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Lowland (88%)

Upland (12%)

Approxi. 1.1 Mi ha
  Dry-seeded system (78%)

  Pre-germinated system (22%)



Rice Production in Santa Catarina State

Rice Area (ha)

Approxi. 150 K ha - 94 county
Pre-germinated system (90%)

Dry-seeded system (10%)

Approxi. 5 k producers involved in rice 

cultivation
Average cultivated area: 39,7 ha

Average Yield 8200 Kg/ha in the last 4 

years

27 processing industries



Rice in Santa Catarina
• 150.000 ha 

• 6.000 families

• 83 counties (growing rice in Santa Catarina)

• 1.050 mil t / Production 

• 8,0 t/ha Yield 

• Yields of 10 t/ha are very common among farmers that use Epagri’s 

recommended technologies 

Santa Catarina





Rice Breeding 
→ Cultivar development

→ Adapted to local conditions

→ Yield 

→ Disease tolerance

→ Abiotic stress tolerance

→ Grain quality



• Pedigree Method

• Until 2024 Epagri 
released 33 varieties 
(26 for Santa Catarina)

Rice breeding programme





EPAGRI RICE CULTIVARS 



2005



2013



GENETIC GAIN



�  Weed rice causes losses to rice yield (Itajaí, SC)

13

�  Yield losses of 34 kg/ha for each weed rice panicle/m2



• with herbicide • without herbicide







Inhibit the enzyme 
acetohydroxyacid synthase 

(AHAS), also called 
acetolactate synthase (ALS)

Several variant ALS genes conferring imidazolinone tolerance were discovered in plants through 
mutagenesis and selection

- imazapyr 
- imazapic 
- imazethapyr



CLEARFIELD (CL) Rice Production System

SCS116 Satoru
(not resistant to ALS  (IMI) herbicides)

 SCS121 CL
Resistant to ALS (IMI) Herbicides

(BASF/Epagri)



Proud of it / concernt about it...

• 2021 - About 60% of the rice area in SC was sowed 
by one single Epagri clearfield variety (SCS121 CL) 

• What about food security - weed resistance to 
herbicides - the risk of diseases (blast) etc?



• Gene flow are causing weed rice resistance to 
“ALS inhibitor herbicides” (IMI herbicides)

• Weed selection through herbicide selection

Epagri’s Rice Team started to look
for new  herbicide resistance traits 
through mutagenesis (up to 2010)



                   

                           Mutation in Rice at Epagri
Aims: 

Grain quality, yield, herbicide tolerance, reducing height

• Gamma rays mutagenesis: 

       0,25 - 0,35 kGy 

• Chemical mutagenesis:

       EMS – Ethyl methanesuphonate (1%) 

       Sodium azide (0.0025M)











• Selection through Herbicides inhibiting acetyl-coenzime A 
carboxilase (ACCase)

• ACCase inhibitors block fatty acid biosynthesis resulting in 
plant dead.

• Resistance is conferred by a single point 
mutation with an amino acid substitution 
of the carboxyl transferase domais of the 
ACCase gene



Fatty acid biosynthesis



Seeds of Epagri’s rice variety ‘Sabbore’ were irradiated
Prof. Dr. 
Augusto Tulmann Neto

(USP – SP - Brazil)
200-300 Gy Gamma Rays

Center of Nuclear Energy 
for Agriculture - USP



1. M1 seeds sowed

2. From the M1 plants 8-10 Seeds per plant were used to generate the 
M2 population

3. The 200.000 plants M2 population were screened for the herbicide 
resistance about 15 days after emergency (V3-V4 

4. Herbicide: Quizalofop-p-ethyl 60g a.i./ha

5. Survived plants were transplanted into a greenhouse

6. The resulting M3 progenies were tested again under quizalofop to 
confirm the resistance

7. 2 progenies were selected

8. The 2 M4 resistant pop. show no herbicide injury (R lines)



Resistant plants 
through Epagri’s 

“ACCase System””



Quizalofop (TARGA*)

0 g ha-1 7,5 g ha-1 15 g ha-1 22,5 g ha-1 30 g ha-1 37,5 g ha-1

Quizalofop (TARGA)

0 g ha-1 18,75 g 37,5 g 75 g ha-1 150 g 300 g 

Resistance evaluation of Epagri’s 
“ACCase system”

Sabbore variety (not 
resistant to the  

herbicide)

Resistant  line

* BASF



Haloxyfop (VERDICT**)

0 g ha-1 6 g ha-1 12 g ha-1 18 g ha-1 24 g ha-1 30 g ha-1

Haloxyfop

0 g ha-1 15 g 30 g 60 g 120 g 240 g

Evaluation of resistance of Epagri’s 
ACCase system

Sabbore variety Herbicide Resistent line

** Corteva Agriscience



Without herbicide

With herbicide

weed-rice SCS121 CL Epagri resistant line

Rice resistant to ACCase inhibitors herbicides



• DNA from R and S lines were taken

• Eight set of primer were generated/designed based on the 
cloroplastic ACCase sequences

• The amplified DNA was sequenced

• Sequencing of the carboxyl-transferase region ACCase gene 
revealed one single pair change (transversion G>T) that was 
found in the coding region of the ACCase gene at the 
position 2027.

• This caused an amino acid change in the ACCase protein: 
from tryptophan to cysteine.







Patent



Yield kg/ha
Nowadays:



BACKCROSS
BACKCROSS



Nowadays:



LARGE TRIAL



Grain quality at Image Rice Grain Scanner (digital platform for 
breeding and research by Selgron/Epagri, CBAB 2017)



40 grain quality traits for each sample in 3 minutes
three-dimensional measurement of grain size, dimensional classes, 
number of chalked grains and chalked area, defects of the grain, milling 
quality, length/width ratio, % whole grains, % broken grains, etc
Results in a Microsoft excel spreadsheet
3 minutes to analyse 35g milled rice  > 1000 grainshttp://www.sbmp.org.br/cbab/siscbab/uploads/c8eb9792-c9e1-ce1f.pdf



Grain quality by Image Rice Grain Scanner (Selgron)



Grain quality analysis: 
*Sensory tests
*Cooking quality
*Amylose content



• Still using Gamma ray irradiation to induce mutation for:

– Herbicide resistance

– Agronomic traits

– Tolerance to abiotic stress 



Conclusions:

• Gamma ray irradiation was able to create new rice mutants with 
tolerance to Haloxy/Quizalofop’s herbicide.

• It will take 2 years more to release a new “ACCase system” 
resistant cultivar with good yields and grain quality. 

• “ACCase system” varieties would help to manage weeds and 
alternate herbicides and varieties of the Clearfield (CL) system.

• Gamma ray has a great potential in rice breeding.

  Rice Team
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