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Wheat (Triticumaestivum L.) belongs to the Poaceae family, originated from the crossing of other wild 

grasses that existed in the vicinity of the rivers Tiger and Euphrates in the region known as Growing Fertile, 
about 15 to 10 thousand BC. It is a plant cultivated during the winter, with annual cycle (GUTKOSKI 
2007). The development of civilization and later agriculture have influenced the culture of wheat, which is 
considered sacred source of food for many people (G
importance in the diet of mankind (BRUM & HECK, 2005).

It is the second most produced cereal in the world, having significant weight in the global agricultural 
economy. In Brazil, South, Southeast and Cent
production, and in particular in these regions, government agencies offer systematic reinforcement since the 
climatic conditions in these localities are unfavorable to the cultivation of whe

Each year the challenge of stimulating wheat production increases, precisely because of the risks of 
economic loss due to climatic conditions. However, it is necessary in order to reach sustainable levels at 
production levels, the search to reduce the country's external dependence on this important cereal at the table of 
Brazilians. Incentive policies launched by the ministry in 2009 resulted in a 50% increase over the previous 
harvest (MAPA, 2015). 
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A B S T R A C T  
The increase in wheat productivity is related to phenological, genetic and agronomic 
factors. In the Southwest region of Paraná, there are no studies that justify the optimum 
sowing density for the wheat crop, leading to significant disp
to another. The density of plants, among other aspects, is a determinant for the increase 
of productivity as well as the quality of the grains produced. The objective of this paper 
was to evaluate the productivity components of wheat at different sowing densities in 
the Southwest region of Paraná. The experiment was carried out in a completely 
randomized blocks design with four replicates. Plots of 4.70m x 3m were constituted 
with treatments of 150, 250 and 350 viable plants per m². The variables analyzed were 
number of tillers (un), plant height (cm), disease severity (%), fresh plant mass (kg ha
1), dry plant mass (kg ha-1) per m², number of spikelets per
ha-1). The data were analyzed by the F test at 5% probability, followed by regression 
analysis. The variables number of tillers, plant height, productivity, number of spikes 
per m², weight of fresh and dry mass was influenced by different sowing densities. 
Number of spikelets per spike and severity of diseases had no influence of the evaluated 
treatments. Thus, high densities provide greater productivity in wheat crop.

 
INTRODUCTION 

L.) belongs to the Poaceae family, originated from the crossing of other wild 
grasses that existed in the vicinity of the rivers Tiger and Euphrates in the region known as Growing Fertile, 

10 thousand BC. It is a plant cultivated during the winter, with annual cycle (GUTKOSKI 
2007). The development of civilization and later agriculture have influenced the culture of wheat, which is 
considered sacred source of food for many people (GURGEL, 2013), and until today it has a significant 
importance in the diet of mankind (BRUM & HECK, 2005). 

It is the second most produced cereal in the world, having significant weight in the global agricultural 
economy. In Brazil, South, Southeast and Central-West regions are the most concentrated in the country's wheat 
production, and in particular in these regions, government agencies offer systematic reinforcement since the 
climatic conditions in these localities are unfavorable to the cultivation of wheat (MAPA, 2015).

Each year the challenge of stimulating wheat production increases, precisely because of the risks of 
economic loss due to climatic conditions. However, it is necessary in order to reach sustainable levels at 

o reduce the country's external dependence on this important cereal at the table of 
Brazilians. Incentive policies launched by the ministry in 2009 resulted in a 50% increase over the previous 
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From ancient times to the present, wheat cultivation has been developing in a gradual way, as have other 
crops. However, this one presents a greater demand for research, since it is a crop of which most producers are 
afraid to carry out their cultivation. The high risks of loss presented by the same, due to the fact of being 
cultivated in the winter season, can result in large losses caused by frost. This makes its productivity to almost 
always be in low levels in Brazil, also attributing this fact to the small participation of fertile tiller in the 
formation of the final crop productivity (MUNSDTOCK, 1999). 

The production of the crops is extremely conditioned by the population of emerged plants and constituting 
the unit area (ALMEIDA; MUNDSTOCK, 2001). For Valérioet al. (2008), there is no clarity in the criteria for 
choosing the sowing density of the wheat crop, resulting in diversity in the standard of tines. 

Higher plant densities may result in increased productivity, but may cause cropping and consequently, 
negatively interfering with grain quality and yield (ZAGONEL et al., 2002). Already Caireset al. (2001) 
emphasize that the high population density of plants does not guarantee that high production necessarily occurs, 
since in this condition, although the number of spikes can suffer an increase per area unit, these can cause the 
lowest number of grains. 

For Almeida and Mundstock (2001), in low sowing density, the production tends to be unchanged due to 
the increase of lateral branches, a fact that can be applied as a function of the change in the competition intensity 
of the plants. Factors such as water, light and nutrients can influence the development and number of branches 
per plant, as these are correlated with intraspecific competition by environmental factors (CAIRES et al., 2001). 

Thus, the present work had the objective of evaluating the components of wheat crop productivity at 
different sowing densities. 

 
MATERIAL AND METHODS 

 
The experiment was conducted at the Experimental Farm at Unidade de Ensino do Sudoeste do Paraná - 

UNISEP, located in the city of DoisVizinhos, Southwest of Paraná, with a mesothermic humid subtropical 
climate (Cfa), according to Koppen classification (ALVARES et al., 2014), dystroferric red nitosoil 
classification, hilly relief and clay texture (BHERING, 2008). 

The cultivar Master of the company Biotrigo, was used for this experiment. It has as main characteristics 
the high productivity, as well as the industrial quality due to the high percentage of protein and gluten strength 
present in the grain, besides being a medium-cycle cultivar. Classified as breeder wheat, it produces without the 
need for differentiated Nitrogen management (BIOTRIGO, 2012). 

Seeding was carried out on July 4th in 2014, with a continuous flow seeder. The line spacing used was 
0.17m. The seeds were treated using the active ingredients Imidacloprid and Thiodocarbe, which present 
systemic, contact and ingestion characteristics, respectively (MF RURAL, 2015). Soil was corrected based on 
soil analysis. 

For better conduction of the experiment, as well as further development of the crop, the area was desiccated 
40 days prior to sowing. The base fertilization used was 8-20-18 (N - P2O5 - KCl), with 292 kg ha-1. 

In addition to the basic fertilization, 150 kg ha-1of Nitrogen was applied, and urea was used as the source. 
The application was carried out in two applications of 75 kg ha-1, in the tillering and booting stages of the crop. 

The experiment was conducted in a randomized block design with four replicates. The 4.70m x 3m plots 
consisted of treatments of three different planting densities: 150, 250 and 350 viable seeds per m². These were 
defined by the thinning of the plants three days after germination, repeated 15 days later. 

The herbicide based on Iodosulfuron-methyl, belonging to the chemical group of Sulfonylureas at a dose of 
0.1 kg ha-1 was used for the control of invasive plants.  

In order to control pest insects such as the wheat caterpillar (Pseudaletiasequax), leaf aphid 
(Metopolophiumdirhodum), and the green belly bug (Dichelopsmelacanthus), the insecticides with active 
principle based on Imidacloprid + Beta-cyfluthrin (0.75 L ha-1), and Triflumurom (0.03 L ha-1) respectively.  

The prevention and control of diseases such as wheat rust (Pucciniatriticina), Giberela (Gibberellazeae) 
and Brusone (Pyriculariagrisea), were made with fungicides based on Trifloxystrobin + Prothioconazole (0.5 L 
ha-1) and Trifloxystrobin + Tebuconazole (0.75 L ha-1), together with the adjuvant based on soybean oil methyl 
ester (0.25% (250 ml / 100 liters of water)).  

The effect of treatments on final productivity were evaluated based on productive aspects such as plant 
height (cm), disease severity (%), fresh plant mass (kg ha-1), dry plant mass (kg ha-1), number of spikes per m², 
number of spikelets per spike and productivity (kg ha-1). 

The counting of the number of tillers was performed together with the mass cut, where 0.25m² of plants 
were collected per plot and the number of tillers per plant was counted manually. 

The height of plants was measured with the aid of a ruler, in twenty random plants per plot, in three stages 
of development of the crop, being tillering, booting and grouning. 

On three occasions the severity of diseases was evaluated, being always carried out before the application of 
the chemical products. The procedure occurred by collecting three plants per plot, respecting 0.20m of border 
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for further evaluation. As a comparativebasis, thediagrammaticscaleofthe Empresa Brasileira de Pesquisa 
Agropecuária (EMPRAPA, 2014) wasused. 

For the dry mass evaluation, 0.25 m² of fresh plants were collected, which were packed in paper bags, 
weighed with a digital scale and dried in a continuous airflow where, during three days remained at a 
temperature of 55°C, after dry mass weighing. The collection was carried out in three plant stages, being 
tillering, booting and grouning. 

At physiological maturation stage, 0.25 m² of the plants of each plot were collected for evaluations of 
spikes per m² and number of spikelets per spike. The final productivity of the crop was evaluated in 2 m² per 
plot, manually treaded, weighing the same and humidity corrected to 135. 

The data obtained were submitted, through the statistical program Assistat Software (SILVA & 
AZEVEDO, 2009), for average comparison by the F test at 5% of probability and then for regression analysis. 

 
RESULTS AND DISCUSSION 

 
The higher planting density resulted in a lower number of tillers (Figure 1), presenting a statistically 

significant difference in relation to the other treatments. This was due to the fact that there was more 
competition and later, less development of the plant. For Almeida et al. (2004), depending on the competition 
between plants, can result in a decrease in the production of the number of tillers. Destroet al. (2001), observed 
that low wheat populations result in a larger number of tillers, in contrast to high sowing densities. 

 

 
 

Fig. 1: Number of tillers (units per plant) in wheat crop regarding different sowing densities. DoisVizinhos- PR, 
2015. 

 
For the variables of Plant Height, the regression was linear for the three evaluations performed (Figure 2), 

considering that the greater the Seed Density, the higher the Plant Height, due to the existing competition 
between plants.Plant heights were lower in the population of 150, due to the lower competition in this treatment. 
For Kappes (2010), smaller plant heights may reduce intraspecific competition for natural resources due to high 
plant populations, as there is a greater penetration of light in the canopy. Plant height can be influenced directly 
by plant arrangement, which may affect its photosynthetic capacity and its growth due to light dependence 
(TEIXEIRA & RODRIGUES, 2003). 
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Fig. 2: Plant height (cm) in wheat crop 
 
There were no differences in sowing density on the severity of diseases in wheat, however, the treatme

350 seeds per m² was superior in relation to the others (Table 1), showing a higher incidence of diseases, due to 
the higher density, resulting in a higher concentration of humidity, favorable environment for the development 
of fungi and diseases. 

High density of wheat plants, associated with reduced row spacing, may lead to a higher incidence of 
diseases (BACCAR et al., 2011). 

 
Table 1: Percentage of severity (%), evaluated in three stages of developmentof wheat crop cultivated in different s

DoisVizinhos - PR, 2015 

Treatment 
Severity

Tillering (%)
150 
250 
350 

CV (%) 
NS= Averages not significant by Tukey's test (α
CV (%): coefficient of variation 

 
Additionally, at high plant densities, the photosynthetically active period of the leaflets is lower and there is 

less penetration of fungicides in the canopy at the time of spraying, which may hinder the c
of diseases (PROVENZE et al., 2012).

The high CV presented is a result of the high variation of the data found, which justifies the non
significance of the variable analyzed.

Considering the evaluation of fresh plant mass, the first and 
in both cases, considering that as the sowing density increases, there is also an increase in fresh plant weight 
respectively. In the third evaluation of fresh plant mass, there was no statistical difference 
(Figure 3). 
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There were no differences in sowing density on the severity of diseases in wheat, however, the treatme
350 seeds per m² was superior in relation to the others (Table 1), showing a higher incidence of diseases, due to 
the higher density, resulting in a higher concentration of humidity, favorable environment for the development 

gh density of wheat plants, associated with reduced row spacing, may lead to a higher incidence of 

Percentage of severity (%), evaluated in three stages of developmentof wheat crop cultivated in different s

Severity 
Tillering (%)NS 

Severity 
Booting (%)NS 

4,21 6,08 
6,16 5,25 
7,81 3,25 
35,7 44,2 

test (α=0,05). 

Additionally, at high plant densities, the photosynthetically active period of the leaflets is lower and there is 
less penetration of fungicides in the canopy at the time of spraying, which may hinder the c

., 2012). 
The high CV presented is a result of the high variation of the data found, which justifies the non

significance of the variable analyzed. 
Considering the evaluation of fresh plant mass, the first and second evaluation presented a linear regression 

in both cases, considering that as the sowing density increases, there is also an increase in fresh plant weight 
respectively. In the third evaluation of fresh plant mass, there was no statistical difference 
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There were no differences in sowing density on the severity of diseases in wheat, however, the treatment of 
350 seeds per m² was superior in relation to the others (Table 1), showing a higher incidence of diseases, due to 
the higher density, resulting in a higher concentration of humidity, favorable environment for the development 

gh density of wheat plants, associated with reduced row spacing, may lead to a higher incidence of 

Percentage of severity (%), evaluated in three stages of developmentof wheat crop cultivated in different sowing densities. 

Severity  
Grouting (%) NS 

28,41 
33,08 
34,16 
19,76 

Additionally, at high plant densities, the photosynthetically active period of the leaflets is lower and there is 
less penetration of fungicides in the canopy at the time of spraying, which may hinder the chemical management 

The high CV presented is a result of the high variation of the data found, which justifies the non-

second evaluation presented a linear regression 
in both cases, considering that as the sowing density increases, there is also an increase in fresh plant weight 
respectively. In the third evaluation of fresh plant mass, there was no statistical difference between treatments 
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Fig. 3:Fresh mass weight (kg ha-1) in wheat crop regarding different sowing densities. DoisVizinhos
 
Analyzing the variable dry plant mass (Figure 4) in the first evaluation, the regression was linear with 

Maximum Technical Efficiency (MET) with 6186.7 kg ha
one presented lower weight and thus respectively with the other treatments. This is also correlated with fresh 
plant weight, where the trend is for 
treatments. Fioreze& Rodrigues (2014) in a similar experiment report that the higher the emission of tillers, the 
greater the accumulation of individual dry plant matter. Differently 
evaluations, where, due to the occupation of the spaces in consequence of the emission of tillers at the lower 
densities, a similar mass accumulation occurred between the treatments, therefore, not statistically d

 

Fig. 4: Dry plant mass (kg ha-1) in wheat crop regarding different sowing densities. DoisVizinhos
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Analyzing the variable dry plant mass (Figure 4) in the first evaluation, the regression was linear with 
ciency (MET) with 6186.7 kg ha-1, due to the difference in sowing density, the lowest 

one presented lower weight and thus respectively with the other treatments. This is also correlated with fresh 
plant weight, where the trend is for the density of 350 viable plants per m² to remain heavier than the other 
treatments. Fioreze& Rodrigues (2014) in a similar experiment report that the higher the emission of tillers, the 
greater the accumulation of individual dry plant matter. Differently from what happened in the second and third 
evaluations, where, due to the occupation of the spaces in consequence of the emission of tillers at the lower 
densities, a similar mass accumulation occurred between the treatments, therefore, not statistically d
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The number of spikes per m² adjusted to a linear equation, also increasing as the sowing density increased 
for the cultivar tested (Figure 5), which was possibly influenced by the higher number of plants by m². Contrary 
to the results obtained by Alvarengaet. Al., (2009) where despite the increase in sowing density, the number of 
spikes did not increased proportionally, and may be associated to the lower emission of tillers at high densities 
and plant mortality. 

For Caireset. Al. (2001), although in high sowing densities of the wheat crop the number of spikes could be 
higher per area unit, this fact does not guarantee high productivity, since the spikes produced may have a lower 
number of grains. In an experiment carried out by Almeida et al. (2004) it was reported that although the 
increase in population density leads to an increase in the number of spikes per m² in winter cereals, these do not 
present a significant difference. 

 

 
Fig. 5: Spikes per area (m²) in wheat crop regarding different sowing densities. DoisVizinhos- PR, 2015 

 
In the variable spikelet per spike (Table 2), there was no significant difference between treatments. 

Different results were found by Gross, et al. (2012), when there was a linear reduction in the sowing density, 
which can be explained due to the greater intra-specific competition of the medium resources, especially in the 
higher sowing density evaluated.  

 
Table 2:Number of spikelets per spike in different sowing densities in wheat crop.DoisVizinhos- PR, 2015  

Treatment Spikelets per spike (un) NS 
150 11,97 
250 12,29 
350 12,15 

CV (%) 4,26 
NS= Averages not significant by Tukey's test (α=0,05). 
CV (%): Coeficient of variation. 

 
The variable productivity by area (kg ha-1) presented linear growth by the sowing density employed (Figure 

6). The maximum productivity obtained with the density of 350 plants m² was 3334.3 kg ha-1. This fact shows 
that larger densities could have been tested in the experimental conditions than those realized. Similar results 
were found by Zagonelet al., (2002), where it states that high plant densities can result in increased productivity, 
but can cause the lodging of the crop and consequently, negatively interfere in the quality and production of 
grains. Mundstock (1983), when studying the densities of 323, 441 and 658 plants per square meter, observed 
that between 180 and 570 plants per square meter, little variation of productivity occurred, unlike what occurred 
in the experiment conducted here. 
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Fig. 6:Productivity (kg ha-¹) in wheat crop reagarding different sowingdensities. DoisVizinhos- PR, 2015 

 
For Almeida and Mundstock (2001), production can remain stable in conditions of low population density. 

This is due to the increase of lateral branches, a fact that can be applied by the change in the competition 
intensity of the plants. Factors such as water, light and nutrients may influence the development and number of 
branches per plant, as these are correlated with intraspecific competition by environmental factors (CAIRES et 
al., 2001). 

 
Conclusions: 

The productive parameters of the wheat crop were influenced in a linear way, and according to the increase 
of the sowing density an increase in the final productivity of the crop also occurred. 
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