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Abstract—Foxtail millet (Setaria italica L. Beauv) or Jewawut, or expressly by the Papuan people as Papuan wheat or referred to as
"Pokem" (Setaria italica L. Beauv). This is an endemic plant frequently found on Numfor Island, a part of Biak-Numfor Regency. The
high potential and benefits of pokem present an opportunity to produce new varieties via plant breeding initiatives based on the diversity
of pokem accessions from Numfor Island regarding superior accessions and germplasm conservation. The classification grouping can
be determined based on the diversity of plant accessions. Based on the physical traits of pokem plant accessions, this study aims to
discover and quantify their genetic diversity. The study was conducted at the Experimental Garden of the University of Papua's School
of Agriculture in Amban Manokwari using pokem seeds collected from already-cultivated regions. This study utilized a Randomized
Block Design (RBD) consisting of 15 pokem plant accessions with 4 (four) replications and 60 experimental units. On eleven agronomic
characteristics, kinship observations were made. Using PCA, cluster, and biplot analyses, genetic distance was determined. The position
of the panicle on the stem, leaf length, flag leaf width, stem length, stem diameter, panicle length, grain color, flowering duration, and
number of long internodes all contribute to the 74.285% total diversity. The two pokem accessions from Numfor island with the highest
genetic similarity are Kameri 2 (KM2) and Kansai 2 (KN2), but Kameri 1 (KM1) and Rimba Raya 3 (RR3) are genetically distant. It
may serve as the parental cross. Stem and leaf lengths exhibited the most variability based on biplot results, while Kameri 1 (KM1) and
Rimba Raya 3 (RR3) accessions exhibited the largest diversity based on agronomic parameters.
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an alternative staple food but also to substitute taro, petatas
I. INTRODUCTION (sweet potato), cassava, green beans, sago, aibon (mangrove
fruit) and paddy [2], [3], [4]. This plant is also a functional
food for health, especially for disadvantaged community
groups, such as pregnant women, infants, and ill people [2].
In addition, according to Ref. [5], pokem can be used as a
substitute for corn as poultry feed.

Domestication and cultivation of S. italica plants have been
practiced for 4,000 years ago [6], while [7], [8] estimated that
it was thousands of years earlier and was then widely
cultivated in India, Nigeria, Japan, and Australia [9]. As its
essential, it is one of prominent plants widely grown in China,
and [10] stated that its greatest diversity was found in East
Asia Countries, such as China, Korea, and Japan, based on
rDNA analysis through PCR-RPLF.

Pokem is classified as an annual plant growing in clumps
with a height of 60-150 cm [11]. The harvest age is 75-90 days
after planting, depending on the soil type and the

The total population of Indonesia in 2010 was 237.6
million people, which has continued to increase to 270.2
million people (an increase of 32.56 million people) in 2020
[1]. The increase in population must also be balanced with the
availability of food to overcome possible food shortages at
any time. One of the efforts to overcome the issue is using
local food as an alternative. Ultilizing local food as an
alternative food can increase food diversification and reduce
people's dependence on rice or other imported food. One of
the local foods could be used as an alternative food is pokem.

Foxtail millet (Setaria italica L. Beauv) or Jawawut or
known explicitly by the Papuan people as Papuan wheat or
referred to as "Pokem" (Setaria italica L. Beauv) is an
endemic plant often found on Numfor Island as part of Biak-
Numfor Regency. The islanders of Numfor have known and
consumed the plant since the Dutch colonial era, not only as
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environment. The best planting time is July to mid-August
in tropical climates [12]. According to Ref. [11], the types
of pokem widely cultivated are: Setaria italica (L) Beauv.,
Setaria italica (Var.) Metzgeri, and Setaria italica (Var.)
Stramiofructa. Among the millet varieties, the most abundant
type is pearl millet (Pennisetum glaucum), accounting for
about 40% of worldwide production spread across all
production sites, followed by foxtail millet (Setaria italica),
or white millet (Panicum miliaceum) and finger millet
(Eleusine coracana) [13]. Based on the comparative
morphology of foxtail millet accessions, [14] identified three
races: (1). moharian race from Europe, Southeast Asia,
Afghanistan, and Pakistan; (2). The maxima race is common
in eastern China, Georgia (Eurasia), Japan, Korea, Nepal, and
North India; and (3) the indica race, found in other parts of
India and Sri Lanka. A new classification system recognizes
four breeds: maxima, moharia, indica, and nana of foxtail
millet [15].

The relationship between plant accessions can be used to
determine the grouping in the classification. Character
diversity data and specific morphology can also be used for
cultivation, specifically in selecting crosses and seeds [16].

Information on kinship relationships is essential for producing
superior varieties. The farther the genetic distance between
the parents, the more excellent the opportunity to produce new
accessions with broad genetic variables. Crosses between
closely related parents often lead to narrow diversity.
Therefore, plant kinship plays an important role in
classification purposes and can also be used in other fields,
such as plant breeding for the search and preservation of
alternative food sources [17], [18].

Previous reports revealed that the diversity of pokem
accessions on Numfor Island has still not been identified.
According to Biak Numfor people in [2], [19], five varieties
were found in this area, namely chocolate (vesyek), red
(verik), white (vepyoper), black (vepaisem), and yellow
(venanyar) pokem. However, the varieties cultivated by the
community and can still be found include the black, red, and
yellow variants [20]. This shows that identifying the diversity
of its accessions based on agronomic characters must be
carried out to create superior accessions and conserve
germplasm. Therefore, this study aims to identify and
determine the diversity of pokem accessions from Numfor
Island, Papua, based on their agronomic characteristic.

0S50S

9Us

50

11905

15016000

15022000

Location Map of Foxtail Seeds Collection
Site at Numfor Island,
Biak Numfor
Papua

Scale :1:150.000
2,5 5

105000

0 1,25

7.5

Km

Legend :
Foxtail Millet Seeds Collection Site

110000

u___m:e District Administrative Boundaries

~+~ Roads

Coordinate System: WGS 1984 Web Mercator deprecated
Projection: Mercator
Units: Meter

Source !

1. Administrative Boundary Map of Biak Numfor Regency,
Development Planning Agency at Sub-National Level of Biak
Numfor {2011}

2. Field Survey, Date 4 - 10 May 2018

3, Bing Maps Aerial Imagery, Download Date & June 2018

115000

104°00°E 13600 138 00E 137°00°E

120000

134°00E 13500 136 00 137°00°E

REDOE 132°00°E 13500 18 00E

125000

Location Maps Biak Numfor In Region Papua

15024000

T T T T
PEDOE 19200 1500E 1T00E

Fig. 1 Map of sampling locations

II. MATERIALS AND METHOD

The five-month research was conducted in the Faculty of
Agriculture, University of Papua's experimental garden in
Amban Manokwari from August to December 2018. The
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materials used in this study were pokem seeds taken from
villages still cultivating pokem plants, namely the villages of
Kameri, Kansai, Namber, Rimba Raya and Sub Manggunsi
(Figure 1). This study used a Randomized Block Design
(RBD) consisting of 15 pokem accessions with 4 (four)
replications to obtain 60 experimental units. Kinship relations



were observed based on 11 agronomic characters, namely: 1).
The position of the panicle on the stem; 2) Grain color; 3)
Flowering time; 4) Leaf length; 5) Flag leaf width; 6) stem
length; 7) stem diameter; 8) the number of long segments; 9)
Flower stalk length; 10) panicle length; and 11) 1000 grain
weight. The agronomic characters were identified using [21]
and the International Union for the Protection of New
Varieties of Plants [22] foxtail millet guide.

PCA analysis was conducted to determine the agronomic
characters contributing to diversity using the SPSS IBM 20
application. Grouping and genetic distance with cluster
analysis were used to analyze the similarity based on the
characters. Furthermore, grouping based on morphological
similarity was analyzed using the UPGMA (Unweighted Pair
Group Method with Arithmetic Means) with the Simqual
function through the NTSYSpc2.1 program [23]. The results
are then presented as a dendrogram with the distance
correlation coefficient in the form of percentage
dissimilarities. Biplot analysis was used to analyze the
character relationships with the SAS 9.1.3 application.

III. RESULTS AND DISCUSSION

A. PCA (Principal
Accessions

Component Analysis) 15 Pokem

PCA (Principal Component Analysis) identifies the
characteristics contributing to genetic diversity. This analysis
used the Eigenvalue to determine the percentage of variables
affecting pokem accessions from Numfor Island. At the same
time, the loading factor in PCA explains the contribution of
the important variables. Therefore, PCA was used to assess
the diversity of 11 agronomic characters from 15 pokem
accessions in Numfor Island. From the results, the first three
main components had an eigenvalue range of 1.344 - 4.935
with a cumulative diversity of 74.285%. The eigenvalue > 1.0
indicates that genetic influence significantly contributes to the
variation of plant characters [24].

TABLEI
THE EIGENVALUE OF POKEM AGRONOMIC CHARACTER FROM NUMFOR
ISLAND
PCi Eigenvalues Va(l:,l/i ;1ce Cu"(l(;l) a;tlve
1 4.935 44.864 44.864
2 1.893 17.205 62.069
3 1.344 12.216 74.285
4 0.878 7.981 82.267
5 0.580 5.275 87.542
6 0.540 4.908 92.450
7 0.362 3.288 95.738
8 0.232 2.106 97.844
9 0.146 1.331 99.174
10 0.074 0.671 99.845
11 0.017 0.155 10.000

Description: numbers in bold indicate eigenvalues greater than 1.00

Table 1 shows each character's eigenvalues and variances,
while Table 2 shows the loading factor value. Based on the
table, the first three main components (principal
component/PC) have an eigenvalue >1.0. The first three main
components have ordered eigenvalues. The first (PC1),
second (PC2), and third (PC3) components have eigenvalues
of 4.935, 1.893, and 1.344, with variances of 44.864%,
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17.205%, and 12.216%, respectively. Furthermore, the
character contribution as the principal component value is
presented in Table 2.

TABLE II
LOADING FACTOR VALUE OF 15 POKEM ACCESSIONS FROM NUMFOR ISLAND
Character PC1 PC2 PC3

Position of the 0.793 0.219 0.077
panicle on the stem

Grain color 0.098 0.954 0.056
Flowering time 0.016 -0.896 0.067
Leaf length 0.904 0.101 0.279
Flag leaf width 0.759 0.249 0.267
Stem length -0.653 -0.135 0.484
Stem diameter 0.818 -0.076 0.131
Number of long 0.157 -0.001 0.844
segments

Flower stalk length 0.397 0.436 0.421
Panicle length 0.949 0.005 0.098
1000 grain weight 0.689 -0.043 -0.353

Description: Numbers in bold have a contribution to diversity

The results showed 7, 2, and 1 influential character on PC1,
PC2, and PC3, respectively. Characters that influence
diversity in PC1 include panicle position on the stem, leaf
length, flag leaf width, stem length, stem diameter, panicle
length, and weight of 1000 grains, with a variation
contribution of 44.864%. Furthermore, those influencing PC2
are grain color and flowering time, with a variation
contribution value of 17.205%. The character on PC3 includes
the number of long segments with a variation contribution
value of 12.216%. Table 2 shows the correlation between the
original component and the new component (principal
component) formed by PCA, namely the loading value. The
selected loading value must be above 0.5, which can explain
the characters that influence the diversity of pokem plant
accessions. Other variables with a value below 0.5 were
considered to have little or no influence [25]. Characters
contributed positively and negatively to the diversity of the
pokem germplasm population in accession groupings. The
positive values indicate that these characters influence the
population grouping in the same group, while the negative
values show that they affect the accession in a different group
[26].

B. Analysis of the Similarity Level on 15 Pokem Accessions
Based on Cluster Analysis

Based on the cluster analysis, the 15 pokem accessions
from Numfor Island in Manokwari have a close similarity
level based on quantitative data. This was indicated by the
Euclidean distance of 0.03-0.13. From the dendrogram, there
were 2 main clusters at a genetic distance of 0.13, as shown
in Figure 2. The first cluster consisted of 2 accessions,
including KM1 and SMI, while the second contains 13
accessions, namely KM2, KN2, RR1, KN1, NM2, SM2, RR2,
NMI1, KM3, SM3, KN3, NM3, and RR3. The analysis also
showed that KM2 and KN2 have a small dissimilarity
coefficient with a genetic distance of 0.03. This is because
these accessions have similarities in the observed quantitative
characters.

The greater the dissimilarity value, the smaller the
similarity level between the individuals, and vice versa. The
pokem accessions from Numfor Island cultivated ex-situ in



Manokwari with the greatest similarity include KM2 and
KN2. They were in the same line or group with a dissimilarity
coefficient of 0. Genotypes located on the same line tend to

KM1 1

have low genetic diversity [27]. The accessions with large
genetic diversity or distances can be used as the parent of the
cross, namely KM1 and RR3 [28], [29].
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Fig. 2 Dendogram of kinship from 15 pokem accessions from Numfor Island based on 11 quantitative and qualitative characters. KM1=Kameri 1, KM2=Kameri
2, KM3=Kameri 3, KN1=Kansai 1, KN2=Kansai 2, KN3=Kansai 3, NM1=Namber 1. NM2=Namber 2, NM3=Namber 3, RR1=Rimba Raya 1, RR2=Rimba Raya
2, RR3=Rimba Raya 3, SM1=Sub Manggunsi 1, SM2=Sub Manggunsi 2, SM3=Sub Manggunsi 3

C. Biplot Analysis of Character Relationships on 15 Pokem
Accessions

Biplot analysis can show the character contribution to the
diversity through the size of the vector line from the origin.
Furthermore, it was performed after the principal component
analysis and can be used as a diversity selection tool to
improve a variety [30].

Figure 3 shows the total diversity of 81.8% caused by the
relationship between characters and accessions. Based on the
biplot analysis, it can be seen that the observed pokem
accessions differed based on the position of the panicle on the
stem, grain color, leaf length, flag leaf width, stem length,
number of long internodes, flower stalk length, and panicle
length in quadrant I. Kansai 2 (KN2), Sub Manggunsi 1
(SM1), and Sub Manggunsi 3 (SM3) were the pokem
accessions with the greatest variation in these characteristics
(SM3).

ion2 (18.8%)

Accessions with diversity based on stem length characters
in quadrant II were Kameri 3 (KM3), Kansai | (KN1), Rimba
Raya 1 (RR1), Rimba Raya 3 (RR3), and Sub Manggunsi 2
(SM2). Accessions having diversity based on the character of
flowering time, 1000 grain weight and stem diameter in
quadrant IIT were Namber 1 (NM1), Namber 2 (NM2), and
Rimba Raya 2 (RR2), while accessions in quadrant I'V did not
show diversity based on the 11 observed characters which
included accessions of Kameri 1 (KM1), Kameri 2 (KM2),
Kansai 3 (KN3) and Namber 3 (NM3). This shows that the
accessions in the same quadrant and close to the vector are
accessions with similar characteristics and are superior based
on certain characteristics.

The results of the biplot analysis showed that the character
of stem length and leaf length contributed the greatest
diversity of some pokem accessions from Numfor Island.
Meanwhile, accessions RR3 and KM1 showed the greatest
diversity based on agronomic characters because they were
the farthest accessions from the origin (0).
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Fig. 3 Biplot of several pokem accessions from Numfor Island on Agronomic Characters. KM1=Kameri 1, KM2=Kameri 2, KM3=Kameri 3, KN1=Kansai 1,
KN2=Kansai 2, KN3=Kansai 3, NM1=Namber 1. NM2=Namber 2, NM3=Namber 3, RR1=Rimba Raya 1, RR2=Rimba Raya 2, RR3=Rimba Raya 3, SM1=Sub
Manggunsi 1, SM2=Sub Manggunsi 2, SM3=Sub Manggunsi 3, PPS=Position of the panicle on the stem, GC=Grain colour, FT=Flowering time, LL=Leaf length,
FLW=Flag leaf width, SL=Stem length, SD=Stem diameter, NLS=Number of long segments, FSL=Flower stalk length, PL=Panicle length, 1000GW=1000 grain

weight
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IV. CONCLUSION

74.285% of the total diversity was contributed by
characteristics such as the position of the panicle on the stem,
leaf length, flag leaf width, stem length, stem diameter,
panicle length, grain color, blooming time, and the number of
long internodes. Two pokem accessions from Numfor Island
share the most characteristics: Kameri (KM2) and Kansai 2
(KN2). In contrast, the accessions with the most significant
genetic distance are Kameri 1 (KM1) and Rimba Raya 3
(RR3), which can be employed in plant breeding as parents.
While stem length and leaf length had the most variability
based on biplot data, accessions Kameri 1 (KM1) and Rimba
Raya 3 (RR3) exhibited the largest diversity based on
agronomic parameters.

ACKNOWLEDGMENT

The author would like to thank the Indonesia Endowment
Fund for Education (LPDP) of the Ministry of Finance of the
Republic of Indonesia for the research fund.

[11]

[12]

REFERENCES

Badan Pusat Statistik. Hasil “Statistical yearbook of Indonesia”. BPS,
Statistics Indonesia, 2021.

D.J. C. Hutabarat and V. A. Bowie. “Bioactive compounds in foxtail
millet (Setaria italica) - extraction, biochemical activity, and health
functional: A Review”. IOP Conf Ser: Earth Environ Sci 998: 012060,
2022, doi: 10.1088/1755-1315/998/1/012060.

L. Dimara. Studi Pokem (Gandum Numfor) sebagai Bahan Pangan dan
Sumber Vitamin A Alternatif bagi Masyarakat Papua. Prosiding
Seminar Nasional: Pengembangan Agroindustri Berbasis Sumberdaya
Lokal untuk Mendukung Ketanahanan Pangan. Universitas Brawijaya.
Malang. pp. 167-175,2008.

A. Malik. Pokem (Setaria italica L.) “Sumber Makanan Alternatif di
Masa Datang”. [Online]. Available:
http://papua.litbang.deptan.go.id/ind/images/Document/pokem.pdf.
Accessed on: Jun. 5,2019.

S. Tirajoh. “Pemanfaatan Jawawut (Setaria italica) Asal Papua
sebagai Bahan Pakan Pengganti Jagung”. Wartazoa, vol. 25, no. 3, pp.
117-124, 2015, doi: 10.14334/wartazoa.v25i3.1156.

H. Hu, M. M. Herrera and A. N. Doust. “Domestication and
Improvement in the Model C4 Grass, Setaria”. Frontiers in Plant
Science, vol. 9,no. 719, 2018, doi: 10.3389/fpls.2018.00719.

R. Wang, C. Chen, and S. Guo. “Effects of drying methods on starch
crystallinity of gelatinized foxtail millet (o-millet) and its eating
quality”. Journal of Food Engineering, vol. 207, pp. 81-89, 2017, doi:
10.1016/j.jfoodeng.2017.03.018.

G. Zhang, X. Liu, Z. Quan, S. Cheung, X. Xu, S. Pan, M. Xie, P. Zeng,
Z. Yue, W. Wang, Y. Tao, C. Bian, C. Han, Q. Xia, X. Peng, R. Cao,
X. Yang, D. Zhan, J. Hu, Y. Zhang, H. Li, H. Li, N. Li, J. Wang, C.
Wang, R. Wang, T. Guo, Y. Cai, C. Liu, H. Xiang, Q. Shi, P. Huang,
Q. Chen, Y. Li, J. Wang, Z. Zhao, and J. Wang. “Genome Sequence
of Foxtail Millet (Setaria italica) Provides Insights into Grass
Evolution and Biofuel Potential”. Nature Biotechnol., vol. 30, no. 6,
pp. 549-554, 2012, doi: 10.1038/nbt.2195.

F. Liu, S. Shan, H. Li, and Z. Li. “Treatment of peroxidase derived
from foxtail millet bran attenuates atherosclerosis by inhibition of
CD36 and STATS3 in vitro and in vivo”. Journal of Agricultural and
Food Chemistry, vol. 68, no. 5, pp. 1276-1285, 2020, doi:
10.1016/j.foodchem.2021.129421.

M. Eda, A. Izumitani, K. Ichitani, M. Kawase, and K. Fukunaga.
“Geographical Variation of Foxtail Millet, Setaria italica (L.) P.
Beauv Based on rDNA PCR-RFLP”. Genet. Resour. Crop Evol., vol.
60, pp. 265-274, 2013, doi: 10.1007/s10722-012-9832-8.

M. D. Dassanayake, F. R. Fosberg, and W. D. Clayton. 4 Revised
handbook of the flora of Ceylon. Volume VIII. CRC Press, 1994.

S. Maitra, S. Pine, T. Shankar, A. Pal and B. Pramanick. “Agronomic
Management of Foxtail millet (Setaria italica L.) in India for

1301

[14]

[15]

[16]

[17]

[20]

[21]

[22]

(23]

(28]

[29]

[30]

Production Sustainability: A Review”. IJBS, vol. 7, no. 1, pp. 11-16,
June 2020, doi: 10.30954/2347-9655.01.2020.3.

1. Amadou, M. E. Gounga, Y. H. Shi, and G. W. Le. “Fermentation
and heat-moisture treatment induced changes on the physicochemical
properties of foxtail millet (Setaria italica) flour.” Fd. Bioprod.
Process., Vol. 92, pp. 38-45,2014, doi: 10.1016/j.tbp.2013.07.009.
P. K. E. Rao, J. M. J. De Wet, D. E. Brink, and M. H. “Mengesha.
Intraspecific variation and systematics of cultivated Setaria italica,
foxtail millet (Poaceae)”. Econ. Bot., vol. 41, pp. 108-116, 1987, doi:
10.1007/BF02859358.

X. Diao and G. Jia. “Origin and Domestication of Foxtail Millet”. A.
Doust, X. Diao (eds.), Genetics and Genomics of Setaria, Plant
Genetics and Genomics: Crops and Models, 19: 61-72, 2017, doi:
10.1007/978-3-319-45105-3_4.

B. K. Ghimire, C. Y. Yu, S. H. Kim and I. M. Chung. “Assessment of
diversity in the accessions of Setaria italica L. based on phytochemical
and morphological traits and ISSR markers”. Molecules, no.. 24, p.
1486..2019, doi: 10.3390/molecules24081486.

M. S. Mazid, M.Y. Rafii, M. M. Hanafi, H. A. Rahim and M. A. Latif.
“Genetic ~ Variation, Heritability. Divergence and Biomas
Accumulation of Rice Genotypes Resistant to Bacterial Blight
Revealed by Quantitative Traits and ISSR Markers”. Journal of
Physiologia Plantarum, vol. 149, no. 3, pp. 432-447, 2013, doi:
10.1111/ppl.12054.

A. Randall, Y. Yuwariah, A. Nuraini, T. Nurmala, A. W. Irwan, and
W. A. Qosim. “Characterization and relationship of 23 Foxtail Millet
(Setaria italica L. Beauv) genotypes intercropped with Sweet Potato
based on agromorphological traits”. Pangan, vol. 25, no. 1, pp. 21-32,
2016.

S. Tirajoh, Achmanu, O. Sjofjan, and E. Widodo. “Evaluation of
nutritive values of papua foxtail millet (Setaria italica sp) and its
substitutive effect for yellow corn on broiler performances”. IJAAR,
vol. 4, no. 5, pp. 195-201, 2014.

S. Tirajoh, Achmanu, O. Sjofjan, and E. Widodo. “Nutrient
Composition of Twoo Different Varieties of Foxtail Millet (Setaria
italica sp.) and Their Potential Use as Poultry Feed Ingredient”. Proc.
International Conference on Livestock Production and Veterinary
Technology, pp. 104-108, 2012.

International Board for Plant Genetic Resources (IBPGR).
“Descriptors for Setaria italica and S. pumila”. IBPGR Secretariat.
Rome, 1985.

International Union for The Protection of New Varieties of Plants
(UPOV). “Foxtail Millet. Guidelines for the conduct of test for
distinctness, uniformity and stability”. International Union for The
Protection of New Varieties of Plant. Geneva, 2013.

F.J. Rohlf. “NTSYSpc Numerical Taxonomy and Multivariate
Analysis System Version 2.2 Getting Started Guide”. Department of
Ecology and Evolution State University of New York, 2009, [Online].
Availabe:https://www.researchgate.net/publication/285632506_NTS
YSpc_Version_20_User Guide/link/5a351d610f7¢9b10d845064b/do
wnload.

J. N. R. Jeffers. Journal of the royal statistical society. Series C
(Applied Statistics), vol. 16, no. 3, pp. 225-236, 1966.

B. G. Tabachnick, and L. S. Fidell. Using Multivariate Statistics.
Pearson Education, Inc. Boston, 2006.

S. K. Jain, and P.R. Patel. “Principal component and cluster analysis
in sorghum (Sorghum bicolor L. Moench)”. Forage Res., vol. 42, no.
2, pp- 90 —95,2016.

W. H. Hsieh, Y. C. Chen,H. C. Liao,Y. R. Lin and C. H. Chen. “High
Differentiation among Populations of Green Foxtail, Setaria viridis, in
Taiwan and Adjacent Islands Revealed by Microsatellite Markers”.
Diversity, 13: 159, 2021, doi: 10.3390/d13040159.

T. Miswarti, Nurmala, Anas. “Characterization and relationship of 23
Foxtail Millet (Setaria italica L. Beauv) genotypes intercropped with
Sweet Potato based on agromorphological traits”. Pangan, vol. 23, no.
2, pp. 166-177,2014.

S. Mingjie, Xirui Kang a, Tingting Wang a, Lirong Fan a, Hui Wang
a, Hong Pan a, Quangang Yang a, Hongmei Liu b, Yanhong Lou a,
Yuping Zhuge. “Genotypic diversity of quality traits in Chinese foxtail
millet (Setaria italica L.) and the establishment of a quality evaluation
system”. Food Chemistry, vol. 353, p. 129421, 2021, doi:
10.1016/j.foodchem.

F. S. Koij, and J. Saba. “Using cluster analysis and principal
component analysis to group lines and determine important traits in
white bean”. Procedia Environ. Sci. vol. 29, pp. 38-40, 2015,
doi:10.1016/j.proenv.2015.07.145.





