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Article Info Abstract

Cassava serves as a local food that contributes to food variety, enhancing food security
and family nutrition. This is feasible due to Indonesia's extensive biodiversity, which
facilitates the availability of varied and high-quality food. Each location has cassava
with distinct properties. This research aimed to identify the presence of native cassava
and their specific properties in Central Sulawesi. The used methodology included a survey
and observation of plant agronomic and morphological characteristics, according to the
General Guide for the Preparation of Food Crop Variety Descriptions established by the
Centre for Plant Protection and Agricultural Licensing of the Ministry of Agriculture
of the Republic of Indonesia. The investigation discovered three indigenous cassava
accessions in Palolo District, Sigi Regency, Central Sulawesi: Kahubi Bula, Kahubi
Palolo 1, and Kahubi Palolo 2. The three accessions possess distinct morphological,
agronomic, and nutritional properties. Kahubi Bula has a greater stem diameter,
whereas Kahubi Palolo 2 exhibits the lowest tuber size. The cyanide levels in the three
accessions exhibited the traits of cassava, characterized by a sweet flavour owing to
their low concentrations: 0.07 for Kahubi Bula, 0.01 for Kahubi Palolo 1, and 0.08 for
Kahubi Palolo 2.
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INTRODUCTION development potential. Indonesia has significant

genetic variety of cassava throughout all provinces,

Cassava serves as a crucial food supply for some
segments of the global population, notably Indonesia
(Sahri et al., 2022). Cassava is the fifth most significant
food crop globally; however, it holds the second
position among tuber crops, behind potatoes (Lestari
and Apriyai, 2017). Indonesia is situated in the Central
Indomalayan area, indicating its potential as a
germplasm resource, particularly for cassava.
Cassava is a natural plant of Indonesia with significant

characterized by considerable biological variation,
which enhances its potential as a source for food,
industry, and biofuel (Laila et al., 2015).

Central Sulawesi, particularly Sigi Regency, is
renowned for its indigenous cassava from the Palolo
District. The cassava from this area is highly sought
after by locals due to its tender, non-bitter texture,
and substantial tuber size. Palolo cassava is scarce
because of the increasing intensity of agricultural
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activities. Indigenous varieties are being supplanted
by better kinds that exhibit more uniform growth
and accelerated maturation (Mishra et al., 2009).
Additionally, climate change is a significant concern
that may jeopardize the accessibility of plant genetic
resources (SDG).

Global warming and natural calamities may
induce genetic deterioration of current agricultural
Sustainable Development Goals (SDGs). Consequently,
it is imperative to implement conservation initiatives
and prioritize the use of local varieties with high
adaptability, considering both biotic and abiotic
factors to ensure their sustainability in supporting
food availability and security (FAO, 2015 and Kumar
et al., 2022).

The use of local varieties is sometimes not
accompanied by good technological input, resulting
in low productivity. The low productivity of local
varieties can be optimized by managing genetic
resources through plant breeding (Govinaraj et al.,
2015 and Khoury et al., 2021). Increased yield potential
is possible if genetic resources are available. However,
cassava is a plant that can be propagated vegetatively
and its flowering phase requires a certain location at
an altitude above 800 meters above sea level. This
is what causes cassava to have low genetic diversity,
especially in Indonesia (Lestari and Apriyai, 2017).

The Palolo District, located inside the Sigi Regency;,
is recognized for its notable cassava germplasm; yet,
its presence and precise attributes remain mostly
unidentified. Consequently, it is essential to conduct
an inquiry and characterisation from agronomic,
morphological, proximate, starch, and cyanide content
perspectives. This study aimed to identify the presence
and examine the visual traits present in each accession
to facilitate their differentiation.

MATERIALS AND METHODS

The exploration was conducted in Bunga Village,
Palolo District, Sigi Regency, Central Sulawesi. This
location is at an altitude of + 585 m above sea level.
Activities were carried out in November 2023.

The materials used were seventh month old
cassava plants, 70% gray cardboard as a background
for the object to be photographed, label paper, plastic
bags, and office stationery. Meanwhile, the tools used
were Olympus digital camera E-PL 7, RHS color charts,
Deli digital calipers, digital scales, and meters.

The activities were implemented using surveys.
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A survey was conducted to identify the existence of
cassava genetic resources based on information from
agricultural extension coordinators and local farmers.
Furthermore, the accessions found were immediately
characterized at the cassava growing location using
the General Guide for the Preparation of Food Crop
Variety Descriptions established by the Centre for
Plant Protection and Agricultural Licensing of the
Ministry of Agriculture of the Republic of Indonesia
in 2021.

Observations and descriptive method were made
on agronomic and morphological characteristics of
cassava plants that is plant type, characteristics of stem,
leaf, and tubers. In addition to these components, the
tubers of each accession were analyzed for proximate,
starch and cyanide content.

RESULTS AND DISCUSSION

Location characteristics

Palolo District is a sub-district under the
administrative jurisdiction of Sigi Regency, Central
Sulawesi, with an area of 626.09 km? and including
21 villages. According to BPS data from Sigi Regency
in 2023, this region has heights ranging from 560 to
900 meters above sea level (masl). The population
is 29,264, with over 60% engaged in agriculture.

Palolo Regency is administratively bordered by
Parigi Moutong to the north, Nokilalaki to the south,
Parigi Moutong to the east, and Sigi Biromaru,
Tanambulaya, and Gumbasa to the west. The
meteorological conditions in this area have air
humidity levels ranging from 75% to 85%, accompanied
by an average monthly precipitation of 66.41 mm.

Agronomic and morphological characteristics of
cassava plants

The exploration in Palolo District, Sigi Regency,
discovered three cassava accessions: Kahubi Bula,
Palolo 1, and Palolo 2. These three accessions possess
distinct features, particularly in the stem, leaves, and
tubers, as well as in their proximate composition, starch
content, and cyanide levels. The observational data
is shown in Table 1-5.

Plant type

The characterisation findings of three cassava
accessions from Palolo District, Sigi Regency, indicate
that all exhibit branching plant types, as shown in
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Table 1. Table 1 illustrates that the three varieties of
cassava plants are of the branching type. Cassava is
a monoecious species, with female flowers that
emerge 10-14 days prior to male blooms on the same
branch. Self-pollination transpires when male and
female flowers on distinct branches or separate
plants of the same genotype bloom concurrently
(Perera etal., 2012 and Pineda et al., 2020). Branching
transpires during the formation of a flower. Farmers
often choose cassava varieties that have an upright
and unbranched growth habit. Farmers favor plants
in the first growth phases whose primary stem remains
unbranched until it attains a height of one meter (Liu
etal., 2014 and Ceballos et al., 2020). Consequently, it
was found in the field that the three cassava varieties
in Palolo were almost extinct due to the lack of
cultivation by several farmers.

The main stem, after a designated growth time,
finally generates branches that may be either

reproductive (producing flowers) or vegetative
(producing further branches). The branch responsible
for reproduction is very stable for variety description.
The branches also dictate the majority of the traits
of each variety (Ceballos and de la Cruz, 2012).

Stem characteristics

Observations on stem characteristics revealed that
the branching angles of the three cassava accessions
averaged over 65 degrees, with a uniform main stem
type classified as monochotomous. Plant height varies
from 3.0 to 3.4 m, stem diameter from 26.27 to 33.44
mm, and internode length from 13 to 14.5 mm. Stem
coloration include mature stems, juvenile stems, and
parenchyma. Two identical accessions are seen in the
old stem: Kahubi Bula and Palolo 2, both exhibiting
yellowish gray (156A), whilst Palolo 1 displays moderate
brown (200D) (Figure 1). The three accessions exhibit
distinct hues in young stems and parenchyma. The

Table 1. Plant types of three local cassava accessions from
Palolo District, Sigi Regency

No.  Accessions Expression
1 Kahubi Bula Branching
2 Palolo 1 Branching
3 Palolo 2 Branching

Figure 1. Stem color of the three accessions Kahubi Bula, Kahubi Palolo 1, and Kahubi Palolo 2

Table 2. Stem characteristics of three accessions of local cassava plants from Palolo District, Sigi Regency

o Accessions
Stem characteristics -
Kahubi Bula Palolo 1 Palolo 2

Angle of brancing >65° >65° >65°

Type of main stem Monochomomus Monochomomus Monochomomus
Plant height (m) 3.0 3.4 3.1

Stalk diameter (mm) 33.44 26.27 28.26
Internode length (mm) 13 14.5 14

Color of mature stem Yellowish grey (156A)
Color of young stem

Parenchyma color

Moderate brown (200D)
Greyish olive green (N137B) Dark greenish yellow (152D)

Yellowish grey (156A)
Strong yellow green (143B)

Moderate olive green (137B) Brilliant yellow green (142B) Greyish olive green NN 137B)
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observational data is shown in Table 2.

The height of the cassava plant typically ranges
from 1.5 to 2.5 meters, while some specimens may
reach heights of up to 3.5 meters (Wei et al., 2018).
The stem is a crucial component of cassava since it
facilitates vegetative or asexual reproduction. The
lignified portion of the stem is often referred to as
a stake or cutting, serving as a propagative element
for plant development. Mature stems are cylindrical,
with a diameter ranging from 20 to 60 mm, exhibiting
silvery gray, purple, and/or yellow colors. With the
development in stem diameter, substantial quantities
of xylem accumulate, giving mature stems a lignin-like
consistency and forming plugs that supplant the
epidermis (Ceballos and de la Cruz, 2012; Mulualem,
2012; Nadjiam et al., 2016).

Vol. 9 No. 3, December 2024

Leaf characteristics

The leaf morphology of the three accessions
differed, with the exception of the characteristics of
pubescence on immature leaves and the angle of
the petiole to the stem. The lobe shapes from three
accessions are lanceolate for Kahubi Bula, elliptical
for Kahubi Paololo 1, and lanceolate for Kahubi Palolo
2. The immature leaves of Kahubi Bula and Palolo 1
have the same light olive color, whereas Palolo 2 has
a moderate yellow-green coloration. The coloration
of the top segment of the petiole at the apex of the
stem for the three distinct accessions is as followes:
red and silver-green for Kahubi Bula, strong red for
Palolo 1, and strong purplish red for Palolo 2 (Figure 2,
Table 3). Despite their variations, the accessions have

1‘51

Figure 2. Appearance of leaf characteristics of the three cassava accessions

Table 3. Leaf characteristics of three accessions of local cassava plants from Palolo District, Sigi Regency

Leaf characteristics - Accessions
Kahubi Bula Palolo 1 Palolo 2
Pubescence on young leaf Absent Absent Absent
Shape of lobe Lanset Elip Lanset
Number of lobe 3-5 5 7

Color of young leaf
Mature leaf color
Leaf veins color on upper part

Teethlets on mature leaf

Color of upper part of petiole at
the base of stem

Color of upper part of petiole on
the tip of stem

Color of under part of petiole on
the central of stem

Length of petiole (cm)
Angle of petiole to stem

Size of lobes of mature leaf

Light Olive (152A)
Light Green
Dark Red

Absent
Strong Yellow Green
(144C)

Red and Silver Green
Strong Yellow Green
(145A)

52.8
Wide

Length 15 cm
Wide 4.5 cm

Light Olive (1524) Moderate Yellow Green

(148A)
Strong Yellow Green (144C) Light Green
Brilliant Yellow Green Greyish Olive Green (NN
(150A) 137A)
Absent Present

Deep Red (53A) Deep Red (60A)

Strong Red (53B) Strong Purplish Red (60B)

Moderate Yellow Green Strong Yellow Green (143A)

(1478)

35.5 52
Wide Wide
Lenght 12 cm Lenght 14 cm
Wide 5 cm Wide 4.2 cm
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commonalities in character. The relevant characters
are shown in Table 3.

Based on the observations, several differences
were noted in color and characteristics of the leaf
stalks, such as the color of the young leaf, the color
of the leaf veins on the upper part, the color of the
upper part of the petiole at the base of stem, and
the color of the underside of the petiole at the center
of the stem. Varying differences in the color of leaf
petiole can be used as a differentiator between
genotypes (Laila et al.. 2015). Asare et al. (2011)
stated that the color of the leaf petiole is an important
characteristic for distinguishing cassava accessions in
germplasm collections and can serve as a specific trait
to differentiate cassava genotypes (Sudarmonowati
et al., 2008). Cassava leaves, apart from containing
chlorophyll, also contain various polyphenolic
components that have the potential to be used as a
functional food source (Laya and Koubala, 2020).

Tuber characteristics

The tubers exhibit variations in characteristics such
as shape, cortex thickness, outer skin color, flesh color,
ease of peeling, and scaly surface texture, despite
several similarities among the three accessions. The
Kahubi Bula tuber has a conical-cylindrical form, but
both Palolo 1 and Palolo share an identical shape
characterized by curls or galendongs. The cortex
exhibits variability in thickness, with Palolo 1
measuring the most at 3.23 mm and Kahubi Bula
the least at 2.10 mm. The tuber coloration is yellowish
white (NN 155A) for Kahubi Bula, yellowish white
(158D) for Kahubi Palolo 1, and pale yellow green
(155A) for Kahubi Palolo 2 (Table 4).

Skin color

The external skin coloration of the three accessions
varies significantly: Kahubi Bula has a light yellowish

color (159A), Palolo 1 displays a moderate brown
shade (165A), and Palolo 2 presents a brownish
orange tint (165B). The tubers exhibit a color spectrum
from yellowish white to light yellow, with all three
accessions being easily peelable (Figure 3). The yellow
hue of cassava tubers indicates the presence of
carotene, a precursor of vitamin A. Ayetigbo et al.
(2018) asserted that cassavas with yellow tuber
coloration have the potential to serve as a source of
B-carotene and a food coloring agent. The external
epidermis is distinct in Kahubi Bula, which is smooth
and non-scaly, while Palolo 1 and Palolo 2 have a
scaly and rough texture (Table 4).

Proximate, starch and cyanide content

The results of the analysis of proximate content in
the form of water, ash, protein, fat, and carbohydrate
content showed varying values (Table 5). For water
and ash content, Palolo 2 had the highest values,
namely 57.67% and 1.33%. Meanwhile, Kahubi Bula
had the lowest water content (55.03%) and Palolo
1 for ash content (1.01%). For protein, fat, and starch
levels, Kahubi Bula had the highest values, namely
3.01%, 0.71%, and 73.33%, but this was not followed
by the values for carbohydrate and cyanide levels. The
highest carbohydrate content was obtained by the
Palolo 1 and Palolo 2 accessions for cyanide levels.

Water content is closely related to harvest age.
The longer the harvest, the lower the water content.
This is in line with the results of research by Susilawati
et al. (2008) who reported that the water content of
fresh cassava is influenced by the age of harvest.
The longer the cassava harvest, the lower the water
content (Fernandez et al., 2019 and Enesi et al., 2022).
The harvest time for cassava in Palolo District ranges
from 6—8 months. Apart from that, according to
Nugraha et al (2015), water content is also determined
by the variety which is caused by plant genetics in

Table 4. Tuber characters of three accessions of local cassava plants from Palolo District, Sigi Regency

Accessions
Tuber characteristics -
Kahubi Bula Palolo 1 Palolo 2
Shape Cylindrical-conical Fusiform Fusiform
Cortex thickness (mm) 2.10 3.23 2.30

The color of periderm
The color of tuber
Cortex removment Easy

Surface of periderm of strorage root

No scaly and smooth

Lightwish Yellowish (159A) Moderate Brown (165A) Brownish Orange (165B)
Yellowish White (NN 155A) Yellowish White (158D) Pale Yellow Green (155A)

Easy Easy

Scaly and rough Scaly and rough
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Figure 3. Appearance of skin color of the three accessions (a); and tuber color (b)

Table 5. Results of analysis of proximate, starch and cyanide content

Parameter Accessions
Kahubi Bula Palolo 1 Palolo 2
Water content (%) 55.03 56.25 57.67
Ash content (%) 1.19 1.01 1.33
Protein content (%) 3.01 1.91 2.87
Fat content (%) 0.71 0.49 0.94
Carbohydrate content (%) 40.05 40.34 37.18
Starch content (%) 73.33 69.15 66.34
Cyanide levels (mg/100 g) 0.07 0.01 0.08

Remarks: Analyzed at the Mathematics and Natural Sciences Faculty Laboratory,

Tadulako University, 2023.

absorbing water.

The average protein content of cassava from Palolo
District is high, ranging from 1.91 to 3.01%. The protein
content in plants is influenced by fertilization and N
content in the soil. Root crops that are not fertilized
with N produce tubers with low protein levels
(Suminarti, 2010 and Chaiareekitwat et al., 2022).
According to Crowder and Chedda (1982), protein
levels will decrease according to increasing plant
age and fiber content

The starch content of the three accessions was
at high criteria. The high and low levels of starch are
thought to be caused by the speed of starch synthesis
in each cassava accession. Apart from that, Suhartina
(2005) reported that starch content is also greatly
influenced by harvest age, variety, planting location,
and climate. Widaningrum and Purwani (2006) stated
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that the starch content of a food ingredient affects
the properties of the amigraph. The higher the starch
content, the thicker the material.

Cyanide acid (HCN), recognized as a blue toxin,
is naturally created by cassava via physiological
processes. The cyanide concentrations in the three
cassava accessions from the Palolo District were
minimal, making them safe for consumption and
free from any bitter flavor. The three varieties of
local cassava are non-bitter cassava. According to
McKey et al. (2010), sweet cassava has fewer than
100 mg kg™ of cyanogenic chemicals per fresh tuber,
but 'bitter' cassava contains more than 100 mg of
cyanogenic compounds. A bitter flavor indicates
elevated HCN concentrations. Hydrogen cyanide (HCN)
in cassava is a phenotypic characteristic influenced by
both genetic and environmental variables (Ifeabunika,
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et al., 2017 and Mbah et al., 2019). Crowder and
Chedda (1982) asserted that the HCN concentration
in a plant is affected by genetic determinants,
climatic conditions, soil fertility, and plant age.

CONCLUSIONS

Results of cassava exploration in the Palolo District.
Three accessions were identified in Sigi: Kahubi Bula,
Kahubi Palolo 1, and Kahubi Palolo 2. The three local
cassava accessions exhibited distinct agronomic and
morphological variability, including variations in plant
types, leaves, stems, tubers, as well as proximate
composition, starch content, and cyanide levels. The
disparity among the three accessions is evident in the
stem diameter, with Kahubi Bula exhibiting a greater
size. Kahubi Palolo 2 has the lowest tuber size. Research
on biodiversity is crucial since it enhances resistance
to climate change by ensuring the availability of
nutritious local food sources.
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