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ABSTRACT

Despite being an important crop option for Brazilian agriculture, canola has some characteristics that may limit its
insertion in some cropping systems, such as its allelopathic effects. Thus, the present work aimed to study the effect of
canola crop residues on the seed germination, growth and grain yield of white oat and wheat plants. In laboratory
conditions, white oat (Milton) and wheat (Thio Pioneiro) seeds were germinated in the presence of aqueous extracts of
(i) aboveground part, (i) root system, (iii) whole plant and (iv) twice the concentration of the whole plant extract, besides
a control. In green house conditions, the same oat and wheat cultivars were grown until harvest, on soil mixed with fresh
canola crop residues (whole plant residues, aboveground residues and root residues) andA@uaentrslextract of
the whole canola plant reduced the germination and increased abnormal seedlings of white oat and wheat, mainly in high
concentration. For soil crop, the presence of canola residues did not affect the white oat emergence, growth and grain
yield. For wheat, plant emergence was lower in the presence of canola residues, but growth and yield were not affected.
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INTRODUCTION are allelochemical coppunds found iBrassica species,
The great adaptation of the canddagssica napus) in which negatively affect seed germination and plant growth

Brazilian tropical regions, such as Goias and Minas Gerdf20nes & Rossiter1996). In general, both wild and

states (Esteve al., 2014), shows a potential for CmppingcultivatedBrassi caspecies have some kind of allelopathic

in warmer seasons in the southern of the coufftris effect (Rehmast al., 2013) with potential to reduce weed

way of crop, known as off-season, is little explored in Safffestation (Siemengt al., 2002). Som&rassica species,

ta Catarina and Rio Grande do Sul states. In these aredd®%€Ver have chemical compounds, as Brassinolide,

long period without cropping is observed between th&hich promotes the growth of some crops (Greval,

summer crop harvesting and winter crop sowing (April 4979). Isolated Brassinolide of these plants, for example,

June). In this wayan additional crop can be inserted irfould increase the maize plants tolerance to drought stress

these production systems, improving incomes in additid@njumetal., 2011).

to secondary benefits, such as nutrient cycling, soil cover The suppressive effect of canola plant residues has

and weed management. been demonstrated for summer crops, as soybean
Despites its potential for cropping in Brazil, canolgHaddadchi & Gerivani, 2011; Sihkehal., 2011), sunflower

plants show traits that may be limiting in field conditions(Jafariehyazdi & Javidfa2011; Yasumotoet al., 2011),

such as allelopathic effects in next crops. Glucosinolateemmon bean (Rigoet al., 2012) and weeds &dens
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pilosa(Rizzardiet al., 2008; Moraest al., 2012) andlolium  and yield. The experimental was a randomized complete
spp (Asaduzzamagal., 2014aAsaduzzamaat al., 2016).  block design with four replications. The treatments were
Most of these effects are demonstrated under germinatiparformed by a control (no residue) and three kinds of
and seedling growth. Grain yield in succession to theesh plant residues: (i) aboveground part, (i) roots (iii)
canola cropping is, howevéew studied (Silvat al., 2011;  whole plant. Each experimental unit consisted of a 2°1 dm
Yasumotcet al., 2011). polyethylene pot filled with a limed soil.

Whereas the potential for canola off-season cropping The soil is a Cambissolo Haplico tipico (Brazilian
in South of Brazil, it is necessary to identify if theclassification; Santost al., 2013) or an inceptisol, with a
allelopathic effects, observed on weeds and summer croplayey texture (550 g clay Ky Base fertilization was mixed
will manifest on subsequent winter crops, such as wheaith the soil and consisted of 135 mg&lof potassium
(Triticum aestivum) and white oatAvena sativa), for  chloride (60% of KO), 1.8 g dnt of triple superphosphate
example. This behavior is especially important for shor{44% of BO,). Side dressing nitrogen fertilization took place
time conditions between canola harvesting and subsequ2n®3 and 44 days after seedling emergence (DAE) and
crop sowing. In this waythis work aimed to study the consisted of urea (45% of N) applied via solution (50 mg
effect of canola crop residues on seed germination, growdin® of N). The greenhouse has been programmed to

and grain yield of white oat and wheat plants. maintain a temperature of 20 °C during the day and 15 °C at
night. The relative humidity of the air was kept between 50
MATERIAL AND METHODS and 65%. Irrigation was performed manuathking care to
avoid water percolation in the pot.
Two experiments were carried out frohugust to Canola plant residues were obtained from a field

December 2016, using white oat and wheat plants. Expegbmmercial croppedt the physiological maturation stage,
mental area is at 1010 m altitude, at Curitibanos, Santge p|ants were collected and Separated, according
Catarina state, Brazil. The region climate is Cfb typgeatments. The amount of 10 tori s used, considering
(Climate-Data, 2018). the plot area. Proportion of aboveground part (86.4%) and
First experiment was carried out in laboratoryoot (13.6%) portion was determined to establish the
conditions, to study the effects of aqueous extracts gbatments. Thus, the amount of vegetal residue for the
canola plants on wheat (TBIO Pioneiro) and white oateatment with only aboveground part was of 8.64 ton ha
(Milton) seed germination. The extracts were obtainedwhereas the treatment with root system residues received
following the methodology described by Rizzaetlal.  an amount equivalent to 1.36 ton'ha
(2008), with some adaptations (freeze drying was replaced |n each pot, eight seeds were sown at 3-cm depth.
by a forced circulation oven methodj.the physiological Seedling emergence was determined daily until process
maturation stage, the plants were collected and takend@pbilization, when thinning was performed, maintaining
the laboratory for asepsis and then cut into piecefree plants per poAt flowering stage, plant height and
approximately five centimeters long. The dried material (6umber of tillers were determined in all plants in each pot.
°C) was milled in aWilley-mill type. The extract was At the same period, one plant from each pot was collected
obtained after 24 hours of milled residues immersion i dry mass determination (leaves, culms and reproductive
Mili-Q water, on stirring at mild temperature. structures)At maturation stage, plant dry mass, yield and
The experimental design was a completely randomizggeld components were determined. For all experiments,
with four replications. The treatments were performed by@ata was submitted to variance analysis by the Faest (
control (pure water) and four aqueous extract: (i).05). Means were compared by the Tukey tpst (.05).
aboveground part, (i) roots (iii) whole plant with, 8g 100
mL*and (iv) 16 g 100 mL Replications of 50 seeds were
distributed on plastic box (gerbox) with two paper toweBESULTSAND DISCUSSION
leaves moistened with 8 mL of the aqueous extract and Extracts of canola plants did affect the seed germination
kept in germinator at 25 °C and photoperiod of 12 hoursf wheat and white oat &ble 1). For wheat seeds, lower
Every 12 hours, the plastic boxes were randomized insidenount of normal seedlings at eight days after sowing
the germinatorGerminated seeds, normal and abnormaas obtained when aboveground extract was used, mainly
seedlings and no germinated seeds were determinedaatdouble of concentration. For these extracts, higher
eight day after seeding, based on the criteria establishedues for abnormal seedlings were obtained. Similar results
in the Rules for Se€rksting (Brasil, 2009). were observed byawaha &Turk (2003) in wild barley
Second experiment was carried out in greenhouseeds germinated @&nassica nigra extracts. In white oat
conditions, to study the effects of canola plants residusseds, double-concentration extract resulted in higher
on wheat (TBIO Pioneiro) and white oat (Milton) growthvalues for abnormal seedlingsboveground and root
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extract did not differ from control values for germinatiordue to inactivation of the hydrolytic enzymes proceeding
parameters. seed germination.

For soil sowing conditions, canola residues affected Glucosinolates concentration Brassica tissues is
the germination of wheat seeds (Figure 1a), so the highestll related in literature (Haramoto & Gallandt, 2004;
amount of seedlings emerged at five days after sowimdprsworthyet al., 2005; Bangarwet al., 2011). Enzymatic
(DAS) was observed for the control, without residues. ThHeydrolysis of these compounds liberates various
main difference for seedlings emergence occurred betwesmmpounds (mainly isothiocyanates) that could inhibit
the control and the addition of residues of canola rootseed germination (Haramoto & Gallandt, 2004). Ferulic
Aboveground residue, isolated or combined with rodnd syringic acids (phenolic compounds) were the
residue, showed intermediate values for emerged seedlindgsminant allelochemicals found B nigra using HPLC
The emergence of oat seedlings, on the other hand, whaigh performance liquid chromatography) methodby
not affected by the presence of canola crop residues (Birerifet al., 2013, who suggest that the combined toxic
gure 1b). action of such allelochemicals and isothiocyanates is more

The number of germinated seeds, in laboratorgffective on seed germination and seedling growing.
conditions, was not affected by canola residues. Ri&gjonAccording to Einhelliget al. (2004) partial or complete
al. (2012) observed that aqueous extract of canola leavgsrmination inhibition may be attributed to several
reduced the speed seed germination and increased fiéetors, as inactivation of the hydrolytic enzymes, death
occurrence of abnormal seedlings, by inhibition 0b6f embryos in seeds (lethal concentrations), reduction
secondary roots, although did not affect the percent oéll expansion due to water stress and, suppression for
germinated seedal-Sherifetal. (2013), howeveobserved cell division.
that under higher concentrations of aqueous extragts of It is interesting to note that the highest values of
nigra, wheat seed germination may be completely inhibiteabnormal seedlings (wheat and white oat) were observed

Table 1: Normal and abnormal seedling and not germinated seeds (NG) of wheat (TBIO Pioneiro) and white oat (Milton) at eight
days after seeding in aqueous extracts of canola plants

Aqueous Wheat White oat

extract Normal Abnormal NG Normal Abnormal NG
Control 70.0 a 185b 11.5 445 a 52.5ab 3.0
Aboveground (A) 41.5 bc 35.5ab 23.0 19.5ab 75.5ab 5.0
Root (R) 61.5ab 190b 19.5 67.0a 295b 35
A+R 56.0 ab 27.0b 17.0 28.0 ab 67.0ab 5.0
A+ R [2x} 235¢c 55.0a 215 100b 79.5a 10.5

p 0.00 0.00 0.06 0.02 0.04 0.15
CV (%) 23.08 28.26 13.11 64.86 34.76 77.32

Means followed by the same letter in the column do nderdy theTukey test (p < 0.05):double of concentration; C\Coeficient of
variation.
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Figure 1: Wheat (a) and white oat (b) emerged seedlings as a function of canola plant residues on soil. Means followed by the same
letter in the column do not differ by the Tukey test (p < 0.05).
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for aboveground extract of canola plan®{€ 1), while the of its hydrolysis show relatively high vapor pressure
lowest values of seedlings emerged in soil were observeldramoto & Gallandt, 2004), the higher effect of root
for root system residues. Effects of root canola residuessidues under seed germination in greenhouse conditions
were observed byasumotat al. (2011) in sunflower plants. could be more related to phenolic compounds. In this case,
These authors identified the presence of some volatiégher concentration of phenolic compounds should be
substances and other soluble in waierroots.These expected in root tissue. Other explanation could be related
substances are able to self-inhibit canola seed germinatitma dilution effect on pot cultivation.

According the authors, these substances are released fromTlhe effects of canola residues have also been
plants during development stage or even during initillemonstrated in ryegrass speciksaduzzamaret al.
decomposition, after harvesting. Jafariehyazdi & Javidf§2014a) observed reduction on root growthLofium
(2011) demonstrated reducing on sunflower seedgidum plants when intercropped with canola plants in
germination and root and hypocolyl length, in aqueousgh densityusing the ECAM method (Equal Compartment
extract of canola and othBrassica species, as Bapae B. Agar Method). Similar results were obtained by
juncea. These effects were more pronounced in highésaduzzamaet al. (2014b)AccordingAsaduzzamast
concentrations of the extracts, manly those obtained fraah (2016)Loliumrigidumcan (i) stop growing, (ii) change
full flowering plantsA dose-dependent inhibitionBfnigra  its growing direction or (iii) die, when they find
extract was related B\-Sherifet al. (2013) in wheat seeds. allelochemical compounds of canola plants.

Higher glucosinolates concentration was found in Canola plant residues also inhibit the germination and
aboveground parts of a mixture Bfassica juncea and growth of soybean seedlings, with a more pronounced
Snapsisalba (Norsworthyet al., 2005). This result could effect of the root extract (Haddadchi & Gerivani, 2011),
explain the higher effect of aboveground extract under seaelthough Nunest al. (2014) did not observe this effect.
germination in laboratory conditions, where seeds were ior Bidens pilosa, however the inhibition of seed
direct contact with the extract. In this case, a joint effect giermination is more intense in aboveground extracts, which
the compounds glucosinolates and phenolic compoundan fully inhibit germination (Rizzarét al., 2008; Moraes
is expected. Whereas the glucosinolates and the produettal., 2012). Naeerat al. (2017) showed negative effects

Table 2: Morphologic and yield parameters of wheat plants (TBIO Pioneiro) as a function of canola plant residues on soil

Residue Height (cm) LDM (g) CDM (g) SDM (g) NT
Control 97.00 3.68 6.08 1.73 8.92
Aboveground (A) 102.25 3.44 7.59 2.21 8.84
Root (R) 94.50 2.90 5.92 1.66 8.08
A+R 94.38 3.00 5.97 1.74 8.50
p 0.23 0.32 0.18 0.35 0.44
CV(%) 5.78 19.43 17.59 24.76 8.88
Residue PDW (g) SDM! (g) NS RL (cm) SPS
Control 9.16 1.76 8.13 7.65 14.51
Aboveground (A) 9.13 1.94 7.50 8.06 14.96
Root (R) 8.63 2.04 9.13 7.58 14.12
A+R 8.60 2.05 8.63 7.61 13.76
p 0.76 0.61 0.3 0.68 0.31
CV(%) 11.15 17.01 13.92 8.13 6.16
Residue GS GMS (9) NFT NIT TNT
Control 34.10 1.25 8.13 0.63 8.75
Aboveground (A) 36.28 1.34 7.50 0.88 8.38
Root (R) 29.96 1.12 9.13 0.00 9.13
A+R 31.67 1.21 8.63 0.75 9.38
p 031 0.53 0.29 0.26 0.47
CV(%) 14.31 17.52 13.92 109.87 10.26

LDM: leaf dry matter; CDM: culm dry matter; SDM: spike dry matter;: Mlimber of tillers; PDWplant dry matter; SDM spike dry

matter at maturation; NS: number of spikes; RL: rachis length; SPS: number of spikelets per spike; GS: number of grains per spike; GMS:
grain mass per spike; NFhumber of fertile tillers; NIT number of infertile tillers;TNT: total number of tillers; CVCoeficient of

variation.
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of canola residues on corn seed germination and plaeduced rainfall period, indicating the important role of
growth. In soil conditions, howevetorn plant growing rainfall in promoting the loading or even degradation of
was not affected by canola residues, althoegbhanus the soluble compounds present in these residues. Simi-
sativus andCrambe abyssinica (same family) residues have lar results were observed by Nozaki&mazelli (2014),
reduced plant root growth (Spiassal., 2011). Despite of who indicated a period from10 to 20 days between
the potential of allelopathic effects of canola residuesanola harvest and soybean sowing, to minimize
observed in laboratory essays, some results indicates tali¢lopathic effects.
this effect can be mitigated, or even suppressed through The results obtained in this study are promising,
interaction with soil components, especially waterfrom the technological viewEven though there is an
considering the soluble nature of the substances presatielopathic effect of canola residues on some annual
in canola plants. summer crops, or even on annual winter and weed plants,
The presence of canola residues did not affect thehite oat and wheat plants development was not
biomass accumulation and yield parameters of the whedtected. Thus, in off-season cropping of canola for
(Table 2). Even with the delay in the seedling gyaece climatic conditions in the South and Southeast regions
(Figure 1a), both tillering and yield parameters were naif Brazil, the insertion of the crop into the production
affected. For white oat, the biomass accumulation and yiedgtstem would not affect subsequent crops, as wheat or
parameters were notfatted (Bble 3), according to oats. In addition, it should be considered that in field
germination (&ble 1) and emgence (Figure 1b) parameters.conditions the degradation or even the leaching of
Although the effects of canola residues are weHllelopathic compounds is potentiated by the occurrence
described on seed germination and seedling emergencirains or even thermal oscillation. Finallye mitigation
few studies have demonstrated these effects on crppenomenon, or even the suppression of the
yield. Yasumotoet al. (2011) observed reduction on allelopathic effects of canola residues, helps to explain
plant growth and yield of sunflower cropped aftethe differences between the laboratory results and those
canola harvesting. Silvet al. (2011) demonstrated an obtained in soil, either in the field or greenhouse
allelopathic effect of canola on soybean yield, manly inonditions.

Table 3: Morphologic and yield parameters of white oat plants (Milton) as a function of canola plant residues on soil

Residue Height (cm) LDM (g) CDM (9g) PDM () NT
Control 140.75 4.04 8.77 1.89 5.34
Aboveground (A) 143.13 4.18 9.60 2.25 4.67
Root (R) 145.88 4.61 10.35 2.57 5.50
A+R 142.88 4.30 9.06 1.89 5.58
p 0.96 0.67 054 04 0.58
CV(%) 9.25 15.45 16.86 28.95 19.03
Residue PDW (g) PDM! () NP PL (cm) SPP
Control 15.84 131 6.88 19.57 34.76
Aboveground (A) 17.05 1.34 6.75 19.35 34.54
Root (R) 15.62 1.13 6.50 19.95 33.92
A+R 18.57 1.34 7.75 19.73 31.85
p 0.48 0.67 0.75 0.98 0.93
CV(%) 16.98 22.11 24.57 10.02 20.25
Residue GP GMP(9) NFT NIT TNT
Control 68.63 191 6.88 1.13 8.0
Aboveground (A) 65.52 1.99 6.75 1.25 8.0
Root (R) 67.50 1.98 6.5 0.25 6.7
A+R 62.38 1.98 7.75 0.25 8.0
p 0.97 0.1 0.75 0.15 0.72
CV(%) 28.47 37.15 24.57 101.24 24.21

LDM: leaf dry matter; CDM: culm dry matter; PDM: panicle dry matter;: Ntimber of tillers; PDWplant dry matter; PDM panicle dry

matter at maturation; NP: number of panicle; PL: panicle length; SPP: number of spikelets per panicle; GP: number of grains per panicle;
GMP: grain mass per panicle; NFfumber of fertile tillers; NITnumber of infertile tillersTNT: total number of tillers; CVCoeficient

of variation.
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CONCLUSIONS Haddadchi GR & @rivani Z (2009) Effects of phenolic extracts
of canola Brassica napus L.) on germination and physiological

At high concentration, aqueous extracts of Canolaresponses of soybeaflfcine max L.) seedlings. International
. | of PI P i :63-73.
plants (shoots and roots) have a negative effect on thg®!Ma! of Plant Production, 03:63-73

germination of wheat and oat seeds, in the Iaboratory; Haramoto ER & Gallandt ER (2004) Brassica cpver cropping for
weed managemen# review RenewableAgriculture Food

Canola plants residues did not affect seedling System, 19:187-198.

emergence, growth and yield of white oat plants; Jafariehyazdi E & Javidfar F (2011) Comparison of allelopathic
c . . ffects of someBrassica species in two growth stages on
anola plants residues have negative effect on Wh"%“germination and growth of sunflowelPlant Soil Environment,
seedling emergence, but did not affect plant growth ands7:52-56.

yie|d; Moraes PVD Agostinetto D, Panozzo LE, Galon L, Oliveira C &
Dal Magro T (2012) Potencial alelopéatico de extratos aquosos
de culturas de cobertura de solo na germinagéo e desenvolvi-

CONFLICT OF INTEREST mento inicial deBidens pilosa. Semina, 33:1299-1314.

Naeem M, Nisar U, Khalid FMehmoodA & Ali HH (2017)
Quantifying allelopathic effect of rapeseed on germination and
seedling growth of maize under different salinity levels.
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