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Abstract

Paddy, grown on all continents of the world, is an economical source of food and
a strategic cereal. Cooking quality of rice is closely related to physico-chemical
characteristics of starch constituting about 90% of rice dry matter. Environmental
and genetic factors are effective on rice quality and physico-chemical properties.
Knowledge on these traits plays an important role in comprehension the changes
encountered during cooking. This study was conducted in 2020 to determine
physico-chemical and cooking quality traits of rice grains obtained from 18 paddy
cultivars. Physical, chemical and cooking quality traits of 18 rice samples were
analyzed in 3 replications. Significant differences were observed in investigated
traits of paddy cultivars. The thousand-grain weights varied between 20.32-31.00
g; rice grain lengths between 5.88-7.28 mm; grain elongation ratios between 1.40-
2.47%; grain water absorptions between 46.96-71.27%; water uptake ratios
between 1.91-3.31%; cooking times between 00:17:19-00:23:28 min; protein
contents between 5.45-8.89% and amylose contents varied between 16.91-26.25%.
According to the biplot graph, Efe, Kale and Galileo cultivars were found to be
prominent for more than one trait. The biplot graph also revealed that cooking time
was the most distinctive trait. There were highly significant negative correlations
between alkali spreading and cooking time parameters. Although it was banned
worldwide in rice codex, different rice cultivars, classes, groups and types are
compared and served to markets. Although the constellation plot generated through
the use of results for investigated parameters allowed primary separation of paddy
cultivars, present parameters were not found to be sufficient for a net separation of
the cultivars.

Keywords
Rice, Cooking Time, Elongation Ratios, Amylose, Biplot

Paddy constitutes the primary nourishment of more
than 3 billion people worldwide. It is also consumed as
baby food; thus, it is among the most significant cereal
grains constituting a source of nourishment for 505 of
the world population and a source of income for a
hundred million small farmers (90%). According to
genetic information derived from archeological
excavations, paddy was cultivated between 6200 -
11500 B.C. (Suh et al., 2010). Paddy, which was started
to be consumed by 2500 B.C., is thought to spread to the
world from China. It is also estimated that paddy passed
to Sri Lanka and India-like countries from China (Kiin,
1997). An acquaintance of the western world with paddy
coincides with the years 300s B.C. Paddy was thought
to reach the continent of America by the end of the 17th
century and reached Turkey about 500 years ago. Paddy

farming is practiced in 119 countries worldwide over
162 million hectares with an annual production of 744
million tons. More than 75% of this production is
realized under an aqueous production system (FAO,
2020).

Including wild species, the genus Oryza has 21
species. Of these species, the cultivars of Oryza
Glaberrima species are cultivated only in West African
countries, the cultivars of Oryza sativa species are
cultivated in entire countries of the world. Traditional
cultivars of Oryza sativa species inhold three sub-
species (Indica, Japonica and Javanica) in terms of
geographical adaptation, morphological, physiological
and chemical characteristics. While Japonica and
Japonica x Indica hybrids are generally cultivated in
European countries, Indica species are mostly cultivated
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in South Asian countries. The Indica species generally
have greater yields than the Japonica species (Fan et al.,
2017). The paddy grain separated from the hulls, fruit
and seed testa is so-called “rice” (Siirek, 2002). Since
the quality varies from country to country and region to
region, it is quite hard to define the quality of rice. Rice
quality is generally designated by genetics and
environmental factors (Sezer et al., 2007). While
environmental factors largely influence physical quality
traits (thousand-grain weight, grain dimensions, head
and broken yields), chemical and cooking quality traits
(amylose content, gel consistency, gelatinization
temperature, water uptake ratio, grain elongation,
cooking time) are largely influenced by genetic factors
(Bahmaniar and  Ranjbar, 2007). However,
gelatinization temperature is highly influenced both by
genetics and environmental factors (Kishine et al.,
2008).

Worldwide, market value, consumer preference and
adaptation of new cultivars are the primary factors
influencing the quality concept in rice. Physical
appearance, physico-chemical characteristics and
cooking traits characterize the product and designate

direct decisions about the product in consumer markets
(Custodio et al., 2009).

In general, rice grain quality could be divided into
four categories: nutritional value, industrial quality,
compliance with marketing standards, cooking and
sensory quality. The factors controlling the cooking
quality of rice are mostly related to physico-chemical
characteristics of starch constituting about 90% of the
dry matter in polished rice grain (Kong et al., 2015).
Knowledge of these traits plays significant role in
comprehension of the changes encountered during
cooking of rice (Custodio et al., 2009). This study was
conducted to determine physico-chemical
characteristics of nationally and internationally
important japonica species.

Materials and Methods

In the present study, Edirne, Efe, Gala, Halilbey,
Kale, Kiziltan, Osmancik-97, Tosya Giinesi and Yatkin
cultivars registered bred by Trakya Agricultural
Research Institute and Agusto, Arieti, Baldo, Cammeo,
Crono, Galileo, Meco, Nembo and Ronaldo cultivars
registered in European countries were used (Table 1).

Table 1. List of tested paddy cultivars (Oriza sativa L. japonica)

Origin

No Name

1 Agusto

2 Avrieti

3 Baldo

4 Cammeo

5 Crono

6 Edirne

7 Efe

8 Gala

9 Galileo

10 Halilbey

11 Kale

12 Kiziltan

13 Meco

14 Nembo

15 Osmancik-97
16 Ronaldo

17 Tosya Giinesi
18 Yatkin

Italy
Italy
Italy
Italy
Italy
Turkey
Turkey
Turkey
Italy
Turkey
Turkey
Turkey
Italy
Italy
Turkey
Italy
Turkey
Turkey

Rice samples of the present materials were obtained
from the cultivar-yield experiments conducted in Bafra
Agricultural Research and Implementation Center of
Ondokuz Mayis University Agricultural Faculty during
2020 paddy growing season (15 May — 20 September).
Analyses were conducted in accordance with
randomized plots designed with 3 replications.
Thousand-grain  weight, grain length and grain
length/width ratio parameters were determined in
accordance with the method specified in Akay (2020).
Cooked grain length, grain elongation ratio and cooking
time (min) were determined in accordance with the
method specified in Simonelli et al. (2017);
gelatinization temperature was determined with the
method Oko et al. (2012) and amylose content was
determined with the method  Bergman (2019).
Experimental results were subjected to ANOVA in
accordance with randomized plots design. Principle
component analysis was conducted with the use of JMP

(2007) statistical software. Significant of differences
were identified with F test and means were compared
with the use of Tukey’s test.

Results and Discussion

Thousand-grain weight is among the most important
quality traits of rice. Greater thousand-grain weights
indicate larger grains. Large grains are preferred by
consumers, thus increasing market value (USDA, 2009;
Akay, 2020). There were highly significant differences
in thousand-grain weights of 18 paddy cultivars and the
values varied between 20.32 g (Crono) — 31.00 ¢
(Baldo). In terms of thousand-grain weight, Baldo
(31.00 g) and Edirne (29.63 g) cultivars were in the same
statistical group (Table 2). Present findings on thousand-
grain weights were similar to the findings of previous
studies for Osmancik-97 (25.20 — 27.77 g), Ronaldo
(24.70 - 25.38 @), Baldo (31.41 - 32.41 g), Cammeo
(29.68-30.3 g), Efe (27.51- 27.84 g) and Halilbey (27.55
g) cultivars (Akay et al., 2018; Akay, 2020; TTSM,
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2015; Simonelli et al., 2016; Yazman, 2014). The
thousand-grain  weight of rice is affected by
environmental factors as well as genetic factors Abiotic
stress factors especially in grain-fill period negatively
influence thousand-grain  weights (Kin, 1997).
Thousand-grain weights of rice cultivars were reported
as between 15.0 - 22.0 g by Webb et al. (1989), between
23.1 - 23.7 by Khalif et al. (2007), between 13.4 - 18.8
g by Bashir et al. (2010). Thousand-grain weights of
different rice genotypes used in paddy breeding

programs of Turkey were reported as between 18.3 -
29.9 g (TTSM, 2015) and Safdar et al. (2013) reported
thousand-grain weights of paddy cultivars as between
18.0 - 27.0 g. Paddy grain size vary based on being long
or short, thin or thick grains and also influence consumer
preferences. In Turkey, generally japonica sub-species
with long and wide grains are preferred, but indica sub-
species with long and thin grains are not preferred
(Binodh et al., 2006; Akay, 2020).

Table 2. Mean values for investigated traits of 18 paddy cultivars

TGW GL GLWR CGL GER RWA
CU|tlvaI’S ** ** ** ** ** **
Agusto 22.51 efg 6.59 cd 2.56 a 13.31ab 2.02 bc 60.14 b-f
Arieti 23.42 def 6.62 cd 252 a 9.26 i 1409 50.72 fg
Baldo 31.00a 7.28a 2.32bc 12.47 b-d 1.73 cf 66.88 abc
Cammeo 28.80 b 6.89 bc 2.41 ab 10.78 d-h 1.56 efg 57.37 ¢c-g
Crono 20.32h 5.98¢e 2.27 bcd 8.611 1.44 1g 46.96 g
Edirne 29.63 ab 6.99 ab 2.23 cde 11.95 b-f 1.71cf 65.11 a-d
Efe 23.26 def 6.43d 2.31bc 11.21cg 1.75 cde 57.57 c-f
Gala 22.56 efg 596 e 2.23 cde 12.97 abc 217 ab 61.77 a-e
Galileo 28.89 b 592¢e 1.98f 11.17 c-g 1.88 bed 57.31c-g
Halilbey 23.82 de 5.92¢ 2.08 ef 11.17 ¢c-g 1.89 bed 61.77 a-e
Kale 25.34c¢c 594 ¢ 2.11 def 10.20 f41 1.72 c-f 59.89 b-f
Kiziltan 21.57 gh 5.94¢ 2.22 cde 10.42 e 1.75 cde 56.27 d-g
Meco 23.31 def 5.95¢ 2.23 cde 9.72 gh1 1.63d-g 52.13 efg
Nembo 22.39 efg 5.95¢e 2.10 ef 9.97 ghi 1.68 d-g 51.28 fg
Osmancik-97 23.60 def 590e 2.20 cde 12.81 abc 217 ab 58.73 b-f
Ronaldo 22.311g 59le 2.23 cde 12.25 b-e 207b 61.76 a-e
Tosya Giinesi 23.28 def 5.90¢e 2.18 cde 12.64 a-d 2.14b 71.27a
Yatkin 24.33cd 5.88¢e 2.12 def 1452 a 247 a 68.84 ab
Ortalama 24.46 6.22 2.24 11.41 1.84 59.21
CV% 2.02 1.72 2.41 5.33 5.49 5.75

**=p< 0.01; Means indicated with the same letter are not significantly different at 5% level. TGW= Thousand-grain weight (g), GL= Grain
length (mm), GLWR= Grain length/width ratio (%); CGL= Cooked grain length (mm), GER= Grain elongation ratio (%), RWA= Rice water

absorption (%), CV%= Coefficient of variation.

Grain lengths of the investigated cultivars varied
between 5.88 (Yatkin) — 7.28 mm (Baldo) with a general
mean of 6.22 mm (Akay, 2020; Beser et al., 2015;
Simonelli et al., 2017). According to Tukey’s multiple
comparison test results, Baldo (7.33 mm) and Edirne
(6.99 mm) cultivars had the greatest grain length values
(Table 2). Beser et al. (2015) reported the mean grain
length of Baldo cultivar as 6.9 mm. In TTSM (2015)
report, grain lengths of Osmacik-97, Halilbey, Ronaldo
and Cammeo cultivars were respectively reported as 6.4,
6.4, 6.5 and 7.3 mm. Yazman (2014) reported the grain
lengths of Baldo and Osmancik-97 cultivars
respectively as 6.33 and 6.96 mm.Grain length is not a
sole indicator of quality, but together with length to
width ratio, it turns into a significant physical quality
parameter for national and international classification.

The length/width ratio is closely related to the
appearance of rice grain and significantly influences
consumer preferences. High length/width ratios indicate
long thin grains and low ratios indicate round rice
grains. The rice grains with a length/width ratio of
greater than 3 are classified as thin grains, the ones with
a length/width ratio of between 2 -3 are classified as
medium and the ones with a length/width ratio of lower
than 2 are classified as round grains. In Turkey,
consumers generally prefer rice grains with a
length/width ratio of between 2 - 3. In the present study,

length/width ratios of the paddy -cultivars varied
between 1.98 (Galileo) — 2.56 (Agusto) and differences
in length/width ratios of the cultivars were found to be
significant (Table 2). In previous studies, length/width
ratios of rice grains were reported as between 1.50 - 3.50
(Shilpa and Krihnan, 2010); between 2.22 - 2.27
(Yazman, 2014); between 1.55 - 3.43 (Sisman, 2016)
and between 211 - 244 (Akay, 2020). Grain
length/width ratio is closely related to grain shape.
Consumer preferences may vary with the shape and
appearance of the grains. While some countries prefer
short blunt grains, some others prefer medium long or
thin rice grains. The cultivars with thin long grains are
generally preferred in Southeast Asian countries and the
cultivars with short grains are generally preferred in
countries of temperate climate zone (Surek, 2002). In
Turkey, cultivars with long-medium length/width ratios
(between 2-3) are preferred. Grain length/width ratio is
also closely related to paddy species (indica and
japonica type), indica-type paddies generally have thin
grains with length/width ratios of greater than 3.
Cooked grain length is directly related to water
absorption, elongation ratio and water uptake ratio of
rice grain. Cooked grain length is influenced by genetic
and environmental factors (Sigsman, 2016). The present
study, cooked grain lengths varied between 8.61
(Crono) and 14.52 mm (Yatkin) with a general mean of
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11.41 mm. According to Tukey’s multiple comparison
test results, Agusto, Gala, Tosya Gilinesi and Yatkin
cultivars had the greatest cooked grain length (Table 2).

There were significant differences in grain
elongation ratios of the paddy cultivars. The greatest
value was observed in Yatkin (2.47%) cultivar and the
lowest in Arieti (1.40%) cultivar (Table 2). Similar to
the present findings, Akay et al. (2018) reported grain
elongation ratios as between 1.55 - 2.02% and Akay
(2020) as between 1.58 - 1.99%. According to Tukey’s
multiple comparison test results on grain elongation
ratios, Yatkin, Osmancik-97 and Gala cultivars were
placed into the first group. Danbaba et al. (2011)

Table 3. Mean values for investig

indicated that grain elongation ratios were influenced by
amylose content of the cultivars. Flexibility of
amylopectin bonds indicates high water uptake capacity
of the cultivars (Siirek, 2002; Sisman, 2016; Akay,
2020).

Water absorption ratios of the rice samples varied
between 46.96% (Crono) and 71.27% (Tosya Gtlinesi)
and differences in water absorption ratios of the
cultivars were found to be significant (Table 2). Similar
to the present findings, Sisman (2016) reported that
water absorption ratios of paddy cultivars as between
44.37 - 71.07%.

ated traits of 18 paddy cultivars

WRR CT PC AC DA
Cultivars *x *x *x *x
Agusto V1 2.57 cde 00:18:36 def 7.55 fg 25.26 ab High <69.5°C
Arieti V2 2.05 ef 00:20:47 b 6.66 1 26.25 a High <69.5 °C
Baldo V3 3.05 abc 00:17:57 e-h 6.90 h1 20.84cde Moderate <69.5°C
Cammeo V4 2.34 def 00:18:31 d-g 7.56 fg 24.04abc Moderate <69.5 °C
Crono V5 191¢f 00:20:16 bc 8.02 de 27.40 a High <69.5 °C
Edirne V6 2.89 a-d 00:17:29 fgh 8.33 cd 19.63 def Low <69.5 °C
Efe V7 2.40 def 00:18:47 de 8.00 de 19.60 def Low <69.5 °C
Gala V8 2.68 a-e 00:17:19 h 8.52 abc 17.98 ef Low <69.5 °C
Galileo V9 2.36 def 00:19:23 cd 8.36 cd 21.47cde Moderate <69.5 °C
Halilbey V10 2.63 b-e 00:17:32 fgh 8.03 de 19.72 def Low <69.5 °C
Kale V11 2.53 c-f 00:17:13 h 5.45j 19.07 def Low <69.5°C
Kiziltan V12 2.33 def 00:17:23 gh 8.49 bc 19.60 def Low <69.5°C
Meco V13 2.12 ef 00:17:38 fgh 7.21gh 21.76bcd Moderate | <69.5°C
Nembo V14 2.09 ef 00:17:51 e-h 8.78 ab 20.73cde Moderate <69.5 °C
Osmancik-97 V15 2.39 def 00:17:31 fgh 7.72 ef 16.91f Low <69.5 °C
Ronaldo V16 2.64 b-e 00:23:28 a 7.92 ef 21.29cde Moderate >74 °C
Tosya GiinesiV17 3.3la 00:18:28 d-g 7.20 gh 2591a High <69.5 °C
Yatkin V18 3.22 ab 00:19:26 cd 8.89 a 20.13 def Moderate <69.5 °C
Ortalama 2.53 00:18:39 7.76 21.53
CV% 8.22 1.98 1.62 5.52

**= p< 0.01; Means indicated with the same letter are not significantly different at 5% level. WRR= Water uptake ratio (%), CT= Cooking
time (min), PC= Protein content (%), AC= Amylose content; DA= Alkali spreading (gelatinization temperature), CV%-= Coefficient of

variation.

Differences in water uptake ratios of the cultivars
were found to be significant (p<0.01) (Table 3). The
water absorption ratios of the cultivars varied between
1.91% (Crono) and 3.31% (Tosya Giinesi). Complying
with the present findings, Anil and Koca (2006) reported
water uptake ratios of the paddy cultivars as between
1.75 - 1.98% and Danbaba et al. (2011) reported water
uptakes of rice grains as between 1.74 - 2.98%.

The cultivars with shorter cooking times are
generally preferred by the consumers. Cooking time was
reported to have positive correlations with amylose
content and alkali spreading (gelatinization
temperature) (Akay, 2020). The cooking time of the
present cultivars varied between 00:17:19 (Gala) —
00:23:28 min (Ronaldo). The Baldo, Edirne, Gala,
Halilbey, Kale, Kiziltan, Meco, Nembo and Osmancik-
97 cultivars had the shortest cooking times (Table 3).
Present findings on cooking times comply with the
findings of previous studies (Akay et al., 2018; Akay,
2020; Danbaba et al., 2011; Fofana et al., 2011; Thomas
et al., 2013; Sigsman, 2016).

Protein contents of rice samples varied between
5.45% (Kale) and 8.89% (Yatkin) with a mean value of

7.76% (Table 3). Present findings on grain protein
contents comply with the findings of earlier studies
(Koca and Anil, 1997; Thomas et al., 2013).

Amylose content significantly influences cooking
time and eating quality of rice. The grains of rice with
high amylose contents (25-33%) are hard and dry
cooking tendency. The ones with moderate amylose
contents (20-25%) have a softer and sticky cooking
tendency and the ones with low amylose contents (<
%20; 12 -13%) are quite soft and sticky. The Japonica
sub-species generally have moderate and low amylose
content (Juliano et al., 1981; Bao et al., 2006; Hossaina
et al., 2009; Akay, 2020; Danbaba et al., 2011). Present
amylose contents varied between 16.91% (Osmancik-
97) and 26.25% (Avrieti) and the differences in amylose
contents of the cultivars were found to be significant
(Table 3). Cultivars were classified based on amylose
content with the use of an internationally recognized
scale: Agusto, Arieti, Crono and Tosya Giinesi cultivars
as high amylose containing cultivars, Baldo, Cammeo,
Galileo, Meco, Nembo, Ronaldo and Yatkin as
moderate amylose containing cultivars and the rest as
low amylose containing cultivars (Table 3) (Cruz and
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Khush, 2000; Kasai et al., 2007). Present amylose
contents comply with the findings of previous studies
(Akay et al., 2018; Akay, 2020; Anil and Koca, 2006;
Donduran, 2014; Simonelli et al., 2016; Sisman, 2016;
Thomas et al., 2013).

Gelatinization temperature is a temperature at which
rice starch started to swell and lose crystallinity in an
irreversible fashion. In other words, it is a
physicochemical characteristic of the starch (Surek,
2002). Rice starch generally gelatinizes between 65 - 85
°C temperatures (Bakshi and Singh, 2019). High
gelatinization temperatures result in softening of rice
when cooked. In  Turkey, cultivars with low
gelatinization temperatures are generally preferred
(Akay, 2020). Rice gelatinization temperatures are
classified as follows: <69.5 °C (tannins are all
disintegrated), 70-74 °C (4-5 grains are disintegrated)
and >74 °C (3 and more grains are disintegrated)
(Juliano, 1979; 1985). In terms of gelatinization
temperatures of the present cultivars, only the Ronaldo
cultivar is classified as >74 °C and the rest as <69.5 °C
(Table 3).

Correlation coefficients for the relationships
between investigated physicochemical parameters are
provided in Table 4. There were highly significant
correlations between thousand-grain weight and grain
length (r = 0.66**); between grain length and
length/width ratio (r = 0.63**); rice grain length/width
ratio and amylose content (r = 0.51*); between rice
water absorption and cooked grain length (r=0.83**),
grain elongation ratio (r=0.71**), water uptake ratio
(r=0.99**); between cooked grain length and grain
elongation ratio (r = 0.89**), water uptake ratio
(r=0.81**); between grain elongation ratio and water
uptake ratio (r = 0.69**). On the other hand, there were
highly significant negative correlations between
cooking time and alkali spreading (r = -0.76**). In
previous studies, positive correlations were reported
between amylose content and rice grain length/width
ratio (Akay, 2020; Julinao and Villareal, 1993; Khatun
et al., 2003; Sheng et al., 2015). Positive relationships
were also reported between cooked grain length and
elongation ratio (Akhter et al., 2017; Akay, 2020).

Table 4. Correlations coefficients between the investigated traits

TGW GL GLWR RWA CGL GER  WRR CT PC AC
GL 0.66**
GLWR -0.07  0.63**
RWA 0.39 0.14 -0.19
CGL 0.19 0.05 -0.04 0.83**
GER -0.12 -0.40 -0.32 0.71**  0.89**
WRR 0.36 0.14 -0.17 0.99**  0.81** 0.69**
CT -0.22 -0.07 0.21 -0.13 -0.05 001 -0.11
PC -0.18 -0.23 -0.29 0.01 0.27 0.35 0.03 0.05
AC -0.17 0.19 0.51* -0.27 -0.34 -0.40 -0.20 045 -0.22
DA 0.18 0.17 0.02 -0.10 -0.13 -0.20  -0.07 -0.76** -0.05  0.02

*= p< 0.05, **= p< 0.01; TGW= Thousand-grain weight (g), GL= Grain length (mm), GLWR= Grain length/width ratio (%), RWA= Rice water
absorption (%), CGL= Cooked grain length (mm), WRR= Water uptake ratio (%), CT= Cooking time (dk), PC= Protein content (%), AC= Amylose

content; DA= Alkali spreading (gelatinization temperature).

Biplot graph was generated for a better visual
assessment of the relationships between investigated
physicochemical parameters of the cultivars (Figure 1).
While correlations coefficients present the relationships
between two parameters, biplot allows an overall
assessment of the relationship among the entire
parameters (Sharifi and Ebadi, 2018). According to
biplot analysis, the first principal component explained
35.1% and the second principal component explained
21.6% of total variation (both explained 56.7%) (Figure
1). Besides conventional data analysis approach,
ANOVA and multiple comparison tests for single
variables and correlations analysis for relationships
between two variables of agricultural experiments,
biplot analysis method and constellation graph allowing
multivariate analysis of several physicochemical
parameters were also used in present study. Such
analyses were thought to contribute overall assessment
of concrete outcomes.

Thousand-grain weight, water uptake ratio, water
absorption and cooked grain length vectors were placed
in the upper-right section of the biplot group and vector
angles between these traits were smaller than 90°

indicating significant positive relationships among
thousand-grain weight, water uptake ratio, water
absorption and cooked grain length. These traits were
seen to act in reverse direction of cooking time vector,
which was placed in lower-left section of the biplot
graph. Grain length, length/width ratio, alkali spreading
and amylose content vectors were placed in upper-left
section of the biplot graph indicating positive
relationships among them. The traits with negative
relationships with these parameters (grain elongation
ratio and protein content) were placed in lower-right
section of the biplot graph indicating positive
relationships between them. Since cooking time had the
shortest vector length, it was identified as the most
distinctive trait. The cultivars placed close to origin of
the biplot graph were prominent for more than one traits.
Kale cultivar was prominent for grain length/width
ratio; Efe cultivar for amylose content; Kiziltan cultivar
for cooking time; Galileo cultivar for protein content;
Gala cultivar for grain elongation ratio; Tosya Giinesi
cultivar for cooked grain length; Baldo cultivar for
thousand-grain  weight and Agusto cultivar was
prominent for grain length (Figure 1).
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Figure 1. Biplot grouping of investigated traits relations of paddy cultivars with investigated traits.

In the constellation plot, present cultivars were
divided into 2 main groups and 8 sub-groups (Figure 2).
Osmancik-97, Gala, Halilbey and Galileo cultivars were
placed into the 1% group; Meco, Efe, Nembo and
Kiziltan cultivars into the 2" group; Kale cultivar into
the 3 group; Agusto cultivar into the 4™ group;
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Cammeo, Edirne and Baldo cultivars into the 5 group;
Arieti and Crono cultivars into the 6™ group; Tosya
Giinesi and Yatkin cultivars into the 7" group and
Ronaldo cultivar was placed into the 8" group(Figure 2;
Table 1; 2).

40

Figure 2. Constellation plot graph of cultivars based on investigated traits.

While the first group of cultivars (Osmancik-97,
Gala, Halilbey and Galileo) had high protein contents,
the second group of cultivars (Meco, Efe, Nembo and
Kiziltan) had the lowest grain length values. The 3"
group of cultivars (Kale) had lower cooking time and
grain protein content than the other cultivars. The 4™
group of cultivars (Agusto) had greater grain
length/width ratio than the other cultivars. The 5™ group

of cultivars (Cammeo, Edirne and Baldo) had the
greatest thousand-grain weight values. The 6" group of
cultivars (Arieti and Crono) had the lowest water
absorption, cooked grain length, grain elongation ratio
and water uptake ratios. The 7" group of cultivars (Tosya
Giinesi and Yatkin) had the greatest water absorption,
cooked grain length, grain elongation ratio and water
uptake ratio. The 8" group of cultivars (Ronaldo) had the
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greatest cooking time and the greatest alkali spreading
temperature (Figure 2; Table 1; 2).

Conclusion

Although it is inconvenient to compare both physical
and chemical quality traits of the rice grains obtained
from different cultivars, the physically-close rice grains
are generally compared with each other. Comparison of
highly different cultivars was banned in both national
and international rice codex. It is quite hard to separate
such a physical mixture. Therefore, physicochemical
characteristics are used for separation of cultivars. In
present study, some physical and chemical
characteristics and cooking parameters of 18 paddy
cultivars belonging to Japonica sub-species and
registered in Turkey and European countries were
investigated. There were highly significant negative
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