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ABSTRACT

The objective of this study was to adjust parameters 
related to the interception of photosynthetically active radiation 
(PAR) by reproductive structures of spring canola, with different 
nitrogen levels and hybrids. Two field experiments were conducted, 
being one with different sowing dates and hybrids (Hyola 61 and 
Hyola 432) and another with doses of 10, 20, 40, 80, 160kg ha-1 of 
N, applied in top dressing. They were conducted in Passo Fundo and 
Coxilha, RS, Brazil, in 2011 and 2014, respectively.The evaluated 
variables were: area index of reproductive structures, interception 
efficiency and extinction coefficient of these structures for PAR. PAR 
interception increased by increasing the reproductive structures 
volume. Interception efficiency of PAR by reproductive structures 
ranged from 45 to 80%. It was higher in the Hyola 61 hybrid and 
at the highest dose of N. The extinction coefficient of reproductive 
structures for PAR was 0.44 in non-limiting doses of N.

Key words: Brassica napus, interception efficiency, extinction 
coefficient, silique.

RESUMO

O objetivo deste estudo foi parametrizar a 
interceptação de radiação fotossinteticamente ativa (RFA) pelas 
estruturas reprodutivas de canola de primavera, em função de 
doses de nitrogênio e híbridos. Dois experimentos de campo 
foram conduzidos, sendo um com diferentes híbridos (Hyola 61 e 
Hyola 432) e outro com doses de N de 10, 20, 40, 80, 160kg ha-1, 
aplicadas em cobertura. Eles foram conduzidos em Passo Fundo e 
Coxilha, RS, Brasil, em 2011 e 2014, respectivamente. As variáveis 
avaliadas foram: índice de área de estruturas reprodutivas, 

eficiência de interceptação de RFA e coeficiente de extinção dessas 
estruturas. A interceptação de RFA aumentou com a elevação do 
volume das estruturas reprodutivas. A eficiência de interceptação 
de RFA pelas estruturas reprodutivas variou de 45 a 80%, sendo 
maior no híbrido Hyola 61 e na maior dose de N aplicado. O 
coeficiente de extinção de estruturas reprodutivas foi de 0,44 em 
doses não limitantes de N. 

Palavras-chave: Brassica napus, eficiência de interceptação, 
coeficiente de extinção, síliqua.

INTRODUCTION

In Brazil, canola (Brassica napus L. 
var. Oleifera) has  been studied since the late 
1970, especially in Rio Grande do Sul State. At 
the beginning, those researches aimed general 
aspects of cropping, and prioritized the grain yields 
under different practices of management, such 
as arrangement of plants, sowing dates, nitrogen 
levels, also including tests of cultivars and hybrids. 
Nowadays, the expansion of the crop in other regions 
is necessary, as well as raising grain yield, which 
remains in the range of 1500kg ha-1, far below the 
potential of canola, which is around 4,500kg ha-1 
(THOMAS, 2003). For these purposes, studies 
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in different areas of knowledge are necessary, in 
particular seeking to deepen the understanding of 
biological processes involved in the plant growth and 
development. In the case of canola, understanding 
and quantifying the evolution of photosynthetically 
active radiation (PAR) interception by both leaf area 
and reproductive structures of plants is essential.

In general, interception of PAR, as well 
as photosynthesis process, occurs predominantly 
in leaves. This has motivated large studies to adjust 
parameters that relate the evolution of leaf area 
index (LAI) and PAR interception efficiency. In the 
case of canola; however, this applies only to the 
vegetative growth of plants, when the interception 
of solar radiation and photosynthesis occurs in the 
leaves, in a close relationship with the leaf area 
index. However, after flowering these processes are 
transferred to the reproductive structures, especially 
siliques, whose area index (AIRS) increases gradually 
(MOGENSEN et al., 1997; DIEPENBROCK, 
2000). According to SHEORAN et al. (1991), the 
contribution of these structures in the photosynthesis 
of canola varies from 70 to 100% from flowering to 
the physiological maturity of grains. Through this 
process, photoassimilates are used in maintaining the 
physiological needs of plants and in the grain filling 
(MOGENSEN et al., 1997).

In literature, studies involving the area 
index of reproductive structures (AIRS) are very few 
and generally involve winter canola. In this sense, 
JUSTES et al. (2000) observed that AIRS increased 
by the end of grain filling, under three nitrogen levels 
(0, 135 and 270kg ha-1), and that the higher dose of N 
had a higher index, in the order of 2.6 (m2 m-2). Using 
N doses of 0, 100 and 200kg ha-1 GAMMELVID et al. 
(1996) have obtained AIRS around 4 (m2 m-2) for the 
higher level of nutrient. Thus, it can be inferred that, 
in winter canola, the increment of available N tends 
to increase the area index of reproductive structures. 
Conversely, little is known in this regard in spring 
canola, as well as for different genotypes.

Results obtained by NIED (2013) indicate 
the importance of studies in determining the extinction 
coefficient (k) of solar radiation by reproductive 
structures of the canola, in environmental conditions of  
Brazil, considering its importance for crop modeling 
and because there are no studies on this aspect for 
spring canola.  In this subject, two studies were reported 
in the literature, aiming to determine the extinction 
coefficient of reproductive structures for winter canola. 
In one of those studies, ANDERSEN et al. (1996) 
reported an average coefficient of 0.5. In the other 
FRAY et al. (1996), quantified the k coefficient for two 

genotypes, being one with conventional architecture 
and another with erect siliques. In this study, when 
the angle of siliques insertion ranged from 20° to 
25° (conventional) the extinction coefficient varied 
from 0.45 to 0.50, whereas, with upright siliques the 
average k was 0.40. Therefore, more upright siliques 
tend to permit a higher penetration of solar radiation 
to layers located at the bottom of the canopy, which 
may provide more photosynthesis, thereby increasing 
the grain weight and the grain yield (MOGENSEN et 
al., 1997; NIED, 2013).

In this context, the objective of this 
study was to parameterize the interception of 
photosynthetically active radiation (PAR) by the 
reproductive structures of canola, for different levels 
of nitrogen applied and hybrids.

MATERIALS   AND   METHODS

Two field experiments were conducted 
in 2011 and 2014, in the Embrapa Wheat (Embrapa 
Trigo), in Passo Fundo (28º 13’36”S, 52 24’ 10” W, 
and 692m alt.) and in Coxilha (28º 11’ 40”S, 52 10’ 
20”W, and 689m alt.) in the Planalto Médio region 
of Rio Grande do Sul State, Brazil. In 2011, the 
experiment had different hybrids of spring canola, 
while in 2014, different doses of nitrogen were 
applied in top dressing, using only one hybrid.

The experimental design was a randomized 
block with four replications. In 2011, the treatments 
were the Hyola 61 and Hyola 432 hybrids. The 
adopted row spacing was 20cm, with a final density 
of 40 plants per square meter. At the crop sowing, the 
soil was fertilized with 80, 80 and 15kg ha-1 of P2O5, 
K2O, and nitrogen (N), respectively. Two doses of 48 
and 45kg ha-1 of N were applied in top dressing, being 
one dose in the vegetative growth and the other in the 
reproductive period. In addition, 48kg ha-1 of sulfur 
were also applied at sowing. In 2014, the treatments 
consisted of five nitrogen doses, applied in top 
dressing: 10, 20, 40, 80 and 160kg ha-1, and the hybrid 
was Hyola 61. The row spacing was 0.34cm with a 
final density of 40 plants per square meter. At sowing, 
the fertilization consisted of 250kg ha-1 of the 4-20-20 
formula (N-P-K, respectively). In top dressing, urea 
and ammonium sulfate were used, according to the N 
doses for each treatment. The doses of 80 and 160kg 
ha-1 of  N were split and applied in two and three 
times, respectively, throughout the plant vegetative 
growth. Sowing was carried out on 05/07/2011 and 
04/29/2014.

The area of reproductive structures 
(siliques and stems) was determined only in the 
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experiment with different doses of N, in 2014. For 
this, two paired plants were collected, on two dates: 
09/08/2014 and 09/22/2014, when the plants had 10% 
of siliques with dark-colored grains. Immediately 
after collection, plants were taken to the laboratory 
where the siliques were separated from stems, to 
determine the area of siliques and stems, through 
an optical planimeter model LI 3000 (LI-COR, 
Lincoln, USA). With the area of siliques and stems, 
the area index of reproductive structures (AIRS) was 
calculated by the equation: 
AIRS = (AS)/(S)
where AIRS is the area index of the reproductive 
structures, AS is the area of the reproductive structures 
of each plant (m2) and S is the surface area occupied 
by the one plant (m2).

The photosynthetically active solar 
radiation intercepted by the reproductive structures 
(PARi) was calculated in both experiments (2011 
and 2014). For this, measurements were taken with 
a set of bars, containing five sensors of amorphous 
silicon in each bar, spaced at 20cm. They have been 
connected to a multiplexer of channels, which was 
connected to a datalogger Campbell, model CR1000. 
Before installation, each bar was calibrated with an 
AccuPar ceptometer, Decagon Devices, in 2011, and 
by a quantum sensor, model Sp-110, Apogee, in 2014. 
Readings were taken every 30s, while their averages 
were calculated and stored every 15min.

The incident PAR on the crop canopy 
(PARinc) was measured with two sensor bars, located 
just above the plants, in 2011, and with a quantum 
sensor, Sp-110 model, located by 100m far from the 
experiment, in 2014. The transmitted RFA (PARtr) 
by the reproductive structures of canola (stems and 
siliques) was measured with two sensor bars in each 
hybrid (Hyola 61 and Hyola 432) in 2011. In the 
experiment of N doses, three bars of sensors were 
installed in each treatment, which were positioned 
just above the leaves and reproductive structures, 
in a transverse direction to the plant lines. In 2011, 
measurements were performed from the beginning of 
flowering to the physiological maturity and, in 2014, 
they were made from the end of flowering to the week 
prior to physiological maturity.

From daily averages of measurements, 
the intercepted PAR by the reproductive structures 
(PARi) was calculated, according to the equation:
PAR i = PAR inc – PAR tr

Where PAR inc is the photosynthetically 
active solar radiation incident on the canopy and 
PARtr is the photosynthetically active solar radiation 
transmitted by the reproductive structures.

The interception efficiency of PAR (εi) 
was calculated by the equation:
εi = PAR i / PAR inc

The extinction coefficient (k) for PAR was 
estimated by adjusting the parameter “b” of the linear 
regression between values of εi and AIRS, for all 
treatments, in accordance to the Beer’s law (MONSI 
& SAEKI, 1953), expressed by the equation:
Ln(1 – εi) = - k.AIRS
where K is the extinction coefficient for PAR, εi is the 
interception efficiency by the reproductive structures 
and AIRS is the area index of reproductive structures. 
Analysis of variance was performed to results of   
AIRS considering a randomized complete block 
design with split-plots. The factors were N doses, in 
the main plots, and dates of assessment in subplots.
Results of interception efficiency for PAR by the 
reproductive structures, obtained in 2011 (hybrids) 
and 2014 (N levels), were subjected to analysis of 
variance and the averages were compared by Tukey 
test, at 5% probability of error. Data from 2011 
were analyzed as from the peak of maximum εi 
(10/17/2014) when the reproductive structures are 
already formed and εi achieved its stabilization. 
For data from 2014 a regression model was fitted 
to describe the variation of εi in response to levels 
of N.

RESULTS   AND   DISCUSSION

There was no interaction between doses 
of nitrogen and dates of evaluation on the evolution 
of the area index of reproductive structures (AIRS). 
Differences among N levels were detected only in the 
evaluation of 08/09/2014, when the lowest area index 
occurred in the dose of 40kg ha-1 of applied N. On 
the second evaluation date, there was no significant 
difference among N treatments (Table 1). Analyzing 
the AIRS of winter canola with different doses of 
N (0, 135 and 270kg ha-1), JUSTES et al. (2000) 
observed an increase of the index up to the end of 
grain filling for the three N levels, reaching 2.6m2 m-2 
with maximum dose of N, in a density of 60 plants 
per square meter. In a study of GAMMELVIND et 
al. (1996), also in irrigated winter canola, with three 
levels of applied N (0, 100 and 200kg ha-1) and a 
density of 106 plants per square meter, the AIRS was 
around 4m2 m-2 in the maximum dose of the nutrient.

Results from this study did not follow the 
same logic reported by GAMMELVIND et al. (1996) 
and JUSTES et al. (2000), which can be attributed 
to the lower density of plants (mean of 33 plants per 
square meter) in comparison to those experiments. 
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Other factors could also have affected AIRS, as the 
instability of this variable due to the low population 
of plants, the indeterminate growth habit and high 
morphological plasticity of the canola plants, 
which allows them a high capability of adjustment 
to variations in density of plants into the canopy 
(KRÜGER et al., 2011). Furthermore, the occurrence 
of frost in the reproductive period could also have 
contributed to the homogenization of the AIRS, due to 
both abortion and lesions of siliques larger than 4cm 
in length, which characterizes damages by freezing, 
as a consequence of frost.

Interception efficiency (εi) of PAR by 
the reproductive structures had sharp increase 
until near the end of the canola flowering, reaching 
values of 0.7 and 0.8 for the Hyola 61 and Hyola 
432 hybrids, respectively (Figure 1a). These results 
are in agreement with results of DIEPENBROCK 
(2000), who reported that εi increased with 
increasing in AIRS. From the end of flowering 
to the physiological maturity εi remained stable, 
around 70 and 80% in the Hyola 432 and Hyola 61 
hybrids, respectively. Comparing these genotypes, 
it was reported that the interception efficiency of 
PAR was higher in Hyola 61, on the order of 0.75, 
compared to Hyola 432, which had an efficiency 
on the order of 0.68. The higher εi in Hyola 61 can 
be associated with denser reproductive structures 
than in Hyola 432. These results complement 
observations made by NIED et al. (2014), who 
observed higher AIRS and higher dry matter 
siliques in Hyola 61 compared to Hyola 432 hybrid.

The interception efficiency (εi) of 
photosynthetically active radiation (PAR) by the 
reproductive structures had different responses to 
doses of applied N (Figure 1b). The dose of 160kg 

ha-1 of  N promoted the highest interception efficiency 
of PAR among treatments, remaining above 70% and 
with little variation in the entire period, suggesting 
a denser composition of reproductive structures 
(Figures 1b and 1c). Doses of 10 and 20kg ha-1 
provided smaller PAR values of interception 
efficiency, between 45% and 55%. Moreover, smaller 
nitrogen doses also provided a high oscillation in 
PAR interception (Figure 1b), indicating a less dense 
composition of reproductive structures. Data of εi 
allowed to adjust a linear equation (εi = 0.0015 N + 
0.5524; R2 = 0.88), indicating that RFA interception 
by the reproductive structures increased, but not 
stabilized, as function of the N doses used in this 
study. Results of interception efficiency obtained 
with the two higher doses of applied N are equivalent 
to values obtained by CHARTIER et al. (1983) and 
FRAY et al. (1996), between 70 and 80%, while the 
lowest doses of N (10 and 20kg ha-1), provided values 
of εi between 45 and 55%. This response can in part 
be attributed to limitations of N for photosynthesis 
(KAEFER et al., 2014), which results in a low 
production of reproductive structures, in comparison 
to higher levels of nitrogen. Thus, canola plants may 
increase the production of assimilates if they are well 
supplied in N, so producing more siliques.

Considering all doses of applied N and 
the two dates the evaluation, average extinction 
coefficient for photosynthetically active radiation 
(PAR) of reproductive structures was 0.44 (Figure 2a). 
This value is 12% lower than that reported in winter 
canola by ANDERSEN et al. (1996) and FRAY et al. 
(1996), also for the reproductive structures, which 
was 0.5. However, it is 9% higher than that reported 
by FRAY et al. (1996) for winter canola with more 
upright siliques.

Table 1 - Index area of reproductive structures - siliques and stems (AIRS) of canola under different levels of nitrogen N (kg ha-1) applied in
top dressing, in two evaluation dates. Coxilha, RS, Brazil. 2014.

Doses -----------------------------------------------Dates of evaluation / AIRS (m2 m-2)---------------------------------------------

Nitrogen 08/09/2014 22/09/2014 Average
10 2.90 a A* 1.98 a A 2.44
20 2.47 a A 1.89 a A 2.22
40 1.52 b A 2.22 a A 2.37
80 3.11 a A 1.94 a A 2.53
160 3.04 a A 1.99 a A 2.52
Average 2.60 2.01
CV (%) 31 22

*Small letters represent comparisons among doses of applied N, on columns, and capital letters represent comparisons between dates of
evaluations for each treatment, on lines, by the Tukey test at 5% probability of error; CV = coefficient of variation.
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When considering only the two higher 
doses of applied N, 80 to 160kg ha-1 (Figure 2b), the 
extinction coefficient for PAR was 0.46, somewhat 
higher than the average coefficient for all doses 
of N together (Figure 2a). Even so, this value is 
slightly lower than that reported by ANDERSEN et 
al. (1996) and FRAY et al. (1996) for conventional 
winter canola genotypes, but greater than the 
coefficient reported by FRAY et al. (1996) for a 
genotype with more upright siliques.    

This shows that, for spring canola 
cultivated in conditions of southern Brazil, there 
is more interception of PAR by reproductive 
structures in non-limiting levels of available 
nitrogen, due to a higher production of reproductive 
structures, than for low levels of nitrogen. 
Moreover, the wide spreading of points, observed 
in figure 2a, when considered all nitrogen levels, 
shows low uniformity in the morphology of 
canola canopies when subjected to limiting levels 

Figure 1 - Efficiency interception of photosynthetically active radiation (εi) by reproductiv estructures of 
two canola hybrids, in Passo Fundo, RS, Brazil, 2011(a), and under different nitrogen doses 
(10, 20, 40, 80, 160kg ha-1) in Coxilha, RS, Brazil, 2014 (b ,c).

Means followed by the same letter do not differ among doses of N, by the Tukey test at 5% probability 
of error.
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Figure 2 - Averaged extinction coefficient (k) for photosynthetically active 
radiation (PAR), represented by the slope of the linear regression 
equation between the natural logarithm of the not intercepted PAR 
[Ln (1-εi)] and the area index of reproductive structures (AIRS), for 
all different doses of applied nitrogen(a) and for the N doses of 80 
and 160kg ha-1(b), in two evaluation dates. Coxilha, RS, Brazil, 2014.

of N. In contrast, figure 2b shows that there was a 
more uniform morphology of plants at the highest 
levels of N, applied in coverage, which allowed a 
better fit in estimating the extinction coefficient 
for PAR of the reproductive structures of canola.

CONCLUSION

In spring canola crops, hybrids with 
dense reproductive structures present greater 
efficiency and uniformity in intercepting the 
photosynthetically active radiation. Not limiting 
levels of available nitrogen to plants allow to 
increase the efficiency and uniformity of PAR 
interception by the reproductive structures of 
spring canola.
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