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Preface: The Second International Conference on Genetic Resources and Biotechnology

The Second International Conference on Genetic Resources and Biotechnology, which is the continuation
of the first event held in 2018, focuses on topics related to advances in biotechnology to create more
opportunities for effective conservation and sustainable utilization of genetic resources for food and
agriculture. This year conference’s theme is Harnessing Technology for Conservation and Sustainable
Use of Genetic Resources for Food and Agriculture. The conference was organized by Indonesian
Agency for Agricultural Research and Development (IAARD), Ministry of Agriculture, Indonesia, in
collaboration with Indonesian Biotechnology Consortium and held on 24™-25" of May 2021virtually due
to the pandemic of COVID-19.

The conference aims to share and exchange current scientific information and technological developments
on biotechnology and their applications for conservation and sustainable use of genetic, to encourage and
promote quality, efficiency, and modernization of management and utilization of genetic resources, and to
facilitate national and international collaboration among participants. There are five scopes discussed in
this conference. They are effective management of conservation and sustainable use of genetic resources
for food and agriculture, application of genomics and molecular markers for genetic resource
conservation and crop adaptation to climate change, application of innovative crop improvement
techniques for conservation and sustainable use of plant genetic resources for food and agriculture, plant
cell and tissue culture for conservation and effective utilization of genetic resources, and the use of
microbial genetic resources as biological control agents of agricultural pests and diseases, and for soil
bioremediation.

Five speakers from the United States of America, Japan, India and Indonesia were invited to discuss about
their expertise and knowledge on relevant subjects in the plenary sessions. This conference was attended
by more than 100 participants including 75 presenters and 44 listeners worldwide. They came from
diverse governmental, private, or academic institutions and also scientific communities. The presented
materials have undergone peer review processes and only qualified papers were selected. Furthermore, all
papers were subjected to double blind peer-review and expected to meet the scientific criteria of
significance and academic excellence to be published in a conference proceedings indexed in a well-
known, reputable service.

We would like to express our sincere gratitude to our speakers, presenters and all participants for their
contributions in this conference. We would also like to express our appreciation for the generosity of our
sponsors that support this conference: PT CropLife, PT ITS Science Indonesia, PT Fajar Mas Murni and
PT Prima Instrument Analitika. Lastly, special thanks to all committee members for their exceptional
work and contributions in the conference and publication.

Chair of Organizing Committee

Dr. Toto Hadiarto

The Second International Conference on Genetic Resources and Biotechnology
AIP Conf. Proc. 2462, 010001-1-010001-1; https://doi.org/10.1063/12.0006897
Published by AIP Publishing. 978-0-7354-4172-9/$30.00
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Abstract. Velvet bean (Mucuna pruriens [L.] DC.) is a tropical legume native to Africa and tropical Asia. In Indonesia,
this plant is not widely cultivated, although, in some areas in Java, the community processed and fermented the pulse into
a food called tempeh benguk. Besides being alternative for protein source, velvet bean can be used as herbal medicine.
For decades, IAARD-ICABIOGRAD Gene Bank has been conserved the germplasm of velvet bean from some areas in
Indonesia. However, morphological variability of the germplasm has not been reported. The research aimed to describes
of phenotypic diversity among velvet bean accessions and focuses on morpho-agronomical characters. A total of 14
characters were observed from 9 accessions using plant descriptor. During the characterization, we found genetic mixture
under the same accession. Therefore, we split these mixtures into different accession and assigned a new accession
number for them, thus total accessions to be analyzed were 13 accessions. From clustering analysis, we found that these
accessions were grouped into four clusters. Accession Koro Rawe Wonogiri was found to be the most distinct genotypes
among accessions observed. Further comprehensive characterization should be conducted to reveal more information
about diversity among velvet bean germplasm in [AARD-ICABIOGRAD Gene Bank.

INTRODUCTION

Velvet bean (Mucuna pruriens [L.] DC.) is an annual leguminous plant belonging to the family Fabaceae
(Leguminoceae). It is indigenous of the tropics, especially Africa, India, and the West Indies. The plant is a self-
pollinated, climbing shrub with long vines, have white or purple flower colors. The seed coat is hard, thick, and
glossy. The pods or legumes are hard, curved, hairy, and thick. In Indonesia, it is commonly known as koro benguk
(Java) or kowas (Sunda). The central areas of velvet bean production are dryland areas in Central Java, Special
Region of Yogyakarta, and East Java. Velvet bean is usually intercropped with food crops in dry land [1].

Velvet bean is rich in nutrition. It contains protein (28.25-29.53%), lipid (8.04-8.26%), and flavonoid [2, 3].
Protein content of velvet bean is lower than soybean protein, but carbohydrate and fiber content is higher [4].
Although velvet bean has good nutritional value, an important constrain for its widespread adoption is that it
contains a variety of anti-nutritional factors, such as L-Dopa (3,4 dihydroxy phenylalanine) and HCN [2], and
digestible enzymic inhibitors (antitrypsin and anti-amylase), phytates, and anti-hemagglutinin [4]. In fact, with
appropriate treatment, the antinutrient can be controlled [5, 6].

According to previous studies, velvet bean also has a variety of medicinal properties. It can be used as
antidiabetic, aphrodisiac, antineoplastic, antiepileptic, and antimicrobial activity [7], and neuro protective drugs [8]
[9]. The nonprotein amino acid, L-DOPA has been extracted from the seed to provide commercial drugs for the
treatment of Parkinson’s disease [10, 11]. Study of Indonesian velvet bean as herbal medicine also has been
conducted [12].

In Indonesia, velvet bean is categorized as underutilized legume. In southern Central Java, it is mainly used as
food reserves during the dry season [1] and its utilization is still limited for making tempeh for daily consumption in
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Special Region of Yogyakarta, Wonogiri and Sukoharjo Regencies, known as tempeh benguk. Tempeh benguk has a
higher dietary fiber and isoflavone level than soybean tempeh [13]. In addition to food and medicine, velvet bean
also can be used as ruminant feed, soil fertility improvement, and soil cover [14]. Several studies about conservation
and diversity of Indonesian underutilized legumes have been conducted, but the velvet bean has not been
specifically discussed [15—18].

For decade IAARD-ICABIOGRAD Gene Bank has been conserved more than 10 food crops seeds including
velvet bean. However, the morphological variability of germplasm has not been reported yet. Lack of basic
information about diversity, variability, and relationship among genotypes limits the effective utilization of velvet
bean. The study reported here describes of phenotypic diversity among velvet bean accessions and focuses on
morpho-agronomical characters.

MATERIALS AND METHODS

A total of nine accessions of velvet bean germplasm conserved in IAARD-ICABIOGRAD Gene Bank (Table 1)
were characterized during 2019/2020 at Cikeumeuh Experimental Station, ICABIOGRAD, Bogor. Plant spacing
was 75 cm x 50 cm and each accession was planted 3 rows. Spacing between accessions was twice of plant spacing.
A 2 m height of bamboo stake were used to support the stem of the bean.

During characterization activity, we observed the genetic integrity among plants in the same accession as well as
characterizing their morpho-agronomical characters. Four qualitative traits were observed, i.e. flower color, hair
color of immature pod, pod hairs itchiness, and seed color. Moreover, ten quantitative traits were observed, i.e. days
to flowering, days to first harvesting, pod width and length, number of seed per pod, seed weight per 10 pods, seed
width, length, and thickness, and 100-seed weight.

Two main analyses were applied, i.e. Principal Component Analysis (PCA) and cluster analysis. PCA was
carried out to identify which character that contributes to the diversity among accessions, followed by results
visualization in biplot and corrplot graphic visualization, which were generated through ggplot2, FactoMineR,
factoextra, and corrplot package in R software v.4.0.5. Meanwhile, cluster analysis to determine genetic relationship
among accessions was performed using PBSTAT-CL web-based software (https://pbstat.com/). Average linkage
was used as clustering method based on Gower distance [19].

TABLE 1. List of velvet bean germplasm conserved in IAARD-ICABIOGRAD Gene Bank.

No. Accession number Accession name Origin
1 05040-00001 Lokal Purwokerto Purwokerto
2 05040-00003 B. Hijau Banyumas Banyumas
3 05040-00004 Lokal Purworejo Purworejo
4 05040-00005 Lokal Wonogiri 5 Wonogiri
5 05040-00006 Lokal Wonogiri 6 Wonogiri
6 05040-00007 Lokal Pasuruan 7 Pasuruan
7 05040-00008 Lokal Pasuruan 8 Pasuruan
8 05040-00009 Lokal Madura Madura
9 05040-00010 Koro Rawe Wonogiri Wonogiri

RESULTS AND DISCUSSIONS

Monitoring of Genetic Integrity within Accessions

In general, the planting condition of velvet bean was conducted properly. The plants grow well and produce
normal pod and seeds (Fig. 1). An optimal cultivation practice is important in germplasm characterization; thus,
germplasm can perform their maximum genetic potential [20]. These potencies need to be discovered through
germplasm characterization; thus, they can raise more valuable benefits for crop improvement [21]. Because of
germplasm characterization is a dynamic activity and usually require a lot of resources, a genebank manager usually
conduct preliminary characterization for their accessions [22]. Characterization of phenotypic diversity is an
important first step in the conservation of plant species [20].
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TABLE 2. List of velvet bean accessions that exhibit genetic mixture.

No. Original Accession Derived Accession
1. Accession number : 05040-00001 Accession number 1 05040-00011
Name : Lokal Purwokerto A Name : Lokal Purwokerto B
Flower color : white Flower color : purple

Pod hair color : grayish-white Pod hair color : black

i |

2. Accession number : 05040-00004 Accession number : 05040-00012

Name : Lokal Purworejo A Name : Lokal Purworejo B
Seed color : white Seed color : white

3. Accession number : 05040-00005 Accession number : 05040-00013

Name : Lokal Wonogiri SA Name : Lokal Wonogiri 5B
Seed color : white Seed color : mottled
Seed shape : flat Seed shape : round

4. Accession number : 05040-00007 Accession number : 05040-00014
Name : Lokal Pasuruan 7A Name : Lokal Pasuruan 7B
Seed size : small Seed size : large

During this preliminary activity, identification of genetic mixture among plants within same accession should be
carried out, particularly at generative and postharvest stage. In both stage of our study, we found four accessions that
exhibit genetic mixture. Therefore, we split these mixtures into different accession and assigned a new accession
number and name for them (Table 2). Generally, morphological traits become a handy marker to distinguish among

020015-3



accessions and to identify the genetic integrity within accession. In this study, we utilized the hair color of immature
pod, flower color, and seed color as phenotypic marker to assess the genetic integrity within accession.

/ : ' R
FIGURE 1. Field condition of velvet bean at Cikeumeuh Experimental Station, [CABIOGRAD, Bogor.

Variability of Morpho-Agronomical Characters

Based on the result of genetic integrity, the total accessions to be observed for characterization become 13
accessions. These accessions showed variability on their morpho-agronomical characters. For qualitative traits, we
observed 2 kinds color of the flower, 2 kinds color of immature hairs pod, 2 types of pod itchiness, and 3 kinds color
of the seed (Table 3). White flower, greyish white of hairs pod, not itchy pod, and mottled seed become the major
phenotype observed among accessions.

The quantitative traits result also varied among accessions (Table 4). Days to flowering ranged from 83—133
days after planting (DAP) and days to first harvesting ranged from 178-228 DAP among accessions. Lokal
Purworejo B and Lokal Wonogiri 5 B have earlier flowering days than the others, while Lokal Pasuruan 8 and Lokal
Madura have earlier harvesting level compared to others.

Seed character also varied among accessions (Table 5). Hundred-seed weight ranged from 60.00-122.10 g and
seed weight per 10 pods ranged from 22.9-53.10 g. Koro Rawe Wonogiri has the smallest seed size and lighter seed
weight than other accessions.

TABLE 3. Qualitative traits of velvet bean germplasm in IAARD-ICABIOGRAD Gene Bank.

‘tlc:le;ls)t;_n Accession name Flower color ;Inagz tf::"l:;(())(fl Pod itchiness Seed color
05040-00001  Lokal Purwokerto A White Greyish white No Mottled
05040-00003  B. Hijau Banyumas Purple Greyish white No Mottled
05040-00004  Lokal Purworejo A White Black No White
05040-00005  Lokal Wonogiri SA White Black No White
05040-00006  Lokal Wonogiri 6 White Greyish white No Mottled
05040-00007  Lokal Pasuruan 7A White Greyish white No Mottled
05040-00008  Lokal Pasuruan 8 White Black No White
05040-00009  Lokal Madura White Black No White
05040-00010  Koro Rawe Wonogiri Purple Greyish white Yes Redish black
05040-00011*  Lokal Purwokerto B* Purple Black No Mottled
05040-00012*  Lokal Purworejo B* White Black No Mottled
05040-00013*  Lokal Wonogiri 5B* White Black No Mottled
05040-00014*  Lokal Pasuruan 7B* White Greyish white No Mottled

*New accession number and names assigned as result of the monitoring of genetic integrity among velvet bean germplasm.
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TABLE 4. Agronomic and pod characters of velvet bean germplasm in TAARD-ICABIOGRAD Gene Bank.

Accession Accession name ﬂlzjv}:rit::g I:l:};'s\l:z(;ttiirfgSt Pod length Pod width Nsl:::(;) f)l(;: '

number (DAP) (DAP) (cm) (cm) pod
05040-00001  Lokal Purwokerto A 126 205 8.80 1.77 5.20
05040-00003  B. Hijau Banyumas 130 228 10.50 1.75 5.90
05040-00004  Lokal Purworejo A 120 188 9.51 1.67 5.30
05040-00005  Lokal Wonogiri 5A 130 220 9.15 1.72 4.50
05040-00006  Lokal Wonogiri 6 133 205 8.70 1.60 4.90
05040-00007  Lokal Pasuruan 7A 110 205 9.95 1.82 5.67
05040-00008  Lokal Pasuruan 8 97 178 9.33 1.79 5.70
05040-00009  Lokal Madura 99 178 10.64 1.62 5.83
05040-00010  Koro Rawe Wonogiri 120 189 7.93 1.69 4.75
05040-00011*  Lokal Purwokerto B* 125 205 9.67 2.63 5.60
05040-00012*  Lokal Purworejo B* 83 197 8.91 1.59 5.50
05040-00013*  Lokal Wonogiri 5SB* 89 181 10.25 1.77 5.24
05040-00014*  Lokal Pasuruan 7B* 90 178 10.04 1.70 5.71
Average 111.69 196.69 9.49 1.78 5.37
Standard error 5.26 4.67 0.25 0.10 0.14

*New accession number and names assigned as result of the monitoring of genetic integrity among velvet bean germplasm.
DAP = days after planting.

TABLE 5. Seed characters of velvet bean germplasm in JAARD-ICABIOGRAD Gene Bank.

Accession Accession name Seed length  Seed width thisciendess 10.0-seed i(:dl‘(’)v;lfgst

number (mm) (mm) (mm) weight (g) (©
05040-00001  Lokal Purwokerto A 14.03 10.37 7.08 86.21 42.60
05040-00003  B. Hijau Banyumas 15.78 11.50 8.41 92.21 35.00
05040-00004  Lokal Purworejo A 16.26 11.99 9.41 113.38 46.60
05040-00005  Lokal Wonogiri 5A 14.34 10.91 6.62 101.44 53.10
05040-00006  Lokal Wonogiri 6 15.38 11.35 7.89 97.64 45.00
05040-00007  Lokal Pasuruan 7A 15.47 11.52 7.88 94.06 33.30
05040-00008  Lokal Pasuruan 8 14.68 11.20 8.48 122.10 41.80
05040-00009  Lokal Madura 14.92 11.36 8.80 101.68 39.00
05040-00010  Koro Rawe Wonogiri 14.86 10.39 6.65 60.00 22.90
05040-00011*  Lokal Purwokerto B* 13.88 10.02 7.66 100.84 39.50
05040-00012*  Lokal Purworejo B* 14.08 10.40 7.42 71.84 35.90
05040-00013*  Lokal Wonogiri 5B* 14.54 11.57 13.11 89.00 33.20
05040-00014*  Lokal Pasuruan 7B* 15.69 11.33 6.99 100.97 43.10
Average 14.92 11.07 8.18 94.72 39.31
Standard error 0.20 0.17 0.61 5.45 2.60

*New accession number and names assigned as result of the monitoring of genetic integrity among velvet bean germplasm.

Principal Component Analysis of Quantitative Traits

A total of 10 Principal Components (PCs) were resulted from the analysis with total contribution to the variation
of 100%. Generally only PCs with eigenvalue above | are used and in our study this meant PC1 to PC4 were
eligible. However, since there was one character, i.e. seed thickness, had major contribution on component 5,
principal component analysis eventually resulted in five PCs with total contribution to diversity of 91.11% (Table 6).
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The first two PCs explained total variation only of 54.37% with almost all characters were drawn in both PCs,
except for the pod width (PW) character (Fig. 2). The total variation in this study that can be explained by the PCA
analysis was lower than previous report on Indian velvet bean, i.e. 66.34% for the first two PCs. However, some
characters agreed with that report in term of major contribution in the first two PCs [23]. These characters were pod
length, seed length, seed width, seed thickness, and 100-seed weight. Based on this agreement we can stated that the
pod and seed characters are varied among velvet bean germplasm, thus may be applied to distinguish among
accessions, especially for monitoring genetic integrity.

TABLE 6. The principal component result of velvet bean germplasm based on 10 agronomical

characters.

Character PC1 PC2 PC3 PC4 PC5
Days to flowering (DAP) 6.701 25.589 0.007 9.265 4.104
Days to first harvesting (DAP) 6.364 15.388 1.156 22.774 1.143
Pod length (cm) 18.550 0.037 10.289 6.004 0.213
Pod width (cm) 1.659 0.001 44.761 1.031 3.357
Number of seed per pod 11.365 2.947 13.948 8.213 21.703
Seed weight per 10 pods (g) 0.384 26.693 1.332 27.797 0.422
Seed length (mm) 10.790 6.693 12.443 11.483 5.263
Seed width (mm) 21.560 4.852 8.296 0.993 2.040
Seed thickness (mm) 12.122 3.261 0.010 0.000 61.390
100-seed weight (g) 10.505 14.539 7.759 12.441 0.363
Eigenvalue 3.33 2.11 1.68 1.16 0.83
Percentage of variance 33.29 21.07 16.84 11.65 8.26

Cumulative percentage of

. 33.29 54.37 71.21 82.85 91.11
variance

— o~ ) A w
E E £ E E
O (=] 8] O a
1.39
DF
oH “  « DF = Days to flowering
11 e DH = Days to first harvesting
o o ©PL = Pod length
PW @ e PW  =Pod width
- # ¢ NSP = Number of seed per pod
o7 o WSI0P = Seed weight per 10 pods
ws1ae = L., °SL = Seed length
sL ' e SW = Seed weight
s 42 e ST = Seed thickness
b © WI100 =100-seed weight
sT
@
w100

=

FIGURE 2. Correlation plot showing contribution of each character on the first five components. The value at the axis showed
the percentage of character contribution to each PC, higher values are represented by darker color and vice versa.

Among 10 quantitative characters observed, only 3 characters that had major contribution to specific PCs, i.e.
pod width, seed weight per 10 pods, and seed thickness (Fig. 2). Pod width contributed on PC1, seed weight per 10
pods contributed to PC2 and PC4, and seed thickness contributed to PC5. Meanwhile, the rest characters were
contributed relatively equal on fifth PCs. Therefore, it was quite difficult to determine a particular character as group
identity in further performing cluster analysis. In the study of ornamental chili lines evaluation, several
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morphological characters were identified to be specific through PCA analysis and can be used as marker for the
released of new variety [24]. Therefore, more comprehensive characterization on morphological and agronomical
characters should be done as well for velvet bean germplasm at IAARD-ICABIOGRAD Gene Bank to obtain a
better result.

The biplot analysis was conducted to know further relationship among accessions and associate characters in
general. There are four information can be obtained from a biplot analysis, i.e. relationship among accessions,
variability of the characters, correlation among characters, and relative position of accession to character [25]. In
term of relationship among accessions, the result showed that a wide genetic distance was prevalent among
accessions, indicated by the wide spread of the accession in the biplot graphic (Fig. 3). This may occur by exchange
or distribution of accessions among regions as reported by similar result in cowpea [26] and mung bean [27].

The lines in biplot graphic showed the information for the variables or characters observed in the study. The
result indicated that several characters had higher contribution to the diversity on PC1 and PC2 than others, i.e. days
to first flowering, pod length, seed width, and seed weight per 10 pods. These characters had longer line than others.
Correlation among characters can be seen from the line’s direction. The result showed that seed length and seed
weight correlated with 100-seed weight, meant that longer and wider seed are heavy. In the study that has been
reported in several cocoa hybrids, the hybrid with bigger seed has better germination and growth vigor in the field
[28]. Another character correlation was also inferred by days to flowering and days to first harvesting, meant that all
accessions had same period of generative stage (fast flowering, fast harvesting, and oppositely).

From the relative position of the accessions to the lines in the biplot graphic, the result showed that some
accessions grouped in the same group with particular characters (Fig. 3). Accessions Lokal Wonogiri SA and Lokal
Wonogiri 6 were in the same group and characterized by days to flowering and days to first harvesting. While
accessions Lokal Hijau Banyumas and Lokal Purworejo A were grouped together with 100-seed weight as the group
identity. From this biplot we can also inferred that velvet bean from East Java Province, i.e. Madura and Pasuruan,
grouped together and had same characteristic in number of seed per pod.

Accession of velvet bean

PCA - Biplot 1 = Lokal Purwokerto A
.5 E 2 = Lokal Hijau Banyumas
; WSitoP 3 = Lokal Purworejo A
DF ; 5 = Lokal Wonogiri 5A
2 E 3 6 = Lokal Wonogiri 6
DH E b ¢ 7 = Lokal Pasuruan 7A
! 8 = Lokal Pasuruan 8
i A 9 = Lokal Madura
1- E : 10 = Koro Rawe Wonogiri
. E 11 = Lokal Purwokerto B
= ; 12 = Lokal Purworejo B
S . i L 13 = Lokal Wonogiri 5B
g [ LI .1—1— —————— : i 14= Lokal Pasuruan 7B
s} i
| Agronomic characters
E . e DF = Days to flowering
- E 95T e DH = Days to first harvesting
E e PL = Pod length
5 e PW  =Pod width
E e NSP = Number of seed per pod
- 10’ - E g8 e WSI10P = Seed weight per 10 pods
. | e SL = Seed length
' ' ' i ' ' e SW = Seed weight
-3 -2 -1 0 1 2 X
Dim1 (33.3%) e ST = Seed thickness

e WI100 = 100-seed weight

FIGURE 3. Biplot of 13 accessions based on 10 agronomic characters of the first two principal components.
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Cluster Analysis among Accessions

The dendrogram generate from morpho-agronomical characters from 13 accessions of velvet bean is given in
Fig 4. Average linkage was used as clustering method based on Gower distance. At 0.34 coefficient dissimilarity,
the accessions were group into four clusters. Cluster profile is in Table 7.

TABLE 7. Cluster profile of 13 accessions of velvet bean.

Cluster Number of accessions Name of accessions
I 1 Koro Rawe Wonogiri
II 1 Lokal Purwokerto B
Lokal Wonogiri 5 B, Lokal Purworejo B, Lokal
11 6 Wonogiri 5A, Lokal Madura, Lokal Pasuruan 8,

Lokal Purworejo A

Lokal Hijau Banyumas, Lokal Pasuruan 7B, Lokal
v 5 Pasuruan 7A, Lokal Wonogiri 6 and Lokal

Puwokerto A

Kr Rw Wngr Cluster 1

L. Pwk B Cluster 2

L. Wnagr 58

L. PwjB

L. Wngr 5A

L. Psu &

Cluster 4

L. Pwk A
I | I I
0.3 0.2 0.1 0.0

5
)
p=J

0.5 0.4

Cophenhetic distance

FIGURE 4. Dendrogram of dissimilarity of velvet bean germplasm conserved by IAARD-ICABIOGRAD Gene Bank based on
13 morpho-agronomical characters.

The dendrogram tends to group some of accession with similar morphological traits into the same cluster.
Cluster I (Koro Rawe Wonogiri) is indicated by itchy hair pod and reddish black seed color. Cluster II (Lokal
Purwokerto B) is indicated by purple flower color and mottled seed color. Cluster I and II were not clustered with
any cluster formed. Cluster III was the largest consist of 6 accessions or 46.15% of the accessions belong to this
cluster indicated by white flower color and black hairs pod color of immature pod. Cluster IV consist of 5 accessions
(38.46%) as greyish-white hairs pod color of immature pod and mottled seed color.
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TABLE 8. Average value of 4 clusters of 10 characters quantitative in 13 accessions of velvet bean.

Characters Cluster I  Cluster I  Cluster III  Cluster IV Average
Days to flowering 120 125 103.00 117.8 115.27
Days to first harvesting 189 205 190.33 203.2 199.84
Pod length (cm) 7.93 9.67 9.63 9.60 9.63
Pod width (cm) 1.69 2.63 1.69 1.73 2.02
Number of seed per pod 4.75 5.60 5.35 5.48 5.47
Seed weight per 10 pods (g) 22.90 39.50 41.60 39.80 40.30
Seed length (mm) 14.86 13.88 14.80 15.27 14.65
Seed width (mm) 10.39 10.02 11.24 11.21 10.82
Seed thickness (mm) 6.65 7.66 8.97 7.65 8.09
100-seed weight (g) 60.00 100.84 99.91 94.22 98.32

The cluster mean value of quantitative characters has been presented in Table 8. The mean data of observation
revealed that differences in cluster mean value had existed. Cluster I had one accession (Koro Rawe Wonogiri)
which was characterized as having above average value for days to flowering and seed length. Cluster II also had
one accession (Lokal Purwokerto B) that almost all characters having above average value except seed characters
(seed weight per 10 pods, seed length, seed width, and seed thickness). Cluster III had 6 accessions which
characterized having above for seed character such as seed weight per 10 pods, seed length, seed width, seed
thickness, and 100-seed weight. Cluster IV consisted of 5 accessions which having above average value for days to
flowering, days to first harvesting, number of seed per pod and seed width.

Dendrogram from this study does not distinct grouping according to geographical origin. This also reported in
Indian Mucuna germplasm which also cannot differentiate the germplasm observed based on their area origin [29].

CONCLUSION

On the velvet bean germplasm accessions were have variations based on morpho-agronomical characters. PC
analysis was indicated that flowering days, pod length, seed width, and seed weight per 10 pods highly contributed
to the diversity. The clustering analysis, the accessions were grouped into four clusters. Accession Koro Rawe
Wonogiri was the most distinct genotype among accessions observed. The further comprehensive characterization
which includes yield components should be carried out to reveal more information about diversity among velvet
bean germplasm in [AARD-ICABIOGRAD Gene Bank.
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