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Abstract

Cropping energetic plants could provide soil protection, additional incomes to farmers and suppress weed
development without loss of food production. It also contributes to the development of no-tillage cultivation in
agroecological farming system. Energetic plants such as: sunflower, crambe, canola and safflower were
evaluated in no-tillage agroecological farming in autumnal planting, after soybean crop. Higher plant heights
were observed in sunflower, flowering [46 days after emergency (dae)] and harvest (108 dae) was first observed
in crambe plants. Intermediate earliness was observed in the sunflower (61 and 136 dae, respectively). Biomass
was found greater in the sunflower compared to safflower or canola. Intermediate values were obtained for
crambe plants. Greater grain and oil yields were found in descending order in sunflower, crambe, canola and
cartamo. Despite the drought period occurred during crop development, sunflower and crambe yields were
similar or even higher to means, than yields of these same crops in conventional fields in Brazil. Sunflower and
crambe were the best options to take part in succession/rotation system after soybean spring/summer crop.
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1. Introduction

The climate change associated with the rise in greenhouse gas emissions and the concerns about environmental
sustainability of population and economic growth, has stimulated the production the biofuels (Guo, Song, &
Buhain, 2015; Morone & Cottoni, 2016).

However, the deforestation and the usage of arable fields to cultivate energetic crops, previously occupied by
food crops would decrease food production and lead to a loss of carbon in forests and soils (Scarlat & Dallemand,
2011). Production systems are currently impacted by: the growing costs of fossil fuel based inputs; the rapidly
changing technologies; the climate change; and the emerging power of consumers in food systems (Francis &
Wezel, 2015).

No-tillage system contributes for agricultural sustainability systems which greatly reduces soil erosion (Lalas,
Gortzi, Athanasiadis, E. Dourtoglou, & V. Dourtoglou, 2012), energetic expenditure (Dos Santos, Tomm, Spera,
& Avila, 2007) and occurrence of weeds (Gunstone, 1996). Moreover it maintains and improves soil fertility
(mostly phosphorus and organic maters levels) (Santos, Tomm, & Lhamby, 1995) water retention which
diminishes yield loses in drought (Dalmago et al., 2009) and it is also an important approach to reduce emissions
of carbon dioxide and mitigate effects of atmosphere warming and climatic changes by carbon retention in the
soil (Santos et al., 2013). One of the cover crops usage assumptions for weed management is soil coverage
through entire year, eliminating fallow periods in which soil in uncovered and weeds develop and produce seeds
(Gunstone, 1996; Mata et al., 2010). For this proposal, plants with vigorous vegetative development which cover
quickly the space of lines of cultivation are desirable. Therefore, we study the energetic plants sunflower
(Helianthus annuus) cv. Catissol, crambe (Crambe abyssinica Hochst.)) cv. FMS-Brilhante, canola
(Brassicanapus L.) cv. Rivette, and safflower (Carthamustinctorius L.) cv. common (from IAPAR, Londrina) in
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no-tillage agroecological farming in autumnal planting, after soybean crop, evaluating vegetative growth,
earliness, mass and grain yield. Oil yields were calculated from grain yield data (Calegari et al, 2010).

2. Method

The experiment was settled in a farm in Sdo Pedro do Ivai County, Parand State (latitude 41°07' South,
Longitude 73°65’' West and altitude 400 m). The levels of soil nutrients were characterized by soil samples and
presented 5.4, 8.9, 0.0, 4.3, 8.9,2.8,0.4,9.7,2, 1 and 5.3, 7.4, 0.0, 3.7, 8.5, 2.8, 0.3, 3.4, 1.5, 15.2, for H, C, Al,
H+Al, Ca, Mg, K, P, and S for 0-10 and 10-20 cm, respectively. Plants were sown after soybean harvest on
March 13, 2011. Plots were 7 X 4 m with four lines for sunflower and 8 lines for remainder. Lines were spaced
84 cm with five plants per linear m for sunflower crop; 42 cm with 15 crambe plants, 42 cm with 20 canola
plants; 42 cm with 10 cartamo plants. No pesticide was applied. Organic compound (mixture of poultry litter and
vegetable straw from crops) (6 ton ha™) was top dressed 20 days after emergency (dae).

Plant height was assessed 45, 60, 71, 84, 108, 156 and 178 days after emergency when coverage of space
between plants lines was also observed. The four central lines (6 m long) were harvest for crambe, canola and
cartamo; and the two central lines for sunflower. Biomass and grains yield were assessed and oil yield was
estimated (Calegari et al., 2010). Randomized blocks design with four replicates was used. Data were analyzed
by ANOVA and means compared by Tukey test (p < 0.05). Climatic data recorded during period of crop
implantation and development was obtained from SIMEPAR (Sistema Meteorologico do Parand).

3. Results and Discussion

A drought period of 36 days was observed, from April 15 to May 21. Frost (-2 °C) was recorded in June 27 and
28. Sunflower had higher plant heights in comparison to other plants in all assessments (Table 1). Fast crop
plants growth is a desirable trait for weed management in agroecological farming systems due to weed
smothering. Although crambe plants were not so height, their branches expanded laterally and, as well as
sunflower, they covered space between cultivated lines, 45 dae, while safflower and canola only 75 dae.

Flowering and harvest were first observed in crambe plants, 46 and 108 dae, respectively (Table 1). Intermediate
data were observed for sunflower. Early flowering and harvest is a suitable trait for autumnal crops since it
allows the harvest of winter crop or cover crops. Historic regional records show reduction of rainfalls as one trait
from fall to winter. Added to early cycle autumn season plants, early soybean cultivars could also contribute to
this approach. Anticipating fall-season crop sowing would also anticipate plant cycle. This was true for the
sunflower crop, in which, the anticipation of 20 days before sowing lead to a cycle reduction of about 20 days
(Backes et al., 2008).

Sunflower generated greater biomass when compared to safflower and canola (Table 1). Intermediate values
were obtained for crambe plants. Greater grain and oil yields were found in descending order from sunflower,
crambe, canola and safflower (Table 1). Although drought occurred during the period of crop development,
sunflower yield was greater than the means of Brazilian sunflower crop yields, which is about 1500 kg ha™
(Embrapa, 2016). A higher yield (15%) was recorded, what suggests competitive edge of the crop in
agroecological farming system. Crambe crop had yields similar to the means yields of conventional production
fields, which varies from 1000 a 1500 kg ha" (Vazquez et al., 2014). In general, organic products reach an
increase of 30% in their prices. Hence, the productivity obtained adding the additive prices may provide
satisfactory incomes. The relatively good yields recorded in the experiment, despite the drought occurrence, may
be due to greater water conservation. It has been observed in organic field crops, mostly by usage of organic
compound (Khanal, 2009) and the no-tillage cultivation system (Dalmago et al., 2009).

Table 1. Days to reach maximum height, onset of flowering and harvest in different energetics crops

Treatments Dayg to reach Maximum height Onsel:t of flowering Har\{est
maximum height (m) (dae’) (dae’)
Sunflower 108 1.80 46 136
Crambe 60 1.06 61 108
Canola 156 1.27 85 179
Safflower 156 1.07 85 186

Note. ' Day after emergency.
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The estimative of percentage of oil in different energetics crops is presented in the Table 2. These results were
calculated according to Calegari et al. (2010). The canola crops obtained the maximum oil percentage (51%),
followed by crambe crops (43.1%), sunflower crops (42.9%) and safflower crops with (25%). These results
corroborates with the literature, that reported that the content ranges of the crambe seeds culture for oil ranges
between 12 to 40% (Khanal, 2009; Lalas et al., 2012), the oil content for Sunflower was 40%, for canola seeds
41% (Mata et al., 2010) and for safflower seed it ranged between 30 and 35% (Gunstone, 1996).

Table 2. Production of the dried mass, grain yields, oil yields and oil percentage, in different energetics crops

Treatments ](?{rgle}?aﬁlﬁ,szs (Cl}(rgmﬁla}?ﬁl;l s 8(1; i;f%()jls f % Oil
Sunflower 5.536 a 1.731,7 a 744.7 a 42.9
Crambe 3.946 ab 1.309,0 b 565.5b 43.1
Canola 2.433 be 654,7 ¢ 338.0¢ 51.6
Safflower 1.663 ¢ 215,7d 53.9d 25.0

Note. * Results were calculated in accordance with Calegari et al. (2010). ' Means followed by same letter do not
differ by Tukey test (p < 0.05). * Coefficient of variation (CV %) = 21.89, 3CV%=12.96," CV% = 13.36

From tested plants, sunflower and crambe were the best alternatives for autumnal season crops due to early
coverage of space between lines and grain and oil yields. These features provide additional incomes to farmers.
The traits of these specific plants are suitable for their inclusion in a succession / rotation system in
agroecological no-tillage system. Additional studies could be conducted in the future to confirm their probable
positive effects. We presume that adding benefits of no-tillage cultivation and agroecological system could
strongly contribute to improve agriculture sustainability. It can also diminish inputs, mostly herbicides, improve
soil conservation, and water retention, and even help mitigate global warming (Santos et al., 2013; Mayer et al.,
2016; Zomer et al., 2017). Adding the fact that these are energetic plants for biodiesel production what makes
this scenario even more favorable. Therefore, this could provide a significant increase of the sustainable
production system.

4. Conclusion

Crambe and sunflower crops were the best oil plants for the autumnal season period after soybean harvest due to
early vegetative development, coverage of spaces between crop lines, grain and oil yields. Sunflower and crambe,
cultivated in agroecological system, showed similar or even greater yields than means of these crops in
conventional crops in Brazil. These crop plants are alternatives to be included in agroecological no-tillage
farming system that would contribute to the agroecosystem sustainability. Due to the fast growing, flowering and
harvest, sunflower and crambe could be sown after soybean and before a winter crop or cover crop avoiding the
growth of weeds. The energetic oilseeds culture implemented in periods where nothing was cultivated is a viable
option for additional income and biofuel production.
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