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ABSTRACT

Rice varieties from the Clearfiéldystem may present different tolerance levels to imidazolinone herbicides in
function of application rate. The objective of this research was to evaluate the phytotoxicity of different rates of the
formulated mixture of the herbicides imazapyr+imazapic applied on two tolerant irrigated rice varieties. The experiment
was carried out in 2015/16 and 2016/17 growing sea&aaadomized complete block design was used in a factorial 2x6
with five replicationsThe factoA was composed by the tolerant rice varieties GUrAIKL and IRGA424 RI, and the
factor B by rates of the formulated mixture of the herbicides imazapyr+imazapic (525+175%efi0k§40, 210, 280, 350,
and 420 g c.p. haln the first growing season, it was observed maximum phytotoxicity of 8.5% while in the second the
highest percentage was 13Phe number of stemsnplant height, shoot dry matt&FAD index, and grain yield were
not influencedg < 0.05) by herbicide rates. The application of the formulated mixture of the herbicides imazapyr+imazapic
causes low initial phytotoxicity to the tolerant rice varieties GuriANOL and IRGA424 RI up to three times the
recommended rate, not influencing their grain yield.
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INTRODUCTION commercially licensed was IRGA 422 CL, developed from
the lineage 93-AS3510, which in turn was produced by
. : o o s mutagenicity by the agent ethyl-metanesulfonate (Sudianto
(Oryza sativg, tolerant rice varieties to |m|dazol|noneet al, 2013). Posterior)pther rice varieties were developed,

herbi'ci.des of the .Clearfie‘ijdsysterrll were developed. considered as second generation varieties as IRGA 424 Rl
Herbicides belonging to this chemical group act on th§nd Guri INA CL. In 2016/17 growing season, these

inhibition of the acetolactate synthase enzyme (ALS), Whicfy jjeties were responsible for 64.3% of the total rice field

acts on the synthesis of the branched chain amino acifl§ne state of Rio Grande do Sul, Brazil, being that the first
valine, leucine, and isoleucine (Sudiamtoal, 2013). \ariety alone accounted for 43.9% (IRGA, 2017). Despite
Among the herbicides that are part of this group, it can B considerable expressiveness on the rice productive
cited the formulated mixture of the molecules imazapyr anghain in that state, the knowledge about the tolerance level
Imazapic. of IRGA 424 Rl to imidazolinone herbicides is limited due
The plant tolerance mechanisms to imidazolinones aggits shorter usage time in relation to Guri ANTL, which
related to mutations where there is substitution of amirtas been in the market for the longest time.
acids in the structure of th&LS enzyme, reducing In irrigated rice, the responses to different herbicides
sensitivity to these herbicidesgfTet al, 2005). In Brazil, of the imidazolinones chemical group, as well as to different
the first imidazolinone-tolerantrigated rice variety rates, are dependent of the variety tolerance level, which

Facing the need of alteatives to control weedy rice
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may result in greater or less phytotoxicity to plantalgA In the 2015/16 growing season, planting was carried
et al, 2005; Levy Junioet al, 2006). In function of the out on 10/21/2015, in a no-tillage system, in a field planted
constant growth of resistant weeds as weedy rice, barnyavith soybeans in the previous growing season and
grass, and plants from cyperaceae family (Norswaethy ryegrass in the keason. Regrass was desiccated with
al., 2013), the increase in herbicide rates has been te herbicide glyphosate with a rate of 1500 g a:&.6t
increasingly common practice, which warns researchedays before rice planting. The base fertilization used was
and producers about the increase in phytotoxicity caus&d kg ha of N, 60 kg haof P,O,, and 95 kg of KO. Nitrogen
by imidazolinone herbicides in rice fields. top-dressing fertilization was 120 kghéor both varieties,
The utilization of high rates of herbicides from thebeing the application split in 80 kg-hia V stage and 40
imidazolinones chemical group in rice varieties with littlekg ha' in R, stage. Potassium top-dressing fertilization
known tolerance can result in damage to irrigated ricgas 30 kg hédof K,O applied in \/stage.
cultivation. Thus, the objective of this research was to Inthe 2016/17, planting was carried out earlier in relation
evaluate the phytotoxicity of different rates of theéo the previous growing season, on 09/16/2017, in a
formulated mixture of the herbicides imazapyr+imazapiminimum tillage system, with disking and soil planing, in a

applied on two tolerant irrigated rice varieties. field previously planted with rice non-tolerant to imida-
zolinones and kept fallow during the off-season. Due to
MATHERIALAND METHODS the lack of precipitation after planting, it was necessary an

irrigation in order to stimulate plant emergence. Base

The experiment as carried out in the field during 2015/5¢tilization was 20 kg hof N, 80 kg haof P,O,, and 80
16 and 2016/17 growing seasons, in the municipality @b hatof K ,O. Nitrogen top-dressing fertilization was 150
Santa Maria, RS, Brazil (29°43'S 53°43'W). The climate ofq a1, belng applied 80 kg Hn V, stage, 40 kg hin V,
the region is characterized, according to Képpegage, and 30 kg hin R, stage. Potassium top- dressmg
classification, as subtropical humid (Cfa) without dryetjlization was 40 kg haapphed in \ stage. In both
season (Alvarest al, 2013). The soil of the experimentalgrowing seasons, other cultural treatments were carried
area s classified as Eutroplieenic Hexic Planosol, with oyt according to crop technical recommendations for
the following chemical characteristics in the layer of 0 tgoythern Brazil (Sosbai, 2014).
0.1 m: pHwater (1:1) = 5.8; effective CTC = 7.6 cpaioir Soil temperature was monitored during initial period of
base saturation = 63.7%; saturationAly= 0; omanic rice cycle by sensors connected to a datalogger model
matter = 2%; clay = 25%; P-Mehlich =12.8 mg:d=68 HOBO U30, Onset brand, positioned in the 0-0.05 m layer
mg.dm?; Ca = 5.3 cmoldm®; Mg = 2.2 cmoldn®. The  of the soil Air temperature and precipitation were obtained
experimental design was a randomized block design, in a 2xpough the automatic meteorological station of 8° Disme/

factorial, with five replications. Factérwas composed by |nmet, 600 meters distant from the location of the experiment.
irrigated rice varieties Guri INVCLand IRGA424 Rl, tolerant  Ajr and soil temperature, as well as precipitation data, are

to herbicides from imidazolinones chemical group. Factor f Figure 1.

was composed by different rates of the formulated mixture |t was evaluated phytotoxicity in rice plants 7 and 14

of the herbicides imazapyr+imazapic (525+175 g a¥),kg days after herbicide application in, stage (DAA),

whichwere 0, 140, 210, 280, 350, and 420 g c:pTee 140  attributing percentages based on leaf goladth, and

g c.p. harate corresponds to the recommended rate gowth, where zero represented absence of phytotoxicity

rice. The dimensions of the experimental units were 1.53xd 100 plant death (Fragisal, 1986)At 7 and 21 DAAt

8m (12.241%). was performed the counting of the number of stems in a
In the 2015/16 growing season, the herbicide applicati@17 niarea per experimental unit, being data posteriorly

occurred only in post-emergence, ipstage (Councet converted to stemsn

al., 2000), before irrigation establishment. In 2016/17 Plant height was obtained by the collection of 20

growing season, the application was split in two momenggants in sequence in the second planting aiso at 7

because of the lower precipitation during seeds germinatiand 21 DAA, being measured from the first node of the

in relation to the previous growing season, which allowestem base to the end of the last expanded leaf with a ruler

entry into the field. Thus, 50% of rate was applied in préFhe same plants were oven dried at 65 °C for the

emergence (Stage) and the rest was applied jstdge. determination of shoot dry mattdn the same days it

It was added to the spray mix the adjuvant Dash HC (0.5#as estimated chlorophyll content byAEPindex, in 10

v/v). A backpack sprayer pressurized by @Z¥Y5 kPa plants per experimental unit, doing the measurements in

pressure) was used coupled to a spray boom with foewer, middle, and upper third of the last expanded leaf

flat-type nozzles (@ejet XR1L0015 model), 0.50 m spaced,with a chlorophyll meter S¥D 502 DL model, Minolta

with an application rate of 125 lah brand. Rice harvest was performed when grains were
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presented mean humidity degree of 22%, in a useful arnearcentage as herbicide rate increased (Figures 2a and 2b).
of 4.08 n% per experimental unitAfter cleaning and At7 DAA itwas observed a maximum value of 7.5% in the
weighing the grains, data were corrected to 13% difighest applied rate, while at 14 DAA there was an increase
humidity and converted to kg ha of 1% for that same rate in relation to the previous
The analyzed variables were submitted to the test efaluation. In the recommended rate (140 g c:p), laa7
the presuppositions of the mathematical model (normaliAA, it was obtained a percentage of 1.5%, and in the
of the errors and homogeneity of the variances). THellowing evaluation no symptoms were observed.
variance analysis of experiment data and significance of Inthe 2016/17 growing season, besides the significance
qualitative factor means (rice varieties) was performed usifigr herbicide rates, difference was also obserged).05)
the F testig < 0.05). The means of the quantitative factobetween rice varieties (Figures 2e and 2f), however there
(herbicide rates), when significant, were submitted tavas no interaction between factors. In the evaluations
polynomial regression analysis. For the phytotoxicity dageerformed 7 and 14 DAA, the variety IRGA 424 Rl presented
the transformation/(y,+0.5) was used. phytotoxicity percentage 50% higher in relation to the variety
Guri INTA CL. Levy Junioet al (2006) found up to 78% of
phytotoxicity in the tolerant rice variety CL 121 in theW,
RESULTSAND DISCUSSION stage, while in the variety CL 161 the maximum value obtained
In the 2015/16 growing season there was significaneeas 13%, which evidences differences of tolerance between
(p<0.05) only to herbicide rates in the phytotoxicityvarieties. Howeveit is emphasized that in the present study
evaluations. There was an increasing behavior in thidiie observed values were loleing 6.2% the maximum
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Figure 1. Mean daily soil temperature, in the 0-0.05 m layer, mean daily air temperature, and precipitation during the initial period
of irrigated rice growing in the 2015/16 (a) and 2016/17 growing season (b).
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percentage obtainedo the herbicide rates faciahe has been carried out earlier compared to the first growing
behavior was similar to the previous growing season (Figgeason. Low temperatures reduce the cytochrome P450
res 2c and 2d), with maximum value of 13% for the 420 g c.monoxygenase activity in plants, which acts in the phase
ha'rate in both evaluations. These results corroborate witlof the metabolism of several herbicides, among them the
Marchesanret al. (2011) where there was observedALS inhibitors (Siminszky2006).
phytotoxicity close to this value (17%) in the tolerant variety However it is important to highlight that in both
IRGA 422 CL, with application in pre and post-emergence @frowing seasons the phytotoxicity percentages found
the formulated mixture of the herbicides imazetha pyr are considered lovslightly harmful and recoverable by
imazapic in the rate of 75+ 25ga.i. ha-1. the plants, being that 21 days after herbicide application
In general, it was observed higher phytotoxicity in thé& was not observed phytotoxicity of any applied rate on
second growing season. This fact may be explained tine two studied rice varieties. The number of stemis m
parts due to the lower soil and air temperature during initiplant height, shoot dry matte8PAD index, and grain
period of rice growing (Figure 1), in function of the plantingyield were not significantly influenceg (< 0.05) by
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Figure2: Phytotoxicity 7 (a) and 14 (b) days after application in thetage (DAA) in the 2015/16 and 7 (c) and 14 (d) DAA in the
2016/17 growing season of different rates of the formulated mixture of the herbicides imazapyr+imazapic in tolerant rice, and
phytotoxicity 7 (e) and 14 (f) DAA in two tolerant rice varieties in the 2016/17 growing sélkeans differ from each other by F

test < 0.05).
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Table 1: Number of stems by square metelant height (PH), shoot dry matter (SDM), andABRndex, 7 and 21 days after
herbicide application in Ystage (DAA), and grain yield (GY) of two imidazolinone-tolerant rice varieties, 2015/16 and 2016/17
growing seasons.

2015/16 growing season

. Semsm? PH (cm) SDM (g plant?) SPAD index
Variety GY (kg ha?)
7 DAA  21DAA 7DAA 21DAA  7DAA 21DAA  7DAA 21DAA
Guri INTA CL 488* 1049* 29,8* 45,5% 0,179 1,274* 33,2* 37,2* 9378 *
IRGA 424 RI 557 1365 26,2 36,5 0,174 1,06 31,6 35,6 10022
Mean 523 1207 28 41 0,177 1,167 32,4 36,4 9705
VC (%) 21,6 15,7 54 6,9 16,7 23,3 3,7 3,7 8,2
2016/17 growing season
Guri INTA CL 264" 840* 24,1* 41,1* 0,094*  0,706* 31,9* 36,5* 11327
IRGA 424 RI 265 932 21 34,5 0,07 0,512 29,9 35,3 10978
Mean 265 886 22,5 37,8 0,084 0,609 30,9 35,9 11153
VC (%) 21,2 15,1 6,6 4,1 20,4 23,7 2,6 55 10

*Means differ from each other in the column by F tgst0(05)." Not significant by F test.
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