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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. Butterfly pea (locally known as kembang telang) could be used in many functions that are valuable in the field
as forage, cover crop, cut for hay, and natural dyes. This study aimed to characterize morphological performance and
petal color of butterfly pea putative mutants. The research was carried out in a greenhouse of Cikeumeuh Experimental
Station, ICABIOGRAD, Bogor from March to July 2020. The mutant plants were grown in completely randomized
design. The results showed a relatively diversed morphology of the butterfly pea putative mutants. The plant height
ranged from 51 to 270 cm, shoot diameter of 4—13 mm, early flowering appeared after 36 to 43 days, fresh weight of
18.5-109 g/plant and dry weight reached 16.1 to 95.44 g/plant. The number of seeds per pod ranged from 2 to 8 seeds,
and the pod length was between 3-8 cm. The butterfly pea petal colors have been ranged from white, blue and purple. At
that point, the number of branches have a correlation with plant height, while shoot diameter correlates with fresh and dry
weight, and the number of pods is related to pod weight, seed number and seed weight. The butterfly pea mutant numbers
179, 182, 185, 187, 226, and 228 were selected for their good plant performance.

INTRODUCTION

Butterfly pea (Clitoria ternatea L.) is locally known as kembang telang or kembang biru in Indonesia, belonging
to the family Fabaceae, which is deep-rooted, slender, tall, climbing plant with five leaflets, and beautiful flower
color. Butterfly pea is tolerant to a various soil types (pH 5.5-8.9) such as calcareous soils. The plants can survive in
both regions with excess of rainfall and prolonged drought periods. They can adapt to marginal land and wide range
of regions. It can grow well in dry condition [1, 2], and can be harvested between 110 until 150 days [3]. Butterfly
pea has multipurposes, such as food color agent, ornamental plants [4-6], medicinal plants [7], ground cover crops,
organic fertilizers, and forages plants [1, 3]. These fodder crops can be developed with a focus on productivity, good
nutrition, and adaptation ability in dryland.

The potential of butterfly pea has been used to produce biomass and quality product. The yield have high
biomass, as well as nutritional value with a good protein content [2]. The characters flower of butterfly pea has
various color, i.e. blue, mauve, and white color petal [8—10].

As a forage crop, this legume, when mixed with grass, has provided positive values in animal feeding. Butterfly
pea has also been used as a substitute for grass. Local butterfly pea cultivar from Bali which has been used as cover
crop and forage for ruminant is able to produce a dry weight of 34 g per pot [1]. The morphology characters consist
of 2—4 pairs, small leaves, and deep root [8, 11]. Dry matter production ranged around 4—6 t/ha or 8—12 t/ha/year
[12], providing the dry weight of forage that reaches 2.5-3.5 t/ha and seed production of 2.7 t/ha at 42 days [3].
Nutritional value of butterfly pea has high protein content (18-29%), crude fat, fiber, and good digestibility.
Therefore the use of mixed fodder crops will sustain extensive livestock growth and development [3, 12, 13].
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Development of superior varieties in an effort to support crop productivity can be done by doubling
chromosomes plant. Plants with double chromosomes will have bigger shape and sturdier, stronger organ, as well as
higher nutrient content [14]. The treatment of colchicine solution to shoot apex of buds, callus, embryo, or other
growing organs may increase the number of plant chromosomes, as well as the size of the cells and nucleus [15].
Polyploid plants have large cells because the number of chromosomes is more than diploid plants [14, 15].
Moreover, naturally polyploid plants seem to enlarge the size and increase the weight of stems, leaves, roots,
flowers, and fruits in mung bean [15] and can increase yields [14]. Therefore, plants with double chromosomes will
be potential to become giant plants with large biomass and increase nutrition.

The potential advantages of this butterfly pea will be new opportunities in the forage plant breeding program.
Based upon these considerations, the preliminary study through agronomic characterization is the first step to be
carried out to determine butterfly pea mutants. The aim of this study was to characterize morphological performance
and petal color of butterfly pea putative mutants.

MATERIALS AND METHODS

The research was carried out in a greenhouse of Cikeumeuh Experimental Station, Indonesian Center for
Agricultural Biotechnology and Genetic Resources Research and Development (ICABIOGRAD), Bogor from
March until July 2020. The planting materials of butterfly pea local cultivar from East Nusa Tenggara (ENT) were
grown from ratoons which were previously induced by chemical mutagens of 0.5 mM colchicine or 12 pM oryzalin.
Sample ratoons were treated with colchicine or oryzalin mutagen by immersion for 24, 36, 72, 96, and 120 h. A total
of 60 putative mutants were selected from well-survived plants as planting materials. Each butterfly pea putative
mutants were grown in a pot. The experimental design of this study was arranged using a randomized block design
and two replications with the treatment of mutant materials.

Each butterfly pea putative mutants and control cultivar (untreated ENT local cultivar) was cultivated in a pot
with a capacity of 10 kg of soils per pot. Furthermore, each plant was given 0.5 kg of manure and inorganic
fertilizers in a doses of 1.5 g of urea, 3.0 g of TSP, and 3.0 g of KCl at planting. Then, butterfly pea putative mutants
were maintained in the pot and given stacks of bamboo stands, until the harvest of pods and seeds. The butterfly pea
genotypes were observed based on the characters of plant height, number of branches, flower petal color, fresh and
dry weight, and seed weight per plant. The data was analyzed statistically by Pearson correlation coefficient.

RESULTS AND DISCUSSIONS

The colchicine and oryzalin mutagens have different effects on plant viability (Table 1). Butterfly pea plants did
not grow at the colchicine immersion for more than 72 h, while oryzalin-treated plants still grew after up to 144 h
treatment. The butterfly pea survived better at longer duration of immersion by oryzalin than that by colchicine. The
use of mutagens can increase or inhibit growth depending on plant materials and types [8, 13]. The optimum
concentration of a solution, immersion time, pH, and adventitious organs could cause chromosome doubling [15].
The combinations of colchicine or oryzalin (i.e. the type of mutagens) and immersion time could be effective for
variance morphology.

At the vegetative stage, ENT local cultivars showed a higher yield of fresh and dry biomass than mutant plants.
However, at generative stage (after flowering), the productions and chlorophyll content of pod and seed of the
putative mutants showed higher rates than those of ENT local cultivar. Butterfly pea mutant genotypes were late in
flowering time, and this might cause increased pod and seed productions. The effect of environment and genetic
variation influenced the individual in the population, which led to the variance of growth [16].

Observation on the color of the flower petal and the type of flower showed relative similarity. The color
character of the flower petal has been grouped into mauve, blue, and white (Fig. 1), which is similar to petal color of
C. ternatea cultivar from Northern Australia [9]. Meanwhile, the flower type belong to a single petal type (Fig. 1).
The use of chemical mutagens of colchicine or oryzalin suggested to establish the flower color. The establishment of
flower color can be obtained by crossing plants. Butterfly pea is predominated by a self-pollinated species with petal
colors of white, blue to purple flowers, but often, it can be considered as cross-pollinated species due to the
appearance of segregating genotypes in some populations [9, 13, 16]. Progenies of artificial crosses resulted in
variation of flower color viz., light pink, cream flower with blue borders, medium blue, dark blue with velvety
appearance, violet, and dark violet as compared to the parental colors [16].
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TABLE 1. Morphological characters and yield of control and putative
mutants of butterfly pea local cultivar from East Nusa Tenggara (ENT) in
Cikeumeuh Experimental Station, [CABIOGRAD, Bogor.

Means
Characters
ENT local cultivar Putative mutants

Plant height (cm) 147.40 131.90
Branches number 17.26 11.89
Shoot diameter (mm) 8.57 9.06
Flowering time (days) 36.00 43.00
Total fresh biomass (g) 137.77 89.68
Total dry biomass (g) 51.62 48.09
Chlorophyll content 38.66 41.77
Pod number 9.57 34.41
Total number of seeds 47.19 57.45
Pod weight (g) 16.10 17.28
Seed weight (g) 1.035 2.37

(a) (b)

(©) (d)

FIGURE 1. Petal flower performance of butterfly pea cultivars (a, b) and color variance of putative mutants: mauve (c),
pale blue (d), blue (e), and white (f).
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Pearson correlation coefficient in morphology and agronomy of butterfly pea showed relative moderate
correlation rate and positive rate among biomass yields, i.e. fresh and dry weight, which were contributed by
branches number and shoot diameter (Table 2). Moreover, the number of branches has a moderate correlation and
positive rate to the shoot diameter. However, low negative value was shown by flowering time. The pod and seed
yield in butterfly pea and pod number generated strong positive correlation to pod weight, number seed, and seed
weight respectively.

TABLE 2. Correlation coefficient rate of morphological characters and yield of butterfly pea.

PH BN SD FT TFB TDB PN CC SN PW SW
PH 1
BN 0.108 1
SD 0.015 0.343** 1
FT 0.094 -0.203 -0.139 1
TFB  0.009 0.326*  0.347** -0.281 1
TDB 0.011 0.352*  0.345* -0.431%*% (.779** 1
PN -0.044 0.080 -0.034 -0.250 -0.209 0.007 1
CC -0.113 -0.078 -0.109 0.016 -0.138 -0.030 -0.141 1
SN 0.066 -0.032 -0.116 -0.113 -0.239 -0.069 0.742**  0.011 1
PW  -0.081 0.057 -0.049 -0.249*  -0.247 -0.044 0.973**  -0.090 0.695** 1
SW 0.064 -0.034 -0.079 -0.120 -0.230 -0.034 0.782**  0.000 0.979** 0.733** 1
PH = plant height, BN = branches number, SD = shoot diameter, FT = flowering time, TFB = total fresh biomass, TDB =
total dry biomass, PN = pod number, CC = chlorophyll content, SN = seed number per pod, PW = pod weight, SW = seed
weight. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level.

According to the early growth, butterfly pea was upright and slender until the plant reached the height ranged
from 30—40 cm. During the growth stage, number of branches increased and plant height grew horizontally to form
tight stands and covered the ground [5, 7]. Branching was significantly correlated with foliage, while seed number
was correlated with seed weight [9]. The implications of the results are that genetic improvements of polyploid
butterfly pea can be performed on the characters of plant height, number of branches, and shoot diameter at
vegetative stage, while the characters of pod weight and seed yield are suggested for reproduction. The blue-petaled
butterfly pea mutants of 179, 182, 185, 187, 226, and 228 were selected for biomass production due to good plant
performance.

CONCLUSION

Butterfly pea of ENT local cultivar have a higher yield of fresh and dry biomass than mutant plants at vegetative
stage, while at generative stage the production of pods, seeds, and chlorophyll content of mutant plants were higher
than that of the local cultivar.

Correlation coefficient in butterfly pea showed relative moderate correlation value among biomass yield, which
contributed to the branches number and shoot diameter. Morever, the number of branches has a positive correlation
with plant height. The number of pods is related strong correlation to pod weight, number seed, and weight seed.
This study showed the effect of genetic polyploid improvement to the plant organ performance. The butterfly pea
mutant numbers 179, 182, 185, 187, 226, and 228 were selected due to their good plant performance.
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