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ABSTRACT

Nitrogen fertilization, besides increasing productivitgn favor the production of well-formed,dat and heavy
grains, which are traits valued by the oat processing indu$tryever high nitrogen (N) doses may lead to plant
lodging, which could be solved by using growth retardant. This study aimed to evaluate the industrial quality of white
oat grains cultivated under different nitrogen doses and associated with the growth retardant trinexapac-ethyl in two
growing environments. Experiments were conducted in Londrina and Maua da Serra, PR, Brazil, using the cultivar IPR
Afrodite in a randomized block design in a 4 x 2 factorial scheme and four replications. Treatments consisted of four
topdressing N doses (0, 30, 60, and 90 k§ had the application or not of growth retardant. Thousand-grain weight,
hectoliter weight, grain index greater than two millimeters, peeling index, and industrial grain yield were evaluated. The
effect of N fertilization and growth retardant on the industrial quality of white oat grains depends on the characteristics
of the growing environment. The trinexapac-ethyl application reduces grain quality in Londrina and Maua da Serra.
However the industrial quality of grains is high in both growing environments when the growth retardant is associated
with nitrogen doses.
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INTRODUCTION Thus, N supply to crops can become a strategy to meet

Nitrogen (N) is one of the quantitatively most essentidi'® demands of the food i.ndustwyh.ich requir.e We”.'
elements for white oat (Kolchinski & Schuch, 2004) anfPrmed. lage, heavyand uniform grains to achieve high
an essential element for its growth and developmelfdustrial yield (Alves & Kist, 2010).

(Mundstock & BredemeieR001). However the use of high N doses may influence a

Obtaining high yield levels and better industrial qualitpigher vegetative development and result in increased
oat grains can be achieved using the nitrogen fertilizatighant height, with consequent lodging, which negatively
(Ceccoret al, 2004). Oat breeding programs in southertiterferes with grain yield and quality (Zagoeeél, 2002;
Brazil have developed cultivars more responsive to Kagonel & Fernandes, 2007; Penckowskal, 2009).
application (Kolchinski & Schuch, 2002), which allowed éAmong the strategies for using high N doses, without
significant increase in yield and especially grain quality!odging, are the use of small-size cultivars or application

Kolchinski & Schuch (2004) worked with four grain Of growth retardants (Penckowsdtial, 2010).
white oat cultivars (CTC 5, UFRGS 15, UFRGS 19, and Growth retardants are chemicals that have been gaining
UPF 18) and four topdressing N doses (0, 24, 48, and 73ikgportance for improving the productive efficiency of
ha') and verified that the increased nitrogen fertilizatiocultivated species, being usually used as a control
positively influenced the industrial quality of oat grainsalternative for plant lodging without decreasing grain yield
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(Paglioszet al, 2013). In addition, growth retardants havein® of Mg*; 0.80 cmoldm? of K*; 25.0 mg dni of P; and
been used to make plant architecture more adapted @55 g dnf of organic matterOn the other hand, the
efficient in the use of environmental resources and inputs)lowing results were obtained for Maua da Serra: 4.85 of
which also favors increased productivity and quality gbH (CaCl); 7.48 cmoldm?® of H +Al**; 6.38 cmolc dm of
grains (Hawerrotlet al, 2015). Ca*; 1.53 cmoldm® of Mg*; 0.35 cmoldm?® of K*; 17.5
The determination of industrial quality of oat grainsmg dm? of P; and 28.82 g dfiof organic matter
which is related to morphological traits that will directly The experimental design for each site was a
influence the industrial processing (De Francistal, randomized block in a 4 x 2 factorial scheme, with four
2002), has been carried out by several criteria, namehgplications. Treatments consisted of four topdressing N
hectoliter weight, thousand-grain weight, proportiordoses (0, 30, 60, and 90 kg!pand the application or not
of grains thicker than two millimeters, and the peelingf the growth retardant trinexapac-ethyl.
index (Brasil, 1975). Moreovethe last two parameters,  The white oat cultivar was mechanically sown under a
together with grain yield, can define the industrial yieldno-tillage system in an area previously cultivated with
also calleddvenacor (Flosst al, 2002), which expres- soybean in the municipalities of Londrina and Maua da
ses the percentage of product obtained for th®erra on May 8, 2014, and May 12, 2014, respectively
production of various foods from whole grain samplewith a density of 300 viable seedsn®Plots consisted of
(CBRA, 2014). six rows of five meters in length and interrow spacing of
The use of growth retardants and nitrogen fertilizatio.17 m, with a useful area of 5.2.m
are factors that influence the industrial quality of white Base mineral fertilization was carried out in the sowing
oat grains, with variable responses according trrow, being constant for all treatments and based on
edaphoclimatic conditions of the cultivation regionsoil chemical characteristics of the experimental areas, as
Information on these factors, as well as the interactidollows: 30 kg ha of N, 90 kg ha of P,O,, and 30 kg h&
between them, about the industrial characteristics of oaftK O in Londrina and 20 kg Haf N, 60 kg ha of PO,
grains is scarce. and 20 kg hdof K,0O in Maua da Serra. The formula 10—
In this sense, this study aimed to evaluate the indu30—10 was used for both growing environments.
trial quality of grain white oat cultivated under differentTopdressing nitrogen fertilization was carried out at a dose
nitrogen doses and associated with the growth retardait60 kg ha of N as urea (45% N), broadcasted at the

trinexapac-ethyl in two growing environments. tillering stage.
Trinexapac-ethyl was applied at the stem elongation
MATERIAL AND METHODS stage, between the 1st and 2nd noticeable nodes. The

The experiments were carried out with the grain whiterinexapac-ethyl dose was 125 g a.i.*havhich
oat cultivar IPRAfrodite (medium cycle, moderate corresponds to 400 mL #af the commercial product
resistance to lodging, and medium height) in two growinloddu$, applied with a knapsack sprayer at a constant
environments in the state of Parana, contrasting regardipgessure of 30 Ib. if) pressurized by compressed CO
edaphoclimatic characteristics: Londrina and Maua dand equipped with two flat fan spray tips XR 110-020,
Serra, PR, Brazil. In Londrina, the experiment wawith a spray solution volume equivalent to 200 t'.ha
conducted in a eutroferric Red Latosol (Brazillian soil Management and cultural practices were carried out
classification system), located at 23°232 SandBAW, according to the need and recommendations for the crop
with an altitude of 610 m. The regional climate is Cfa typdCBPA, 2014). Harvesting was performed after grains
described as humid subtropical with hot summerseached harvest maturjty stage characterized by
according to the Kopen climate classification. In Maué daardening of the caryopsis, plants with dry appearance,
Serra, the experiment was conducted in a dystroferric Radd grains with moisture below 20%. The following
Latosol (Brazillian soil classification system), located a¢valuations were carried out to determine the industrial
23°582 S and 51°19%V, with an altitude of 847 nThe quality:
regional climate is Cfb, described as mesothermal Thousand-grain weight: obtained by counting and
temperate with mild summers, according to the Képeweighing eight replications of 100 white oat grains per
climate classification. Precipitation and temperature dafdot. The mean of these values was multiplied by 10 to
were obtained from IARR weather station records (Fi- obtain the weight of one thousand grains (Brasil, 2009).
gure 1). Hectoliter weight: determined on a hectoliter scale with

Soil chemical characteristics at a depth of 0-20 claquartediter grain capacityTwo replications were taken
were determined before the experiment was set up in Ldnem the mean sample of the plot. The result was expressed
drina and were represented by: 5.20 pf pH (Qa6I55 in kg hL* (Brasil, 2009). Hectoliter weight was calculated
cmol_dm?of H +Al®*; 4.90 cmoldm? of C&*; 2.73 cmolc by the equation:
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_ _HSWx 100 were expressed as a percentage (%) and calculated by the

HW
sV following equation:

where HW is the hectoliter weight, HSW is the weighp; = %X 100
obtained on the hectoliter scale (g), and SV is the scale >
volume (250 mL). where Pl is the peeling index (%) and CM is the caryopsis

- - __mass or peeled grains (g).
Grain index greater than two millimeters: determined

by sieving a sample of 50 g of grains per replication on an Industrial grain yield: determined by multiplying grain
oblong mesh sieve with two-millimeter-wide holes (Flos¥ield, grain index greater than two millimeters, and peeling
etal, 2002). The data were expressed as a percentage [geX (Flosset al, 2002), being expressed in kg'tend

and calculated by the following equation: obtained according to the following equation:
IGY =GY XxGI>2mmxPlI
GI > 2 mm =S 109

where IGY is the industrial grain yield, GY is the grain
where Gl >2mm is the grain index greater than 2 mm (%jeld, Gl > 2 mm is the grain index greater than 2 mm, and
and GM > 2 mm is the grain mass greater than 2 mm (gP!I is the peeling index.

Peeling index: a sample per plot consisting of 50 g of The data were submitted to the analyses of normality
grains greater than two millimeters was introduced intoand homogeneity of errors and, subsequerdythe
laboratory peeler (Codema Inc., USA) for 75 secondanalysis of variance, separately for each growing
Caryopses were weighed after peel separation. The datevironment. The means of the growth retardant were

A)180 @@ Rainfall —— Average temperature - 30
160 L s
140 —~

@)
120 20 &

E 100 g

£ 15 g

= 80 g

=R F10 £

= O

S 40 L5 ©
20

o A& L0
A A A SIS ISIIIFT YWV RIRRKISKXRS S
» > >SS S0 S0 S0 oY S O
i A add & o & O O
SEFTITTISIST s
ten-day period - months

®B) 180 W Rainfall —— Average temperature - 30

160
- 25
140 p—
O

— 120 - 20 &

E 100 2

E - 15 g

= 80 5

g 60 - 10 £

& 40 o

-5
20
0 =

Figure 1: Mean data of temperature and rainfall for 10-day periods during the experimental period in Londrina-PR (A) and Mauéa da
Serra-PR (B), PR, Brazil.
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compared by the F-test and those of N doses t01875), which establishes the technical regulation of
polynomial regression analysis up t& 8egree, at 5% identity and quality of oat grains, grains can be classified

significance. into four groups (1 to 4) based on the hectoliter weight
(group 1: HW > 50 kg ht; group 2: HW from 47 to 49 kg
RESULTSAND DISCUSSION hL*; group 3: HW from 41 to 46 kg h.and group 4: HW

In Londrina, a significant interaction was observed 41 kg hL). As shown ifTable 1, the values obtained for
between the factors growth retardant and N doses foectoliter weight of white oat grains from treatments with
grain index greater than two millimeters. The traitand without growth retardant application in Londrina
hectoliter weight and the peeling index had an isolatgd1.33 and 44.25 kg Hi, respectively), fall into the type IlI
effect of growth retardant. No effect of growth retardantlassification (41 to 46 kg hl). Thus, changes provided
N doses, and interaction between factors was observeyl the use of growth retardant was not enough to alter
for thousand-grain weight and industrial grain yield.  the classification and improve grain quality of the white

In Maua da Serra, an effect of the interaction betweerat cultivar IPRAfrodite.
factors was observed for the variables peeling index and In Maua da Serra, the results showed that hectoliter
industrial grain yieldA significant efect of growth weight of grains was not significantly influenced by the
retardant was found only for the trait grain index greatéactors of variation in isolation nor by their interaction.
than two millimeters. No isolated effect of the factors anBossibly this result occurred due to the lack deef of
their interaction was observed for the thousand-grainnexapac-ethyl and N doses on the yield components
weight and hectoliter weight. number of spikelet per panicle, number of grains per

As shown inTable 1, the application of growth spikelet, and number of grains per panicle. Thus, no
retardant in Londrina reduced the hectoliter weight afompetition for nutrients and photoassimilates was
grains of the white oat cultivar IP&rodite. A possible observed within the reproductive unit and, therefore, there
explanation for this fact would be the production of largewas no interference on the grain unit mass, not affecting
grains, influenced by the use of trinexapac-ethyl, resultirthe hectoliter weight of oat grains. Espindedal (2010)
in lower-density grains since their mass was not affecteshd Penckowsket al (2010) worked with the growth
in the cultivation in Londrina, with consequent decreasetardant trinexapac-ethyl and N doses in wheat and did
of hectoliter weight. Degradt al (2008) and Souzet al  not find a significant influence of these factors on
(2014) evaluated the effect of trinexapac-ethyl on wheagctoliter weight.
and white oat crops, respectivegnd found similar The grain index greater than two millimeters of
results. treatments submitted to growth retardant application in

Nascimentoet al (2009) worked with rice, and Londrina was adjusted to a quadratic function, with the
Penckowsket al (2010) worked with wheat and verified maximum value of this trait (89.62%) found at an
an increase of hectoliter weight of grains originated frorastimated dose of 24.34 kghat N. Howevertreatments
plants sprayed with trinexapac-ethyl, diverging from thavithout the use of growth retardant showed no response
results obtained in this studyhese authors reported of this variable to N doses (Figure &}.a dose of 30 kg
that the positive influence of growth retardant on hectolitéra® of N, treatments sprayed with trinexapac-ethyl
weight could be explained by a reduction in plant heiglgresented a higher percentage of grains with thickness
so that the photoassimilates that would be used for plagreater than two millimeters, while at a dose of 90 kg
growth were intended to improve grain filling and hencéa? of N, the highest value of this variable was obtained
to result in a higher hectoliter weight. in treatments with no growth retardant. The other doses

According to Ordinance N191 ofApril 14, 1975, of presented no significant differences between treatments
the Ministry ofAgriculture, Livestock and Supply (Brasil, for this trait.

Table 1:Mean values of hectoliter weight (HW) and peeling index (PI1) in Londrina and grain index greater than two millimeters (Gl
> 2 mm) in Maua da Serra of the white oat cultivar F#Rdite as a function of the growth retardant trinexapac-ethyl

Londrina Maua da Serra
Growth retardant HW (kg hL %) Pl (%) Gl > 2 mm (%)
Without 44.25 a 58.98 a 94.96 a
With 41.33b 53.68 b 92.33b
CV (%) 2.73 10.45 1.96

Means followed by the same letter in the column do not differ from each other by the F-test (P < 0.05).
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According toAlvarezet al (2007), who worked with hindering the proper grain filling and favoring the
the highland rice cultivar Primavera, the use of trinexapafermation of thinner grains. The climate characteristics
ethyl can interfere with the initial processes of paniclef Maua da Serra, with milder temperatures than in Lon-
formation, affecting branch formation, the number ofirina, may also have contributed to the higher tiller
spikelets per branches, and floral organs. These authpreduction. Flosst al. (2009) stated that oat tillering is
observed that growth retardant application reduced panié¢s/ored by lower temperatures and stimulated by frost.
size, with a probable reduction in the number of spikeletk this case, the site of cultivation was a factor that
Thus, growth retardant application in the white oat cultinfluenced the reduction of the grain index greater than
var IPRAfrodite may have caused the reduction in paniclevo millimeters and may be another justification for the
size and the number of reproductive structures, resultingsult found in this study
in a greater balance of photoassimilates for their formation In Brazil, CBRA (2014) suggested two classification
and filling. This fact, together with the greater Nlevels for grain index greater than two millimeters: type 1,
availability, a structural constituent of biomoleculeswith at least 75% of grains greater than two millimeters,
translocated to the panicle during the grain filling periodand type 2 and 3, less than 75% of grains greater than two
may have resulted in the formation of well-formed andhillimeters. The results found in this study showed that
thicker grains, which justifies the result found for thighe means of grain thickness produced in the experiments
traitin Londrina. with and without growth retardant application in Maua

In Mauéa da Serra, the grain index greater than twaa Serra (92.33 and 94.96%, respectively) are significantly
millimeters was significantly affected by growth retardanhigher than the standard type 1 classification suggested
application, reducing this variable with the use oby CBFA (2014) (Rble 1).
trinexapac-ethyl (@ble 1).This result may have occurred  In Londrina, the peeling index was reduced by 9% due
due to the influence of the growth retardant on th® the use of trinexapac-ethyl in relation to treatments
reduction of height and modification of leaf architecturevithout its application (@ble 1). Souzat al. (2014) worked
of plants, which probably led to the occurrence of with three grain white oat cultivars (URBGaudéria, UPF
higher light incidence on them, stimulating thel8, and URS Guria) and four trinexapac-ethyl doses (0, 50,
development of fertile tillers and, consequentlye 100, and 150 g a.i. Fpand found response only for UPF
highest number of panicles pet.iGastro & Kluge (1999) 18, which showed a quadratic adjustment of the peeling
stated that tillering in annual grasses is favored by highdex as a function of the growth retardant doses
light intensity In this case, increased tillers andncrement. In this studythe authors observed that the
reproductive units per area increase the competition lmighest percentage of peeled grains (54.41%) was obtained
the nutrient and photoassimilate partitioning in plantgat the estimated dose of 60.56 gthaf the active
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Figure 2:Grain index greater than two millimeters (Gl > 2 mm) of the white oat cultivaAliRite as a function of the application
of the growth retardant trinexapac-ethyl and topdressing nitrogen doses. Londrina, PR, Brazil. Whit GR (with growth retardant) and
Without GR (without growth retardant).

Rev CeresVigosa, v68, n.1, p. 047-054, jan/feb, 2021



52 José Henrique Bizzarri Bazetal.

ingredient. In Londrina, the percentage of peeled graipeeled grains from plants submitted to the growth
was not influenced by nitrogen doses, which is similar teetardant showed no response to N doses (Figure 3). In
that observed by Goi Ne#t al (2015), also working with the absence of nitrogen fertilization, treatments using
white oat crop. trinexapac-ethyl showed higher peeling index, while the
The peeling index in Maua da Serra showed ather N doses presented no significant difference between
significant interaction between the factors growthreatments for this variable.
retardant and N doses, in which treatments without The use of growth retardant and the different nitrogen
retardant application were adjusted to a quadratic functioloses applied in Londrina did not affect the industrial
with the maximum point (72.13%) obtained at an estimategtain yield. Other studies that evaluated the application
dose of 58.70 kg hHaof N. However the percentage of of topdressing N doses in white oat crop also found no
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50

0 30 60 90
N doses (kg ha'l)
Figure 3:Peeling index of the white oat cultivar IRRodite as a function of the application of the growth retardant trinexapac-ethyl

and topdressing nitrogen doses. Mauéa da Serra, PR, Brazil. Whit GR (with growth retardant) and Without GR (without growth
retardant).
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Figure 4: Industrial grain yield of the white oat cultivar IPRrodite as a function of the application of the growth retardant
trinexapac-ethyl and topdressing nitrogen doses. Maua da Serra, PR, Brazil. Whit GR (with growth retardant) and Without GR
(without growth retardant).
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