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Currently, the main technologies of various fourth industries are big data, the Internet of Things, artificial intelligence,
blockchain, mixed reality (MR), and drones. In particular, "digital twin," which has recently become a global technological
trend, is a concept of a virtual model that is expressed equally in physical objects and computers. By creating and simulating
a Digital twin of software-virtualized assets instead of real physical assets, accurate information about the characteristics of
real farming (current state, agricultural productivity, agricultural work scenarios, etc.) can be obtained.

This study aims to streamline agricultural work through automatic water management, remote growth forecasting, drone
control, and pest forecasting through the operation of an integrated control system by constructing digital twin data on the main
production area of the nojinot industry and designing and building a smart farm complex. In addition, it aims to distribute
digital environmental control agriculture in Korea that can reduce labor and improve crop productivity by minimizing
environmental load through the use of appropriate amounts of fertilizers and pesticides through big data analysis.

These open-field agricultural technologies can reduce labor through digital farming and cultivation management, optimize
water use and prevent soil pollution in preparation for climate change, and quantitative growth management of open-field
crops by securing digital data for the national cultivation environment.

It is also a way to directly implement carbon-neutral RED-++ activities by improving agricultural productivity. The analysis
and prediction of growth status through the acquisition of the acquired high-precision and high-definition image-based crop
growth data are very effective in digital farming work management.

The Southern Crop Department of the National Institute of Food Science conducted research and development on various
types of open-field agricultural smart farms such as underground point and underground drainage. In particular, from this year,
commercialization is underway in earnest through the establishment of smart farm facilities and technology distribution for
agricultural technology complexes across the country.

In this study, we would like to describe the case of establishing the agricultural field that combines digital twin technology and
open-field agricultural smart farm technology and future utilization plans.

*Corresponding author: E—mail, gpskorea@hanmail net
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Physiological Responses of Wild Rice Relatives under Different Water Potentials
Gaeun Kim', Jeongmin Lee', Dain Hong', Jwakyung Sung'*
'Dept.ofCropScience, ChungbukNationalUniversity, Cheong—ju28644,Korea

[Introduction]

Rice is a major food crop feeding more than 50% of the world’s population. Unsuitable environment like drought due to
climate change is a big concern for rice production. The 24 Oryza species, which have different chromosomes, habitats and
phenotype, have been discovered throughout the world, and this implies that rice plants are capable of being greater
adaptability to various environments. In this study, we tried to understand physiological responses from wild rice relatives
under different levels of water potential(drought).

[Materials and Methods]

Four rice species, O. sativa (cv. Gayabyeo, drought-sensitive), O. meridionalis, O. nivara, and O. punctata, were used in this
study. To break dormancy, rice seeds were treated with gibberellin under dark condition for 3 days after standing at 50°C for
3 days. The seedlings were transplanted onto wetting-perlite at 28°C for 5 days, and transferred to a hydroponic container
containing with 0.8xHoagland nutrient solution for 20 days in growth chamber (12/12h, 27/25°C, RH=60%). To develop the
gradient of water potential, a hydroponic growth media was adjusted to 0MPa (0%), -1.0MPa(8%) and -1.5MPa(10%) with
PEG-6000 including 0.8x Hoagland nutrient solution. The seedlings were experienced with each water potential for 7 days,
and shoot and root were carefully taken to analyze drought-responsive genes and physiological parameters like proline and
chlorophyll at three time points (1, 4 and 7 days after treatment).

(23R 23

The experience of negative water potentials for 7 days led to a significant reduction in not only plant height and root length
but also leaf width in all four rice species, and, of wild relatives, O. nivara was most remarkable. The decreasing trend was
proportional with the strength of negative water potential (greater limited water supply). Chlorophyll contents were also
greatly decreased in all rice species, and, in particular, chlorophyll b was more significantly affected by negative water
potential. Proline, an osmoprotectant, showed a tendency of higher accumulation in all rice species, and, O. meridionalis and
O. punctata, which showed the relative resistance against negative water potentials, produced much more proline compared
to O. sativa (cv. Gayabyeo) and O. nivara. Taken together, our observations suggest that higher proline-accumulating rice
species (O. meridionalis and O. punctata) are likely to have greater resistance to drought environment, and the further step
should be implemented to clarify our curiosity on the biochemical mechanism of chlorophyll b and proline.
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Nitrogen Metabolism, Acquisition and Assimilation, of Rice under Different Types of Nitrogen
Fertilizer and Water Supply

Gahyun Kim', Jwakyung Sung'*, Minji Kim', Boyun Lee', Minchang Kim'
'Dept. of Crop Science, Chungbuk National University, Cheong—ju 28644, Korea

[Introduction]

Rice is one of the most important food crops for world population. Nitrogen is an essential element for plant growth and
development. Two major nitrogen forms that plants can be available are ammonium and nitrate. Ammonium is directly
assimilated in plants, on the other hand, nitrate should be ammonified in order to be an incorporation into organic compounds.
Three types ((NH4).SO., KNOs; and NH4NOs) of nitrogen fertilizer have been applied for rice production. It was discovered
that rice has 84 nitrate transporters (NRTs), 12 ammonium transporters (AMTs) and nitrogen assimilation genes, and nitrogen
responding genes contribute to evaluate nitrogen use efficiency (NUE). Improving NUE is important to make better crop yield.
In current study, we focused on comparing the expression of nitrogen metabolism-involved genes by different types of
nitrogen and evaluating the NUE.

[Materials and Methods]

This study was conducted at an experimental greenhouse of Chungbuk National University, Cheongju, South Korea
(36°37'48.6'"N, 127°27'05.3"E) from June to October of 2022. Rice (Oryza sativa cv. Asemi) was used. Seeds were sterilized
for 48 h at 28°C in SL of water including 2.5mL of a seed sterilizer, in order to induce uniform germination, transferred in an
incubator (28°C, darkness) for 5 days, and moved to growth chamber with a 12/12 h photoperiod, 60% (w/v) relative humidity
and 24/20°C (day/night) after de-etiolation. When seedlings reached at 3™ to 4™- leaf stage, uniformly growing seedlings were
transplanted to plastic containers including soil. Three types of nitrogen sources ((NH4),SO4, KNO; and NH4;NO;) and two
types of water supply (continuous flooding, CF; alternative wetting and drying, AWD) were employed. Samples (root, leaf
blade) were collected at heading stage. The selected nitrogen metabolism genes such as NRTs, AMTs and assimilation were
analyzed to compare the NUE. To do this, the quantitative real-time PCR was used.

[Results and Discussion]

The phenotypic difference in rice plants was not significant, and KNOs-fed rice root showed shorter than others. The level of
soluble carbohydrates was greatly affected by nitrogen sources rather than water supply. NUE and NUEg showed an opposite
pattern with soluble carbohydrates; higher soluble carbohydrates, lower NUE in NOs-only ((NH4)>SO4 and KNO;)
application. The expression of ammonium (OsAMT].1 and OsAMT].2) and nitrate (OsNRT2.3a) transport-involved genes
decreased at KNOj; condition. Currently, further study is on process to understand nitrogen metabolism genes-affected NUE.
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[Introduction]

As global warming becomes more serious, drought stress is becoming more frequent and severe which negatively affects crop
productivity and quality. Drought induces imbalance between reactive oxygen species and antioxidant systems, resulting in
oxidative stress which induces changes in redox status and phytohormones (La et al., 2019; Park et al., 2022: Lee et al., 2022a).
Several studies have reported that proline and glutathione are related to drought stress tolerance by regulating the synthesis and
signaling of phytohormones (La et al., 2020; Lee et al., 2022b). However, the role of glutamate, a precursor of proline and
glutathione, in the drought tolerance mechanism is not well understood.

[Materials and Methods]

Brassica napus (cv. Mosa) was grown in the greenhouse condition. To clarify how glutamate pretreatment respond to drought
stress, experiments were conducted for long-term and short-term periods. Plants were pre-treated with 5.5 mM glutamate
treatment for 18 or 2 days during the long-term or short-term periods, respectively. Glutamate-pretreated plants were irrigated
with 20 ml of water to induce drought stress for 14 or 4 days during the long-term or short-term periods, respectively.
Non-treated group (control) was normally irrigated with 200 ml for well-watered plants and 20 ml for drought-stressed plants.
The collected leaf-sample were immediately frozen in liquid nitrogen and stored in a freezer (-80°C) for further analysis of
metabolites, redox balance, gene expression and hormone levels.

[Results and Discussion]

Drought stress-induced H,O, accumulation was significantly alleviated by glutamate pretreatment for long-term or short-term
periods. The accumulation of ammonia in drought-stressed plants coincided with the upregulation of glutamate
dehydrogenase 2 and glutamate dehydrogenase 3 gene expression, leading to the reduction of nitrogen assimilation-related
genes, glutamine synthetase 2 (GS2) and ferredoxin-glutamate synthease 1 (Fd-GOGATI) for a long-term period. Glutamate
pretreatment under drought stress largely enhanced expression of GS2 and Fd-GOGAT1, and reduced ammonia accumulation,
accompanied by a less induction of proline content. These results indicate that glutamate alleviates drought stress by activating
nitrogen assimilation and reducing ammonia accumulation. In addition, glutamate pretreatment alleviated decreasing of pool
size of reduced glutathione, which plays a role in removing ROS and redox balance, resulting decrease drought stress
symptoms for a short-term period. The upregulation of abscisic acid (ABA) synthesis-related gene 9-cis-epoxycarotenoid
dioxygenase 3 and ABA signaling-related gene ABA insensitive 5, known as a stress hormone, was mitigated by glutamate
pretreatment. Taken together, these results suggest that glutamate enhances drought stress tolerance by modulating nitrogen
assimilation and glutathione synthesis in relation to ABA metabolism.
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[Introduction]

The ubiquitin—proteasome system (UPS), which regulates selective protein degradation via the 26S proteasome, is one of the
major mechanisms for post-translational regulation of gene expression and protein quality control in eukaryotes. Recently, the
reference sequence of a bread wheat cultivar, Chinese Spring, was released publicly and is available with gene annotations.
In this study, U-box E3 genes were identified and classified based on a hidden Markov model (HMM) search using the wheat
reference genome.

|Materials and Methods]

HMM profiling of U-box E3 proteins was conducted with the HMM files of U-box (PF04564) domains. BLASTP was
conducted with an E-value threshold of 1 x 10" and sequence identity > 80% for synteny analysis. To analyze the expression
of U-box E3 genes in different tissues and developmental stages, 310 RNA-sequencing samples were used to analyze the
expression pattern of U-box E3 genes in response to stress.

[Results and Discussion]

The total of 213 U-box E3 genes were identified in wheat based on U-box and other functional domains in their genome
sequences. Genome distribution with high sequence homology of U-Box E3 genes and synteny analysis of wheat U-box E3
genes was conducted with other plant species such as Brachypodium distachyon, barley, rice, Triricum uratu, and Aegilops
tauschii. Expression analysis of U-box E3 genes during different developmental stages and tissues, and under abiotic stress
were conducted to provide information on U-box E3 gene expression. This analysis of U-box E3 genes could provide valuable
information to elucidate biological functions for a better understanding of U-box E3 genes in wheat.
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Ghana is located in West Africa on the coast of the Gulf of Guinea. Ghana covers an area of 238,535 km? and the population
size is about 32.8 million inhabitants, with 83.3% aged below 45. The economy of Ghana largely relies on farming, and the
share of Agriculture to the Gross Domestic Product (GDP) is 22.1% after the Services (45.8%) and Industry (32.1%). Among
all major food crops cultivated in Ghana, rice is the second most important after Maize. Other food crops include cassava,
plantain, yam, groundnut, cowpea, beans, cocoyam, and vegetables. Rice is cultivated in rainfed lowland (78%), irrigated
(16%), and rainfed upland (6%) cropping systems, covering 300,000 ha (2022). The total rice production in 2022 was about
1.23 million MT. However, rice consumption per capita nearly reached 63 kg per year. The annual rice consumption is about
1.5 million MT and is expected to increase by 8.8% every year with the persistent increase in population growth, urbanization,
and changes in consumer habits. The major challenges in rice production in Ghana include low productivity and quality of rice
varieties used by farmers, poor soils, low fertilizer usage, inadequate agricultural machinery, high inputs and labor cost, and
uneven rainfall.

Rice breeding in Ghana aims at developing rice varieties for yield improvement, disease resistance (Rice yellow mottle virus
(RYMV), blast, neck blast, etc.), drought, salinity or submergence tolerance, and reduced postharvest losses of high-shattering
rice varieties. In addition, aromatic rice varieties and intermediate amylose content (20-24%) are desired grain qualities.
Growing demand for long slender and early-maturing rice has been also observed. To date, 35 rice varieties have been
developed using conventional breeding and released to the farmers in Ghana. These varieties were improved for traits such as
high yield (3-9 MT ha™'), RYMYV resistance, and resistance to lodging, nitrogen use efficiency. Despite the potential for
developing new varieties, the introduction of elite rice lines from abroad is commonly used as a source of diversification of
genetic resources in Ghana. Although there is no well-established plant molecular breeding system in Ghana, the Ghanaian
breeding system is currently employing molecular breeding techniques such as marker-assisted selection and Marker-assisted
backcrossing, in collaboration with other research partner Institutions, to develop new rice varieties that may help address
major challenges in rice production in Ghana, in the context of climate change.
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[Introduction]

Global warming is accelerating due to greenhouse gases including CH,4 emitted from rice fields. Rice is grown under anaerobic
conditions, it induces CH4 production and is a major source of CH4 emissions. Therefore, in order to develop rice with reduced
methane emission, it is important to identify the mechanism of CH4 emission and related genes.

[Materials and Methods]

A chamber utilizing a methane detection sensor was designed for CH; measurement. As plant material, 120
Cheongcheong/Nagdong double haploid (CNDH) populations were used. CH4 emissions were measured at the fourth leaf
stage. Windows QTL Cartographer 2.5 and the genetic map was used to analyze the QTL. The threshold LOD score 2.0 or
higher was used to perform the QTL analysis.

[Results and Discussion]

In chromosomes 1, 3 and 6, QTL related with CH4 emission with an LOD value of 3.3 was detected. As a result of analyzing
the gene expression of 39 candidate genes related to CH4 emission, there were significant differences in LOC Os03g13520,
LOC 0s03g07480, and LOC Os03g13274 located in the RM14330-RM7197 region of chromosome 3. Among them,
LOC 0s03g07480 (OsSUTq3) is a gene that plays the role of a sucrose transporter and is expected to be closely related to CH,4
emission. Also, CH, emission is closely related to traits such as culm length and seed characteristics. These results can be
useful for the development of methane-reducing rice in response to climate change.
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Effect of Heavy Metal Resistant and Halotolerant Rhizobacterium Bacillus safensis KJW143
on Soybean under Salinty and Cadmium Exposure

Eun-Hae Kwon', Ho-Jun Gam', Yosep Kang', Jin-Ryeol Jeon', Ji-In Woo', Sang-Mo Kang', In-Jung Lee'*
'Department of Applied Biosciences, Kyungpook National University, Daegu 41566, Korea

Cadmium and salt exposure to crops is considered vulnerable for production as well as consumption. To address these
challenges, the current study aimed to mitigate the toxicity induced by salt and cadmium in soybean plants through the
application of bacterial strain Bacillus safensis KIW143 isolated from the rhizosphere of oriental melon..The bioassay analysis
revealed that KJW143 is a highly salt-tolerant and cadmium-resistant (Cd) strain with an innate ability to produce melatonin,
gibberellin (GA3), Indole-3-Acetic Acid (IAA), and organic acids (i.e., acetic, succinic, lactic, and propionic acids). Soybean
plants at 20 days old were treated with KIW143 in a different form (pellet, broth, and together) and their effect on plant
performance was investigated. Inoculation with KJW143enhanced plant biomass and growth attributes in soybean plants
compared to the control (non-treated). In particular, we observed that only pellet-treated showed 65%, 27.5%, and 28.7%
increase in growth (shoot fresh weight) compared to broth, broth with pellet, and control. In addition, bacterial strain KIW143
treatment (only pellet) modulated the physiochemical apparatus of soybean plants by increasing glucose (390%), arabinose
(166%), citric acid (22.98%) and reducing hydrogen peroxide (29.7%)), catalase (32.1%), salicylic acid (25.6%) compared to
plants with combined stressed plants (cd and salinity). These findings suggest that bacterial strain KJW143 could be usedas
a biofertilizer to minimize the probable risk of heavy metal and salinity stress on crops.
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[Introduction]

The Sweet Potato(lpomoea batatas(L.) Lam) is one of the most important food crops in the world. It widely grown in tropics
and subtropics areas. It is a root crop that provides food, industrial application a large segment of the world. Sweet potato is
higher in nutritious value than most carbohydrate foods in vitamins, minerals, protein and energy contents. This study was
carried out to investigate growth characteristics and yield of six sweet potato cultivars in two region (Haenam, Jeonnam and
wonju, Gangwon). The object of this study is compared growth characteristics and yield of in two region and selected suitable
cultivars for each region.

[Materials and Methods]

This study was conducted during 2021-2022 in two regions. Six cultivars (‘Sodammi’, ‘Jinyulmi’, ‘Danjami’, ‘Hogammi’,
‘Pungwonmi’, and ‘Beniharuka’) was cultivated for same experimental cultivars in two region. Cut planting was carried out
on May 4~7"in two region during 2021-2022, and then planting distance was 70x20 cm. This study was investigated growth
characteristic (vine length, number of nod, number of branch, vine weight, number of marketable tuberous root, and weight
of marketable tuberous root) and yield (marketable yield and total yield). We were investigated in accordance with Agriculture
Science and Technology Survey Standards of the Rural Development Administration.

[Results and Discussion]

In Wonju, total yields in 2021 were highest in the order of ‘Pungwonmi’, ‘Hogammi’, ‘Danjami’, ‘Jinyulmi’, ‘Beniharuka’
and ‘Sodammi’. It ranged from 2,301 to 4,737 kg/10a. In 2022, total yields were highest in the order of ‘Hogammi’,
‘Sodammi’, ‘Pungwonmi’, ‘Beniharuka’, ‘Danjami’ and ‘Jinyulmi’. It ranged from 1,754 to 4,825 kg/10a. In Haenam, total
yields were highest in the order of ‘Hogammi’, ‘Pungwonmi’, ‘Sodammi’, ‘Jinyulmi’, ‘Danjami’ and ‘Beniharuka. It ranged
from 4,107 to 8,279 kg/10a. In 2022, total yields were highest in the order of ‘Pungwonmi’, ‘Hogammi’, ‘Sodammi’,
‘Jinyulmi’, ‘Beniharuka’ and ‘Danjami’. It ranged from 1,896 to 3,746 kg/10a. Both region was showed that high total yield
of ‘Pungwonmi’ and ‘Hogammi’ in two years. As a result, yields differs depending on climate situation by year. It is judged
that difference according to the degree of water management after cut planting.
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[Introduction]

Cadmium (Cd) is a significant environmental hazard because it gathers in plants from the soil and is then transferred into the
food chain, posing a serious threat. This is a type of toxic metal that is nonessential and very harmful to both humans and
animals. Cd has a significant capacity for accumulating in plants, which makes it useful for phytoremediation of Cd-polluted
soil. Glutathione (GSH) is important for reducing the harmful effects of Cd stress on plants. Previous studies have shown that
GSH enhances the ability of plants to remediate various heavy metals and counteracts oxidative stress induced by these metals.
This study aims to investigate the ability of GSH to retain Cd in plant roots and to evaluate its effects on the growth and
physiology of Cd-stressed Brassica napus seedlings.

[Materials and Methods]

Healthy seeds of B. napus L. were sterilized and placed in petri dishes containing two layers of filter papers and germinated
in controlled conditions. Following germination, the morphologically uniform seedlings were transferred to plastic pots and
hydroponically grown for 7-days containing Hoagland solution. After one weeks of transplanting, uniform plants were treated
with CdCl, and Glutathione as T1: Control, T2: Cd (30 uM), T3: Cd (30 uM) + GSH (0.5 mM), and T4: GSH (0.5 mM) with
three replications. The control plants were free from CdCl, and GSH.

[Results and Discussion]

The research was focused on studying the effects of revealing Brassica plants to CdCl,. The metal ion, Cd affected growth
parameters and caused morpho-physiological alterations. Brassica napus seedlings exposed to CdCl, for 7 days did not show
any leaf chlorosis or withering symptoms. However, Cd stress significantly affects the plant growth characters and plants
become yellowish in GSH treated plants. A considerable reduction in the shoot and root growth was observed compared with
the control in GSH treated plants. The most significant growth inhibition was observed when plants are treated with CdCl, (30
uM). The plant height (Both shoot length and root length) exhibited the largest reduction (15.30 cm in GSH treated plants)
compared to control plants respectively. The reduction of shoot and root growth may be occurred due to metal uptake primarily
through roots. Based on previous studies, it has been found that the Cd (cadmium) element is stored in the roots of plants when
treated with GSH (glutathione), which could potentially be an environmentally friendly and promising method for reducing
the concentration of Cd in the edible parts of plants. This could help decrease the health risks posed to both humans and
animals.
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[Introduction]

Cadmium (Cd) is a toxic substance and a significant environmental threat because it tends to build up in plants from the soil
and can then be transferred into the food chain. The purpose of this study was to investigate the proteome changes in the leaves
of Brassica seedlings in response to CA-mediated alleviation of Cd toxicity. Citric acid (CA), an organic chelator, is essential
for reducing the oxidative stress brought on by cadmium (Cd) stress. Due to organic chelator, CA approach is an
environmentally friendly and highly demandable approach. Therefore, the objectives of the study were to explore the Cd
toxicity mitigation through CA using proteomic approach.

[Materials and Methods]

Healthy seeds of B. napus L. were sterilized and placed in petri dishes containing two layers of filter papers and germinated
in controlled conditions. Following germination, the morphologically uniform seedlings were transferred to plastic pots and
hydroponically grown for 7-days containing Hoagland solution. After one weeks of transplanting, uniform plants were treated
with CdCl; and Citric Acid as T1: Control, T2: Cd (30 uM), T3: Cd (30 uM) + CA (1.0 mM), and T4: CA (1.0 mM) with three
replications. The control plants were free from CdCl, and CA.

|[Results and Discussion]

The research was focused on studying the effects of revealing Brassica plants to CdCl,. The metal ion, Cd affected growth
parameters and caused morpho-physiological alterations. Brassica napus seedlings exposed to CdCl, for 7 days did not show
any leaf chlorosis or withering symptoms. However, Cd stress significantly affects the plant growth characters and plants
become yellowish in CA treated plants. Under Cd stress, H,O content increased by 29.55 % in the treated seedlings with
cadmium (30 uM) in 4 weeks harvested seedlings as compared to control. Addition of CA along with Cd significantly
decreased H,O, contents in leaves of plants as compared to respective Cd treated plants without CA addition. In leaves, Pro
content was increased by 70% in Cd-stressed seedlings (Cd 30 uM) compared with control. On the other hand, exogenous CA
application noticeably decreased the elevated level of Pro in contrast to the stress treatments without CA. A total of 4947
proteins were found in the differentially treated leaves using the label-free proteome technique, and 476 of those proteins
showed differential expression between the treatment groups where 316 were up regulated and 160 were down regulated.
These DAPs may offer important insights on how Brassica seedlings adjust to Cd stress, according to the increased abundance
of proteins involved in stress and defense. Taken together, the results open the door for additional in-depth field research to
permit thorough explanation of the molecular pathways underlying Cd stress responses and the potential function of CA in
reversing the detrimental effects of Cd toxicity in B. napus.
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[Introduction]

Exposure to salinity stress and heavy metal such as arsenic (As) in agricultural land may induce severe abiotic stress and
toxicity in crops. In general, salinity and heavy metal stress both alter the ionic interplay of sodium (Na") and chloride (CI)
generating reactive oxygen species causing oxidative stress and cell death. Since, rhizobacteria have been widely reported for
their beneficial impact in mitigating biotic and abiotic stress, in the current study we isolated several rhizobacteria from
Solidago altissima roots and selected the potent rhizobacterium to treat soybean plants subjected to salt stress and arsenic.

[Material and Method]

The rhizobacterium YMHIJS8 having an innate ability to resist salt and arsenic was selected from the screening for the further
experiment in soybean plants. The soybean seeds var williams 82 surface sterilized with 3% sodium hypochlorite, rinsed with
distilled water (dH,O), and sowed using the twice autoclaved horticultural soil. Two-weeks-old seedlings of soybean were
transplanted in a pot (9 x 10 cm) filled with autoclaved horticultural soil. The experimental work plan was divided into two
sets. Set A, without bacteria: (TR 1); only dH,O, (TR2): NaCl 1%, and (TR3): As 0.5mM. Set B, with bacteria: (TR4); YMHIJ8
only, (TR5); YMHI8+NaCl 1% and (TR6); YMHI8+As 0.5mM. After seven days of treatment, the plant morphological
parameters, biochemical properties were analyzed. The experiment was conducted in the glasshouse of Kyungpook National
University with temperature and humidity ranging 25 = 5 °C and 65 £ 10 % respectively.

|Result and Discussion]

Our results showed that YMHJ8 treatment on soybean seedlings under salinity and arsenic stress significantly improved plant
morphological attributes and antioxidant properties. It was observed that the YMHJS8 inoculation increased shoot length by
18.3% in TRS and 11.7% in TR6 when compared to TR2 and TR3 respectively. Similarly, root length was increased by 21.5%
in TR4 and 7.6% in TR6. Shoot fresh weight was increased by 30% in TRS and 37.3% in TR6 when compared to TR2 and TR3
respectively. Chlorophyll content was significantly increased by 4.5% in TRS compared to TR2 and 15.8% in TR6 compared
to TR3. The results of superoxide dismutase (SOD) and catalase (CAT) activities suggested that when the YMHIS was
inoculated under stress conditions, the SOD activity increased significantly by 56.7% in TRS compared to TR2 and by 79.7%
in TR6 compared to TR3. The CAT activity increased significantly by 13.2% in TRS compared to TR2 and 19.8% in TR6
compared to TR3, respectively. To determine the response to increased CAT activity, we measured the H,O, content in the
soybean seedling and found that the YMHIJS treatment significantly reduced H,O, by 23% and 8.6% under salinity and arsenic
stress respectively. These results suggested that the strain YMHJ8 could be a potential biological tool to reduce salinity and
arsenic stress in crops.
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|[Introduction]

A 5-year experiment of transplanting date was conducted from 2018 to 2022 to with the aim of evaluating the adaptability of
mid-late maturing rice cultivars in the Mid-Northern Inland and Mid-mountainous regions of South Korea and determining
the optimal transplanting dates. Historically, mid-late maturing cultivars were not recommended in these regions due to lower
temperatures, which led to low and unexpectable grain yield.

[Materials and methods]

The experiment aimed to evaluate the optimal transplanting dates for three rice cultivars representing early, mid, and mid-late
maturing varieties: Odae (early-maturing), Cheongpum (mid-maturing), and Samkwang (mid-late maturing) at 3 sites that
classified into two rice cultivation regions. The study involved transplanting 30-day-old seedlings of each cultivar at 4-5
different time points, with a 10-day interval between transplanting events.

[Results and discussion]

As aresult of global warming, temperatures have increased, enabling mid-late maturing cultivars to adapt to these regions. The
study focused on the mid-late maturing rice cultivar, Samkwang, which demonstrated a higher head rice yield compared to
early and mid-maturing cultivars. Updated transplanting dates have been proposed for mid-late maturing rice varieties in these
regions, and the successful cultivation of Samkwang suggests that other mid-late cultivars could potentially be adapted to these
areas as well. The introduction of mid-late maturing rice varieties can provide significant benefits to rice farmers in the regions,
contributing to improved agricultural productivity and food security under changing climatic conditions.
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|[Introduction]

Global warming has led to significant increase in average temperatures during crop growing period, necessitating adjustments
in agricultural practices, particularly in rice cultivation. The 5-year (2018-2022) experiment was conducted to determine the
optimal rice transplanting dates for different rice maturity across various rice cultivation regions in the Central-Northern part
of South Korea.

[Materials and methods]

The experiment aimed to determine the optimal transplanting dates for three rice cultivars representing early, mid, and
mid-late maturing varieties: Odae (early-maturing), Cheongpum (mid-maturing), and Samkwang (mid-late maturing) at 9
sites that classified into five rice cultivation regions. The study involved transplanting 30-day-old seedlings of each cultivar
at 4-5 different time points, with a 10-day interval between transplanting events. The starting date of the transplanting was
adjusted for each study site, taking into account the previously recommended optimal transplanting dates.

[Results and discussion]

The results indicate that the optimal transplanting dates for all rice varieties have generally been delayed across different
regions by 2-26 days compared to the previous recommended transplanting dates in 2005. These adjustments of a later
transplanting date lead to a higher head rice yield due to the optimal ripening environment even though the vegetative periods
were shortened. Additionally, in the Mid-Northern Inland and Mid-mountainous regions that previously did not recommend
mid-late maturing rice varieties now have updated transplanting dates for them, suggesting a possible adaptation to changing
conditions. Adjusting the rice transplanting date to a later period offers several benefits, including better synchronization with
favorable environmental conditions specifically ripening temperatures, and enhanced climate resilience. The findings provide
valuable insights for rice farmers, agricultural extension services, and policymakers in South Korea, emphasizing the
importance of adaptive climate-smart rice cultivation practices and collaboration among stakeholders to ensure the long-term
sustainability of rice production in the face of global warming.
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[Introduction]

Improving nitrogen utilization efficiency is also related to improving rice yield stability and lowering production costs by
reducing nitrogen loss for the environment and sustainable agriculture. In the Jeollanam-do region, the rice production
481kg/10a(kostat, 2022), which is lower than other provinces and has low nitrogen utilization efficiency. Therefore, it is
necessary to guide farmers on cultivation techniques that increase nitrogen utilization efficiency to improve yield stability and
rice quality. This test was intended to predict the period for topdressing application for rice cultivars mainly grown in
Jeollanam-do by considering the annual accumulated temperature and the number of days from transplanting to heading date
and to identify the optimal period for topdressing application through the heading date.

[Materials and methods]

This study was conducted from 2021 to 2022 in the rice paddies of the Crop research Division of the Jeonnam Agricultural
Research & Extension Services. The early-ripening varieties Jomyeongl, mid-late-ripening varieties Saecheongmu,
Sindongjin, Ilme, Hyeonpum, Yeonghojinme used in this study. Transplanting was performed June 1", June 20" and checked
heading date and accumulated temperature from the transplanting to heading date.

|Results and discussion]

As a result of the test, the accumulated temperature from transplanting to heading date of early ripening varieties and the
number of days from transplanting to heading date for mid-late ripening varieties were predicted well next year’s heading date
with little change. so, when the optimal period to apply topdressing is 25 to 15 before heading date, the optimal period to apply
topdressing for each variety transplanted on June 1™ is Jomyeng1(975°C~1,234°C), Saecheongmu(52~62 days after
transplanting(DAT)), Sindongjin(49~59DAT), Ilme(49~59DAT), Hyeonpum(52~62DAT), Yeonghojinme(55~65DAT).
transplanted on June 20" Jomyengl(810°C~1,076°C), Saecheongmu(43~53DAT), Sindongjin(38~48DAT), Ilme(41~
51DAT), Hyeonpum(42~52DAT), Yeonghojinme(46~56DAT). When classified by ecotype, the optimal period to apply
topdressing early ripening varieties(975°C~1,234°C), mid-late ripening varieties(55~59DAT) transplanted on June 1" and
early ripening varieties(810°C~1,076°C), mid-late ripening varieties(46~48DAT) transplanted on June 20™. These results
would be suggested that optimal period to apply topdressing for farmer cultivation similar transplanting period and variety.
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[Introduction]

As the area under cultivation of barley after rice occupies 80.3% (51.8 thousand ha) in the Honam region compared to the
national (64.5 thousand ha), it is necessary to develop techniques for stable production of double cropping rice using
early-ripening varieties of the Southern region. Therefore, we tried to find out the optimal transplanting period and the
application period of topdressing when cultivation rice variety Jomeyong after barley.

[Materials and methods]

This study was conducted from 2021 to 2022 in the rice paddies of the Crop research Division of the Jeonnam Agricultural
Research & Extension Services. Prior to rice cultivation, barley variety Hopum was cultivated and then applied as organic
matter. After barley cultivation early-ripening rice varieties Jomyeong was transplanted on June 20™, June 30", July 10™ at
intervals of 10 days. At each transplanting day, topdressing is divided into 25 days, 20 days, 15days before heading date.

[Results and discussion]

As aresult of the test in 2021, The average ripening period temperature was 23.8°C transplanting on June 20", 23.4°C on June
30™, and 23.1°C on July 10™ there was no significant difference but in 2022, 24.9°C on June 20™, 23.5°C on June 30", and
22.6°C on July 10", The later the transplant period was, the lower the temperature of the ripening period So in 2021,
transplanted rice yields on June 20", June 30™ and July 10 were 575kg/10a, 612kg/10a, 587kg/10a respectively, which were
no significantly difference. in 2022, transplanted rice yields on June 30™ and July 10 were 520kg/10a and 551kg/10a,
respectively, which were significantly lower than the rice yields of 592kg/10a on June 20". The Vegetative growth average
period was 25days Transplanting on June 20", 2 days longer than on June 30th and 4 days longer than on July 10™. Rice protein
content was average of 7.0% in transplanting on June 20", 7.4% on June 30", and 7.7% on July 10", respectively. At each
transplanting day, topdressing application period is not significantly difference in yields and rice quality. As a result that
transplanting on June 20" would be appropriate for rice yields and rice quality when double cropping rice after barley.
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Effect of High Temperature on Grain Characteristics and Quality during the Grain Filling
Period

Chuloh Cho'*, Han-yong Jeong', Jinhee Park', Yurim Kim', Myoung-Goo Choi', Changhyun Choi', Chon-Sik Kang',
Ki-Chang Jang', Jiyoung Shon'

'Wheat Research Team, National Institute of Crop Science, RDA, Wanju 55365, Korea

Global warming has significant effects on the growth and development of wheat and can cause a reduction in grain yield and
quality. Grain quality is a major factor determining the end-use quality of flour and a reduction in quality can result economic
losses. Therefore, it is necessary to study the physiological characteristic of wheat to understand its response to temperature
elevation, which can aid in the development of strategies to mitigate the negative effects of high temperature and sustain wheat
production. This study investigated the effects of elevated temperature on grain characteristics and quality during the grain
filling period of two Korean bread wheat cultivars Baekkang and Jokyoung. These two bread wheat cultivars were subjected
to an increasing temperature conditions regime; TO (control), T1 (T0+1°C), T2 (T0+2°C) and T3 (T0+3°C). The results showed
that high temperature, particularly in T3 condition, caused a significant decrease in the number of grains per spike and grain
yield compared to the TO condition. The physical properties, such as grain weight and hardness, as well as chemical properties,
such as starch, protein, gluten content and SDSS, which affect the quality of wheat, were changed by high temperature during
the grain filling period. The grain weight and hardness increased, while the grain size not affected by high temperature. On the
other hand, amylose content decreased, whereas protein, gluten content and SDSS increased in T3 condition. In this study, high
temperature within 3°C of the optimal growth temperature of wheat, quantity properties decreased while quality-related
prosperities increased. To better understand the how this affects the grain’s morphology and quality, further molecular and
physiological studies are necessary.

[Acknowledgement]
This research was supported by the RDA Research Program (Project No: PJ017231012023) from the Rural Development

Administration, Republic of Korea.

*Corresponding author: E—mail, chuloh@korea.kr Tel, +82—63—-238—-5466

-51-



2023 st=xbFote| EAH|E 2|

The Effect of Biochar on Soil Organic Carbon and Crop Yield in East Asian Paddy Fields: A
Meta-Analysis
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*Department of Bio—Environmental Chemistry, Chungnam National University, Daejeon 34134, Korea

[Introduction]

As part of the response to climate change, efforts are being made in agriculture to encourage improving soil health and soil
organic carbon (SOC) sequestration. Biochar has been considered a potential means to increase soil organic carbon and crop
yields. However, the effects of biochar application on crop production appear variable among many case studies. The efficacy
of biochar as a carbon sequestration agent for climate change mitigation remains part of uncertain. Therefore, this study aims
to comprehensively and quantitatively understand biochar's effects on SOC storage and crop production at the regional level.

[Materials and Methods]

We performed a meta-analysis of 42 published papers with 82 (SOC) and 196 (crop production) paired comparisons to obtain
a central tendency of SOC storage and crop production in response to biochar application in East Asia. Various data were
categorized to evaluate the effectiveness of potential factors affecting SOC storage and crop production. Categorization was
divided into experimental conditions, biochar characteristics, and soil properties.

[Results and Discussion]

SOC storage increased by approximately 40.5% from 17.7 = 1.0 Mg/ha to 24.3 = 1.2 Mg/ha (95 % CI = 38.5%, 42.5%, p <
.000), and crop yields also increased significantly by 16.2% from 9.9 + 0.9 Mg/ha to 11.4 + 1.0 Mg/ha (95 % CI = 15.2%,
17.2%, p <.000). In rice paddies in East Asia, biochar application has the effect of improving SOC content and crop yields.
This suggests that biochar can be an effective improvement to increase SOC content and crop yields. These results are expected
to be used as basic data for predicting SOC content and crop production by applying biochar in East Asian paddy fields in the
future.
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[Introduction]

Agriculture is directly affected by climate change and can pose a long-term threat to food security. To solve these problems,
biochar is emerging as a new material. However, the application of biochar in agriculture is limited. In this study, agricultural
by-products, especially rice hull by-products, were used as biochar to compare and review the effects on cabbage production
and greenhouse gas emissions.

[Materials and methods]

Experiments were conducted at the National Institute of Agricultural Sciences field test site using a three replication random
block design. The cabbage variety used was "Cheongomabi" grown from September 2, 2022 to November 23, 2022. The ridge
width was 75cm, the planting interval was 45cm, and the amount of fertilizer was N-P-K: 32-7.8-19.8 kg/10a. Additional
fertilizers were applied twice at 30 and 45 days after sowing. The applied amount of biochar were set as control = 0 ton/ha,
B1 =1 ton/ha, B3 = 3 ton/ha, and B5 = 5 ton/ha, and greenhouse gas emissions were measured using the closed chamber
method with Gasmet GT5000 and analyzed using the FTIR method.

[Results and Discussion]

The above-ground biomass of autumn cabbage harvested 82 days after sowing was 2.40-2.70 kg/plant in the control and
biochar treatments (B1, B3, and BS5), with no significant differences (p>0.05). Cumulative CO, emissions during the
cultivation period varied by treatment group, with initial emissions of 6.93-11.96 g/m*-day and cumulative emissions of
3.23-3.73 ton/ha. Although riuce hull biochar did not significantly affect yield, it reduced greenhouse gas emissions from the
soil, suggesting its potential as an agricultural method to mitigate emissions. Further research is needed to investigate its
benefits and application.
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[Introduction]

Soybeans are a major food crop in North Korea, as well as a significant source of protein for the country's people. However,
North Korea is actually facing severe food shortages, and increasing soybean productivity is one solution to this problem.
Therefore, this study was carried out to determine the sowing critical date (temperature) by differing the sowing periods in two
regions of South Korea, and to apply to North Korea in the difference in soybean growth due to latitude differences.

[Material and method]

The sowing critical date was determined using three cultivars [“Saeol”’(early maturing cultivar), “Seonyou-2"(mid maturing
cultivar), and “Daewon”(mid-late maturing cultivar] in the southern region (Jinju) and the north-central regions (Yeoncheon).
Soybeans were sown in two regions based on the temperature of the sowing period. Seeds were sown on March 24 (9°C), April
6 (11°C), 15 (13°C), 28 (15°C), May 16, (20°C), and June 10 (25°C) in Jinju, and on April 10, 20, 30, May 10, June 5, and June
10 in Yeoncheon, respectively. Soybean sowing was performed with a 15 cm plant spacing and a 80 cm row spacing.

[Results and Discussion]

The emergence rate of Jinju and Yeoncheon tended to increase as the sowing period for all soybean cultivars became later. The
sum of temperatures until days from sowing to emergence in the two regions differed by 56-63°C, except for the standard
sowing date (June 10), which is a high temperature period, and days of emergence have also been different by 3-4 days
between Jinju and Yeoncheon regions. Days from sowing to emergence tended to decrease as the sowing period became later
and the temperatures increased in the two regions. Days to flowering ranged from 63 to 123 days for cultivars after sowing in
Jinju and 100 to 127 days in Yeoncheon. A similar pattern could also be observed in the days required to reach the growth
and development stage. Relative comparison between the sum of temperatures and growth and development stages in both
Jinju and Yeoncheon regions revealed a consistent difference by cultivars such as 19~21 days for V3, 22~23 days for V6,
16~23 days for V9, and 24-42 days for R2 stages in growth and development stages, indicating that this can be applicable to
high-latitude regions.
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[Introduction]

Currently, it is relies on manpower and visual inspection that the system for inspecting pests and diseases in field. However,
the proportion of experts is decreasing every year due to the replacement of personnel. If the timing of pest control is missed,
it can lead to a large outbreak in crops. Therefore, this study conducted to develop trap that combine pests identification and
counting technology.

[Materials and Methods]

We explored the structure of the existing trap and devised a moth lure trap for the major pests of crops, the Spodoptera exigua
and Spodoptera litura. The trap was designed to enable unmanned inspections with features such as power supply and
automatic discharge. Additionally, we modified the height and angle of the camera under the suction fan to solve problems
such as out-of-focus images and interference of view. We collected about 2,000 images to obtain a classification key for
identifying Spodoptera exigua, and obtained model improvement data through box labeling.

[Results and Discussion]

We developed a classification key for recognizing the Spodoptera exigua, focusing on the lower wing patterns similar to
symmetric pairs. A image was labeled with boxes to facilitate use in deep learning. In addition, we obtained images of
overlapping insects in groups of ten to enhance the sophistication of the deep learning model.

When deep learning was performed using this image, a mAP of 96% was achieved. We will also conduct additional research
to address issues such as reduced attractiveness due to pheromone diffusion caused by fan operation for descent.
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[Introduction]

Environmental factors play important role of crop growth and development. Recent years, climate change is being challenged
and it limits environmental factors. Light, one of environmental factor, involves rice plant photosynthesis system as an
important source.

[Materials and Method]
To inform the shading effect on crop growth, we reviewed the paper.

[Results and Discussion]

Low light intensity or shade stress changes plant response in agronomical, morphological, physiological and gene expression
as well. Shading effect reduces rice yield as a consequence result of decreasing in tiller numbers, spikelet per panicle, panicle
length, primary and secondary branches of panicle, spikelet fertility and grain weight. In addition, shade encouraged rice stem
internode elongation and reduction of culm diameter, culm thickness and lignin biosynthesis. It leads to lodging and yield
losses. Furthermore, effect of shading reduced net photosynthetic rate, dry matter production, non-structural carbohydrate,
sucrose, cellulose accumulation and chlorophyll a and b ratio in rice. Finally, it allows grain yield reduction in rice. Therefore,
in this review, we will focus the knowledge on the response of agronomical and physiological characters of rice to shade stress.

Key words: shade, agronomic, physiological, rice

[Aknowledgement]

This work was supported by a grant (project number: PJ01678001) New agricultural climate change response system
establishment project and “2023 KoRAA Long-term Training Program” of Rural Development Administration, Rural

Development Administration (RDA), Republic of Korea.

*Corresponding author: E—mail, hwangwh@korea kr Tel, +82—63—238—-5263

-71-



2023 =23 9|

M
=
A%
>
&
ot

S HYE S B A Al A= K2 YSHE} 24

02

sFeat*, FAg!, old4l, £, olux)!
Hwang Woon-Ha'*, Yang Seo-Young', Lee Hyeon-Seok', Song Young-Se'Lee Min-Ji', Jo So-Hye'

SEXEH ARSI XS]t

=

[HE]

27 Ao <) ) e Ado] 2 oL glom] S XA E Ao A] Shrh 71k s skl ek 2halo]
AR T Gk, s BBL Gt A7 AL FAle] 4 Gl o] QAR BlakE T de] wh X o 2 A48
3P o] 7kl who] QI ofofl £ AlRol A= A Blo S 1] Al A] QA U Eof Tk A8 30| S B3]
o A A4S £E31] 18 SaElch

RERR)

Aol AL B 5 7] B4} e SUAE 50 AEO 2 A 209 SHY AES 95 o
0] 69 F4a0] £0]9F0 2 AAAEE 3 3 G 1005 805 6052 ] 5ok, 0] 4] F715 128 0|3l
A) Al 7|2 A1 <z0l 510l R, 5 B 5ol AARFAIAS A 3ko] ANPASIE S5t
o] 2} 7150l 47100 2, 58, B ol E S, 544 1 AuldYES BAsa

[¢)

H ol
)

3 Lo
lo &

ofs

i

EEREy

955 TP SHF AR BE 02 40% 71 B Gk 4ol wet 24714 X UE| gL 01 A 10% )4 eF 174
i A0 2 ek o] F7keo] nte Pe tha Z7hshg 0 n] Boldt Ak 210 2 Uetyleh A REY
2 R A3, 27]5 BARE (0o BE Al 71 2 R0 2 Leht E7]5 Bls shuo] fofa A0 2 et
ek oA R L Aol 74 gASH 0 SR Faskirt. oG B4t 548 AN =] 12 Ho]
2 ViehA) hoieh. EAAE A E He Lol A o] MAISHA QRO 60FE AN LR e B9 7] Bels
7} ot R A 0] i Z71E 5102 BehElo] i ey shrol M vhE A Al /b 2 BAIECl wE A7
Slol A DS e Slo] felg 2102 gk 605 o] oo nHE A Hsto] that 77} 177k B A0 2 AR Fck

[XH*H
& s FEAEA A=A AP (AR PI01678001) 9] -] 2| elof] of3f o] ol AR ofof] A=Y

*Corresponding author: E—mail, hwangwh@korea kr Tel, +82—63-238-5263

-T2 -



2023 st=xbFote| EAH|E 2|

43 MuiAl |712H| 2o AHE0| EYEA A0 D[2= I
Effect of Organic Fertilizer Application on Plant Growth and Soil Sequestration in Lettuce
Cultivation

N,

%,
)
g3
)
o
fot
jabad
=2
O!O'«
o
off
(i
o
Ho
Ko}
o)
M
s

RE

SAUTRAE QIR AT EE BRI 25l 913 chafeh Ak AAE I glow 11 % St Eokel] 7189 £
shekizle] s she] Wi o 2 ool Qe §7) Ak 2 Al o g s Mintot ek ool §7]8-S FEOR Eob
o AL FAAT O A A AL 912 FHR §71 80 EA UGS G R LA e, o]of ¢
71 710w 0] ARGl thulstel 718 R0] Abgo] AEo) A% EoReid: %2l ul A ol ths) Brksta

st

REREL

AR A2 Pl NPRA 2l E3h471 802 At sk om A2 1y au =) gt £7]2
u]2.0] RG-S E ORI AI]ZE: 7] Z(N-Ps0sKoO 6.5-3.0-3.6 kg 10a™).0. 2 2351 9ie. 7180 24 EoFy)
AAIEES 7| F0R 0.5, 1, 15U A gsteleh. AHEe) Alg 9 moke] B4 wisks Wrlsly] 9J8) 4B AN, ARE,
PRI HAISIg om] moF BAL BISHAI(pH, EC, S8k, §IQIAL AME A, QhmUjobial, maky ofol ) 1
Ashedct.

(239 23

718 = ARGof whE A5 0) A2 A 2| E Al @fsal 249l Afol= glglem Frdn sl Ao gl Aee 2}l
SHlth 2] Aan| 585 P71t AxfolMs 771 dv] 2ot 7] dv] sgte] Aol i)l #7182 Lsu) A 2]t
Ae 2123k WobAl= A 2lsith EEAd 9] Hstol| gt At pH, EC, FaQlih mehd ol 3 A Aot
oA 2l E HolA| gt B 77| AW R o) ARgEo| SRl wht ol A o 2 Stel= Al Bjls)
k. ol2fet AYE Fof 7B R ARG 77| AR =] Aol w g A of B Aol el A o= HtE glont
G BF = T BEHe WA | HsiM e AR FHF LR ANEshe Alo] A7 Alol=tal Az

[AHRH
BT S EAFHO) SAARSARAY 5715 AT 4714 AEB 1SRN E:PI017028) 9] X Uo] 13 o]
ofzl Ak o]of ZALE UL,

*Corresponding author: E—mail, ksh4054@korea.kr Tel, +82—238—2453

-73-



2023 st=xbFote| EAH|E 2|

Comparison of Agricultural Traits and Yield of Major Soybean Varieties in Central Region
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[Introduction]

Soybeans are very high protein crops. About 40% is made up of protein, so it has high nutritional value. Compared to rice, the
income is about 30% higher. Recently, the government is pushing for a policy to increase the self-sufficiency rate of edible
soybeans to 40% by 2027 by expanding the area of rice paddy soybean cultivation, such as wheat-soybean double-cropping.
Therefore, this trial was conducted to contribute to the expansion of farm household income and soybean cultivation area by
selecting suitable soybean varieties for each region.

[Material and Methods]

This trial was conducted at three farms in Wonju-si, Gangwon province, Taean-gun, Chungnam provice, and Nonsan-si,
Chungnam province for two years from 2021 to 2022. Wonju and Taean cultivated ‘Cheongja 5°, ‘Seonpung’, ‘Daechan’,
‘Seonyu 2’°, and ‘Daewon’, while Nonsan cultivated Seonpung, ‘Daechan’, and ‘Cheongja 5’ and compared each other.
Sowing date, planting density, and cultivation method were applied to the local customary farming method. Wonju and Taean
are single cropping, and Nonsan was cultivated after wheat.

[Results and Discussion]

The results of analyzing the average agricultural traits and yield by region for two years are as follows. In Wonju, the yield was
high in the order of 'Seonpung', 'Daewon', 'Cheongja 5', 'Seonyu 2', and 'Daechan’, and it ranged from 365 to 296 kg/10a. The
yield of 'Daechan' was 296 kg/10a, which was lower than the result of the regional adaptation test, and there was no significant
difference in the rest. The first height of the pod, which is important for mechanization work, was the highest at 17 cm in
‘Cheongja 5’, and the lowest at 13 cm in ‘Seonyu 2. The first pod height of the 'Seonpung' was high at 18 cm in the regional
adaptation test, but measured low at 15 cm in Wonju. In Taean, the yield was high in the order of 'Cheongja 5', 'Daewon’,
'Seonpung', and 'Seonyu 2', and 'Daechan’, and the range was 317 to 251 kg/10a. Among them, 'Daechan' and 'Seonyu 2' were
measured to be more than 80 kg lower in yeild than the regional adaptation test. The first height of pods was 'Cheongja 5',
'Seonyu 2', 'Seongpung', 'Daechan’, and 'Daewon’, and all varieties were higher than the results of the regional adaptation test.
In particular, 'Seonyu 2' and 'Daechan' showed a difference of more than 5 cm. In Nonsan, the yield was 'Cheongja 5',
'Daechan’, and 'Seonpung', and 'Cheongja 5' was 417 kg/10a, which was more than 70 kg higher than the regional adaptation
test. he first height of the pod was in the order of 'Seonpung, 'Cheongja 5', and 'Daechan’, and 'Cheongja 5' was measured more
than 5 cm lower than the result of the regional adaptation test. Based on the results, 'Cheongja 5' was identified as a suitable
soybean variety in all areas of Wonju, Taean, and Nonsan. Next, in Wonju, 'Daechan’' was a suitable variety, and in Taean and
Nonsan, 'Seonpung' was judged to be suitable.
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Characteristics of Soybean Growth and Yield Using Precise Water Management System in
Jeollanam-do

JinSil Choi'*, Dong-Kwan Kim', Shin-Young Park', Juhyun Im', Eunbyul Go', Hyunjeong Shim'
'Crop Research Division, JARES, Naju 58213, Republic of Korea

|Abstract]

With the development of digital technology, the size of the smart agriculture market at home and abroad is rapidly expanding.
It is necessary to establish a foundation for sustainable precision agriculture in order to respond to the aging of rural areas and
labor shortages. This study was conducted to establish an automated digital agricultural test bed for soybean production
management using data suitable for agricultural environmental conditions in Korea and to demonstrate the field of leading
complexes. In order to manage water smartly, we installed a subsurface drip irrigation system in the upland field and an
underground water level control system in the paddy field. Based on data collected from sensors, water management was
controlled by utilizing an integrated control system. Irrigation was carried out when the soil moisture was less than 20%. For
effective water management, soil moisture was measured at the surface, 15cm, and 30cm depth. The main growth
characteristics and yield, such as stem length, number of branches, and number of nodes of the main stem, were investigated
during the main growth period. During the operation of the test bed, drought appeared during the early vegetative growth
period and maturity period, but in the open field smart agriculture test bed, water was automatically supplied, reducing labor
by 53% and increasing yield by 2%. A test bed was installed for each field digital farming element technology, and it is planned
to verify it once more this year. In the future, we plan to expand the field digital farming technology developed for leading
farmers to the field.
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[Introduction]
This study was conducted to investigate the effect of fertigation treatment according to fertilizer types and concentrations on
soybean growth and yield using a subsurface drip system.

[Materials and Methods]

Soybean was cultivated with irrigation and fertigation treatment with several fertilizer types and concentrations (N 2, N 4, N
6 kg/10a, NPK 1/2 [half of standard fertilization], and irrigation) during the flowering and R3 stage using subsurface drip
systems buried 40 cm underground.

[Results and Discussion]

For the irrigation treatment using a subsurface drip system, the water requirement was 17.6 tons/10a to maintain 25% of the
soil moisture content in the 10cm soil layer. For the fertigation treatments, aboveground growth tended to be high in the N 6,
N4, and N 2 kg/10a treatments as a result of fertigation at a 1% fertilizer concentration with water. Among the above-ground
growth indicators, stem length (SL) correlated closely with fertilizer concentration, while stem diameter (SN) and the number
of branches (NB) correlated inversely with SL; in addition, the number of nodes (NN) correlated weakly with fertilizer
concentration. Of the treatments, the N 2 treatment produced the highest yield, while the N 4, N 6, and NPK 1/2 treatments
produced slightly lower yields. More specifically, the yield (220 kg/10a) of the N 2 treatment increased by 83% compared with
that of the control (120.5 kg/10a). Of the treatments, the N 2 treatment had the greatest number of nodulations that decreased
as the fertilizer concentrations increased. Therefore, the fertigation application of N 2 kg/10a as the top dressing using a
subsurface drip system can result in irrigation and fertilization labor savings and increase the yield of soybeans.
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[Introduction]

Plants are extremely depending on photosynthesis to synthesize carbon compounds during their growth stage. Therefore,
proper balance of carbon compounds for each organ in the plant is very important for plant growth and development, and yield
improvement. In botanical research, a research method through metabolite profiling analysis is used to identify important
factors related to crop yield. In general, metabolites in plants are closely related to plant growth and primary metabolism, and
are very diverse, such as sugars, organic acids, nucleic acids, amines, fats, and amino acids. Plants require the synthesis and
transformation of carbon compounds to maintain appropriate levels of metabolites under the changing light and temperature
during the growing season. The synthesis and transport of metabolites are determined by how effectively crops use limited
resources in response to environmental changes, and this is the process by which plants optimize metabolism for continuous
growth. Understanding the metabolic response of these crops can provide insight into biological response mechanisms.
Accordingly, the objective of this study was conducted to obtain basic and applied data on the improvement of stable crop
productivity under changing environmental conditions. to achieve our goal, we employed the high throughput technology
(metabolomics) by GC-TOFMS.

[Materials and Methods]

To conduct research, the seeds of Oryza sativa L. cv. Ungwangbyeo was germinated and the selected seedlings were planted
in a pot (115 x 115 x 160 mm). Overall management of rice cultivation follows the Rural Development Administration
standard manual (RDA, Korea). Metabolomic analysis of leaf blades, leaf sheaths, roots, and grains harvested at 12-hour
intervals (noon and midnight) at the tillering and heading stages, respectively, to understand the metabolomic changes
according to the organ, time, and growth stage of rice. Analysis of hydrophilic compounds (e.g., amino acids, sugars, organic
acids, and sugar alcohols) Samples were analyzed on an Agilent 7890A GC (Agilent Technologies, Santa Clara, CA, USA)
equipped with a Pegasus TOF-MS ((Leco, St. Joseph)., Michigan, USA)

|[Results and Discussion]

During the night at tillering stage, most of the sugars, amino acids, shikimic acid, and quinic acid in the roots increased
compared to the daytime. During the night at heading stage, sugars metabolism tended to decrease in roots but mostly increase
in grains. Most of the amino acid content in the leaf sheath increased at night. In particular, lysine content increased
significantly. Alanine tended to decrease relatively at night. In leaf blades and leaf sheaths, organic acids, intermediate
products of the TCA cycle, were mostly decreased, but citric acids were increased in both the tillering and heading stages. The
fact that specific changes appeared in the comparison of metabolites during the vegetative and reproductive stages and
day/night suggests the need for further research in accordance with environmental changes in the future.
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[Introduction]

This study investigates the potential of Melatonin(MT), Chitosan(Chi), and N-acetylglucosamine(NAG) in alleviating heavy
metal stress in soybean(Glycine max L.). Heavy metal contamination in farmland is a serious problem, and excessive amounts
can have harmful effects on crop yields. The functions of MT, Chi, and NAG include promoting plant growth and enhancing
antioxidant enzyme activity. Our research team aims to reduce heavy metal stress in soybean by treating MT, Chi, and NAG
with these substances.

[Materials and Methods]

After soaking soybean seeds in DW, 50uM of MT, 0.1% (w/v) of Chi, 0.1% (w/v) of NAG, MT(50uM)+Chi(0.1%(w/v)), and
MT(50uM)+NAG(0.1%(w/v)) solutions for 24 hours, they were treated with Cd stress solution (OuM, 100uM, 200uM) by
adding 10mL of the solution. The germination rate, germination speed, and mean germination time(MGT) were observed for
5 days, and the fresh weight, shoot length, and root length were measured.

[Results and Discussion]

In all treatment groups, a reduction in Cd stress was observed, with particularly significant effects in the MT+Chi and
MT+NAG treatment groups. The MT+Chi treatment group showed an 85% increase in germination rate and a 47% increase
in fresh weight compared to the Cd stress treatment group. The MT+NAG treatment group exhibited a 114% increase in
germination rate and a 69% increase in fresh weight compared to the Cd stress treatment group. Therefore, the treatment of
plant organisms with MT, Chi, and NAG is believed to alleviate heavy metal stress and increase crop yields.
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[Introduction]
This study was performed to investigate treatment according to irrigation and fertigation in two seasons (spring and summer)
maize growth and yield using a subsurface drip system.

[Material and Methods]

Maize (cv. Ilmichal) was cultivated in spring (May - July 2022) and summer (June - September 2021). Half of the standard
fertilization (N-P,O5-K,0: 14-3-6 kg/10a) amount was applied as a basal fertilizer, and subsurface drip irrigation and
fertilization treatment were carried out at V 6 and flowering periods with N 0 (only irrigation), N4, N 6, N 8, N 10 kg/10a and
control (non-treatment) for each nitrogen concentration. Each treatment was conducted in a randomized block design with
three replication.

[Results and Discussion]

As aresult of the fertilization treatment, canopy height, stem diameter, leaf length, leaf width, and ear height, indicators of
above-ground growth, increased as nitrogen fertilization concentration increased in both spring and summer cultivation. The
yield of ear length, ear width, ratio of kernel set length to ear length, and green ear yield, which are components ofyield, were
highest in N 10 treatment in spring and summer and tended to increase as nitrogen fertilization concentration increased. Also,
the growth of the spring using fertigation cultivation was better than in summer, and the yield was 25-47% higher. Therefore,
in this study, when cultivating maize in spring and summer, half of the standard fertilization amount was applied as basal
fertilizer, and when nitrogen fertilization was applied as much as N 10 kg/10a fertilizer using a subsurface drip system, the
yield increased by 41% and 37% compared with control.
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Growth Promotion of Fruity Vegetable, Leafy Vegetable and Rice Seedlings Using Various
Water Extracts

Ei Ei', Hyun Hwa Park', Yong In Kuk'*
'Department of Bio—oriental Medicine Resources, Sunchon National University, Suncheon 57922, South Korea

[Introduction]

Plant nutrition has a beneficial impact on plant growth and development, which leads to increased crop yield. Chemical
fertilizers are being used in higher amounts in order to increase crop growth but can cause pollution in the air, water, and soil
as well as cause harm to human health. Plant extracts are one of the most useful substitutes for chemical fertilizers as they are
a healthier form of crop growth promotion. Thus, this study was conducted to investigate the effects of water extracts made
using Psidium guajava, Aloe vera, Allium sativum, and Medicago sativa on stimulating vegetative characteristics of fruity,
vegetables, leafy vegetables and rice crops.

[Materials and Methods]

For this study, four water extracts were made from the leaves of P. guajava and A. vera, the tubers of A. sativum and
aboveground plant parts of M. sativa. These four extracts were tested at concentrations of 0, 0.05, 0.1, 0.5, and 1 % while
control tests used urea at a 0.6% concentration. Test crops tomato and cucumber (fruity), kale and lettuce (leafy) and rice were
studied in greenhouse conditions. At 2 to 3 leaf stages, the seedlings of all test crops were transplanted to plastic pots and were
maintained in a greenhouse. At 3 days after transplanting, plant extracts were applied using soil drench application. Plant
height and shoot fresh weight were measured 7 and 14 days after treatment.

[Results and Discussion]

These four plant extract treatments, regardless of concentration, positively affected the growth of all test crops compared to
control. Plant height at 14 DAT increased in tomato (51 %), cucumber (57 %), kale (55 %), lettuce (67%), and rice (33 %)
compared to the control. Shoot fresh weight at 14 DAT also increased in tomato (77 %), cucumber (69 %), kale (66 %), lettuce
(61%), and rice (80 %) compared to the control. The four extracts at 0.5% concentration had the greatest effects on increasing
plant height and shoot fresh weight. Generally, the extract made using P. guajava had higher growth promotion effects than
the other extracts. Among test crops, cucumber growth was the most positively affected by plant extract treatments. Overall,
all four plant extracts used in this study can be used as effective growth promoters of the crops used in this study.

[Acknowledgement]
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (No.
NRF-2021R1F1A1049722)

*Corresponding author: E—mail, yikuk@chonnam.ac kr Tel, +82—-10—2603—-8837

-91-



YENYEE B L0 AHuf2M BE =5 = U <t 4] 5t
1}
“

-
2]

1 1 51
Aoz, ol&7T, A%,
Hetd e oAl BYR ety MHMADSIHS Hio| @ Storxted st

R

35900 4 Bl DNPE) BE) Abgo] S AR, PE BE-L EofollA] 237} 514 9431, slu)d A 29le]
ofel g3t £ $AE 2 Gk |23l PE BEY| FAS SE5] 915 Mk 2o vl Sof oJ3) Lo 4
Lgo] chA7}E 5= Uk wehA 2 At o ARl A H2 e SRS T SR ot A8} £k p, ECe)
WISlo v o} BB Bl A v wateirt

REREEL)
A WE0 R P (), T2 BE(HR o] 9), REWE () mEH), AL E(4 M ato]2), HiA
A EE(H) ), PEEES A8} 900 2 RS 5190t A1E AR NP-K 17:39:10 ke/l0a 5205 AJH]

T AES AL WA AT F397] ey, QAR)E o] 5}gik 2T} SPAD(HE A ), FF pHOHECS
o4 3 AF FA 0 R st on, nABEL 1Y & 2 0E AL,
EER IR

ot A <) 0] AR LE FFE 2L 0]4] T A} A 7)ol AThglo] PE BET} 21491 Xjol7} glgiet. o]4] F42917}
56210] G2k ke A RALE S50 PEL Bl Alakglo] Aol7t glglot o 4] 98 ol riHo] uja) RS
EHOIPETEL 0|20 2 7hAsilr). ot o 4] BB FaE-e 27 WSelx) vt HEn Sl g g o) £
o T AEALET PELE] ]3] $oH0R Kot BoleE ARAEE 5 Aol7} flola AR 53t
0~7.2% 3| |91ch. EOFpHE FHATL AL L A PEL S H]3) £ 0.2 Lo m, EQFECS] 49 AR LS
TPETE7b] §01 421 2o/} oIk, mAE 4 19 AL A9 AHS BE F B I 0) 5714, vl el WAl
T AP SO frol2 02 29l o 29 ZAlel A RSB E F 5ot PEBEZE-3014l Kol 7t glolch H o] g
ok AR B2 ok Al gl S Q] A glo] QP A0 AL 42 9l Ao ke,

& = s HAETE7 1897 35 QA A (AR S PI017034) 9] 2| 2dof] ofsff o] Fo1 3l A

*Corresponding author: E—mail, yikuk@sunchon.ac kr Tel, 061-750—3286

-92.-



2023 st=xbFote| EAH|E 2|

B SHy I Folf AEHA RSN MY ASZES

I
L4 =

2

ok
utol

FMAMAZ MDA 2 Proline &4 H3s}

ksl o]¢J A Pyae Pyae Win!, =-8-¢1'*

B
2pA] 2 QT M AR RS RS Xefdte] 4B Y-S
A ol A] A g2 hAIsHe o) glck.

i
2
S
m

4

[>
N

ot

oX,
flo
ofN

n)

>,

e

N

%0,

£

B

bk gl Fafoh 22 e ~EH A

BN

Of

A A5 Folo] EAREHAE Hshe T, 3271, 7 | Y FEET Aol Ed s Ashke Tl 57,
TARZ, v AL T AR 2] -9 W E 4 Q7| 7HA] A AIA Bfo] oM7) B e 24 A7E 54t

Zh7te) 3B E BFUF Aol 7 B9 BalA) steh. 99 ABe] A
5ml conical tube©]] Y€1 NaCl 100mM I} Aol =252 58)slo] A 2|59t
AEH A AP T 40} 6o EAJAEF(HL0,, superoxide), MDA X prolineS S4 3% T

(A % 13
B o 25| A FEE A ] S 4LA AT TE7], S FEEolA FA Pl e vl asko] -9 A 0. 2 ek, ]
F6LA Nl =4F FEE LFollA A 2of vlsto] fro 2 o2 Yotk ol A belolMs FEE A 2] $-4 LA o)A
4% FEE RE AT FA o vlal] fo A o2 kot A2 e dAoll= Tl TE7], Yt FEEl AT A
2lof vl o] 2| o = W2 e Hlth ¥ ZEU S22 A2 dpel v glo] 452 FEE o)A FA 2ol vls] o] 2L
2 uokth W Gl 233l A BUdAtAT 2 S #R] 9k A2 7o) Aol7) Qidith. ey At A - EE A
2| 4dAqoll= T, TE7] FE=2 ARl vlsl E3ket, A2 F-6 Aol T, v FEEolA Al 2ol vlsl
S TS BT ZE A2 5 AR $4F FEE0lA FA el s 7oA o2 Wilty = S 8 e 22ds)
WM e TE712 Gt FE=0A, B dell 23slollA = Tt v FE=lA 7P A EdtE mEkA olg FEEE
o] erdtat Hslf AEFH A ARt B8 4 S AR AlmE:

[
B Qe ARERPIEAREANe] AoR AT A ol SH ATUNO. NRF-2021RI
F1A1049722).

*Corresponding author: E—mail, yikuk@scnu.ac kr Tel, 061,750.3286

-93.-



412l

(Glycine max. L)e- Q9h A 23} v w3l 2.4ako] B 7Haak 8ol okeh EA4do] glo] w4 2hel = F g Ak
Qzofth, A WAEE] Bake] 7142 &) oS Slat oAUl el 7HE 3] el Slak ) 714z0] k2 ] 7] &so]
Al g oL, oot T8 Aol Tl 4 2] 71k 7)4 AP A5 Ao, ofo] B 1ol Al poh g
FAlol Aol 4 Gl a4 B Bake] 712 Austo] 2ol ARt v WEHE Bk

Ol

RERE]

e e R B Gh, 130 B 9 B v B3Rl Wl A Ak W7 S ol gste]
% QA PHOS0mm) S F<5 80cm Z10]o] 2.8m 7HA 0 2 w5k, AF A AL HAF 244 200m, 523 Lire]
Qi AR AT 1.4 m 7HE 0.2 W doem Zolo] WISk T i B AR R A G4+ 1A TS B
AT} X AT 3R} AL te] A5k B B4 G ASE 25%, VWC) 7120 2AE Bst0.
Bre] Yol uhE 2o AR EAY 3 S Brrskck

EER

Spbe] ol w2 ] Fo] A 2|4 S 1.94, QA3.06, <15 AT 3,350 ]3| 2 EakelelA
4122 A ehelch B 4o 84S 0| wak A 2gEs A9Ea NEe Bae] hEE 544 fol4o] dgle
o, Ff FeolA] B wie B Mot 106702 71 mekon, F w4 wak vl Bt A el ol 242191, 1.8
TN 713 o] ZAelo], b ol 24216.7, 11.2% Kol 7k Lkehgte). S5 - ujl4 Saekelol 2] ohAuj4ok 41270 2w
Mol 113 e Fo] A Z7HSHHON, th% HI-2(>7. Lmm) L ST 83.4%0] 1)) T vl Fgeke]o] 96.4% = et
U 0] F917h 2| GAPEI QT B 4 e vi4 B A2l o)A 22409, 346 keI 0a 2 7P BEEAL, ZHA 4eo] A9
o 5517 284,251 ke/10a TH¥] 44.0, 37.8% B S5 .00, X7 IR FR T ThH] v BRE> A E AR > B
AP 0 2 ZAPRIITE ol T AVE T F 4t AEHAE W OR AolA] A4 22 g8 ATk A

i

[AbAH
B AT H 22X ATARIIAM S : PI01627801)2] %] lo]| 28] o] 1%l A9l

*Corresponding author: E—mail, jungky@korea.kr Tel, +82—55-350—1263

-94 -



MEZHA|e] 2 3 A Al Y2EEHE] st Hlw

AwA, AR, s, gt

-

E28F s e HERsUATE
2 = = = ==
SENUSY s=g=tt=E
(A&l

ARIEZEEA) AR A2 A9 k') 3540641 04 ko] S, B HR A e chE A RALE A g BA 0 2
FAE T Gle 7R A L e R I SR WA T4 5 o] REsto] A2 Aol Beld 2718 71
1 gk SPAIRE 7R SAI 7] 2 3% 917k 2 ha o FO R TSk 7Rs e AAIA 59 HAA 2 B bk gl 2 21
357400] oL B F5 1A FUYEE] 7145 UL tlAE G714 A gl it BAlel Z7Feku Qlek £ el
A AREre] i Ale] 32 Al o) Y e 714 HEsisct

RERER)

A AR A ] A G191 S5 St ol 2022 6 U5 E 11714 =0 Ak AF WAL 16 hao] ] A
2] W22 4 hao|ch. E0k0] SFPH(pH, EC, £712, FE QAL IEH ol & 5) S SR TH £ 1 ABA| HA o
Z5}0] 115 o] LAIBIIE G ABIN-P-K)&= FEA|BI(6-7-3 ke/10 )2} A AHI(6.7-12.2-3.6 ke/10 )5 SHrh. 3
FHLAFS Aol 3551 o, o Bl M-S 241 Slste] A 2t Hel ol Bk A sle] £op
slerS AR AR5 B BREH D SRR FEUEH ATRANA7IZ] Fto] AAIBHAT.

ERR

2121521 pH(6.0)9+ EC(0.29 dS/m)= WEaF A4 7|20l §ARH 910l S3ledonl, 8 8] Joe mxe 4712
(4.25 g/kg), HEQIAN453 mylkg), I ZH4:(1.3 cmolvkg) -2 217 7] 0] 113l o9 Sk o] QI oFE AJu] H 2l
W2 1005 B 5 ERAH| T 204 kg, F A HITE 267 kgo] AAHEITE o)k R Aspualel B3 55 4] 5%
(340 kg) O] FEEA| U 7= 60%, A1 79% 7} AMALEI QLT 512)2H20211 A5 3 AVAL HH203 ke) ] 7] AlAH
S|, G 7 Ok BSLA S ERA MO A A0 7188 212 B2 7.37 kg, 794 g, FRQARE 1919, 1748
mg/kg, T U4 2.1, 1.9 cmolkg 0.2 Z7F3heAT B A9 Fo) 125X o) o AU opEke] S B4 Eok WA &
o} AR ok Fol TR S BTS2 QI F7t AT B3 HBG A0S 1ET Aolck

[A3H
B QA7 52115 obAIh A1) (A S: PI016838012023) ] 2| o] ofsl| o] ol Ak ofof ZAE Y,

*Corresponding author: E—mail, ipmkbh@korea kr Tel, 063—238—5311

-95.



2023 st=xbFote| EAH|E 2|

HFAY 7k WY o= A7)
olEl, Iz, oxlol, ol Felm, Mo
HFEEHXRE 527 |a

(A2

A A S 2] v -2 AulH A 20214 1,426 ha (A= 2,148 ha) .2 A=19] 66.4 %S XA St} A=A G of| A 712wl Afjul
A 8 T T2 ARSI, 2E2 B0 = QIsto] wrol| A= w7 1S =50l Qs A oItk 7S 7S il vk g
A71E A2 EAY 10~125 0 2 A= o] Qlony, AlFA] S 2] 79 /o] =i, A=-R 2fo]7} 7] A7 of SEA] ot
whebAl, Bk 2ha el AR 7R Al SR E g 2 AT 15 °CR ARt F7el A 7 HiY
kg FAIE A sl A5 =3sHATh

EEREL)

B op v B iAo 2 20212022 20l A A ST RS- Al AFIEA] Qe A 7]
A AA B O™, 2021 S = 71283 mQl A oA 84 19, 8302, 992, 92123 U7}+2022 a1 =7}87 mel
zAfolA] 89 162, 89 269, 99 12, 9 100] 2 20 em= A|ZTsigc). 7|4 Apre 24 Qo] A=
AWS(Autumatic Weather Station)2} 71420l 4 524l AR5 0] 8519, 0m, A8 W 5k A el & A4k
B A7]ZRDA, 2012)°] Z5}5ick

EEREy

2021199 - B V50 2 8 19078 30 THE 77} 7S WIGkOLY, 428 89 30 95771 89.3 ke/10a 2 75
ko m], 89199, 99 9%, 99239 20 2 Sefo] £9hr} 20020 ¢ BE U0 2 89 169, 89 269, 7121194
19 77} S| S WOkTL, 42k 99 19 THE 171 139.9 ke/10a 2 718 59k 0], 99 109, 89 162, 88 26 0.2
29k, o)1= B )8 o] MRz i) SHE 0 7 V|Qlet 4 B Al 4ol o 2 9ok 713 Ao ke,
ThebA, BT A SR BFLE 15°0S TS v v]Y SRS 913k AZK o 712 v 2 5} S =
TLAG250 m o] A8 B, SILILET} 100 m 0|510] 7992 Al 0 2 whetEl gl

[AH
B AT S EREH A AT MIHFRHE A AT S PI016174)] 2] o] 98 o]0 7l Ak o] o] 7t
A=,

a9

*Corresponding author: E—mail, lismu@korea.kr Tel, +82—64—760—-7433

- 96 -



4RAAY 2 /57t EY BasPat 24714 HiST| 0]

rir
08
2|I_I

(4l

A7k Z71o] Sfat A LAtBH= U2 Tk A AR AL A O] A AT QI AR SAFOIA G
2 Fato] th7] 39 o) Bkt E Foke B e YUY Rol e, Ty ¢l(Carbon farming) £ o] 23k Al B S42 o]
Sfo] th7] F9) B g E O, 22| Wel, B9l S07 A2 A)7|i S Aloleh. Et ABAo] 3 o] Fo2
S Tt o A BA R Aejshs GRS F7PA7 I Alo0] Bdisele] B0l 9] RRelH 2, V1% v,
], ZHAIA), o] 3} o] B8] 31 QIek. $A| W= AL} ol EORS wEsto] 2A7h0] uEE Folu], w5l r)7]
S WS 7158 7Pk B AT 03, EelelA A uuk A A2} 3 o uhE EOk ehag vskeh &
A7k o 2ol 2 Lshsik

(A= % g

H A A s A7 e Al 2ol A 2021958 20223 7H4] =33tk W3 ERE|A| A S5 242 Wi
/e ARSI v 220219 109 28 L 0] 1AL, 7357 150 em o]l F- 384tk w3l it ) E| e A o] uhE=f
= 27116 kg/10a, 22 kg/10a0] it} ER|E|A| U2 51| 2 B-E3}7] 9fote] 20221 5H 30| of 27| 2 o #3}3lom, 2022
| 64 1049l AmH(RTh]) S 7 415H0] 1049 1240l 25l U269 20 T4 & sl o, 64 204
(A3 oSSt 11 7ol 2ksi it Wik ESf A uhg 7 EH] Al§-=F2 2121 1,500kg/10a0] %13, 3 vH530}
Al ZA A EH] AlS2 ZF7F 1,200kg/10a, 1,500kg/10a0]Rith H]E= A FEAH|FFo]| &5te] FES U
170kg/10a, E2]E|A| U2 225kg/10a, T2 68kg/10a, 117"k= 125kg/10aE A-G-0FRAT, e B H|2F 72 A8 5 2h=
A ES ARH7| = Zob Wi FR-2 skl o, F4ete A e o 2 BT o E A= 7715
off £3to] AAISIAT: A5 9 7 542 $2NEH A AF2AREA7 20, B A 24 s 2T =
oF H AEA] A H of] Eate] ARSI 247k Fak atnt Aful 7|7 otel] 23] 0.49m* 870l £F]Ske] 7k =
ZutEI R ZA5HTh

(A3 9 134

Eaje] o7t W) WA ABE 717} 842ke/10a, 1,767ke/10a0] 21, BT} Tute] A ABHE AL olA 27t
1,329kg/10a, 577kg/10a, 274 910l 4 ZH2F 1,428ke/10a, 544ke/10a0] T}, Eoko] =l Bju)|, Qul ol & 2 a5 o] &
ek kRS -3 Aufoll A -2 684kg/10a, 7427 689kg/10a0] 2.0 H, ER|E|A| Y- 170} Afufol A L=
974kg/10a, F-73-2-—=958kg/10a0]| itk Al A EQFO] B4l 60cm 2] - ThA3he-26,209kg/10a 0] §ltt. - Aufoll A F
Zeglolo]| EOFERASIERS. 7 9 Lo] A 6,54Tke/10a2 338ke/10a 27181, FA-SL0] A 7,638ke/10a2 1,429ke/10a 2
7Fskact. ER e A Y-tk Afufjof| A aratuf ek of] B R ehangheRe: 720l A 6,927kg/10a % 718kg/10a 57 FoFSI AL,
7ol A 7,253g/10a= 1,044kg/10a 571513t -3 Ajufof A & -2A7FS Bl ETHCO+N,0+CH,, COs-eq.)- 72
o4l 15,260mg COx-eq./10a/day ©] 1L, 7720l 4] 15,694mg COx-eq./10a/day 0] Ut} E 2] e A U- a1t} Afuljof A
Z 2A7IA SRS -0l 4] 14,702mg COq-eq./10a/day ©] R} 31, F-73-2—of| 4] 15,078 mg COx-eq./10a/day ©] i Tt EF
of] FQ =)= g2 72 et WA glo] u| =Rl EREAY Auloll A =9kt EQF v S7FeE AEA AL}
Alglo] 7782 el 7} 782 Al Ho} =9k o, 2ATFA v SRS -2 A el 72 Aul 7ol Aol 7} §iSick AeA o=
=H|IZRE 78 Al B Tt S SV 7 2t ol

*Corresponding author: E—mail, organicjt@korea kr Tel, +82—55—254—1232

-97-



CAE 3842l 0I18% ¥ 25 =¥ S ¥YH

212712 ol 1 1 1 =1 2 1 1
B, S, dEd, WAE, 9, ol ™, AR, =AY, et

(A&l

Y= BE3te] Blo| AaE LY Sl ASse 4 e vt 4 o 2 o g8k glofE S 1l A2 = Atk
ool Atk 53| Mo T 2 AAI LR BUE Y ke A2 W AT AT B L of Ao Fagt R
282 = Stk SRR Q1S Fof ¥ 2] e e AISThe A2 B s H I AREo] SRR Algtol| upet 57
LR 4tk tebA YA G4 5& B85t] AulE, vt A o2 vio] e 24 AlSse A Aol
SE3L QlTk ofofl & Aol A= CCTV7IHES] ARt F/da -85k A G2 71Hke] v 24 A& A5 i<
A eretet.

RERER

QTS 9l) HehE $Etol 91XIS SR Algts el ) u Bl 4 T4 =7 eDSC-RXC100-M3, Sony) & A+
§510] RGB QAR 475151k o) ¥ 843} 2} 84o] 20em7hA © 2 wjx| o] QL= FehS 24 2758 vpA = ] £ 1)
ofl 317 % 57915 AR 8 A7A] FEAUL, 4n| 7, Rl 0] el Lol zkzte] JAFS skl JAS B
89 1] 27 24 ATeEL ol Ri(Python 3.8)9] OpenCV 2fo]B2fel S ALgsto] Srjo] 4 oS 25 5 9t
RGB AY4x|4-8 2| g:5}0] Falsgich Fee] 1)) 9ot e ] 22k 2o ukeh rleix| e J =7} 217 Seb A s o]
F29 24 999 2ol B A ol M AsH: A0 R we] Pet 23 2k

EER- Ry

7} A2} ol 4 7HI5 AR E 82 17k0) v et 2Ao] Akt oA 7]uke] S vl AT ATHR=094119] &
ehes e gick Tt 2o) §hA| o] QA ghgo] Satol AL, 8 el A Zuhel-gAet o) 4 slo] o] 72
- 9718 BAdo] Lhekleh. 3k #]o] Zefo] 95| 3)k/] Aol GALe] B ZhEo] ujet Ehrt rhel A Awe)
|7} 714 et AlZo] of el gtk 25, Take QAL Aol A GARS B5aka F4 R BAlolt Aleld £41S B
QP A0 Brjo] Mg sk MAAS: Aito] Wash 205 ghoelch

[AH*H
This work was funded by the Rural Development Administration (PJ017100012023).

*Corresponding author: E—mail, wg_sang@korea kr Tel, +82—063—238-5285

- 98-



AuidbHof| w2 AL|S20H(Dioscorea alata) % 54

A", st oldE, fAT, A3, g

I N R I [EPNE TR
Pemrles RRARElY T2 E M)
B

Q52 Dioscorea alatayt= L EU|X|oP7E UAHA 2, A% 10-27°C2] wEG Aol A7} 7Hsshek. Ae5-Luk
ko] 1]} A1 2 T 2.4 gafo] 3} A ok §1g Bol kA o= el glowl, A AusTte 25 SeiF
L AEAE 2 shfolth GrbEoiube] 20 F7lol T QPP Al BEE Sl QAT FAT S S i oY
Al Bo] Wastek B ARl ArhE2ute] A7), 41712, AFF e 5 el o] b SeF SAS s
ek
}\}\ .

REFR

A5k H5 A-80] 3571l 4 S E AL o] §510] e okt o] @ oLl 2B AT A ol A Aeishsick. <he
o] a2 it oS ) Aol A ) 42 AL, B B 5.0 2 SR, 2417 2] 100%20, 100x30 2
100<40 cm, <) FF e TE A .0 2 Sheirk. 5 A] T S/ 10,30, 50 W70 .0 2 Fte] sl AejE
o} 43ke 119 ool AASHATE. ZARRTS AAR AREA, F 12 5F L AFEA 52800 g o]4, 300799 g,
100~299 g, 100 g ©|3h<S =453t}

e

W

EEEREES

e rtnt A 7] o] THE & )5 e 49 Aeo] 5 5to] 31T Mol 4 2,400 ke/10a 0.2 LRI 49 F4-2
2,513 ke/10a, 4% BH-2 2,274 ke/10a = HEA] 710 Wl H2sak 252 Lk Ak 54171 afet AREAo] 945t
300~799 g©] 7|7 u]-8-2 7}7F23.6(569 kg/10a), 19.0(479 ke/10a) L 11.4%(258 kg/10a) 2 TFEA] 7] 7} wHE<=2 271515
o} AalA 2ol whE & 1) 522ES 100x20 cm 2] 2]of|A] 3,192 kg/10a.0.2 LFERGIL, 100x30 cm %] 2]= 2,028 kg/10a,
10030 em X]2]= 1,675 kg/10a0] 31t} 300~799 g2] 1] AYARS- 717} 20.3(646 kg/10a), 20.9(424 kg/10a) 2 15.2%(255
ke/102) ©.2 A4 A 2] 7} 5545 9kek. Arhol A|Fg eoll mhE AR FAICH S W2 4k T Y X7 Egkon] A%
43 425F 5800 g O]4%, 300799 g 0] Tt AUAF ML S 0kTk T A\F Az XA SHAENE b slFo] Bk,
AR RS o] G217 St ool a)t Sapo] obxliz A0 BEIck THEsHe 3 A7 Sk BAS AR
A} 715 27)7} S7Fke] net & 715 o] S7hshe ARS L Qlon], A4 3 7] 30-50 g O k| gleh

[AFAH
B AL =225 ol AFY(TAH S PI015334012022) 2] 2o ]3] o]Z 0|2 AT} o]of ZAk=E YT},

*Corresponding author: E—mail, umji0416@korea.kr Tel, +82—61-450—0151

-99 .



2023 st=xbFote| EAH|E 2|

CE2 $83 B MS0[0|NY S| 2

—_—

7Q1(ﬂQ}\Q1—1*7 0]3 O]—1 _F;qc;ﬂ./é\_]’ O]%“%]_Za ZIIE[_]_X}-Ia Z:}?_]_ZHla %ﬁ‘ﬁq3

>

1

Oph

o ozt 02
HO Ho HT

= YFA e 2¥s 7152 46, EYEEsYVIeH
T ST 0|8 HIMZ 92, Y ER S QIHE
T FHFA MET BUE 1, SRS ASKHE

2
3

Oftr Of

(M

] 2] 521 7] ABHE-2-98 6% TR 2hBo] u]sto] u$- )ik 5201 70] gk, 1B 50| oo 2 97 9]
onf o} 2 FE37] SISIAE FREA IS, Weole 71ke] 15| 52 AFste] Fol e YU Adtshe 3
o] 5te] B3Ez} wlojol gk, ufehd] i 1 WA vle] ASAeE JAko 2 Altisle] AzAlulze 2T 4 Gl
714 7ol LA HRE Q7] 93] SRS o] §3to] Hl2] T8 8710 A Hsto] GyElolEe} Aulagrte] AE
A HAlstak

A= 2 g

AFFTORE U E FAISto] 59 25 o]dstiirh A B A2 7122 AR AHH(N:P:K=8.9:3.0:3.0
kg/102)2] 50, 75, 100, 150, 200% S 57 Z]2] 7= A3}, 7]8] 50%, EH] 20%, 48] 30% 2 L=o] A]-35}ach Gk
Y& EL7], =971, 25471, 5571 5 530l A =34sto] Aagiol| fE g S B4 QA2 thes A E
g o]u]Z] 71552 7H1 1/2.9912] CMOS AlA 7} Q= 67112] 7hi|el7 | H-21e =2(P4 Multispectral, DJI, China)-S- 285}
AT AAE g el # 7t 118m AdgolA Zdsioint A7 =g AR QGIS F/dA] Z2 e
(http://www.qgis.org)& ©]-8-8l}4] RGB o[w| 2] FA| gk F=5to] A YA =5 o|-8-8fo] 4H=s}tt

EER

NDVI o] 5] %2 go]efakste] 24 AJu|eo] T2 NDVI ghe R*=0.8 o] Ah& Ho|m Aai|ujepo] $7H84-% gro] 5715t
LARA | BA719L 577K 0|9 E] R BES o] g3 29 o|u] (RO 2 Ak AulaES A
0.2 TRAET 5:0)7]0] ERO2 5313 G4] NDVI ZHR=0.98) 7} I8, Bairho] Ak & 243
3} AR 57} ol A4S 9PN -2 oAk, Shul a4 4] S A AR AGE 24240.90,0.75 o] gl wheb =
£2 0] §5to] JUTHAH|S stelul Beu] 1§ F 2557 4 4:97]0] ERO R QAR 475H Ao] ulgrste 4x9)
PV Al vleste] AP S F7E5HE 210 2 Uetdy] tRol APSA|4E | Wik 5k kA o] AdAlulo]
5835 g Ao hewelny

T =

*Corresponding author: Tel, 043—220—5551 E—mail, suanbo@korea,kr

-100 -



2023 st=xbFote| EAH|E 2|

=1 o 1 = 1 zx10 1 =1 = 2 oAxE12 o3 1
Zo]i*a T'l‘os‘/‘\jl > Z:}—g‘-%la 5’]7'1‘]4—7 *Jz—qia 0]%‘?‘9 TT‘E‘Q’) Eﬂ/‘\j—_ﬁ—’ ?__E[_]_}\E]

HateE oAl MER 413, MeteEserEe AEAMED

HEtEE A5 O|ME SMHZ 166, TSR LT A stHTE
TIRIRE OJAAl BEZ 457, StRsT &S ICTARIEIIE

(A&

Aetol 4 359§ S 22 2ea 5420l tfgt 2= 2015US 7|4 0 2 TP Sk glek 712 Aol A 354
A AL 5 2e] WAl Hlste] BEol A AARA0 R Helshal Fe A ATEO 2 el 9 Aodu) 52 37 gt

o -l 5ol that B3 A ol 7k RS-
35535k Algolet. o]of MR ¢ SEES BauT Ul o S S 2ASte] B8k steict,

RERR]
HEFRE 147) A 2] UG EEL BRT AU G AR 2)) 502 TS0 w1 571 HE e Bas
Folo] ZAS UABGITE T 2RSS A SAGEE Bt SRS B4, HAY BN AT A o

AT

(A3 o 23

e AU Fe) ] U= Bgtia(22.10.)= F 8712 AR ITh A E 2 F(266TH, 30.5%), 74t
(106, 12.2%), £1A/(88H, 10.1%) 2= LERg T G4 of whef Al =22 154H|(17.7%), UAE =22 7H(0.8%), AA]
OF AA| A8 =22 688(79.0%) = AR 21 H2]of wheh RA|- 82 842(97.2%), w5 ol 5 19TH(2.8%) 52
2 AR T 3 e E S5 A G2 T 165714 ZAREQITE =8 - FHl= Y- 2aito] 64
712:38.8%), A& AT 35714(21.2%), Y58 347H4x(20.6%), AHAA| 16712490.7%), 7HQ) B 7]EK9.7%) 5.0 & 53k =
ATk WA AT =E-2-4907, 6420 2 PAHE Bt QY oF 3%, Wt S 3.9 == vhetEh 2w
#(22)& % 87,140ha 2 2] % 34,800ha(40.0%) 5 I} 5 21%-& 52,250ha(60.0%) .ok A& 0.2 2Abe|gich. ek 2k
o] Bt PAAEE10a T 12,000 2 Hi2bE, A1) 5 52h 2700 wheh5.5-22.5%0 94/10a 0 2 UEpT. AR 5
AL S A FAR RS 79k 2 B, 2T, Ao Foll th} Fid-& FE510] o §AE, =AY, AL AR5
B 23t AL HlolE S A olRithd G5 353k U8 =Y Va0l tie A82 ) AR Y, R&D 5
& 4= 918 A O & b

2 ATE AT s E AT IEARA(AE 1 S:PI016983) 2] Z| o] ofsf o] o A= ofof ZAL=EH Ut

*Corresponding author: E—mail, dudghO414@korea kr Tel, +82—63—290—-6073

-101 -



2023 st=xbFote| EAH|E 2|

o Aelo o2 3 25 2 AY

i

a
Y|
_O'E
qr
0=
:ﬂ:
1>
o
-1
)

Ao, o]A&, ofxel, vjel'*

'BAAYE ZIFA ZRUR 501, ZAZYStn SEMHSE
b= E YR O|MT SR 181, IRARIDISIY K2 Xfu)A2) Tt
(A&l

F(Glycine max L& 27 =0l 4 A7} Sofukan gLou, 57]24] o] wrets}x] gdot ol oFshan 4% 57] gtz gk
=5 57} 9] PAEITh S, e Rl 0] B Ko} S5 S 91 a4 0.2 4 4 (pinching, topping) & 414]
a1 QL. S 4] H2)7h 2 0] Aol u] x| = ool that A s Aol E5] A4lo] x|AkRe] Al 4 SAw} x5}
o] et wistol u] x| ol gt Q1 vl 9 R Algoloh. whebA £ Al ola s B3 W 4] Azt Zo) A4
) A 3hE A8 ool vl A RES FHskaA stk

(A= L3

2 A ZREE 2 A A =l YA A =i v ot s ol A =38t At A @2 A= RCBD split plot
© 2 4RHES1S) 2 ™, main plot2 F( L T, 21, B3), sub plot2 44 o] -2 A3t 2022 6 H 5L =
1531505, V6 AZI(7/12)0] 241718 o] §o4] AV S 7| E(AEIoA] oF 3dom S01).0 2 A& XIS, B
ZAR ] £ 15 52 1710 £2o}9lE 10928208 TR o] o). 7|6} AjEke] = RDA EEAMNE S ujgt,
Z24F LAL 2] g% E4] (Winrhizo, Regent, Canada), 5 5% U 5704 8 4 ZARS AAJSHITH

(A% R 138

T 242 A4 o] FAR1ZIRA AJ7]o F5of BA glo] 24 A 2|7F 24 FA 2 ot 242133, 21% W3kt Eek 24
2 WS o o] 24 a0 R1FRA A7|0f 7P 29kt whebA 24 A 2l= 2 A= 37 ol 24e 4
# B B2 QIR o] oS Al o Qe A0 2 Hoju, 24 4 A= A5 5] ARl A A A A] &4
O 2 UEpETE LALY] 7-f, 278 A Aol A 24 o] %I RITFRS A7 A 53 Adaglo] 214 A 27F 44
AR O ZF2E 11, 16% RRLTh A[5H72] 79, R4St 8HA 7] o)l 4] 2|4 #] 2] fiofl the 52 & A5k do], 42
IR Ao I7FUEREA] 9k oL, Hhul o] 7-¢- e2t7|of A4 A 2] -e] F ] Hu) 7} 14% S whebaA 23] & A
A7 Aolto] dge] 2 Fd= MR G AR Helth BE FF5oA 24 7ol W2 5] Alol= A2 o=
Koz gigkort, & Al st A4 A 2)d Fo] FA P TEY 22 FTe HArE A A2t 3o T +F2 EF
bl A Aol g HA=, A v elo] 24424222.8, 194.1 kg/10a = o 3kt Bl =(139.7, 132.3 kg/102) ]| B8} 2 7
= 23tk

wHebA 214 Aele To] 2 WE OB =5 S WE S Lo, 2 A 2o uhg Axk= S5l weh vEA yehdth

)

>

[AFAH
o] =2 2023dE ANASTHY Ador ImdAATe] AYE ol SdE  |2AFARGOIHNo.
2021R111A3040330) o]of] ZFAF=H .

*Corresponding author: E—mail, nachaein@gnu.ac kr Tel, +82-55-772—1878

-102 -



2023 st=xbFote| EAH|E 2|

Detecting Nutrient Deficiency of Rice with Multiple Spectral Drone Images
Ji-Hyeon Lee', Hyeokjin Bak', Dongwon Kwon', Woojin Im', Wan-Gyu Sang', Jung-Il Cho', Sungyul Chang'

1Crop Physiology and Production, National Institute of Crop Science, Rural Development Administration, 181, Wanju
55365, Republic of Korea

[Introduction]

Diagnostic health of plant was considered one of the most important information to check for crop development but measuring
health of plant was difficult task during growing seasons because plant needed to destruct for diagnostic plant. Recently,
measuring health of a plant based on image analysis showed promising results. Therefore, detect health of plant with
phenomics approaches are needed to developed for diagnostic plant of rice in a paddy field.

[Materials and Methods]

The field removed one or all fertilizer element such as nitrogen (N), phosphorous (P), potassium (K). A drone (DJI. Phantom4
Multispectral Drone) equipped with multiple spectral camera images were acquired at experimental rice paddy field station
(Mil-yang, Gyeonsangnam-do) five times in during growing season. Total thirteen health related index that including NDVI
extract from the drone images and comparing different index for separate each treatment.

[Result and Discussion]

The data analysis indicated that robust relationship between health related indexes and treatment of different essential nutrient
elements (N,P,K). The correlation between the spectral derived indexes and different combination of showed significant result
(R?=0.8). In time series analysis, relationship between the indexes and the treatment showed higher correlation (R* = 0.91).
The result indicated that the indexes could utilized estimating nutrient deficiency of rice without scarifies plants. Later, it might
be worth to investigate whether this indexes could apply to detect nutrient deficiency of rice at different paddy fields.
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S-Nitrosoglutathione (GSNO) Alleviates Lead Toxicity in Soybean by Modulating ROS,
Antioxidants and Metal Related Transcripts

Methela Nusrat Jahan'? Islam Mohammad Shafiqul?, Da-Sol Lee', Youn-Ji Woo', Bong-Gyu Mun', Byung-Wook Yun'*

'Laboratory of Plant Functional Genomics, Department of Plant Biosciences, School of Applied Biosciences, College
of Agriculture & Life Science, Kyungpook National University, Daegu, South Korea

*Department of Agriculture, Faculty of Science, Noakhali Science and Technology University, Noakhali—3814,
Bangladesh

[Abstract]

Heavy metals, including lead (Pb) toxicity, are increasing in soil and are considered toxic in small amounts. Pb contamination

is mainly caused by industrialization - smelting, mining. Agricultural practices - sewage sludge, pests and urban practices -

lead paint. It can seriously damage and threaten crop growth. Pb can adversely affect plant growth and development by

affecting the photosystem, cell membrane integrity, and excessive production of reactive oxygen species (ROS) such as

hydrogen peroxide (H,O,)andsuperoxide(O.-). NO is produced via enzymatic and non-enzymatic antioxidants to scavenge

ROS and lipid peroxidation substrates in terms of protecting cells from oxidative damage. Thus, NO improves ion homeostasis

and confers resistance to metal stress. Our results here suggest that exogenous NO may aid in better growth under lead stress.

These enhancements may be aided by NO's ability in sensing, signaling and stress tolerance in plants under heavy metal stress

in combination with lead stress. Our results show that GSNO has a positive effect on soybean seedling growth in response to

axillary pressure and that NO supplementation helps to reduce chlorophyll maturation and relative water content in leaves and
roots following strong burst under lead stress. GSNO supplementation (200 uM and 100 uM) reduced compaction and
approximated oxidative damage of MDA, proline and H,O,. Under plant tension, a distorted appearance was found in the relief
of oxidative damage by ROS scavenging by GSNO application. In summary, modulation of these NO, PCS and prolongation
of metal past reversing GSNO application confirms the detoxification of ROS induced by toxic metal rates in soybean. In

summary, these NO, PCS and metal traditionally sustained rates of reverse GSNO application confirm the detoxification of
ROS induced by toxic metal rates in soybean.

Keywords: Nitric oxide, S-Nitrosoglutathion (GSNO), reactive oxygen species, metal stress, stress tolerance
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Development of Smart Fertilizer Based on Nitric Oxide and Its Effect of Plant Growth and
Immune System in the Crop

Da-Sol Lee', Ho Young Yoon?, Bong-Gyu Mun', Jong-Rok Jeon’*, Byung-Wook Yun'*

1Department of Applied Biosciences, College of Agriculture and Life Science, Kyungpook National University
’Department of Agricultural Chemistry and Food Science & Technology, Gyeongsang National University

[Introduction]

Agricultural application of the existing chemical fertilizers has been shown low nutrient use efficiency and resulted in
environmental eutrophication. Also, encapsulated NPK fertilizers using micro-plastics have caused another serious
environmental problem. In this context, to maximize the efficiency of crop nutrients efficiency and reduce environmental
pollution, an increasing number of studies for smart fertilizers with slow-releasing nutrients have been proceeded. The
research of fertilizer for crop nutrition based on nano-technology has been suggested as the advanced platform to overcome
the limitation of chemical fertilizer used in the normal farming practice. In current agricultural field, Hydroxyapatite in the
spotlight have the ability to release Phosphate and Calcium enough to be used as agricultural fertilizer. Furthermore, Nitric
Oxide (NO), as a signaling molecule, has been reported to regulate diverse pivotal biological processes in plants including
development, growth, biotic and abiotic stress defense responses. This complex made by the combination of Hydroxyapatite
and NO is a suitable substance to conduct as the multi-functional smart fertilizer involved in plant growth and immune system.
This study is to be the first step on developing smart fertilizer for the sustainable eco-friendly agriculture.

[Materials and Methods]

Using the binding principle of the carboxyl group, we synthesized this complex consisted of Hydroxyapatite, Humic Acid and
NO. The NOA (NOA280i, SIEVERS) was used to detect the emission of NO gas, we confirmed that It continued to stably
release NO gas. The growth and salt stress resistance of crops were evaluated with pot test using a growth chamber.

|[Results and Discussion]

Under abiotic stress, we are well known that the plant roots release the compound of organic acids called as root exudate. We
found smart fertilizer based on Nitric Oxide is melted by root exudate and nutrients such as P and Ca are released to use for
plant growth. It also shows that NO combined with this complex affected on overall plant growth and immune system as
signaling. This complex released NO slower and supplied P and Ca decomposed from Hydroxyapatite. The new type of
fertilizer based on nanotechnology is considered to have a good effect due to its high availability in the agricultural industry.
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[Introduction]

Recently, due to global climate change, the growth of vegetative parts has become more vigorous after flowering in soybean,
resulting in poor ripening and delayed harvesting. Therefore, this study was conducted to figure out how suppression of
vegetative growth by end-trimming after the full flowering stage affects the growth and yield of soybeans.

[Materials and Methods]

This experiment was conducted at the experimental farm of Gyeongsang National University. The soybean cultivar used in
the experiment was “Sunpoong”, which was sown on June 13, 2022, and end-trimming was carried out at R2. The trimming
treatments were divided into a control (T0) that was not trimmed, and treatments that varied the trimming intensity with
trimmed heights of -10cm (T1), -20cm (T2), and -30cm (T3) from the canopy height. Plant growth was investigated at 13 days
after treatment (DAT) and 42 DAT, and the plant height, shoot weight, pod number, and pod weight were measured, and
hyperspectral analysis was performed on the upper layer of soybean canopy to know the conditions of leaves. Lodging degree
was evaluated at 42 DAT, and the number of seeds and seed weight were measured, and the percentage of normal seeds and
yield were determined at harvest.

[Results and Discussion]

Plant height of the soybean plant treated by trimming increased at 42 DAT regardless of trimming intensity, but the difference
due to trimming was not recovered showing the order of T3 < T2 < T1 <T0 and the degree of lodging was the highest in T0.
AT 42 DAT, T1 was the highest and T2 was the lowest in the shoot day weight, total pod weight, and total pod number, but
on the 69" day after mowing, the number of seed and seed weight were high in the order T3 < T0 < T2 < T1. In particular, in
T1, the number of seeds was 1.5 times higher than that of T0, and the seed weight was about 1.7 times higher. the hyperspectral
image analysis conducted at 13 DAT showed a remarkable difference in reflectance in the 550nm band, and the reflectance
was high in the order of T1 <TO0 <T3 <T2. In addition, it was confirmed that the value of reflectance in the band range greater
than 700nm which is related to plant senescence lowered in the trimmed plants as compared to the control, and thereafter, there
was no significant difference at 42 DAT. AS a result of the analysis with vegetation indices calculated from reflectances, the
indices using the red-edge bands and the indices related to chlorophyll content, which reflect changes due to aging well, were
increased in T2 and T3. In particular, it was found that leaf aging was relatively delayed in T3, as the greenness and PSPI,
Which are sensitive to aging, were the lowest. On the other hand, it seems that the leaf chlorophyll content decreased more
rapidly, and the time to harvest was shortened in T1, as the indices related to aging or chlorophyll content were low. Therefore,
it was known that end-trimming over the upper layer of the canopy after the flowering period can facilitate the harvesting time
without delay by suppressing the vegetative growth of soybeans and promoting the transport of stored nutrients in leaves to
developing seeds and leaf falling.
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[Introduction]

As the demand for processing potatoes increases, imports of raw potatoes and processed potatoes are increasing. It is necessary
to research cultivation technology for stable production of potatoes as raw materials for processing. So, this study investigated
the productivity and dormancy characteristics of whole seed potatoes according to the harvest time after potato cultivation.

[Materials and Methods]

As the test varieties, the second-generation chip processing varieties “Saebong”, “Eunsun”, and “Geumnaru” were used, and
the potato cultivation site was the Gangneung Test field (Sacheon Jinri 747) of the Highland Agricultural Research Institute.
The test treatment was at harvest time after spring cultivation, and the potatoes were harvested at 70, 80, 90, and 100 days after
sowing based on the sowing time. The investigation items were whole potato productivity (total yield, whole potato yield,
whole potato ratio, number of whole potatoes, and tuber yield distribution) and dormancy characteristics (dormant breakout
rate, number of sprouts, sprout rate, and shoot length).

|Results and Discussion]

During the spring cultivation period, the average temperature was 15.6 °C, the amount of solar radiation (wat -m*") was 197.7,
and the average humidity was 50.8%. As a result of examining the production characteristics of whole potatoes according to
the harvesting period, statistical significance was high in the total quantity (ton-ha™), percentage of whole potatoes and
dormancy break rate (%). The total yield (ton-ha™") was the highest at 30.9 at 100 days after sowing, while the percentage of
whole potatoes was high at 56.1~56.6% at 70 and 80 days after sowing. The yield distribution of whole potatoes (30-80 g) was
as follows; At 70 days after sowing, the proportion of small whole potatoes of 30 g or less was high, and the proportion of
potatoes of 80 g or more increased as the harvesting time was delayed. The harvest treatment 70 days after sowing had a high
dormancy breaking rate (%) of 99.9%, whereas the late harvest treatment lowered it to 62.3%. The number of sprouts and the
rate of sprouts also tended to increase with earlier harvest. Therefore, for the production of whole-seed potatoes, when the
harvesting period is 80 days after sowing, the productivity of whole-seed potatoes is high and dormancy is broken quickly.
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[Introduction]

Approximately 8% of the world’s irrigated land is located in arid and semi-arid areas where soil salinization occurs. Forage
crops can be fed to cattle directly or processed through partial drying feeds can be classified as bulky feeds or concentrates as
a result of this processing. Harsh environmental conditions, salt, drought stresses, and high temperature during the growing
season increase polysaccharides in cell walls and reduce soluble carbohydrates, thereby leading to increased acid detergent
fiber (ADF) and neutral detergent fiber (NDF), and decrease the crude protein (CP). Calcium and magnesium are the most
abundant cations in plants. Plant nutrient deficiencies could occur when high concentrations of Na in the soil decrease the
available Ca*" and Mg?". Magnesium is identified as an essential nutrient of plant. Furthermore, the effect of MgSO, and
CaSOy application on forage crops under long-term salt stress has not been thoroughly explored. As a result, the current study
was designed to investigate and determine the effect of MgSQO4, CaSO, on forage crops grown in a saline environment.

[Material and Methods]

The experiments were carried out in a greenhouse at Chungnam National University from November 2021 to October 2022.
Seeds of T. pratense (2 kg/ha) and F. arundinacea (1 kg/ha) were sown in 38.5 L pots (55x35x20 cm) with sandy clay soil on
4, November 2021. Experimental treatments were: control—namely CON (no stress, no additional application of CaSO4, and
MgSO0,); salinity stress—namely NaCl (100 mM NacCl); salinity + MgSOs—namely 1 MS (MgSO, 1 mM + NaCl 100 mM);
2 MS (MgSO, 2 mM + NaCl 100 mM); and salinity + CaSOs—namely 7.5 CS (CaSO, 7.5 mM + NaCl 100 mM); 10 CS (CaSO4
10 mM + NaCl 100 mM). The first measurement of biomass was done on 60 DAT, and second measurement was done on 120
DAT. The SPAD value, leaf area, photosynthetic rates, and elemental analysis, CP, NDF, ADF were measured.

[Results and Discussion]

Salinity stress and high temperature had a strong inhibitory effect on germination, seedling growth through osmotic stress,
ion-specific phytotoxic effects and oxidative stress. Our results suggest that plant growth (total height, stem, and root lengths)
was reduced in all treatments compared to the CON, and the height reduction in NaCl was highly pronounced when compared
to other treatments, although the application of MgSO4 and CaSO,4 showed superior adaptability when compared to solely salt
applied plants. Furthermore, salinity decreased the SLA and SPAD values, and the SLA result was similar between the
short-term and long-term treatments in both species. Some studies agreed to our finding that leaf area and SPAD values were
reduced by increasing salinity concentration. Furthermore, photosynthesis is the most crucial process that occurs in plants. Our
findings demonstrated that the use of MS and CS treatments was able to overcome the inhibitory effect of salt stress on the
photosynthetic rate. Salinity stress caused an increase in levels of Na in all parts of the 7. pratense and F. arundinacea in all
treatments. The highest Na concentration was found in the roots followed by stem. Ca concentration in the leaf was found
highest in T. pratense in short-term salinity exposure, which could be explained by the rapid increase in cytosolic calcium
concentration. Crop quality is often indicated by crude protein and fiber. Our results suggest that treatments including sole
salinity decreased the NDF and ADF content and increased the CP contents in both species. Our results showed a significant
decrease in growth variables, dry weight, SLA, and photosynthesis rate; these are the most relevant parameters to evaluate the
inhibition of growth induced under salinity stress. However, crop quality showed improved results under treatments.
Therefore, it could indicate salt tolerance in both species.
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[Introduction]

The influence of weather conditions as temperature, rainfall and duration of sunshine are very important for the growth of rice.
Therefore, the climate change affects rice yield and quality. The aim of this study was to analyze the relationship between rice
yield and meteorological elements in Yeongnam inland area.

[Materials and Methods]

This experiment was conducted to clarify the effect of the air temperature and sunshine duration during rice growth period on
yield of rice cultivated in Daegu (southern plain area) and Andong (inland mountainous area) region of Gyeongbuk province,
Korea from 2013 to 2022. Two middle maturing rice varieties (Samdeok, Hwayoung) and three mild-late maturing rice
varieties (Ilpum, Samgwang, Saeilmi) for Daegu, two early-maturing varieties (Ohde, Wungwang) and four mild-late
maturing rice varieties (Ilpum, Samgwang, Saeilmi, Saecchucheong) were cultivated by standard cultivation method for rice.
Seedlings were transplanted to the experimental plots on May 20.(Andong) and May 30.(Daegu) at a spacing of 30cmx14cm.

|Results and Discussion]

For the past 10 years, Mid-late rice yields were stable in the Andong region. The number of panicles per hill significantly
affected rice yield in mid-late maturing varieties. In addition, the grain weight significantly affected rice production in middle
maturing varieties grown in the Daegu region. The relationship between grain weight and rice yield had a positive correlation
in both regions. To understand the effect of meteorological factors on rice yield, the milled rice yield produced over the past
10 years (2013~2022) at both locations, Daegu and Andong, were evaluated. Rice yield decreased as the air temperature
increased. In particular, the higher the minimum temperature during the ripening period, the significantly lower the rice yield.
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[Introduction]

Image processing involves evaluating and monitoring different attributes of images, with thresholding being the initial step.
Image analysis has been used in yield estimation, disease detection and shoot phenotyping of the plants. In this study, we
estimated the root area of soybean [ Glycine max (L.) Merr.] plants using a simple python algorithm.

[Materials and Methods]

100 different soybean root images were scanned and subjected to analysis using the algorithm developed. Three different
methods were used for the thresholding of the image; global threshold, adaptive threshold, and Otsu threshold. The results
obtained were compared with those from WinRHIZO software taken as the standard.

|Results and Discussion]

Among the three thresholding methods, global thresholding along with the adjustment of the threshold value (depending upon
the root image) showed better results. Adaptive and Otsu thresholding showed better results than global thresholding, where
no adjustment was done, but the results were less accurate than the adjusted threshold. The root mean squared error, residual
standard error, mean absolute error, and average error percentages also suggest that threshold values adjusted according to the
image yielded better results than other methods. Overall, it was observed that the root area can be estimated using python
algorithm and adjustment of the threshold value of the image plays a significant role in the area estimation. Because roots have
both pale and thick parts on the same surface, proper adjustment of the threshold value must be performed to obtain precise
results.
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[Introduction]

Shindongjin is a rice variety that has been mainly cultivated in the Jeonbuk region of South Korea for 20 years, and it is said
that the variety has sharply changed the image of Jeonbuk rice. Although Jeonbuk rice accounts for about 17% of the domestic
rice production in South Korea, it has not been given fair treatment for a long time. This is because rice produced in Jeonbuk
is often used as raw material for other regions. It has only been about 20 years since Jeonbuk rice received the good treatment
as Gyeonggi rice. Therefore, we would like to describe the impact of the Shindongjin variety on rice farming in Jeonbuk.

[Results & Discussions]

In the 1990s, there was an urgent need for the development of suitable rice varieties for the southern regions, including
Jeonbuk, on a national level. The evaluation that the quality of rice produced in Jeonbuk was excellent began with the
cultivation of the Shindongjin variety in earnest. Until 1990, the main goal of rice breeding was to increase the yield. After the
Uruguay Round negotiations in 1993, there was a shift towards improving the quality and taste of rice in order to compete with
imported rice. However, it was not easy to develop new rice varieties because high yield often resulted in lower quality, uneven
ripening, lower taste, and decreased resistance to pests and diseases. The decisive solution was Sindongjin rice. It was
developed through crossbreeding between a disease-resistant variety and a multiple-harvest rice variety, starting in 1992 and
going through regional adaptation tests, and was registered in 1999. The significance of the Sindongjin was remarkable in
terms of a variety. It was an innovative rice that improved both quantity and quality. The rice grains were 1.3 times larger than
those of other varieties, and the roots were strong and muscular. It had many primary branches (panicles), and a high number
of xylem vessels (which absorb moisture and nutrients) that affected its maturation. Because of these characteristics, it was the
best variety available, with an exceptional taste and quality that surpassed other varieties. Another advantage of Shindongjin
rice is its adaptability to climate change. It has strong resistance to cold stress and other physiological disorders, high nitrogen
utilization efficiency in its roots, and can secure a sufficient yield even if the seeding amount is increased by 10% and the
amount of spikelet is reduced by 30%. Therefore, it is a suitable variety for low-carbon green technology agriculture. In the
agriculture sector, it is necessary to reduce greenhouse gas emissions by 27% by 2030. The government, however, plans to
exclude multi-harvest varieties that produce more than 570kg/1,000m?* from public stockpile purchases starting in 2027 to
prevent overproduction of rice. If the cultivation area of a single variety exceeds 70%, it could lead to a national disaster.
Therefore, in order to realize national policies and increase farmers' income, various measures need to be explored. To this end,
a quota system for cultivation area and effective education that can encourage voluntary participation by farmers should be
implemented, limiting the cultivation area to below 53% (as of 2022) to reduce pest damage and increase farmers' income
while continuing to promote the brand value of Jeonbuk rice. "If one side says, 'Since there is a large harvest, let's expel the
other side,' and the other side says, 'We can never give up,' it will only increase social costs. That's why we need to find an
alternative that is suitable for this times through mutual efforts.
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[Introduction]

Root development is a fundamental process that supports plant survival and crop productivity. One of the essential factors to
consider when developing biotechnology crops is the selection of a promoter that can optimize the spatial-temporal expression
of introduced genes. However, there are insufficient cases of suitable promoters in crop plants, including rice.

[Materials and Methods]

osrns] mutants had defects in root development based on T-DNA insertional mutant screening and CRISPR technology. To
optimize the function of OsRNS1, we generated OsRNS1-overexpression plants under two different promoters: a whole-plant
expression promoter and a novel root-preferred expression promoter. Root growth, yield-related agronomic traits, RNA-seq,
and reactive oxygen species (ROS) accumulation were analyzed for comparison.

[Results and Discussion]

OsRNS1 was found to be involved in root development through T-DNA insertional mutant analysis and gene editing mutant
analysis. To understand the gain of function of OsRNS1, pUbil::OsRNSI was generated for the whole-plant expression, and
both root growth defects and overall growth defects were found. To overcome this problem, a root-preferential overexpression
line using OsI-CysPrxB promoter (Per) was generated and showed an increase in root length, plant height, and grain yield
compared to wild-type (WT). RNA-seq analysis revealed that the response to oxidative stress-related genes was significantly
up-regulated in both overexpression lines but was more obvious in pPer::OsRNS1. Furthermore, ROS levels in the roots were
drastically decreased in pPer::OsRNS1 but were increased in the osrns/ mutants compared to WT. The results demonstrated
that using a root-preferred promoter effectively optimizes the function of OsRNS1 and is a useful strategy for improving
root-related agronomic traits and ROS regulation.
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[Introduction]

It is important to differentiate wheat embryogenic callus (EC) to save labor and time in wheat (Triticum aestivum L.)
transformation and tissue culture techniques. In this experiment, for efficient wheat transformation and tissue culture, we
evaluated the EC appearance rate according to immature embryo size and a change in regeneration rate as tissue culture period
increases. Furthermore, the regeneration rate of EC under selection pressure was evaluated.

[Materials and Methods]:

Immature embryos collected 10 or 14 days after anthesis from cv. Bobwhite grown under speed breeding conditions. After 8,
12, and 16 weeks of culture in wheat callus induction media (WCI), callus were grouped into three groups by morphogenic
features and subsequently transferred to regeneration media. To optimize selection pressure, 8-week-old callus was
transferred to a regeneration medium supplemented with 15 mg/L and 30 mg/L of hygromycin, and the regeneration rate was
evaluated.

|Results and Discussion]

The embryogenic callus (EC) appeared relatively large and creamy in color. There was no significant difference in the EC
appearance rate between embryos harvested 10 days after anthesis (10 DAA) and 14 DAA. The size of immature embryos
affects the EC appearance rate. The EC appearance rate of 1 mm, 1.5 mm, and 2.0 mm immature embryos was 47.2%, 50%,
and 37.5%, respectively. There was no significant difference in the regeneration rate depending on the callus induction period,
but 16-week-old callus showed a delay in regeneration compared to 12-week-old callus. The regeneration rates were 30.1%
and 2.9% in the medium containing 15 mg/L and 30 mg/L hygromycin, respectively. The selection pressure was low in the
regeneration medium supplemented with 15 mg/L of hygromycin, and many escapes were observed. Hygromycin greater than
30 mg/l may help lower the escape probability.
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[Introduction]

Aflatoxins that adversely affect peanut production are the most poisonous mycotoxins generated by Aspergillus species.
Aspergillus flavus (A. flavus) is a fungus that produces aflatoxin B1 (AFB1) and B2 (AFB2). AFB1 is one of the substances
known to cause mutations, carcinogens, malformations, and liver cancer in humans. IARC (International Agency for Cancer
Research) classifies aflatoxin as a Group 1 human carcinogen. Therefore, this study was conducted to evaluate the aflatoxin
resistance of 102 peanut accessions and to identify accessions resistant to AFB1.aflatoxin B1.

[Materials and Methods]

One hundred one Korean accessions and 55-437 (aflatoxin resistant accession) from the RDA-GenBank Information Center
were planted in 2020 on a farm affiliated with Pusan National University (35° 30 07.5 N, 128° 43 16.2 E), Miryang. Aspergillus
flavus strain KACC 45068, producing aflatoxin B1, was obtained from the Korea Agricultural Culture Collection (Jeonju,

South Korea), and the conidia were cultured on potato dextrose agar medium in a 90-mm petri dish at 29 +1 °C for 14 days.

After disinfecting the seeds with 75 % ethanol, 2 x 10° CFU/mL of A. flavus conidial suspension in a 0.05 % Tween-20 solution
was inoculated at 100 pL per seed for 7 days. Modifying a previously published method (Yu et al., 2019), the exterior infection
of each seed was determined by visual inspection at four distinct levels. Based on the Korean food code (2022) and AOAC

Method 991.31, AFB1 concentrations in peanuts were determined quantitatively (AOAC, 2000). The quantitative analysis of
AFBI1 is determined by UPLC-PDA. To identify resistant cultivars for aflatoxin B1 content, the K-means algorithm was used
with R software.

[Results and Discussion]

After 7 days of inoculation with A. flavus, the AFB1 concentration of 102 peanuts harvested in 2020 ranged between 0.599
and 3.554 pg/g. In addition, the PSII (Percent Seed Infection Index), a measure of external infection, ranged from 26.67 to 100
percent. To identify cultivars resistant to AFB1, the K-means algorithm was employed to cluster into four groups, and 34
accessions were selected for the resistance group. The selected accessions will be served as genetic resources to develop
improved peanut cultivars with AFBI1 resistance..
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[Introduction]

Abiotic stress is one of the major problems in global agriculture. Salt stress is a major abiotic stress and negatively affects crop
growth, development, productivity,andquality . Wheat (Triticum aestivum L.) is one of the most important crops. However,
wheat is a sensitive crop to salt stress, and salt stress in early growth stages can have a more severe impact on the final yield.
Genome-WideAssociationStudies(GWAS) connect phenotypic and genetic variants to identify phenotype-genotype
associations, providing genomic loci corresponding to target traits. GWAS have contributed to discovering salt tolerance
genes in plants. This study was conducted to identify genes acting on salt stress in wheat at the seedling stage using GWAS.

[Materials and Methods]

This study was conducted using 566 wheat varieties in the Korean wheat core collection. The wheat 35K SNP array was used
for genotyping. The seedling 10 days after germination was treated with water and 200 mM NacCl for 5 days, and the phenotype
was measured three times. GWAS was performed using FarmCPU and MLM models. SNPs with a -log(p) value of 4.3 or
higher were selected in FarmCPU, and SNPs with a -log(p) value in the top 3 were selected in MLM, and overlapping SNPs
in the two models were finally determined. Associated genes were investigated within £250 kb from the selected SNPs.

[Results and Discussion]

The significant differences (p-value < 0.001) were observed between wheat varieties in all traits. The ratios of the NaCl
treatment group and the mock control group for each variety were calculated in all traits and used for further analysis. All the
phenotype data scored more than 9.5 in the Ryan-Joiner normality test and were used for GWAS. The SNPs detected from
both GWAS models were BA00045873 and BA00540391 in root volume, BA00320256 in root average diameter. In
BA00045873, a total of 2 associated genes were identified, and one out of the 2 genes was an indole-3-acetaldehyde
oxidase-like gene involved in the auxin biosynthesis process. In BA00540391, a total of 3 associated genes were identified,
and an indole-3-acetaldehyde oxidase-like gene was also identified. In BA00320256, 4 associated genes were identified. A
F-box domain-containing protein gene involved in various plant stress responses by regulating F-box protein expression was
identified. The discovered associated genes will be utilized for gene expression and salt stress-related marker development
studies.
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[Introduction]

CRISPR/Cas9 system is an accurate tool for wheat genome editing. Verification of genome editing through Sanger sequencing
is widely adopted. Identification of gene edits by Sanger sequencing is more time-consuming and expensive than by HRM.
This study aims to build an HRM gene editing detection system to quickly and accurately identify CRISPR/Cas9-induced
mutations without Sanger sequence analysis.

[Materials and Methods]

Protoplasts were isolated using the first leaf of ‘Bobwhite’ and ‘Chinese spring’. Protoplasts were transformed with a
CRISPR/Cas9 vector designed by targeting gene related to pre-harvest sprouting resistance by PEG + Lipofectamine method
and transferred to regeneration buffer. After 16 hours of culture, gDNA was extracted from the transformed protoplasts. And
HRM was performed in each DNA sample.

[Result and Discussion]

Using DNA extracted from protoplasts, we performed HRM with primers covering guide sequence targeting region. Several
DNA samples exhibited different melting curve patterns compared to that of the wild type. Then we performed Sanger
sequence analysis to confirm mutations induced by CRISPR/Cas9. However, mutation on target DNA was not detected from
Sanger sequence analysis. The protoplasts used for DNA extraction consisted of cells without mutation or included cells with
mutations with a low ratio. We will use more sensitive methods like NGS sequencing to detect mutations on the target gene.
And we will prove that protoplast gene editing can be easily confirmed by HRM.
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[Introduction]

Breeding programs have improved the agronomic characteristics of buckwheat through selection, but there are still desirable
traits that could be introduced through hybridization. Many attempts have been made to incorporate new traits into buckwheat
through interbreeding with other species, but with limited success. In vitro techniques, along with conventional breeding
methods, could be used to accelerate the breeding program and overall improvement of buckwheat. In this regard, embryo
culture plays a crucial role as it can produce hybrid plants in interspecies hybridization. In this study, we have developed a new
method that uses embryo rescue and in vitro ovule culture to overcome the breeding barriers in the Fagopyrum genus.

[Materials and Methods]

In this study, crosses were made between two species with different floral morphs (heterostylous) and two species with the
same floral morph (homostylous), namely Fagopyrum homotropicum and Fagopyrum tataricum, as well as Fagopyrum
esculentum and four other species within the Fagopyrum genus. Hand-pollination was performed in the morning when the
flowers were fully open between F. esculentum and the related species. Fruits were harvested at 3 and 5 days after pollination,
and ovules were excised and cultured on a medium containing Murashige and Skoog (MS, 1962) with 3% sucrose, 0.8% agar,
0.2 mg/L TAA, and 2 mg/L BA. Embryos that enlarged and formed calli with germinated seedlings were subsequently
transferred to a hormone-free MS medium with 3% sucrose for further development.

|[Results and Discussion]

Interspecies crosses were conducted among Fagopyrum esculentum, F. cymosum, and F. homotropicum in various
combinations. The frequency of ovule production varied from 17% to 45% in different combinations, with an average
frequency of 31% for all interspecies pollinations. The highest percentage of ovule formation (approximately 45%) was
observed in the combination between F. esculentum (pin) and F. cymosum, while the lowest (17%) was in the combination
between F. esculentum and F. homotropicum. A total of 255 ovules were excised, out of which 234 ovules did not survive or
show any growth, and only 8% of cultured ovules survived and continued to grow. The influence of hormone concentration
on ovule culture was examined, and it was found that MS medium without hormones resulted in a higher number of germinated
hybrid embryos compared to MS medium supplemented with 0.2 mg/L TAA and 2 mg/L BA in ovule culture between F.
esculentum and F. cymosum. The number of germinated embryos increased with the number of days after pollination, reaching
the highest point at 5 days after pollination and then decreasing. Additionally, since fewer germinated embryos were obtained
before 5 days after pollination, hybrid embryos should be developed to a later stage in order to rescue the embryos.
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[Introduction]

Soybean (Glycine max) has been improved through a very long breeding history. Because cultivated soybean has very narrow
genetic variation, the search for new genetic resources for abiotic stress resistance is limited. Wild species with high genetic
variation can be useful tools for exploring new resistance traits. The Glycine soja, the wild ancestor of the Glycine max, has
a high genetic variation and shows strong resistance to various stresses. Recently, due to climate change, the damage caused
by water stress in summer has been is increasing, and in particular, drought can cause fatal damage to soybean seedlings and
the flowering period. This study compared the transcriptome and proteome data of G/ycine soja under drought treatment.

[Materials and Methods]

Glycine soja was drought-treated at the V3 (Third trifoliolate) stage in a greenhouse environment with a 14/10-hour
photoperiod and a temperature of 25°C. At 5 and 10 days after treatment (DAT), RNA and protein were extracted from
above-ground parts and performed to RNA-seq and LC-MS/MS, respectively. RNA-seq data were used to analyze
differentially expressed genes (DEGs) and alternative splicing (AS), and LC-MS/MS data were used to search for
differentially expressed proteins (DEPs). Samples that were used for transcriptome and proteomic analysis were processed and
collected independently.

[Results and Discussion]

A total of 4,024/4,095 (DAT+5/10) DEGs from mapped reads were selected. When comparing the transcripts between
samples by treatment time, the expression of 73 genes changed as the treatment time increased. In the case of AS events, an
average of 2,098 (DAT+5) and 2,616 (DAT+10) were confirmed by treatment time, and 567 AS events showed a difference
as the treatment time increased. As for the occurrence of AS events, skipped exon (SE) occurred the most in all comparison
conditions, and differences in expression were identified in an average of 123 genes. A total of 578 DEPs were detected in the
protein after 10 days of drought treatment, and 142 of them were confirmed in DEGs as well. However, most DEGs and DEPs
showed different expression patterns.Gene ontology analysis of co-profiled genes and proteins suggested that genes and
proteins involved in stomatal regulation, antioxidant response, and ion binding response were modulated. A multi-omics
approach will provide even more complementary and decisive information for understanding the response mechanisms of wild
soybean drought tolerance.
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[Introduction]

The genome editing technology using CRISPR/Cas9 has been applied to create gene-edited plants in various major crops, such
as wheat (Triticum aestivum L.), because of the convenience of inducing editing of desired DNA target sites in a simple way.
However, to apply gene editing technology to plants, tissue culture is required in advance, and it is very difficult to apply such
gene editing technology to plants with poor tissue culture efficiency. The in planta bombardment (iPB) technique recently
developed by Japanese researchers succeeded in developing transgenic plants that bypassed tissue culture by directly
genetically altering the shoot apical meristem (SAM) region of mature seeds. This technology made gene editing technology,
which was only applicable to varieties with high tissue culture efficiency, possible in various wheat varieties.

[Materials and Methods]

The Korean wheat variety 'Keumgang' was grown in a greenhouse, fully matured seeds were harvested, and iPB was applied
for gene editing. The iPB process was performed with slight modifications by referring to the process previously reported by
Hamada et al. (2018). After bombardment, embryos were germinated in half-MS medium for 1~2 weeks, transferred to soil,
and grown in a greenhouse. Genome editing was confirmed by the high-resolution melting (HRM) analysis using gDNA
extracted from the leaves after the 5th leaf stage of each plant and the flag leaf of each spikes.

[Results and Discussion]

For the mature embryos extracted from 100 seeds, most of the plants grew with only roots after applying bombardment or did
not grow normally and withered after leaves appeared, and only five embryos (5%) germinated as regular plants. This result
may be due to damage to the apical meristem during the process of exposing the SAM. As a result of HRM analysis performed
in the 5th leaf stage on five regularly plants, the morphology of chimera showing different patterns for each repeated analysis
was found in one plant. Finally, as a result of HRM analysis performed on the flag leaf of each spike after heading of one plant
with a chimeric pattern, a curve with a different pattern from the wild-type cv. Keumgang was detected in all repeated
experiments. In the future, we plan to verify the InDel of the gene through sequencing and to test for transgene integration using
PCR. This study can be useful information as a tissue culture bypass technique for applying gene editing technology to the
Korean wheat varieties.
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[Introduction]

Brachypodium distachyon is a member of Poaceae and has been widely used as a model plant for important cereal crops and
biofuel feedstocks such as wheat, barley, and switchgrass. Brachypodium has a small genome and the reference genome has
been released. Gamma radiation has been a major source of creating genetic variability. Seed color is an important economic
trait and affects customer preference. Anthocyanin accumulation in Brachypodium seed coat is responsible for Brachypodium
seed coloration.

[Materials and Methods]

Brachypodium seedlings were subjected to gamma radiation at doses of 50, 100, 150, 200, and 250 Gy. A mutant line showed
a seed coat color change from brown to yellow through several generations (M3 to Ms). The mutant line was used for whole
genome re-sequencing and a chalcone isomerase gene was selected as a candidate gene for the seed coat color change. The
full-length CDS of BJCHI was inserted into an over-expression vector and the vector was subsequently transformed to
Agrobacterium. Immature embryos collected from the mutant line and the wild-type were used for Brachypodium tissue
culture. Embryogenic callus were used for Agrobacterium-mediated transformation. PCR reaction targeting the npr Z/ gene in
the over-expression vector and npr [/ ELISA assay were performed to detect transgenic plants.

[Results and Discussion]

Over-expression lines were obtained for the mutant line and the wild-type. T, seeds were harvested from PCR-positive and
ELISA-positive plants. T plants were used for npr Z/ ELISA assay to identify copy number of transgene. More than 50% of
Ty transgenic lines showed a 1:3 segregation ratio in the T, generation. Seed coat color recovery was observed in CH/
over-expressing mutant lines. The yellow seed of the mutant line changed to brown caused by CHI over-expression. A
reduction of anthocyanin in seeds of the mutant line was recovered in CHI over-expressing mutant lines.
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Proteome co-profiling of Korean Wheat Cultivars (7riticum aestivum L.)
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[Introduction]

Wheat (Triticum aestivum L.) has long been consumed as a major human food crop worldwide. Wheat production has been
damaged by severe drought and rainfall caused by extreme weather, causing instability in food security. In particular,
pre-harvest sprouting (PHS) is one of the abiotic stresses caused by frequent and unpredictable rainfall during the harvest
season, and PHS reduces the value of wheat. Wheat PHS mechanism studies have been continuously conducted. However, the
detailed wheat PHS mechanism has been not fully understood.In this study, we identified candidate genes related to the PHS
response and resistance mechanism of Korean cultivars 'Keumgang' (PHS sensitive) and "Woori' (PHS resistant). To identify
differentially expressed genes (DEGs) and differentially expressed proteins (DEPs), RNA-seq and proteomic analysis were
performed and co-profiled.

[Materials & Methods]

The PHS experiment performed by artificial rainfall treatment for 7 days on two cultivars. Samples were obtained before (KO0,
WO0) and after (K7, W7) under PHS treatment. RNA-seq analysis performed on an Illumina. And LC-MS/MS analysis was
conducted using an UltiMate 3000 RSLCnano system and an Orbitrap Eclipse Tribrid mass spectrometer.

|Results & Discussion]

PHS induction experiments were performed on two Korean cultivars. For germination rate analysis, seed germination index
was evaluated in 5 spikes of two cultivars. ‘Keumgang’ (86.65%) and “Woori’ (2.91%) showed similar results to the PHS
induction experiment in the previous experiments (Kim et al. 2012; Lee et al. 2021; Park et al. 2022). A total of 13,154
differentially expressed genes (DEGs) and 706 differentially expressed proteins (DEPs) were identified in four comparison
groups between the susceptible/tolerant cultivars. In particular, DEGs/DEPs functional annotation for each control group
showed similar expression in 'spliceosome' related functions and showed an increase in expression by more than 70% in
"Woori' (W7) compared to 'Keumgang' (K7). Representative PHS-related genes were analyzed for gene splicing by PHS
induction between the two cultivars using IGV (Integrative Genomics Viewer). MFT3B1 did not differ in exon between the
two cultivars (K0O/W0) before PHS induction. However, exon skipping confirmed after PHS induction (K7/W7). This study
suggests that differences in PHS sensitivity/tolerance may be related to 'spliceosome' which have various effects in response
to abiotic stress. In addition, co-profiling analysis between transcriptome and proteasome improved the reliability of
transcriptome studies. Our findings contributed to improving basic information and understanding of the PHS mechanism in
wheat.
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QTL Mapping and Candidate Gene Screening Strategy for High Yield Rice Breeding
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Hyun-Su Park'*
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[Introduction]

Rice is the world's most stable food. However, as population growth accelerates with recent rapid climate change, increasing
yield is the main goal of rice breeders. Grain size is directly related to grain weight and is the first factor considered for high
yield. QTL mapping statistically detects the interaction between phenotype and environment on a genetic map. And screening
candidate genes through QTL mapping improves the accuracy of breeding through precision breeding.

[Materials and Methods]

JJ625LG/Namchan Recombinant Inbred Lines (JNRILs) derived from crossing JJ625LG and Namchan were used as the
mapping population. Grain length, width, ration of grain length to width, and 1000-grain weight, which are traits related to the
grain size of each line, were investigated. The correlation of each trait was analyzed, and the QTL region related to grain size
was mapped. Then, candidate genes were screened in the mapping region to predict gene homology and protein interaction.

[Results and Discussion]

For each line of INRILs, the grain size was investigated. All investigated traits were normally distributed. When performing
QTL mapping, GS3 and ¢gSW5, which are major genes for grain size, were identified on chromosomes 3 and 5. And OsCPq10
was screened on chromosome 10. OsCPq10 is a sequence coding for cytochrome P450 protein. Cytochrome P450 protein
increases yield by positively regulating grain size in Triticum, Hordeum vulgare, Zea mays, and Sorghum. Also, when protein
interaction is predicted, it interacts with the protein that controls the grain size of rice. We suggest that a strategy for screening
candidate genes in QTL mapping can increase precision breeding efficiency.
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|Abstract]

Cowpea(Vigna unguiculata L. Walp) has excellent physical properties and texture of starch, so it is mainly used in various
ways for songpyeon sediment, rice-cake paste, and porridge. To utilize it as various processed products such as songpyeon
sediment and cowpea milk, 'Okhyun', which has green cotyledons and black seed coats and can be harvested by combine was
developed. A cowpea variety ‘Okhyun’ was improved from the cross between IT145379 and IT208081 at the JARES in 2022.
‘Okhyun’ has an erect plant with an intermediate plant habit, a light purple-colored corolla, and heart-shaped leaflets.
‘Okhyun’ has green cotyledons and black seed coats, and has straight black brown pods when mature. The stem length of
‘Okhyun’ is 47cm, and the weight of 100-seed weight was 12.9g, which was lower than the control variety 'Okdang'(16.6g).
'Okhyun' contains 25.8mg/100g of anthocyanin, 279mg/100g of total polyphenols, and 335mg/100g of total flavonoids,
respectively. The average yield of ‘Okhyun’ was 1.97ton per hectare, 11% higher than that of the control cultivar ‘Okdang’.
'Okhyun" does not require the installation of an espalier-net net, so it is possible to harvest with a combine. In addition,
'Okhyun' variety with green cotyledons and a black seed coat is expected to contribute to developing regional specialties and
various processed products.
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[Introduction]

In recent years, the soybean cultivation area produced on paddy fields has increased from 6,335 ha in 2017 to 12,590 ha in
2022. Phytophthora root rot (PRR) caused by Phytophthora sojae in soybean is a prevalent disease around humid conditions
like poorly drained paddy soil. The object of this study is to find resistant genes related to P. sojae by performing qRT-PCR
and analyzing the expression in candidate genes.

[Materials and Methods]

The study was conducted with two isolates of P. sojae, Gimje (GJ) 3053 and Andong (AD) 3617, collected from major soybean
production areas in Korea. The samples were contained from above and below the treated hypocotyl tissues in
‘Jungmo3009ho’ and ‘Seonpung’ at 0, 3, 6, 12, and 24 hours after inoculation. Gene expression was determined by qRT-PCR
using SYBR Green premix EX Taq on QuantStudio 5 System (ABI/Life Technologies).

|Results and Discussion]

The linkage disequilibrium (LD) blocks were found from AX-90455181 (15,056,628bp) to AX-90475572 (15,298,872bp) of
Chromosome 2 through genome-wide association study (GWAS) with 207 Korean soybean genotypes. Among the 28 genes
in these genetic regions, the following candidate genes were selected for transcript variations compared to the reference
genome ‘Williams 82°, Glyma.02g149200 (Phenazine biosynthesis protein), Glyma.02g148400 (Hepatoma- derived growth
factor-related), and Glyma.02g150200 (Piezo non-specific cation channel). There was no significant difference in the relative
expression level of three genes in ‘Jungmo3009ho’ and ‘Seonpung’. Therefore, it is necessary to find other genetic regions for
breeding P. sojae-resistant soybean cultivars.

[Acknowledgement]
This research is supported by Rural Development Administration and the project name is “Development of elite line and

analysis of related genes for soybean root-rot disease resistance (PJ01576202)”.

*Corresponding author: E—mail, hrpark6@korea.kr Tel, 055—-350—1277

-144 -



2023 st=xbFote| EAH|E 2|

XA
o o] A oS- ] A TSP Ae] o] T I ol 5 S azzn
%7 bt BBl S SlalA s £ BT ol w2 ek f A kel astc) e A Qubh oz
ARGE 31 Gl A R AN 79 24 o] S50k S et AR S S PAIZL, 11§, S ol
U5 20 2 ek who] QITk. A2 olef3 BAIYS S 257] 915 MIR H-2 o] §h Al EFEA o] thoto 2
A A ] 31 Q1. o] o] £ €120l A1t MIR(Middle infrared) H3A1S 2H8-3 EQFEA malo] i 2 7HE Fofo] A4 =)
H412 910k MIR 2 ERAA 719] 2-87Hs 42 Bt shct.

EERR]

WE S 9o FEWAR ARG E EOPA R 3P, AL, 1AL A 5 5677 5 A Aol EA RS A1l AHg 3k
oF AT RS FENTHE) EF U ABA| RAe] F3ko] pH, OM, T-N, CEC 52 243100, MIR 237
(Invenio-r, Bruker) & o} §5}0] S 40] MIR 2= -& HAJ5}91ek. EFMIR 2HEPAY 28 758 9J3) o)Al
) R E(PLSR, Cubistm SVM)2 F-25}11, k-fold W2FEZ(k=15)2 2-&5}o] H7lshgith

233 23

EAA3pH, O.M, T-N, CEC2] R*2 7}7}0.76,0.94,0.91 2 0.852 O.M, T-N 5 U+ EFEAF o) 4] =2 Al Al =
UEhio] 7] A dEA tiA MIRS ZHEFAA 7Ie B-8-5to] A3 B0 78 Ao 2 deheth MIR
THEFAY 7IMe 283 BP9 A7 71E A Mol vlal] Bl 2= AlEStaL Qe ek oL 2 2| 4gke] EQFA]
B2 RS 0] Vs dithe A 7tk S @Al M Z-857] HleiM e B2 EFARE o183 L A5E F
B84 =2 THEGAY Hddo] s ojof sh, o] et S Kkt Agetstal A&t B¢l 7hsd Ao s
et

[AH*H
HAT= AT ATAR (FAIS: PI015558) 9] Aol 2J3ff o] o1 A9,

*Corresponding author: E—mail, jeon45@korea.kr Tel, +82—63—-238—-2452

-145 -



2023 st=xbFote| EAH|E 2|

71 3-SR QIR AR oFE ZA ol th-5-517] s T U E T T = Aekshs Aol Hasith ujolli=
T 2l(dvena sativa L.) &} F o't G¥eta] 7HA| = &v)7F F43] 3L Ao F5 7] lof 22w e ARG =
T2 Aol f-2Em o] s dsly] fidt Al o) EE Yl I PEF 85t 2 Aol A= A2l 5ol ot A vk

g317] 8k, =l A - Aol A Wl el(Avena fatua L.) SAE A3l 152 AT H7HE 918l GBS 2412

A= 2

= Aol A w2 28870 A & FAR=2022d of] A28}, Xt F U A - ARF117H A ol A A5, o] 52 A==l Al
257 AZT 5] 4°C YA Batslo] Alsof ARg-skit) v E] 288 7)A] GBS H-49-2 Tllumina Hiseq X, PE150 platform=-
ARgso] =851 a1 A9 S-A TR H7FE 918l DAPC (discriminant analysis of principal components), Admixture,
Phylogenetic analysis 5= 5=3y3}o] 241513t

EER LY

S wAfelolol 4] ARt W 712] 288704 GBS £-4] AT} % 5,060,007 SNPs7} Felx] 91, TE]F(Missing data<30%,
Minor allele frequency>5%)-< 53fl 2% 10,817 SNPs 2 EHaalg1 1, o] 2 Gl B 4ol ALg-atgi), 5427} 2887
A= 2] 2 2§70 2ol 2 LERTE DAPC A3l A 37)9] 22450 2 0F79.0% 20 2 77 Wlo| 2 A4 31T,
117]-44 Aeko 2 3L Zo] FelH MhmAdmixture R4 AT}l 4 v 2] 2887141 87)2) ko 2 FHE| e, o)1=
#)2)4, $74 7 o] vl )2) Hekd 444 2jo] 2 el Aolzh AzHAI 2 ol ATl vl )7 AekS ofsjslzd] 7=
s A petn], 24 W7 BAE A9 E5 ML o 85 A= BEE 4 9lS Aol

[AFRH
Bl g e] 9l 2 el 5 A A UPHHNIBR202101115)2] 2|98 1o} 53]

ol

bk

*Corresponding author: E—mail, kj5214@hnibr.re.kr Tel. +82—61—288—7976

- 146 -



2023 st=xbFote| EAH|E 2|

Mat 23tE S0EE 230l of | 22 7t

i
Okl

H
oh
|0

1 =1 =11 1 2 3
Agd™, oldddl, #83, ol47], AT, ol
TR EY BENSS ERA2T
"R Mymisly SRA2R N EE
BTisin SYMYTSIs ASXIE T
(A&

222715 WSk Q19 UFES 9 7971 571015 UL, olo] el Fol el Halt el Al 502 <18 b sl
F Aol GRS u) x| a1 QlTh. Xanthomonas citri pv. glycines (Xcg) ol &5t BulS5H-2 F A =
1.9 ek, 21 FoIA S0 Bk 7 % ol ool el the Welw S 71 QlojA BalE o)
&7} o] F oA AL Q10| ERIE| ATk whehA], &2 AtollA= 7|E ButE Y ot 2 B E 5353 AMgatel =8
FEET A2 T 95 ABES] B WAL Blolelck

H
)
olN
Hlg
)
s
rlu
E
:?:"z
|
AN r

(A= 2

2 Aoll= AT =S RO R o] 85 157]9) 5 W AR AT, 93, M=, 5, Aok B4, 7, ti82%, A
FAET, HY, 5H74F, P1547426, AAB 3, PL547711), ZF 23 ol A A 2 14719) - =FA1S, 12|l 27)e] &
S o 25E(E 33, Williams 82)0] o|- 85| ¢lc). Bvl5H o= % 35(8ra, K100, K29)2- ol AM-5131 1L, 352
T B5-72°C AL e 104 20% SE|AIE(viv)ol| B2 w5 v Fste] USSRl F ARgStlch HE
2 oA At Alst 550 - TARE 455 %, SLE(Wagner Pot 1/5000 a)of] 374 whg-ato] 4|3 £.¢ 2P
7H7191 V4 AZ7|17HA] 718 273t AlEAloll ErtadeS HEskh 4 & ol U Wet 4o whaba] W=
(Disease severity) S 0~5 2 UERATE 7|52 BUE 42710791 -0, 1-257]21 H-$-1,26-507121 7422, 51-757l1Q1 7493,
76-1007H%1 7--4, 1007} 22491 H9- 5= 2APIIch 2F ol 55 9 Ale52 ¥ v Hah2 ol #7]8191aL3.5
OJARS: 7 HES, 3 o]51E AqH WhS-0 = Ak

(27 % 13
5 317H0) Aol 4 2] AAAR] VRS e 71 0] SARSI, 75 8ralithK1003HK 290 A Al 2 W v} e Ao
UERGTE 2317 & 9 Ao W Y- v ushH, 1.8, 2.8, 3.1 (8ra, K29, K100 =) & 8raof] H] 8| K100} K29 A
A Lo MRS Boli, 53] KI009]) 49 77) B5, 67) ASoA] BHE 4 oS 7Bk A vz FEa
Williams 825 ] £:510], EARFEF} PIS4TT11 5-2:37) 7 o] o] il$- 3. A7 mel vk, S35l 670 &
QUE, 38, Hol, 4%, HE2E, A19)L 8ra oA AT BAX Y 2 R 25K 100 E= K290] o A
e S Btk B R B UK R 147 S S 8raithK299F K1000] Tgh w7} oAl o ok,
Aol AR 2 weld A B B AT 3 B0k AR 85 AR M4 gl A0 Btk mak B
8 2 eko] chapalo] A1 9o B4 K100, K29)Eo] Boliz W AKo] 712 T4 8rac] vl3) e AL 0w Seldt
of wet @3 § e 1golx] Saluhs B BulE AR 7174 AA] ojE Al ekl Wasiey

o

N

o iz d

A
B AT 52 A5 BB TR ATARIARIE: PI017224)2] 2] 240] ]3] 0] R0l AT oo GA=TY

*Corresponding author: E—mail, qoo2010@korea.kr Tel, +82—31-695-4047

-147 -



2023 st=xbFote| EAH|E 2|

Exploring the Diversity of Root Phenotypes Using Ethyl Methanesulfonate (EMS)-Induced
Mutagenesis in Rice (Oryza sativa L.)

Nkulu Rolly Kabange'*, Daniel Dzorkpe Gamenyahz, Youngho Kwon', So-Myeong Lee!, Dongjin Shin!,
Ki-Won Oh', Jong-Hee Lee'*

'Dep. of Southern Area Crop Science, National Institute of Crop Science, RDA, Miryang 50424, Korea
Council for Scientific and Industrial Research, Crops Research Institute, Kumasi, Ghana.

[Introduction]

Plant organs are essential for achieving the high productivity of food crops. They also contribute to the architecture or
adaptation of plants to various environmental conditions. Under field conditions, roots are belowground plant organs that serve
as the structural support for the plant and mediate the acquisition of nutrient elements and water from the soil throughout the
plant’s lifecycle. The rooting system of plants has a complex architecture and is well-structured and functionally organized to
the extent that each part of the rooting system plays a unique role, going from root growth from the root tip vertically to the
root hairs or lateral roots horizontally. Ethyl methanesulfonate (EMS) is widely used as a non-transgenic chemical mutagen
to create mutations and gain new genetic makeup for plants. EMS-mediated mutagenesis has proven effective in inducing
random mutations in plants, causing changes in the phenotypes of mutants.

[Materials and Methods]

We screened 1597 Youngjin EMS mutant rice lines for their differential root phenotypes. Prior to sowing, seeds of Youngjin
EMS mutants and wild type (Youngjin) were soaked for about 72 hours to induce germination. Well-germinated seeds were
sown in 50-well trays containing enriched soil with basic nutrients adapted for rice seedling growth. Root phenotypes of
Youngjin EMS mutants were evaluated on 21-day-old seedlings compared to the WT. Two rounds of validation were
performed on towel paper to select Youngjin EMS lines with stable and differential root phenotypes.

|[Results and Discussion]

We identified 95 Youngjin EMS mutant lines with differential root phenotypes (root length, number or abundance, abundance
or less of root hairs). The preliminary phenotypic characterization revealed that among the preselected 95 Youngjin EMS lines,
25 exhibited consistent differential root phenotypes with the WT. These lines will be used for a final validation prior to
conducting downstream experiments. The selected Youngjin EMS lines will be used as breeding materials with specific root
traits to investigate the possible relationship between root development and gas exchange-mediated GHG uptake and release
in agriculture.
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[Introduction]

Boehmeria nivea var. tenacissima (Gaudich.) Mig. is a fiber crop with immense economic and environmental importance.
Understanding the genetic diversity and population structure of B. nivea var. tenacissima populations is essential for breeding
programs and conservation efforts. This study aims to explore the genetic diversity and population structure of B. nivea var.
tenacissima populations in 13 regions located on islands and coasts using genotyping by sequencing (GBS) technology.

[Materials and Methods]

In this study, we genotyped 192 B. nivea individuals collected from 13 regions using the GBS approach. After quality control,
we obtained 13,563 single nucleotide polymorphism (SNP) markers for further analysis. We used various statistical methods,
including discriminant analysis of principal components (DAPC), STRUCTURE, and phylogenetic analysis, to investigate
the genetic diversity, population structure, and relationships among populations.

|Results and Discussion]

The results revealed high levels of genetic diversity among the studied populations. The DAPC analysis showed that the first
three principal components accounted for 80.8% of the total variation, with clear differentiation among the populations.
STRUCTURE analysis identified twelve subpopulations, and phylogenetic analysis showed that the populations clustered
according to geographic origin. The results suggest that geographic isolation and environmental factors have played a
significant role in shaping the genetic diversity and population structure of B. nivea var. tenacissima populations in the studied
regions. Our findings provide valuable insights into the genetic diversity and population structure of B. nivea var. tenacissima
populations and could guide breeding programs of B. nivea and conservation efforts for this important crop.
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[Introduction]

The Gibberellic acid-stimulated Arabidopsis protein (GASA) are family of small cysteine-rich peptides found in plants. This
GASA gene family is primarily involved in plant development and responses to biotic and abiotic stress. In plants, Arabidopsis
thaliana, Soybean, Tomato, and Antirrhinum major in the GASA gene family is a highly conserved small group of secreted
proteins that are involved in a wide range of developmental processes. Despite being present in a wide plant species, their
action and functions still remain unclear in many plant species. The GASA gene family is not completely characterized in
peanuts (4Arachis hypogaea L.). Peanut is an important oilseed crop belonging to the leguminosae family and provide nutrition,
food, and feed to human and animals.

[Materials and Methods]

The experiment was carried out at RDA, Crop Breeding Research Division Miryanag, Gyeongnam South Korea. First,
in-silico analysis was conducted to identify the GASA genes from the phytozome13 database. After removing redundant genes
41 GASA genes were identified in peanuts (Arachis hypogaea L.), and a further few genes of 4hGASA were selected forrelative
expression and performed the biological experiment under control conditions.Seeds were sterilized with 70% ethanol, washed
4-5 times with dilute water, seeds were soaked in water, and kept in dark condition for 24 hours at 28 °C for uniform
germination. Particularly, all the seedlings were grown at 25-28 °C under long-day conditions (16-h-light/8-h-dark). After
sowing, watering was done on a regular basis and all plants were treated equally until two weeks. After that, the plant’s
different parts (leaves, stem, roots) samples have collected for the analyzed relative expression under normal conditions. In
further experiments, we will check the expression of these selected GASA genes in different plant tissues under drought and
salt stress conditions.

[Results and Discussion]

In this study, we identified 41 GASA genes in peanuts through in-silico analysis and further investigated the expression of
genes in different plant tissues of peanutsin the seedling stage (leaves, roots, and stem). Based on the phylogenetic analysis
41 GASA genes are classified into four major clusters and subclades. Mainly, cluster I and IT with 9 and 6 genes, and clusters
IV and III comprise the majority of GASA genes 15 and 11 respectively. Additionally, based on the in-silico analysis we
predicted the post-transcriptional changes of GASA proteins under abiotic stress and found its involvement in abiotic stress
tolerance. The expression analysis in Ahgasa genes 1,2, 4,7, 13, 14, 17, and 18 shows high expression in the leaves compared
to the stem and roots. And Ahgasa genes 3, 8, 9, 15, 16, 20, 21, and 22 show low expression in leaves compared to the stem
and roots. We planned to evaluate the expression of these selected GASAgenes under drought stress. To elucidate the possible
functional role of GASA genes in peanut plant expression patterns in different plant tissues will help to find the regulatory role
of the selected genes. These findings might provide useful information for peanut GASA genes and their functional role in
abiotic stress tolerance and crop improvement.
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PfFAD3-1 transgenic soybean line (#10, 11, 12) accumulates higher linolenic acids by expressing omega-3 fatty acid
desaturase 3-1 gene (FAD3-1) of Physaria. To assess compositional equivalence of P/FFAD3-1 transgenic soybean lines in the
range of natural variation, LC-MS untargeted metabolite profiles of transgenic soybean lines were compared with those of a
parental line, Kwangan, and commercial varieties grown at Gunwi and Jeonju in 2021 and 2022 year. The PLS-DA score plot
by varieties revealed that PfFAD3-1 lines grouped with Kwangan but separated from commercial varieties, indicating similar
levels of metabolites of PfFAD3-1 and Kwangan. The PLS-DA score plots by growth year at each location showed clear
separation of soybean data between 2020 and 2021. These results indicate that the metabolic compositions in soybean seeds
could be altered by year as well as by genotype. Besides, metabolites significantly different between transgenic lines and
Kwangan except with fatty acids were different by growth location and years, exhibiting the levels of metabolites were
significantly influenced by growth environments. Overall, the contents of isoflavones in PfFAD3-1 line decreased compared
to Kwangan, although the magnitudes of their differences were small. We are currently studying for the biosynthetic network
between fatty acids and isoflavones in soybean seeds to explain responsible factors for the difference.
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[Introduction]

The heading date of wheat significantly affects its quality and yield. The heading date refers to the time when wheat forms ears
and becomes harvestable after completing its growth. In Korea, rice planting and the use of double-cropping cultivation
environment are applied to maximize productivity and efficiency. As the heading date is delayed, wheat quality and yield
decreases, which may affect rice planting timing. We aim to identify the heading date of wheat core collection cultivated in
two regions in Yesan and Jeonju, selecting early heading accessions, and explore associated SNPs to contribute to the domestic
wheat industry.

|Materials and Methods]

We investigated the heading date of the wheat core collection in the experimental fields of each Kongju National University
and National Institute of Crop Science, RDA in 2019 and 2022, respectively. Since the sowing time was different between the
two regions, the first heading accession was scored with 2 points, and the basic reference date was scored with 1 point. The
basic date was defined as the date immediately before the first heading date. The basic dates were recorded as Apr. 16,2019
/ Apr 14, 2022 in Jeonju, and Apr. 23, 2019 / Apr. 23, 2022 in Yesan. GWAS estimated the associated SNP locations for
analyzed phenotype and genotype data by using FarmCPU that statistical model of the GAPIT.

[Results and Discussion]

Accession number 678 (heading date scoring: 1.125), 829 (2.25), 1234 (3.25), 676 (3.625), 842 (4), and 871 (4.875), were
selected as the faster lines with lower scoring. SNPs were not overlapped with the 2019, 2022, and 2019-2022 average in the
Rural Development Administration and KNU field. Among the six GWAS results, the most overlapping SNP markers are
AX-95222044, AX-94954406, and we plan to search for useful candidate genes by investigating +£250 kbp based on these SNP
markers.
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[Introduction]

Phytophthora capsici (P. capsici) is a highly infectious pathogen in solanaceous crops such as pepper, potato, and tomato. The
economic losses caused by the p. capsici are still severe in Korea. In this study, we controlled P. capsici infection using
exogenous double-strand RNAs (dsRNAs)-induced RNA interference (RNA1) mechanism. RNA1 is a regulatory mechanism
generated by small RNAs. Application of exogenous dsRNA designed to target mRNA sequence induces small interfering
RNAs which can cause RNAI.

|Materials and Methods]

We selected two kinds of Necrosis and ethylene-inducing peptide 1-like protein genes (NLP) for the target effectors. We
designed and synthesized several dsRNAs based on the target sequences. Three-week-old Nicotiana Benthamiana were
selected as a host plant. Two days before the P. capsici infection, dSRNAs targeting NLP effectors were infiltrated by a syringe.

[Results and Discussion]
We found the exogenous dsRNAs that we designed could suppress the pathogenesis of P. capsici successfully. Also, we
figured out that the downregulation of NLP effectors affected the expression of defense-related genes. Research on these
dsRNAs can contribute to the RNAi-based crop protection. In addition, our study suggests that RNAi can be a useful tool for
the plant disease control.
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[Introduction]

Italian ryegrass (Lolium multiflorum Lam.) has good forage crop for productivity and feed value. The industry of forage in
South Korea is going up expend through the utilization of high quality forage crops, Italian ryegrass

Also, forage is the essentials element for livestock but some of the farmers did not well know the importance for forage quality.
Italian ryegrass (IRG) has been very important as major winter forage crop. Because IRG is suitable for cultivation in paddy
field with higher moisture soil, and also has higher quality, higher productivity, and favorable forage crop for livestock.
therefore, we bred a new variety with high quality and yield variety in Korea.

[Materials and Methods]

This study was conducted in the subtropical livestock research institute, National Institute of Animal Science, RDA, Korea.
Italian ryegrass IR 603 were sown in narrow strips in plots 2m by 3m in Randomized block design on 30™ September 2020
experiment field. Winter field survial was checked in early spring. Italian ryegrass IR 603 was harvested in heading time of
variety for evaluating on fresh and dry matter productivity.

[Results and Discussion]
Plant height of IR603 was 103 cm and heading date of IR603 was on 16 May and showed high dry yield (10,587kg/ha)
compared to check variety ‘Kowinearly’(9,977kg/ha).
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[Introduction]

Rice is the world's major food crop along with wheat and maize and improving the yield of rice has high value. Rice requires
a very high amount of water, and according to these characteristics, it is characterized by being vulnerable to salinity stress.
Therefore, we induced a core group (M10) using gamma irradiation to breed salt stress-resistant rice and selected a line
300-1059 (81) insensitive to salt.

[Materials and Methods]

Growth condition: The germinated seeds of WT and 300-1059(81) mutant were transferred to plastic box for hydroponic
cultivation and grown for 7days with kimura B nutrient solution (pH=5.7).

Salt stress resistance measurement: 7day-olds WT and 300-1059(81) mutant were treated with 100mM NaCl for 7days.
Measure length, weight, hydrogen peroxide(H,O5).

Subcellular localization: OsDHHC21 were cloned in the binary vector(pGWB406) containing the C-terminal synthetic green
fluorescent protein (sGFP) The recombinant plasmids 35S::OsDHHC21 -sGFP, 35S::0OsDHHC21p.His440fs-sGFP,
35S::sGFP (empty vector control), nucleus marker of the 35S::0sMeCP-GFP and endoplasmic reticulum marker of the
35S::CD3-959-mCherry were transiently expressed in rice protoplasts. Protoplasts were isolated from the leaves of
2-week-old plants.

[Results and Discussion]

under saline condition the 300-1059 (81) mutant had greater fresh weight, and lower H>O» levels than the wild type (WT).
Using the whole-genome re-sequencing of 300-1059(81) mutant, it was observed that a single base cytosine deletion occurred
inthe LOC Os08g44230 gene, which adds a palmitoyl chemical group to proteins in order to anchor them to cell membranes.
The original gene was named OsDHHC21, and the mutant gene was named OsDHHC21p.His440fs, which means that the
frameshift occurred at the 440rd amino acid, histidine. Subcellular localization of OsDHHC21 and the mutant form
(OsDHHC21p.His440fs) GFP-tagged protein was found in the cytoplasm and endoplasmic reticulum of rice protoplasts,
respectively. Mutant OsDHHC2 1p.His440fs caused a change in subcellular localization.
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|Abstract]

Salinity is a major abiotic stress that limits rice productivity in many regions of the world. In order to develop salt stress tolerant
rice plants, genetic engineering is a promising approach. We characterized the molecular function of rice C3H2C3 as a really
interesting new gene (RING). Oryza sativa RING finger protein H2-3 (OsRFPH?2-3) was highly expressed in 100 mM NaCl.
To identify the localization of OsRFPH2-3, we fused vectors that include C-terminal GFP protein (35S;;0sRFPH2-3-GFP).
OsRFPH2-3 was expressed in the nucleus in rice protoplasts. An in vitro ubiquitin assay demonstrated that OsRFPH2-3
possessed E3-ubiquitin ligase activity. However, the mutated OsRFPH2-3 were not possessed any E3-ubiquitin ligase activity.
Under salinity conditions, OsRFPH2-3-overexpressing plants exhibited higher chlorophyll, proline, SOD, POD, CAT, and
soluble sugar contents and lower H,O, accumulation than wild-type plants, supporting transgenic plants with enhanced
salinity tolerance phenotypes. OsRFPH?2-3-overexpressing plants exhibited low Na+ accumulation and Na+/K+ ratios in their
roots. Theses results suggest that overexpression of OsRFPH2-3 can make plant insensitivity about salinity conditions.
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[Abstract]

Pre-harvest sprouting (PHS) in rice (Oryza sativa L.) is one of the main problems associated with seed dormancy. PHS causes
yield loss and reduction of grain quality under unpredictable humid conditions at the ripening stage, thus affecting the
economic value of the rice crop. To resolve this issue, it is important to understand the molecular mechanism underlying seed
dormancy in rice. Recent studies have shown that seed dormancy is affected by a large number of genes associated with plant
hormones. However, the effect of heat stress on seed dormancy and plant hormones is not well understood. In this study, we
compared the PHS rate as well as the transcriptome and small RNAome of the seed embryo and endosperm of two different
accessions of rice, PHS-susceptible rice (low dormancy) and PHS-resistant rice (high dormancy) under three different
maturation stages. We identified and verified the candidate genes associated with seed dormancy and heat stress-related
responses in rice using quantitative real-time PCR. We newly discovered hormone-related genes, heat shock protein-related
genes, and miRNAs potentially involved in PHS. These findings provide a foundation for understanding the dynamics of
transcriptome and small RNAome of hormone- and heat stress-related genes, which affect PHS during seed maturation.
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[Introduction]

The frequency and intensity of natural disasters are increasing under the influence of climate change, causing severe damage
to crop production and threatening food security. Strong winds bend the rice culm and rainstorms flood farmland, causing rice
grains and roots to rot after long-term soaking and seriously affecting rice production.

[Materials and Methods]

We detected a new target quantitative trait locus (QTL) for lodging resistance in rice by analyzing lodging resistance to
typhoons (Maysak and Haishen) using a scale from 0 (no prostrating) to 1 (little prostrating or prostrating) to record the
resistance score in a Cheongcheong/Nagdong double haploid rice population.

[Results and Discussion]

Five quantitative trait loci for lodging resistance to typhoons were detected. Among them, ¢7yM6 and ¢qTyH6 exhibited crucial
effects of locus RM3343-RM20318 on chromosome 6, which overlaps with our previous rice lodging studies for the loci
qPSLSA6-2, gPSLSB6-5, and gLTI6-2. Within the target locus RM3343-RM20318, 12 related genes belonging to the
cytochrome P450 protein family were screened through annotation. Os06g0599200 (OsTyM/Hq6) was selected for further
analysis. The findings of this study improve an understanding of rice breeding, particularly the culm length, early maturing,
and heavy panicle varieties, and the mechanisms by which the plant’s architecture can resist natural disasters such as typhoons
to ensure food safety. Moreover, rice breeding should focus on maintaining suitable varieties that can withstand the adverse
effects of climate change in the future and provide better food security.
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[Introduction]

Rice accounts for most of the calories for the world's population. Rice is basically a tropical region. However, mostly in
temperate regions, rice is grown and exported worldwide. Rice responds sensitively to the temperature response, and the
degree of resistance differently for each growth stage. Most cold stress-related researches were conducted at 4°C. However,
the cold stress actually applied in the field is 18°C. Therefore, in this study, rice was breeding when subjected to cold stress
at 18°C.

|Materials and Methods]

The domain sequence of OsCS511 was used to breed rice cultivars with improved cold tolerance with CRISPR/Cas9. Three
independent sgRNAs were designed for the domain sequence. CRISPR/Cas9 vector for genome-editing was induced into Ilmi
callus by Agrobacterium-mediated transformation. The generation was advanced in the field. Under cold, ROS, agricultural
traits, transcription expression level, cell wall were analyzed.

|Results and Discussion]

In the regeneration plant, OsCS511 editing lines were selected. Then, lines from which T-DNA was removed were selected,
and finally 5 genome-editing lines were obtained. When subjected to 18°C cold stress at the seedling stage, the OsCS5171
genome-editing lines showed less ROS accumulated than IImi. And the cell wall were analyzed, cellulose and pectin were
increased compared to Ilmi. Therefore, it improves cold tolerance by regulating ROS and cell wall components.
Genome-editing lines provide an opportunity to breed rice cultivars that can be responsible for human food in response to
climate change.
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[Introduction]

Adzuki beans are becoming a research focus due to their high metabolite content and health benefits. Several researchers have
used phenotypic and genotypic traits to characterize adzuki bean genetic resources. In recent years, the antioxidant index (Al)
has become a popular method for determining the overall antioxidant activities of plant genetic materials, and no studies on
adzuki beans have been conducted in this regard. In this study, 88 adzuki beans were characterized using the antioxidant
index,which was determined using the total saponin content (TSC), total phenolic content (TPC), DPPH-radical scavenging
activity, ABTS-scavenging capacity, and FRAP in their whole seeds, seed coats, and dehulled seeds.

[Materials and method]

The adzuki beans were cultivated on experimental farm under uniform growth conditions. Matured seeds were
hand-harvested, samples were separated (seed coats, whole seeds, and dehulled seeds), freeze dried, powdered, and extracted
by sonication using 80% methanol. Colorimetric assays were used to determine TPC, TSC, and antioxidant activities. The
average relative percentage values obtained from these five different assays were used to calculate the Al The highest value
in each assay was considered 100, and the remaining lower values were converted using a numerical scale. The Al values were
used to categorize the adzuki bean genotypes as very low (0-19%), low (20-39%), medium (40-59%), high (60-79%), and very
high (80-100%) Al genetic materials.

[Results and discussion]

Significant variation was found not only between adzuki bean genetic materials, but also between seed parts (p < 0.05). The
antioxidant index decreased in the order of seed coats < whole seed < dehulled seeds indicating a significant high level of TPC,
and DPPH and ABTS capacities in the seed coats regardless of genotype. According to their Al, principal component analysis
clearly separated the adzuki beans in each seed part. Except for the dehulled seeds, correlation analysis revealed significant
and positive associations between TPC, TSC, and antioxidant activities at various levels. In general, five adzuki beans
including IT104748, 1T103952, IT104016, IT103450, and IT103042 were chosen for their high antioxidant index (> 80%) and
thus could be ideal candidates for breeding and distribution to farmers for cultivation and consumption.
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[Introduction]

When sequencing genomes of multiple samples with Next-Generation Sequencing such as Illumina shotgun, generally a
barcoding technology called ‘Multiplexing’ is used and then separates multiplexed genome data to individual genomes as
‘Demultiplexing’. When demultipliexing genome sequencing data, some bioinformatics’ tools such as Ultraplex and
fastq-multix are available but they don’t results significant performances in sensitivity and accuracy on sequencing error
including null bases (N) in barcode sequences in spite of fast running time.

[Program|
We developed a program, a fast Parallel demultiplexing program (Pplex), accurately separating barcoded sequences (reads)
including null bases such as ‘N’ using hash algorithm and rule based modeling with parallel process.

[Results and Discussion]

When comparing performance of Pplex with other program, Ultraplex and fastq-multx, our program showed higher sensitivity
(0.94) and accuracy (0.95) than Ultraplex (0.67 and 0.74) and fastq-multx (0.38 and 0.5) in read data set including ‘N’ bases
such as NNATGCNN and NNTAGCNN although Pplex was moderately fast. From these results, we expect that Pplex
algorithm will be useful as a bioinformatics’ tool that can treat multiplexed sequencing data sets with the various unique
barcodes.
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[Introduction]

The world's population is expected to continue growing in the future. Also, as the population increases, the importance of rice
as a food resource will increase. However, due to the abnormal temperature, diseases and pests of rice are getting worse, and
the yield is decreasing. Among them, Damping-off is a disease that causes seeds to rot at the seedling stage when the diurnal
temperature difference is severe and does not germinate, or causes symptoms of condensation and wilting in young seedlings.
Since damping-off is caused by a fungus, it is easy to infect nearby plants when it is infected, which affects yield reduction.
Therefore, research on creating resistant plants is needed.

[Materials and Methods]

Genome editing will be done using CRISPR/Cas9, and the OsDGTq! gene found by QTL mapping in Selection strategy for
Damping-of resistance gene by Biotechnology in rice plant was used as the resistance gene. OsDGTq! is located between
RM11849-RM212 on chromosome 1. OsDGTq! exhibits strong resistance to Pythium graminicola and Rhizoctonia solani.
For guide RNA design, the RGEN Tools cas designer program was used. When designing guide RNA, GC content was set to
50% to 60%, out-of-frame 65% or more, and mismatches to 1, 0, 0

[Results and Discussion]

In this study, we will be able to create genome-editing plants. also use it check the function of the OsDGTg1. By checking the
function of the OsDGTq1, it can be used as a genetic resource for related research. Furthermore, by reducing the number of
dead seeds and young seedlings due to the onset of damping-oft at the seedling stage, it can have a positive effect on increasing
yield, which can contribute to global food problems.
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[Introduction]

Rice (Oryza sativa L.) is one of the major staple food and widely cultivated throughout the World, and about half of the World
population depends upon rice. Climate change is one of the major notable problem that alters the climate pattern, resulting in
droughts and extreme weather events. Soil salinity is an environmental factor growing in Magnitude in the rice growing areas
due to the combine effects of high temperature, drought, sea level rising and inferior agriculture practices. Melatonin is a
common biological hormone that has an effective strategy to induce crop tolerance against abiotic and biotic stresses,
especially drought and salt stress.

[Materials and Methods]

Rice seeds of Ilmi cultivar were sterilized with 0.5% sodium hypochlorite for 10 min and then washed 3 time with distilled
water. The seeds were soaked for 5 days and then transferred to plastic pots. After 2 weeks 100uM of melatonin was applied
to the seedlings, and then 100mM of salt and 10% PEG were applied after 1 week of the treatment of melatonin. Samples were
taken at 0, 6, 12, 24, and 48 hours to check the gene expression.

[Results and Discussion]

A total of 8 samples were taken including control, melatonin, salt, drought, salt+drought, salt+ melatonin, drought+ melatonin
and salt+drought+melatonin. RNA was extracted and the cDNA was synthesized for PCR. Two drought stress genes (OsHAL,
OsDREB) and two salt stress genes (OsNHX, OsSOS) were selected for gene expression.
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[Introduction]

Rice is one of the most important food crops and a source of nutrients worldwide. Various rice breeding studies are being
conducted to increase food supply in response to population growth. Tiller number is one of the most important traits among
several traits that play an important role in rice growth and determine yield. Os/A417g5, a gene in the RM18130-RM3381
region of chromosome 5, has been reported contributes to the regulation of rice tiller number in previous study. In this study,
CRISPR/Cas9 was used for genome editing to identification of the function of OsI4A417g5.

|Materials and Methods]

Three sgRNAs were designed by CRISPR RGEN Tools. Three sgRNAs were ligated with pRGEB32, a CRISPR/Cas9 vector
containing hygromycin and kanamycin resistance. The ligated plasmids were transformed into Escherichia coli competent
cells to multiply and extracted. The plasmids were confirmed by sanger sequencing. Confirmed plasmids were transformed
into ilmi through inoculation of Agrobacterium tumefaciens EHA105 and co-cultured for 3 days. After co-culture, the
inoculated calli were washed and transferred to regeneration medium containing antibiotics. The regenerated plants were
transferred to soil after water culture for rooting and acclimatization.

[Results and Discussion]

Regenerated plants from the inoculated calli were transplanted into soil. Genome edited plant by using CRISPR/Cas9 may be
used to identification of the function of Osl4A417¢5 gene. Identification of the function of OsI4A417¢5 can be an important
source of rice breeding and contribution of improving rice yield for food supply in response to population growth population
growth.
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[Introduction]

Rice is a major crop that provides energy to the world's population. The increasing temperature caused by climate change
negatively affects rice yield and grain quality. Especially, high temperature during grain filling stage of rice reduces spikelet
fertility and 1000 grain weight, and causes chalkiness grain. For the stability of yield and quality in global warming, research
on gene related to high temperature is inevitable.

[Materials and Methods]

The rice OsSFq3 gene was identified as a gene that was reported to contribute to grain yield and quality. In this research, the
OsSFgq3 gene was selected as a target gene for genome editing. Guide RNAs were designed by the CRISPR RGEN Tools
program. The pPRGEB32 vector was utilized in the Cas9 vector. After the guide RNAs were integrated into the pPRGEB32
vectors, the vectors were amplified through competent cells of Escherichia coli. The integrated pPRGEB32 vectors were
transformed into Agrobacterium tumefaciens. Using these transformed Agrobacterium tumefaciens, llmi calli were infected
and co-cultured. After co-cultivation, the calli were inoculated on regeneration media.

[Results and Discussion]

Green spots which indicate pre-stage of regenerated plants were formed. Regenerated plants and shoots were occurred from
the green spots. The CRISPR/Cas9 can remove a gene function through targeted mutagenesis. This study suggests that
CRISPR/Cas9 can be used to identify function of the OsSF¢3 gene through deletion of the gene function. The identification
of the OsSFg3 gene function can be the solution for global warming by developing the rice breeding technology which
improves grain yield and quality below high temperature climate.
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[Introduction]

Rice is one of the world’s top three crops that 34% of the world's population of the world's population used as a staple food.
But although the world population is increasing, food security is not well protected. Quantitative trait locus (QTL) mapping
is a statistical analysis using both phenotypic and genotypic dates. The purpose of QTL mapping is to determine a gene.
Increasing grain size is a way to increase yield in rice.

[Materials and Methods]

Grain size-related genes were mapped using CNDH population obtained by cross-breeding Cheongcheong (Indica) and
Nagdong (Japonica) through anther culture. Grain harvested from experimental field of Kyungpook National University in
Gunwi in 2021. The data were analyzed through QTL. Data analyzed through QTL used RiceXpro and RAP-DB to found
candidate genes.

[Results and Discussion]

Frequency distribution for grain length, grain width, and grain length&width ratio in CNDH lines. Because all traits showed
a normal distribution. Genes related to grain length were detected between RM5964-RM 12285 and RM20924-RM20967 in
Chromosome 1,7. Genes related to grain width was detected between RM289-RM 18130 in Chromosome. Genes related to
grain length/width ratio were detected between RMS5459-RM3482, RM5699-RM1211 and RM3838-RM3381 in
Chromosome 1,2,5. Found the candidate gene Os05g0232500, Os05g0235300 associated with the grain width. Though this,
we will protect food security by looking for genes related to Grain size.
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[Introduction]

Rice (Oryza sativa L.) is a staple meal consumed by more than half of the world population. Arsenic (As) is a toxic metalloid
that affects the major rice-growing regions of the world and considered as class (1) carcinogen. Rice paddy fields in South Asia
are mostly dependent on arsenic-contaminated water sources due to which rice takes up the arsenic from the soil through roots
and accumulates it in plant different parts. Here, we present a quantitative trait locus (QTL) mapping study to find out
candidate genes conferring As toxicity tolerance in rice (Oryza sativa L.) at the seedling stage.

|Materials and Methods]

Three weeks old, 120 double haploid CNDH lines derived from a cross between the Indica variety Cheongcheong and the
Japonica variety Nagdong and their parental lines were used by treating with 25 uM As. After 2 weeks of As stress, 5 traits
such as; shoot length (SL), root length (RL), shoot fresh weight (SFW), root fresh weight (RFW), and chlorophyll contents
(CHC) were measured. A linkage map of 12 rice chromosomes was constructed from genotypic data DH lines using 778 SSR
markers. The linkage map covered a total genetic distance of 2121.7 cM of the rice genome with an average interval of 10.6
cM between markers.

[Results and Discussion]

A total of seventeen QTLs (LOD >2) were mapped on chromosomes 1,2,3,6,7,8,9,11, and 12 using composite interval
mapping with trait-increasing alleles coming from both parents. Five QTLs for SL, two QTLs for RL, five QTLs for SHL, three
QTLs for RFW, and two QTLs for CHC were detected. The QTL ¢gCHC-3 having an LOD score of 4.13 and phenotypic
variance of 27% within the interval RM6931-RM6266 on chromosome 3 was screened for candidate genes related to arsenic
tolerance in rice. A total of 11 genes were screened in this interval based on gene ontology.

[Acknowledgement]
This work was supported by the National Research Foundation of Korea Grant funded by the Korean Government

(NRF-2021M3ESE6022715).

*Corresponding author: E—mail, kkm@knu.ac kr Tel. +82-53—-950—-5711

-167 -



2023 st=xbFote| EAH|E 2|

Evaluation of Amino Acid Profiles of Rice Genotypes under Different Salt Stress Conditions

Muhammad Farooq', Yoon-Hee Jang”, Eun-Gyeong Kim?® Jae-Ryoung Park™, Gyu-Hyeon Eom®, Dan-Dan Zhao'”,
Kyung-Min Kim'?**

'Department of Applied Biosciences, Kyungpook National University, Daegu, 41566, Korea

’Coastal Agriculture Research Institute, Kyungpook National University, Daegu 41566, Republic of Korea

3Crop Breeding Division, National Institute of Crop Science, Rural Development Administration, Wanju—gun 55365,
Republic of Korea

“Department of Southern Area Crop Science, National Institute of Crop Science, RDA, Miryang 50424 Republic of
Korea

®Crop Foundation Research Division, National Institute of Crop Science, Rural Development Administration, Wanju
55365, Republic of Korea

[Introduction]

Rice is the primary source of food for more than half of the world’s population. However, rice is a glycophyte, i.e., its growth
and development are negatively affected by environmental stress factors such as high soil salinity. Rice plants are thus highly
prone to salinity stress, particularly in reproductive and seedling stages.

[Materials and Methods]

Four rice genotypes, namely Cheongcheong, Nagdong, IR28, and Pokkali, were selected for the study. When the seeds of all
rice cultivars germinated successfully, 10 germinated seeds were transferred to 500 mL closed plastic water cups containing
soil.

[Results and Discussion]

The cultivars Cheongcheong, Nagdong, and IR28 were found to show significantly increased levels of both essential and
non-essential amino acids when exposed to MgCl2 and CaCI2 at 150 mM concentration. However, CaCl2 and MgCI12
applications were found to increase the levels of total essential and non-essential amino acids in cultivars Nagdong and
Cheongcheong, respectively. Levels of both essential and non-essential amino acids were found to decrease significantly in
cultivars IR28 and Pokkali.
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[Introduction]

Seed germination is a crucial and complex process in whole plant life, including exogenous and endogenous factors. The
impact of temperature on seed germination is associated with the biosynthesis and signaling of ABA and GA. ABA and GA
are the major endogenous regulators that antagonistically control seed dormancy and germination in several plant species. A
low temperature during seed development enhances the accumulation of ABA and reduces GA. Therefore, it is significant to
figure out the effects of plant hormones in rice seed germination under low temperature conditions.

[Materials and Methods]

To identify the effects of exogenous application in rice seed germination, we used Cheongcheong, Nagdong, CNDH 77
(resistant line), and CNDH 30 (susceptible line) as plant materials. We applied 100 uM and 300 uM of GA; and ABA per each
line. Through the application of exogenous hormones, we checked the germination percentage (GP), coleoptile length,
quantification of endogenous hormones, morphology, and phenotypes of rice seed germination response to control, 100 uM
and 300 uM of GA; and ABA at 15°C.

[Results and Discussion]

To summarize the results, mostly 300 uM of GAj expressed high GP. On the other hand, 300 uM of ABA suppressed seed
germination more remarkably than other treatments. In the case of the coleoptile length, GA;-treated seeds showed highly
longer coleoptile length than the ABA-treated seeds. Through the quantification of endogenous GA; and ABA, it showed a
highly significant increase under both concentrations of GAj treatment while a significant decrease was indicated in ABA
treatment. Taken together, exogenous GA and ABA regulate antagonistically in rice seed germination under low temperature
conditions.
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[Introduction]

Starch is a major component in rice endosperm and is a main factor that determines the taste of eating rice. Starch is usually
divided into amylose and amylopectin. Rice varieties with low amylose content generally contain a large proportion of rapidly
digestible starch (RDS). It shows a rapid increase in blood glucose levels after consumption and then a quick decrease.
Conversely high-amylose starches are generally digested slowly into glucose which may provide health benefits such as
increased satiety and reduced risk of diabetes, cardiovascular disease, and colorectal cancer.

|Materials and Methods]

In this research a OsLAq6 genome-editing rice (OsLAq6-G) was bred by editing the function of OsLAq6 (detected on
chromosome 6 in rice) in [lmi using the CRISPR/Cas9. After selecting lines in which the T-DNA region was segregated in
OsLAq6-G lines by advanced generation, amylose, protein, and moisture content were analyzed to Ilmi and OsLAq6-G rice.
And investigated the alkali digestion value, starch-iodine tests, and major agricultural traits.

[Results and Discussion]

OsLAq6-G had higher amylose content than Ilmi. The content of protein was the equal or lower than Ilmi, and the content of
moisture was the equal or higher than IImi. And the alkali digestion of OsLA4q6-G lines was higher than IImi. OsLA4q6-G lines
were stained dark purple than IImi by starch-iodine test. As a result, OsLAq6-G can be used as a breeding resource for
improving diabetes and cardiovascular disease.
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[Introduction]

Soil low pH is one of the most serious environmental constrain in intensive agricultural system. According to a recent report,
about 30% of the world land is under acidic stress and around 12% of which is used for cultivation. Soil that have less than
5.5 pH consider as acidic soil as it reduces plant growth and yield. Plant cell perform normal function at the range of 7.0 to 7.5
pH of cell cytoplasm.

[Materials and Methods]

Here we screened 134 lines of Cheongcheong/Nagdong Double Haploid (CNDH) rice population against low pH to find
candidate QTLs and to identify low pH resistant lines. Total 17 QTLs were identified on 8 chromosomes (1, 2, 6, 7, 8, 9, 10,
12) against shoot length, root length and standard evaluation score in response to low pH. A QTL related to shoot length
gSL-6b on chromosome 6 with LOD 5, and QTL related to standard evaluation score gSES-9 on chromosome 6 with LOD 3
were further investigated for candidate genes.

[Results and Discussion]

Candidate genes were screen on qSL-6b between the markers RM1163-RM 19621, and on gSES-9 between the markers
RM278-RM3808. Total 24 genes i.e. 17 genes were predicted on qSL-6b and 7 genes were predicted on gSES-9 on the basis
on closely related functional annotation using NCBI and RiceXpro databases. The proportion of phenotypic variation
contributing to qSL-6b and qSES-9 was 26 % and 27 % respectively. The selected 24 genes were further evaluated by relative
genes expression level (QRT-PCR) against low pH stress by using highly resistant and susceptible, and parental lines. We
found four genes (0s06g0211200, Os09g0448200, 0s09g0456200, and Os09g0472100) that were significantly expressed in
resistant lines and reduced in the susceptible lines under the low pH stress. Our results concluded that, the K+ ion homeostasis
and ABA regulation play a key role in the low pH tolerance of rice.
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[Introduction]

Leaf senescence, the final stage of leaf development, is regulated by complex network of senescence associated genes (SAGs).
Several NAC transcription factors have been found to regulates leaf senescence in Arabidopsis, but only a few
senescence-associated NAC TFs have been identified in rice.

[Materials and Methods]

The T-DNA insertion knockout mutant of OsMYB17 was obtained from Kyung-Hee University, Korea. The Oriza sativa
Japonica cultivar ‘Dongjin’ (parental line) was used as WT. WT and the onac016 mutant were grown the paddy field under
natural long-day (NLD) condition (=14 h sunlight/day, 37°N latitude) in Suwon, South Korea or growth chamber under
long-day (LD) condition (14h light/10h dark, 30°C).

[Results and Discussion]

In this study, we identified new senescence-associated NAC TF inrice, OsMYB17. We found that OsMYB17 expression level
increased during senescence. Osmybl7 T-DNA KO mutants showed stay green phenotype during dark-induced and natural
senescence condition, while OsMYB17-OX transgenic plants showed early senescence phenotype, suggesting OsMYB17 acts
as senescence promoting NAC TF. Furthermore, we found that OsMYB17 expression is induced by ABA, and osmyb17
mutants showed stay-green phenotype during ABA induced senescence. By microarray and qRT-PCR analysis, several
Senescence-Associated Genes (NOL, OsNAP), Chlorophyll Degradation Genes (OsSGR, OsNYC1), and ABA signaling genes
(ABFI) were down-regulated in Osmyb17 under Dark-Induced Senescence condition. These results suggest that OsMYB17
plays an important role in promotion of leaf senescence through ABA-signaling pathway.
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[Introduction]

Both the plant and seed of common buckwheat contain proteins, carbohydrates, lipids, fibers, vitamins, amino acids, and
minerals, making it a nutritious food source. Additionally, common buckwheat is rich in rutin and quercetin, which act as
antioxidants. Rutin has been found to have antioxidant and blood vascular reinforcement properties, making it a topic of
interest in functional food development. This study aims to suggest a proper method for harnessing the functional benefits of
both buckwheat and coffee as a favored food choice.

[Materials and Methods]

This study verified content in total polyphenol, total flavonoid, and rutin, and DPPH radical scavenging activity under different
concentrations of mixture of buckwheat (B) and coffee (C). A total of 9 grams of a commercial coffee brand 'Kanu' was blended
with a hot water extract of dried buckwheat flowers. For the extraction, 3 grams of dried buckwheat flowers were mixed with
300 mL of hot water at 100 degrees Celsius and extracted for 10 minutes, resulting in a beverage called Buckwheat Americano.
The blending ratios for the different samples were as follows: buckwheat only (B100), a mixture of 80% buckwheat and 20%
coffee (B80+C20), a mixture of 60% buckwheat and 40% coffee (B60+C40), a mixture of 40% buckwheat and 60% coffee
(B40+C60), a mixture of 20% buckwheat and 80% coffee (B20+C80), and coffee only (C100).

[Results and Discussion]

The total polyphenol content ranged from 0.88 to 2.49 mg/mL TAE, while the total flavonoid content ranged from 0.60 to 0.93
mg/mL RUE. The highest TP content (2.49 mg/mL TAE) and TF content (0.93 mg/mL RUE) were found in coffee only. The
highest DPPH free radical scavenging activity was observed in coffee only with 83.5%, followed by B20+C80 with 81.8% and
B40+C60 with 80.7% at the concentration of 1 mg/mL. A mixture of 40% buckwheat and 60% coffee showed proper rutin
content compared to other treatments, along with better taste and flavor. Therefore, B40+C60 may be recommended as a recipe
for Buckwheat Americano. Further studies in this field will be vital to fully understand the potential of this plant.
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Quality and Physicochemical Characteristics of Jack Bean (Canavalia ensiformis) according
to Different Roasting Conditions

You-Jin Park'*, Eom-Ji Hwang', Tae Joung Ha', Yeong-Hoon Lee’, Gyeong-Dan Yu', JacHee Jeong', Sehee Kim'
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[Introduction]

Jack bean (Canavalia ensiformis) is an annual vine legume plant originated from tropical regions in Southeast Asia. Jack bean
is growing interest as a health food, because of its antioxidant and anti-imflammatory effects. In Korea, Jack bean is
predominantly consumed as an leached tea. To increase the consumption of Jack beans, it is necessary to develop optimal
processing technology for manufacturing high-quality tea. In this study, the quality and physicochemical properties of Jack
bean tea according to roasting conditions were evaluated.

[Materials and Methods]

Jack beans were collected from a farm in Iksan, Jeonbuk, and cultivated at the Bioenergy Crop Research Institute in Muan,
Jeonnam. The pods of Jack beans were sampled with a diameter of less than 2 cm, and dried at 60°C for 30 hours before
roasting. The roasting conditions were temperatures (100, 120, 150 and 200°C) and times (0.5, 1, 2 and 3 h) as variables. The
color, weight loss rate, and moisture contents of roasted Jack bean pods were analyzed. Also, antioxidant components and
activities of roasted Jack bean pods extracts were evaluated.

[Results and Discussion]

As the roasting temperatures and times increased, the rightness of roasted Jack bean pods decreased. Redness increased up to
120°C as the roasting times increased, but decreased above 150°C. There was no significant difference in yellowness from
100°C to 150°C as the roasting time increased, but decreased at 200°C. The weight loss rate was the highest at 53.4% in 200°C
for 2 hour and the lowest at 12.3% in 100°C for 1 hour. The moisture content of the 100~120°C treatment was 2.0~2.6%, and
the 150~200°C treatment was 1.3~1.9%. The antioxidant components and activities of roasted Jack bean pods extracts were
generally increased with the roasting temperatures and times. Total flavonoid content of roasted Jack bean pods extracts was
284.3~297.1 mg CAE/100g when roasted at 200°C. The total polyphenol content was the highest at 2,026.2 and 2,048.7 mg
GAE/100g in roasting at 150°C for 1 and 2 hours, respectively. ABTS radical scavenging activity increased with increased
roasting temperatures and times, and decreased at 200°C for 1 and 2 hours. The results of this study, it was confirmed that there
were differences in the quality and physicochemical characteristics according to roasting temperatures and times of Jack beans
tea. These results can be used as basic data for processing high quality Jack beans tea.
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Discrimination of Ecofriendly-rice Authenticity Using bulk C, N, O, and S Stable Isotope Ratios
Combined with Chemometric Model

Won-Ryeol Kim', Hee-Sung Moon', Ji-Ye Kim', IlI-Min Chung', Seung-Hyun Kim'#
'Department of Crop Science, Konkuk University, Seoul 05029, Korea.

[Introduction]

Ecofriendly agriculture including organic and pesticide-free has been known to enhance the human health as well as to have
a wide range of public interest values like environmental conservation, suggested as an alternative to future agricultures
through the production of premium and differentiated agricultural products. Therefore, the correct authentication of
ecofriendly agriproducts is highly crucial and challengeable to improve overall food safety and reliability of the national
agricultural food certification system. The present study aims to examine bulk stable isotope ratios (SIRs) variations in organic
(OR), pesticide-free (PFR), and conventional rice (CR) depending on a degree of milling (brown rice, milled rice, and rice
bran). Also, this study reports the feasibility of ecofriendly rice authentication model based on multi bulk SIRs measurements.

[Materials and Methods]

Seven OR and PFR samples officially certified by the pesticide screen test and seven CR samples were collected at retailed
markets across Korea in 2022 and each sample was composed of triplicate. The samples collected were lyophilized (-70°C,
=2 days), pulverized (<400 pm)and enclosed in a tin or silver capsule for bulk §"C,5"°N,5'®0and6™S. Then, the bulk SIRs
in rice samples were measured with an elemental analyzer interfaced to an isotope ratio mass spectrometer.

[Results and Discussion]

In a linear discrimination analysis, the bulk SIR-model derived from the milled rice samples appeared the overall classification
accuracy of 82.5%, whereas bulk SIR-model from brown rice and rice bran samples showed the poor classification accuracy
of <60%. A support vector machine (SVM) method was further improved the discrimination accuracy of ecofriendly rice
authenticity upto 95% in the milled rice. In the SVM model, 60 and 6'°N were the most important variables for accurate
prediction of OR, PFR, and CR authenticity. Thus, the multi-SIRs-based model can be a promising tool as alternative method
for certifying ecofriendly rice authenticity instead of the current pesticide screening test.
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A Case Study for Multi-pesticides Residue Screening Test of Organic, Pesticide-free, and
Conventional Rice Collected at Retailed Markets in Korea
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'Department of Crop Science, Konkuk University, Seoul 05029, Korea.

[Introduction]

There are various certification marks in Korea, including organic and pesticide-free. Organic and pesticide-free labeling have
in common that pesticides must not be used for more than three years in the cultivation process. The difference is whether or
not chemical fertilizers are used. In the case of an organic mark, chemical fertilizers must not be used at all. But in case of
pesticide-free mark, chemical fertilizers can be used up to 1/3 of the recommended amount of fertilizer. This study shows the
possibility of authentication about Ecofriendly marks through pesticide residue analysis.

[Materials and Methods]

In this study, conventional (CR), organic (OR), pesticide-free brown rice (PFR) samples were purchased in the Korean retail
markets. Brown rice was polished using a home rice polishing machine and was prepared as polished rice and rice bran. After
lyophilization (-70°C, =2 days) and pulverization (<400 pum), the extraction and purification process of multi-pesticide in
rice sample were carried out in a Quick Easy Chef Effective Rugged and Safe (QuECHERS) method. Then, the analysis
process was conducted by LC-ESI MS/MS and GC-MS/MS.

|[Results and Discussion]

There were no pesticide residues in OR and PFR samples; however, pesticides were detected in 4 out of 7 CR samples.
According to rice grain milling state, brown rice had five types of pesticides including ferimzone and hexaconazole. A polished
rice only had tricyclazole; 15 pesticide residues such as azoxystrobin, chlorantraniliprole, etofenprox, and others were found
in rice bran samples. However, all pesticide residues detected in this study were far below the Korean MRL standard for each
pesticide. This result shows that the limitation between CR, OR, PFR through a pesticide residue analysis, which is a common
certified manner for ecofriendly agroproducts, is unclear. Therefore, another alternative discrimination method for ecofriendly
authentication should be timely considered.
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[Introduction]

Rice (Oryza sativa L.) is one of the staple crop in the world, supplying 20% of the energy consumed by humans and containing
various nutrients. Recently, interest in rice containing functional substances has been increasing with consumers’ interest in
health. Therefore, this study conducted a targeted metabolomic analysis by LC-ESI-MS/MS in multiple reactions monitoring
mode targeting 55 phenolic metabolites and two amino acid precursors of candidate samples.

[Materials and Methods]

A total of 250 rice samples in the rice germplasms were divided into a colored (black, red) and non-colored rice (brown). Then,
phenolic compounds were extracted along the method of acidic extraction and analyzed by LC-ESI-MS/MS. The optimized
LC-ESI-MS/MS conditions were as follows: reversed-phase C18 column (150 x 4.6mm, Sum), column temperature 25°C, the
flow rate 500 uL/min, mobile phase 0.1% formic acid in water and 0.1% formic acid in acetonitrile gradient, curtain gas 50psi,
collision gas 2psi, ion spray voltage -4400V, GS1 40psi, GS2 50psi and temperature 500°C. According to the present method
and conditions, the limit of detection, limit of quantification, and matrix effect were also evaluated.

[Results and Discussion]

In this study, total 17 phenolics were quantitated; including 8 phenolic acids (i.e. salicylic acid, p-coumaric acid, ferulic acid,
etc), 7 flavonoids (i.e. peonidin 3-0-[3 glucoside, cyanidin 3-o0-3 glucoside, (+)-catechin, etc), 1 stilbenoid (polydatin), and
vanillin. The black rice samples were abundant in vanillic acid, malvidin chloride, peonidin 3-o-(3 glucoside chloride, cyanidin
3-0-[3 glucopyranoside, and red rice samples had catechin and homogenic acid as major phenolics. Whereas, the non-colored
rice samples had major phenolic like vanillin. And the amounts of phenolics detected were statistically significant between the
colored and the non-colored rice samples (P <0.05). Our preliminary metabolic profiling can be useful for functional
reinforced rice variety breeding as basic information.
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[Introduction]

The sweetpotato ([pomoea batatas L.) is an important crop plant in tropical countries because of its high efficiency in
carbohydrate production. There is no doubt that the root is the most important product of sweetpotato. In comparison with the
root, the leaf is almost completely neglected in commercial terms, although it have nutritional and health-promoting values
for human beings such as phenolic compounds. Therefore, the aim for our research has been to compare the caffeoylquinic acid
(CQA) profile of sweetpotato leaves harvested at different growth stages for future use in functional food applications.

[Materials and Methods]

Leaves of 4 sweetpotato cultivars (Bodeuremi, Hopungmi, Jinyulmi, Sodammi) were grown in the experimental greenhouse
of'the Bioenergy Crop Research Institute, NICS, RDA. The three leaf developmental stages samples were extracted with 80%
ethanol and filtered through a 0.25 um syringe filter. The caffeoylquinic acid derivatives were identified using ultra
performance liquid chromatography with orbitrap mass (UPLC-Orbitrap-MS) and quantified in an extract and in the fresh
matter of each growth stage.

[Results and Discussion]

Fourteen phenolic compounds were identified in the ethanolic extract of sweetpotato leaves including eight caffeoylquinic
acids, three quercetin glycosides, one kaempferol glycoside and two hydroxycinnamic acids by using UPLC-Orbitrap-MS
analysis. The individual and total caffeoylquinic acid contents were remarkably different, especially 3,5-CQA and 4,5-CQA
which were the predominant compounds (>60%) in all sweetpotato cultivars. Additionally, Sodammi cultivar exhibited the
highest CQA content (545.6 mg/100g), whereas the lowest was shown by Bodeurmi (188.7 mg/100g). Caffeic acid and
3,4-CQA contents were significantly (p<0.01) decreased in the leaves during the leaf development, while 3-CQA and
4,5-CQA contents were significantly (p<0.01) increased. Further studies are needed to examine other phenolic compounds in
this plant species and determine their health benefits including antioxidant activities.
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[Introduction]

Ruminants can be prevented from metabolic disorders by feeding 2 to 3 kg of hay daily. A lot of research on hay has been
conducted in other crops than triticale (X Triticosecale Wittmack), and many research on triticale feeding is also focused on
silage. This study was conducted to provide information on the feed value in the triticale haylage, which can replace hay.

[Materials and Methods]

Seeds of triticale, ‘Joseong’, were sown in 2022 spring (March 7th), and then the haylages were prepared according to five
different harvesting times: seedling stage (SS), booting stage (BS), heading stage (HS), 10 days after heading (10DAH), and
20 days after heading (20DAH). The sample was then anaerobic fermented at 25°C for 40 days. Additionally, hay (10%
moisture content) was also prepared as a control. We investigated agricultural traits of the triticale by growth stage and
analyzed the feed value of each hay and haylage, such as crude protein (CP), crude fiber, and total digestible nutrients (TDN).

[Results and Discussion]

Plant length and fresh weight of the triticale were increased toward the later growth stages, meaning which those of the 20DAH
were the highest. Each feed value of the hay and haylage showed in a similar trend according to harvesting time. The crude
protein content was higher in the fermented haylage (35%~12%) than the hay (24%~12%). The ADF according to growth
stages (SS, BS, HS, 10DAH, and 20DAH) were gradually increased by 18.2, 23.7, 24.4, 25.3, and 28.1%, respectively, while
the NDF and TDN were decreased in a similar trend.
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[Introduction]

Sorghum (Sorghum bicolor (L.) Moench) is a drought-tolerant and stress-resistant crop that can be grown in water-stressed
regions. The crop is high in nutritional and non-nutritional metabolites that need to be studied further. Temperature, growth
conditions, cultivation year, and disease, among other biotic and abiotic factors, all have an impact on the agronomical
characteristics, metabolite contents, and nutritional values of crops. As a result, the performance of crop genetic materials
should be continuously examined to aid in the development of improved cultivars. This study aimed to look into three popular
sorghum cultivars: Nampungchal (from Korea), Sodamchal (from Korea), and Wheatland (from the United States) in terms
of their agronomical performance, nutritional qualities, biochemical contents, and antioxidant activities.

[Materials and methods]

Seeds of the sorghum cultivars were obtained from the National Agrobiodiversity Center (Jeonju, Republic of Korea), and
field cultivation was carried out in the center's experimental farm. Field and laboratory inspections were used to document the
agronomic performance of the cultivars. Using standard protocols, the total protein, total fat, crude fiber, and dietary fiber
contents were calculated. The fatty acid content was measured using a gas chromatography instrument equipped with a flame
ionization detector (GC-FID). Colorimetric assays were used to determine total phenolic content (TPC), total tannin content
(TTC), 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium (ABTS) radical cation scavenging activity, and ferric reducing antioxidant power (FRAP). The variation
of each was determined using analysis of variance at a significance level of p < 0.05.

|Results and discussion]

The agronomic characteristics, nutritional contents, biochemical levels, and antioxidant capacities of the sorghum cultivars
varied significantly (p < 0.05). Wheatland flowered and matured the fastest, at 47 and 88 days, respectively. It also had the
greatest one-thousand seeds weight (37.93 g). The total fat and dietary fiber contents decreased in the order of Nampungchal
< Sodamchal < Wheatland, while total protein and crude fiber content showed the opposite trend. Wheatland had the lowest
oleic acid content and the highest linoleic and linolenic acid content when compared to Korean cultivars. TTC and TPC levels
were in the order of Nampungchal < Sodamchal < Wheatland, and antioxidant capacities followed a similar pattern, indicating
that these metabolites play a part in controlling reactive radicals. The observed findings were also supported by the correlation
analysis. In conclusion, Wheatland could be an excellent source of protein and polyunsaturated fatty acids. In contrast, the
Korean cultivars could be best used as antioxidant sources.
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[Introduction]

Starch determines the eating and cooking properties of rice grains, at least contributes to them through interactions with other
components in the rice endosperm (proteins, lipids, water) or through interactions with other ingredients used to process the
rice. This report is the result of studying the changes in starch characteristics when transplanting is delayed for each mature
type of rice variety.

[Materials and Methods]

The varieties used in the experiments includes Jopyeong (early-maturing variety), Haiami (mid-maturing variety), and Ilpum
(mid-late maturing variety). In 2017~2019, these three varieties were transplanted in May 30™, Jun 30", and July 30" at a paddy
field of Gyeongsangbuk-do agricultural Research & Extension Services. Milled rice quality, the granule size distribution of
flour, gelatinization properties (starch pasting properties and differential scanning calorimetry), damaged starch contents,
amylopectin branch-chain-length distribution and X-ray diffraction (XRD) were measured.

|Results and Discussion]

The limit transplanting period considering the yield of rice in Dague region, the inland plains of Gyeongsangbuk-do, was
estimated to be July 15" for early and mid-maturing rice and July 5" for mid-late maturing rice. However, as the transplanting
time was delayed, it was observed that the characteristics of rice starch changed significantly. In the case of early and
mid-maturing rice varieties, the starch granule size increased as the transplanting time was delayed, and the opposite tendency
was observed for mid-late maturing varieties. In all mature types of rice, the late transplanting resulted in a longer pasting time
and a higher pasting temperature. In addition, the peak viscosity, breakdown (BD), gelatinization temperature were
significantly lowered, and the relative crystallinity degree was decreased, and the setback (SB) was significantly increased,.
In the case of Ilpum, a mid-late maturing rice variety, the distribution of amylopectin short chains tended to increase markedly
when rice was transplanted on June 30",
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