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Abstract In the far west of the state of Santa
Catarina (FWSC) in southern Brazil, rice is produced
from landraces grown in a dryland system, with
production focused on household consumption. We
characterized 60 local landraces of dryland rice and
three improved cultivars from EMBRAPA—ATrr0z €
Feijao for phenotypic diversity based on morpholog-
ical characteristics. The landraces were collected in 27
rural communities of two municipalities in FWSC.
Twenty-one morphological groups (MGs) were iden-
tified through the use of the Unweighted Pair Group
Method with Arithmetic Mean clustering algorithm.
Of these 21, 12 were represented by a single landrace.
Grain morphology could be used both to distinguish
among landraces and to identify different phenotypes
within landraces. The geographical distribution of
MGs seemed to be completely random. Of the 60
landraces, 35 presented a mixture of characteristics of
the Indica and Japonica Groups; 24 presented only
characteristics of the Group Indica; and four presented
characteristics of Japonica. This finding is intriguing,
since rice varieties adapted to dryland agriculture in
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Brazil generally have genic affinities to the Group
Japonica. A clustering analysis based on both quali-
tative and quantitative characteristics identified four
isolated populations and the formation of four groups
(cophenetic correlation = 0.82). Some landraces from
this study are being subjected to evaluation for their
agronomic potential, to be followed by individual
selection with progeny testing. This breeding
approach is being proposed as a tool to support
in situ/on farm conservation of rice landraces in
FWSC.
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diversity

Introduction

Oryza sativa L. is produced on all continents except
Antarctica, being the staple food for almost half the
world’s population (Prasad et al. 2017). Brazil is the
largest producer and consumer of rice outside of Asia
(Brasil 2018), highlighting its ranking as the world’s
tenth-largest producer in the 2016-2017 harvest. Santa
Catarina, in southern Brazil, is one of the most
productive Brazilian states with 1.10 million tons of
production (FAO 2004; Padrdo 2018).
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Rice-production practices in the Americas are quite
diversified, due in part to the wide range of relevant
agroclimatic conditions (Barbosa-Filho and Yamada
2002; Fageria et al. 2014; Singh et al. 2017).
Commercial production in Santa Catarina is predom-
inantly conducted in irrigated cropping systems in the
lowlands near the Atlantic coast (Fageria et al. 2014).
In the other regions of the state including the far west,
outside the commercial production circuits and where
irrigation is impractical, rice is grown by small-scale
farmers in a dryland system using local varieties,
aiming specially at self-consumption and consequent,
local food security (Pinto et al. 2018).

The ‘National Catalogs of Rice Cultivars’ (Em-
brapa 2013) do not recommend any suitable cultivars
for rainfed agriculture in the southern parts of Brazil.
The identification of locally adapted rice varieties and
those carrying special qualities becomes a first step to
support the development of this alternative production
system in southern Brazil. The cultivation of dryland
rice for commercial purposes can be a source of
income for the farmers, especially if they meet
specialized market segments for traditional products,
wherein cost—benefit ratios may be compensated more
by the aggregation of special values and less by high
yield potential. In addition, the dryland system is a
promising alternative for areas with scarce water, with
potential incomes comparable to irrigated rice, con-
sidering the possibility of targeted, long-term genetic
improvement (Kato et al. 2009).

Previous studies characterized the genetic basis of
Brazilian rice cultivars as narrow, resulting in rela-
tively small, recent genetic gains, serving only to
maintain past levels of productivity and genetic
vulnerability, both for irrigated (Raimondi et al.
2014) and dryland rice (Da Silva et al. 1999). On the
other hand, the genetic diversity of traditional varieties
has been pointed out as being high (Abadie et al. 2005;
Brondani et al. 2006), indicating that landraces may be
a good source of variability to be exploited by genetic
improvement programs. Recent studies suggest high
levels of diversity in landraces of dryland rice
conserved in FWSC (Gongalves et al. 2013; Pinto
et al. 2018), although their potential and real values are
still poorly understood.

Therefore, this study is aimed at characterizing the
diversity of 60 local landraces of dryland rice
conserved in situ/on farm in FWSC and three cultivars
improved by the Centro Nacional de Pesquisa de
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Arroz e Feijdo da Empresa Brasileira de Agropecuaria
(CNPAF/EMBRAPA), based on morphological char-
acters. The knowledge of the magnitude of this
diversity at the O. sativa L. Group and morphological
group levels can contribute to the expansion of the
genetic base of this crop in Brazil, besides generating
technical and scientific support for the implementation
of a program of rice genetic improvement for the
dryland regions in Southern Brazil.

Materials and methods
Plant material and characterization

Sixty local varieties of dryland rice from 27 rural
communities of the Anchieta and Guaraciaba munic-
ipalities in FWSC (Fig. 1) and three improved culti-
vars developed by CNPAF/EMBRAPA were
evaluated for morphological characters. These 63
entries were evaluated at the experimental farm of the
Federal University of Santa Catarina, in Floriandpolis-
SC.

The experiment was conducted with a randomized
complete block design with two replications. Plots
were composed of three rows, 2.0 m long, spaced
0.5 m apart, with a plant density of 1,100,000 plants
ha™' after thinning and a final stand of 55 plants per
linear meter. The evaluations of the descriptors were
made within the central row, excluding one plant from
each end.

Fertilization was performed as recommended by
SBCS (2004), based on the results of soil analyses.
Weed management was done manually whenever
necessary.

Characters were evaluated according to the mini-
mum rice culture descriptors published by Ministério
da Agricultura, Pecuaria e Abastecimento (MAPA)
(Brasil 1997) and Bioversity (Bioversity International
et al. 2007). Each descriptor was evaluated from ten
competitive plants of the useful plot area. For the
characterization of treatments, the greatest frequency
state was used for the qualitative descriptors and, in
the case of the quantitative descriptors, the average of
the useful plot was calculated. Lodging was evaluated
immediately before harvesting by counting the num-
ber of plants laying down per useful area of plot. The
grains were husked with an MT 81 (Suzuki) mini-
engine. Morphometric analyzes of the grains were
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Fig. 1 Location of far western Santa Catarina, in southern Brazil

performed on two 30 g-samples of peeled grains
(mean of 1121 grains/sample) with a Rice Grain
Scanner (Marschalek et al. 2017).

Data analysis

Morphological characterization data were analyzed by
using descriptive statistics (absolute and relative
frequencies) with non-parametric tests (Chi square)
conducted at a significance level of 5%. Euclidian
distances were calculated for the analysis of diversity,
based on a matrix containing the ordinal and quanti-
tative variables. The correlation between the variables
was verified as a criterion for the use of the
corresponding characters in the Euclidean distance
calculation, based upon the PAST 3.04 program
(Hammer et al. 2001). Those variables that presented
high correlation (> 0.8) were eliminated from further
analysis along with those with the lowest overall
diversity. The Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) was used to identify

groups and for a graphical representation of local
varietal diversity. A principal component analysis
(PCA) was performed based upon a sample covariance
matrix of standardized quantitative data, to clarify the
interrelationships among variables as related to the
distribution and grouping of local rice varieties. Two-
and three-dimensional representations of the local
varieties were created from the principal components
extracted. Multivariate analyses were performed in R,
by using the functions of the vegan packages (Oksanen
et al. 2007), stats, graphics and base (R Core Team
2016).

Morphological groups (MGs) were described based
on the following morphological characteristics of
grain: color and pubescence of palea and lemma,
presence of edge, shape and color of the whole grain.

The identification of groups of O. sativa L. was
carried out as described by Chang and Bardenas
(1965). Thus, phenotypes with short, round grains,
with dense and long hairs in the palea and lemma, with
or without a long edge belong to Group Japonica,
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whereas phenotypes with fine grains, with short hairs
in the palea and lemma, and no edge, most often
belong to Group Indica.

Results
Phenotypic characterization

The phenotypic characterization showed that the
dryland rice varieties conserved on farm in FWSC
have significant diversity for qualitative variables both
among and within varieties, as documented by through
character means, standard deviations and coefficients
of variation for the quantitative morphological char-
acteristics (Table 1), and supported by variation
evidenced in the qualitative descriptors.

The most common vegetative characteristics were
green leaf color (46%); leaves with little or no
pubescence (29%); erect leaf flags (40%); pale green
culm color (68%); nodes with weak or no anthocyanin
staining (79%); sheaths with purple streaks (41%); and
tillers with intermediate divergence angles (38%).

The average number of tillers was 5.95 per plant,
with a minimum of 2.95 and maximum of 14.80.
Regarding the lodging of plants, 27% of the varieties
did not fall down, 27% presented up to 25% of the area
with fallen plants, 16% up to 50% of the area, 16% up
to 75%, and 14% had more than 75% of the area
covered with fallen plants.

The populations presented a wide amplitude for the
averages of plant height (from 50.6 to 150.9 cm); eight
varieties had short culms (71-90 cm), 38 had culms
from short to intermediate (91-105 cm), 13 were
intermediates (106—120 cm), one was long interme-
diate (121-140 cm) and one was long (141-155 cm).
The Pearson correlation coefficient between length
and lodging was 0.70, indicating a linear association
between the variables and an increase of the lodging
percentage with the extent of plant height.

The most common reproductive character states
were white stigmata (56%), semi-erect and scattered
panicles (29%) and panicle excision from full to
medium (62%). Additionally, for these characters,
populations presented notable variation among indi-
vidual plants within the same variety.

For the variable, number of panicles per plant, the
average was 4.53, and the minimum and maximum
values were 2.4 and 9.5, respectively. The average
panicle length was 24.4 cm, with a minimum of 18.9
and a maximum of 27.3 cm. For six populations, the
husking process was considered easy, intermediate for
two, intermediate to difficult for 53 and difficult for
remaining two populations. The degree of difficulty of
husking also evidences high diversity levels among
plants of the same variety.

With regard to grain characteristics, 79.4% of the
varieties presented fertile spikelets, glumes of straw
staining, 4.76% straw and gold, 9.52% gold and 6.35%
brown. The pubescence of the palea and lemma was

Table 1 Mean, standard deviation and coefficient of variation (CV %) of ten quantitative morphological characteristics, evaluated in
three commercial cultivars and sixty upland rice landraces of far west of the state of Santa Catarina

Morphological characteristics Mean Range SD CV (%)
Thickness of culm (mm)* 3.46 2.22-4.00 0.30 8.52
Length of culm (cm)* 99.85 50.60-150.90 13.58 13.60
Number of tillers (score)* 5.95 2.95-14.80 2.16 36.29
Number of panicles (score)* 4.54 2.40-9.50 1.15 2543
Length of panicle (cm)* 24.45 18.95-27.30 1.56 6.40
Length of awn (mm)* 2.37 0.73-5.23 1.16 48.90
Length of whole grain (mm)** 7.00 5.30-7.65 0.48 6.88
Width of whole grain (mm)** 2.59 2.05-2.87 0.16 6.23
Thickness of whole grain (mm)** 1.78 1.59-1.91 0.09 5.00
Weight of 1000 grains (g)** 24.19 16.82-11.16 4.05 16.73

*Mean of two replicates, estimated from 20 plants of the plot area

**Mean of two replicates, estimated in samples of 30 g of peeled grains (mean 1121 grains/sample)
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also variable, since 38% of the varieties were glabrous,
6.35% had a poor pubescence, 12.7% average
pubescence and 28.6% strong pubescence.

Among the 63 varieties analyzed, 19 presented awn
with an average length of 2.5 mm, varying from 0.7 to
5 mm. There is significant variation in the develop-
ment of this structure; plants of the same variety can
have both fully awned and awnless caryopses, as well
as both fully awned and awnless panicles.

For the color of whole grain, 76% of the varieties
presented light brown grains and 24% red grains. The
grain size analysis showed an average length of whole
grain of 7.0 mm, varying from 5.3 to 7.6 mm; average
width of 2.6 mm, in the range of 2.0 to 2.9 mm and;
average thickness of 1.8 mm, varying from 1.6 to
1.9 mm (Table 1). From the total grain length/width
ratio and classification proposed by MAPA (Brazil
1997), 54% of the varieties have medium-elongated
grains, 43% elongated grains and 3% highly-elongated
grains; no variety had short-rounded grains. When
applying the commercial classes of rice proposed by
Castro et al. (1999), 48% of the evaluated varieties
have long-fine grains, 47% long grains and 5%
average grains. The average weight of 1000 grains
was 24.2 g, with a minimum of 16.8 g and a maximum
of 44.2 g.

The correlation analysis between grain character-
istics showed a moderate positive correlation between
the presence of awns and the color of the palea and
lemma (r = 0.50; p < 0.001), indicating that varieties
with darker palea and lemma usually have awns.
Another moderate positive correlation was found
between the pubescence of the palea and lemma and
the color of the whole grain (r = 0.64; p < 0.001),
indicating that varieties with denser hairs are also
more often the ones with darker pericarps.

The variables, pubescence of the palea and lemma
and whole grain shape are negatively and moderately
associated (r = — 0.60; p < 0.001). In this case,
varieties with the smallest grain are most often hairy.
A moderate negative correlation was also observed
between the color of the whole grain and the whole
grain shape (r = — 0.42; p < 0.001), indicating that
the smallest grains also most often present a dark
pericarp.

Morphological groups

Morphological analyses indicated that 24 populations
have characteristics of Group Indica, four present
characteristics of Group Japonica, and 35 varieties
included a mixture of plants, sometimes with charac-
teristics of Indica and others of Japonica (Table 2).

Based on the morphological characteristics of the
color and pubescence of the palea and lemma,
presence of awn, and the shape and color of whole
grain, 21 morphological groups (MGs) were described
(Table 3). The most common MG is comprised of 14
landraces and two controls (BRS Monarca and BRS
Sertaneja); they are identified by caryopsis straw,
glabrous, without awn, and elongated, light brown
grain. The second most frequent MG, with eight local
varieties, was characterized by caryopsis straw, awn-
less, pubescent palea and lemma, and medium-elon-
gated, red grain. The third MG with seven landraces
differs from the latter only by its light brown grain.
Among the 21 MGs, 11 were represented by only a
single variety, suggesting the presence of considerable
morphological diversity among these landraces.

The mapping of MGs (Fig. 2) shows randomness in
the geographic distribution of these characteristics,
since the most common groups (MGs 13, 9 and 8) are
scattered among different communities in the two
studied municipalities.

Diversity analysis

Among 35 descriptors, four did not vary (atrial color,
ligule color, color of sterile lemmas and apical format)
and were excluded from the analysis. The cluster
analysis shows the isolation of four populations and
the formation of four large groups.

Most of the analyzed descriptors present a great
variation of states among the plants of the same
accession. The coefficient of variation was calculated
for the 27 characteristics used in the morphological
descriptors. The populations presented on average
approximately 16 characteristics with CV equal to
zero, 9 characteristics with CV between 0 and 50%
and 2 with CV above 50%. Such variation is reflected
in the relatively low degree of dissociation among the
groups generated in the cluster analysis (Fig. 3). The
presence of plants with divergent characteristics
within the same population made it difficult for the
separation of a larger number of groups. Moreover,
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Table 2 Classification of the landraces of dryland rice conserved in the FWSC, for the Indica and Japonica Groups

Group Number Representative landraces

Indica 24

215SN; 1084SN; 725Alto; 2316SN; 76Agulhinha; 396SN; 2503Crioulo;

324SN; 2073 Amareldo; 2069SN; 2705Branquinho; 725Baixo; 2452SN;
2504SN; 648 Amarelo; T1Monarca; T2Sertaneja; 2231Agulhinha;

2108 Amarelao; 2184Adriano; 2385Amarelinho; 2567 Amarelo;

2544 Amareldo; T3Dourada.

Japonica 4

Plants within the variety with Indica and 35
Japonica characteristics

2329Preto; 2710Vermelho; 1105Preto; 650Preto.

720SN; 2071SN; 2329 Amareldo; 2174Amarelao; 242SN; 694MatoGrosso;
934Piriquito; 1158Piriquito; 1105BrancoDirceu; 2319Perin; 439 Amarelinho;

636Preto; 650Branco; 965SN; 716Antigo; 71SN; 959Sauthier; 2474 Agulhao;
100SN; 2534Branco; 2092Piriquitinho; 2433Ribas; 2433Fonsceca;

2433 Agulhinha; 2590Amareldo; 71Branco; 650Marrom; 2529SN;
2319Crestani; 967Colonial; 648 Amarelo2; 2109PalhaRoxa; 2527Agulhinha;
2015SN; 2109Agulhinha.

this fact indicates that even in this predominantly
autogamous species, these rice landraces present
possibilities of natural crossing (Sahadevan and
Namboodiri 1963) and thus selectable variability.

Together with the control cultivar, BRS Serra
Dourada (T3Dourada), three local populations were
isolated by cluster analysis; they are 2109Agulhinha,
1158Piriquito and 967Colonial. The control cultivar
BRS Serra Dourada and the accession 2109Agulhinha
were the populations with the shortest plants (74.9 and
50.6 cm, respectively) and very elongated grains. The
1158Piriquito accession could be distinguished by its
short panicle length (18.9 cm) and long edge
(5.2 mm), while the 967Colonial accession was dis-
tinctive because it had the most tillers (14.9 tiller/-
plant) of all the accessions evaluated.

Group I grouped three accessions (2071SN, 2329A-
mareldo and 2174Amareldo) due to similarities in
grain characteristics (color, shape, length, thickness
and weight); accessions 2071SN and 2329Amareldo
are in MG15.

Group II grouped 41 landraces (648Amarelo2,
720SN, 934Piriquito, 694MatoGrosso, 1084SN,
215SN, 959Sauthier, 242SN, 2109PalhaRoxa,
2174Agulhao, 1033SN, 71SN, 105BrancoDirceu,
2385Amarelinho, 2567Amarelo, 2544Amarelio,
2015SN,  725Baixo, 324SN, 2527Agulhinha,
2534Branco, 725Alto, 648 Amarelo, 439 Amarelinho,
636Preto, 650Branco, 396SN, 2184 Adriano, 965sn,
716Antigo, 2108 Amareldo, 2069SN, 2316SN, 2073 A-
mareldo, 2504SN, 76Agulhinha, 2319Crestani,
2231Agulhinha, 2705Branquinho, 2503Crioulo, and
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2452SN) and the other two control cultivars, BRS
Monarca and BRS Sertaneja. This group was the most
diverse, with intermediate characteristics in relation to
the other groups. Their grains presented a medium-
elongated or elongated shape, brown or red pericarps
and, in a general way, fit within Group Indica.

Group III included four accessions (2329Preto,
650Preto, 2710Vermelho, and 1105Preto) that pre-
sented more rustic grains, having caryopses with palea
and lemma pubescent, whole grains of red color and
medium-elongated format, of a shorter (L = 6.4 mm)
and thicker (p = 2.8 mm) shape. All accessions
belonging to group III were included in MG 21.

Group IV grouped nine local accesses (2433Ribas,
2433Agulhinha, 2590Amareldo, 2092Piriquitinho,
2433Fonseca, 2319Perin, 2529SN, 71Branco, and
650Marrom) that produced smaller, dark grains. These
varieties were classified as belonging to MG 9, except
accession 2319Perin, belonging to MG 2. They also
exhibited the highest degree of lodging, which may
help differentiate them from the accessions of group
III.

The representation of the first two principal com-
ponents (PC) (Fig. 4), extracted from the analysis of
12 quantitative variables, shows a grouping structure
similar to that pointed out in the cluster analysis. PC 1,
2 and 3 together explain 59% of the phenotypic
variation. The first PC explains about 24% of the total
variation. In this axis, the most explanatory variables
are culm thickness, panicle length, weight of 1000
grains and grain thickness. The second PC explains
about 21% of the total variation, and the most of
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Table 3 Morphological groups based on morphological characteristics of grains and their respective representative varieties of
dryland rice from far western Santa Catarina

MG CPL PA PG GF CWG N Landraces*

1 Straw Yes Yes Long- Brown 5 1158Piriquito; 934Piriquito; 242SN; 1105BrancoDirceu; 694MatoGrosso
half

2 Straw Yes Yes Long- Red 1 2319Perin
half

3 Straw Yes Yes Long Red 1 720SN

Straw Yes Yes Very- Brown 1 2109Agulhinha

long

5 Straw Yes No Long- Brown 2 439Amarelinho; 636Preto
half

Straw Yes No Long Brown 1 2071SN

7 Straw Yes No Long- Brown 1 650Branco
half

8 Straw No Yes Long- Brown 7 965SN; 716Antigo; 71SN; 959Sauthier; 2474Agulhao; 1033SN;
half 2534Branco

9 Straw No Yes Long- Red 8 2092Piriquitinho; 71Branco; 650Marrom; 2529SN; 2433Ribas;
half 2433Fonseca; 2433 Agulhinha; 2590Amarelao

10 Straw No Yes Long Brown 4 2316SN; 215SN; 1084SN; 725Alto

11 Straw No No Long- Brown 1 2319Crestani
half

12 Straw No No Long- Red 1 967Colonial
half

13 Straw No No Long Brown 16 396SN; 2184Adriano; 2108 Amareldo; 2069SN; 2073 Amarelao; 2504SN;

76Agulhinha; 2231Agulhinha; 2503Crioulo; 2705Branquinho; 2452SN;
324SN; 725Baixo; 648 Amarelo2; 2231Agulhinha; BRS Monarca; BRS

Sertaneja
14 Straw No No Very- Brown 1 BRS Serra Dourada
long
15  Golden Yes No Long Brown 2 2329Amareldo; 2174Amareldo
16 Golden No Yes Long- Brown 1 648Amarelo
half
17 Golden No No Long Brown 3 2385Amarelinho; 2567 Amarelo; 2544 Amareldo
18  Straw and Yes Yes Long- Brown 1 2109PalhaRoxa
Golden half
19 Strawand No Yes Long- Brown 1 2527Agulhinha
Golden half
20 Straw and No No Long- Brown 1 2015SN
Golden half
21 Brown Yes Yes Long- Red 4 2329Preto; 2710Vermelho; 650Preto; 1105Preto
half

*The number preceding the variety name identifies the farmer holding. MG morphological group, CPL color of palea and lemma, PA
presence of awn, PG Pubescence of the palea and lemma, GF whole grain format, CWG color of whole grain, N: number of varieties
belonging to the morphological group

explanatory variables of this axis are the degree of explanatory variables being the plant cycle, the
lodging, and the length and width of grains. The third difficulty of the husking process and culm length.
PC accounts for about 14% of the variation, the most
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western Santa Catarina and three commercial cultivars of the

CNPAF/EMBRAPA, generated from Euclidians distance with UPGMA clustering. Cophenetic correlation = 0.82

Discussion

Alvarez et al. (2012) classified rice varieties into
traditional, modern and intermediate categories
according to the type of plant. The traditional type
has a great size, with long and decumbent leaves, long
vitreous grains, low tillering capacity, good resistance
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to diseases of secondary importance, stable production
and less lodging in fertile soils. These characteristics
can be found in the varieties of group III. In contrast,
modern varieties are smaller with, long, fine grains,
short and erect leaves, strong culms, high tillering and
grain yield, and little lodging. The intermediate
varieties result from hybridization between traditional
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analysis of 12 morphological, phenological and agronomic
variables of 60 landraces of dryland rice conserved in the far
western Santa Catarina and three commercial cultivars. Roman
numerals (I, I, III and IV) Inticate the approximate positions of
the groups visualized in the cluster analysis. Colored dots
represent the same dendrogram groups: group 1 red; group 2
black; group 3 green; group 4 pink. Roman numerals represent
the following varieties: / 76Agulhinha; 2 965SN; 3 215SN; 4
2092Piriquitinho; 5 1084SN; 6 2385Amarelinho; 7 716Antigo;
8 2527Agulhinha; 9 2567 Amarelo; 10 396SN; 11 934Piriquito;
12 2433Ribas; I3 2433Fonseca; [4 2433Agulhinha; /5
2015SN; 16 2590Amareldo; /7 2503Crioulo; /8 324SN; 19

and modern varieties, aiming to reduce height and
improve grain quality (Alvarez et al. 2012). The
varieties of groups I, II and IV presented variant
characteristics between the modern and intermediate
types.

The cultivars developed by CNPAF/EMBRAPA
had very similar characteristics with long-fine grains,
the Brazilian consumer market preference. These
cultivars were used in function of the absence of
dryland varieties indicated for southern Brazil. The
objective of these cultivars in the present study was to
allow the evaluation of their eco-physiological behav-
ior and not to situate them within a framework of
diversity, since they are not part of the established
gene pool in the study region.

439Amarelinho; 20 1158Piriquito; 2/ 2329Amarelao; 22
2329Preto; 23 2073Amareldao; 24 71Branco; 25 71SN; 26
2069SN; 27 2705Branquinho; 28 959Sauthier; 29 636Preto; 30
242SN; 31 2710Vermelho; 32 1105BrancoDirceu 33
1105Preto; 34 2174Amarelao; 35 2474Agulhao; 36 2319Cres-
tani; 37 2319Perin; 38 725Alto; 39 725Baixo; 40 2071SN; 41
2544 Amareldo; 42 2316SN; 43 2452SN; 44 650Branco; 45
650Preto; 46 650Marrom; 47 2504SN; 48 648 Amarelo; 49
648 Amarelo2; 50 720SN; 51 2529SN; 52 694MatoGrosso; 53
1033SN; 54 BRSMonarca; 55 BRSSertaneja; 56 BRSMonarca;
57 2231Agulhinha; 58 2534Branco; 59 2108 Amareldo; 60
2184Adriano; 67/ 2109Agulhinha; 62 2109PalhaRoxa; 63
967Colonial

The presence of awns in some populations (MGs 1,
2,3,4,5,6,7, 15, 18 and 21) is indicative of the least
domestication effort, since the reduction or exclusion
of the awns was one of the changes caused by the rice
domestication syndrome (Sang and Ge 2007, Holland
2014). Their presence also is indicative of the absence
of formal genetic improvement, since breeders often
seek to select genotypes without awns or with short
awns short to obtain improvements in post-harvest
handling (Sato et al. 1996).

Regional consumption preferences drive food
markets and are of great importance in any rice-
breeding strategy. The Brazilian market has prefer-
ence for long-fine grains, which expand and remain
loose and soft after cooking (Pereira and Rangel
2001). Long-fine grains are present in all strata of the
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core collection maintained by Brazil’s primary gene-
bank (CNPAF/EMBRAPA), including traditional
varieties, inbred lines and cultivars (both national
and introduced) for irrigated, dry or flexible cultiva-
tion (Brondani et al. 2006).

Although there may be a national preference for
long-fine grains, they have the lowest protein content
of the major rice grain types (Araujo et al. 2003;
Areias et al. 2006). The current search for healthier,
nutrient-rich foods serves as an incentive for rice-
breeding programs that prioritize selection strategies
for more nutritious grain (Wickert et al. 2014). When
premium prices are offered for more nutritious prod-
ucts, this also encourages rice growers to seek quality
seeds of special types, such as the “cateto” type, black
and red.

In many localities, including southern Brazil, red
rice is considered an invasive weed in white rice
paddies, engendering strict controls (Gealy et al.
2003). On the other hand, in northeastern Brazil, red
grains are traditionally included in the diet (Almeida
2004). Comparisons of agronomic and biochemical
attributes between red and white varieties have varied
in different geographic evaluations. In the state of
Piaui, white rice varieties were more productive and
showed higher levels of amylose, while red varieties
had higher levels of iron and zinc (Pereira et al. 2009).
In Rio de Janeiro state, red types had higher produc-
tivity of viable panicles and did not differ from white
cultivars in their percentage of fertile spikelets per
panicle or in grain yield, revealing their agronomic
potential for dryland cultivation (Menezes et al. 2011).

Recently, in the southern Brazil, the Agricultural
Research and Rural Extension Company of Santa
Catarina—EPAGRI has released SCS 119 Rubi, a red-
grained cultivar for irrigated conditions. It was
selected from red rice populations that were invading
irrigated plantations of conventional white varieties
(Wickert et al. 2014), with the goal of encouraging the
production and consumption of this special type of
rice.

Among the local varieties from FWSC, 15 show
reddish pericarp and could be used as initial popula-
tions in breeding programs. These populations average
104 cm tall (range 81-131 cm), a medium degree
lodging of 45% (range 6-100%), husking from
intermediate to difficult, and a mean number of tillers
of 6.82 (range 2.95-14.90) and of panicles of 4.72
(range of 3.05-9.50). It seems clear that their diversity
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is selectable for useful traits among these red-grained
landraces.

Most of the traits we evaluated presented significant
variation both within and among populations. This
type of evaluation plays a fundamental role in the
identification of divergent varieties, since genetic
variability is the basis of evolutionary processes and
genetic improvement, and it is essential for selection
pressures in the agricultural ecosystem to be effective
(Jennings et al. 1982).

The evidences indicate that the diversity found
within the populations occurs as a consequence of the
sociocultural practices and variety management. Field
cultivation without spatial isolation and inadequate
cleaning of equipment used for threshing are two
examples of processes that can lead to inadvertent seed
mixtures. In addition, intentional gifts and exchanges
of seeds between farmers can also bring together
formerly distinctive landraces, which, when grown in
close proximity, can exchange alleles and form new
gene combinations. Considering that most of the
farmers keeps only one variety and that their fields of
production are located at long distances from each
other, it is assumed that the diversity found within the
landraces, in advance, is mainly derived from the seed
mixture. From the mixture (intentional or not) and the
planting of these seeds as belonging to the same
population, then the gene flow between the different
genotypes is facilitated. However, no gene flow among
the varieties was evaluated by this research.

The present work is a first collaborative effort
between farmers and breeders in FWSC that can
contribute to the selection and development of rice
varieties with greater adaptation to local conditions
and greater acceptance by consumers as they search
for types of rice best suited for the typical dishes of the
region. To work toward these goals, two action plans
for participatory genetic improvement of dryland rice
conserved in the FWSC have been suggested. The first
plan is based on varieties that can be selected for (1)
reduction of grain length looking for “cateto” type; (2)
reduction and/or elimination of awns to facilitate
harvest and processing; (3) reduction of the height of
the culm to reduce lodging damage; and (4) compo-
sition of populations with the same cycle and
morphological characteristics of grain to increase the
diversity within farm, add economic value and facil-
itate cultivation practices and harvesting. Among the
local landraces, varieties with dark grains were the
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ones that presented the lowest percentages of lodging.
From these types, individual-plant selection, followed
by progeny testing focused on the development of
blends, would be feasible.

For the second plan, we analyzed the passport data
of the varieties collected by Pinto et al. (2018) and
listed the varieties conserved for at least 10 years in
the region. Of those with the least lodging, we focused
on those varieties with the heaviest and longest grains.
The cumulative duration of cultivation by the same
family in the region is relevant here, because it is an
attribute commonly associated with the adaptation of
genotypes to local agroecosystems (Zeven 1998;
Ogliari et al. 2013). Based on those criteria, entries
76Agulhinha, 965SN, 2503Crioulo, 2069SN,
2705Branquinho, 636Preto, 725Baixo, 2316SN,
2452SN, 650Branco, 648Amarelo, and 2534Branco
are of special interest. Also, considering the average
number of panicles per plant, 396SN, 2433Ribas,
439 Amarelinho, 2073 Amarelao, 959Sauthier,
650Marrom, 2504SN, 2231Agulhinha, 2184 Adriano,
and 967Colonial might also be included in the first
stages of field evaluation to verify their adaptative
behavior and agronomic and industrial potential.
Populations with high genetic variation within and
highlighted genetic potential could be forwarded for
an integrated and participatory approach in genetic
breeding, conservation and use of rice landraces. In
this way, the adding economic value to local genetic
resources through tailor-made approaches for endoge-
nous development would be a key element not only for
the improvement and conservation of diversity, but
also for the preservation of traditions and costumes in
this region of the country.

Brazil is by no means the “center of origin” of O.
sativa L., but it can be considered as a potential
“center of diversity.” The rice populations in FWSC
differ from those in Asia, because both abiotic (soil
and climate characteristics, topography, elevation)
and biotic (pathogenic and endophytic microorgan-
isms and pests) factors also are unique, and in this way,
southern Brazil may also contribute with unique
diversity to the primary gene pool.

According to the scientific literature, centers of
diversity are geographic regions where the domesti-
cation and diversification of a species still occur, either
through natural processes or through human action,
being areas of accumulation of diversity of certain
species (Hawkes 1983; Harlan 1992; Clement 1999).

In fact, a unique feature of FWSC is the recent
indication of this region as a microcenter of diversity
for the genus Zea, due to the in situ/on farm
conservation of a high number (1513) of local maize
populations (common, popcorn, floury and sweet)
associated with different uses (Costa et al. 2016), in
addition to the presence of Zea luxurians (Durieu et
Asch.) R.M. Bird (a wild relative of maize) undergo-
ing its own process of domestication (De Almeida
Silva et al. 2015). Although the richness and abun-
dance of local dryland rice varieties in this region are
apparently more modest as compared to maize, the
diversity of rice varieties conserved in situ/on farm is a
major aspect of food security for families living in
FWSC (Pinto et al. 2018).

Not only does the FWSC stand out because it is a
region with a high diversity of maize or rice landraces,
but, notably, of both crops, suggesting that this region
is a microcenter of crop diversity. As defined by
Brazilian legislation (Brasil 2008), microcenters of
crop diversity refer to small geographical areas that
maintain a high level of genetic and/or morphological
diversity of species cultivated in situ. As such, these
areas are priorities for measures to rescue and
conserve agrobiodiversity. In view of the devastating
scenario of genetic erosion for various local crops in
this region over recent years (Pinto 2017), the
formulation of agricultural policies, based on the
designation of FWSC as a Zone of Agrobiodiversity
Conservation, is becoming urgent.
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