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Introduction

environmental conditions, from temperate to subtropical 
and tropical regions (Zeleke et al., 2011; Rondanini et 
al., 2012). The surrounding environment is the most 
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all canola cultivation sites. It is estimated that more than 

Jeromela et al., 2011; Gan et al., 2016). This facilitates 
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important meteorological/environmental variable used 

i a
), light 

are the main indicators used to evaluate the interaction of 

Brassica 
napus 

 
development of reproductive structures 

such as environmental stresses, phenological stage, 

(Wang et al., 2012), cultivated species, crop management 

crop management are of fundamental relevance (Kuai et 
al., 2016).

absorption is greater during canola main stem elongation 

al., 2016).

)); 

 have been 
reported in other countries (Gomez and Miralles, 2011; 

of interception, absorption and use of solar radiation 

topdressing fertilization.

Material and Methods
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LA LDM    (1)

        
LA LDM    (2)

With estimated LA at each collection time, LAI
calculated as the ratio of LA

S
        

LAI = LA/S

LA and S
of soil.

LAI
d
) from 
TT, in 

        
LAI

d
 = a/ ( (-(TT - Xo)/b))    

a LAI
d
, Xo 

occurs, and b

d

        
LAI

d
 = a + b * TT

a is the linear and b

C 

in g m

2 
2

C until reaching 

        
YLD = GDM / A     (6)

GDM is given in kg and A is the area in hectares. 
HI DMAF 

and the GDM
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HI = (DMAF / GDM) * 

µmol m  s  and transformed to MJ m  

PAR
MJ µmol 

 t

t
samplings, 4.596 is the conversion factor of µmol to J and 
1,000,000 is the conversion factor of J to MJ.

PARit) and the 
PARab

        
PARit = PARin - PARtr

        
PARab = PARin - PARtr - PARrf    (10)

i

        

i
 = PARit/PARin     (11)

i
 and LAI

d

k

        
ln

i
  ) = -k * LAI

d
    (12)

k k and ln is the natural 
logarithm. With k estimated for each replicate and/or 
treatment, PARit

est

       
PARit

est
 = PARin e -k*LAId  

e
PARit

est
, 

i

i
 

The data of 
i

accumulated TT for the main canola developmental stages 
d. In the second case, the 

i
 data 

d is the independent variable, 

        

i
  = a (1 - e -b*LAId )

a
i
, e is the basis of the natural 

logarithm and b is the increasing rate of 
i

of one unit of the LAId

a

       
PARab

est
 =  PARit

est
  

* a

PARab
est

used.

        
MAE = -b / 2a     (16)

a and b

        
Y

MAE 
= (-b2 / 4a) + c
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a, b and c
 

Results and Discussion

) to the normal climate of the 
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Figure 1. Incident global solar radiation (SR; upper left), mean (T; upper right), minimum (Tn; 
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Figure 1. Incident global solar radiation (SR; upper left), mean (T; upper right), minimum (Tn; center left), maximum (Tx; center 
right) air temperatures, and rainfall (R; lower right and left) in ten-day periods of the canola cycle in 2013 and 2014 in Passo 
Fundo, RS, Brazil. The particular canola cultivation stages are written above in each panel. Data for years and mean yearly data 
are highlighted with different symbols, connected by lines.
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Table 1. Parameters (a and b) of the Rise to Maximum exponential function type for the photosynthetically active solar radiation inter-

i
) of canola as a function of the leaf area index in years 2013 (top) and 2014 (bottom), after topdressing N fertilization 

treatments (T1-T5:10, 20, 40, 80 and 160 kg ha-1

(CI) are also shown.

1Maximum 
i
 estimated by the model.

N treatment

Parameters/Statistics

a b

CI (95%) CI (95%)

(kg ha-1) value1 SE min. max. value SE min. max.

Year 2013

10 0.991 0.00218 0.987 0.996 0.543 0.00348 0.536 0.550

20 0.981 0.00163 0.785 0.991 0.766 0.00920 0.755 0.776

40 0.980 0.00125 0.977 0.982 0.791 0.00413 0.783 0.800

80 0.978 0.00137 0.976 0.981 0.688 0.00405 0.680 0.696

160 0.995 0.00211 0.991 0.999 0.656 0.00503 0.646 0.666

Year 2014

10 1.123 0.03720 1.048 1.197 0.461 0.02540 0.410 0.511

20 0.997 0.01090 0.976 1.019 0.924 0.02240 0.879 0.968

40 0.972 0.00624 0.959 0.984 0.811 0.01310 0.785 0.837

80 1.042 0.01580 1.011 1.074 0.915 0.03370 0.848 0.982

160 0.876 0.00714 0.861 0.890 1.111 0.02740 1.057 1.166
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k

k
higher k

i
 and k

be attributed to random changes in plant architecture 

the development of smaller and thinner leaves, producing 

the development of a more planophile leaf arrangement 

i

plant architecture change. Therefore, this supports 

Figure 2.
i
) as a function of thermal time sum (TT) in °C 

throughout the canola crop cycle after the topdressing N fertilization treatments T1-T5 (10, 20, 40, 80 and 160 kg ha-1, respectively 
shown in different lines) for the year 2013 (left) and 2014 (right), in Passo Fundo, RS, Brazil. The particular canola cultivation 
stages are written above in each panel.

N treatment k SE p < t-test CI (95%) r²

(kg ha-1) Year 2013

10 0.55 0.01197 <0.0001 0.521 – 0.571 0.99

20 0.76 0.02234 <0.0001 0.719 – 0.809 0.97

40 0.78 0.03089 <0.0001 0.720 – 0.845 0.94

80 0.64 0.01723 <0.0001 0.602 – 0.671 0.96

160 0.71 0.02616 <0.0001 0.658 – 0.764 0.95

Yearly mean 0.70 0.01173 <0.0001 0.673 – 0.719 0.95

Year 2014

10 0.59 0.01869 <0.0001 0.549 – 0.623 0.91

20 1.04 0.02045 <0.0001 1.003 – 1.085 0.98

40 0.80 0.01937 <0.0001 0.757 – 0.834 0.96

80 1.09 0.03554 <0.0001 1.025 – 1.166 0.90

160 1.04 0.02316 <0.0001 0.992 – 1.085 0.98

Yearly mean 0.89 0.01547 <0.0001 0.863 – 0.924 0.90

Table 2. -

treatments (on the left) conducted in Passo Fundo, RS, Brazil. Yearly means are shown under each treatment for each year.
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Figure 3. Leaf area index (LAI) as a function of thermal time sum (TT) in °C for 2013 (A) and 2014 (B). Mean plant height (PH) in 
-

mal time sum (TT) in °C for the canola canopy cultivated in the 2013 (empty circles) and 2014 (black triangles) agricultural years 
treated with topdressing N fertilization (10 kg ha-1, 20 kg ha-1, 40 kg ha-1, 80 kg ha-1 and 160 kg ha-1).
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Figure 4. Relationship between the photosynthetically active solar radiation intercepted (PARint) and absorbed (PARab) on can-
ola crops grown in 2013 (A) and 2014 (C) after the application of topdressing N fertilization (T1-T5: 10, 20, 40, 80 and 160 kg ha-1). 

2013 (B) and 2014 (D).

Confidence interval of the polynomial equation coefficients

Variable1 Statistical 2013 2014

Indicator a b c a b c

SE 0.233 0.008 < 0.001 0.015 0.001 < 0.001

RUE (g m-2 MJ-1) CI min 1.786 0.008 < -0.001 0.885 0.005 < -0.001

CI max 2.907 0.047 < -0.001 0.956 0.008 < -0.001

SE 77.904 2.711 0.015 5.344 0.186 0.001

TDM (g m-2) CI min 759.851 5.791 -0.103 327.439 4.510 -0.028

CI max 1134.445 18.828 -0.030 353.134 5.404 -0.023

SE 11.603 0.141 - 13.668 0.166 -

DMF (g m-2) CI min 543.619 1.153 - 179.466 0.289 -

CI max 599.409 1.823 - 245.185 1.084 -

SE 85.216 2.966 0.017 18.312 0.637 0.004

DMAF (g m-2) CI min 190.402 2.814 -0.102 99.786 2.033 -0.030

CI max 600.156 17.074 -0.021 187.837 5.097 -0.012

SE 250.937 8.733 0.049 20.990 0.731 0.004

YLD (kg ha-1) CI min 1793.238 11.657 -0.295 1011.274 8.388 -0.058

CI max 2999.844 53.648 -0.058 1112.201 11.900 -0.038

SE - - - 0.010 < 0.001 < 0.001

HI CI min - - - 0.305 -0.002 < 0.001

CI max - - - 0.352 < -0.001 < 0.001

Table 3.
1 related to canola vegetative growth and yield after topdressing N 

fertilization (10, 20, 40, 80 and 160 kg ha-1) in years 2013 and 2014 in Passo Fundo, RS, Brazil. Empty spaces (-) indicate that there was no 

1 -
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and C

the high air temperature favors the formation of smaller 

P
r ) than in 

.  

higher r ).
Increased biomass production in function of increasing 

m

environmental conditions during the in cultivation period 

kg ha
of Brazil, canola can have a high potential of production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of topdressing N fertilization on photosynthetically active solar radiation use 
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-

vest index (HI) in the 2013 (black dots) and 2014 (empty dots) agricultural years in Passo Fundo, RS, Brazil. Each data point refers 
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plant cold acclimation. 

during the vegetative phase, until the beginning of the 

vegetative phase. Therefore, management strategies that 

P
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 in 

 in 

 
 of 

2,000 kg ha
 for 

of 100 kg ha

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Canola grain yield (YLD) as a function of the photosynthetically active radiation use 
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Figure 5.
-

dressing N fertilization treatments (T1:T5: 10, 20, 40, 80 and 160 kg ha-1) in the 2013 (black dots) and 2014 (empty dots) agricultural 
years in Passo Fundo, RS, Brazil.
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r  greater than 
r

 and  and 
 kg ha

2 produced. This holds true 
2 MJ  accumulated. 

 of 
grains for each gram unit per m

evaluating the agronomic performance of grain crops. In 

Triticum aestivum 
Zea mays Avena sativa Hordeum 

vulgare Lens culinaris Glycine max 
Sorghum bicolor

plant developmental phases. This suggests that although 

kg ha
be a better indicator to evaluate the canola productive 
performance than the HI. Moreover, variations in canola 

Conclusions

fertilization.

 of nitrogen.
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