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Abstract  

 

The canola (Brassica napus L. oil variant) is considered as a winter crop alternative in south Brazil. Thus, the aim of this study was 

to compare the root growth and the productivity components of hybrid grains of conventional and herbicide tolerant canola in 

different localities. The experiments were conducted in the municipality of Passo Fundo, Rio Grande do Sul state and Guarapuava, 

Paraná state, Brazil. The randomized block design with four replication was used. The genotypes evaluated were: Hyola 61 and 

H92002 (conventional), Hyola 571 CL and K10050 (imidazolinone-resistant), and Hyola 751 TT (triazine-resistant). In order to 

evaluate the root system, soil monolith were collected and image analysis measuring the superficial area and the total root volume of 

the sample in diameter classes, root density and specific surface area were done. The grains productivity components and the number 

of branches in the plant were measured through the number of siliques in the branches. The productivity of the grains and the 

thousand grain mass were measured as well. The canola hybrid presented higher root length, surface area and volume in the diameter 

scale between 1 and 5 mm of density. In addition, there were variations in the growth of roots and grain productivity in different 

environments, in which imidazolinone-tolerant hybrids presented higher development of the roots, as well as, higher grain 

productivity in the different environment studied. 

 

Keywords: Brassica napus L., roots, management, canola hybrids, grain productivity. 

Abbreviations: DAS days after the sowing, GY grain yield, GUA Guarapuava, NSPB number of siliques in the primary branch, 

NSSB number of siliques in the secondary branch, NSTB number of siliques in the tertiary branch, PF Passo Fundo, PR Paraná, PAR 

photosynthetically active radiation, RS Rio Grande do Sul, SSA specific surface area, SA surface area, TGM thousand grain mass 

 

Introduction 

 

The canola (Brassica napus L. oil variant) is considered as a 

winter crop alternative in south Brazil, being the third most 

produced oleaginous plant worldwide, only overcome by 

African oil palm (Elaeis guineensis Jacq.) and soybean 

(Glycine max L.) (USDA, 2011). In Brazil, there are still 

technological difficulties that stop the canola production, 

such as the necessity of identifying sowing seasons for the 

regions with higher altitude, the proper management of the 

cultivation and the development of technologies to reduce 

harvest losses (Tomm, 2007). In addition, the lack of canola 

genotypes adapted to Brazil’s edaphoclimatic conditions 

makes harder for the farmers to adopt this cultivation. 

In South America, it is still not viable to use genetically 

modified herbicide-resistant canola cultivars for weed control 

due to the risk of crossing and incorporating the herbicide 

resistance to other Brassicaceae. The weed control is a 

significant concern between the canola growers (Oliver et al., 

2016). Currently, hybrids with mutations, imidazolinone and 

triazine resistants, have been employed. In Australia, triazine-

tolerant varieties were first commercialised in 1993 and its 

introduction allowed the rapid expansion of production areas 

(Holtzapffel et al., 2008). One of the main benefits of 

herbicide tolerant canola is improved weed control, reduction 

of time and reduced tillage requirements (Shaw, 2014). 

Herbicide-tolerant crops have been adopted by farmers at 

countries where approved. In 2014, glyphosate-tolerant 

soybeans represented 50% of all herbicide-tolerant crops and 

about 80% of all globally cultivated soybeans (Bonny, 

2016). 

In 2015, triazine-tolerant varieties accounted for around 

72% of canola grown in Western Australia (DAFWA, 2016). 

However, studies made abroad demonstrated that the process 

of using triazine-tolerant is associated with the reduction of 

the solar radiation conversion into biomass; that is an 

efficiency reduction in the use of solar radiation, which 

results in a reduced biomass production, in a reduction 

average of 10% to 15% in the grain yield and of 1% to 3% in 

the oil content, compared to conventional varieties. These 

results also demonstrate that triazine-tolerant genotypes are, 

generally, less vigorous, produce less biomass and present a 

delay in the crop development (Edwards and Hertel, 2011).  

Hybrid genotypes have been making possible a new 

scenario for the canola production (Tomm, 2007). According 

to Edwards and Hertel (2011), hybrid variants are produced 

through controlled pollination; hence, the hybrid contains the 

best characteristics of both parents. In Brazil, it is still 
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necessary the characterizing of the hybrids that adapt better to 

the edaphoclimatic conditions of the different regions of the 

country.  

Well-adapted canola genotypes present high grain yield. 

For this, the root system is essential since besides the reserves 

accumulation and the anchorage, it is still responsible for 

water and nutrients absorption that supply the plant 

necessities. However, there are still few and little explored 

information about the canola root system. Studies about the 

roots development, their distribution, extension and activity 

are of extreme importance for understanding crop production 

and also influence of physical-chemical soil conditions. Such 

information may help in selecting hybrids that can better 

adapt to the different cultivation environments, minimizing 

risk associated with importation and the sowing of material 

without previous evaluation of the seeds adaptation to the 

local cultivation conditions.  

This study aimed to compare the agronomical performance 

of five conventional and herbicide-tolerant canola genotypes, 

based on the evaluation of the root growth and the 

quantification of the components of grain yield in distinct 

cultivation sites. 

 

Results and discussion 

 

Characterization of root system growth 

 

The canola hybrids showed differences for the root system 

variables at different cultivation places. The imidazolinone-

tolerant hybrids (Hyola 571Cl and K 10050) showed the 

higher surface area numbers in Guarapuava, presenting 

8723.74 and 8711.06 m2 ha-1, respectively. The numbers 

obtained in Guarapuava were higher than those of the 

experiment conducted in Passo Fundo (Table 1). On the other 

hand, in the same variable evaluation in Passo Fundo, the 

hybrid Hyola 571CL presented the smaller root surface area, 

evidencing a distinct response according to the cultivation 

location (Table 1).  

The root surface area is very important to absorb water and 

nutrients from the soil (Edwards and Hertel, 2011). Dalmago 

et al. (2010) highlighted that there is heterogeneity of 

responses of the canola yield according to the environment. 

Thus, it is suggested that the higher numbers of the surface 

area of the hybrids in Guarapuava are due to the 

environmental conditions, which may be propitious for the 

canola, favoring a better development of the yield. 

In the root volume evaluation, the numbers obtained in 

Guarapuava oscillated between 4.09 to 6.63 m3 ha-1. The 

hybrids Hyola 571Cl and K 10050 presented higher root 

volume (Table 1). In Passo Fundo’s region, the oscillation of 

the results was higher, varying between 1.67 to 5.83 m3 ha-1, 

and the higher root volume was achieved for hybrid K 10050 

(Table 1). Based on that, we claim that these hybrids present 

higher potential of competition for physical space due to the 

characteristics of larger surface area, root volume, water and 

nutrients, since they occupy a larger area of the soil. It is 

suggested that such hybrids can act as a tool in the biological 

control of infesting plants (Rizzardi et al., 2008), relying to 

the allelopathic action caused by glucosinolates in the roots 

(Uremis et al., 2009; Yasumoto et al., 2010), 

A high importance is conferred to the specific surface area 

(SSA), as it is the contact between root and soil, responsible 

for the absorption of water and adsorption of cations. Russell 

(1977) argues that this is the most relevant characteristic for 

the absorption of small movable nutrients in the soil, such as 

phosphor and calcium for instance. Therefore, in 

Guarapuava’s experiment the highest numbers were 

presented by the hybrid Hyola 571CL, having higher SSA in 

Guarapuava’s evaluation, when compared to the results 

obtained in Passo Fundo (Table 1).  

On the contrary, for Passo Fundo’s experiment, the hybrid 

Hyola 751TT presented the higher SSA, reaching 18.21 m2 

kg-1 (Table 1). According to Lynch (2007), the little depth of 

the basal roots is an important characteristic for a better soil 

exploration and efficiency in phosphor acquisition in annual 

cultivations. In this way, plants of the hybrid Hyola 751TT 

with larger absorption area, can present a better nutritional 

state than those with smaller absorption area, besides having 

a higher tolerance to adverse environment conditions. Thus, 

the hybrid Hyola 571CL in Guarapuava as well as the hybrid 

Hyola 751TT in Passo Fundo can explore a larger area of the 

soil, which enlarges the possibility of accessing hydric and 

nutritional resources available in the soil profile. 

For evaluation of the root dry mass, the values obtained in 

Guarapuava varied between 520.87 to 892.37 kg ha-1, larger 

than those obtained in Passo Fundo, which oscillated between 

301.76 to 651.03 kg ha-1. We highlight that in both locations 

the hybrid K 10050 showed the higher values of dry mass 

(Table 1). In cultivation system, where the aerial part of the 

plant is harvested for grain extraction, animal food or biofuel 

material, the part below the soil becomes the main 

contributor to the incorporation of carbon in the soil (Pietola 

and Alakukku, 2005). Thus, the high production of dry mass 

in root highlights that canola is an important alternative to 

incorporate the carbon in the soil compared to other crops 

such as wheat, which present an average of 410 kg.ha-1 of dry 

mass in the root (Gan et al., 2009). 

For the root density, no difference was observed among 

genotypes at different locations, except for the hybrid Hyola 

571CL, which presented a significant increase (of about a 

100%) on the root density in Passo Fundo, compared to 

results obtained in Guarapuava (Table 1). In a study 

conducted on Panicum maximum, the grazing stopped root 

growth and transference of the root’s carbon to supply the 

growth necessities to the aerial part (Sarmento et al., 2008). 

Hence, we point out that the canola hybrids with higher root 

density such as the K 10050 and the H 92002 in Guarapuava 

and the Hyola 571CL in Passo Fundo, can present large 

quantities of reserve in the roots, being able to provide the 

carbon input necessary to the shoots in adverse conditions.  

 

Root surface area and root volume in diameter classes 

 

In relation to distribution of the surface area and the root 

volume in diameter classes, we observed that there is a major 

concentration of the roots in the class of 1-5 mm diameter in 

all hybrids evaluated for both yield locations (Table 2).  

A significant increase in volume and root surface was noted 

in Guarapuava, compared to Passo Fundo, differing from the 

results obtained by Vercruyssen et al. (2011), which 

concluded that the phenotypical effects in root and growth of 

the shoots are mostly regulated by changes in genetic 

competence in optimal environment conditions  and not by 

the source/drain regulation.  

The hybrid Hyola 571CL concentrated approximately 32% 

of the root surface area in the diameter class of < 1 mm and 

52% in the class of 1-5mm (Table 2). The same hybrid 

presented a different response in the evaluation of the root 

volume, concentrating higher root volumes in the classes of 

1-5 and 5- 
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Table 1. Characterization of root system growth of canola hybrids in distinct locations at 0-20 cm depth.  

SURFACE AREA (m².ha-1) 

 
Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 7360.98 ABa 8723.74 Aa 8711.06 Aa 5183.25 Ca 5924.20 BCa 
6370.09 10.00 

PF 5774.59 BCb 3362.32 Db 6952.88 ABb 5075.67 Ca 6632.24 ABa 

VOLUME (m³.ha-1) 

 
Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 5.66 Ba 6.63 Aa 6.03 ABa 4.09 Ca 4.21 Ca 
4.45 8.19 

PF 3.53 BCb 1.67 Db 5.83 Aa 3.08 Cb 3.72 BCa 

SPECIFIC SURFACE AREA (m².kg-¹) 

 Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 10.38 BCa 13.72 ABa 9.81BCa 8.48 Ca 11.46 BCb 
12.01 17.10 

PF 13.31 ABa 11.27 Bb 10.69 Ba 12.84 Ba 18.21 Aa 

DRY MASS (kg.ha-1) 

 Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT     Average C.V. (%) 

GUA 710.50 Ba 637.87 Ba 892.37 Aa 613.87 BCa 520.87 Ca 
5.53 7.94 

PF 436.17 BCb 301.76 Db 651.03 Ab 399.12 CDb 368.82 CDb 

DENSITY (kg.m-³) 

 Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT  Average C.V. (%) 

GUA 125.63 BCa 96.37 Cb 149.97 ABa 150.95 ABa 124.64 BCa 
129.41 12.26 

PF 123.50 BCDa 181.50 Aa 111.60 CDa 130.39 BCDa 99.53 Da 

*Averages followed by the same capital letter in the line and lowercase letter in the column do not differ between themselves by Turkey’s test at a 5% probability of error. 

GUA – Guarapuava; PF – Passo Fundo; C.V. – coefficient of variation. 

 

 

Table 2. Root surface area (m².ha-1) and root volume (m3.ha-1) in diameter class in canola hybrids in distinct locations. 

ROOT SURFACE AREA (m².ha-1) 

< 1 mm 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 191.56 DB 2808.20 Aa 514.74B Ca 255.88 CDb 664.94 Bb 
1055.98 17.63 

PF 1496.12 Aa 739.62 Bb 456.34 Ba 1611.05 Aa 1819.63 Aa 

          1 - 5 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 5868.19 ABa 4518.48 BCa 7103.95 Aa 4043.98 Ca 4469.22 Ca 
4484.3 12.74 

PF 3806.94 BCb 2454.31 Cb 5245.70 Ab 2934.24 Ca 4397.91 ABa 

          5 - 10 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 1016.54 ABa 1092.15 Aa 941.79 Ba 607.43 Ca 614.59 Ca 
671.41 8.97 

PF 411.36 Bb 157.41 Cb 1044.67 Aa 470.49 Ba 357.77 Bb 

       > 10 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 284.70 Aa 304.50 Aa 150.58 Bb 275.96 Aa 175.41 Ba 
158.41 13.29 

PF 58.37 Bb 10.88 Bb 206.30 Aa 60.41 Bb 56.95 Bb 

      ROOT VOLUME (m3.ha-1) 

 < 1 mm 

 Hyola 61 Hyola571CL K 10050 H 92002 Hyola751TT Average C.V. (%) 

GUA 0.036 Db 0.334 Aa 0.117 BCa 0.054 CDb 0.149 BCb 
0.21 19.25 

PF 0.41 Aa 0.157 Bb 0.107 Ba 0.356 Aa 0.417 Aa 

     1 - 5 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 2.99 BCa 3.065 ABa 3.744 Aa 2.116 Da 2.363 CDa 
2.51 11.33 

PF 2.23 Bb 1.237 Cb 3.145 Aa 1.771 BCa 2.452 ABa 

     5 - 10 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 1.747 ABa 2.138 Aa 1.660 Ba 1.028 Ca 1.135 Ca 
1.19 15.62 

PF 0.712 BCb 0.242 Db 1.868 Aa 0.784 BCa 0.605 CDb 

 > 10 mm 

 

Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 0.883 Aa 1.093 Aa 0.455 Ba 0.894 Aa 0.559 Ba 
0.53 17.44 

PF 0.173 BCb 0.024 Cb 0.712 Aa 0.168 BCb 0.251 Bb 
*Averages followed by the same capital letter in the line and lowercase letter in the column do not differ between themselves by Turkey’s test at a 5% probability of error. 

GUA – Guarapuava; PF – Passo Fundo; C.V. – coefficient of variation. 
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Table 3. Grain yield components and final productivity of canola hybrids in distinct locations.  

NSPB (un.) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 64.78 Aa 50.87 BCa 52.56 Ba 45.38 Ca 49.92 BCa 
44.78 5.61 

PF 40.23 BCb 36.00 CDb 47.96 Aa 29.86 Eb 30.2 DEb 

NSSB (un.) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 136.58 Aa 104.11 Ba 127.32 Aa 89.65 Ca 106.34 Ba 
105.25 5.61 

PF 111.41 Bb 101.46 BCa 114.27 ABa 91.54 Ca 69.77 Db 

NSTB (un.) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 55.54 Bb 44.40 Cb 65.19 Ab 28.04 Db 31.04 Da 
60.75 6.02 

PF 68.29 Ca 78.43 Ba 136.33 Aa 66.11 Ca 34.12 Da 

TOTAL NS (un.) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 256.91 Aa 199.37 BCa 245.07 Ab 163.08 Db 187.30 Ca 
210.78 4.18 

PF 219.93 Bb 215.90 Ba 298.56 Aa 187.61 Ca 134.10 Db 

TGM (g) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 3.42 Ba 3.50 Ba 3.92 Aa 3.42 Ba 3.25 Ca 
3.17 7.69 

PF 2.57 Cb 3.31 Bb 3.51 Ab 2.47 Cb 2.41 Cb 

GY** (kg.ha-1) 

  Hyola 61 Hyola 571CL K 10050 H 92002 Hyola 751TT Average C.V. (%) 

GUA 2042 AB 2799 AB 2840 A 2359 AB 1853 AB 
1873.9 15.12 

PF 1278 B 1363 B 1709 A 1302 B 1260 B 
*Averages followed by the same capital letter in the line and lowercase letter in the column do not differ between themselves by Turkey’s test at a 5% probability of error. 

** There was no interaction between local hybrids X for the variable GY. GUA – Guarapuava; PF – Passo Fundo; NSPB – number of siliques in the primary branch; NSSB 

– number of siliques in the secondary branch; NSTB – number of siliques in the tertiary branch; Total NS – Total number of siliques; TGM – thousand grain mass; GY – 

grain yield; un – unity; g – grams; C.V. – coefficient of variation. 

 
10 mm of diameter. We highlight that the root architecture, 

which means the shape that root distributes in space, is 

genetically controlled, which can be reflected in the 

formation of adventitious and lateral roots, length and root 

density (Lynch, 2007). 

Nevertheless, the hybrid K 10050, produced approximately 

90% of its surface area and root volume with narrow-

intermediate and large-intermediate roots, meaning the 

diameter classes of 1-5 and 5-10 mm (Table 2). The 

abundance of narrow canola roots is related to the 

ramification capacity and proliferation in areas with higher 

concentration of nutrients (Edwards and Hertel, 2011). The 

larger roots (with larger diameter) are attributed to more 

resistance and by that the possibility of penetrating into more 

compact layers, then increasing the bioporosity and the soil 

mesofauna, which is the reason for considering fundamental 

the crop rotation (Stone et al., 2006). Generally, roots of 

dicotyledon plants with a larger diameter penetrate more than 

the roots of monocotyledon species (Materechera et al., 

1991). According to Edwards and Hertel (2011), the root 

system of mature canola plants can penetrate deeply to reach 

even 120 cm in the soil. In addition, roots with augmented 

diameter have large xylem vessels, increasing axial 

conductance and improving the penetration capacity of rice 

roots (Oryza sativa L.) (Fukai and Cooper, 1995; Clark et al., 

2008). Thus, it is highlighted that the hybrid K 10050 is an 

option for crop rotation, helping to improve soil conditions.  

According to Casão Junior et al. (2000) in the tillage 

system, the seeders equipped with cutting blades and spade 

plows break up the compacted layers of soil close to the 

surface. The breakup of the compacted layers favors the 

development of pivoting canola roots and these contribute in 

the formation of macropores, which in their part contribute to 

water aeration and infiltration in the soil. Thus, the hybrids 

Hyola 571CL in Guarapuava, and K 10050 in Passo Fundo 

presented themselves as alternative tools to be used in tillage 

system acting in the process of biological scarification of soil, 

since they potential characteristics of the root system. 

 

Grain yield components and final productivity  

 

In respect to the number of siliques in the primary branch 

(NSPB), the hybrid Hyola 61 obtained the best NSPB, 

reaching 64.78 siliques at Guarapuava, obtaining a better 

result than Passo Fundo location. In Passo Fundo, the higher 

NSPB was obtained by the hybrid K 10050, reaching 47.96 

siliques. 

In relation to number of siliques in the secondary branch 

(NSSB) in Guarapuava, the hybrid Hyola 61 and the hybrid K 

10050 produced the best NSSB, 136.58 and 127.32, 

respectively (Table 3). For the same variable in Passo Fundo, 

the hybrid K 10050 also produced the best NSSB (114.27 

siliques). 

For the variable number of siliques in the tertiary branch 

(NSTB), the hybrid K 10050 showed the best results in both 

locations, reaching 65.19 siliques in Guarapuava and 136.33 

siliques in Passo Fundo’s evaluation. Hence, the result for 

this variable in Passo Fundo was higher than in Guarapuava 

(Table 3). The distinct responses of the evaluated hybrids in 

this study may proceed from environmental influence not 

only in the branch emission (Krüger et al., 2011), but also in 

the number of siliques emitted by plant (Mousavi et al., 

2011), consisting in a physiological strategy of the plant for a 

better light gathering (Dalmago et al., 2013). 

In general, we observe that the hybrid K 10050 obtained 

the highest number of siliques in the plant (NSSB and NSTB) 

in both yield locations compared to the other hybrids (Table 

3). The average values obtained for the number of siliques 

per plant were similar in both yield locations, close to 210 

(Table 3), corroborating with data already observed, in which 

the number of siliques per plant was close to 200 (El-

Nakhlawy and Bakhashwain, 2009). 
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Regarding the variable thousand grain mass (TGM), the 

hybrid K 10050 presented higher values, reaching 3.91g in 

Guarapuava and 3.51g in Passo Fundo. Therefore, for this 

hybrid the result obtained in Guarapuava surpassed the Passo 

Fundo (Table 3). This result corroborates with previous data 

that pointed out the values of 3.8g (Kamkar et al., 2011). The 

TGM of the hybrids cultivated in Guarapuava presented, in 

general, an increase of 22% when compared to the results 

obtained in Passo Fundo (Table 3). Although, this variable is 

genetically determined but environmental factors still affect it 

(Pandey and Torri, 1973). This may be associated with the 

lower levels of photosynthetically active radiation (PAR) 

observed in the period (data not presented) in Passo Fundo. 

Therefore, the fact that the locations evaluated presented 

different conditions for canola production justifies the 

variation verified in the TGM in the different locations. We 

highlight that the TGM is a component of yield productivity 

that has major stability; since, in order to compensate 

deficiencies, the plant decreases the number of siliques per 

plant to give more support to the final grain filling process 

(Silva et al., 2011). 

To variable grain yield (GY), an increase of about 70% was 

observed in Guarapuava’s evaluation, when compared to 

Passo Fundo’s. The hybrid K 10050 obtained the larger GY 

in both yield locations, surpassing the other evaluated 

hybrids, reaching 2.840 kg ha-1 in Guarapuava and 1.709 kg 

ha-1 in Passo Fundo (Table 3). It is highlighted that the 

production ceiling in both yield locations surpassed the 

national averages of grain yield close to 1.330 kg ha-1 

(CONAB, 2013). The grain yield obtained in Passo Fundo 

reached the results obtained by Krüger et al. (2011) and 

Bandeira et al. (2013), which obtained 1.381 and 1.195 kg 

ha‑1, respectively.  

Environmental factors such as temperature, humidity, light 

and nutrition are related to the growth regulation and to the 

development of canola plants (Edwards and Hertel, 2011), 

consequently affecting the production. Studies demonstrated 

that the grain yield obtained in canola with the use of 

irrigation varied between 2.200 to 3.200 kg ha-1 (Tohidi-

Moghadam et al., 2009). It should be noted that the grain 

yield values obtained with irrigated canola were reached by 

Guarapuava’s experiment without the use of irrigation for the 

hybrids studied (Table 3). This suggests that the location 

presents the necessary conditions for canola cultivation 

development and that the hybrids used present adaptation to 

local edaphoclimatic conditions. 

 

Materials and methods 

 

Experimental conditions 

 

The experiments were obtained through field research in two 

different places: (1) the municipality of Guarapuava, Paraná 

state (PR), Brazil; (2) the municipality of Passo Fundo, Rio 

Grande do Sul state (RS), Brazil. 

In Guarapuava, the experiment was settled in experimental 

area (latitude 25º 55’ S, longitude 51º 48’ W and altitude of 

1.110 meters). The soil is classified as typical clayey 

aluminic Oxisol. The sowing took place on May 2nd, 2014, 

after a soybean production. A plot seeder was used, in which 

each plot constituted of four rows with 0.4 m width between 

each row. The evaluated canola hybrids emerged on May 

10th, 2014, eight days after the sowing (DAS).   

In Passo Fundo, the experiment was set up in experimental 

area (latitude 28º 15’S, longitude 52º 24’ O, and altitude of 

687 meters). The soil is classified as dystrophic red oxisol 

humic. The sowing of the canola hybrids was conducted on 

on April 28th, 2014 manually, succeeding the cultivation of 

Sorghum sudanense. The emergence date was May 7th, 2014, 

10 DAS. The width between rows used was of 0.34m. 

In both experiments, the base fertilization and topdressing 

were made according to the recommendations and also based 

on the soil analysis. Insecticide applications for pest control 

and herbicide for weed control were made during the crop 

cycle. 

 

Experimental design 

 

Five canola hybrids were evaluated; two conventional 

hybrids (Hyola 61 and H 92002) and two imidazolinone-

tolerant hybrids (Hyola 571Cl and K 10050) and triazine-

tolerant hybrid (Hyola 751TT). The experimental design was 

the randomized block design with four repetitions.  

 

Root system assessments 

 

In order to evaluate the roots, a sample collection was taken 

in the form of a monolith of the known area, following Böhm 

(1979). The samples were of 0.5 m linear and depth of 0-20 

cm. The width was determined by the measurement of the 

distance between rows used, being half of the measure for 

each side of the sowing line. Thus, we used a 0.4 m width in 

Guarapuava and 0.34 m in Passo Fundo. The following 

variables of the root were evaluated: surface area (SA) 

(m2.ha-1), volume (m3.ha-1), specific surface area (SSA) 

(m².kg-1), dry mass (kg.ha-1) and density (kg.m-3). 

After soil monolith collection, the samples were bathed 

using two metallic tables that contain metallic sieves with 

distinct orifice diameter, the larger having more than 6.5 mm 

and the smaller with 1.5 mm of diameter. With the use of 

running water jets, the soil was removed from the sample, 

without fragmenting the roots during the process. 

In order to evaluate the root sample, the image analysis 

method was used through the Sistema de Análises de Fibras e 

Raízes (Fibers and Roots Analysis System) – SAFIRA. In the 

software, the images were converted into binary codes to 

score/record the variables: root surface area and root total 

volume. Afterwards, these variables (surface area and root 

volume) were measured in established root diameter classes: 

<1 mm (narrow), thickness between 1-5 mm (narrow 

intermediate), thickness between 5-10 mm (large 

intermediate), and thickness of > 10mm (large) (adapted from 

Snowdon et al., 2000; Jesus et al., 2006). 

 

Dry mass of the root 

 

To obtain the dry mass of the root, the samples were dried in 

a hothouse at 60 ºC for 72 hours. Based on the root volume 

and the root dry mass information, the density (correlation: 

dry mass/volume) and the specific surface area (correlation: 

surface area/dry mass) were estimated. 

 

Grain yield components 

 

In the grains physiological maturation stage, 50% of the 

seeds changed to the dark color in the siliques that are in the 

middle of the main raceme of the plants (Tomm, 2007). Ten 

plants from each plot were chosen randomly and root 

characteristic such as: number of siliques in the primary 

branch (NSPB), in the secondary branch (NSSB), and of 

tertiary branch (NSTB) were determined. 

To obtain the grain yield in both locations, two central lines 

of each plot were manually collected with a sickle and 

grinded in a Wintersteiger® Plotseed. After adjusting the 
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humidity percentage to 10%, the grain yield (GY) (kg.ha-1) 

was measured. The thousand grain mass (TGM) (g) was 

measured through counting and weighting. 

 

Statistical analysis 

 

The data was submitted to analysis of variance (ANOVA) 

and the averages were compared through the Turkey test at a 

5% probability of error. 

 

Conclusion 

 

The study revealed the performance of canola hybrids in 

contrasting environments. The canola hybrids present higher 

length, surface area and volume in the roots in the diameter 

scale between 1 and 5 mm of thickness. Moreover, there are 

differences in the roots growth and grain yield in the different 

environments. The hybrid K 10050 shows greater roots 

development, shoots, as well as, higher grains yield in both 

studied locations. The increase of root dry mass influences 

the increase of leaf area and grain yield. In this study, the 

mutations that lead to herbicide tolerance are not impairment 

to vegetative growth and grain productivity in canola. 
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