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Abstract 
Specialty rices can present differences in some aspects related to grain peri-
carp color, shape, size, amylose content or aroma. Most of these rice types are 
related to cultural traditions and ceremonies, and some of them have also 
different nutritional value. As a specific market, the economic values of these 
grains are also higher than common milled rice. Santa Catarina State has the 
ideal conditions to produce specialty rices. The objective of this work was to 
develop a rice cultivar with special attributes for the well-appreciated risotto. 
Two rice lines were combined, evaluated and selected during ten years for 
characteristics related to Italian food. One line was selected and becomes the 
new rice variety SCS123 Pérola, developed to attend the economically impor-
tant specialty rices market of Italian food, specifically the risotto. Experimen-
tal tests performed with this variety showed that it can be recommended to all 
rice-producing regions of Santa Catarina State, Brazil. Cooking tests showed 
that the grains are appropriated for risotto. 
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1. Introduction 

Rice is a staple food in many countries, notably India, China and Japan [1] [2] 
[3] [4]. In Brazil, rice is a very important food as a part of a traditional dish 
called rice and beans [5] that have wide acceptability throughout the country 
and is consumed almost every day by Brazilians. Brazilian consumers mostly 
prefer milled rice grains with long and thin shape, translucent and without any 
type of spots, with intermediate to high amylose content. Because of this, about 
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80% - 85% of the Brazilian rice production attends this market request. 
But in recent years, an increased number of consumers have tried new rice 

types mainly due to the culinary TV shows and social medias that had promoted 
a market segment of these specialty rices [4] [6]. In Brazil, the most representa-
tive is the niche of rice grains for Italian dishes, notably rice grains like the 
well-known “Arborio” and “Carnaroli”. Brazilians are larger consumers of Ital-
ian dishes as part of the cultural traditions associated with the immigration. 

“Arborio” and “Carnaroli” rice types are the most known and used to elabo-
rate the well-appreciated “risotto”. Therefore, “risotto” requires specific round 
shaped rice grains with porosity for absorb flavor and ability to liberate amylose 
to give the final creamy characteristic. At the end of cooking, the grains must 
preserve its shape, being flavored with the added savor, and fluffy with the inside 
part of the kernel more hard at eating time. 

Despite having high rice production of traditional milled and parboiled rice, 
Brazil imports most of the specialty rice grains. This also occurs with rice for 
Italian dishes. Only in recent years, efforts were done in order to develop a rice 
cultivar adapted to Brazilian rice production areas, more specifically to Santa 
Catarina Sate (SC). 

Santa Catarina is a traditional rice producer of long-shaped grains. Most of 
the rice area in SC is cultivated by pre-germinated system that results on an av-
erage yield of 8000 kg∙ha−1 and most of the production is then parboiled by local 
industries and market in the country. 

Despite having an established rice production chain in Santa Catarina with 
Research and Extension done by Epagri, seed producers, grain producers and 
industries, the establishment of a new specialty rice grain supply chain needs 
firstly to have available cultivars and seeds adapted to the production system. 

Epagri has carried out a breeding research project entitled Specialty Rices with 
the objective to develop varieties adapted to soil and climate conditions of Santa 
Catarina for pigmented grains, low amylose (grains for Japanese and Italian 
dishes) and aromatic grains. 

So, the objective of this work was develop a rice variety with agronomical 
traits, grain shape, amylose content and sensory attributes appropriated to Ital-
ian dishes as the risotto. 

2. Material and Methods 
2.1. Pedigree and Breeding Method 

A hybridization of an Oryza glaberrima line (CNA 10709-HC72B1578) with the 
line SC 213 (elite-line from Epagri’s Germplasm Bank) was done in 2008 and the 
obtained seeds originated F1 plants in the following year. High genetic variability 
was displayed by F2 plant populations, allowing phenotypic selection for agro-
nomical interesting traits, mainly as grain and plant type, tillering, plant height, 
number of grain per panicle, and for grain shape. Seeds from the selected plants 
formed F3 generation. The same selection procedure was carried out until the F6 
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generation (during 2014 growing season). From 2010 till 2013, the segregant 
populations were conducted in the field and plants were selected every year. A 
few lines were selected in 2013 and subsequently evaluated for yield, resistance 
to diseases, lodging and seed shattering. Because of the segregation observed in 
some of these populations, one more selecting cycle was added (F6 on year 
2014). Three lines were identified in 2014 growing season as promising and were 
named SC 828, SC 829 and SC 830. These lines were evaluated in 2015 and 2016 
for agronomical traits. Lines were conducted to assessments in larger plots (60 
m2), in comparison with standard cultivars used in the region. At this point, un-
iformity, yield performance, lodging resistance and blast resistance were ob-
served and measured. 

2.2. Field Performance 

Lines SC 828, SC 829 and SC 830 were evaluated for its performance at the field. 
The lines were phenotypically described for several traits (Table 1), according 
the descriptors recommended for rice culture [7]. The varieties SCS116 Satoru 
(conventional) and Empasc 104 (aromatic) were included as controls. These 
were used because at that time in Brazil there was not registered specific rice va-
rieties for risotto. Despite the absence of registered Italian type rice variety by 

 
Table 1. Agronomic and phenotypic characteristics of the new cultivar SCS123 Pérola, 
evaluated in the VCU trials (Itajaí, Araranguá and Lontras) in 2015-16 and 2016-17 
growing season. 

Plant trait SCS123 Pérola 

Leaf color Green 

Leaf pubescence Medium 

Flag leaf angle Upright 

Tillering Medium 

Cycle to maturity 135 - 144 days 

Plant height 111 cm 

Lodging Moderate 

Resistance to blast Moderate 

Iron toxicity tolerance Moderate 

Pericarp color White 

Glumella color Gold 

Apex color at maturity Yellow 

Awns Absent 

Shattering Intermediate 

Weight (g/1000 seeds) 30.79 

Chalky grains (%) 29.81 

Chalky área (%) 29.38 
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MAPA (Brazilian Ministry of Agriculture, Livestock and Supply) in Brazil, it was 
used a traditional Carnaroli variety for comparison. The experiments were carried 
during 2015-16 and 2016-17 growing seasons representing the VCU (Value for 
Cultivation and Use) trials during two years on three different locations on Santa 
Catarina State. The VCU trials were done at Lontras (27˚09'58"S, 49˚32'31"W), 
Araranguá (28˚56'05"S, 49˚29'09"W) and Itajaí (26˚54'28"S, 48˚39'43"W) ac-
cording recommendations of MAPA in order to register and protect the new va-
riety. All these regions are classified according Köppen-Geiger as Cfa climate 
conditions. On these trials, uniformity, yield performance, grain pericarp color, 
lodging resistance and blast resistance were evaluated. Based on yield perfor-
mance at the three locations allied with its desirable agronomic traits, one line 
was released as a new variety. 

2.3. Line Identification and Genotyping 

At the end of the performance tests, the line SC 829 was named SCS123 Pérola. 
Plants obtained from genetic seeds were used to provide the DNA identification 
by a panel of SSR markers recommended for this purpose by Gramene 
(http://www.gramene.org/, list of used primers on Table 2). Leaf samples were 
collected from 120 individual plants. DNA analysis was performed according 
WEISING [8]. The new variety was released and recommended in 2018 as a new 
rice variety for specialty rice market, mainly for Italian dishes like risotto. 

2.4. Grain Characteristics 

During the final experimental field trials, grain sample of each line was evaluated 
for parameters like size and milling performance. Size measures were done using 
an Image Rice Grain Scanner (Selgron) at Epagri’s Rice Breeding Laboratory. 
Milling tests were done using laboratory mills to determine the proportion of 
broken and whole grains. Lines SC 828, SC 829 and SC 830 were evaluated at 
industrial quality laboratories for its characteristics like pericarp color, chalk, 
and aroma, appearance before and after cooking, all of them in comparison with 
traditional Carnaroli variety. These tests together with field performance helped 
to decide what line would be the future cultivar. Later, grains of line SC 829 
(SCS123 Pérola) were also submitted to risotto cooking tests in order to evaluate 
if its characteristics like appearance, aroma and taste also comparing with tradi-
tional Carnaroli variety. Later, different cookers and chefs tested SCS123 Pérola 
with their own risotto recipes. 

3. Results 
3.1. Performance of SCS123 Pérola at the Field 

SCS123 Pérola presents a modern plant type with a cycle varying from 135 - 144 
days, from emergence to maturity, and erect and hairy leaves (Figure 1). This 
cultivar presents good tolerance to lodging, a trait considered essential for the 
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Table 2. SSR markers used for genotyping SCS123 Pérola, chromosome location, respec-
tive F and R sequences and total length of obtained allele fragments. 

SSR marker Chr Frontal (F) e Reverse (R) Sequences 
Melting  

Temperature (˚C) 
Fragment  

lenght (pb) 

RM-038 8 F-ACGAGCTCTCGATCAGCCTA  246 

  
R-TCGGTCTCCATGTCCCAC 56 

 
RM-124 4 F-ATCGTCTGCGTTGCGGCTGCTG  269 

  
R-CATGGATCACCGAGCTCCCCCC 56 

 
RM-125 7 F-ATCAGCAGCCATGGCAGCGACC  147 

  
R-AGGGGATCATGTGCCGAAGGCC 56 

 
RM-133 6 F-TTGGATTGTTTTGCTGGCTCGC  228 

  
R-GGAACACGGGGTCGGAAGCGAC 56 

 
RM-204 6 F-GCTAGCCATGCTCTCGTACC  104 

  
R-GTGACTGACTTGGTCATAGGG 56 

 
RM-207 2 F-CACCTCATCCTCGTAACGCC  129 

  
R-CCATTCGTGAGAAGATCTGA 56 

 
RM-215 9 F-CAAAATGGAGCAGCAAGAGC  148 

  
R-TGAGCACCTCCTTCTCTGTAG 56 

 
RM-224 11 F-ATCGATCGATCTTCACGAGG  156 

  
R-TGCTATAAAAGGCATTCGGG 56 

 
RM-237 1 F-CAAATCCCGACTGCTGTCC  132 

  
R-GGGAAGAGAGCACTACAGC 56 

 
RM-247 12 F-CATATGGTTTTGACAAAGCG  134 

  
R-TAGTGCCGATCGATGTAACG 56 

 
RM-248 7 F-GTAGCCTAGCATGGTGCATG  103 

  
R-TCCTTGTGAAATCTGGTCCC 56 

 
RM-277 12 F-CGGTCAAATCATCACCTGAC  118 

  
R-CAAGGCTTGCAAGGGAAG 56 

 
RM-283 1 F-GTCTACATGTACCCTTGTTGGG  155 

  
R-CGGCATGAGAGTCTGTGATG 56 

 
RM-287 11 F-TTCCCTGTTAAGAGAGAAATC  113 

  
R-GTGTATTTGGTGAAAGCAAC 56 

 
RM-316 9 F-CTAGTTGGGCATACGATGGC  200 

  
R-ACGCTTATATGTTACGTCAAC 56 

 
RM-338 3 F-CACAGGAGCAGGAGAAGAGC  181 

  
R-GGCAAACCGATCACTCAGTC 56 

 
RM-413 5 F-GGCGATTCTTGGATGAAGAG  101 

  
R-TCCCCACCAATCTTGTCTTC 56 
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Continued 

RM-433 8 F-TGCGCTGAACTAAACACAGC  229 

  
R-AGACAAACCTGGCCATTCAC 56 

 
RM-447 8 F-CCCTTGTGCTGTCTCCTCTC  122 

  
R-ACGGGCTTCTTCTCCTTCTC 56 

 
RM-452 2 F-CTGATCGAGAGCGTTAAGGG  206 

  
R-GGGATCAAACCACGTTTCTG 56 

 
RM-484 10 F-TCTCCCTCCTCACCATTGTC  295 

  
R-TGCTGCCCTCTCTCTCTCTC 56 

 
RM-507 5 F-CTTAAGCTCCAGC CGAAATG  258 

  
R-CTCACCCTCATCATCGCC 56 

 
RM-514 3 F-AGATTGATCTCCCATTCCCC  249 

  
R-CACGAGCATATTACTAGTGG 56 

 
RM-536 11 F-TCTCTCCTCTTGTTTGGCTC  234 

  
R-ACACACCAACACGACCACAC 56 

 
 

 
Figure 1. SCS123 Pérola on seeds production field—morphological plant aspects. 
 

water-seeding system used in Santa Catarina and part of Rio Grande do Sul. It 
has also low seed shattering and moderate susceptibility to iron toxicity and 
blast. SCS123 Pérola presented excellent yield in regional trials (Itajaí, Araran-
guá, and Lontras) with an average of 10,182 kg∙ha−1 (Table 3). The productivity 
was consistently higher than the control, a traditional Carnaroli variety, which 
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presented an average yield of 3218 kg∙ha−1. 

3.2. Line Identification and Genotyping 

The line SC 829 was selected to be cultivar and received the name SCS123 Pérola 
The cultivar name “Pérola” was due to its grain shape as a pearl and its white en-
dosperm color. Twenty-four SSR markers were used for SCS123 Pérola genotyping 
and RM 484 presented an exclusive allele able to discriminate this cultivar. 

3.3. Grain Characteristics 

The grains of SCS123 Pérola present an L/W ratio of 2.46 with a rounded shape 
(Table 4, Figure 2 and Figure 3). The milling total yield for this rice was consi-
dered appropriated, with a total value of 70.8% and 63.03% of whole grain 
(Table 4). This variety presents medium percentage of amylose content, as is 
required for cooking a creamy dish with soft grains. Cooking risotto tests 
showed that SCS123 Pérola presents all required characteristics for the Italian 
dish. Cooking tests done by different cookers under various recipes using dif-
ferent ingredients approved the SCS123 Pérola grains as adequate for cooking a 
precious risotto (Figure 4). 

4. Discussion 

Epagri’s Breeding Specialty Rices Project goal is to develop varieties adapted to  
 

Table 3. Average grain yield (kg∙ha−1) of SCS123 Pérola, SCS 116 Satoru Carnaroli, Em-
pasc 104, in the VCU trials (Itajaí, Turvo and Araranguá) during 2010 and 2011 growing 
season. 

Varieties 

Itajaí Lontras Araranguá 

2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 

kg∙ha−1 

SCS123 Pérola 9063 9902 10,094 7656 12,930 11,452 

SCS116 Satoru 672 7164 8564 4393 4545 9960 

“Carnaroli” 2912 4063 3243 3840 3574 1617 

Empasc 104 7743 5057 7330 7456 7078 9099 

 
Table 4. Physical and chemical grain characteristics of rice cultivar SCS123 Pérola. 

Variety 
Milling yield (%) 

AC GT 
Grain size (mm) 

Class 
Total Whole Broken L W T L/W 

SCS123 
Pérola 

70.80 63.03 7.76 23.05 H 6.78 2.76 1.81 2.46 Medium 

Total: Percentage of total grain milled; Whole: Percentage of whole grain; Broken: Percentage of broken 
grain; AC: Percentage of amylose content; GT: Gelatinization temperature (H: height); L: Grain length; W: 
Grain width; T: Thickness and L/W: Length width ratio. 
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Figure 2. SCS123 Pérola panicle and grains. 

 

 
Figure 3. Aspects of SCS123 Pérola grains with hulls and milled. 

 
soil and climate conditions of Santa Catarina for pigmented and aromatic grains 
and low amylose (grains for Japanese and Italian dishes). Therefore, cultivars 
originated from this project received names of precious stones. Previously, it was 
released cultivars SCS119 Rubi and SCS120 Ônix in allusion to its red and black 
grain pericarp color. For the same reason, SCS123 Pérola was named because of 
its rounded shape and white chalky color grain that look like a pearl. 
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Figure 4. Risotto prepared with SCS123 Pérola. 

 
Traditional rice varieties “Arborio” and “Carnaroli” are easily found in Bra-

zilian markets and are well known and used by consumers for risotto. “Arborio” 
is the name of a short grain variety from Italy, characterized by having a very 
large kernel, and and a very high percentage of chalkiness that is characterized 
by the presence of white, opaque areas within the milled kernel, contrasting to 
the translucent whiteness of most varieties. “Carnaroli” is also originated from 
Italy, where is also used for risotto, differing from the more common ‘Arborio’ 
rice due to its higher starch content and hard texture, as well as having longer 
grains. “Carnaroli” rice keeps its grain shape better than other forms of rice 
during the slow cooking process required to prepare risotto due to its higher 
amylose content. It is the most widely used rice in the Italian cuisine and higher 
marked price [9]. Other rice varieties that are also found in the Brazilian market 
for the same purpose are “Roma” and “Vialone Nano”. 

Almost all risotto grains consumed in Brazil are imported from Italy and Ar-
gentina. Despite its grain quality, “Arborio” and “Carnaroli” varieties present 
plant type that is not well adapted to the Brazilian rice production systems. 
These traditional varieties presents higher plant height and exposed panicle, 
which causes lodge and birds damage. In contrast, SCS123 Pérola is a vigorous 
plant, with high tillering and erected leaves protecting grains. Therefore, these 
modern plant characteristic increased production significantly when compared 
to traditional varieties. This is an essential factor for helping small rice farmers 
to ensure adequate income. 

SCS123 Pérola showed around thirty percent of grains with chalky area. Chal-
kiness is a heritable defect for milled rice and is one of the first parameters rice 
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breeders consider in the selection process because it results in low milling yields 
and poor appearance. Chalkiness is also referred to as white belly and other 
names, depending on the position of the chalk in the milled kernel. But for “Ar-
borio”, chalkiness is associated with superior culinary properties for specific 
dishes, primarily risottos. Other than genetics, chalkiness is caused by high 
harvest moisture, uneven ripening, and management practices that result in un-
even ripening and presence of immature kernels at harvest [9]. 

The SCS123 Pérola variety present the same quality grain for risotto compared 
to traditional and well known “Arborio” and “Carnaroli” grains, despite having a 
shape more similar to “Roma” variety. Risotto cooked with SCS123 Pérola grains 
is creamy, with good appearance, smell and taste. 

Demand for specialty rices is increasing globally. The speciality rices are those 
which are not common, they are variable for amylose content, shape and size, 
endosperm color and aroma, making this characters important criterion to class 
a rice grain quality [10]. Production of rice varieties for high-value markets can 
increase the economic benefits to farmers and nutritional benefits to consumers 
[11]. 

All rice varieties developed and released by Epagri are registered and pro-
tected by MAPA. Variety registration assures the genetic identity and varietal 
quality by the breeding programs. Additionally, cultivar protection guarantees 
royalties to private and public breeding and seed companies, which can use these 
resources to support research and development projects [12]. Genotyping varie-
ties is essential to identify and discriminate each variety one from another and to 
assure genetic purity on seeds production fields. Genotyping varieties are also 
used to protect intellectual properties. 

Brazilian consumers had been interested in the diversification of foods 
sources, greatly because the media influence by cooking TV shows. This also 
happens to rice, helping to increase the percentage of consumers searching for 
specialty rices, creating (emerging) a high-value market for specialty rice grains 
(quality-added grains, like pigmented, aromatic and low-amylose content). 

Santa Catarina has a peculiar characteristics related to landowners that pro-
duce rice grains is small properties (5 - 10 ha) with family labor using high 
technology levels. 

So, since 2002, Epagri’s research team have carried out studies to offer to 
producers and consumers a portfolio of specialty rices covering varieties of pig-
mented pericarp (red and black), aromatic and glutinous types for specific mar-
ket niches. As products associated to these special niches, specialty rice types 
have also higher market value, that in some case more than ten times the value 
of the traditional milled and parboilided rice. 

5. Seed Maintenance and Distribution 

Registration process of these new cultivars in the Ministry of Agriculture, Lives-
tock and Food Supply—MAPA is an important step to assure seed production 
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and commercialization in Brazil. Registration assures the genetic identity and 
varietal quality for the breeding programs. 

The variety SCS123 Pérola is registered and protected in Brazil by the Nation-
al Cultivar Registry (Registro Nacional de Cultivares—RNC) of the Ministry of 
Agriculture, Livestock and Supply under the number 37411 and 20170309, re-
spectively. The genetic seed stock is kept by Epagri, at Itajaí Experiment Station. 

6. Conclusion 

The new rice variety SCS123 Pérola is considered suitable to be cultivated in all 
rice areas of Santa Catarina and consists in an alternative to help little farmers to 
be economically viable. 
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