80N treatments was observed, 
with superiority of vigorous seeds for both 
cultivars (Table 5). Furthermore, for BRS Sabiá, 
difference was also found between vigor 
levels in 40N + 40N treatment, in which low-
vigor seeds were superior to vigorous ones.

Regarding combinations of rates and 
timings of N application, BRS Gralha-Azul 
seeds originated from vigorous seeds showed 
higher germination speed (first count) in 40N 
+ 0N, 80N + 0N, and 0N + 80N treatments 
(Table 5). For seeds from crops originated 
from non-vigorous BRS Gralha-Azul seeds, 
most treatments with N fertilization (except 
for 0N + 40N) favored the first germination 
count, as the N supply increases the grain 
protein content (Lollato, Jaenisch, & Silva, 

2021), which is an important substance used 
by seeds during the germination process. For 
BRS Sabiá, seeds from crops originated from 
vigorous seeds showed better performance in 
40N + 0N, 0N + 40N, and 0N + 80N treatments, 
while seeds derived from non-vigorous seeds 
were superior in 0N, 40N + 40N, and 0N + 40N 
treatments. Significant difference was also 
observed between cultivars in 80N + 0N, and 
40N + 40N treatments for vigorous seeds — 
with BRS Gralha-Azul being superior to BRS 
Sabiá — and in 0N + 40N treatment for seeds 
of both vigor levels, with superiority of BRS 
Sabiá over BRS Gralha-Azul (Table 5).

 For the emergence speed index, 
significant difference between cultivars 
originated from crops formed by non-vigorous 
seeds in 0N and 0N + 40N treatments was 
observed, with better emergence speed 
performance of seeds produced by BRS Sabiá 
(Table 5). In the other treatments, there was no 
significant difference between cultivars.

Despite the difference observed 
between cultivars in some treatments, both 
showed high physiological performance of 
seeds, demonstrating their adaptation to the 
region of Londrina.

The results obtained for the 
physiological performance of seeds 
indicate that most combinations that 
include N fertilization favored the evaluated 
characteristics, with the exception of 20N + 
60N treatment, for both cultivars. Nitrogen 
uptaken by plants during the crop cycle can 
increase the protein content in the produced 
seeds (Lollato et al., 2021). The proteins of 
seeds are essential for the initial seedling 
establishment, as they undergo hydrolysis 
during the germination process in order to 
meet the nutritional demand of the embryo 
(Carvalho & Nakagawa, 2012). Therefore, it 
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is important to provide plants with adequate 
N nutrition, as well-nourished plants tend to 
produce better quality seeds.

Finally, the results reinforce that the 
use of vigorous seeds is important for the 
establishment of wheat crops, as they favor 
seedling emergence and development even 
under unfavorable conditions (Marcos, 2015; 
Abati et al., 2018), avoiding costly operations 
of reseeding and allowing the use of lower 
seeding density. In addition, the use of vigorous 
seeds in the crop establishment reflects on 
the yield and quality of the final product. Bazzo 
et al. (2021) studied the effects of initial seed 
vigor on plant performance and wheat seed 
production and observed that seeds from 
plants established with high-vigor seeds had 
higher physiological quality, corroborating 
results obtained in this study.

Conclusions

The use of vigorous seeds favors the 
quick and uniform plant stand establishment, 
originates vigorous plants that are more 
responsive to N fertilization, and contributes 
to improving grain yield and the production of 
better quality wheat seeds.

Nitrogen fertilization favors grain yield 
and physiological performance of wheat seeds 
in both cultivation environments, regardless of 
vigor level and cultivar used.

BRS Gralha-Azul provides greater 
grain yield in Londrina, and BRS Sabiá in Ponta 
Grossa. Both cultivars have potential for wheat 
seed production in Londrina, with germination 
above the commercialization standards for this 
cereal. Inadequate N supply reduces wheat 
productive performance and the physiological 
potential of the produced seeds.
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