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The aim of this study was to evaluate the effect of the weed competition with different spacings in the 
culture of flaxseed (Linum usitatissimum L.). The experiment was conducted at the Campus of Unioeste 
- Cascavel, Paraná State, using the split-plot design in which the plots consisted of presence and 
absence of weeds and subplots consisted of row spacings (0.15, 0.30, and 0.45 m) with six replications. 
Plant height, number of capsules, stems and seeds per plant and yield (kg.ha-1) were determined. The 
increase of spacings between rows and the coexistence with the weed community were detrimental to 
production components of flaxseed. 
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INTRODUCTION 
 
Flaxseed (Linum usitatissimum L.) is a herbaceous plant 
that belongs to the Linaceae family, with more than 200 
recognized species (Cui, 1998). The energy use of flax 
seeds can give a new direction to this culture, since its 
seed is rich in oil. The seeds contain about 38% oil, that 
once extracted can be used to produce biofuels 
(Rabetafika et al., 2011). 

Spacing and spatial arrangement are the main factors 
related to the degree of interference between crops and 
weeds, as they act on the precocity and intensity of 
shading of the crop over weeds (Dias et al., 2009; Tharp 
and Kells, 2001; Norris et al., 2001; Knezevic et al., 
2003). Balbinot and Fleck (2005) emphasize that the 
competitiveness of crops is dependent on factors such 
as: cultivated  species,  morphological  and  physiological 

characteristics of the genotypes, weed species present in 
the area and time of their emergence, and also 
environmental conditions, especially temperature, solar 
radiation and rainfall. 

Barreyro and Vallduvi (2002) determined the critical 
period of interference for the culture of flaxseed between 
30 and 80 days of sowing, observing significant losses 
when the culture was subjected to infestation throughout 
the cycle. The authors emphasize that it is a tool to 
reduce damage by weeds and use different alternatives 
for management and control. Several studies have been 
developed to analyze the behavior of the infestation in 
the spatial distribution of crops between rows of soybean 
(Melo et al., 2001), beans (Burnside et al., 1998) and 
corn (Ramos and Pitelli, 1994) and  peanut  (Pitelli  et  al.  
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Tablel 1. Chemical attributes of an oxisol before the establishment of the experiment.  
 

Layer pH M.O. P Al H+Al Ca+Mg K S CTC V 

cm CaCl2 g dm-3 mg dm-3 --------------------cmolcdm-3------------------ % 

0-20 5.37 50.29 19 0.25 6.93 17.6 0.22 17.82 24.75 72.00 
 
 
 
2002). However, studies on flax are practically 
nonexistent. 

One way to increase the competitiveness of the crop is 
by reducing the spacing, so that the crop canopy closes 
between rows faster and shades the weeds. In that 
sense, the purpose of this experiment is to investigate the 
potential development of golden flaxseed (Linum 
usitatissimum L.), with and without weed infestation in 
different row spacings. 
 
 
MATERIALS AND METHODS  
 
The experiment was conducted under field conditions in the 
agricultural year of 2012, during the period from April to August 
2012 at UNIOESTE (State University of Western Paraná), located 
in the city of Cascavel, Paraná, Brazil, latitude 24°53'47" S and 
longitude 53°32'09"W. The region presents mesothermal and super 
humid temperate climate, Cfa climate type (Koeppen) (Caviglione et 
al., 2000). The average annual temperature in the region is 19.6°C, 
annual rainfall of 1971 mm and 2462 h of sunshine per year 
(IAPAR, 2011). Monthly averages of temperature and precipitation 
are shown in Figure 1 and Table 1.  

The experimental setup used was the split plot scheme, in which 
the plots consisted of the presence and absence of weeds and 
subplots consisted of row spacings (0.15, 0.30, and 0.45 m) with six 
replications. The subplots consisted of six rows (5 m long), with a 
useful area of four central lines. The sowing of flaxseed was held 
manually on April 14th, 2012 in the lines starting with a manual 
furrowing. As for the sowing operation, a final population of 333,000 
plants.ha-1 was obtained to all spacings. Base fertilization rate was 
200 Kg ha-1 of formula 02-20-18. Weed control in the area with no 
competition was carried out manually. No agrochemical was applied 
during the experiment. The following characteristics were 
evaluated: plant height, number of stems, seeds and capsules per 
plant and yield (Kg ha-1). In order to determine the parameters of 
production ten plants in each plot were sampled. Grain yield was 
obtained by manual harvesting of central lines in each experimental 
unit. Subsequently, the tracking and weighing of grains took place. 
The yield was corrected to 13% moisture, and results were 
expressed in Kg ha-1. 

In order to characterize the weed community in treatments where 
the crop was under interference, two frames of 0.25 m2 were 
sampled. Weeds were collected, identified and counted. The results 
were submitted to analysis of variance and the interaction between 
factors and their means were compared by Tukey’s test at 1 and 
5% probability, using the statistical package Assistat ® version 7.5 
beta (Silva and Azevedo, 2002). Data unfolding was performed 
when the interaction infestation x spacing was significant. 
 
 
RESULTS AND DISCUSSION  
 
The weed community consisted of the following species: 
Raphanus sativus (8.19%), Lolium multiflorum  (16.78%), 

Sonchus asper (1.12%), Galinsoga parviflora (0.29%), 
Bidens pilosa (0.14%), Ambrosia elatior (5.05%), Mollugo 
verticillata (24.53%), Taraxacum officinale (23.20%), 
Facelis apiculata (3.68%), Croton glandulosus (2.35%), 
Eupotarium pauciflorum (3.04%), Fumaria officinalis 
(2.74%), Diodia teres (0.98%), Richardia brasiliensis 
(4.90%), Bromus catharticus (2.06%), Emilia fosbergii 
(0.44%), Sida rhombifolia (0.44%).  

The rainfall at the experimental site (Figure 1) was 
considered good for the development of the culture, 
despite the uneven distribution, it can be said that the 
production performance was not influenced by soil water 
deficit. According to Hocking et al. (1997) and House et 
al. (1999), factors such as low rainfall and high 
temperatures during the anthesis and grain filling stage 
have a significant effect on flaxseed yield. 

The performance of the analysis of variance is 
presented in Table 2. One can observe a significant 
difference for all production components analyzed in 
relation to infestation. The spacings did not influence in 
plant height. The interaction between infestation x 
spacing did not affect the number of capsules per plant. 

Plant height was influenced by infestation (Table 2) and 
by the interaction Infestation x Spacing. Regarding the 
level of infestation, it can be seen that when flaxseed was 
grown in larger spacings (0.45 m) interaction between the 
weed and the culture had no effect on plant height (Table 
2). Melo et al. (2001), when determining the period 
previous to the interference in a soybean crop with row 
spacings of 30 and 60 cm found no influence of the 
presence of weeds in plant height as well as in the first 
pod insertion and 100 seed weight. Balbinot and Fleck 
(2005) found no significant effect of row spacing on plant 
height on a corn crop.  

As for the number of capsules, one may note the 
significance of the infestation and spacing in relation to 
the component (Table 3). Interaction between factors did 
not influence the number of capsules per plant. The 
coexistence of culture with the infestation resulted in a 
reduction of 56% capsules per plant. Andrade et al. 
(1999) observed a reduction in the number of pods/plant 
in beans with greater spacing with coexistence due to the 
competition with weeds. According to the authors with 
greater spacing there is proper closing of the culture, 
providing greater infestation and better conditions for 
their development. According to Teasdale (1995), the 
adoption of smaller spacings increases the 
competitiveness of the crop with weeds due to the 
greater amount of  light  that  is  intercepted  by  the  crop 



 Dias et al.            1451  
 
 
 

 
 
Figure 1. Precipitation (mm-1) and temperature (T°C) recorded during the 
experiment. 

 
 
 

Table 2. Height, number of stems, number of capsules, number of seeds and yield. 
 

Treatments Plant height Capsules Stems Seeds Yield 

Infestation (I)  ---cm--- ------------ number/plant---------- ---Kg.ha-1--- 

Without 76.61b 32.16a 2.05a 237.50a 1228.03a 
With 84.50a 13.44b 1.38b 105.45b 606.81b 
C.V.(%)  6.34 30.89 49.35 32.65 31.72 
      
Spacing (S)      
0.15 79.08 17.83b 1.33b 111.94b 1107.29a 
0.30 83.08 28.83a 1.41b 230.68a 1130.71a 
0.45 79.50 21.75ab 2.41a 171.80ab 514.25b 
C.V. (%) 6.29 36.83 41.29 39.29 36.19 
I ** ** * ** ** 
S n.s. * ** ** ** 
IxS * n.s. * ** ** 

 

n.s. = Not significant, * = significant at the 5% probability level, ** = significant at 1% probability. 
 
 
 

Table 3. Deployment of interaction infestation x spacing for plant height. 
 

Infestation 
Spacing 

0.15 0.30 0.45 

Plant height    
without 71.83bA 79.00bA 79.00aA 
With 86.33aA 87.16aA 80.00aA 

 

Columns = lowercase; Lines = uppercase; Means followed by the same letter do not 
differ statistically among themselves. ns = not significant, * = significant at the 5% 
probability; ** = significant at 1% probability. 
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Table 4. Deployment of interaction infestation x spacing for number of stems, number of seeds and yield. 
 

Infestation 
Spacing 

0.15 0.30 0.45 

Number of stems    
Without 1.16aB 1.83aB 3.16aA 
With 1.50aA 1.00aA 1.66bA 
    
Number of seeds  
Without 135.20aB 357.97aA 219.32aB 
With 88.68aA 103.40bA 124.28bA 
    
Yield  
Without 1317.18aA 1731.65aA 635.26aB 
With 897.41bA 529.76bAB 393.25aB 

 

Columns = lowercase; Lines = uppercase; Means followed by the same letter do not differ statistically among themselves. ns = not 
significant, * = significant at the 5% probability; ** = significant at 1% probability. 

 
 
 
canopy. The number of stems, seeds and yield were  
affected by the infestation and spacing, as well as the 
interaction between Infestation x Spacing. Due to the 
interaction between factors, the unfolding was analyzed 
in Table 4.  

One can verify in what concerns to the number of rods 
that when the culture was subjected to living with weeds 
spaced 0.45 m between rows there was a reduction from 
3.16 to 1.66 stems per plant. Note that when the culture 
was kept free from weeds the spacing of 0.45 m between 
rows provided a greater number of stems per plant. 

When observing the differences in the unfolding of 
interaction infestation x spacing (Table 4) for the 
component number of seeds per plant, one can notice a 
negative influence of the coexistence of the crop with the 
infestation, resulting in the decrease of seeds per plant, 
matching what was stated by Barreyro and Vallduvi 
(2002); VallduvI et al. (1997) and Gruenhagen and 
Nalewaja (1969). When the crop was under infestation 
there was no difference between the spacings in the 
production component, however with the spacing of 0.15 
m between rows, the infestation did not harm the crop. 
The highest number of seeds per plant was observed 
with the spacing of 0.30 m, with no infestation. 

For two corn genotypes with presence of weeds, 
Balbinot and Fleck (2005) observed reduced stem 
diameter, plant height and all components of grain yield 
with 11% reduction in the number of grains per ear due to 
infestation. The yield was influenced by the interaction 
between infestation x spacing (Table 4). The competition 
did not affect the productivity with spacing of 0.45 m 
between rows, but there was an increase of 32 and 70% 
in the spacings of 0.15 and 0.30 m, respectively, in 
relation to infestation. Row spacing did not affect 
productivity when culture competed with weeds. Balbinot 
and Fleck (2005) obtained better results in grain yield of 
maize with reduced spacing and no competition. 

Barreyro and Vallduvi (2002) found loss of 63, 54 and 
79% in 1993, 1994 and 1995 respectively, in the yield of 
flaxseed when submitted to the competition throughout 
the cycle. Dias et al. (2009) observed a reduction in 
productivity from 2,054 to 341 Kg.ha-1 in a peanut crop 
with spacings of 0.8 m between rows due to the 
interference of weeds, what represents 83% loss of 
productivity. For the distance of 0.9 m, the coexistence of 
140 days between weeds and crop resulted in a 
production decrease from 1,820 to 82 Kg.ha-1,which is 
equivalent to 95%. 
 
 
Conclusion 
 
There is an influence of the interaction of factors 
infestation and spacings on flaxseed development. The 
lowest row spacing did not affect crop productivity when it 
was subjected to infestation. 
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