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ABSTRACT
Indonesia is the third richest country for pigmented rice source such as Wojalaka black rice of East
Nusa Tenggara (NTT), Manggarai of NTT, Toraja of South Sulawesi, Cempo Ireng of Central Java and
red rice of Aek Sibundong (leading variety) and Baubau of Southeast Sulawesi. However, the
morphological character of pigmented rice in Indonesia is less reported. The objective of research was
to compare the morphological variation of root, stem, leaf, panicle, floret and the colour of milk mature
grain and mature grain by observing the vegetative and generative parts of six local rice varieties.
Research had been conducted from February 2012 to February 2014 in Sengguruh Village, Kepanjen
District, Malang Regency. This study type was quasi-experiment with eleven replications. Group
Random Design was used. The observation was given upon vegetative, reproductive and maturity
phases as groups. Independent variables in this study were six rice varieties, while the dependent
variable was morphological variation (root, stem, leaf, panicle, floret, milk mature grain and mature
grain). The analysis of multivariate data in cluster and biplot was carried out with PAST. The result of
the study indicated that there was morphological difference on stem, leaf, panicle, floret, milk mature
grain and mature grain. The colour of the stem in Aek Sibundong variety was purple, while that of
other varieties was green. Toraja and Manggarai varieties had the highest height with 163 -168 cm,
followed by Cempo Ireng with 139 cm, Wojalaka and Baubau with 110-112 cm. Aek Sibundong Variety
had the lowest height with 99 cm. Aek Sibundong and Wojalaka varieties had 6-7 internodes which
were the greatest number of internode, while other varieties only had 4-5 internodes. Some varieties,
such as Aek Sibundong, Wojalaka and Baubau had short and small leaf. The leaflet angle of Aek
Sibundong and Baubau were 14o and it might be said as upright, while that of Wojalaka was 43 o or
moderate. Cempo Ireng, Manggarai and Toraja had its 63-88o of the leaflet angle or it was said as flat.
Cempo Ireng and Wojalaka were included into Rice Indica Group while Toraja, Manggarai, Cempo Ireng
and Baubau belonged to Rice Javanica Group. There were two morphological groups. Group 1 included
Toraja, Manggarai and Cempo Ireng, while Group 2 consisted of Aek Sibundong, Baubau and
Wojalaka.
Keywords: morphological variation, pigmented local rice, vegetative and generative
INTRODUCTION

Bangladesh (4.1%), and other countries such as
Malaysia, Thailand and Myanmar with only minor
percentage [1]. Distinguishing pigmented rice is
based on a colour covering the outer layer of
seed. Thus, the brownish red rice is called red
rice while the purplish is called black rice. This
pigment remains in the aleurone layer of rice
seed, and it is recognized as the mix of
anthocyanin compounds [2]. In Indonesia, the
pigmented rice (brown, red or black) is less
studied compared to white rice. Therefore, the

Indonesia is the third richest country for its
pigmented rice source (7.2%), after China (62%),
Sri Lanka (8.6%), India (5.1%), Philippine (4.3%),
ma
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information of pigmented rice as the functional
food is very limited [3]. White rice is the mostconsumed rice but pigmented rice is also
considered as useful for the health in term of
taste, nutrient and anthocyanin content [4].
Some results of previous research have
indicated that pigmented rice contains phenolic
compound as the main active component of antioxidant [2, 5, 6]. Indeed, the benefit for health
from anthocyanin extract of pigmented rice can
prevent the growth of liver cancer cells [7]. The
compounds isolated from pigmented rice
(anthocyanin, cyanidin-3-glucoside, pelargonidin3-glucoside) show the presence of aldose which
is important for diabetes prevention [2]. It has
been reported that a diet containing black rice
extract with anthocyanin (31.3 g / 100 g) can
reduce cholesterol rate, LDL cholesterol and
triacylglycerol concentration in the mice’s plasma
[8]. In addition, pigmented rice has low glycemic
index, and it is recommended by WHO (World
Health Organization) for global health programs
[9]. Antioxidant activities in pigmented rice have
been reported by [10-13]. They have stated that
black and red rice are not only the main source of
carbohydrate but also supplying the higher level
of iron, zinc, calcium, copper, protein, betacarotene, antioxidant and manganese as the
essential source of vitamin and mineral.
The productivity of pigmented rice is still low,
and the availability in the market is very limited,
and, the price is relative expensive [14].
Pigmented rice is not yet known as the primary
food and as a herb for Indonesian people. The
cultivation of pigmented rice is still challenged
because the plant is easily collapsed and infected
by natural pests such as bird and mouse.
Therefore, the local farmers are not familiar and
less willing to cultivate pigmented rice. Consequently, one of biological essences may be extinct
in the immediate future [15]
Plant morphologies, such as the form and
structure of plant organs, are used as the main
base to classify the plant or as a tool to
understand the adaptation of plant to the
environment. Besides, the morphologies of
certain plants are very influential to the rice
productivity. The relationship of plant
morphologies and productivity has led to the idea
of creating an ideal type (idiotype) of plant [16,
17].
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Morphological characters of pigmented rice in
Indonesia are less reported. Any publications and
descriptions are still confined to Cempo Ireng
black rice and Aek Sibundong red rice. The
leading capacities of Aek Sibundong includes
productivity of 6-8 tons.ha-1, Shortage (110-120
days), resistance to wereng coklat (brown
planthopper) biotype 1, 2, and 3 and also
resistance to bacteria-induced leaf blight Strain
IV, and it has a delicious taste with smooth
texture meal [18]. The conservation of rice
through cultivation still needs fundamental
information about the reliable morphology. The
morphology of pigmented rice is influenced by
season, soil, water and climate. Therefore, the
conservation by planting local pigmented rice
must consider the cultivation of organic farming.
Through organic farming, the yield of rice will
support
and
develop
food
security,
agroecosystem health, biodiversity, biological
cycle and soil biological activity [19]. Pigmented
rice varieties have been cultivated in Indonesia.
Some are cultivated in an organic way in Malang
District. They are black rice Wojalaka of East
Nusa Tenggara (NTT), Manggarai of NTT, and
Toraja in South Sulawesi; Cempo Ireng of
Central Java and Aek Sibundong red rice (the
leading variety) and Baubau of Southeast
Sulawesi.
The objective of research was to compare the
morphological variation of root, stem, leaf,
panicle, floret and the colour of milk mature
grain and mature grain by observing the
vegetative and generative parts of six local rice
varieties.
MATERIALS AND METHODS
The study had been conducted from February
2012 to February 2014 in Sengguruh Village,
Kepanjen District, Malang Regency. The type was
quasi-experiment with eleven replications. Group
Random Design was used. The observation was
given upon vegetative phase, reproductive phase
and maturity phase as group. Independent
variables were six rice varieties, while dependent
variable was morphological variation (root, stem,
leaf, panicle, floret, milk mature grain and mature
grain).
Six pigmented rice varieties were seen in this
study, namely Wojalaka (NTT), Manggarai of
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NTT, Toraja of South Sulawesi, Cempo Ireng of
Central Java and Baubau red rice of Southeast
Sulawesi. Aek Sibundong represented a crossbred
(a leading commodity) used as a comparator. The
seed was obtained from farmers in each region.
The planting of rice included several activities: 1)
Seeds were selected by sorting in order to achieve
the uniformity (similar colour and size) and by
submerging it into plain water for 24 hours, and
after that, the seedling began. 2)The seedling of
each pigmented rice variety was conducted in the
70 cm diameter pot. If the age of seed reached 25
days, the seedling was moved to organic field. 3)
The land was prepared by mixing soil, sand and
compost with the ratio of 5:10:1. It was then
positioned in the phytoremediation pool filled
with kangkung (water spinach) by 5x5 cm 2 width.
4) The seed had to be healthy determined by the
characters of higher, big and upright leaf. The
planting was firstly begun in a narrow plot, with
three seeds in one point with 25 cm interval. The
planting was then moved to an organic field. 5)
The fertilization used LMO (Local Micro
Organism) and compost. The observation of
morphological characters of six pigmented rice
local varieties was conducted in three phases,
namely vegetative II (Stage 3), reproductive
(Stage 4, 5, and 6) and maturity phases (Stage 7
and 8). The observation on vegetative II stage
concerned with stem color, leaf sheet color, leaf’s
maximum length and width, ligule’s colour and
length, leaf sheath color, leaf neck color, and
trichome’s variation and distribution in the
adaxial and abaxial surfaces of the leaf. The
observation of the reproductive stage considered
plant height, stem diameter, angle, leaflet’s length
and width, panicle tip color, floret’s color, length
and width, and the presence of the tail in the
distal part of the floret. The observed maturity
phase involved the colour of milk mature grain
and mature grain, the number and length of stem
internode, and the presence of the tail at distal
part of the grain. A color chart described the
observation of color.

standard of each variable. Data were analyzed by
ANOVA at a cut off value of α of 0.05. It was
followed by HSD Tukey Test facilitated by SPSS
16.0. The analysis of multivariate data in cluster
and biplot was carried out with Paleontological
Statistics (PAST) [20].
RESULTS AND DISCUSSION

Root Length
The root of rice is classified into fibrous root.
The result indicated a significant difference
between Wojalaka whose short root was 16.5 cm
and other varieties of Toraja, Manggarai, Cempo
Ireng, Baubau and Aek Sibundong whose long
root was 21-25 cm (Figure 1). Deep, thick, and
health rooting which grasps land more widely and
vigorously can hold against collapse, facilitated
the absorption water and dry matter in more
efficient way, especially at grain filling stadia [36].
Wider root spreading in the soil may reduce root
resistance against the absorption of soil water
[37]. Rice rooting relates closely with the
tolerance of the plant to the drought [37].The
role of root in the soil water absorption during
the growth might determine the smoothness of
the photosynthesis process in producing rice
grain. Rain-based field in a dry season depended
greatly on the root because the absorption of soil
water would always rely on the ability of root to
penetrate the deeper layer of the soil.

Figure 1. The root length of six pigmented rice varieties.
Note: Similar notation of root length did not
show a noticeable difference at α of 0.05 based
on Anova, followed by HSD Tukey Test.

Data Analysis
The data of morphological variation were
tabulated through MS Excel 2007 for windows.
The descriptive data analysis was used to
determine the average rate and the deviation
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Stem Surface Colour
The observation result using the colour chart
denoted the difference in colour pigmentation.
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Toraja, Manggarai, Cempo Ireng, and Baubau
had the green colour of kiwi green 548, while
Aek Sibundong had its stem surface coloured
with purple fresco (Figure 2). Stem surface colour
was influenced by light intensity that might also
regulate the pigment in the epidermis or
parenchyma tissues of the stem. Pigment, that
determined stem colour, was anthocyanin
pigment. The presence of anthocyanin pigment is
the reason of the dark colour of the stem, while
the absence of anthocyanin pigment causes the
light colour of the stem [21].

and panicle will put greater weight which is held
by stem base and, it reduces the resistance to the
collapse. Therefore, other varieties approaching
the leading capacity of Aek Sibundong are
Wojalaka and Baubau.

Figure 3. Plant height of six pigmented rice varieties.
Note: Similar notation of plant height did not
show a noticeable difference at α of 0.05 based
on Anova, followed by HSD Tukey Test.

Stem Diameter
The research result confirmed that the stem
diameter of six pigmented rice varieties had a
significant difference. Aek Sibundong had 5.6
mm of small diameter in average. Wojalaka and
Baubau had 6.8-7.2 mm diameter of moderate
stem in average. Manggarai and Cempo Ireng had
8.7-9.2 mm of a big diameter in average. Toraja
had bigger diameter of the stem with 9.7 mm
(Figure 4).

Figure 2. Stem surface colour of pigmented rice: (a)
Toraja, (b) Manggarai, (c) Cempo Ireng (d)
Wojalaka, (e) Baubau (f) Aek Sibundong

Plant Height
The plant height was measured in the
reproductive stage of flowering because in this
stage; the rice did not grow further again. Plant
height remained between 99-169 cm. Aek
Sibundong had 99 cm short height, while
Wojalaka and Baubau had an average height
between 109-112 cm. Cempo Ireng was 138 cm
height, while Manggarai and Toraja had the
highest height between 163-169 cm (Figure 3).
In general, farmers expected that the plant did
not grow too high because the great height would
have a greater possibility of collapse than a
shorter one. The resistance against collapse was
determined by height, dry weight of straw and
panicle, and stem strength. According to
Matsushima [22], the weight rate occurs in the
stem base is called stem moment or stem index.
Stem moment equals to the yield multiplied by
plant weight with biomass total (dry weight of
straw and panicle). It is measured in gram.cm
unit. This statement can be interpreted as higher
plant, or greater weight of dry weight of straw
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Figure 4. Stem diameter of six pigmented rice varieties.
Note: Similar notation of stem diameter did
not show a noticeable difference at α of 0.05
based on Anova, followed by HSD Tukey Test.

Stem is functioned as the prop of the plant, as
the supplier of chemical compounds and water
throughout the plant, and as a food reserve.
Sturdy rice stem ensures high plant yield.
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Without the strong stem, plants collapse easily
during the strong wind season. Stem diameter is
an indicator of mechanic power that influences
rice plant’s resistance to collapse. It is explained
by [23] that plant collapse can reduce plant yield
drastically. The collapse begins with the bending
or the breaking of two lowest stem knuckles
which are more than four cm length. The
strength between stem knuckles is influenced by
(a) mechanic strength, namely stem thickness and
tissue strength; (b) chemical composition; and (c)
dry matter status of plant. The mechanic strength
can be increased by giving potassium. The
increase also may be due to stem thickening, but
it may be useful to keep the turgor pressure of
stem cells to remain high. Short and firm stem is
the expected character for the development of
leading rice varieties because the plant is resistant
to collapse; the comparison between grain and
straw is well balanced, and the plant is more
responsive to nitrogen fertilizer [23, 24].

The Number
Internode

and

Length

of

The number of knuckle and internode equals
to the number of leaf plus two, which is one
knuckle for coleoptile growth and another
knuckle for panicle base [23, 25]. It allows many
internodes to present and greater number of leaf
to grow on the rice plant. Greater number of
internode will make rice plant to be sturdier.
The result revealed that in six pigmented rice
varieties, the length of the first internode was
short by 4.5-6.8 cm in average while the topmost
internode is standing as panicle base was the
longest one ranging from 15.9-47.2 cm (Figure
6).

Stem

The stem consisted of some internodes
bordered by knuckle, leaf and shoot (seedling)
grown on knuckle. Result of research indicated
that Manggarai had four internodes; Toraja,
Cempo Ireng, and Baubau had five internodes;
Wojalaka had more internodes, or six internodes.
Aek Sibundong had seven internodes as the most
number of all (Figure 5).

Figure 6. The stem internode length of six pigmented rice
varieties

The research result indicated that the
internode length was related to the plant height.
Higher plant meant longer internode. Toraja,
Manggarai and Cempo Ireng were varieties with
long internode. Baubau had moderate one, while
Wojalaka and Aek Sibundong had short ones.
The longest internode was the topmost
internode, and the length was declining until the
lowest internode nearby land surfaced. The
surface of the stem grows stadia comprised of
leaf sheaths and solid bulked internodes. The
internodes elongated and remained hollow after
the plant entered reproductive stadia. Therefore,
reproductive stadia are also called as internode
elongation stadia [23, 26]

Figure 5. The number of stem internode of six pigmented
rice varieties. Note: Similar notation of stem
internode did not show a noticeable difference at
α of 0.05 based on Anova, followed by HSD
Tukey Test.
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Character
Rice leaf grew on the stem by an interval
arrangement, in which one leaf was for each
knuckle. Each leaf comprised of (i) leaf sheet, (ii)
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leaf sheath covering the internode, (iii) leaf neck
(auricle) and (iv) leaf tongue (ligule). The
observed morphological characters of leaf were
ligule’s (leaf tongue) colour and length, sheath
color, leaf sheet color, leaf sheet surface,
maximum leaf’s length and width, trichome’s
distribution of adaxial and abaxial surfaces of the
leaf.
The observation result using the colour chart
indicated that ligule colour of pigmented rice had
two colour variations namely brownish white 746
and purple orchid 430. Toraja, Manggarai,
Wojalaka and Cempo Ireng had similar color,
namely brownish white 746, while Aek
Sibundong was coloured with purple (orchid
430). The result presented the significant
difference of ligule length based on Anova test at
α of 0.05. The ligule length scale, according to
[30], are short (< 7 mm), moderate (7-18 mm),
and long (> 18 mm). Manggarai, Wojalaka, and
Cempo Ireng had reasonable ligule length which
was 14.91-6.9 mm in average, while Aek
Sibundong and Baubau had long ligule length
between 20.2-21.0 mm (Figure 7). The function
of ligule is to prevent rain water from entering
the stem and leaf sheath. Moreover, ligule also
prevents the occurrence of disease infection due
to water as a medium of disease distribution [27].

Ireng and Baubau were similar, namely old green
(kiwi green 548), while Aek Sibundong variety’s
leaf sheet was also coloured by old green but
with a purple edge. The result also showed that
auricle colour differed with Toraja, Manggarai,
and Aek Sibundong varieties whose colours were
green (seafoam green 520) while Wojalaka,
Cempo Ireng and Baubau were light green (apple
green 550). Leaf sheath colour also varied.
Toraja and Manggarai Varieties were light green
(apple green 550). The leaf sheath colour of Aek
Sibundong was an old green (Kiwi green 548)
while that of Cempo Ireng and Baubau were
bright green (Jasmine green 551).

Figure 7. Ligule length of six pigmented rice varieties.
Note: Similar notation of ligule length did not
show a noticeable difference at α of 0.05 based
on Anova, followed by HSD Tukey Test.

Figure 9. Maximum leaf width of six pigmented rice local
varieties. Note: Similar notation of maximum
leaf width is not showing obvious difference at α
of 0.05 based on Anova, followed by HSD Tukey
Test.

Figure 8. Maximum leaf length of six pigmented rice local
varieties. Note: Similar notation of maximum
leaf length did not show a noticeable difference
at α of 0.05 based on Anova, followed by HSD
Tukey Test.

The observation result pointed out that the
different colour variation was found in the leaf
sheet colour based on the colour chart. Leaf
colours of Toraja, Manggarai, Wojalaka, Cempo
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The observation on maximum leaf length of
six pigmented rice varieties also resulted in a
significant difference. Aek Sibundong, Wojalaka,
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trichome distribution rate on upper and lower
parts of the leaf did not show a noticeable
difference at α of 0.05 based on Anova, followed
by HSD Tukey Test.

Cempo Ireng and Baubau had short leaf that was
43.9-49.0 in average, while Toraja and Manggarai
varieties had long leaf that was 61.2-63.2 cm in
average (Figure 8). The observation on maximum
leaf width had found a significant difference.
Wojalaka and Baubau had the smallest leaf width
which was 8.9-10.0 mm in average. Aek
Sibundong and Cempo Ireng had moderate leaf
width which was 11.4-11.5 mm in average, while
Toraja and Manggarai had the widest leaf width
which was 12.6-13.4 mm in average (Figure 9).
The character of the leaf is one of
morphological characters closely related to plant
productivity [33]. [24] considers the leaf as the
organ that must be measured for refinement, in
terms of its uprightness, length, width, colour
and softness. The expected leaf characters are
upright growth, thick, small and short. Longer
leaf tends to collapse. The short and small leaf is
more upright. Indeed, short, small and upright
leaf can produce higher photosynthesis rate in
every part of the leaf, thus provide the even
distribution of leaf in the crown, wider exposure
of surface to sunbeam, and even distribution of
the beam on leaf [23]. Therefore, varieties
included in the plant refinement based on leaf
morphology character are Aek Sibundong,
Wojalaka, Baubau and Cempo Ireng.

The distribution rate of trichome on abaxial
surface did not have a significant difference, and
the average rate of trichome was between 7 and
42 (100 cm) -2 (Figure 10).
Trichome distribution rate was related with a
leaf surface. Higher distribution rate of trichome
meant softer and denser leaf surface. In contrast,
lower distribution rate of trichome meant
rougher leaf surface. Cempo Ireng and Toraja
had softer leaf surface, while Aek Sibundong,
Manggarai, Baubau and Wojalaka had rough leaf
surface. Ligule color, leaf sheet colour and leaf
surface are characters used by Balitpa (Balai
Penelitian Tanaman Padi–Rice Research Agency)
to differ the leading rice from others [28].

Length, Width and Angle of Leaflet
Leaflet was the longest leaf which covers the
topmost internode of the stem. Leaflet was
located near panicle. The result indicated that the
length, width and angle of leaflet had a significant
difference. Aek Sibundong, Wojalaka and Cempo
Ireng had short leaflet size which was 29.6-33.3
cm in average. Baubau had 37.7 cm moderate
length of leaflet. Manggarai and Toraja had the
longest length which was 48.6-53.1 cm (Figure
11a). The result found a significant difference for
leaflet width. Wojalaka Variety had 11.7 mm of
the smallest leaflet width, and followed in
ascending order namely Baubau, Aek Sibundong
and Cempo Ireng which were 13.6 mm, 13.76
mm, 14.5 mm as the moderate width,
respectively. Manggarai and Toraja were the
widest leaflet width between 18.20-19.48 mm
(Figure 11b).
According to [34], leaflet angle is distinguished into four. They are upright, moderate (± 450),
flat and collapse types. The research result
indicated that the leaflet angle had a significant
difference. It was found that Aek Sibundong and
Baubau had a leaflet angle at 13.90-14.10, and
both had upright angle type. Wojalaka had a
leaflet angle at 43.50, thus it was included within
the moderate angle type. Cempo Ireng,
Manggarai and Toraja had 62.90, 83.60 and 87.80

Leaf Surface and Total of Trichome
Trichome distribution rate on the adaxial
surface of the leaf had a significant difference.
Cempo Ireng and Toraja had high distribution
rate of trichome by 313-402 (100 cm) -2 in
average, while Manggarai, Wojalaka, Baubau and
Aek Sibundong had low distribution rate of
trichome by average of 7-33 (100 cm) -2 (Figure
10).

Figure 10. The distribution rate of trichome on adaxial and
abaxial surfaces of leaf. Note: ab= abaxial
surface, ad= adaxial surface. Similar notation of
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leaflet angles which were included within the flat
angle type (Figure 11c).

longer and wider leaflet would have higher
possibility of CO2 assimilation and produced
bigger size or higher number of floret/ grain.
In relation to leaflet angle type, the expected
leaf characters were leaf with upright growth.
Toraja and Manggarai had flat leaf. For the flat
leaf, panicle position was not protected by leaflet
so that the grain in a panicle was easily attacked
by bird.

Floret and Grain
Each rice flower unit is essential namely
floret, which only comprises of one flower [31].
The observation on floret morphology concerned
with floret’s color, length width, and tail of the
distal portion of the floret. The observed grain
was milk mature grain and mature grain. The
research result indicated that the floret colour
was light green (apple green 550) (Figure 12).
The colour of milk mature grain from
Wojalaka, Cempo Ireng, Manggarai and Toraja
was purplish green (grappa 476), while that of
Baubau and Aek Sibundong was yellowish green
(pistacio 525). The mature grain of Wojalaka,
Cempo Ireng, Manggarai and Toraja was
coloured with blackish old purple while that of
Baubau and Aek Sibundong was coloured with
light yellow (baby maize 625) (Figure 12).
Floret colour is influenced by anthocyanin
pigment involving red, purple and black pigments
which are contained within pericarp and tegmen
(skin layer) of rice, or found in floret part [38].
Rice colour is a distinctive marker benefited by
rice variety [32].
The result on the length and width of floret
reported a significant difference. Aek Sibundong
Variety had 8.45 mm of short floret size.
Manggarai and Baubau had 9.58 mm of moderate
length floret. Cempo Ireng and Toraja had a very
long floret length between 9.98 and 9.99 mm
(Figure 13a). Floret width of Baubau was 2.58
mm considered as a short floret. Aek Sibundong,
Wojalaka and Cempo Ireng had moderate floret
width between 2.93-3.05 mm. Toraja had 3.33
mm of wider floret, while Manggarai had the
widest floret width which was 3.96 mm (Figure
13b).
According to Grist [21], three forms of rice
grain are estimated based on the ratio of floret’s
length or width, which are round, moderate and
slender. Based on the leading variety used as a

(a)

(b)

(c)
Figure 11. Length, width and angle of leaflet: (a) Length, (b)
Width and (c) Angle of six pigmented rice local
varieties. Note: Similar notation of length, width
and angle of leaflet did not show a noticeable
difference at α of 0.05 based on Anova, followed
by HSD Tukey Test.

High assimilation of CO2 at leaflet will
increase the biomass of rice grain [29]. Therefore,

JTLS | J. Trop. Life. Science

156

Volume 4 | Number 2 | May | 2014

Shinta et al., 2014

comparator, Aek Sibundong has a slender floret
form [18]. Therefore, based on the observation
of the length and width sizes, and on visual
observation, Manggarai had round floret, while
Toraja, Wojalaka and Cempo Ireng had a
moderate floret form, and Baubau had slender
floret.

have reported that rice cultivar group is divided
into two, namely Indica Cultivar Group (cere rice)
and Javanica Cultivar Group (rice tricom). Indica
cultivar group has some features and among
others it is without a tail at distal portion of
floret and rice grain. This group is greatly marked
by common rice and fast planting age (hawara).
The characteristic of Javanica cultivar group is
marked by the appearance of the tail at distal part
of floret and rice grain, consisting of common
rice and glutinous rice, and with a longer planting
age (leuir). Based on the appearance of the tail at
distal part of the floret and mature grain, the six
pigmented rice varieties are divided into two
groups. Indica rice group consists of varieties
Wojalaka and Aek Sibundong while Javanica rice
group comprises of Manggarai, Cempo Ireng and
Baubau varieties. Variety Toraja belongs to
Javanica due to its longer planting age.

(1)

(2)

(a)

(3)

Figure 12. The colour of floret, rice grain and the presence
of the tail at a distal part of (1) floret, (2) milk
mature grain and (3) mature grain of varieties (a)
Toraja, (b) Manggarai, (c) Cempo Ireng (d)
Wojalaka, (e) Baubau and (f) Aek Sibundong
(observed with 6.3x magnification using a stereo
microscope). Note: Scale showed 0.5 mm.

The result found the difference for the distal
portion of the floret. Manggarai and Baubau had
tail at distal portion of the floret until the stage
of mature grain. Cempo Ireng had a tail at distal
portion of the floret, but during the maturity, it
did not (Figure 12). Purbayanti and Irawan [30],
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(b)
Figure 13. Length and width of floret: (a) Length and (b)
Width of six pigmented rice varieties. Note:
Similar notation of length and width of floret did
not show an obvious difference at α of 0.05
based on Anova, followed by HSD Tukey Test.
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The observation effect on the panicle tip
colour acknowledged that the panicle tip of
Cempo Ireng and Wojalaka was coloured with
purplish black while the purplish black of panicle
tip was not found at other varieties (Figure 14).

plant refinement were enormous. A short
plant was

Figure 16. Morphological characters are distinguishing six
pigmented rice varieties based on PCA and
Biplot Analysis. Note: JR= number of internode
, LF= floret width, LDM= maximum leaf width,
LDB= leaflet width, PDM= maximum leaf
length, PDB= leaflet length, PL= ligule length,
PF= floret length, PA= root length, and SDB=
leaflet angle and TT= plant height.

Figure 14. Panicle tip colour of (a) Toraja, (b) Manggarai,
(c) Cempo Ireng (d) Wojalaka, (e) Baubau and (f)
Aek Sibundong varieties. Note: c and d = panicle
tip coloured with purplish black.

Based on the result of cluster analysis (Figure
15) and principal component analysis (PCA) over
extensive morphologies using biplot (Figure 16),
it confirmed that pigmented rice varieties were
divided into two groups. The first group included
Toraja, Manggarai and Cempo Ireng varieties.
The second one involved Aek Sibundong,
Baubau and Wojalaka varieties.

The expected morphological characteristics in
the rice plant refinement were enormous. A short
plant was expected since it was not easily
collapsed. Short, small and upright leaf was also
expected morphological characteristic in the rice
plant refinement were enormous. A short plant
was expected since it was not easily collapsed.
Short, small and upright leaf was also expected.
Longer leaf tended easily to collapse and cover
the lower leaf. Indeed, a short and small leaf is
more upright and can produce higher
photosynthesis rate in every part of the leaf, thus
results in the even distribution of leaf in the
crown, wider exposure of surface to sunbeam,
and even distribution of the beam on the leaf
[23].
CONCLUSIONS
the six species have two morphological
groups, there are Indica rice group consists of Aek
Sibundong and Wojalaka, while Javanica rice
group involves Toraja, Manggarai, Cempo Ireng
and Baubau.
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