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GROWTH AND YIELD OF WHEAT IN RESPONSE TO SEED VIGOR AND 

SOWING DENSITIES1 
 

 
JULIA ABATI2*, CRISTIAN RAFAEL BRZEZINSKI2, CLAUDEMIR ZUCARELI2, JOSÉ SALVADOR SIMONETI 

FOLONI3, FERNANDO AUGUSTO HENNING3 

 

 

ABSTRACT – In wheat crops, it is often observed that the number of plants per area is lower than that of 

viable seeds used, which may be related to both environmental conditions and seed vigor. The aim of this study 

was to assess the effect of seed vigor level at different sowing densities on growth, development, and grain 

yield in wheat cultivars. The experiments were conducted in Londrina and Ponta Grossa, PR, Brazil, under a 

randomized block design in a 2 × 2 × 3 factorial scheme, with four replications. Two seed vigor levels (high 

and low), two sowing densities (200 and 400 viable seeds per m2), and three wheat cultivars (BRS Sabiá, BRS 

Gaivota, and BRS Gralha Azul) were assessed. In order to assess growth and development, plant samples were 

collected at the phenological stages of seedling growth, stem elongation, booting, and ear emergence. We 

assessed the emergence of seedlings, height and dry matter of plant shoot, and grain yield. The sowing density 

of 200 seeds per m2 led to a higher shoot dry matter production per plant at the stages booting and ear 

emergence. The cultivar BRS Sabiá presented the highest grain yield in Londrina, while BRS Sabiá and BRS 

Gralha Azul presented the highest grain yield in Ponta Grossa. High vigor seeds favor stand establishment, 

growth and development of plants at early phenological stages, and grain yield of wheat. 

 

Keywords: Plant population. Seed quality. Grain yield. Triticum aestivum L.. 

 

 

CRESCIMENTO E RENDIMENTO DE TRIGO EM RESPOSTA AO VIGOR DE SEMENTES E 

DENSIDADES DE SEMEADURA 

 

 

RESUMO - Na cultura do trigo, frequentemente, observa-se que o estabelecimento do número de plantas por 

área é inferior ao de sementes viáveis utilizadas, o que pode estar relacionado tanto a condições do ambiente 

quanto ao vigor de sementes. O objetivo foi avaliar o efeito do nível de vigor de sementes, em diferentes 

densidades de semeadura, sobre o crescimento, o desenvolvimento e o rendimento de grãos em cultivares de 

trigo. Os experimentos foram conduzidos em Londrina e Ponta Grossa, PR, Brasil, sob o delineamento 

experimental de blocos casualizados, em esquema fatorial 2 x 2 x 3, com quatro repetições. Foram avaliados 

dois níveis de vigor de sementes (alto e baixo), duas densidades de semeadura (200 e 400 sementes viáveis por 

m2) e três cultivares de trigo (BRS Sabiá, BRS Gaivota e BRS Gralha Azul). Para avaliação do crescimento e 

desenvolvimento foram realizadas coletas de plantas nos estádios fenológicos de desenvolvimento da plântula, 

alongamento do colmo, emborrachamento e emergência da inflorescência. As avaliações efetuadas foram: 

emergência de plântulas, altura e massa seca da parte aérea de plantas e produtividade de grãos. A densidade de 

semeadura de 200 sementes por m2 acarreta maior produção de massa seca da parte aérea por planta nos 

estádios de emborrachamento e emergência da inflorescência. Em Londrina, a cultivar BRS Sabiá e, em Ponta 

Grossa, a BRS Sabiá e a BRS Gralha Azul apresentam maiores produtividades de grãos. Sementes de alto vigor 

favorecem o estabelecimento do estande, o crescimento e o desenvolvimento das plantas nos estádios 

fenológicos iniciais e a produtividade de grãos de trigo. 

 

Palavras-chave: População de plantas. Qualidade de sementes. Produtividade de grãos. Triticum aestivum L.. 
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INTRODUCTION 
 

In order to exploit wheat yield potential and 

meet the domestic demand in Brazil, adequate 

strategies regarding crop management, choice of 

growing environments, promising genotypes, and 

high quality seeds are needed (BARNARD; 

CALITZ, 2013; COVENTRY et al., 2011; 

SILVEIRA et al., 2010). 

Among the attributes that compose seed 

quality, vigor plays an important role since high 

vigor seeds provide fast and uniform germination, 

favoring shoot and root growth and leading to better 

development conditions to plants, as well as a greater 

capacity to withstand adverse environmental 

conditions (BEWLEY et al., 2013). In addition, low 

vigor seeds present a reduction in the percentage and 

uniformity of emergence, which may compromise 

the stand and development throughout crop cycle, 

with yield losses (TOLEDO et al., 2009; FINCH-

SAVAGE; BASSEL, 2015; ABATI et al., 2017). 

Mondo et al. (2013) observed that the use of 

high vigor corn seeds resulted in a higher crop initial 

growth up to the eight-unfolded leaf phenological 

stage. Marcos Filho (2013) noticed that as crop 

phenological stages advance the influence of seed 

vigor tends to reduce and plant performance 

becomes more dependent on genotype-environment 

relationships. However, Melo et al. (2006) observed 

that rice plants originated from high vigor seeds 

presented higher tillering, dry matter, leaf area, and 

grain yield when compared to low vigor seeds. 

In addition to high quality seeds, it is 

necessary to adjust an adequate sowing density. In 

this sense, it is not often observed the number of 

plants established per area corresponding to the 

number of viable seeds used, which may be related 

to both environmental conditions and seed vigor, 

factors less considered in wheat crop. 

The spatial distribution of plants in the area 

interferes with the use of solar radiation, intra and 

interspecific competition, use of fertilizer, among 

others. In addition, the response to wheat yield as a 

function of plant population varies according to the 

environment and genotype used (BARBIERI et al., 

2013; TAVARES et al., 2014; LIU et al., 2017). 

Studies that relate the influence of seed vigor 

at the phenological stages and its effects on grain 

yield of wheat plants, as well as its interaction with 

other production factors, such as plant density, 

genotypes, and cultivation environments, are scarce. 

In this sense, this study aimed to assess the effect of 

seed vigor level at different sowing densities on 

growth, development, and grain yield in wheat 

cultivars. 

MATERIAL AND METHODS 
 

The experiments were carried out in two 

regions with contrasting edaphoclimatic 

characteristics (Londrina and Ponta Grossa, PR, 

Brazil) and representative of the wheat cropping 

macro-regions (WMRs) 3 and 1 of Paraná State, 

respectively. Both experiments were installed in the 

experimental field of the Empresa Brasileira de 

Pesquisa Agropecuária - Embrapa (Brazilian 

Company for the Agricultural Research). In 

Londrina, the experiment was conducted at the 

National Soybean Research Center, located at the 

geographical coordinates of 23°11′ S and 51°10′ W, 

with an altitude of approximately 564 m. The soil of 

the site is classified as a clayey Oxisol (Latossolo 

Vermelho eutroférrico, Brazilian classification; 

Rhodic Eutrudox, USA classification) and the 

regional climate is classified as Cfa according to 

Köppen classification. In Ponta Grossa, the 

experiment was conducted at Embrapa Products and 

Markets, whose geographical coordinates are                  

25°09′ S and 50°05′ W, with an altitude around         

865 m. The soil is classified as a medium-textured 

Oxisol (Latossolo Vermelho distroférrico, Brazilian 

classification; Rhodic Hapludox, USA classification) 

and the regional climate is classified as Cfb 

according to Köppen classification. 

The data of maximum and minimum daily 

temperature and precipitation over the growing 

period for both experimental areas are shown in 

Figure 1.  

The experimental design was a randomized 

block design in a 2 × 2 × 3 factorial scheme, with 

two seed vigor levels (high and low), two sowing 

densities (200 and 400 viable seeds per m2), three 

wheat cultivars (BRS Sabiá, BRS Gaivota, and BRS 

Gralha Azul), and four replications. The cultivar 

BRS Sabiá presents an early cycle, with an average 

maturation of 103 days and the cultivars BRS 

Gaivota and BRS Gralha Azul have a medium cycle, 

with average maturation periods of 128 and 124 

days, respectively. 

Low vigor seeds were obtained from high 

vigor seed lots by applying the accelerated aging 

technique. To conduct the aging, seeds were placed 

in Gerbox® polystyrene boxes with screened 

supports containing 40 mL distilled water. 

Subsequently, they were conditioned in a                 

water-jacketed incubation chamber at 42 °C for a 

period of 60 hours, thus causing a reduction in seed 

vigor. High vigor seeds were those not submitted to 

accelerated aging. 
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To characterize the quality of low and high 

vigor seed lots, the physiological quality of seeds 

was determined (Table 1) by the following tests: 

germination and first germination count, performed 

according to the Rules for Seed Testing (BRASIL, 

2009); length of seedlings, shoot, and root, 

performed according to Nakagawa (1999); shoot and 

root dry matter, performed according to Nakagawa 

(1999); speed index of seedling emergence, 

conducted under greenhouse conditions by using the 

equation suggested by Popinigis (1977); and 

seedling emergence in sand, performed by counting 

the seedlings emerged at 12 days after sowing. 

Figure 1. Maximum and minimum daily temperatures (°C) and precipitation (mm) in Londrina and Ponta Grossa, PR, 

Brazil, over the wheat crop development period. S: sowing and H: harvesting. 

Table 1. First germination count (FGC), germination (G), seedling emergence (E), emergence speed index (ESI), shoot 

length (SL), root length (RL), seedling total length (STL), shoot dry matter (SDM), and root dry matter (RDM) in high 

vigor (HV) and low vigor (LV) wheat seeds of the cultivars BRS Sabiá, BRS Gaivota, and BRS Gralha Azul.  

The experimental area was installed in both 

regions under the no-tillage system, with soybean as 

a preceding crop. Prior to the experiment installation, 

soil samples were collected to analyze its chemical 

characteristics. The results for Londrina area were 

pH (CaCl2) of 6.0, P of 27.08 mg kg−1, H++Al3+ of 

2.74 mg kg−1, Al3+ of 0.00 cmolc kg−1, K+ of           

0.79 cmolc kg−1, Ca2+ of 5.74 cmolc kg−1, Mg2+ of 

2.62 cmolc kg−1, OM of 1.75 g kg−1, CEC of               

11.89 cmolc kg−1, and V of 76.95%. For Ponta 

Grossa, soil analysis presented the following results: 

pH (CaCl2) of 5.57, P of 12.57 mg kg−1, H++Al3+ of 

4.39 mg kg−1, Al3+ of 0.02 cmolc kg−1, K+ of              

0.19 cmolc kg−1, Ca2+ of 5.78 cmolc kg−1, Mg2+ of 

2.04 cmolc kg−1, OM of 2.21 g kg−1, CEC of               

12.39 cmolc kg−1, and V of 64.50%. 

Sowing was carried out mechanically within 

the period recommended by the crop edaphoclimatic 

zoning in each region. Seeds were treated with the 

insecticide imidacloprid at a dose of 100 mL 

commercial product 100 kg−1 seeds and with the 

fungicide carboxin + thiram at a dose of 250 mL 

commercial product 100 kg−1 seeds. 

A fertilization with 280 kg ha−1 of the 

formulated fertilizer 15–15–15 (NPK) was carried 

out at sowing. At the beginning of tillering phase, a 

nitrogen topdressing was carried out using 

ammonium nitrate, totaling 40 kg N ha−1. Herbicides, 

fungicides, and insecticides were applied according 

to the technical information for the wheat crop 

(RCBPTT, 2014). 

Experimental plots consisted of nine rows 

spaced at 0.20 m and with 6 m long, totaling an area 

of 10.8 m2 per plot. During the growth and 

development of wheat, plants were sampled at four 

phenological stages. In these assessments, we 

considered only the second, third, and fourth rows of 

all experimental plots, leaving 0.5 m borders at the 

initial and final ends and between each collection 

site. For seedling emergence and grain yield 

assessments, we used the other plot rows, i.e. the 

fifth, sixth, seventh, eighth, and ninth rows, to 

Attribute 
BRS Sabiá BRS Gaivota BRS Gralha Azul 

HV LV HV LV HV LV 

FGC (%) 93 85 94 72 96 89 

G (%) 94 89 96 87 98 94 

E (%) 91 86 94 82 96 94 

ESI  20.26 16.67 20.15 14.48 20.58 18.70 

SL (cm) 9.55 8.25 7.36 6.34 7.89 7.24 

RL (cm) 15.34 12.01 12.70 11.05 13.34 12.89 

STL (cm) 24.89 20.27 20.07 17.39 21.23 20.13 

SDM (mg per seedling) 8.06 7.45 6.08 5.30 7.84 7.29 

RDM (mg per seedling) 8.21 7.67 7.64 7.05 8.70 8.17 

 1 



GROWTH AND YIELD OF WHEAT IN RESPONSE TO SEED VIGOR AND SOWING DENSITIES 
 

 

J. ABATI et al. 

Rev. Caatinga, Mossoró, v. 31, n. 4, p. 891 – 899, out. – dez., 2018 894 

conduct the samplings. 

At each sampling period, plants were 

collected in an area of three rows with 0.70 m, 

totaling 0.42 m2 per plot. Plants were collected 

according to the phenological scale proposed by 

Zadocks, Chang and Konzak (1974). At stage 1, 

seedlings had the third leaf 50% developed (main 

stage: 10; secondary stage: 13). At stage 2, plants 

were at beginning of elongation, with the second 

node detectable (main stage: 30; secondary stage: 

32). At stage 3, plants presented a noticeable 

swelling in the upper part of the stem, called booting 

(main stage: 40; secondary stage: 45). At stage 4, 

plants had their inflorescence completely outside the 

flag leaf (main stage: 50; secondary stage: 59). 

The following assessments were carried out at 

these four phenological stages: 

Plant height: assessed in ten plants taken at 

random at each collection season. At stages 1, 2, and 

3, they were measured from the basal node to the end 

of the upper leaf and from the basal node to the apex 

of the ear of the main stem at stage 4, without 

considering the awns. Results were expressed in cm. 

Shoot dry mass: the aerial part of the collected 

plants was placed in paper bags and taken to a  

forced-air circulation oven at 80 °C until constant 

weight. Results were expressed in g per plant. 

In addition to the measurement of these 

variables, we also assessed: 

Seedling emergence: seedlings had the third 

leaf 50% developed (stage 1). The total emerged 

seedlings were counted in a total area of 0.75 m2 per 

plot, which was composed of three subsamples of 

0.25 m2. The result was expressed in seedlings per 

m2. 

Grain yield: obtained by weighing the grains 

mechanically harvested at the maturation stage in 

each experimental plot, with moisture corrected to 

13% and values expressed in kg ha−1. 

The data were analyzed for normality and 

homoscedasticity by using the Shapiro-Wilk and 

Hartley tests, respectively, which indicated no need 

for transformation. Subsequently, the data were 

submitted to analysis of variance and the means were 

compared by Tukey’s test at 5% probability, 

separately for each growing site. 

 

 

RESULTS AND DISCUSSION 
 

The average values of the isolated effects of 

seed vigor, sowing density, and cultivar on the 

assessed variables over the growth and development 

of the crop are shown in Table 2.  

Table 2. Seedling emergence per area (seedlings per m2), plant height (cm), shoot dry matter (g per seedling), and grain 

yield (kg ha−1) at the phenological stages of seedling growth (stage 1), stem elongation (stage 2), booting (stage 3), and ear 

emergence (stage 4) of wheat cultivars grown with high and low vigor seeds under densities of 200 and 400 viable seeds per 

m2 in Londrina (LD) and Ponta Grossa (PG), PR, Brazil. 

Means followed by different letters in the columns, separately for seed vigor, sowing density, and cultivar, differ from 

each other by Tukey’s test at 5% probability. *SV: source of variation. 

 Seedling growth Stem elongation 

S.V.* 
Emergence Height Dry matter Height  Dry matter 

LD PG LD PG LD PG LD PG LD PG 

Vigor  

High 267a 235a 15.1a 18.5a 0.026a 0.030a 50.7a 28.9a 1.05 0.34b 

Low 212b 161b 13.7b 17.1b 0.021b 0.026b 47.1b 26.2b 1.01 0.42a 

Density           

200 171b 145b 14.5 17.9 0.024 0.029a 47.8b 27.8 1.14a 0.44a 

400 307a 251a 14.4 17.7 0.023 0.027b 50.0a 27.3 0.91b 0.33b 

Cultivar           

BRS Sabiá 241 194 14.9a 18.7a 0.029a 0.030a 50.7a 30.6a 1.15a 0.44a 

BRS Gaivota 234 193 13.8b 16.8b 0.019c 0.026b 52.2a 25.1c 1.09a 0.37b 

BRS Gralha Azul 243 207 14.6ab 17.8ab 0.024b 0.028ab 43.9b 26.9b 0.85b 0.39a 

VC (%) 13.8 8.9 6.8 7.7 12.6 14.1 6.6 6.9 27.0 15.6 

 Booting Ear emergence  

S.V. 
Height Dry matter Height Dry matter Yield 

LD PG LD PG LD PG LD PG LD PG 

Vigor  

High 69.1a 67.3 1.88b 2.28b 75.1 86.4 3.31b 4.89b 5090a 4851a 

Low 66.4b 65.5 2.10a 2.70a 73.2 85.9 3.75a 5.87a 4839b 4509b 

Density           

200 67.5 66.9 2.35a 3.07a 73.2 85.7 4.24a 6.57a 4956 4619 

400 68.0 66.0 1.62b 1.92b 75.1 86.5 2.82b 4.19b 4974 4743 

Cultivar           

BRS Sabiá 67.4b 67.8 2.02 2.78 68.5b 87.3a 3.11b 6.02a 5453a 5002a 

BRS Gaivota 71.9a 66.6 2.12 2.33 75.4a 86.1ab 3.74a 5.23b 4766b 4135b 

BRS Gralha Azul 64.0c 64.8 1.81 2.38 78.5a 85.0b 3.75a 4.89b 4675b 4905a 

VC (%) 4.3 6.9 17.4 23.1 5.3 2.7 16.8 13.0 7.9 9.8 

 1 
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Stage 1 – Seedling growth 

 

The highest number of seedlings emerged 

was observed at a density of 400 seed per m2 for 

both assessed vigor levels and regions. The use of 

high vigor seeds resulted in a higher seedling 

emergence when compared to low vigor seeds at 

both sowing densities (Table 3). 

According to Marcos Filho (2015), seed lots 

from the same cultivar and with similar germination 

capacity may present different behavior regarding 

seedling emergence under field conditions due to 

differences in seed vigor. Seedling germination and 

emergence processes in low vigor seeds are impaired 

due to their low capacity of transforming the reserve 

supply in the storage tissues and incorporating it by 

the embryonic axis, mainly under adverse 

environmental conditions (BEWLEY et al., 2013). 

An environmental adversity was observed in our 

study at the first days after sowing due to the               

non-occurrence of precipitation (Figure 1) in both 

regions. In this case, the use of high vigor seeds 

contributed to establishing a higher number of plants 

per area.  

Table 3. Seedling emergence (seedlings per m2) and shoot dry matter (g per seedling) at the phenological stage of seedling 

growth (stage 1) as a function of the interactions between sowing density (viable seeds per m2) and seed vigor (high and 

low), cultivar and sowing density, and cultivar and seed vigor in Londrina and Ponta Grossa, PR, Brazil. 

L
o

n
d

ri
n

a 
 

Seedling emergence 

Density/Vigor High Low 

200 186.75 Ba 156.08 Bb 

400 346.50 Aa 267.00 Ab 

Shoot dry matter 

Cultivar/Density 200 400 

BRS Sabiá 0.0301 Aa 0.0280 Aa 

BRS Gralha Azul 0.0262 Ba 0.0217 Bb 

BRS Gaivota 0.0181 Ca 0.0200 Ba 

P
o

n
ta

 G
ro

ss
a 

 

Seedling emergence 

Cultivar/Vigor High Low 

BRS Sabiá 229.86 Aa 158.20 Bb 

BRS Gralha Azul 231.11 Aa 182.22 Ab 

BRS Gaivota 242.63 Aa 142.78 Bb 

Density/Vigor High Low 

200 169.07 Ba 120.46 Bb 

400 300.00 Aa 201.67 Ab 

 1 
Means followed by the same lowercase letter in the row and uppercase latter in the column do not differ 

from each other by Tukey’s test at 5% probability. 

Similar results were found by Sbrussi and 

Zucareli (2014), who observed that the use of high 

vigor seeds resulted in a higher germination of corn 

seedlings under stress conditions. 

In Ponta Grossa, the cultivar BRS Gralha 

Azul presented higher values for seedling emergence 

in relation to BRS Sabiá and BRS Gaivota for low 

vigor seeds. In addition, all cultivars presented a 

higher number of emerged seedlings when using 

high vigor seeds (Table 3). These results reinforce 

the need to consider seed vigor before crop 

cultivation since only the germination, usually used 

for commercialization and sowing planning, may not 

be enough to obtain an adequate stand. 

In both regions, the cultivar BRS Sabiá 

presented a higher plant height when compared to 

BRS Gaivota. Moreover, plants originated from high 

vigor seeds showed a higher height (Table 2). 

Similar results were found by Mondo et al. (2012), 

who observed that the use of high vigor seeds 

resulted in corn plants with an initial growth higher 

when compared to those from low vigor seeds. 

Schuch et al. (2000) found that the use of black oat 

seeds with a high physiological quality allowed the 

production of plants with higher initial size and 

growth rates over the assessment period (7, 14, 21, 

and 28 days after emergence). 

In Londrina, the cultivar BRS Sabiá presented 

higher values of shoot dry matter at both sowing 

densities. A density of 200 seeds per m2 resulted in a 

higher shoot dry matter production per plant for BRS 

Gralha Azul (Table 3) since this condition provided 

a less intraspecific competition for the available 

resources in the environment.  

The highest shoot dry matter values were 

observed in plants originated from high vigor seeds 

in both regions (Table 2). These results are in 

accordance with Panozzo et al. (2009), who observed 

that seedlings originated from high vigor seeds 

emerge faster and start the photosynthetic process 

earlier, favoring shoot growth. 

According to Henning et al. (2010), a higher 

initial plant growth provides precocity in soil cover, 

increasing solar radiation interception and reducing 

soil evaporation, which may allow plant growth in 

the subsequent stages. Moreover, plants with a 
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higher initial size and growth rate provide a faster 

closure of spaces between rows, favoring weed 

control. 

In Ponta Grossa, a sowing density of          

200 seeds per m2 led to a higher shoot dry matter 

production per plant. An isolated cultivar effect was 

observed in this region, in which BRS Sabiá 

presented the highest shoot dry matter in relation to 

BRS Gaivota (Table 2). Rissini, Kawakami and 

Genú (2015) observed genotypic differences for 

traits that determine the rapid soil cover by wheat 

plant canopy. 

Stage 2 – Stem elongation 

 

In Londrina, the cultivars BRS Sabiá and 

BRS Gaivota presented the highest plant height 

when compared to BRS Gralha Azul. The use of 

high vigor seeds and sowing density of 400 seeds per 

m2 resulted in a higher plant height (Table 2). 

Trindade et al. (2006) also observed an increased 

plant height under higher wheat densities. In this 

case, there is a greater intraspecific competition for 

light, water, and nutrients, with a consequent 

stimulation of apical dominance, favoring internode 

elongation (ARGENTA; SILVA; SANGOI, 2001; 

DOURADO NETO et al., 2003). 

In Ponta Grossa, plants grown under the 

lowest sowing density, from high vigor seeds, 

presented the highest height (Table 4), which may be 

related to the lower number of plants established in 

the area. Under this condition, the intraspecific 

competition process is retarded and hence plant 

etiolation.  

Moreover, the use of high vigor seeds 

resulted in a higher plant height at a density of              

200 seeds per m2. The highest plant height was 

observed in the cultivar BRS Sabiá at both sowing 

densities. The cultivar BRS Gaivota presented the 

highest height when grown at the lowest sowing 

density (Table 4). 

L
o

n
d

ri
n

a 
 Shoot dry matter 

Cultivar/Density 200 400 

BRS Sabiá 1.3856 Aa   0.9062 ABb 

BRS Gralha Azul 1.0326 Ba 0.6662 Bb 

BRS Gaivota 1.0156 Ba 1.1725 Aa 

P
o

n
ta

 G
ro

ss
a 

 

Height 

Density/Vigor High Low 

200 29.80 Aa 25.83 Ab 

400 27.95 Ba 26.69 Aa 

Cultivar/Density 200 400 

BRS Sabiá 30.02 Aa 31.19 Aa 

BRS Gralha Azul 26.84 Ba 27.13 Ba 

BRS Gaivota 26.59 Ba 23.63 Cb 

Shoot dry matter 

Cultivar/Vigor High Low 

BRS Sabiá 0.357 ABb 0.529 Aa 

BRS Gralha Azul 0.383 Aa 0.407 Ba 

BRS Gaivota 0.301 Ba 0.352 Ba 

 1 

Table 4. Shoot dry matter (g per plant) and plant height (cm) at the phenological stage of stem elongation (stage 2) as a 

function of the interactions between cultivar and sowing density (viable seeds per m2), sowing density and seed vigor (high 

and low), and cultivar and seed vigor in Londrina and Ponta Grossa, PR, Brazil.  

Means followed by the same lowercase letter in the row and uppercase latter in the column do not differ from 

each other by Tukey’s test at 5% probability. 

In Londrina, the cultivar BRS Sabiá showed 

the highest shoot dry matter per plant when grown at 

a density of 200 seeds per m2. In contrast, the 

cultivar BRS Gaivota presented the highest shoot dry 

matter at a sowing density of 400 seeds per m2 when 

compared to the cultivar BRS Gralha Azul. When 

comparing cultivar behavior at different sowing 

densities, a higher shoot dry matter production was 

observed for BRS Sabiá and BRS Gralha Azul when 

grown at a density of 200 seeds per m2 (Table 4). 

This behavior is possibly due to genotypic 

differences in the abilities of compensation, such as 

foliar expansion and tiller formation, and 

competition in different growing environments, such 

as plant density. Fioreze and Rodrigues (2014) also 

observed that an increase in sowing density reduced 

the accumulation of dry matter of wheat plants at the 

end of the tillering stage and before crop anthesis. 

In Ponta Grossa, the cultivar BRS Gralha 

Azul showed the highest shoot dry matter per plant 

when compared to BRS Gaivota when using high 

vigor seeds. On the other hand, the cultivar BRS 

Sabiá presented the highest shoot dry matter values 

when using low vigor seeds. Thus, plants from the 

cultivar BRS Sabiá grown with low vigor seeds 

showed a higher shoot dry matter production when 

compared those grown with high vigor seeds (Table 

4). In addition, the lowest density of plants resulted 
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in a higher shoot dry matter per plant (Table 2). 

 

Stage 3 – Booting 
A significant effect for plant height was 

observed only in Londrina, in which the cultivar 

BRS Gaivota and the use of high-vigor seeds 

resulted in higher values for this variable (Table 2).  

Moreover, the use of low-vigor seeds and a 

sowing density of 200 seeds per m2 resulted in a 

higher shoot dry matter production per plant in both 

growing environments (Table 2). 

 

Stage 4 – Ear emergence 

 

In Londrina, the cultivars BRS Gralha Azul 

and BRS Gaivota showed the highest plant height at 

a density of 200 seeds per m2. At a higher density, 

BRS Gralha Azul showed higher values when 

compared to BRS Sabiá. In this region, the cultivar 

BRS Sabiá had a higher height at the highest sowing 

density (Table 5). In Ponta Grossa, on the other 

hand, the cultivar BRS Sabiá presented the highest 

plant height in relation to the cultivar BRS Gralha 

Azul (Table 2). 

Table 5. Plant height (cm) at the physiological stage of ear emergence (stage 4) as a function of the interaction between 

cultivar and sowing density (viable seeds per m2). 

Height 

Cultivar/Density 200 400 

BRS Sabiá 65.18 Bb 71.97 Ba 

BRS Gralha Azul 79.21 Aa 77.93 Aa 

BRS Gaivota 75.35 Aa 75.43 ABa 

 1 Means followed by the same lowercase letter in the row and uppercase latter in the column 

do not differ from each other by Tukey’s test at 5% probability. 

The cultivar BRS Sabiá presented the lowest 

shoot dry matter per plant in Londrina, but the 

highest values in Ponta Grossa. In both regions, 

plants from low-vigor seeds grown under lower 

sowing density presented the highest values for this 

variable, which was also observed at crop booting 

stage (Table 2). These results, observed at booting 

and ear emergence, are due to the use of low vigor 

seeds and a lower sowing density, which led to a 

lower plant population per area, decreasing the 

intraspecific competition and increasing tiller 

production per plant, which leads to higher values of 

shoot dry matter per plant. Valério et al. (2008) 

observed that a lower plant population resulted in a 

higher tiller production per plant. However, this 

higher tillering does not guarantee high grain yields 

since not all formed tillers are effective, i.e. have 

ears. 

Thus, shoot dry matter production is 

influenced by seed vigor, mainly at initial stages of 

growth and development of wheat plants. In 

addition, as wheat plants develop, this influence 

tends to reduce, as described by Marcos Filho 

(2013). 

 

Grain yield 

 

In Londrina, the most productive cultivar was 

BRS Sabiá. In Ponta Grossa, the cultivars BRS Sabiá 

and BRS Gralha Azul showed higher grain yield in 

relation to BRS Gaivota (Table 2). According to 

Alvarenga, Soares Sobrinho and Santos (2009), 

cultivars present differences in the production 

potential and the adaptability to the environments to 

which they are exposed, justifying the observed 

differences between cultivars and cultivation sites. 

No significant effect of sowing density was 

observed on grain yield in both growing 

environments (Table 2), which is possibly related to 

crop plasticity, which produced a higher number of 

tillers at lower plant densities, and the compensatory 

effect among yield components such as number and 

mass of grains (DESTRO et al., 2001). 

In both regions, the use of high vigor seeds 

provided higher grain yield, with increments of 251 

and 342 kg ha−1 in Londrina and Ponta Grossa, 

respectively, when compared to low vigor seeds 

(Table 2). Similar results regarding the effects of 

vigor on grain yield were found in rice by Melo et al. 

(2006) and Mielezrski et al. (2008), beans by 

Mondo, Nascente and Cardoso-Neto (2016), soybean 

by Schuch, Kolchinski and Finatto (2009) and 

Tavares et al. (2013), and corn by Ludwig et al. 

(2009) and Mondo et al. (2013). 

The highest grain yield due to the use of high 

vigor seeds may be associated with the higher 

seedling establishment, growth and development of 

plants at the initial phenological stages, which 

possibly contributed to the increased light use 

efficiency, and greater interception of the 

photosynthetically active radiation by the canopy, 

thus exerting influence on grain yield. 

Although the cultivation regions present a 

history of contrasting climatic data, specifically in 

the year of conducting this experiment, even 

cultivated at different times due to agroclimatic 

zoning, precipitation and temperature conditions 

were similar during the crop cycle (Figure 1), 

justifying the similar behavior of the productive 

performance and response to the studied factors 

between regions. 

In addition, cultivars did not reach the desired 

seed density in both regions, even though it was 

adjusted from the results of the germination test. 
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Thus, the use of high vigor seeds has a great 

importance for crop establishment as they provide a 

higher number of emerged seedlings, rapid and 

uniform emergence on wide environmental 

conditions, and contribute to an increased grain yield 

considering all assessed genotypes and sowing 

densities. 

 

 

CONCLUSIONS 
 

The sowing density of 200 seeds per m2 leads 

to a higher shoot dry matter production per plant at 

the phenological stages of booting and ear 

emergence. 

In Londrina, the cultivar BRS Sabiá and, in 

Ponta Grossa, the cultivars BRS Sabiá and BRS 

Gralha Azul show higher grain yields. 

High vigor seeds favor stand establishment, 

growth and development of plants at the early 

phenological stages, and grain yield of wheat. 
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