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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. Once introduced into rhizosphere, plant parasitic nematodes are difficult to control because they are persistent
in soil by surviving on alternative hosts. Several minor legume species are suppressive to plant parasitic nematode
population. This study was aimed at observing the plant parasitic nematode fauna infesting three minor legumes, velvet
bean (Mucuna pruriens), lablab bean (Lablab purpureus), and jack bean (Canavalia ensiformis) in a field experiment.
Soil samples were collected from plots of selected accessions planted in rainfed field at Cikeumeuh Experiment Station,
Bogor on six sampling dates from August 2019 until March 2020. Microscopic analysis of extracted soil found two
ectoparasitic and three endopatasitic nematodes infesting the legume rhizosphere. From the highest to the least abundant
number, these were Criconemella, Helicotylenchus, Rotylenchulus, Pratylenchus, and Meloidogyne. At the beginning of
the planting season the number of nematode ranged from 0 to 57 per 200 ml soil which then fluctuated during the crop
growing season. Slight differences in nematode population densities among accessions within a legume species were
observed. Jack bean supported the least number of nematode, followed by lablab bean and velvet bean. Further studies
under controlled environment are necessary to assess nematode multiplication on potential legume accessions with
reducing effect on nematode population.

INTRODUCTION

Plant parasitic nematodes are microscopic (0.3 to 5 mm long), nonsegmented worms belonging to the Kingdom
Animalia and Phylum Nematoda [1, 2]. They mainly feed on living plant, obtaining their food from roots with
stylets [1]. Their feeding activity on root causes nonspecific symptoms on the above ground plant part such as
stunting, yellowing, and wilting, which are similar to the symptoms of water and nutrient deficiency [2]. Yield
losses of various crops due to plant parasitic nematode infestation were estimated from 17% to 95% [3—6]. Although
global damage caused by plant parasitic nematodes has been estimated at US$ 80 billion per year [7], they are
underestimated as crop yield reducer because of the atypical disease symptoms they cause [8,9]. Consequently, they
may not be properly managed, allowing population increase which eventually can damage crops [10]. Nematode
feeding activity on root can also provide an entry point for secondary infection by other organisms, such as bacteria
and fungi, and synergistically intensify disease symptom [1].

The nematode life cycle on average is 30 days [2]. Their numbers are low at the beginning of the growing
season, but its population can rapidly increase on susceptible crops and can become harmful in a relatively short
period of time [2]. Once introduced into a field, nematode will persist in soil and cannot be eradicated because they
can survive on alternative hosts [2]. Therefore, population must be reduced to prevent the build-up of nematodes on
crop residues and in the soil by destroying infected plants after harvest, fallow, planting cover crops, or crop rotation
with resistant varieties or nonhost crop [1, 2].

Minor legumes are less known, less exploited, and considered underutilized [11]. Examples in this category
include velvet bean (Mucuna spp.), lablab bean (Lablab spp.), Canavalia spp., Sesbania spp., Phaseoulus spp., etc.
[11]. The comparable quantities of essential amino acids, protein, carbohydrates, fiber, polyunsaturated fatty acid,
essential minerals (iron and zinc) and vitamins to that of soybean, can make important contribution to the dietary
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requirement of rural inhabitants [12, 13]. Minor legumes could also be exploited as medicine because they contain
bioactive substances; as fodder for livestock; as cover crops and green manure [11-14]. They can be cultivated
under low input and once established in the field they are generally adaptable to adverse environmental condition
and can thrive under extreme stress condition, such as drought, high salinity, acid soil, and waterlogged soil, perhaps
because of deep root system [12—14]. Some species are also shade tolerant [12—14]. Some of these legumes have
better capacity of nitrogen fixation than soybean [12, 14]. Minor legumes generally have no significant pests and
discases [12].

The Indonesian Agency for Agricultural Research and Development-Indonesian Center for Agricultural and
Biotechnology and Genetic Resources Research and Development Gene Bank (IAARD-ICABIOGRAD Gene Bank)
conserves eight accessions of velvet bean (M. pruriens), 16 of lablab bean (L. purpureus; syn. Dolichos lablab L.),
and six of jack bean (C. ensiformis) collected from various regions in Java and Madura. Velvet bean (Indonesia:
“koro benguk™), lablab bean or hyacinth bean (Indonesia: “komak™), and jack bean (Indonesia: “koro pedang”) are
cultivated as leafy vegetables. The leaves, young pods, and immature seeds are consumed after boiled. Because of
its relatively high protein content (up to 27%) as compared to soybean (35-39%), the seeds can be used as substitute
to soybean, i.e. roasted or fermented to make “tempeh”, tofu or other products, or for production of protein rich flour
[15, 16]. However, due to toxic hydrogen cyanide (HCN) or cyanogenic glycosides components and anti-nutritional
factors which may decrease its digestibility, they must be soaked or prolonged boil to remove these components [13,
14].

Velvet bean, native to Asia, is a climbing legume species that have potential to grow on terrace walls [12].
Velvet bean can be grown as either annual or perennial crop [12]. Lablab bean, a climbing perennial native to Asia,
South East Asia or Africa, can be excellent green manure in cereals rotation system [12, 14]. Jack bean is an annual
or weak perennial with climbing or bushy form. It is originated from West Indies and Central America [14]. Seeds
can be harvested at 9 to 12 months after sowing [17]. These legumes have been reported to have negative impact on
plant parasitic nematode population when intercropped with pineapple or maize, and give positive impact on the
growth and yield of the main crop [18, 19]. In another study, the number of plant parasitic nematodes on potato
cropping systems with velvet bean as summer cover crop was decreased as compared to that of cropping system
with sorghum-sudangrass, but did not increase potato yields considerably [20].

IAARD-ICABIOGRAD Gene Bank rejuvenated and characterized the three legume species on a regular basis.
Because of its potentiality in reducing nematode population in the soil, we were interested in investigating the
nematode fauna infesting their rhizosphere. This study was aimed at observing the plant parasitic nematode fauna
infesting three minor legumes, velvet bean (M. pruriens), lablab bean (L. purpureus), and jack bean (C. ensiformis)
in a field experiment.

MATERIALS AND METHODS

A total of 30 accessions of velvet bean, lablab bean, and jack bean were planted in rainfed soil at Cikeumeuh
Experiment Station of ICABIOGRAD at the end of dry season on August 29", 2019. Maize was the preceding crop
in velvet bean and jack bean plots, whereas taro was the preceding crop in the lablab bean plots. The field was
ploughed using a hand tractor. Depending on the availability of seed stocks and land, the plot size and the number of
replication differed for each legume species. Seeds of velvet bean and lablab bean were sown in plots of 2 m x 5 m
at a planting distance of 50 cm x 50 cm, whereas seeds of jack bean in plots of 3 m x 5 m at a planting distance of
50 cm x 75 cm. Each accession was sown in four furrows per plot. For each planting hole there was one seed sown.
Plots were separated by 1-m wide spaces. Lablab bean and jack bean accessions were sown in two replications (Fig.
1). Fertilizers (50 kg urea, 100 kg SP36, and 75 kg KCI) were applied once in furrows at planting time. Weeding
was done twice at 3 and 7 weeks after sowing (WAS). Insecticides and fungicides sprays were not applied.

Five accessions of velvet bean or jack bean and seven accessions of lablab bean with high yield potential were
selected for nematode sampling (Table 1, Fig. 1). Five soil samples were taken from selected plots at a depth of 10—
15 cm using a hand trowel on six dates at 28 to 49-day interval started from 8 days after sowing (DAS) until 197
DAS. Soil samples from each plot were pooled, thoroughly mixed and then a 200-ml subsample was drawn and
processed in laboratory for nematode extraction using the combination of sieving and centrifugal floatation
technique in sugar solution (454 g/1) [21]. Nematode genus was identified based on a pictorial key [22] and its
number was counted under a stereo dissection microscope. The cumulative population growth of each nematode was
calculated using the formula for area under the disease progress curve (AUDPC) as described in Chaerani et al. [23]:
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Y([Pivi + P/2) X (tie)— 1)
Where P; is the nematode population density at the i™ observation, ¢ is DAS at the /™ observation. This formula

provides better assessment of disease magnitude than one time assessment because it integrates the host, pathogen,
and environmental effects [24].

TABLE 1. List of minor legumes evaluated for plant parasitic nematode fauna and population.

Field code Accession no. Name Flower and stem color
Velvet bean

B2 05035-00002 Lok loreng Purwokerto Purple/green

B4 05035-00004 Lok Purworejo White/green

B6 05035-00006 Lok Wonogiri White/green
B10 05035-00009 Lokal Madura Purple/green
B12 05035-00001 Lokal Purwokerto Purple/green
B14 05035-00007 Lokal Pasuruan Purple/green

Lablab bean
K2 05033-00001 DL Lokal Purple/green with purple pigmentation
K3 05033-00002 DL Lokal A Purple/green with purple pigmentation
K7 05033-00005 DL 10B Purple/green with purple pigmentation
K8 05033-00008 DL 10 Purple/green with purple pigmentation
K9 05033-00006 DL 12A Purple/green with purple pigmentation
K10 05033-00010 DL 12B Purple/green with purple pigmentation
K11 05033-00011 DL 37 Purple/green with purple pigmentation
Jack bean

P1 05036-00001 Pedang A Purplish/green

P3 05036-00003 Lokal Wonosari Purplish/green

P5 05036-00005 C7 Purplish/green

P7 05036-00007 Lokal Plumbon Purplish/green

P9 05036-00005 Cc7 Purplish/green

Jack bean replicate Il (P)
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FIGURE 1. Plots of velvet bean (Mucuna pruriens), lablab bean (Lablab purpurea), and jack bean (Canavalia ensiformis) sown
in rainfed soil at Cikeumeuh Experiment Station, Bogor for rejuvenation. Figures indicate accessions sampled for soil nematode
population investigation.
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RESULTS AND DISCUSSIONS

Five nematode genera infesting the three minor legume fields were ring nematode Criconemella, spiral nematode
Helicotylenchus, root knot nematode Meloidogyne, lesion nematode Pratylenchus, and reniform nematode
Rotylenchulus (Fig. 2). Criconemella and Helicotylenchus are ectoparasites, i.e. feed on the peripheral cells or the
apex and move freely from one root to another, Pratylenchus is a migratory endoparasite, which enters and moves
within the root and can leave it to enter another one, whereas Rotylenchulus and Meloidogyne are sedentary
endoparasite which enter and develop within the roots with the female’s body becomes swell and sessile within roots
[8]. The second stage juveniles of these sedentary nematodes spend short period in the soil before penetrating roots
[8]. These nematodes were commonly found in agricultural soil [25, 26] and can survive on weeds [27].
Meloidogyne is globally distributed with 98 species described, infects about 2,000 host plant species which makes it
the most economically important nematode [7, 26].

FIGURE 2. Plant parasitic nematodes detected in rhizospheres of velvet bean, lablab bean, and jack bean planted at Cikeumeuh
Experiment Station, Bogor: ring nematode Criconemella sp. (a), spiral nematode Helicotylenchus sp. (b), reniform Rotylenchulus
sp. (¢), lesion nematode Pratylenchus sp. (d), and root-knot nematode Meloidogyne sp. (e). Bars = 50 pm.

At the first date of sampling (8 DAS) their numbers were undetected or rather low in the rhizosphere, i.e. 1 to 57
(Criconemella), 0 to 22 (Helicotylenchus), 0 (Meloidogyne), 0 to 3 (Pratylenchus), and 0 to 10 (Rotylenchulus)
nematodes per 200 ml of soil (Fig. 3). Although fluctuated during the crop growing season, their numbers were
maintained low at the final date of observation (197 DAS), i.e. 0 to 44, 0 to 54, 0to 1, 0 to 1, and 0 to 24 nematodes
per 200 ml soil, for the respective genus. Criconemella was detected in all legume rhizosphere at a higher level than
the other nematodes and its total number at 197 DAS decreased by only 0.1 to 0.4-fold as compared to that at 8
DAS. Helicotylenchus population density increased steeply from 102 to 148 DAS in velvet bean and lablab bean
rhizosphere. On all legume species, Rotylenchulus was detected at a very low in number from the beginning but
started to increase at 102 DAS on velvet bean and at 148 DAS on lablab bean. Pratylenchus and Meloidogyne
remained undetected or low in number at all dates of observations with a negligible population increase. For these
two endoparasites, root sampling, which was not performed, may be more appropriate than soil sampling. At the end
of crop cycle when plants are senescing, Pratylenchus tends to migrate out the roots, and therefore a higher
population density in soil could be expected for this nematode [10]. However, because nematode sampling was
terminated at ca. 6 months after planting, long before the end of crop cycle, we were unsure whether there was an
increase in Pratylenchus number in soil.

The area under nematode population growth confirms that Criconemella was the dominant genus inhabiting the
rhizosphere of all legume species, followed by Helicotylenchus and Rotylenchulus (Fig. 4). The fact that
Criconemella and Helicotylenchus are ectoparasites with all nematode developmental stages are present in soil
explains their higher detection in the soil as compared to the remaining nematode genera.
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FIGURE 3. Population dynamic of plant parasitic nematode genera in rhizosphere of velvet bean (Mucuna pruirens), lablab bean
(Lablab purpurea), and jack bean (Canavalia ensiformis) in rainfed plots at Cikeumeuh Experiment Station, Bogor (from August
2019 until May 2020).

Among accessions within each legume species there were differences in the total nematode population, but the
differences on jack bean were in general negligible (Fig. 3). Nematode population in the rhizosphere of lablab bean
and jack bean decreased at the final date of sampling. An exception was on lablab bean accession K8, where a 3-fold
number of nematode was observed compared to that on 8 DAS. At all dates of observation, the total number of
nematode were generally the least in jack bean rhizosphere, whereas that in lablab bean rhizosphere it was
intermediate among the three legumes. The area under nematode population growth at 197 DAS further indicates
that nematode population densities were the lowest, intermediate, and the highest in jack bean, lablab bean, and
velvet bean rhizosphere, respectively (Fig. 4). The total nematode population density in jack bean was 3.0 and 3.6-
fold less than that in velvet bean and lablab bean, respectively.

Our finding that the total nematode population was the lowest in the rhizosphere of jack bean corroborates the
previous reports [19]. Also, that lablab bean supported an appreciable level of total nematode population is in line
with the finding of Osei [18, 28]. In contrast, velvet bean showed nonreducing effect on nematode population, which
is not in concordance with many reports [18, 19, 28-32]. Nevertheless, several studies indicated that jack bean or
velvet bean did not always have lowering effect on nematode population [10, 20, 33], which may be attributed to
different accessions investigated. Another explanation is that a specific host-nematode interaction may operate. For
example, velvet bean was a nonhost for B. longicaudatus, but was a host for P. minor and Mesocriconema sp. [20].
A greenhouse study by Arim [19] demonstrated that jack bean and velvet bean were nonhost and lablab bean were
poor host to P. zeae.

The suppressive effect of jack bean or velvet bean on nematode population could be directly attributed to poor
host plant [29], the production of toxic compounds with nematicidal effect that interfere with egg hatching, the
nematode’s capacity to invade and damage the plants, and reproduce [10, 19], or indirectly by providing a niche to
antagonists that inhibit nematodes [34]. In vitro assays by Osei [28] demonstrated that leaf and root extracts and also
root exudates of velvet bean inhibit M. incognita egg hatching and mobility of the hatched juveniles. Indirectly,
minor legumes reduced nematode population by enhancing the growth nematode-antagonistic microorganisms. A
higher rate of bacteria with nematode-antagonistic properties or chitinolytic fungi suppressive to Heterodera
glycines and M. incognita were isolated from the rhizosphere of velvet bean, castor, jack bean, and rye planted as
cover crops as compared to soybean [34, 35].
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FIGURE 4. Area under nematode population growth at 197 days after sowing in rhizosphere of velvet bean (Mucuna pruirens),
lablab bean (Lablab purpurea), and jack bean (Canavalia ensiformis) in rainfed plots at Cikeumeuh Experiment Station, Bogor
(from August 2019 until May 2020).

Plant parasitic nematodes are a long-term pest, which are difficult to eradicate once they establish in a site [2].
Proper management to keep their populations low by using minor legumes as cover crops or antagonistic crop in
intercropping systems, as nonhost or poor host in crop rotation schemes is environmentally accepted, simultaneously
improves crop yield, and cost effective, properties that fit for resource poor farmers in developing countries [10, 18,
28]. Among the three legume species, jack bean is the most potential to suppress nematode population in the field.
Jack bean takes up more P from the soil than velvet bean and the low phosphorous condition favors a decrease in P.
zeae [19]. Jack bean also fixes relatively more N compared with velvet bean, a phenomenon that could have
enhanced plant resistance to nematodes through improved growth vigor [19]. In general, jack bean has been reported
to be pest resistant, perhaps because it produces HCN and other toxic properties [12]. To select the best accession
with suppressive effect on nematode’s multiplication, further investigation under controlled environment is needed.

CONCLUSION

Five plant parasitic nematodes infested the rhizosphere of velvet bean, lablab bean, and jack bean at a rate of 0 to
57 nematodes per 200 ml at the beginning of observation (8 DAS) and fluctuated during the crop growing season.
Depending on nematode genus, the total nematode population increased by 0 to 32 folds at the final date of
observation (197 DAS). Criconemella predominated nematode’s fauna, followed by Helicotylenchus, Rotylenchulus,
Pratylenchus, and Meloidogyne. Slight differences in nematode population densities were noted among accessions
of velvet bean and lablab, but it was negligible on jack bean. The total nematode population density in jack bean
rhizosphere was the least as compared to that in lablab bean and velvet bean rhizospheres, indicating the potential of
jack bean to suppress soil nematode population.
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