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Effect of Long-Term Fertilization on Soil Chemical Properties and Rice
Yield in the Paddy soil
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Changes in Upland Soil Characteristics of Long-Term Fertilizer Treatment
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Yeongyu Jeong*, Yongchan Kim, Changsuk Huh, and Seukhee Park
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Division of Agricultural Environment Research, Gyeongsangbuk-do Agricultural
Research & Extension Services, Deagu 41404
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Table. The changes in chemical properties of upland soils using same fertilizer for 49 years.

T pH oM Avail.P,Os Exch. cations(cmol. kg™ Barley Yield
reatment 1:3) (kg (megkg’) K Ca Mg (kg 10a")
NPK 5.8* 16 48 0.09 4.6 0.7 350
N 5.1 16 7 0.08 3.7 0.9 80
P 6.4 15 70 0.09 3.7 2.1 180
K 5.5 15 14 0.14 5.5 0.9 141
NP 6.1 16 70 0.08 4.0 1.8 330
NK 4.6 16 19 0.17 5.1 4.5 2.5
PK 6.2 15 63 0.11 1.8 1.7 192
Non-Fertilizer 5.1 15 12 0.10 4.9 0.9 70
NPK-+ime 150kg 8.4 16 36 0.11 10.0 2.1 372
NPK+SiO, 150kg 8.2 16 21 0.11 9.2 1.7 382
NPK+Si0O, 250kg 8.2 15 35 0.11 10.2 1.7 411
NPK-+Compost 1ton 6.7 22 77 0.13 73 2.2 442
pre-test soil 5.9 21 52 0.20 54 1.2 338**

* 1 Average of the last 5 years of soil chemical properties / ** : Yield in the first year of the test
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Cadmium Phytoavailability from 1976 through 2016: Changes in Soil
Amended with Phosphate Fertilizer and Compost

Chang Oh Hong
Department of Life Science and Environmental Biochemistry, Pusan National University,
Miryang 50463, South Korea

This study aimed to determine cadmium (Cd) accumulation in arable soil, changes in Cd extractability and
relevant soil properties, and Cd uptake by rice plants after long-term (50 years) application of phosphate (P)
fertilizer and compost. A long-term field experiment was performed with rice crops from 1967 to 2016.
Treatments included nitrogen and potassium fertilization (NK), nitrogen, phosphate, and potassium
fertilization (NPK), nitrogen, phosphate, and potassium fertilization with compost application (NPK +
compost), and control. Total Cd concentration in soil amended with NPK and NPK + compost continuously
increased from 110 pgkg ™' up to 232 pg kg —1 from 1976 to 2016 but remained unchanged in control soil and
soil amended with only NK. Plant-available Cd concentration in soil increased with year for all treatments,
likely as a result of relevant changes in soil chemical properties. Cd concentrations in rice harvested in 2017
treated with NPK or NPK + compost were 212 ng Cd kg ™' and 223 pg Cd kg™, respectively. These values
exceed the maximum permissible level (200 pg Cd kg™ ') established by the Ministry of Food and Drug Safety
of Korea.

Keywords: Cadmium, compost, long-term fertilization, paddy soil, phosphate fertilizer
Correspondence: soilchem@pusan.ac.kr
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Making Historic Data available for Future Challenges: The Rothamsted Experience

Margaret Glendining®, Sarah Perryman, Nathalie Castells, and Richard Ostler
Intelligent Data Ecosystems, Rothamsted Research, Harpenden, ALS5 2JQ, UK

Rothamsted Research is home to the oldest continuous agronomic experiments in the world. The first
experiments were established between 1843 and 1856, and seven continue to this day. Their aim was to
measure the effects of various fertilizers and manures on the yields of the most common agricultural crops then
grown (wheat, barley, hay, legumes, and root crops), so that farmers could grow better crops. Other long-term
experiments (LTEs) have been added, including several rotation experiments, at Rothamsted’s three
contrasting sites in Southeast England (Macdonald et al., 2018).

Where possible, the experiments are managed using standard UK farm practice, e.g. the Broadbalk wheat
experiment, which tests different fertilizer treatments, receives standard applications of fungicides,
herbicides, and insecticides on most sections, so that wheat growth is not limited by pests and diseases.
Changes have been made to the LTEs to ensure they can continue, (e.g. controlling weeds and soil acidity) and
to ensure the experiments remain relevant to current agricultural practices (e.g. change of crop varieties, use of
pesticides), whilst retaining the integrity of the LTE.

Meticulous record keeping has always been a key aspect of the management. Crop yields are recorded every
year, with full metadata - details of fertilizer and other inputs and treatments, key dates, species composition,
varieties, efc. This metadata is essential to fully understand the crop and soil responses to the different
treatments. Baseline soil samples were taken at the start of the experiments, and then at regular intervals. Crop
and soil samples from the most important LTEs have been dried and kept in the Rothamsted Sample Archive
(RSA) since 1843. This now contains over 300,000 samples and is key to understanding and interpreting the
LTEs. Samples are freely available to the scientific community.

Annual crop data (yields, nutrient content, species data, etc.) and soil data is held in the electronic
Rothamsted Archive (e-RA), a permanent managed database for secure data storage www.era.rotha
msted.ac.uk (Perryman et al., 2018). e-RA also contains daily meteorological data from the three Rothamsted
sites (since to 1878), and associated metadata for the LTEs. This data is free to all and being made available to
download as Open Access datasets, adhering to FAIR data principles (Ostler et al., 2023).

Since 2017, we have received over 860 requests from 36 countries to use the data in e-RA. Scientists are the main
users, but data is also used by farmers, consultants, agricultural companies, as teaching aids in schools and
universities, and by members of the public. Around 25 journal articles are published each year using the Rothamsted
LTEs, e-RA and RSA. The Rothamsted LTEs continue to be an invaluable resource for scientists around the world.

Macdonald, A.J. et al. 2018 https://doi.org/10.23637/ROTHAMSTED-LONG-TERM-EXPERIMENTS-GUIDE-2018

Ostler, R., et al. 2023. https://doi.org/10.1007/978-3-031-13276-6 7

Perryman, S.A.M. et al. 2018. https://doi.org/10.1038/sdata.2018.72

The Rothamsted Long-Term Experiments National Bioscience Research Infrastructure is funded by the UK
BBSRC, BBS/E/RH/23NB0007, and the Lawes Agricultural Trust.

Keywords: long-term experiments, metadata
Correspondence: era@rothamsted.ac.uk
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Selecting a Minimum suite of Soil Health Indicators from Long-term
Agricultural Experiments in North America

Dan Liptzin
Soil Health Institute, Denver, CO, USA

Long-term experiments provide critical information on how soils respond agricultural management. For the
North American Project to Evaluate Soil Health Measurements, researchers volunteered their ongoing
long-term experiments with treatments that compared soil health practices. The Soil Health Institute collected
soils from these experiments to test more than thirty measurements for their utility as soil health indicators
focusing on indicators related to soil carbon, nitrogen, water, and aggregate stability. Many indicators have
been used to evaluate carbon in soils as a proxy for the status of organic matter including total soil organic
carbon, extractable pools of carbon, and carbon mineralization. Using a meta-analysis approach, the soil
carbon indicators responded to reduced tillage, organic nutrients, cover crops, and residue retention), but there
was minimal response to the number or type of annual crops. Using the same approach, nitrogen indicators
responded in similar ways as carbon to management and there were strong correlations between carbon and
nitrogen indicators. Field capacity measured on intact cores was the best indicator of soil hydraulic function.
For aggregate stability, all four of the measurements were viable options to select. Based on these results of the
various indicators, we took into account the cost and method availability as evidence that the measurements
were scalable and the redundancy of the measurements in terms of their associations with soil functions to
select a minimum suite of soil health indicators: soil organic carbon, 24 hour carbon mineralization potential,
and aggregate stability by slaking image analysis. Using this minimum suite of indicators, we are now
exploring how management affects soil health across a wide range of cropping systems throughout the United
States. We are developing a soil health benchmarks approach with these indicators that compares row crop
systems to perennial references on similar soils to help stakeholders understand the room for improvement in
soil health.

Keywords: long-term experiments, soil health practices, soil carbon
Correspondence: dliptzin@soilhealthinstitute.org
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Exploring the Aggregate - Organic Matter - Microbial Community

Continuum for Understanding Soil Health Changes under Human

Disturbance: A Case Study of A Soil Landscape Sequence from
Peri-Urban Hilly Area of Nanjing, China

Genxing Pan
Soil Health Commission, the international Science Committee on Problems of Environment.
Institute of Resource, Ecosystem and Environment, Nanjing Agricultural University

Changes in soil health has been a focus in present-day global soil science research. Soil health refers to the
capacity of a soil to perform con-currently and constantly the major soil functions and to provide ecosystem
services in its time and space scope. Sustaining soil health is to conserve the natural capital for, and enhance
natural contribution to, global sustainable development, particularly for rural sustainability. However, soil
functions performed and ecosystem services provided by soil are mediated mainly in topsoil rich in SOM and
microbial biomass. Consequently, soil health should be envisaged with characterizing soil organic matter
preservation, microbial biomass/activity and biochemical performance in a continuum context. A soil
landscape sequence of forest land on hills, orchards and drylands in slope lands and paddy fields in the basin
was identified in a hilly peri-urban area of Nanjing, China. Undisturbed topsoil cores were sampled in
randomly selected sites for each soil-landscape. Water-stable soil aggregate size fractions (macroaggregate of
250-2000um, microaggregates of 53-250um and silt-clay of <53um) were separated, organic carbon forms of
dissolvable OC (DOC), microbial biomass OC, (MBC) phosphorus lipid fatty acids (PLFAs) contents and
extracellular enzyme activities as well as biomarker molecular abundance analyzed for all topsoil samples
across the soil landscapes. There was a sharp decline in topsoil SOC in cultivated soil-landscapes with a great
reduction of macroaggregates mass proportion and significant increase in the microbial abundance and DOC
portion to SOC. Parallel to these changes, diversity of PLFA groups and functional diversity with EEAs were
lower in cultivated lands compared to conserved forest. Meanwhile, abundance of biomarker molecules were
all higher in forest than in drylands and paddy soils, with a higher ratio of plant derived lipids to microbial
derived lipids. While the relative abundance of bound lipids and of stable lignin was well correlated, the
relative abundance of labile (TSE extracted) OC was closely correlated to the total SOC levels across the
landscapes. Moreover, UCT tomography investigation of macroaggregates revealed that total porosity,
particularly the porosity of connected pores, was indicative of OC decline (POC in particular) in the aggregate
fraction, in line with the mass proportion change. This study demonstrated that soil health was greatly impact
by cultivation, which could be explored with the changes in OC level., pool distribution and molecular
composition in combination of microbial abundance, diversity and biochemical activity, across the
SOM-Aggregates-Microbes- Enzymes continuum. Over, the concentration ratio of DOC/SOC, DOC/MBC
and abundance ratio of G+/GC and of PLFAs/SOC could be proxy indicator for microbial shift from K
strategy to R strategy while the ratio of POM/MAOM and abundance ratio of plant lipid to microbial lipids are
those for SOM protection and selected preservation in soils. Furthermore, microtomography upgraded our
understanding for changes in the above mentioned properties indeed impacted soil functioning in terms of OC
storage, water retention and material exchange as well as potential microbial networking in soil particles. In
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addition, diversity indices of OC pols, PLFAs and SOM biomarker groups, and EEAs as well as
macroaggregate pore sizes suggested paddy soils was better than dryands in sustaining soil health in terms of
C storage and microbial diversity. Thus, the diversity nature, instead of heterogeneity, of soil
aggregates-organic matter-microbial community- bio(geo)chemical activity, could be concerned as the key

natural value of soil.

Keywords: soil health, soil aggregates, organic carbon, microbial community, enzyme activity, biomarker,
uCT tomography, chemodiversity, proxy indicator, natural value, soil landscape.
Correspondence: Weigang, Nanjing 210095-China (pangenxing@aliyun.com)
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Biochar Effects on Heavy Metals Accumulation in Tomato (Lycopersicon
esculentum mill.) Grown in Metals Contaminated Soil

Anwarzeb Khan, and Ki In Kim
Department of Horticultural Science, Mokpo National University, Muan 58554, Korea

Biochar application to reclaim metal degraded soil has achieved greater attention in the recent years due to
its effectiveness against variety of heavy metals. The present study was conducted to investigate the effects of
biochar on heavy metals accumulation in tomato. A two factorial study was design with factor A consist of
contaminated soil (T1=Mine soil:Garden soil at 1:2), (T2=MS:GS at 1:1), (T3=MS:GS at 2:1) and Garden soil
(control), while factor B consists of amendments with biochar at 3% (B1), 6% (B2) and 9% (B3) and no
biochar (control). 5 kg pots having growing media for tomato was prepared. Various growth and yield related
parameters as well as heavy metal concentrations in soil and plant were studied. Biochar and contaminated soil
significantly affected all the growth parameters and heavy metals concentrations. In case of biochar, plants
grown on B2 biochar resulted in maximum number of branches (10.3 Plant™), plant height (51.1 cm), fruit
diameter (32.1 mm), fresh fruit weight (62.5 g) and yield plant™ (1.5 kg), while maximum stem diameter (5.8
mm) and chlorophyll content (60.1 SPAD) was recorded in B1. In case of contaminated soil, maximum
number of branches (11.3), plant height (53.1 cm), stem diameter (5.2 mm), chlorophyll content (60.1 SPAD),
fruit diameter (32.1 mm), fresh fruit weight (62.4 g) and yield plant™ (1.5 kg) was obtained in garden soil.
Comparing the different contaminated soil highest heavy metals concentration were found in T3. Among
heavy metals concentrations in tomato fruits in case of biochar lowest Cr (0.8 mg kg™"), Cd (0.2 mg kg"), Cu
(6.3 mg kg') and Pb (6.1 mg kg') concentrations were found at B2. Estimated health risk index (HRI) was
found <1 for all studied heavy metals in tomato fruits so there is no harmful impact on human health upon its
consumption. From the present study it was concluded that application of biochar reduces heavy metals risk
and improve growth and yield of tomato.

Keywords: Biochar, mining soil, garden soil, heavy metals, health risk, tomato
Correspondence: khan.anarzeb@yahoo.com (+8261-450-2373)
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Drought-derived Mechanism in Root of Wild Rice Species Under
Different Water Potentials

Gaeun Kim*, and Jwakyung Sung

Arkex, 427

Dept. of Crop science, Chungbuk National University, Cheong-ju, 28644, Korea
Rt 42395}

The rice species around the world have different chromosomes, habitats and phenotypes and this implies
that rice are capable of being enhanced adaptability to environments. In this study, we tried to understand
physiological and genetic responses from wild rice under different level of water potential. Three wild rice
species, O. nivara, O, meridionalis and O. punctata, were used in this study. To break dormancy, seeds were
treated with gibberellin under dark condition for 3 days after standing at 50°C for 3 days. The seedling were
transplanted onto wetting-perlite at 28°C for 5 days, and transferred to a hydroponic container with
0.8xHoagland nutrient solution for 20 days in growth chamber (12/12h, 27/25C, RH=60%). To treated
different water potentials, a hydroponic growth media was adjusted to OMPa (0%), -1.0MPa (8%) and -
1.5MPa (10%) with PEG-6000 including 0.8xHoagland nutrient solution. The seedlings were exposed with
each water potential for 7 days, and were carefully taken to analyze root-specific genes (suberin- and
aquaporin-related) and physiological parameters. 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 species. Chlorophyll
(especially chlorophyll b) contents were also significantly decreased in all species. Proline, as osmoprotectant,
showed a tendency of accumulation in all species. Especially, O. meridionalis and O. punctata, which showed
the relative tolerant against negative water potentials, produced more proline contents compared to O. nivara.
The expression of assembly of suberin poly domain related genes (ABCG2 and ESBI) were significantly
directed toward forming suberin lamellae in O. punctata. As a result of staining the root cross-section of O.
punctata, suberin deposition in the root endodermis was observed. The expression of root-endodermis specific
aquaporins (PIP2;3 and PIP2;5) expression pattern was significantly up-regulated in all species. This
suggests that wild rices not only developed suberin lamellae to prevent water release, but also strengthened
aquaporins to improve the water permeability of the root endodermis. Both mechanisms are deeply involved
in water movement, but are insufficient to explain the relationship between development of suberin lamellae
and aquaporins.

Keywords: Wild rice, Oryza species, Drought, Root, Suberization, Aquaporins
Correspondence: jksung73@chungbuk.ac.kr
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Major Plant Nutrient-releasing Patterns in the Leachates from the Soil
Incorporated Rice Hull Biochar Adjusted pH with Dry Fish Powder
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In agriculture, various types of nitrogen (N) fertilizers are widely used to supply N, which is one of the
major essential nutrients for enhancing the growth of crops. The types of N fertilizers are diverse so that their
chemical characteristics and properties are largely varied, which can modulate the N cycle of the soil,
influencing gaseous N losses (NH; and N,O) and crop yield. However, it is still not clear how different types
of N fertilizers influence N dynamics and their impact in upland soils. The objectives of this study were
focused on investigating gaseous N losses, soil chemical properties, N use efficiency, and crop yield in a
cabbage cultivated field under different N fertilizations with equivalent N application level including urea (U),
ammonium sulfate (AS), and composite fertilizer (CF), which are the main source of N except the control (no
fertilizer and PK). In addition, an incubation experiment was conducted to investigate the changes in soil
inorganic N dynamics including net mineralization and nitrification potentials (autotrophic and heterotrophic
nitrifications) to decipher the mechanism of behavior of N in the soil. As a result, NH; volatilization was
significantly affected by the type of N fertilizer. Compared with the control, NH; emissions significantly
increased with all fertilizations and were highest at U treatment. N,O emissions showed comparatively high
emissions in U and CF treatments but were lowest at the AS treatment. The total gaseous N losses were highest
at U (12.2 kg ha!, 3.8%), and then followed by CF (5.5 kg ha™', 1.7%), and AS (3.9 kg ha', 1.2%). Cabbage
productivity significantly increased with N fertilizations, showing the highest yield at the U treatment. This
result might be related to the fact that N use efficiency was highest at the U treatment and then followed by AS
and CF treatments which did not show significant difference between them. Depending on the type of N
fertilizer, soil chemical properties were varied among all the treatments, showing significant differences in
pH, EC, and inorganic Ns (NH,"-N and NOs™-N etc.). In the incubation study, the net mineralization rate and
nitrification rate were lowest at the AS treatment, showing strong correlations with N losses, which might be
related to low NHj volatilization and N,O emission. Our result suggests that types of N fertilizers could affect
the behavior of N in the soils in particular by the difference potential of mineralization, potentially affecting
gaseous N losses and crop productivity. In conclusion, the AS could be considered an alternative N source for
a better sustainable agriculture to mitigate gaseous N losses as well as to improve crop productivity.

Keywords: Ammonia, Ammonium sulfate, Inorganic N, N fertilizers, Nitrous oxide, Urea
Correspondence: sykim@scnu.ac.kr (82-61-750-5189)
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Over 80% of ammonia (NH3) was globally emitted from the agricultural sector dividing N fertilized
cropping lands and livestock feeding processes. In the cropping sector, rice paddy has a much higher NH3
emission factor than upland, mainly due to less oxygen concentration and high pH in soil and water. In
addition, urea which is conducive to increased NH; volatilization loss, has been used as a main nitrogen
fertilizer in a typical rice cropping region. To investigate the feasibility of ammonium sulfate as an alternative
N fertilizer for reducing NH; emission loss in rice cropping environments, urea and ammonium sulfate were
applied at different levels for rice cultivation, and NH; emissions were characterized during rice cultivation. In
Korea, which ranks highest among the 34 OECD countries in NH; emission intensity, there has been a clear
increase in NH; emissions. This increase is largely attributed to a significant rise in agricultural NHj
emissions, with an average coverage of approximately 74% from 2001 to 2019. Approximately 11% of
agricultural NH; flux came from the rice cropping sector, which was estimated using CHANS model analysis.
Irrespective of N fertilizers, NH; emission rates dramatically increased right after chemical N fertilization and
then rapidly decreased to the background level. In comparison, urea exponentially increased seasonal NH;
flux with increasing application levels, but ammonia sulfate was considerably less pronounced, mainly due to
the pH difference in water and soil. Urea highly increased pH right after application, but ammonium sulfate
did not change. Under the recommended N fertilization (90 kg N ha™), the NH; emission factor, which
indicates net NH; flux from the applied N fertilizer, was 0.549 kg NH;3-N kg"' N in urea, which was not
comparable with 0.235 NH;-N kg™ N in ammonium sulfate. As a result, only N fertilizer changes from urea
into ammonium sulfate might reduce the total NH3 flux by approximately 40% in the rice cropping sector,
which can decrease around 7% of agricultural NH; emissions in Korea.

Keywords: ammonia volatilization, ammonia flux, ammonia emission factor, CHANS model
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Global warming might accelerate the decomposition of soil organic carbon (SOC) stock, due to more highly
increased microbial activity than net primary production (NPP). The depletion of SOC stock can deteriorate
soil quality and worsen climate change, and therefore, higher amounts and more recalcitrant types of organic
amendment applications might be required under future climate conditions. To investigate the feasibility of
organic amendments self-produced inner rice cropping boundary to increase SOC stock under global
warming, cover crops during the fallow season and rice during the cropping were cultivated under the present
and future climate (2°C and 200 ppm CO, elevation over the ambient) conditions. Cover crop biomass and rice
straw were incorporated by fresh and biochar (pyrolysis at 400°C for 2 hours) types. Annual SOC stock
changes were estimated using net ecosystem C budget (NECB) which implies the difference between C input
and output. Under the present climate condition, no organic amendment (NPK) decreased SOC stock by 0.6
Mg C ha! year”, but fresh biomass application significantly increased SOC stock by 1.5 Mg C ha™ year”. In
comparison, biochar application slightly increased SOC stock by 0.1 Mg C ha™' year”, due to low biochar yield
(25-40% of fresh biomass) and low NPP. Global warming more highly decreased annual SOC stock by 0.5-2.6
Mg C ha™' year™ over the present under the same amendments. Under global warming, biochar application was
more effective than fresh biomass in reducing SOC loss but did not create positive NECB. In conclusion, only
the utilization of biomass self-produced inner rice cropping boundary may not be enough to increase SOC
stock, and therefore, more application of biochar, a recalcitrant organic amendment, might be essential, via
increasing biomass productivity by fertilizer and water management.

Keywords: Future climate, Biochar, Soil organic matter, Net ecosystem carbon budget, Soil respiration
Correspondence: syh9608@hanmail.net (055-772-1966)
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Table. Mean annual greenhouse gases emissions, Harvest, NPP and NECB over the growing 2022.

N,O CO, Harvest NPP NECB
t N,Oha''yr’! t CO2 ha''yr! t ha'yr! t C ha''yr’ t C ha'yr"
Control 0.00132 3.28 3.47 3.55 4.49
Bl 0.00128 3.23 3.20 3.32 491
B3 0.00099 3.29 3.77 3.84 6.39
B5 0.00078 3.73 4.45 4.53 7.90
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Organic matter (OM) application is crucial to increase soil carbon (SOC) stocks and its functions. However,
application of OM can increase the rate of decomposition, potentially stimulating soil carbon (C) losses (CO,
and CH,4), showing different potentials depending on OM types. Therefore, there is an urgent need to
investigate net ecosystem carbon budget (NECB) for systematically evaluating the overall SOC changes by
using potentially low C emission organic resources in agricultural ecosystems. To evaluate the effects of
different organic amendments on NECB in horticultural soils, six different treatments [no fertilizer (NF),
inorganic fertilizer (NPK), red pepper residue (NPK+R), compost (NPK+Com), rice hull biochar (NPK+RB),
and wood biochar (NPK+WB)] were set up in red pepper cultivated soils at a rate of 0 and 5 Mg d.w ha™ under
the recommended fertilization level as N-P,0s-K,0 = 190-112-149 kg ha™' except no fertilizer for two years in
the field condition. Our results showed that total C input was highest at WB treatment, thereafter followed by
RB, R and Com. For two years, CO, emissions were highest at R treatment as red pepper residue might be
easily decomposed due to containing more labile C than stable organic source such as biochar or compost. CHy
emissions were almost negligible, showing negative fluxes among all treatments in this study. Organic matter
application increases cumulative fruit productivity and red pepper biomass productivity. In particular, R
treatment was effective on increasing cumulative fruit productivity. All treatments except RB showed
negative net C accumulation, but organic amendment application increased net C accumulation as compared
to the NPK treatment. In particular, biochar was highly effective to sequester and enhance more soil C due to
its high C input and low decomposition potential than the other organic resources. Application of OM except
R did not significantly increase the global warming potential. In addition, OM application had similar or lower
greenhouse gas intensity (GHGI) as compared to NPK, and among them. RB showed the lowest GHGI,
suggesting a promising way to enhance soil productivity and reduce GHGs in this study. Organic amendment
application significantly improved overall soil physicochemical properties such as bulk density, pH, and Av.
P,0:s. Conclusively, biochar could play a crucial role in increasing NECB and productivity as well as soil
quality in red pepper cropping systems.

Keywords: Biochar, Capsicum annuum, CO,, NECB, Organic matter decomposition
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Soil organic carbon (C) plays a critical role in the global C cycle and soil quality. However, since each soil
has its own C saturation degree, which was mainly controlled by silt clay content, organic amendment
application can not only increase soil C stock but also greenhouse gas (GHG) emissions with increasing soil
C saturation degree. Especially in the flooded rice paddy, the applied organic amendments can increase the
emission of methane (CH,) which has 27 times higher global warming potential (GWP) than carbon dioxide
(COy), and then significantly make worsen global warming. However, the influence of soil C saturation degree
on global warming was not characterized in a rice paddy. To investigate the impact of soil C saturation degree
on GHG emission impact in the rice paddy, three soils that have different C saturation degrees (58, 62, and
68%) were selected in the same soil forming background area. Cover crops were cultivated during the cold
fallow season, and their whole biomass as green manure was incorporated before rice transplanting. The net
GWP which was integrated by annual soil organic C (SOC) stock change and two GHG (CH4and N,O) fluxes
with CO; equivalent were compared. Soil C stock change was estimated by net ecosystem C budget (NECB)
which indicates the difference between C input and output. The net primary production (NPP) as a main C
input source was not significantly differentiated by soil C saturation degree, but the heterotrophically respired
C loss as amain C output source was highly increased with increasing soil C saturation degree. As a result, soil
C stock change was clearly decreased with a higher soil C saturation degree. In contrast, CH, flux was
significantly increased with increasing soil C saturation degree, but N>,O flux was not clearly responded,
probably due to very small emissions. Consequently, the net GWP was highly increased with higher soil C
saturation degree, mainly due to a big increase in CH, emission. In conclusion, it might need to also consider
the type of organic amendment with increasing the C saturation degree in arable soils, like changing a labile
type into a more recalcitrant type.

Keywords: rice paddy, net global warming potential, methane, soil organic carbon stock, net ecosystem

carbon budget
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Figure . Response ratio of CH,4 emissions (A) and rice yields (B) by water management in East Asian paddy
fields. Numbers in parentheses indicate the sample size and error bars represent 95% confidence intervals.
The P values are presented in the panel. The squares in color in the figure caption are an overall average value
on properties. AWD, Alternating wet and dry; FDF, Flooding-drainage-reflooding; FDFM,
Flooding-drainage-reflooding-moist; FWI, Furrow wetting irrigation; MI, Moist irrigation; RF, Rainfall.
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Shifting the rice transplanting date can affect rice growth and biomass by changing meteorological
parameters and flooding periods, which can significantly stimulate methane (CH,) and carbon dioxide (CO»)
emissions as greenhouse gases. Additionally, these can significantly influence the soil carbon (C) input,
output, and net ecosystem carbon budget (NECB) due to the differences that return root biomass into the soil.
However, these impacts have not been systematically evaluated yet. To evaluate the possibility of shifting the
transplanting date on estimating NECB in rice fields, C losses (CH, and COs,), overall C input [fertilizer, net
primary production (NPP) etc.], and rice productivity were investigated in the field condition. Two different
rice cultivars (late-maturing and early-maturing) were transplanted at four different dates on May 10 (Timel),
May 25 (Time2) as locally recommended transplanting date, June 10 (Time3), and June 25 (Time4).
Regardless of rice cultivar, both CH4 and CO, emissions were highest at the early transplanting (Timel), and
significantly decreased with delaying transplanting dates. These results might be related to the changes in
plant growth characteristics, meteorological properties, and flooding periods. Total C losses including CH,4
and CO», also decreased with delaying transplanting dates, indicating that delaying the transplanting date in
rice paddies could be a strong strategy for reducing C losses. Overall NECB generally showed positive values
in almost all the treatments. However, negative values for the NECB were only observed at the early maturing
cultivars, in particular at Timel and Time4, which means that C depletion cannot be avoided, suggesting that
additional strategies such as organic matter incorporation are required to maintain organic C level. NECBs
were lowest at Timel, then reached a peak between Time2 and Time3, and thereafter gradually decreased at
Time4. As aresult, delaying the transplanting date against the locally recommended date (Time2) is expected
to enhance soil C storage regardless of the rice variety. Rice productivity progressively improved as the
transplanting was delayed, reaching the highest level at Time3, and then slightly decreased at Time4.
However, there was no significant yield loss as compared to the recommended transplanting date (Time2). In
conclusion, shifting rice transplanting dates can significantly influence NECB in paddy fields, suggesting that
shifting rice transplanting dates as a promising strategy should be considered for additionally reducing
greenhouse gas reduction and enhancing soil C stock potential.

Keywords: Carbon balance, Carbon losses, Methane, NECB, Paddy soil, Soil carbon stock
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In Korean acidic rice paddy, iron slag-based silicate fertilizer as a liming material has been utilized to
improve soil pH and supply beneficial elements for rice. Hypothetically, silicate fertilizer as a liming material
can neutralize acidic soils and might deplete soil organic carbon (SOC) stock by stimulating microbial
activity. On the other hand, silicate fertilizer is effective to improve rice biomass productivity as an organic C
input source and then might enhance SOC stock. However, the net influence of silicate fertilizer application on
SOC stock changes was not properly evaluated. To estimate the effect of silicate fertilizer application on SOC
stock change in the Korean rice paddy, the relationship among soil chemical properties was analyzed using the
national soil survey data. We found an entire improvement in soil chemical properties like pH, SOC content,
and available silicate (SiO,) concentration with the lapse of a year. In addition, a highly positive correlation
between available SiO, concentration and SOC content was found in the data analysis. To evaluate the effect
of lime and silicate fertilizer (BFS) addition on soil-respired C loss, a flooded incubation experiment was
conducted for 30 days. Total C loss was significantly increased with increasing lime addition but decreased
with growing BFS application level. These changes imply that lime application depleted SOC stock, but
silicate fertilizer addition increased SOC accumulation. To precisely evaluate the effect of silicate fertilizer
application on SOC stock change, the net ecosystem carbon budget (NECB) which means the difference
between C input and output was annually assayed in a typical rice paddy soil. Silicate fertilizer application
increased the net primary production (NPP) of rice plants as a main C input source by 21-22% over the control
but decreased the respired C loss as a C output source by 16-20%. As a result, the recommendation level (1.5
Mg ha™) of silicate fertilizer application increased SOC stock by 0.958-1.091 Mg C ha™' year™ over no-silicate
fertilizer application. In conclusion, iron slag-based silicate fertilizer could be a reasonable soil amendment in
acidic soils to improve soil properties and productivity.

Keywords: blast furnace slag, liming material, available silicate concentration, net ecosystem carbon

budget
Correspondence: ljestrada@gnu.ac.kr (055-772-1966)
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Amelioration of Global Warming Impact on Rice Paddy by Improved
Silicate Fertilizer under Future Climate Conditions

Snowie Jane C. Galgo®*, and Pil Joo Kim'?

'Division of Applied Life Science (BK21 Four), Gyeongsang National University, Republic of Korea
’Institue of Agriculture and Life Sciences, Gyeongsang National University, Republic of Korea
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The atmospheric carbon dioxide [CO,] concentration and air temperatures are projected to rise in the next few
years. This changing climate condition will significantly impact global food production, particularly rice. Rice is
a staple food and primary sustenance source for over half of the world's population. According to climate models,
the rice production area is projected to be exposed to extreme changes in air temperature and [CO,| concentration.
To countermeasure these changes, one potential solution is the application of silicon (Si). Rice is known for its
ability to accumulate silicate (Si0,), with approximately 10% of its biomass composed of this element. This study
is the first to report the influence of silicate fertilizer (SF) application on the rice cropping environment under
global warming. First, the effect of global warming on the SiO, demand for rice plants was evaluated. Second, the
function of SF as a methane (CH,4) suppressor was improved by adding more electron acceptors, such as iron.
Lastly, the adaptability of the newly improved SF was investigated under global warming. The SiO, demand of
rice plants was highly increased under future atmospheric conditions. Global warming increases the accumulation
of SiO; in the rice biomass due to increased photosynthesis rate, stomatal conductance, and transpiration rate.
However, the rice biomass productivity has no significant difference compared to the present environment. With
this increase in SiO, demand for rice, the available SiO, stock in the soil will be depleted in future atmospheric
conditions. Hence, applying soil amendment containing silicon (e.g., silicate fertilizer) in rice paddies is highly
recommended to compensate for the increasing SiO, demand in the future. Silicate fertilizer application is also
known to mitigate CH, production in paddy soils, but its suppression effect was limited to only <20%. This study
is the first to improve the functionality of SF to suppress CH, production by increasing the electron acceptor
concentration such as iron (Fe). Four iron-containing byproducts namely: kambara reactor slag (KR),
ferromanganese slag (FerrMn), basic oxygen furnace slag (BOF), and iron rust (Fe;Os) were selected and
compared through soil incubation test. Iron rust with the highest amount of Fe,O; (>99%) was the most effective
in reducing CH, production. The functionality of SF was maximized by adding 2-3% of iron rust. The improved
SF was very effective in decreasing CH, emission and improved rice productivity compared to the conventional
SF. In comparison, under a global warming environment, the influence of SF in decreasing CH, emission was
verified. However, the improved SF more effectively reduced the CH, flux and increased rice productivity in a
global warming environment. In terms of soil quality, global warming highly influenced nutrient solubility,
specifically silicon. Global warming highly depleted the available SiO, stock in the soil by around 40% over the
present condition. However, the soil applied with SF did not significantly deplete this stock. This result suggests
that SF could be a sustainable soil amendment to ameliorate the impact of global warming and its functionality to
suppress CH, production could be improved by adding an effective electron acceptor such as Fe,Os.

Keywords: blast furnace slag; electron acceptor; methane; silicon; soil amendment
Correspondence: snowjgalgo@gnu.ac.kr (055-772-1966)
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HHer, A8, 9A4E, FA
Seoksoon Jeong*, Hyucksoo Kim, Jung-Hwan Yoon, and Jae. E Yang
iefatin

Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea

U] 491 Cu, Fe, Mn & Zn Q17k0] ATHEL olof7h7] 915} B2 0 = Y sfolsts L]
SFopoleh. TR Bl bt AFO R e YT EFE Aol Bov]FYF4E A
FoHs S8 A-Lolch SR S o] Aofubu A 57 A o4 KSFAIQl AzpaALe] %717 44
of whe} EOF % W] a7k HsHe BAFO MASLT Sk Ffel A Bl o4 Aol o
Sfo] 1L E v} gl O} BoF B W] Y o T T F R T TAof Rt A AT U
ofek. wheb B AT Selutet 5 A B v AL RS 55 DBE FEII 54
of a1 oF T epol T3t EoFe] 7)o HhE Sask Al Fiek. T 73 A) 24574 B S5t

Mehlich 3 &% 0 & v|aFJ kA S B X% A3} FF3HFS Cu 4.5 mgkg!, Fe 394.8 mg kg, Mn 101.7
mgkg', Zn 18.2 mgkg' & 2 A= Qi EX O] G FE(L, 1=, T, Al A ul Aol whE TS Bl gt
A3} Cu, Mn, Zn- A A E A ol A 71 =9k 0.1, Fei= =0l A 7H8 =0t =W 57 Al ol A At = &
A5 9] u|gFS oF A & 3RS Cu 15.9 ton, Fe 118.0 ton, Mn 92.6 ton, Zn 104.9 ton & & =74 X| EoFo] =+1]
ook Q JLeko] tf §t 7] o] =7} Cu 119%, Fe 60%, Mn 136%, Zn 66% = B 7}=] Qi th. 3FA RF <] =25 A A
F2000 o] F= X|&HA 0 2 ZhAxs)al §l 0w 2050 7HA] oF 28% 7t S A 0= of| & o] L2t}
3577 Eopo] Fuledopa okl gt 7)ol wak 7t A0 2 BekEh vk Aleeqlere] 27h2 2
ASFFHE U E 02 AT ) ool US| Y Aol WA & Aoz B
SHE T A SAGAZE RS lo] Aol thet dHegt o &2 W1 o) n|gk g oFaof ek SRt
AFE 28] ol FA vhE o ok whEba], ) v oFas o ‘?Jxéﬁ?l S P thd ol A o]
gjiiet o]l B RS Ao 2 wkE

N

FAON: 57 A, BA0|FYFL, SAE YT, A G FFE TUYFATF

2, o E o,

Z2AFA A=A stalag@kangwon.ac.kr

S 34 -









20233 = St ECQHH| Ut HI55X £3| G H7|ot& 3

AISEY BE SEHE1
ASEY EAH 0|op7]
Methods of Analysis for Manufactured Soils

AAE, Aitel, @A, olghl, o4

Kye-Hoon Kim'*, Gyu-Ri Kim', Jung-Hwan Yoon? Dan-Bi Lee’, and Woo-Seok Jang'
LA sta, e, (e abetY B 21t

lUniversity of Seoul, Seoul, 02504, Korea

2Kangwon National University, Chuncheon, 24341, Korea

3Soil and Fertilizer Division, National Institute of Agricultural Sciences, Wanju, 55365, Korea

AR P AT BE B TRl B uf WAAH 0 2 AFEFe] Ago| F55HT 9l ov,
ol mtet Q1T A% T 27 Sk Glek. UNEA O 2 AFEFS AP AR} 7R
2 Eastol Al 2shot] QB Eye] Belsteta S0l B Y R vhg RESte Q13 = oo ot el
Aol 1 AT 7|12 E AYH T YA eleh. TE S L RN
59 EEEAS A otol AL O AHH FEEA W] 54 2 8 gho] s} o] o173 9)
e 7] of 16k B mef ol o] il A AR £ Bl A4 gL &
71 80] FFE PR QRS RAL ol 4] STk SR Y QRS B Aol 1 5hd o] 45
852 2419 o o] Q2P| o] A3 A4 GrEke A8 ol sl ek of el $elvferict
AFEFALG Gt Qo G AATFAA L EFRA Y 2AT F7PE ATEF LA WS AR
of ALgBLE M 2te] AEIFE] 3L Hotel QB E ol thet §7 EEEA L AY o] ALg I
ik elufehs 1ok 5 RN T Aol A Ul g AFE e FASHR FEEA S A YSto] Al 97|
who] AW Selufelol M AL EIL ol 2 G QB R AL 3, Y Fo| TS
A ol5o1217] el A FAH 02 B4 4 Qs QAFEY HERA ] A3 A Y W A o] A5
oh B RN L AFEY BEEAN AYS YT | 222 5 ENEHANA Aol ALE 54

oo

ERZEANG9Y AEEE AN S TRUA FF IS BEEAN ARG A f904 5L THE
FAOk ABEY, BENTH AE RELAY, $U A RERAY, Be)4 54, sjohd 54
F A A=A johnkim@uos.ac.kr (02-6490-2689)

- 37 -



20234 E SHLEOFH| 2013 M55 £8] U X 7|otaryy|

ASEY BE SHANHE-2

ISEA Y
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Research on Standards for Installing Soil Moisture Content Sensors
in Open Field Smart Farms
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Currently, there is no standarso to propose this standard, an irrigation response experiment was conducted
at each soil moisture sensor location in a grape orchard with loam soil texture. After installing soil moisture
content measurement sensors at depths of 10, 20, and 30 cm and distances of 10, 20, and 30 cm from the drip
tape, which is an irrigation facility, the analysis of changes in the measured values of the soil moisture content
measurement sensors at each location is as follows.

1) Soil water content variance (WCV: Water content variance) 2) Irrigation reaction time (IRT: Irrigation
reaction time): Time until the sensor responds after starting irrigation 3) Sensor reaction time (SRT: Sensor
reaction time): The time taken from the time the sensor reacts after the start of irrigation to the end of the sensor
response after the end of irrigation. 4) Irrigation amount per irrigation reaction time (IRT IA: Irrigation
reaction time Irrigation amount) 5) Irrigation amount per sensor reaction time (SRT IA: Sensor reaction time
Irrigation amount). Statistical analysis was conducted using Duncan's Multiple Range Test, and the statistical
program R was used for analysis.

As aresult of soil water content variance (WCV) analysis, when the soil distance from the drip tape was 10
cm, soil water movement was smooth up to a depth of 30 cm, but when the distance was more than 20 cm, the
WCYV change decreased.

As aresult of irrigation reaction time (IRT) analysis, the IRT of the sensor at a depth of 10 cm and a distance
of 10 cm responded the fastest at 24.17a minutes, and the IRT increased as the depth and distance increased.

As aresult of the sensor reaction time (SRT) analysis, the average sensor reaction time (SRT) of the sensor
at a depth of 10 cm and a distance of 10 cm was the shortest at 63.36a minutes. As the sensor depth deepened
and the distance increased, SRT showed a similar trend to the IRT analysis results, increasing.

The response of the soil moisture content measurement sensors was mainly 10 cm at a depth of 10 cm, 10
cm at a depth of 20 cm, 20 cm at a depth of 10 cm, 30 cm at a depth of 10 cm, and 20 cm at a depth of 20 cm.
There was very little or no change in soil moisture content.

As aresult of analyzing the irrigation amount per irrigation response time (IRT) and the irrigation amount
per sensor response time (SRT), the IRT IA of the 10 cm sensor (No. 4) at a depth of 20 cm was found to be
4.24 t and the SRT 1A was 6.70 t.

The average evapotranspiration during August, when the grape Campbell Early Leaf Area Index is at its
maximum, is 2.41 mm per day (Yoon et al., 2009). Therefore, when irrigated every 2 days, 4.82 t of water is
required, and when irrigated every 3 days, 7.23 t of water is required.

Consequently, for controlling irrigation in a grape orchard with loamy soil using irrigation response time or
sensor response time, it is recommended to install soil moisture content measurement sensors at a depth of 20
cm and a distance of 10 cm to meet the appropriate irrigation time and amount (Table 2).
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Table 1. soil water contents measurement analysis(depth)

No Site(depth x distance) "“WCV “IRT IRT TIA YSRT “SRT IA
‘ cm % min ton min ton
1 10 x 10 2.58 ab 24.17 abb 1.51 63.36 ab 3.96
2 10 x 20 0.66bc  142.57 bcb 8.92 130.71 ab 8.17
3 10 x 30 0.49cb  279.50 dbb 17.48 87.86 ab 5.49
4 20 x 10 1.18 bb 67.73 abb 4.24 107.14 ab 6.70
5 20 x 20 0.40cb  122.67 bcb 7.67 182.14 ab 11.39
6 20 x 30 0.39cb  195.45 cbb 12.22 482.14 ab 30.15
7 30 x 10 1.18 bb 68.60 abb 4.29 680.71 bc 42.57
8 30 x 20 2.30 ab 109.27 abc 6.83 1,082.14cb 67.68
9 30 x 30 0.69bc  146.23 bcb 9.15 944.29 be 59.06

YWCV: Water content variance, “IRT: Irrigation reaction time; *SRT: Sensor reaction time

YIRT IA: Irrigation reaction time Irrigation amount

“SRT IA: Sensor reaction time Irrigation amount

Mean separation within column by Duncan’s multiple range test, 5% level.

Table 2. Correlation between required daily irrigation amount and soil moisture sensor location

division lday 2day 3day 4day Sday 6day 7day
Required IA 241t 482t 723t 9.64t 12.05t 14.46 t 16.87t
IRTIA 151t 4241 7.67t 892t 1222t 12.22 ¢ 1748t
Site(depxdis) 10 x 10 20 x 10 20 % 20 10 x 20 20 x 30 20 x 30 10 x 30
WCV(%) 2.58a 1.18b 0.40c 0.66bv 0.39%¢ 0.39¢ 0.49¢c
SRT IA 396t 3.96t 6.70 t 8.17t 11.39t 11.39t 11.39t
(Site(depxdis) 10 x 10 10 x 10 20 x 10 10 x 20 20 %20 20 % 20 20 %20
WCV (%) 2.58a 2.58a 1.18b 0.66bc 0.40c 0.40c 0.40c

el dage
HEHOE

o

PG 1. soil moisture content measure sensors Installation by depth and distance
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Fig. 1. Comparison of normal and poor growing seeds.
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Introduction on Soil Information Production Using Various Soil Database

Chang-Hoon Lee'*, Mun-Hyeong Park'!, Hye-Jin Park’, Yeon-Kyu Sonn?,

Yun-Gu Kang3, and Taek-Keon Oh’

'Department of Fruit Tree, Korea National College of Agriculture and Fisheries, Jeonju
2Soil and Fertilizer Division, National Institute of Agricultural Sciences, Wanju
*Department of Bio-Environmental Chemistry, Chungnam National University, Daejeon

The Soil carbon 4 permille was launched to increase global soil organic matter stocks as a compensation for
emission of greenhouse gases by anthropogenic sources. Soil organic carbon was treated as important due to
soil productivity and soil health as well as carbon cycling. In soil carbon, soil database would be useful to make
new or valuable soil information and predict soil properties under agricultural environment under spatial area.
Unfortunately, there is a little soil information on case study using soil database. We would like to introduce
several case study on fertilizer requirement including prediction of organic sources application in arable soils,
and prediction of soil carbon stock using SCOPAN model. Soil database was used the database of soil test
analysis, newal soil survey data, and environmental covariance(climate, DEM, NDVI ect.). The R program
was run algorithm related to soil carbon. Soil test database was used to Kriging model for organic carbon
prediction and its application. Ordinary kriging model using soil test database was beneficial to predict overall
soil organic carbon and N requirement in regional arable. Also, The SCORPAN model, were to assess the
spatial distribution map of soil carbon stocks in Chungcheong province and predict soil carbon stocks within
the 0-30 cm depth using DSM technique. The minimum and maximum predicted carbon stocks were 25.11 ton
C ha' and 183.55 ton C ha™, respectively, with a mean of 46.92 = 13.66 ton C ha'. The validation outcomes
of the DSM are summarized as follows: the model achieved a coefficient of determination (R?) of 0.15, and the
mean absolute error (MAE) was 20.78, and the root mean square error (RMSE) was 29.51, respectively. Soil
database in present was possible to make soil information related to soil carbon and soil function, but it need
to improve database quality and add the each contents on the nutrient uptake and loss under various crop
cultivation activities. These prediction technology would contribute soil productivity and positive function of
agricultural ecosystem under climate changes. We must strongly establish soil database management strategy
to develop prediction technology under agricultural policy such as modeling for digital agriculture.

Keywords: Soil database, Soil information, Prediction, Modeling, soil carbon
Correspondence: chlee915@korea.kr (063-238-9173)
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The Relation of Bulk Density & Soil Physical Properties by Results of
soil Physical Properties Monitoring of Paddy Land
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Fig 1. Results of corelation analysis between bulk density(BD) and soil physical properties to paddy-land
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Evaluation of Changes in Physical Properties of Paddy Soil in Chungnam
Province

olex, 287, o4, oY, £, B0

Yeo-Uk Yun*, Yun-Gi Cho, Jeong-Su Lee, Jin-Il Lee, Jeong-Woo Son' and Seung-Oh Hur'
FAGESA7IEY, T dTsHY

Chungcheonnam-do Agricultural Research and Extension Services, Yesan 32418, Korea
'National Academy of Agricultural Science, Wanju 55365, Republic of Korea

5747 Balg AL HATA AL S HATT 5 HUS N A7 7| 2 A2 2 T}
7] 918 2=, B, B9, NSRS 5 RS 4k o 2 adlubct 27} 2o 4 AN aks ARJ o). Eof &
2 2 A g} eepol 29 0 7 AgkEo] 93 EOFe] vl S S SX|SH S0 RAR WE WG
2 sholsii AL v ¢ Fasi.

SHAY =24 S-S uhetsty] flsf 2011'd 78 FH A& A she] 4044 o) 2 AT
th. 2023\ o= S 40 A ol ol 22 & AR A3 § A U= EE 1.33, HE 1.61 Mgm® ©] 1L,
FTHTEYEE EE 30.8, A E 22.8 % o]t FE O] FAUE H3k=2019W7HA] M A} szt o
A Z7eke AaE Ut o Al E o] 84U m o} AR 2AL AR} o] | 2 A &2 0. 2 Zrteke Ao
o= Shlsteth B 4718 A8 5 53533 @5l v REL wE Aol shlEu ARt 4
BHOE GRS W T 3 24| ksl 402 wsheck

ZAo]: 2, =EoF Eu|x EA EA 8FUE

ZAFA Qj_v'é]'x] aoggi6 1 @korea.kr (041-635-6103)
£ FdA Y EY Belx 54 wst

Year e ES $4dEx %) ST A= /7
) B Mgm?) 3 N T (%eoww)  (mm)  (gkg!)
2023 46 Topsoil 1.33 50.0 403 9.7 30.8 18.3 23.3
Subsoil 1.61 60.6 36.2 32 22.8 25.0 14.7
2019 46 Topsoil 1.27 48.0 409 11.1 32.6 16.2 22.9
Subsoil 1.57 59.1 378 3.1 24.4 23.3 13.8
2015 43 Topsoil 1.31 49.6 450 54 34.6 16.4 133
Subsoil 1.53 57.8  39.7 2.5 26.6 222 9.1
2011 50 Topsoil 1.33 50.0 429 7.1 33.0 16.8 193
Subsoil 1.51 56.9  38.5 4.6 26.3 20.6 -
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Optimal Fertilization ratio for Eggplant(Solanum melongena L.) Under the
Open Field Fertigation System
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Assessment of Nutrient Balance According to Winter Forage Barley
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Different Organic Matters in Upland Soil

olgLtr, AAH, HAE, W4, Beeel, ol a3
Yuna Lee*, Seonghun Kim, Jachong Shim, Sangho Jeon, Soonik Kwon, and Yunhae Lee
FENTA FPsYAsY wPvla

Department of Soil and Fertilizer, NIAST, RDA, Wanju 55365 Korea

7188 2e 2 AAEE SUHAIZI AT el A2 g e dEnt ohy 2t HR A S o R ¢
3 A2 Q1 Fdol o AL LA A o] & s ashr] Y YHLR PR EH|et 22 7]
Y& FUshs Ae AL v 7Y S et S AP AL el e SEAY e
Ao oty B ga S Y0 R EGRT|ER e AT S8% e okl A Stk
ol & A= TFt e #lEdE EYl FUT F AEod A, B E 24N BEY
g 52 S48 BUekolh A2 ZEAA(1 5000a") 22 XIS 2 v 2 2]4-= -2 2](NF), NPK

(IF, N-P,05-K,0=7.0-3.0-3.6 kg 10a"), Z3-38HMEC), &3-5-7] 2 1] Z(MOF), NPK+-E(NPKCC),
NPK+=(NPKPC) F 6 A 2|2 A5t 22 v R ARG AW 7| 2ol wheh 55 0| o 92 &4
F Y2 7171440 kg 1027, 2,000 kg 10a”, 38t &3k-f7| A B |8 T AAaTFS 7|20 R
AlAbste] ZkzF 100.6 kg 10a, 78.5 kg 10a’ 2 2] 2]8}glch. AFZ2] Ao NPKCC (2,962 kg 10a™) >
NPKPC(2,810 kg 10a") > MOF (2,398 kg 10a™") > MEC (2,173 kg 10a™) = IF (1,989 kg 10a™) > NF (1,116
kg 10a™) 2=0] 91t} AF3=9] A A 55882 NPKCC (54.1 kg ha)@F NPKPC (52.1 kg 10a™) & 2] ol A 713
Eom A i o] & A& 61.8%E NPKCC A 2| tol| A 714 =okvh E¢F 3185Hd 5 pH, EC, 1. 3Hg
Fol (K, Ca, Mg, Na)= SAHCE {235t 2toli= ¢IAUAT OM 9 AV.P,0s= IF A 2|5tof H]sj
NPKCC A7t A5 2 & S716k= AL Rlstnt. EY 77184 5 E8 4K (Fulvic acid)->
NPKCC (776.29 mg kg'') > MOF (684.40 mg kg™) > NPKPC (652.19 mg kg™') > MEC (622.98 mg kg'') > IF
(577.14 mgkg") = NF (554.95 mg kg)4=0] 2] ©. 0] NF & IF #] 2] tfj5] NPKCC ] 2] o] A 25.7-28.5%
o] 27182 K gt} &9 A Humic acid)-& NPKCC (1868.40 mg kg™') > NPKPC (1402.63 mg kg') > MOF
(1345.60 mg kg™') > MEC (1304.00 mg kg™) > IF (1273.39 mg kg'") > NF (1206.14 mg kg') £20] %] 2.1 NF
2 IF A 2]+ thH] NPKCC A 2]tof| 4] 31.8-35.4%9] 571&S Bt o] & &a F7]4u| & &80 & AL
Bot= AR RV =Y E85k= Alo] 2hE S o]l on 7hEE B8 E AHESh= Aol oHY
ARl 7184 FHfof] JFS A= A& HE G}

ZAIOL: 97189, A5, B v, BUAL FuA
F AR A=A una0622@korea.kr (+86-063-238-2453)
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Behavior of redox-sensitive metals in complex soil and plant system

Jin Hee Park*

up7) 8]

Department of Environmental and Biological Chemistry, Chungbuk National University, Cheongju 28644, Korea
SHietn &gy etett

Mobility and toxicity of redox-sensitive metals are varied depending on metal oxidation state and
speciation. Different soil environment including redox conditions and presence of electron donors or
acceptors significantly affect toxicity of redox-sensitve metals. Because soil is the most complicated
biomaterial which include different types of electron donors and acceptors and microorganisms influencing
redox reaction, behavior of redox-sensitive metals is different from in solution. In addition, plant involves
defense mechanisms to alleviate metal toxicity, which are different depending on metal species. Therefore, the
objective of this study was to evaluate different behavior of redox-sensitive metals in solution, soil and plant.
Redox-sensitive metals such as As, Cr and Sb were selected and there valence states and chemical forms were
evaluated in molecular level. Chromium speciation in Cr(VI) spiked hydroponics solution was mainly Cr(VI)
while Cr in Cr(VI) spiked soil was reduced to Cr(IIl) due to soil organic matter. Chromium was mainly
accumulated in lettuce leaves and roots as Cr(Ill) in both Cr(IIT) and Cr(VI) spiked hydropnoics and soil.
Chromium(I1I) in lettuce roots were coordinated with 6 oxygens in the first shell and 2-4 carbons in the second
shell. Lettuce growth in Cr(IIl) spiked soil was affected by Mn toxicity because Cr(Ill) spiking induced
reduction of Mn and increase in Mn mobility. Plant could reduce redox sensitve metals such as Cr(VI) and
As(V) in hydroponics solution possibly by exudation of organic acids. Arsenic in Arabidopsis was mainly
As(IIT)-O and As(II1)-O was partially transformed to As(II1)-S in plants. However, major form of Sb in lettuce
leaves and roots grown in Sb containing nutrient solution was Sb-O. The speciation of redox-sensitive metals
in plants is related to their defense mechanisms. Therefore, changes in growth environments would control
metal toxicity and speciation in plants.

Keywords: Antimony, Arsenic, Chromium, Speciation, Valence state
Correspondence: pjinh@chungbuk.ac.kr
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A Review on International Carbon Credit Certification Methodologies
for Biochar as a Soil Amendment

Kyung-Hwa Han*, Seok-In Yun, Jin-Hyeob Kwak', and Sun-Il Lee?

s, 49, FAY!, oAy’

Institute of Life Science and Natural Resources, Wonkwang University, lksan 54538, Korea

'Department of Rural Construction Engineering, Jeonbuk National University, Jeonju 54896, Korea
2Climate Change Assessment Division, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea
Agefstin AEARYSFATL, ARNSE AGALTL, *FY AU 71 FAskE sk

The high organic carbon sequestration ability of biochar can greatly contribute to atmospheric CO, removal
for carbon neutrality. These climate-positive services of biochar are traded as carbon credits on an
international carbon trading platform based on a reliable methodology. Here, we reviewed the international
biochar carbon credit certification methodologies and quality standards, in oder to build a foundation for
biochar carbon credit trading in Korea. The quality of biochar includes the quantity of organic carbon
sequestered over 100 years, the content of toxic contaminants below their threshold values, and the biochar
properties related to soil fertility, described by EBC and IBI certification guidelines. The higher amount of
organic carbon sequestered over 100 years in biochar results from the smaller the molar H/C,, ratio and molar
O/C, ratio, and the greater the pyrolysis temperature. To ensure the permanence of biochar, the molar H/C,
ratio threshold in both of EBC and IBI is 0.7. Unlike IBI, EBC standards additionally have the threshold value
0.4 of a molar O/C,, ratio for all biomass and requires a pyrolysis condition of exceeding 500°C for 3 min at
minimum for animal-derived biomass. Quality-certified biochar can be used as carbon credit. The three
biochar carbon credit methodologies are Puro.earth using life cycle assessment (LCA), Carbonfuture using
EBC C-sink, and Verra using UNFCCC CDM methodology. All three methodologies present standards for
permissible biomass and their sustainability for biochar feedstock, energy efficiency and by-product treatment
for production, and permissible matrices and tracking system for end use. In addition, to ensure the reliability
of carbon credits, third-party verification is conducted. Biochar carbon credit is calculated by a method of
subtracting greenhouse gas emissions at each stage from the amount of organic carbon sequestered over 100
years of biochar. In Korea, where biochar feedstock are mainly biogenic waste and transportation is less than
200 km, greenhouse gas emissions in the life cycle of biochar mainly depend on the production stage. In
modern pyrolysis facilities that meet EBC and Verra's high tech standards, greenhouse gas emissions during
the production stage are very low. On the other hand, low-tech facilities may emit large greenhouse gases such
as methane during the production process, which can significantly reduce biochar carbon credits. This could
be suggested that modernizing production facilities is important in Korea to secure biochar carbon credits.
Besides, it is essential to establish a process-oriented measurement, reporting, and verification (MRV) system,
to ensure scientific transparency and reliability of biochar carbon credit certification.

Keywords: CO, removal, life cycle assessment, organic carbon sequestration, permissible biomass,

pyrolysis condition
Correspondence: bearthink.han@gmail.com
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Evaluating Pollution Indices at Agricultural Soils near Industrial
Complexes in Jeon-Nam Regions of Korea

Anwarzeb Khan, and Ki In Kim*
Department of Horticultural Science, Mokpo National University, Muan 58554, Korea

In recent years agricultural soil contamination with heavy metals using various ecological and health risk
assessment tools have gained more interest. However, such extensive studies are limited in the rapidly
urbanizing areas like Jeon-Nam. The objective of this study was to evaluate pollution indices using heavy
metal concentrations in agricultural soils in the vicinity of ten industrial complexes of Jeon-Nam province,
Korea. For the purpose multiple ecological risk indices were performed.

The mean heavy metals concentrations revealed substantial variation across different sampling points,
however, all the samples were below the SCWS under the regulations of cultivated lands by SECL, Ministry
of Environment (MOE) in Korea. The Contamination Factor (CF) and degree of contamination (CD),
geoaccumulation index (Igeo) and potential ecological risk (PERI) values for all the samples were ranged
from 0.03-3.5 (CF), 1.9-9.4 (CD), 0.01- 0.70 (Igeo) and 26-142 (PERI), respectively. The CF and CD results
suggested low to considerable contamination. The Igeo categorized as unpolluted to moderately polluted, and
the PERI as low to moderate ecological risk. Our finding provides value able information for policy makers on
how to reduce the risk of agriculture soil contamination from industrial complexes and potential impacts on
ecological and human environment. Further research is needed to monitor heavy metal concentrations at
agricultural production fields around industrial complexes under the regulations of SECL, MOE in Korea.

Keywords: Heavy metal, Igeo, PI, PLI, soil contamination warning standard, SPI
Correspondence: rollingkim@mokpo.ac.kr (+8261-450-2373)
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Evaluation of the Maximum Adsorption Concentration of Heavy Metals
by Red Mud, Neutralized Red Mud, and Steel Slag

Chaw Su Lwin, Mina Lee, Nam-Hee Yi, Tae-Hee Baek, and Kwon-Rae Kim*
Gyeongsang National University

The contamination of heavy metal(loids) (HM) in soil has become a matter of great concern, posing
significant risks to the environment and public health. Immobilization is a viable technique for retaining HM
in soil through adsorption/ion exchange, complexation, and precipitation. Industrial by-products such as red
mud (RM), neutralized red mud (SRM), and steel slag (SS) were selected as sorbents for retaining HMs in
contaminated soil due to their high adsorption capacities. Batch experiments were conducted to assess the
adsorption of arsenic (As), cadmium (Cd), and lead (Pb) onto the selected adsorbents at initial metal
concentrations of 20, 50, 100, 200, 500, and 1000 mg L™". The data obtained from each batch test were plotted
on Langmuir adsorption isotherm. The percentages of sorption efficiencies of all adsorbents for As, Cd, and Pb
gradually decreased with increasing initial metal concentrations. Among these, RM, SRM and SS exhibited
the highest sorption efficiencies at an initial metal concentration of 20 mg L', with 33%, 30%, and 24% for As,
100%, 95%, and 11% for Cd, and 99%, 99%, and 30% for Pb, respectively. The Langmuir isotherm model
provided a good fit for data of As, Cd, and Pb adsorption onto RM, SRM, and SS. Regarding the Langmuir
model parameters, RM, while not significantly different from SRM, displayed the highest maximum
adsorption capacity with a high sorption energy for HM ions, especially Cd and Pb. In contrast, SS showed
relatively lower effectiveness in the sorption of As, Cd, and Pb. Therefore, this result suggests that RM has a
better capability for adsorbing HM ions, especially Cd and Pb in batch experiments (>99%), making it more
suitable for real on-site application.

Keywords: Batch experiment; adsorption; red mud; acidified red mud; steel slag; As; Cd; Pb; Langmuir

isotherm model
Correspondence: kimkr419@gnu.ac.kr
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Investigation of Inorganic Nutrients of Soil in Paddy in Gyeonggi-do

SR, uA4Y, A4S, 14, gad, JEd, ZAY

Min-Hee Song*, Sung-Lim Ko, Seong-Hwan Ji, Min-Seok Kim,

So-Hyeon Park, Chun-Hyun Jung, and Jae-Won Jeong'

AR ENEY SUBAEAER SYGARNE, 375597148 BF5ADTY
457 Pyeongdong-ro, lksan-si, Jeollabuk-do, Republic of Korea, 54667

'Gyeonggi-do Agricultural Research & Extension Services, Hwaseong, 18388

7= A B ESAY B sdEE T e 2Ate EAZ AN FHd 4d TR =
Fo = A Y o|efehA Wal, Sad o HE S BASH A9 BN B B2 AR A 4
H, A8 sd o Ve St o 9 FHAIA
YL A gsh=tl 27 Aot v B etk ¥
Ofgt obdl Wt A 2 1 S a9 AL, 5hd Y
ol H7|= gtk oof & At A7 = W = EYY s A
o T2 SAT ESL R 7 Ah, I H FAAES F AT BAIE Ak A HS e
Aol &7t ol A &2 Q) HUEFg Fol et w84 EY

ZAF A A9 Y] 25 A8l Al e 7 1eAlE o ke ol dRA o AT H = As
o aEsto] o] B 2 A& AA s o AV A T A4 3l AAE A= fleto] =

i)

SEAE} T Hololis 2 5717 5 Z1A1A thle] Hlof gl 22 sjstelon v Auat 4
Aol koA 24 R AR she] D02 B BE L B9 A Aol 24
ZA A EE 35505 4 U b o A B0 AL 5] Aol £l UA) G Al7of 24}

stlom B Bk Au7E At A7) 2 AEskal A3iEe] 9l g usto] 2AMSHI
TR 2ANGHOR 25, ] BEA G5, AR G, 2 AA o T 2|4 Wsls 2435}
B EA, $AUE, f7]E W, pH, EC 52 24 sholon, sfehA et Yl B S 24 S
[

iz
R
o

b}

1

T "o Wi
A FAMFACEENETA, 2017)2 7IEe Haste] B HEE 55l Av.POs, Ex-K, Ex-Ca,
Ex- Mg o] 525t0] 7|9 2(T-P, T-K, T-Ca, T-Mg) 9] S35 v] 2 4134410k,

FA0): A7 & = B, 38, 4
ZA7A QA : mini6846@koat.orkr (063-919-1534)

Table. Average distribution of chemical properties of soil in Paddy in Gyeonggi-do

pH EC Ex.Ca ExMg ExK ExNa T-Ca T-Mg T-K T-Na SiO, P,Os T-P OM
1:5 dSm’ cmol kg % kg/10a mgkg' gkg'
Paddy 6.17 0.69 6.22 1.53 035 033 024 0.50 035 0.02 3099 117.9 587.8 23.14

Item
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Monitoring of Soil Physical Properties of Paddy Soil for Gyeonggi-do
Province

Auax, 148, A%, $us), gad, 2 ZAY

Min-Seok Kim*, Sung-Lim Ko, Seong-Hwan Ji, Min-Hee Song,
So-Hyeon Park, and Chun- Hyun Jung, Jae-won Jung'
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457 Pyeongdong-ro, lksan-si, Jeollabuk-do, Republic of Korea, 54667
'Gyeonggido Agricultural Research & Extension Services, Hwaseong 18388

B WS YA UE R, L Selutet 5734 Eope] EelH 41 W o|akerA wet, 33

& P UE 5 2A0] A8 EGAY B vl R ALS I S, AR A 7S FES T B
W42 0 G AeAA PR FAHES AT S G 7| ZARE AZSHE) 927t ok,

EFEAS hED 5 G AEL TSN T FOIAE FE AGE T G 7R EHL AEA,
AL, ol 3 5 o) ke thy R meh 2HE0) el 5ol oh ) 5] Weke vE 4 9)
o] §-851 AHgE 3 gk

2 AL 7] U] = EOF4070] tha Bl WERA 232 A 2019921202399] Fel 2] S wiat
2 uakela o] S EvhE Ao, 4BE A F0 ZAGROR AEYS | EOR B ES

o] F3ol M B4, AR, §71% U, pH, EC 52 24 5491, Awt AESoH Sk

2L | PIEAS 9lo) A B 71 A 0] 8- v} UK ol W AL Hrygh
aefato] BAY 173 Et o ol A thE BAZ ARSI = EF F S B4 5L o)
£ 3, 5714 5 71 A8 tho] Hlof Qs 33 o) vl A8 12 Afo] FlA] 2AFR A R AH BT
o2 7B HYS A9 9 Aol u 2AGch

H7)E W = B9 AEA S B3-S 19.80m, ZE L 18.6mm, £ oY AE Wb FF5ES g

[e} =
TOESAUEE HE 1.25Mg m?, A E 1.47Mg m>. A4S B o) A= 1A 47.2%, AAY 44.0%, 71A4F
8.9% .01, A E = 55.8%, 38.2%, 6.0% 2 2019 || v 5 $=Egteo] Wol ZE A 9 & 24 %] o] A

it

bl = o
HAE BoAH {7159 B9 EE=21.9gke’, A E=18.1gkg! L, pHi= EE=6.1, A E=652
EANY O R = E Auo] BF g3 513 aL2019d 7§13} §laS & 4= AT
FA0): 7= = ES AEA, §8UE, A
FA 3R AZA: slko@koat.or.kr (063-919-1530), mini6846@koat.or.kr (063-919-1534)
Table. The average of physical properties of Paddy Soil in 2019 in 2023
gy o AEL BAdAE A WAL T AR OM pH EC
- v cm  Mgm? % % % mm  gkg' 1:5 dSm’'
2019 IE 20.6 1.24 46.8 44.6 8.6 23.5 6.1 0.5
A& 1.49 56.1 38.5 5.4 17.6 17.1 6.4 0.4
2023 3E 19.8 1.25 47.2 44.0 8.9 21.9 6.1 0.7
Al g 1.47 55.8 38.2 6.0 18.6 18.1 6.5 0.5
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Analysis of Perilla Canopy Temperature by Thermal Radiation Image

A71A, 4!, dop

Kicheol Eom'*, Chaeil Im', and I Nam?
A BIAL AF T E AT, () AEA 28
'SEjong Data Research Institute
GUNGONGeoTec

B QT 591K TP 5 0] 7} AL A A} 4L 7hu 2k (Model : InfiRay) S o] 85161 20234 7
€022 17:050] 23k (Table 1) QEAF A4 o] u] X)(Fig.) 4 Fato] 728 8l &4 o] 4 0] 57
Feho] &= WslopAlS EAISHAlTh (Fig, Table 1). 57] 22 24 7] 28 25.0°C-26.6°C 0] 9l 2| of-&
% )} HALE A H 0] WA 1L6°C 0900 B 25.9°CRA 7] LR 5.6°C ottt Figol
UEhdl 1| o10] 7] Pete i R PARS 24.3°C-27.1°C o] L H |- L= AWk HA L= XM zhe] W)
£2.8°C 0| Qo WS 25.8°CA] 728 H ik 8 2ol 7} GO (Table 2), L= HER 2
L 26.0°C7} 7H4 2k} (Fig.).

FAo): 70, 2L, GEAF YA o]
FALAL AZA: keeom6578@hanmail.net (010-8856-8765)

RRAY: 2 1

L5ENTH ATARIGEIAT : A8 A 22 222 A A LA DB T
%9 444 24

, B5 A W3 PI01528904) 9] X o] oJa 423w 5 Tk

Fig QA 54 ojul 4 2

Table 1. FEAF G4 ojv] x| &g =4 Table 2. HEA} G4 ofw|A] 24 A3}
Instrument P Series Resolution 256*192 RO Max Avg Min
Reflected Temp  25.0— Ambient 250 L1 26.6 259 25.0
Temp Ta 31.5
Transmissivity 1.00  Emissivity 0.95 R1 27.1 25.8 243
Distance 0.5M Date 202307021705
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Estimation Models for the Soil Water Tension in the Field of Chinese
Cabbage Cultivation during a Period of Drought

A7 A, ALY, ol

Kicheol Eom'#, Chaeil Im', and I Nam?

'Z2 3|4 HlF o E A4, () ALA L H)

'SEjong Data Research Institute

*GUNGONGeoTec

2 AT Y Y SRt 712 E Al ZAol A 109 625 119 122744 9] ghk7|7h Bt

= A
tf & 14:000]] AlA] (2 : TENS21)S o] 83}0] 92 5 243 EofpE A8 (Ps)S =43 Ao} 3
7] Pso] HElokAF 24 M 33 Eq. 1 - Eq. 43} 0] sigmoid function & &} (Fig.)2 A3 )
o W& Ps®] F7F &= FE[L] > ARFE[SL] > A FE[CL] > vAMI A S E[SICL] 2o 2 F245
afsic.

[SL]=-17.4 + 414.0/[1+exp(-(Dr-17.27)/5.00)) (R? = 0.999**) Eq. 1

[L] =-15.6 + 201.5/[ 1+exp(-(Dr-6.25)/2.38)) (R> = 0.984**) Eq. 2

[CL] = -182.7 + 886.1/[1+exp(-(Dr-7.49)/5.43)) (R* = 0.998**) Eq. 3

[SiCL] = -172.5 + 514.5/[ 1+exp(-(Dr-5.89)/8.14)) (R* = 0.976**) Eq. 4

Dr: 7}= 7 3 Y (Elapsed days)

FA|of: o7, Eok4E 22, sigmoid function
FATFA A=HA: keeom6578@hanmail.net (010-8856-8765)

Ak B AL SEAER ATAYTERAY : )5 159 EGLE o)F
WP 0, A B PIOIT049)2] 2] 21o] o]3) 2= gl e

Am

X9

By

)

7N

r

Tension (kPa)

Period of drought (day) i

Period of‘cdrol:l;ght (Il:lay]
=0 [CL/
F'e:iod of‘cdrough;ct (day]rc F'e:iol:l of‘cdrough;ct (day];c
Fig. B4 ghil7| Pso] HslpA) 24 m g
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SoliQt tHALkE TshX|Y Ee] =2 - slst - WEsid EY
Soil Properties in Large-scale Wildfire Damage Areas on the East Coast

AR, e, F712, YA

Se-Jin Oh*, Taehui Yang, Ki-Chan Hongl and Won-Seok Jangl
Aol sfoFEaAte IAXETY, A Eiy

Goseong Deep Sea Water Industry Foundation, Goseong 24747, Korea
'Kangwon National University, Chuncheon 24341, Korea
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Investigation and Prediction of Soil Salinity in Reclaimed Farmland Using
Electromagnetic Field Induction Equipment
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Analysis of Upland Drought Frequency based on Soil Available Water
Content during Soybean Cultivation Period
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Evaluation and estimation of soil water has become important in agricultural field to respond climate
change as the frequency of disasters such as drought, floods, and cold waves has increased due to climate
change. The Ministry of the Interior and Safety selected soil available water content (SAWC) for upland as a
key indicator of agricultural drought in 2016. Accordingly, in order to prepare for upland drought, a model was
developed to evaluate the SAWC by integrating soil, meteorological, and crop data (Hwang et al., 2022). This
study was carried out to evaluate upland drought by analyzing frequency during soybean cultivation period.

The SAWC expressed as a percentage of the current available water content compared to total available
water content by integrating soil (field capacity and wilting point), meteorology (precipitation and
evapotranspiration), and crop data (crop coefficient and water stress coefficient). The stages of upland drought
were classified as normal (SAWC more than 60%), attention (45~60%), caution (30~45%), alert (15~30%),
and serious (below 15%). In this study, we analyzed frequency below ‘caution’ stage of 167 cities and
counties, when the upper leaves begin to wilt, during soybean cultivation period (from May 20 to October 31,
165 days) from 2018 to 2022 (Fig. 1). The average frequency of upland drought was greater in 2018, which
was 29 days (from 7 to 52 days) during soybean cultivation period. The province with the highest frequency
of drought was Chungcheongbuk-do with 36 days in 2018, especially, Yeongdong-gun with 52 days. From
2019 to 2022, the upland drought occurred on average for 10, 2, 7, and 14 days (range: 0~41, 0~14, 0~26, 0~48
days, respectively), which was almost occurred in the soybean cultivation period. The average frequency from
2019 to 2022 was lower than in 2018, due to relatively less severe drought and regional differences. The result
of this study will provide information on upland drought of 167 cities and counties, and thus contribute to used
as basic data for drought response.

Keywords: Upland drought, Drought frequency, Soil available water content, Evapotranspiration, Soybean
Correspondence: sein7913@korea.kr (063-238-2451)
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Fig. 1. The frequency of upland drought during soybean cultivation period (below SAWC 45%)

- 74 -



2023S B EGH RS H55% £3 g 7ot

Estimating Soil Organic Carbon, pH, and Nitrogen Using Mid-infrared
Diffuse Reflectance Spectroscopy
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As soil can draw down 23.9 Gt of CO2-equivalent per year from the atmosphere, accurate and consistent
soil monitoring is crucial for assessing soil’s long-term carbon sequestration capacity. While soil’s chemical
properties such as organic carbon content, nitrogen content, and pH can influence the magnitude of CO2
sequestration by soil, we lack accurate information about these properties. Here, we leveraged soil samples
that were collected under shallow- and deep-rooted plants at 0-240 cm across the United States (486 samples
= 9 study sites * 2 vegetation types * 3 replicates * 9 soil depth intervals; 5 soil samples were low in quantity,
so the final sample number was 481), assessed organic carbon content, nitrogen content, pH, and
Fourier-transform infrared spectroscopy with diffuse reflectance (FTIR-DRIFT). Using Partial Least Squares
(PLS) approach, we built models that were calibrated and validated on (1) all samples, (2) each vegetation, and
(3) three depth intervals (0-60 cm, 60-150 cm, 150-240 cm).

For the all-sample model, 384 samples were used for calibration, 44 samples for finding the best number of
components, and 53 samples for validation. The root mean squared error (RMSE) was 0.3011, 0.0183, and
0.4154 for organic carbon, nitrogen, and pH, respectively (R2 =0.94, 0.89, and 0.88, respectively). When we
divided the data into two datasets based on vegetation type (deep- and shallow-rooted plants) and created
models for each vegetation, the RMSE and R2 values improved for the nitrogen estimation in the deep-rooted
plant model (RMSE =0.0125, R2 = 0.9544) compared to the all-sample model. Among the three depth interval
models, organic carbon and pH estimation at 0-60 cm depth (RMSE = 0.2328, 0.3686, R2 = 0.96, 0.86) were
more accurate than their estimation in the all-sample model. Nitrogen estimation improved at two different
depth intervals (60-150cm, 150-240cm), with RMSE = 0.00679, 0.00575, and R2 = 0.76, 0.78, respectively.
As follow-ups, we will compare PLS with other approaches such as Extreme Gradient Boosting (XGboost) or
Cubist and develop models between organic carbon and biological properties such as soil respiration,
microbial biomass, and enzyme activities.

Keywords: Soil carbon, Partial Least Square (PLS), Fourier Transform Infrared Spectroscopy with
Diffusive reflectance (FTIR-DRIFT)
Correspondence: jeongchan@snu.ac.kr (02-880-0000)
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Characteristics in Water Qualities of Agricultural Stream Water in
Chungcheongbukdo Ares
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Table 1. Yearly changes of water quality of agricultural Stream Water in different seasons.

o = pH DO CODy, TOC T-P SS
2020 7.9 10.1 42 3.7 0.17 12.6
2021 7.9 9.0 5.0 32 0.19 9.9
2022 8.0 9.8 48 33 0.24 13.6
W 7.9 9.6 47 3.4 0.20 12.0
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Table 1. Yearly changes of chemical properties of orchard soils in Chungbuk Province

Plowing .. ) Partical size distribution

Bulk denisity Porosity Hardness oM

class depth M m o Wit(%) ( (kg
(cm) (Mg m™) %) Sand Silt Clay mm) gke’)

Top 1.31 50.4 53.7 33.6 12.7 - 304

201 16.

018 Sub 66 1.45 452 522 335 14.3 16.0 17.2
Top 1.32 50.2 534 345 12.1 - 24.1

2022 Sub 23.6 1.48 443 51.9 352 12.9 13.4 13.8

- 77 -



20233 = St ECQHH| Ut HI55X £3| G H7|ot& 3

[

BAIX| 2lOJAO[EE EZet WZlE Ui ESRaY HE DL EE

Monitoring and Estimation of Soil Loss on Different Upland Crop
Cultivation Using Slope Lysimeters
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el ods pASCR 7397 =, Ely A1k & (ton/ha) OFE (ton/ha) AFOFE (ton/ha)
T (mm) (MJ mm /ha/hr) WA = L] = LA -
2020 1049.5 6633.3 55.6 8.5 46.1 24.2 92.2 16.2
2021 758.3 2867.2 0.96 0.14 1.43 0.23 1.82 0.47
2022 600.0 2900.2 0.738 0.192 1.697 0.115 2.33 0.149

A1 A1) B 0] 2} (C-factor)
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(2020 ~20221d)
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The Consideration of Method Setting for Setup the Soil Suitability
Classification
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Comparison of Water Balance for Winter Crop (Onion) Cultivation on
Different Upland Soil Weighable Lysimeters
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Estimation of Soil Loss by Threshold Friction Velocity by Wind Profile
in Winter-Wheat Grown Field of Haenam Reclaimed Tidal Flat Land
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National Institute of Crop Science, RDA, Wanju-Gun, 55365, Republic of Korea

‘Department of Biological Environment, College of Agriculture and Life Science, Kangwon National
University, Chuncheon 24341, Korea

The aim of this study was to simply estimate soil loss in the reclaimed tidal flat land (RTF) using the
Threshold Friction Velocity (TFV) calculated by wind profile for different soil series, characterized by
predominantly sandy and silty loam soils with extremely low organic matter content and very poor surface
cover. The RTF located in the Haenam bay was and selected and soil samples were collected at the Ap horizon
from three soil series for analysis of soil physical properties and soil particle distribution. The particle
distribution curves including the limit of non-erodible particle size (D > .84 mm) for Ap horizon of each soil
showed that the proportion of non-erodible particle size greater than 0.84 mm were 4.3% (TH), 8.9% (GP),
0.5% (BC), 1.6% (PS) and 1.4% (JB). The instantaneous and average monthly and daily wind velocities were
higher than the Threshold Friction Velocity (TFV) calculated by the dynamic velocity (V4) by Bagnold (1941)
while the average monthly wind velocity was lower than those of TFV suggested by wind erosion models of
RWEQ and WEPS. The susceptible proportions of erodible soil particles from Ap horizon soil of each soil
series could be significantly influenced by the proportion of sand particle between 0.025 mm and 0.5 mm (or
0.84 mm) in diameter regardless of threshold wind velocity. Conclusively, further investigations are needed to
precisely estimate the soil erosion in the RTF which show various soil characteristics because these estimation
for soil loss for five soil series was obtained only by wind velocity and soil textures.

Keywords: Soil loss, Threshold Friction Velocity, Wind Profile, Reclaimed Tidal Flat Land
Correspondence: dychung@cnu.ac.kr (042-821-7891)
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Long-term Monitoring of Chemical Properties from Paddy Soils in
Gyeongnam Province
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Gyeongsangnam-do Agricultural Research and Extension Services, Jinju 52733, Republic of Korea
'National Institute of Agricultural Sciences(NAS), Wanju 55365, Republic of Korea
AdEsdrley, S de

Field monitoring was performed to evaluate the chemical properties of 284 paddy soils in Gyeongnam
province every 4 years from 1999 to 2023. Soil chemical properties such as pH, electrical conductivity,
amount of organic matter (OM), available phosphate (P,Os), exchangeable potassium (K), calcium (Ca),
magnesium (Mg) and sodium, and available silicate (SiO,) were analyzed. In 2023, the average of pH, OM,
available P,Os, exchangeable K, Ca, Mg, and available SiO, was 6.0, 28 gkg', 210 mg kg', 0.31 cmol. kg,
6.1 cmol. kg, and 1.3 cmol. kg, 287 mg kg™!, respectively. The frequency distribution within optimum range
of paddy soils was 70%, 44%, 17%, 27%, 15% and 16% for pH, OM, available P,Os, K, Ca, and Mg,
respectively. The available P,Os concentrations in 2023 was excess level with portion of 62% and did not alter
significantly during the experiment. On the other hand the insufficient proportion of Mg concentration in 2023
was 70%. These results indicated that a balanced management of soil chemical properties can improve the
amount of fertilizer applied for sustainable agriculture in paddy field.

Keywords: Chemical property, Paddy, Soil fertility, Long-term monitoring
Correspondence: hity84@korea.kr (055-254-1313)
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Fig 1. Frequency distribution of chemical properties of paddy soils in Gyeongnam Province (n=284).
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Change Characteristics in Physical Properties on Paddy Soils in Jeonnam
Province
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Kyungjin Kwak*, Hyeonji Kim, Sungwoo Kim, Soyoun Lee, Gilho Shin, Suengoh Heo', and Jinwoo Lee
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Jeollanam-do Agricultural Research & Extension Services, Naju 58228, Korea

'National Institute of Agricultural Scence, RDA, Wanju 55365, Korea

ARSI VA A 150 ool S L 12k 37k o
. = ﬂ 293t Q4 = 3E B 4
Wk opy g RSt e A SHA B E o] Utk 2 A= AEA Y 40479 = ES EE]
= 49 F71(2015~20239) 2 £ASE X|&7Hs3E 584 B +A1E ¢t 712 AR 2 285t
Wololt £8 ZAFR oL AR, SHUE, T8, ASAAE, 4718 B 5ol ok A
= 20RO ZEALS 16.3em(’15)0) A 15.3em(’19)& 7HA3HATH} 19.2em(*23) 2 Z7}3h whal, AL2A]
AE=232mmof| A 17.9mm, 19.4mm=E 745+ FdS Bk AE £4U == 1.55Mgm™, 1.46 Mg
3, 140 Mg m® OF7F QA E = AgkS Holom X o] 978 3eke 20159 32.0 gkg o A 27.1 g kg
29 t}712023d 29.1 gkg' 2 THA] 325 A 0 2 VeRgt) oAk AvtE AR Y = BEoFE a4
2 *‘EB-FQU‘E 71&Eo 2 k7t AR Q8L U9l

Txnol Eokﬁa O L_a _Q_;G UIE
ZQ7A AA: kjin20@korea kr (061-330-2505)

Table 1. WA = EF= 24 HI} 54(2015~2023)

QA 7| & sheF
217 gRdem  OUT Fses  asads el
dE 1.15 56.4 - 29.6
2023 ANE 19:2 1.40 47.3 19.4 23.1
dE 1.17 559 - 27.1
2019 AE 153 1.46 44.8 17.9 18.2
FE 1.17 559 - 32.0
2015 ANE 163 1.55 41.5 233 15.2
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Soil Organic-Matter-Level-Specific Calibration Equation for Commercial
Soil Moisture Sensors in Soils of Jeju Island

olz 4, FAd, o, HrdE*
Ho-sung Lee, Jin-Hyeon Jang, Kyung Uk Yi, and Won-Pyo Park*
A dista ARARSHE ABAASHHE,

Plant Resources and Environment Major, Faculty of Bioscience and Industry, Jeju National University, Jeju, 63243, Korea

EFO f7lE g B Eahdel @3S v AW, ESRAIA Al 2 A A AlE St HA A
S f71E TFS LA geth Al BEYS f7]E dgo] thste] B¢ 718 ol Al
5 Fholl v A= P At fleiAe 7]E 425 ' B 4] (calibration equation)©] 2 & 3}c}. 2
T AFE BEY #7185 28 AT SH SRS S S EdEAIA BAgAS N
A Y5kl Th EFAIRE B4 20-40 em Zl o] ol A 71 gHE 671 A1 o Bk A F s, 84

£ 285kl SL 870l SREFS ST F A4 10em Zo]of] EF==AlA (TEROS 103} TEROS
12; METER group, Inc. USA)E A 2|5} th. &7 W& EFA R E 237 & S5 vljeoto] =4l
A1 8] =gk (raw counts) = 578l B4 THTEEF S AN ol & AR AT R dAbst
ATt & Aol A 4-15% 71& TeFS] EFAIRE AFEoFo] ST 8 A A 9] 4h2 Al Aol A A58t
= B i dgt A}, R AR E QAL 7] & TEo] 248 whEgho] sk Aol
%It} TEROS 103} TEROS 12 =AlA of] thgt 7] okl A BAA S AFESHAT f71&
A H BAAE AFE B 8517 Yol EFFEAA Y] BE3 EF A4 E3ES v
oto] B e s AES B art ook

o

FA0): 4712 &, TEROS 10 & 12 EFEAIA, 3H43| £9F
FAFA A=A : oneticket@jejunu.ac.kr (064-754-3317)

Table 1. Summary of organic-matter-level-specific calibration equations in soils in Jeju Island.

OM’"(%) Organic-Matter-Level-Specific Calibration Equation R?
TEROS 10 sensor
1.92 2.337x10°xRAW’-1.604x10°xRAW?-3.684x10*xRAW-28.11 0.988
4.57 4.3138x10"'<xRAW?-2.9348x 10°xRAW>+6.9394x10°xRAW-5.3991 0.999
5.31 -5.8817x107'°x RAW*+4.1431x 10°xRAW?-9.112x10°xRAW+6.5056 0.999
6.60 2.8276x 10""<RAW?-1.9571x10°xRAW*+4.9119x 10 xRAW-4.0542 0.997
12.0 2.9757x10°xRAW?*-2.1688x10°xRAW?*+5.3006x102xRAW-43.054 0.996
15.2 2.4976x10"'°xRAW?-1.7248x10°xRAW*+4.4351x10°xRAW-3.6813 0.999
TEROS 12 sensor
1.92 0.00041xRAW-10.7825 0.972
4.57 0.0006xRAW-1.15513 0.991
5.31 0.00086xRAW-18032 0.997
6.60 0.00057xRAW-1.1067 0.989
12.0 0.00058<xRAW-1.0884 0.992
15.2 0.00076xRAW-1.4581 0.979

*OM: Organic Matter Level.
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Characteristics of Western Seonjagjiwat Grassland Soils in Halla Moutain
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AZA SHE SHefAE A1 1,500-1,700 m Xt of] 9125 2 H BEA 2 A F5o 2 A How il
Us Aot} o] A Hof| 2= EFS TR AN B SR EREIL U=

TR0l EEZSt = BEYQ e 2502 BRE AL QIvh AAASE AR A 2 At of] £ ZofFow
EE25 7 Q= B9k e A EAJL X AFSLAL, Soil Taxonomy 2] 5= E-41 1 Q1 Soil Survey Laboratory
Methods Manual o]] ©}2}x] EOF-S H-4]35}o] Laboratory data sheetsE 233} Th Al13 (0-26 cm)-2 =%
ZA (10YR 2/2) Z3h 2F Apro] Ql= v|AFA G E o] A1, A23 (26-51 em)> -5 A (10YR 2/2) = ZF =}
Zro] 9l HAMASYSE, ABS (51-67 cm)> 52 (10YR 2/2) &3} 2 2p2o] Ql= AFFE W, Bwd:
(67-85 cm)-2 Z=3A (10YR 6/6) =31}t Apzbo] W2 ALFE o|th, XA E5-of A oxalate 1 &7J (Al + 1/2Fe)
Sheko] 7171 3.3% o)A 0 &2 =11 QIATH 8 =0] Z+2F95.2% o] AL O 2 =otandic EA]S H {5t glon g
Andisols 2 BF¥c} Udic EGFLEANS H 85101 9o B E o} 0 Udands 2 EFETH Al A2 9
AB3 (0-67 em)o] A %-8:4] =0} A= gho] 2 ofshol 1, §7]5h4 ko] 60 ¢ ke ©]410] ], Melanic
Index”7} 1.70 ©]3} 2 melanic epipedon®] £5 X A& F2A]7]3L it} whebA oj--2 Melanudands 2 &
STk 71 = ER0A] 60 cm o] U] 0] o] 4] 50 cm o] 4 F7119] = Fol 4 § 7]k ol 6.0% o]
Arolal 58 A RS BR 7|E£8 A 7| B2 ol+2 Acrudoxic Melanudands 2 E-F-F T}, EQFR
Ao 39J0] 4] E kel 1,500 kPad) o o4k gteo] H71 Al o] A9 12% ol kol i, W] E 7 Al
9] A230-100% H<¢ Hof Qo2 2 EA A4S medialo]] &3t} Oxalate &4 Six8¥} oxalate 2=
A Fex2E aFst 7ko] 5% o]Ato] Al oxalate Z1=A] Six8 7)0] oxalate A=A Fex2 ZFHT} =00 g 354
2 amorphicof &3t} B2 Ao mesicof] 812 2 0] E -2 medial, amorphic, mesic family of Pachic
Melanudands 2 F-F-9t}. & AZA| SE AR 2] 1A 2 A o] EEF= EF2 AP ECFO] ofY gt &
Azopel 42 masha ol

ZF=A)0]: andic EE4J, Allophane, PcchicMelanudans
FA3A A=A kesongl2@naver.com (010-7292-9108)

- 86 -



20235 SHLEOH| BOHS| XI55 £3| gl K 7|SHATHY

ShaAr AjLitl 19l XX|EQk0| EM

Characteristics of High Altitude Grassland Soils in Southwestern Halla
Moutain
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Kwan-Cheol Song*, Won-Pyo Park, Min-SeoK Kim, Kyung Uk Yi, Suk-Hyung Ko', Hae-Nam Hyun
AFstal AEAISHE AEAARAAY, AFEERAE AAFAER

Plant Resources and Environment Major, Faculty of Bioscience and Industry, Jeju National University, Jeju, 63243, Korea
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Bl
ol

w5
l:i

AlF=reof #325t= EdEL a7 2 B¢ AlQstal= o
Shabalk A E o} U 3k 1,500-1,800 m A o] of] &= 12| 3FeFo]
o] [e) u:] o] x]o:‘loﬂ -‘iEé]—L‘ Eoko g/\}m Eok Alo)
Byl Eokol iiioi T 9l T}, SFEFAF AlUEF 400 m, B 1,670 m 2] A TAF 2 Q72| o] B
Zaln BopE o g B 1‘— EoFo] HE A EA % /\}'0]’_]__ Soil Taxonomy 9] 3= H-4] 1 Q1 Soil
Survey Laboratory Methods Manualoﬂ w24 EOFS E 4435} Laboratory data sheetsS 2HJ5HA T AS
(0-21 em)> "53] 244 (10YR 3/2) 2k A3} £0] Sl vAM G E o] 1L, ACS (21-42 cm)2 593144
(10YR 3/2) 2+ A3} Fo] W2 | AMA G E o] w, C3-(42-70 cm)-> IS4 (10YR 4/4) E0] QLaL ZF A}k
o] W2 u|AAGFE O Th A EFo A QIAHE §-5 85% w| ko] il Al+1/2Fe, FHeo] 2.0% m| ¥k = ghabit
AR S Fojol EESH ThE EFEI THE 5L Hol 3 gtk T Lh A B0l 4 AH4525%
o]4}, 0.02-2.0 mm =L7] €JZ}7} 30% 0] Ao] 11, Al+1/2Fe, $F2F0] 0.4% o] Ako]m, 0.02-2.0 mm 27| <]}
2 3. Q A 5F30% o] S 2 Andic EAS H-55111 9 22 2 Andisols2 EHFE ) Udic ESSEANS
BG83 Qo H R o228 Udands Z H-5 5, o+ Hapludands 557|582 24|71 Qlth 713
Eook A 2] 25100 cm Z20]o] 30 em o 4 A ] & Z ol 4] Z]3HA) ol &2} Al g2 3712 cmoll,
ko] 2 & o}-2 Acrudoxic Hapludands 2 & ¥t EoFE Ao HQo| A EoF4EA 1,500
kPa o] EQFitotaol S Al m Y A9 12% o] /dolH, BlE 7 Al &9 73--30-100% R 9] ol 3l o=
2 EA YA 4E-2 medialof] &3t} Oxalate 2124 Six81} oxalate 2] &4 Fex2E ¢35t Z)o] 5% o|Ato] 1L
oxalate 2] Z4J Six8 ZFo] oxalate &4 Fex2 ZtHE T =0 B & SFEL0 amorphico]] &30 B EA)
o] mesico] £3H R o] B2 medial, amorphic, mesic family of Acrudoxic Hapludands 2 253+ 4= gt}
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A Study on Water Balance Analysis to Calculate Water Requirement of
Green Onion
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Comparison of Soil Moisture Content Changes by Paddy and Upland Soil
Depths in Winter Season Using Weighable Lysimeter
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Egra 7188 AE e d¥e Hon, B4 o] g FH|ef Bl bt 2 o5 Ao EEkl
ok 53] A7 EGe S 2 et 7120 22 7140 93 Bol etk ofd 7] BESf i
o soll Bt A= -2 A= A A 71l FFE 7k A7)0l 242 s At E o Stk ool whek
AZZEA A YA gE o] Efra et Ha s $7 B ol F WEke] A7 stttk whEbA, 2
Tol M T4 2ol AlvE S B-E-5to] A WA llA ool mhE EAE B Wt
Of = o A o] EFgiE A& HI WS AR = s At A 2t R e ehgat)ofl f1AI g vl gt
FEle] A 1o, 2lo] 1.5 me] T34 2ho] Al E(UGT, Germany)of| A <=3 = i th. = oF-8-2) <=2 All A
(UMP-1, UGT, Germany)E ©]-8-3to] 2} 5-9]®(10, 30, 55, 85, 125 em) B2 S48k o, o
AREI 7 2 71 ol Bl = Ehol Al e QI ol AR E 71t ol Al AR &= R 5E T 2hol Al
U e o] Bkt A 7171 20229 1149 19476 2023 34 314714 2] o] & & AR5l 3ith.
o] 717t YA S E 2 AbaS AulshA] ehohon, B AT AFFE 232 2, 2w B AA]
SHA] gkttt

AV S EdrEdd Hee B YR Bttt =EoF 2ol AuE & B9, A EOl RE
10 cm ] A)OFE of| Al 21 ~41%, AFFE L 8%~40%2] o2 LFERETL, 30 cmol|A] 2]0FE = 33%~
38%, AFFE=24~37%2] H el = Hsskleh vhd e ok 2tolAjn] B = 2 gt 3 E 10 cm €] A]9F
E o A& 9%~32%, AFYEET~35%2] HY 2 eI, 30 cmof| A A Y& = 34~40%, AFYFE=29~
43%9] 92 HEst ik Bt e e 57 oS Hakgo] A o= A 1a1 #-94
Zpol= o m, AFFE sl A FEL 2ol & AR YEth 1eU =EY £E 10 cm]
MATFES] Hat 2Tl HYEY 2 dF Bt o 52 A0 2 e o] B2 A A0 21
fre A s Hgol dadt Ao w AZtET: & ALY Aifs (O & A ol whE =1 o) A
o] HitolE 54 W EYTE SUAS, AEr vhe 37 5ol 8 4 s Ao E wihEh

of: 4] golAulH, =EY, HEY, EFF T
T-A AZA: hss1001 @korea.kr (063-238-2457)

-89 -



20234 E SHLEOFH| 2013 M55 £8] U X 7|otaryy|

HEXY =EY2| S2|d Halel EY E4 &4

Analysis Of Physical Property Changes and Soil Characteristics of Paddy
Soil in Jeonbuk Region
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CEQIARSRANG LS BPNSEE FASHL AR 54 WS sto] 1999 ] A%
oo, $EUFRE FUOR 7 w7 S, A, Y5k 5 BAV B BYS S A7
AW T Gk o] F B UL AR Be) WE, BORY S8 0|5 5 AN A HEH 5
Yol G 7B R £ AL Bt FRT JTL Atk B TN AR EEGE o
AFo 820159, 20194, 20231 ©] 357] B9ko] EokRe] 4 MEAL Hrleta chat 24 E A R S
Fo A AR BF A S Ao 8 1A Soick B el A B4 Mak AL sfebst] 91ste] 377
Fok 24 Aol MAEA %S B 294 5L PO R SO, AR HHE ko BN E5A7E
5] 5fo] -4 F 109N A] TFE-3) 39 ol AABHITE BAM YL 57 EokBel 4 AAhg 0 By
(NAS, 2022)0] E5hof MAIBHET, B EHE EFF, EA(E), A3 S0l dov] T FE e =

T E 851k AeEr =0l REE A0 &2 ZARE Hof AFE AL 20153 9] 20.9 cm, 2019 9] 19.1
cm, 20230 21.6 cm 0] 1L, €A UE = 1.19Mgm>, 1.22Mgm?, 127 Mgm* & Z7}31g 0, 2245
L2 543 %, 54.2 %, 52.3 %= A} 7As= Aol th A E Q] Ax=20154, 20194, 2023 2F2F20.9
mm, 19.8 mm, 22.5 mmo| o, A E O] § 7| E k2 148 gkg', 14.9 gkg, 13.5 gkg' & 7T AdhH= A 3F
ojfit. = EYY 594 EAS RUEH YT EYE BF 1979 B o mA 8 BT WS A
5ol 77t 15.8% AL A SFAL QUL o1, BAJ (&) AP AT A A BoFO] #3E H]E0] 58.6% 2 =T
A %2 SHIHEA] 34.5 %, S/ H TR 31.0 %, JHR/AGA] 24.1 % =0 AL, A = ES 54 A
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Analysis of Soil Physical Properties under Paddy Soil in Gyeongnam
Province

Han Eun-heui', An Dong-chun, Je Hee-jeong, Heo Jae-young,

Choi Jae-hyeok, Seung-Oh Hur?, and Jung-Woo Sohn’

'Gyeongsangnam-do Agricultural Research and Extension Services, Jinju 52733, Republic of Korea
*National Institute of Agricultural Sciences, Wanju 55365, Republic of Korea

Measuring soil physical properties was carried out on the paddy soil in Gyeongnam area, 2023 by Rural
Development Administration and Gyeongsangnam-do Agricultural Research and Extension Services
according to the regulation of Act on the Promotion of Environment-friendly Agriculture and Fisheries and the
Management and Support for Organic Foods. For the analysis of soil physical properties, 43 paddy soil in
Gyeongnam area was investigated. The depth of topsoil was 21.4 ¢m, bulk density were top soil 1.2 Mg m™
and subsoil 1.5 Mg m™. The rates of three phases of the top soil were composed of solid 44.4%, liquid 37.4, and
air 18.3, however the subsoil were composed of solid 57.5%, liquid 36.8, and air 5.7. The hardness of soils
were subsoil 23.3 mm and organic matter content was 15.4 g kg™

Keywords: 2}
Correspondence: ==t

Acknowledgement: This study was carried out with the support (Project No.RS-2021-RD009511) of
National Institute of Agricultural Sciences, Rural Development Administration, Republic of Korea.
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Development of Small-scale Regional Evapotranspiration Model for
Upland Crop using Lysimeter and Crop Model

Bu-Yeong Oh*; Jeong-Woo Son, and Jung-Hun Ok
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T2 AdsdaEtd Egu R

Evapotranspiration is an important component of hydrological cycle and its amount is being determined by
the weather. Accurate measurements of environmental variables such as rainfall, runoff, soil moisture,
evaporation rates, minimum and maximum temperatures are essential aspects of Agro-meteorological
research that is important in agricultural, environmental and water resource modeling. Also, to accurately
calculate evapotranspiration and crop coefficient, various environmental variables such as agricultural
meteorological conditions, agricultural climate zone, and water consumption patterns by crop growth stage
must be considered.

Most previous studies showed that there is no database of crop coefficients for different crops in diverse
agro-climatic regions of the small-scale area. Therefore, the present investigation was conducted with two
specific objectives, (1) to estimate £7" and develop K. (2), to compare £7 and develop A values with indirect
methods such as Penman-Monteith and lysimeter evapotranspiration to improve water poductivity. This study
develops a method for estimating evapotranspiration in small-scale areas targeting domestic upland crops.
When measuring actual evapotranspiration, it is difficult physically and cost-wise to apply it to all regions and
crops. To overcome these limitations, this study seeks to develop a model for estimating evapotranspiration at
the national level by using a crop model based on monitoring data from field research. Evapotranspiration was
estimated by comparing the actual evapotranspiration measured with a small lysimeter and the
evapotranspiration calculated using the FAO Penman-Monteith estimation equation. In order to calibrate the
actual and model, the values monitored through actual measurements of crop water usage, soil evaporation,
and transpiration are constructed as input data for the model and calibrated using Korean parameters.

The developed estimation method of £7" and A values may aid in improving water use efficiency in
agro-climatic regions targeting small-scale by reducing the water wastage and over irrigation due to the
inadequacy of efficient irrigation scheduling information.

Keywords: upland, evapotranspiration, crop coefficient, lysimeter, crop model
Comrespondence: ofyoung(@korea.kr (+82-63-238-2432)
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Characteristics of soil Physical Properties of Paddy Land in Gyeongbuk
Province
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Investigation of Soil Erodibility Factor (K factor) of Agricultural Soils in
Jaun District and Doam Lake watersheds
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Assessing the Capacity for Mineralassociated Organic Carbon Storage in
Croplands of New South Wales, Australia

Ho Jun Jang', Sangho Jeon®, Mercedes Roman Dobarco', Budiman Minasnyl, and Alex I\/IcBratneyl
'School of Life and Environmental Sciences, The University of Sydney, Sydney, Australia
Division of Soil and Fertilizer, National Institute of Agricultural Sciences, Rural Development
Administration, Wanju, Jeonbuk, Republic of Korea

Soil carbon sequestration entails the capture of carbon from the atmosphere and storing it in the soil in a
stable form. Soil organic carbon (SOC) is diverse; thus, investigating SOC fraction relevant to climate change
mitigation is more important than total SOC. This study quantified mineral-associated organic carbon
(MAQC) capacity and condition in Edgeroi, New South Wales, Australia. The MAOC capacity refers to the
maximum OC the soil can hold, while the condition refers to the current MAOC content. The difference
between MAOC capacity and condition is considered as the SOC sequestration potential. The MAOC capacity
and condition for the study area was mapped using two methods. The first approach is using pedogenon
mapping, where soil samples in the study area (n = 99) were collected under native vegetation (genosoils) and
cropping (phenosoils). MAOC capacity was mapped based on genosoil samples and MAOC condition was
mapped using samples from phenosoils using spatial covariates and random forest models. Different land uses
impacted MAOC, generally, MAOC concentration in genosoils was always higher than in phenosoils. The
second approach spatially predicted median and upper quantile MAOC content using quantile general additive
models based on a regional dataset. Mapping results from both methods show that MAOC content was higher
in the woodland area, whereas MAOC in the agricultural area was decreased. There was an inconsistency
between the two approaches in the resulting SOC sequestration potential map. We conclude that MAOC
prediction using the pedogenon mapping with local data produced more reliable results. The results of this
study can be connected with two dimensions of soil security (capacity and condition), and these two
dimensions can be supported for decision-making related to other dimensions (capital, connectivity, and
codification)

Keywords: Soil organic carbon, mineral-associated organic carbon
Correspondence: hojun.jang@sydney.edu.au
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Evaluation of Carbon and Water Stocks in Soil Profiles under Apple
Cultivation
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The Waterlogging Responses of Several Kiwi Rootstocks to ‘Goldone’

Hong Lim Kim*, Mock-hee Lee, and Jae-Ho Joa
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Namhae Branch, National Institute of Horticultural and Herbal Science, Rural Development Administration,
Namhae 52430, Korea
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Several kiwifruit orchards in Korea have areas with poor drainage. As the cultivation period lengthens, the
soil physical condition can deteriorate progressively. Therefore, along with improving the soil physical
properties, it is also necessary to find rootstocks that are resistant to waterlogging. To address this, this study
investigated the response of the selected rootstocks and the scion under waterlogging conditions.

The rootstocks used in the study were 'Bangwoori', 'Bounty71', and 'Bruno', and the scion used was
'Goldone'. The relative moisture content of the ‘Goldone’ leaf, depending on the waterlogging conditions for
each rootstock, was observed in the initial stages of waterlogging (approximately 300 to 220mV). The
‘Bangwoori’-‘Goldone’ exhibited the lowest levels, whereas the ‘Goldone’ using ‘Bounty 71’ and ‘Bruno’
rootstocks showed a relatively higher tendency. Comparing the N>O emission levels from the roots of the
‘Bangwoori’ and ‘Bounty 71’ rootstocks, it was found that the N,O emission level from the ‘Bounty 71’
rootstock was about twice as high. The H,O, production levels in the leaves of ‘Goldone’ scions across
different rootstocks were not significantly different, ranging between 40-60 (uUM/g fw), and the degree of lipid
peroxidation due to reactive oxygen species generation was also at a similar level. However, the H,O,
production levels in the roots of the rootstocks were highest in the ‘Bangwoori’ rootstock, but the degree of
lipid peroxidation was highest in ‘Bounty 71°. On the 5th day of waterlogging, the roots and stems of the
‘Bounty 71’ rootstock were in good condition, however, the ‘Bangwoori’ and ‘Bruno’ rootstocks showed
severe browning in the roots, and damage was observed in the stem sections of both the rootstocks and scions.
Particularly, the treatment involving the ‘Bangwoori’ rootstock exhibited a more severe tendency.

Keywords: Kiwifruit, Orchard, Soil, Waterlogging, Rootstocks, Goldone
Correspondence: khlloi@korea.kr (+82-55-864-1505)
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A Study on the Development of a Prediction Model for Paddy Soil
Properties in Gyeonggi-do
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Table. Chemical average of representative areas.

pH EC CEC Ex.Ca ExMg ExK OM T-N TOC P,Os SiO,

ltem 1:5 dSm cmol kg % mg-kg'

area.l 7.17 378 22,16 5.81 6.90 .51 3215 0.14 1.86  39.88 281.95
area.2 7.21 229 2261 694 6.38 1.52 3854 0.16 224  63.96 288.04
area.3 7.64 209 2194 7.26 5.66 136 2991 0.13 1.74 3732 357.38
area4 7.89 213 2142 7.14 6.20 1.53  27.77 0.11 1.61 4149 31834
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Nutrient Use Efficiency of Buckwheat According to Different Type and
Rate of Fertilizer in Open Field Cultivation

Stephen Okwang, Jung-Woo Son', Taeil Jang, and Jin-Hyeob Kwak
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Jeonbuk National University, Jeonju, 54896, Korea

'National Academy of Agricultural Science, RDA

Agoyeta, 'S nety

Open field crops play a significant agricultural role, covering about 85% of Korea's cultivated area.
Ensuring efficient fertilizer application is essential to meet food demands, enhance yields, and address
environmental issues. However, certain crops are not covered by the nutrient standards set by the Rural
Development Administration (RDA), emphasizing the necessity for comprehensive guidance. Additionally,
adapting to climate changes and other factors necessitates adjustments. In this study, nutrient uptake efficiency
of buckwheat, sweet pumpkin, ginger, and cabbage will be tested. The study will be conducted in the main
producer of each crop. In this year, nutrient use efficiency(NUE) of buckwheat is being tested at
Gochang-Gun, Jeollabuk-do. A randomized block design was employed to evaluate the NUE of the specified
field crops. Each block measuring 35%15 m was divided into ten subplots of 5x5 m, spaced 2 m apart, with one
of these subplots designated as the control plot. In each subplot, standardized rates of chemical fertilizer (CF),
cattle manure compost (CMC), and organic fertilizer (OF) (at 100%, 150%, and 200%) was applied a week
before sowing. Buckwheat was sowed on August 21 using a tractor and sowing machine. For a comprehensive
soil study, samples were collected from each subplot at depths of 0-20 cm using an auger. These samples will
be then examined for texture, moisture content, total nitrogen (TN), total carbon (TC), pH, cation exchange
capacity (CEC), and inorganic nitrogen (NH4"-N and NO5-N) across various growth stages. Plant height and
leaf area index (LAI) were measured in each phenological stage. Plant samples from 30%30 cm areas in each
subplot were also collected and will be examined for dry weight, TC, TN for individual components, and
post-harvest yield. Subsequently, NUE indices for each crop will be established, involving a comparison of
plant-absorbed nitrogen to applied fertilizer nitrogen, while considering losses and soil recovery. The findings
of this study have the potential to offer substantial insights into the modification of current fertilizer
application methods, as well as guiding the development of fertilizer recommendations for crops that lacked
precise guidance.

Keywords: Open field crops, nutrient standards, climate changes, Nitrogen Use Efficiency (NUE)
Correspondence: jh_kwak@jbnu.ac.kr (063-270-2488)
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Armrangement of Slope and Drain Furrow to Improve Surface Drainage
Efficiency in Reclaimed Tidelands
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Effects of Biochar Mixture Treatment by Compost Type on Chinese
cabbage Growth
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Dongchun An*, Heejeong Je, Eunheui Han, Jaechyeok Choi', and Dongcheol Seo?
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'Gyeongsangnam-do Agricultural Research and Extension Services, Jinju 52733, Korea
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o] © 2o} En] &9k A 2| 7k v = Aol vl X &S Q167 98l HA A aLguko] 9. xpeF 23t}
SEEN], AR, §49, 123 FHES 247 3 A2 skleh ATE 2w AL 7S AR Lol A AT
5131l =Y 10atd BEo] @ 2= 400kg, EH7F5 | H] = 720kg, Al 340kg, f-91-2 340kg, ZHE
+1,000kg S 7+ A 2] 5t At T 7R E = S5 35%, AR 25%, B4 25%, U] 10%, #A b 2]
4%, A3 E 1% 2 1% A ARSsHTh & A= 49 219 P A5kl 69 15U =88t gl om, 712
el = 99224 A Alsto] 129 13U 2o} gict. Bu]E7d AT a0l 4.80% &2 718 =k,
A 2.82%, S37IEE0] 1.64%, BHET} 1.42% ¢lch 27| A =% (EC, dS/m)= Al Eo] 7.36 ©& 714
EAL, 0] 6.94, B TIEE 0] 5.44, BHETL 1392 7 Wbtk A1@ A EoFe] pHE 6.8 0] Q1AL A]
T 2ol pHE EHESH FA A 212172,7.1 2 AF AR 2903, o] 6.3 02 AP =L}
wrobxitt. Blu] e} uko] 9. 2p SgbAju]of] whE vl 5= eFS w1 7HS Al ZH2F 4,569ke/10a, 12.575kg/10a
O 7 7he A7) kol @S] Yok, En| e Aol ui S Rk 5 Aol A= fakE g A gt
415,692kg/10a © 5 52 2] B 61%, THE A 2]+ tH] 30% o] 4 S=E it e 7HS Al ol Al =
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Chemical Properties of Soils(Fertigation cultivation) in Cultivated Paprika
and Tomato in Cheorwon
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Effects on Rice Growth and Nutrient Uptake Following Application
Methods of Amino Acid Liquid Fertilizer Made from Rendered Residues
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Si-Won Song*, Seong-Bum Chu, Jae-Hyuk Park, Se-Won Kang, and Ju-Sik Cho
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Sunchon National University, Suncheon 57922, Korea

Z517] 1o AR E o XUtk fHE | A 2= 7S A& A 2ok Wi ol v, sl | A 2] 4] ZhgEo] WhAds

= ol =& T A S 9 o R RS 2] ol HRY HREE MV S AR W
THETh & AGE 7FSAR] Al e | A Y] 3 3ok b RES Z8-5ke] AR ofn| e At of
v o] A 2|e, A Al7] L A2 HE o As 9 FESTEl v A= AE gels7] ffste] 3 E
AUTh ofu] Ak B = T | ZhREo T A ol a4 E Fof ol sto] AAksl on, ofn| e Ak fH| 2]
T-N, T-P, K,O 9 o}u] = Ab ghak2 7171 0.42, 0.01, 0.16 2 6.36% At} A8 2 A& ] o] 22 (500,
1000 % 2000 L 10a™), A2 A 7] (FH7], £ E7] D AAS717h), A2 (FH 2 HAH)HE =34
Rom, el = 2 2 5Fo] 1000u] 24 g 23] 225}l A2 el 2o A ATt =21
o 2 Aufstel o, F 1 EE oA Zb2ko] A | 2 & e E QlTh. ofu| it o u] X 2 9 A 2] A7)
H w0 Zo|, Y4 S48 2 HYSF2 7k7187.5~93.7, 88.0 ~ 93.7 cm plant”, 4.72 ~ 7.50, 4.72 ~ 7.50
eaplant’, 83.8 ~91.8, 83.8 ~92.7% L 22.5~23.8,22.5~23.9 g0 HY 2 Z At} AHAH| o A B9
Zo], Bdp, S5 W HAYSE 7171 89.6 cm plant ™, 4.78 ea plant™, 90.3%, 23.5 go] 3l o1, 1A H|of|
A= 77 87.6 emplant”, 5.07 eaplant™, 91.7%, 23.6 g & & AFA|H| oA AL, S5 U PGS0 gH
Alv|Eoh a3t4 © 2 vhebytt) ofm] AR o] A 2 5FE T-N, T-P 2 Ky0 S4-3-239.8~42.2,2.42~3.72
91049~ 1522 kg ha © 2 ofu] 1AL o] ] 7 ] efo] Z7haH2 Ot Bomepo] Z/H5He 0], He)Al7]
HT-N, T-P 2L K,0 &43F238.6~44.7,2.75~3.30 9 115.1 ~137.7kgha' © & S H 7| 0| X 2|3}= A o]
A7)0 Aotz ARt B RSO Aoty AW 9 A g 2447 FA 2 o] A
51.6% 9 72.1%F B S50tz A 02 ZAE QT WU T 2R ofv| Al v = ¥ A F SRS
TSR0 At glon, AA o g W ALY W FESEl et F7HA @l A7 d a.shrar
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Effects of Combined Application of Organic or Inorganic Ferilizers and
Rendered Residue-based Amino Acid Liquid Fertilizer on Cabbage Growth

A, SAY, B, AR, 25

Seong-Bum Chu*, Si-Won Song, Jae-Hyuk Park, Se-Won Kang, and Ju-Sik Cho
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Department of Agricultural Life Science & Interdisciplinary Program in IT-Bio Convergence System,
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7 HE W b B A 2] g BAlo] Z7H5te] 71 %o] BAE I QLo 71599 45
J U B Lo, Ul S B ol el 71 (HE A4 A 0 = Sk o
Ol Aok, il 22 h5 R Eu], Ut © ofu] Ak 5] ALGE| T 9O
A W20) F, obul Al Fatol BAE EA B FUALE
8} 57H 50 R 4B QA S ol A Bk B AT E §,571 4 v 2ot Hel Y AH2S ARE AT
ofu A ou] ] A 2] S Fof Ao ALl v X B3-S SISk W)Y R EE A
2 2ol aglo] Aele el 3 WA ARBE ALEHACR, o]k ofu| - e AR 2
2 1:59) FopH| 2 EUT F UL EAS NY Y R FA 20%E M dte] 50T 24 A 49
ZFrEshgleh. $714 | RAF)SH £71 90| 29 Eul(CP)E 7heul R FEA] v Zsto] Alulsgo
o, 9= 1000 L 102" 10008 3] 4{5}0] IR(FLF) 3 W54 M|(DLF)& Wi=of A2l stsict. obv] At
o] 0] o] WFE B 50] AJFL 1050 ~ 2108 g plant’ B 912 obu] AT ofu] Z-§-0 2 Qlsto] 4F e
o] Z7hSH. 0, TEAI|ZE AEA T e AEHS BTk o] AE W GRS 16.0~227
em 2 25.7~36.7 em 2 ofu] 1A ofu] EG-H )7} w20 GE 1 G Ko Erh Y0, obu] At
ofu]o] AL A B GE 5 i 0] Weke] ATHE Holi 202 Bhelw] glck. obu] Ak ofu] A
2]o] W2 W59 A FoaF FH T ohu] FLF 2 DLFOA 212 89.4 2 119% Z7kshelom, IF 2
CP X 2] tJH] Hu]|E ] 2|3t #] 2] 5L IF+FLF, IF+DLF, CP+FLF 2 CP+DLFoj| 4] Z}7}24.2, 83.3,31.8 W
76.1% A 4ol Z71akelet obu| Ak oful o] H S AL FATNA A BT AT A
MO REA P S B VAR W EADAS ol Jlo] Ah FAFS FIHAT A I AL &
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Nutrient Uptake of Coms Under Various Soil Moisture Contents

Hyen Chung Chun*, Sanghun Lee, Hyeok Gong, and Ki Youl Jung
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Crop Production Technology Research Division, NICS, RDA, Miryang 50424, Korea
TENTA FHAESH AR ISt

Climate change affects crop growth and productivity globally. This climatic condition increases heavy rain
events and droughts during a crop growing season. This study examined the effects of soil moisture contents
on soil nutrient uptakes(nitrogen, phosphate and potassium). A field experiment was conducted with corns
under three different soil moisture treatments(drought, normal, waterlogging and no irrigation). Soil moisture
contents were set as 20% for drought, 25% for normal, and 30% for waterlogging. The soil moisture contents
were adjusted automatically by a sensor and a subsurface irrigation system. The experiment was conducted at
the National Institute of Crop Science in Miryang. A field was divided into four sites based on soil moisture
contents. Every site had the same amount of chemical fertilizers before sowing. During corn cultivation,
normal and waterlogging sites maintained the target soil moisture contents, while drought had greater soil
moisture content due to heavy rainfalls. The no irrigation site had an average soil moisture of 26% by rainfalls.
After applying chemical fertilizer, soils and corns from all sites were sampled to analyze amounts of
nitrogen(N), phosphate(P) and potassium(K) every two weeks. Amounts of N, P, and K in soils did not have
significant different across treatments. Corns from the waterlogging treatment had the greatest absorption of
P and K in roots, stalks and leaves. P and K contents were the greatest from stalks from all soil moisture
treatments. In the meantime, N showed different distributions in corns. The greatest N absorption was shown
in leaves of corns from all soil moisture treatments. Nitrogen absorption was greater values from corns under
drought treatment after 50 days after planting. Yields from all treatment showed that the normal treatment had
the greatest value compared to other soil moisture treatments. This trend continued to a number of grains from
a corn and length of corns. However, weights of 100 seeds were greater from the drought treatment. These
results showed that nutrient uptakes were affected by soil moisture contents and these effects resulted in yield
differences from corn cultivation.

Keywords: corn, soil moisture, nutrients
Correspondence: hyen2010@korea.kr (055-350-1262)
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Effect of Varying Slow Release Fertilizer Supply on Kimchi Cabbage
Growth and Soil Nutrient Status in Highland, Gangwon, Korea
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Yang-Min Kim*, Mavis Badu Brempong, Gye-Ryeong Bak, and Jeong-Tae Lee
ZA9FH1*, Mavis Badu Brempong, A%, o] €]

Highland Agriculture Research Institute, NICS, RDA, Pyeongchang 25342, South Korea
FEATH FRARTY DA AT

Kimchi cabbage is important for Korean cuisines; and a year-round supply of it is crucial. Cool
temperatures of the highland during summer, makes the place suitable for its production, however, an optimal
supply of fertilizer to it is important to ensure minimum environmental pollution. This study explored the
effects of varying rates of slow release fertilizer (SRF) supply on the production of marketable yield of kimchi
cabbage and soil nutrient status in the Highland Agriculture Research Institute, located in Gangwon Province,
Korea. The field was prepared by making furrows and applying fertilizers six days before transplanting 26-day
old kimchi cabbage seedlings on June 7, 2023. SRF application levels of x0.5, x1.0 and x2.0 of the standard
nitrogen (N) rate of 23.8 kg 10a™ were used. SRF contained N-P-K and micronutrients; and it was applied
one-time before transplanting (thus a one-time labor cost). A negative control of no fertilizer and a positive
control with urea were added to the treatments. The urea contained 23.8 kg 10 a” of N, which was applied as
splits of 8.3 kg 10a" N, six days before transplanting kimchi cabbage; 7.75 kg 10a™ N at 36 days after
fertilization (DAF) and 7.75 kg 10a" at 51 DAF. The marketable yield (t ha") increased as SRF application
levels increased. Yield of x0.5 SRF was higher than that of the urea. Soil NOs-N and NHx-N concentrations
were measured every 20 days after fertilizer application, and they were highest under the x2.0 SRF rate
throughout the whole cultivation period. Excluding the no fertilizer control, soil NOs-N and NH4-N among
fertilized groups were lowest under urea application till 40 DAF and at 60 DAF by the x0.5 SRF rate.
Considering the high yield and low labor cost for application of SRF, it has an advantage over conventional
urea for kimchi cabbage cultivation in highland. Considering soil NO3-N and NH4-N concentrations, the x0.5
SRF rate is recommended for application.

Keywords: Kimchi cabbage, Highland agriculture, Slow release fertilizer, Soil nutrient
Correspondence: yangmink@korea.kr (033-330-1870)
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Effect of Using Kenaf Organic Substratesas an Altermative to Coconut
Coir Substrates for Hydroponics Cultivation of Paprika
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Se-Hong Bee?, Chang-Kyu Lee'*, Min Kyung Choi', Jin-Hee Kim', Ye-Ji Hong',
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SRU-19 50 2 FA|H 50l 27} Sbgto] 73 2]} ofel Ajulo] B el 30]0] w22 %)
o] o219 57}52| 7] 8} 7h HAJSReILE. whek A Tolojujx] Sq) BE0 2 oI5t vhe] 7B S A 486
Aol =l Aatol 7 AVEZE AR 2 A v A & whEo] vz 2|7 Al 7hs A S ekl 2 A
S A Al A AR R 7l 7 A4 24Ul YA B sk gl o, Al
a2 xR A FE2 A Al vt E 3gof uhgol i, 4o o FEE A5
ok Ads fgt A e A= TR AGZAH A E9:1), AUZAE S E(T:3), A UEZA T AE(S:S)
2z} E9sto] EE3 AL, =} Foloful A& = v A = ahlet. T1E i A uj A R S Y 5 S
3 stz ezl Al A7) S 58S AR

AR AGEZ 9k AT 2] 9] 4= 2A] 0.23g/mLoj A 2 0.25¢/mLo] 13T, 2370l = B
< Aol A 0.27g/mL= A 51 5 e 23h7] 742] Blse et S UER Al AP Ee A A A A=
+E E2(5:5) A 2] qtoll A 0.50g/cnl, AVZAE A E(9:1) A 2]t A 0.32g/mLE HAEL| g Hag
5 YA e =7 e AL 277 & 0.41g/mLoj| A 0.61g/mLE HAE O &0 225 AR =7}
EUT FFES AN AYZAHEX(S:S) A2l A 50.0%, AVFEAT E(9:1) A 2ol A 45.0%
R EAE HEo] o5 2L AL 341% A 55.7% 2 HAEL Hl&o] 2&45 $5E9]
EJUH i A] FFo I E AYS B 2A4-2-232.2+410.2ecm ~239.5+13.2cm 0| $1 31, G2 23.442.3cm ~
24.542.2cm, GEL 13,81 7cm~ 14.7£1.8cm, A7 -2 15.3+1.6mm~15.9.£1 4mm, 1}t] 221 16.8+2.17)
~17.542 472 BAH 02 §J3 Ao] = wo| x| ekkeh. Thal7he] g H el HEC w2 2ol 7} ¢
QAT 49 Folol & thAIEH A B3t ¥4 Belol chgk AT H7hel ] Sl Al sk v ek By
3} gpol o] ol 4 EC SEE 55 S]] ugo] ole] tgk #7149l A7t o pHct
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Effect of Coating Fertilizer Using Biodegradable Resin on Rice Growth
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Predicting the Spatial Distribution of Soil Organic Matter Content in
Agricultural Land Using Digital Soil Mapping Technique
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EF U R71E8HE EFO o|5ehd EAT o Bo] 2HE9 A A sk Fagt 8oy, &
HeE Y3t I EF B ot Y] HEA 8 E {7 B XA = =R HEFo| 20gkg! 0]
gola, =ik A A A EQF-2 25 gkg! o) o &2 A o] 9l om, F71 -] & A LAY AJB(‘99)
ol A A B U A7 ET 52 Y8l g sha qlok kAR 7129 {71 =R A H(Walkley &
Black method, Tyurin method 5)-2 AFA| 712] B4 A| 7k} b5 0F 2] 114 © & Q1 el =tuff A 573 A of] of
3 F71ETF 242 o] o AAolrt. o]of whah, £ A= YAE E Y E(digital soil mapping,
DSM) 7|&& o] gsto] It 542 B W f71 5852 5714 EE 5 o&319 o, oS AiE 44
TR ER5te] U PTG FHA EFY f71 5T S Bl HrsHi T & At 1,894 2] H o
A EQF 2AE 435 Aot 255-2] 9174 8 91 §1=E random forest ¥l 2] 5ol th ) stof R4.3.1 =2 14
02 Y 53 EF W 47 ETFY 37 B2 A5 2AsH ot o], 74 22l M= EYEA®
), AP EAR(E), 71FE54(T%), 1eil 2P E st 1 21}, Ul 53X B B+
F71ETF254.98 ton OM ha' o]l o n, YL FH X EF W ot G752 FFFG Al ollA
64.919 ton OM ha' 2 7}AF =8ttt} U] A A 54 A Bk = §7| E3HaFo] 2 H3E-2215.135 ton OM ha' (A
FEHAA L, T E YERE o, 25352 9.064 ton OM ha (S H =, =)0]9th 424 ES W /71=
IFY] TFE AEA o)A vt FA4 A AA 71282 oF 20%E 2HA|5H= 1.226 x 10° ton & &
7P A A= Ak B3 vt A B Bt 71 1,8947] 1 9] 2HEF(20 cm) of of
o8- Ui HFgh(1.25 gem”) S 5k TS ton OM ha' o A gkg' © 2 FhAkat et 1 A3, o A
A2} AFF AN FAHA EF W F71 5 242E19.0 gkg ' 7 19.4 g kg' © 2 20 g kg H]THo| 9l
o, F X 95 A &gt = A o A =20 gkg ' o] O 2 et B Bt f7 ST F A H R F
A4 L A o TAIE 3 71 AR RG] H 4 THEH60%) 752 ENE S 5EA EG W
71 &S 3% SX1817] Y3t R R B e s Wit §7 B8Ol 7MY 2 Fg Aol A ¢F
16.943 tonha' 2 7} oo, | AL P 87| A v 2 Q22 33.50tonha' 2 AArE QT E
Ate A 2R AW o] &5t FU| FAA B U R BT FH R E A Sstgon, 1A
£ PFFERE FEsto] YeER Ut S FE A B Bt 47152220 gkg'o|H, A E5A] <
of| A 2.46 gkg' 0 2 7MY A ZALE QT R B oS AAE o] Sl Sl FAHA EF W RS
FE3%E W7 Qe 71 Au R HasFAPg Al Bk 77128 E Q52 33.50 ton ha' 0] 9l o, &
7| ESEFo] 7P W& g A ol A= 2F44.115 ton ha' 7} B @ gt A 0 2 YEbyith B3 2 A S
71482 2 LA T A A 9 H gk ARY A 7|2 AR R E8E 4 9l Ao R Vg Eh
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a9 L= 5744 0-30 em 59 EG W 72| 3704 &

E LU 57474 0-30em 59 B W #7120 T 2E AL Ve AE

Descriptive Minimum Maximum Mean SD Total
P (ton OM ha™") (ton)
Agricultural soil 9.064 215.135 54.98 1433 501X 10°

SD, Standrad deviation.
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Effect of Biochar Utilizing Animal- and Plant-Based Ingredients on
Lettuce Growth and Soil Fertility

o|FY, FeT, Y, Kolg'? edal

Jun-Yeong Lee', Yun-Gu Kangl, Jun-Ho Kim', Yeo-Uk Yun'?, and Taek-Keun Oh'*

et AEgsieh 2 AdE 9714

'Department of Bio-Environment Chemistry, Chungnam National University, Daejeon 34134, Korea
’Chungcheongnam-do Agricultural Research and Extension Services, Yesan 32418, Korea

HFo] @ A= 2 HIA|F-=1 Bl s A of| EA 5= of 2] 2871 = Qlete] BEF Y 2 LA, &

A S A= Aoz A Utk & Aol = T Y ol viEE = vl em A& & AlE
frefel FAL} & el AR = A 23t o] LAFE Eofo] A ejsto] A5 Auls S o, B4
shebd o} 2HE o) A of v A = FaFe B7IeET & At Bho] 2.2k A m of A 2] ol whE A&
EFoll v A= FEFS Felstr] Sl Fsh] 2t A 2] 3t tf 2-(control), A BFo] L A5 2+t 1%, 3% A
23k A 2] 7HRB 1%, RB 3%), A& BFo] 2. 245 22t 1%, 3% A1 2] ]E A 2 5H(CB 1%, CB 3%) = -5 3i et
AT+ A}, CB 3% A 2= Al & B4 pHE 7H =7 A5 A 2T & dtofl ARg-RE A Bl 2219}
A8 ko] © 2 o] pH= Z+2F pH 10,133} pH 11.55 2 A& vlo] @ 2}0] =2 pHE 918 EFpH7} o &4 A
%3 A 0 & skt E ko) total carbon (TC) TEF-2 RB 3% A 2] Lol Al 1.56% 2 7F4F =9ron, H¢l
A 2] & djv] A& Bho] @ AHCB)Ht} A vlo] @ 2} 2] 2] 7HRB) | A =3kt 24| 1 A ax(Avail. N)
oF -8 QAHAvail. P) o2 5 U A 2] = thu] 4A vo] 2.2} 2] 2] 7HRB)E t} Al Hpo] @2} %] 2] 51(CB)
oA E=A 53Tk B W Avail. N 9F2] 79, Al Blo] 2. 2}9] -2 total nitrogen (TN) gl 7] 213}
om, EF W Avail. P -2 £ pH7H Mol A 54 &= W sigto] w2 = Uf ol 7R84 o] 5713t
Atz gohEnh 2 50 AT AR A3t GA vho] @2; A 2|t E ot A& Bhe] 2} A 2+
oA -3 S UERH L2 H, 53], CB 3% A 2] ol 4] 228.25 g © = 71 = Q) Tk 59 2ok
A&t A Blo] 2af R Ho] @ AE 1% A 23t A 2]t Blsf 3% A 23t A et A A Urebtth
o] A&, A E, P, B A TS ZA3 AT CB 3% A 2] Lol A 7HY =7 vrebytt). 423131 A
OF L SlekS- BLA3E A1}, TC, TN} total phosphorus (TP) $55-2 CB 3% *] 2] 7ol A A Uelytth

3% A2 20] u]sh M 1554 Sqkeh. 3 ATLo)H AR uto] 93] et Eoke] pHS} Avail. N 2,
Avail. P05 F2F& 9 vhol 0 34l W] B 7 A .01, 4] R B S5t vho] 9 119]
Aol uhE vl WA, AR YA vho] @3 W 1% Xl ro] 1]} 3% Aol 4 EF R et
B AAFS Z7PA AT TebA, AR ool .3 3% el 7k mope] vl S w ok 5] g o] Y19
L UIA L AR S, AEOR T pH U ECS A%t B Hhae] Ae] SHo] A 7149 A
7l Baw Aow goE,

FA|o]: A%, vho] @3, AL AR, 97, EoF B
ZA7A A2H: 0k5382@cnu.ac.kr (042-821-6731)
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Effect of Coffee Sludge Biochar-Based Organic Fertilizer application on
Kale Growth and Soil Environment

o)lzq!, e 1xT! o2 ol

O » TOTL
Jun-Yeong Lee', Yun-Gu Kang', Jun-Ho Kim', Yeo-Uk Yun'? and Taek-Keun Oh'*
‘et QB TR $U7149
'Department of Bio-Environment Chemistry, Chungnam National University, Daejeon 34134, Korea
“Chungcheongnam-do Agricultural Research and Extension Services, Yesan 32418, Korea

47144 Z(organic fertilizer)= B § 7| & 7}, EY AT A4 5 5814 24 H| =5 A7)
o, =20 G o] & A wolv AR dE A Utk sHAE, 71 A8 o] YR F o7t H A
A3t A7tE an|gko] g YR o, FAJ o] gt Al (lySiIle)Q SHkaL lo] el A Qh A off ket
S-2H7F A &2 0= A 7] = AL Q. Hio] 2 2Kbiochar)= 5 250l Al vl & ¥ = Blo] &1 2(biomass) X
7] A Ak TE Al 2o A & sk ¥ ‘44—’“—4 12 EA 2 2 H| 3 HA 2 pH 59
S4& 5 Eok—l H]QEE S7HAZ1AL, A E R A0 R xiﬂﬂ Ut & ﬂ—_r“‘ Aul &8 A vt

o] @2} T Hl &S g sto] AT F7|HHRE Bl A5t o, AlY A5 EG NF aE
B7LsF3iTE =3, 01 ‘:é' ol A=A S T ol e AR S @Wﬂ A=21 Bl 54
ARl Y& 1A 5= U= A 9 vio] @2} £3} Bl&& A AIsHaLA}F sl th & At SE T e H A
st ot W f-2] 2 A ol A Al (Brassica oleracea L.)& 018531t ‘H| & F’ﬂ“ 7 B A o A
71 AR R (ETEh) = 2F oo Al EA duE 2ol s, 2 :rLoﬂ/\i = oF7ke ekt of ek
= F7148 7 Ao o]-&5F3i ek A gt et & RE & 2] 3k o 2 (control)& L5l 7] AH| =
W A 1] &2 A] vho] 25 20% E3HCB20), 30% <3HCB30), 40% =3HCB40) 12|31 50% =3+ 2
THCBS0)= 25ttt BEoF S84 Aah Al A B4Rl pH 5.72¢] H] 8l CB50 A 2]-o]| A pH 6.14=
7P =eken, o= At A o 2 pH7F 2 7 9] S8 A] HFo] @ 2HpH 11.45)9] & gHgo] olgt Ao =
THETh B3, F ©A(TC) Hg 5 A 4x(TN) I CBS0 A 2] tof| 4] 71 ek o, oHA Anket FAL
SHA A1 ’\3174 Hpo] @ 240] =2 TC 9 TN ghefo] 7] Q1 A o = sty B W 78 A 4x(Avail. N)
4 Q14K Avail. P) §Hef-2 CB50 A 2] Lol A 7H4 =] Uhebsh o, # 1) &2 x] vio] @ 2}2] &3t v|&o] =
O %2 o] 27131 S LRk 53], o Y] Avail. P gk 75 217 vpol 2.2k0] g

o) 30 B pl17} 5t €191 7184 SN AL SEInk 349 90 45 242
2 wo] 0 o] B vl o] 4% AT P47 4o AR hehelch A W o8 B &
458, TC,TN, 10130 3 STP) 1955 vkl 4] 271l 0] 2747141 Hel 44501 A3E s

01}, KoOE AEE 5HS W ol webal, §7] 4] 2 o) 713] S8 vho] 2.210] 5k vl &
242 = oFpH Aol Selatrh whekelnl, A o) o 2] 1429 B 71412 4 9)
7ok SFA| 9L A9 S A vpo] @2} a3t 7] HH| & A 2o whE B} AHE 9] Ko0
A= 37 A7t 2 e A o= Abm Tk

ofN mlo

FA)o): vho] o1}, §7] |, o}E7ke] e, An] LejA, AU WL, £ B34
ZA7A AA: 0k5382@cnu.ac kr (042-821-6731)
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Evaluation of Stress of Pepper and Broccoli Using Plant Induced
FElectrical Signal Under Various Soil Conditions

up218)'s, AR, 57, sheRloh npshz!

Jin Hee Park'*, Jeong Yeon Kim', Su Kyeong Sin', and Fauzia Mahanaz'

'FEeta 24y otetat

'Department of Environmental and Biological Chemistry, Chungbuk National University, Cheongju 28644, Korea

715 S0l EoF 84, Wl 5 hUR o AR A S8 AB A AEY A 2900 o) AE0] Ay
o] A= 97} Ho] MAYSIIL Qlek. AR 0] o] 4} A5 27| o] WEket 4= 9low AS B o) AHS
£3k AEY A 2919 487} AR5 oith whek B e AHEe] AEdAE 270 AEs}7] 6] A
o) 11714 AE(PIES)E BUE R0 n] AEHAS Brlshs X148 ek Ag Baon ser.
X 20| AEY A BIE 5 B S EEE, v REE, v ake) o AH)2 X2 sieon] e
222210) 712 % el Rodck o] 8712 ALt 7ol WA AUslol 17 Hi g

IAZEZFA 0.2 233kl Hlo| 82 Qlglom thaket 84 A o)A] oi4l PIES 2He) 7| 2B A% £4&
o A1 PIES g8 A oh, sl mke] el AR Aol S} S,
CO, U E % o] 6| 2 2H§5) 2] AR WA 0.2 7] 50 upef o 251 PIES gH& 153 A% PIESSe] 2}
o2 EF T30l W2 HEZe|o} 13 AEY A X5 AT AE 2B A A5 E7]9)
PR T, AT, 2, SBH S 0 HRBAZ Btk AEAL AT S A9 AR ARl
FA) oS oot nE AL A5 BE I AR Heh S vlnh) A0 2 A IS S gl
9} Z4o] el E o] ZashA Lt ahepo] Zhaaly] Ao] §7 AN B3 AE A $otE AR
U2 H28ke 4 912 Slolth

o

N

N

FAf: 13, BREY, A4, B9
FAFA A=A : pjinh@chungbuk.ac.kr (043-261-2564)
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Changes in Soil Carbon Content according to Biochar Type and

Application Amount in Saemangeum Reclaimed Land
o[, AUE, ol 5B, NG, A, 37, o3y, 28%

Kwangseung Lee*, Banghun Kang, Suhwan Lee', Youngtae Shin,

Yangyeol Oh, Heekyoung Ok, Haksung Lee, and Hyeounsuk Cho

FEATR FYABRNY DAAEQATY, [ SEATH AR

Reclaimed Land Agriculture Research Team, National Institute of Crop Science, Wanju, 55365
'Rural Development Administration, Jeonju, 54875

sro] @bz Atart gle 240 F7lEe dudfote] vhe AEER TadtEgo] i vjmr o] 2
S-S 7T B oA A o] 2 Hho] 2t Eof o ' El%% A2 27t 7h5 et = ARl
A s dore HagH ddE sl T80 AAA AL Aok ATE A A= gt R A2 2 E e
H, g2 LA RFL RS FTedE, FEEdd s A4S Zlﬂ ATH SPARE S 7| S T
A2 HA 5ol kil & 4 3lo] FEore] g A2 &g o Olﬂﬂﬂﬂ o] @ o] Z v
Frao] ot ot Y i Ers A2 ARt 7hA ] of| A X‘% 371’%4% Sl s aE 7

- Sl Q1 ARFATE Ao uho] @2 5ok A2l apol Wk o U] BhARH viokE £ASHE
A 4245, Hho] @Ak Aol Bl w3 Gl Ao} 9 A, TS URE Lol M A LE 37 A%
o AHEHLOm, A B 1,2,3 tha' (% TIHL 3 tha'), 3ukE-0.2 Helshelch. npo] @ xpo g4t
B RS G2 w57 915 BE X2 o] 6:7-3 (N-P-K) kg 1007 5502 AJH|3H 5 F(4528)2 5}
Foich. EoF SAg WakE nlas}y] §15) vhol .4 el A, ], 28 F(109 Fé o) H)E T
so] 2ALSHIT. A el 7] AW Ea ThataEe 479 ghg' GO, A8k 5.08~T.72 gkg! 0.2 A
o) £ gl vls) mE S5 oL A o] w2 §ol 4 & LhehhA) etk vho] @3} X2

2 ekt Eo Shaghey WakE etobiy] 913) AL 48k F A A 3UHE Y A elof 2 A
TFELEA Ao 4] 9] Hho] @3 Aol wh EOF Sl WakE 2AR AFoltt,

i

N
3

FA|o): AR A, whol o), mrEi, 3
FAFA A=A kslee23@korea.kr (063-238-5473)

ARRE: B A 35225 ATAR(ZHA M S PI01727202) 2] ] o] 2] 8f o] Foj 7l A Y.
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Estimation of Fertilization Standards based on Soil Testing of Amarathus
mangostanus L. as a Minor Crop

£EHH, 794, AL, oA, A8, woby, ol A, s, A
Hoseup Soh*, Okjung Ju, Jaewon Jeong, Jung-Hye Lee, Hee-Jung An,

Ahn-Sung Roh, Yejin Lee', Jung-Soo Park, and Seokcheol Kim

ANEed71ed, Sesdaet
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"National Institute of Agricultural Sciences, RDA, Nongsaengmyeong-ro 166, Iseo-myeon, Wanju-gun,
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59 E0) B4 712 S5 $I5 oA BA| AW O elele sahul R ALg Y%
3 $517] AN EFA Y T A A
#o] A& 222 AJ| 3 7] o] glof A A
& Aolth. B Ao A obd B RARE 7]Z0] AR A) S £ A ARl u]50] 5713
Ag T E0F SIS ZAFST, A B O] GFH G BHF AT 2AF A 92 7=y
1t B O Aol A % 305718 Sk 1 AulsThe] B v RAE TS A
~10.9-5.4-6.3 kg/10a 0] 9100, A1 2| & k2] pHi= v 95O L}, EC, OM, & QAT 2 34
A9 Rk ok, Behul £ Al u|e Eopaleby o) AT S A 23 ABA NG S
$71% B, ARA PELAL EoF SR, ABA KSSHS EFOI K709} DER §
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Research on Standards for Installing Soil Moisture Content Sensors in
Open Field Smart Farms

Beomki Kim*, and Hongkyu Kang

A7), e

Agricultural Technical Center, Hwaseong 18583, Gyeonggi-do, Korea
SHIAIE A 7= AlE

Currently, there is no standarso to propose this standard, an irrigation response experiment was conducted
at each soil moisture sensor location in a grape orchard with loam soil texture. After installing soil moisture
content measurement sensors at depths of 10, 20, and 30 cm and distances of 10, 20, and 30 cm from the drip
tape, which is an irrigation facility, the analysis of changes in the measured values of the soil moisture content
measurement sensors at each location is as follows.

1) Soil water content variance (WCV: Water content variance) 2) Irrigation reaction time (IRT: Irrigation
reaction time): Time until the sensor responds after starting irrigation 3) Sensor reaction time (SRT: Sensor
reaction time): The time taken from the time the sensor reacts after the start of irrigation to the end of the sensor
response after the end of irrigation. 4) Irrigation amount per irrigation reaction time (IRT IA: Irrigation
reaction time Irrigation amount) 5) Irrigation amount per sensor reaction time (SRT IA: Sensor reaction time
Irrigation amount). Statistical analysis was conducted using Duncan's Multiple Range Test, and the statistical
program R was used for analysis.

As aresult of soil water content variance (WCV) analysis, when the soil distance from the drip tape was 10
cm, soil water movement was smooth up to a depth of 30 cm, but when the distance was more than 20 cm, the
WCYV change decreased.

As aresult of irrigation reaction time (IRT) analysis, the IRT of the sensor at a depth of 10 cm and a distance
of 10 cm responded the fastest at 24.17a minutes, and the IRT increased as the depth and distance increased.

As aresult of the sensor reaction time (SRT) analysis, the average sensor reaction time (SRT) of the sensor
at a depth of 10 cm and a distance of 10 cm was the shortest at 63.36a minutes. As the sensor depth deepened
and the distance increased, SRT showed a similar trend to the IRT analysis results, increasing.

The response of the soil moisture content measurement sensors was mainly 10 cm at a depth of 10 cm, 10
cm at a depth of 20 cm, 20 cm at a depth of 10 cm, 30 cm at a depth of 10 cm, and 20 cm at a depth of 20 cm.
There was very little or no change in soil moisture content.

As aresult of analyzing the irrigation amount per irrigation response time (IRT) and the irrigation amount
per sensor response time (SRT), the IRT IA of the 10 cm sensor (No. 4) at a depth of 20 cm was found to be
4.24 t and the SRT 1A was 6.70 t.

The average evapotranspiration during August, when the grape Campbell Early Leaf Area Index is at its
maximum, is 2.41 mm per day (Yoon et al., 2009). Therefore, when irrigated every 2 days, 4.82 t of water is
required, and when irrigated every 3 days, 7.23 t of water is required.

Consequently, for controlling irrigation in a grape orchard with loamy soil using irrigation response time or
sensor response time, it is recommended to install soil moisture content measurement sensors at a depth of 20
cm and a distance of 10 cm to meet the appropriate irrigation time and amount (Table 2).
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Table 1. soil water contents measurement analysis(depth)

No Site(depth x distance) "“WCV “IRT IRT TIA YSRT “SRT IA
‘ cm % min ton min ton
1 10 x 10 2.58 ab 24.17 abb 1.51 63.36 ab 3.96
2 10 x 20 0.66bc  142.57 bcb 8.92 130.71 ab 8.17
3 10 x 30 0.49cb  279.50 dbb 17.48 87.86 ab 5.49
4 20 x 10 1.18 bb 67.73 abb 4.24 107.14 ab 6.70
5 20 x 20 0.40cb  122.67 bcb 7.67 182.14 ab 11.39
6 20 x 30 0.39cb  195.45 cbb 12.22 482.14 ab 30.15
7 30 x 10 1.18 bb 68.60 abb 4.29 680.71 bc 42.57
8 30 x 20 2.30 ab 109.27 abc 6.83 1,082.14cb 67.68
9 30 x 30 0.69bc  146.23 bcb 9.15 944.29 be 59.06

YWCV: Water content variance, “IRT: Irrigation reaction time; *SRT: Sensor reaction time

YIRT IA: Irrigation reaction time Irrigation amount

“SRT IA: Sensor reaction time Irrigation amount

Mean separation within column by Duncan’s multiple range test, 5% level.

Table 2. Correlation between required daily irrigation amount and soil moisture sensor location

division 1day 2day 3day 4day S5day 6day 7day
Required IA 241t 482t 7231 9.64t 12.05t 14.46 t 16.87t
IRTIA 1.51t 4241 7.67t 8.92t 1222t 1222t 17.48t
Site(depxdis) 10x10 20x10  20x20 10x20 20x30  20x30 10 x 30
WCV(%) 2.58a 1.18b 0.40c 0.66bv 0.39¢ 0.39¢ 0.49¢
SRT IA 3.96t 3.96t 6.70 t 8.17t 11.39t 11.39t 11.39t
(Site(depxdis) 10 x 10 10x10  20x10 10x20  20x20 20x20  20x20
WCV (%) 2.58a 2.58a 1.18b 0.66bc 0.40c 0.40c 0.40c

PG 1. soil moisture content measure sensors Installation by depth and distance
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Analysis of Physicochemical Properties of Agricultural Residues and
Composting of Livestock Manure Using Agricultural Residues
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RAMEO| §7) B3} YR TS 714 50 ST AL X5 T Ferd o Bt

57A B S Bl B9 U A4S GO o L 49w Qo) B
57| 7] 275k FE|E HelEo] Sa0] AT W 4090 £
2 vol o A2 A A SEHE 9 0Pt e Shae] 4718 14
7)erao} W4 AoFo] T U2 $8 4 9tk 12t Cellulose®] AR T2, A4
Lignin, Lignin-Hemicellulose®] i £ s 722 74 ¥|o] A23L4 La)2 Bat 28] AT S 7|1

e

ox.
o

3 8 FHE It EH| 3 A2 A F AR =L o] 2fe)
2 5/ A% 3ot En] Y59 A7 Brret EH] Al Al 7Hi el whE S 248kl w4
A &=L o] gfetd B4 42 A, T, ALt E o= AR YAA7]E Imm o] 5H= 4 24
sko] A5kl TE C/N H] 9 NPK(%), Sa<(mg/kg) &4 23 FAbE ] 3414 o 2eeh-2 ghelst
ATt F71= T A 21 80% o] HFAT 88.4%, FTH 85.02%, 1L 83.45%) 9] ohFE HYlow, =
2 Hemicellulose, Lignin 3352 2421 31 ¢4 th(Hemicellulose; 71t 36.87%, 5Tl 23.20%, 115=t}] 35.97%,
Lignin; 70t} 12.85%, F ) 32.19%, 113t 12.25% ). Lignocellulosic biomass 28 E|H] 35 ¢|3t ®lot o
2 122 B A% A A4 75 Ghero] Al TS ASTh 715 5 Sh = 40%, 60%
T/g5te] 30L =4 YF 3 EfH|3t AR5 S8l BB]S} F o|2keh4] 5403 COx(ppm), NHs(ppm), &5
s EE BR8] B &g 7] CO, 2000ppm ©] 5, NH; H[EHAYE 7|E o 2 5Qit). 7F52 B
60% EH] 9] /N H] M3H= %7] 37.22+1.32, % 25.05+0.58 2 BA 5] gl on, 2|& gH| o] §7] & FHafe
46.31£0.18, $=EGFFL 42 435+0.34 2 SFol &) Qi) 71=H 40% EH] 9] C/N ¥] Hel= % 7] 46.59+1.82,
2% 31.81+£1.352 EAEQoH, H= EH] 9] §7| & TFL 61.98+5.32, $~E3l5F2 27.5344.66 0. 2 3
A= QU 7 EjH] 5 B8] 34 of £ E W, 7hEit 9 EH|SE St w3 RAREY 7] SR
g2 A RIS 8] B 717 560 22 Flon, ZFEE 40% APl 27
Mesophilic phaseo]| A -f-7]3& &3l 7} 241 5] A ofLhA] ¢koF ¢F4 2 Q1 Thermophilic phase 4] 7} = 4] -2
Ao WHE Uk FF AFEA BH| Ha S-S $Igt B2 -3F5H4, AESH M A 2] i ofl gk o4 4
F7FE 8 A Z AR E 2 QIS wEX5A ATAFA (AR 2 PI01703902) 2] 2] e 23 o]
2ol ek
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Impact of Continuous Biochar Treatment on Soil Chemistry in Cabbage
Cultivation

e, AERl, T4, 492, 243}, 4714
D.M. Kim*, B.M. Kim, S.Y. Hong, Y.H. Seo, S.H. Oh, and K.S. Kim
AP AN 2459)7) %9

Gangwon State Agricultural Research and Extension Services, 24203, Korea

o] @ 2= IPCC(7 F B} T 327 GO Aol A T4 1g5to] 7| FHaHE 33 4 = 2
Folom

[e]
A2 ST SRR Bo] @ A= EoF Woll A Zel& =7t L8] @ WA B Lol FEF
R A7 R AN S W s Aol 712 = e S 45k Aol B/3iH

& A2 o] @ *K(Biochar) o] ¢A-g-0] vl 5= A el =2 sFelg o A= & LotE7] Hsf s}
St @I EZE (1/2000a)0] SAE S-S Y52 3 HFo] 2.2} 0, 100, 200, 400, 800 kg / 10a =02
5A 2] 3k A 2l sk Atk vl 9] TFA] 7] = 13H= 202313 49 10, 2211220239 84 204 0. =2 23] A
il e m, Hfo] @ 2= Ajul 7ol 2 18] = A8 A 2| of et 12| AL Ajul) o] EFARE A 7 o}o] 2)e)
A= EABHAT. Bof oFetA] 423, 1A} Aful) o] $-of 22} Ajufjof| A #-2] gt Zfo] & 2l 4= LT 2
A} A2 ol A pHe who] 2.242) A 2] of whet 4] 2] 4= pH 6.46°] 11, 800 kg / 10a % 2] 7= pH 7.04 2
et R AT B S7Fhs A S Balen], Aed ofol2 F K} Cale 800 kg 10a™ A 2] -of| A
7P 2 o] et il 5 A2 AN2AE A ul) Aol A= -5 ol A 400 kg / 10a A 2| -2 7 3=
<= SO HERE 2 H(326.5 g/ ), A | H271.1g/ 5°) T B] 20% =2 ghol o 2591 A=200 kg / 10a
Aol M 143 g/ FR2 7MY 22 55, FA 2ol A 82 g/ F2 7P 2 FRFo] et ShARE
T Tow ZAT AF2AL S AAIA SAZ 2 ot 2oV e A] g3ttt 5 HHEA R S
&5to] ol @2} 18 A 2l of| uhE B ol st ko] #A =7t Hasith

Z7)|0]: ulo] 9.3}, w3, EoFslsHy
F A AgA: kk2021@korea.kr (033-248-6094)

Treatment T]jel;)frﬁz;t pH EC OM Av. P,Os fc):r.l(():latli(;i
. -1 C
stage (ke 102" (1:5)  (dsm) (gkg’)  (mgkg) K Mg Ca
800 7.17 0.43 2la 528 0.19 1.42 5.8
400 6.72 0.69 20ab 519 0.15 1.51 5.6
primary 200 6.62 0.89 19bc 514 0.15 1.55 5.8
100 6.42 0.94 18¢ 491 0.14 1.51 5.6
0 6.62 0.51 17¢ 523 0.16 1.35 5.3
800 7.04a 0.57 22a 476a 0.27a 1.54 6.4a
400 6.73b  0.58 21lab 452b 0.21b  1.52 5.9b
secondary 200 6.64b  0.60 20bc 460b 0.21b 147 5.8b
100 6.44b 0.73 20c 440¢ 0.17b 145 5.5b
0 6.46b  0.59 18¢ 455b 0.19p 148 5.5b

* DMRT, p <0.050
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SEXY £ exlE9| HIRAIE W3}
Fertilizer Usage Changes of Fruit Tree Crops in Chungbuk Province

SR dx, AR, QFAE, P, AAY
Kyewon Park*, Bomin Seo, Hyeonmo Ahn, Juhyoung Kim, and Jiwon Shin
SHEEEA7IEd

Chungbuk Agricultural Research and Extension Services, Ochang 28130, Korea

$ejufehe] QAL OECD 3915 3 /M 2 wolu], o] 420l sfepul & Aul% A7 3
02 Bt 2 fof i FUFE A Faahin oLt FAH e S i Rl 44 H 08 371
31910 QFRAR] Zdrk 7)ol vl X ) okt 90w, o] ol thek eh o] 87| 31 9Lk, whebA
A A 70 Aol g f-57]) Me| 2 Wt oh e} B u] 4§ EE IR A}
AFE E3HDB 5T} 7] 77140) 2AHE B3 AHgere] MBS Bl 4
4 517 915 AR At gk,

AT 4 R 2 Sl AR u R ARG WS 3 14 5h0] 2022 Ale) 24} A}
2018417420221 9] | 2ALg Al HTgH A A NS 5, o] 2 913 FBA S Fa W A2
100%57H( Ak} 30, T30, 5 30, B0k 10)S HhAF0 2 771802, §7] w2 2 Eu] AHgep Ryt of
et njepa 0] Abg o] thk 2ALE 2 $HA G BPARY F 0 AHEFE AT 950
2 01F SR FAT A2 368%E /P WS 1FS AAL QAL s B2 FE Al 3 o)
RLOv], ZEl ARQIU| A 5 8% F2 Auf |51 919100 11 5 ARQI| Ahuk 7M1 e) 7} 242} 48.6%5%
314%E DS XA 5h3 Q9T B o 7Hg B 115:] 5ol A H 3 gl 742w Al
5= 25.0%, AE = 17.9%, G35 10.7%, L 0| E- 8- G =7t 2442 7.1% & W 2 2] Thef gt F5-o] Al =]
T gtk BeABe] vRARG UU(HUEI) 2Ab AT Algbe] A9 109 Ya-QAhzelS
17.7-10.4-9.9kg& AFE519 1L, = 45.8-33.4-37.4kg, XET+= 42.2-33.1-40.1kg 18|11 E5ol=
218-17.1-18.Okge B# A O 2 A g3k 202 ZAPE| YTk, B0 9] 59 Ak, th5, E= 2 Bpote]
9 747} 1,478.5kg/10a, 1,830.8kg/10a, 1,477.3kg L 789.3kgS Al-&-3l+= A 02 ZALE Ut 49 F7] 2 vt
= 2AFSHE 4 2B 100 251 2 ARG A e)S B AR A, Al Al 7ke] 2941 o] vl
A, QAR 217} 3.49kg 9 5.0kg S B AHETH T el 4.5kg A7 ALE R RO.2 A EIg o], BhE
Al 7he] A9 A 6.7kg T Wol ALg-a uhel Q1Aku} 2ol 217} 1.8kg, 17.4kg A7 AHEE A OR
FAE| QT G Il W, QAL e 8 247} 18.5ke, 16.2ke 2 13.8kg ] Bo] AHGTH I, B
ob W2, QAL el 22} 16.6ke, 7. kg W 28.5kg B A7 ALGT A 0.2 BAE QiT). T o] Fu]R A}
§ Z7H 4y o] o) ARIP 270 FE2) E9J0] SR Ao] .8 Uclo|n], Bpote] ]2 ALgRF A
L 2AH5 7] 90%¢] o] 2 & GAP Q1Z U1 EQ] 202 S Hc

N

RpAE: 2 A e 5205 A 35 A AR (A - 5:PI01572403) 2] 2] o] 2] 3f o] Fo] 7 A
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Table 1. T-54] S F8 FH2ha B 2ARSEF(E ] Al 2)) W2} v (H9): kg/10a)

20184 20224 =7t
= (kg/10a) (kg/10a) (kg/10a)
s QAP Ze A QM Ze] A QE e
AFTh 143 5.4 144 177 104 9.9 3.4 5.0 45
2 39.1 352 548 458 334 374 6.7 -1.8  -174
A 237 169 263 422 331 401 185 162  13.8
Ho=of 384 242 465 218 171 180 -166  -71  -285
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2| $EH2 BILIR XHUiX|S] HIZAI2ZF, EQF 5ISHAn} AlSH| 27|82 2

Relation between Mineral Nutrient Contents of Mulberry and Fertilizer
Use and Soil Chemical Properties

S84, ok, HEAl, oo xl*
Yosung Song, Chanwook Lee, Hyejin Park, and Yejin Lee*
B205% Tty

National Institute of Agricultural Sciences, RDA, 166 Nongsaengmyeong-ro, Iseo-myeon, Wanju-gun, 55365, Korea

BT o] B0l 917 A
52 5 7k9] oF 65%el 4 2.t] 2
2 7o) 93, ) B9 52hg vl R 50% FE ALESHES Aeh L oLk et o) Al
A E FAE AL £ AT Bol FRBES G 4 YES 7|2 vhalshs Alo] Dasttt,
Qo] 4= 0] A2, 974ha) 5 OF40% 5 A 5Hz A h 0] 3.0 Aul 1) 21 Hke] A 39
7HE O 817191 59 Feol B BT 9, 9.0 A 5te] vl RALG I} EOF B, A8
718 A2 LAk 7he] Bt W] 2ALG S W A-QIAZE] = 143-70-TT kg ha' 0.2 BLEE
9 531G 1] EALG T TU] S0% =S 0 O], EOF S & BRI, FE A OF 30%°]
A EHNS 2SR, WA 2, D, TS S0~60% 4 AW E 2o, Eo
pHI= 41%014] 24 $Jo] nl2sheich. 2.v) o] Bt £3ake 7.3 Mg ha' 0], 0.t]o] Ak Foepe
W] R AFGFO] OF 10% = ek vl RAMGFE 0T 32t 13 BAIS Hol 4] ekgEoLh, QO NPK A4
w40 e Btk B S F EF 718, 94, A4, BCE 9.0 9] W gt 4
HBE BGOom, FEAALS 0T Wk, O, 2, T Iu% T B9 JL Kol Eope] FRAEY
Q)0 G Foo] BIA O R G uIH L A2 % 5 AUITE EGpHOt NI 24 TFS U 24
TRk ) A RGO R, KV Cat Mg = 910) BaUT R0 ATHS Wol 2ET} Aol DY
Al 9182 o 4 Uik whebd EoF ofEggol Uit o] RG] YFS v AL HAHO
2 Q3 069 FEAFS 2T 5 U AR BRHHTh GO EF AT U 4B 4
PRI 7| 01AS QA Q3 269 Y B9 71E A B0 ake
At 9%S B7he B ask i

Ho @ AP oL, o7t 5t AERER 2o
[e]

SEhe uy ERE
S22 B 02 st ek BLHRO] | RALGY|ES B SBHE

=
-

ox o L

X

of: b, ©v), b, EOF SpehA, 7] A
A} AEA: leeyjd18@koreakr (063-238-2446)
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1999 RE] 2023E7IX| MK =EY sl=td HESEY

Changes in Chemical Properties of Paddy Soil in Jeonnam Province
between 1999 and 2023

HEA, A5, olad, A4, Ads, o]Zlf-

Hyeonji Kim*, Sungwoo Kim, Soyeon Lee, Kyungjin Kwak, Gilho Shin, and Jinwoo Lee
e esdrled

Jeollanam-do Agricultural Research & Extension Services, Naju 58228, Korea

Uubs A A B o}t 9 Sash HEB7HE 53 23 o By et AAE Aol EXH3 (=4l
-3y o] Wt 1999 | FE] 4l 57| = LSkl 9F, S5 <5 8l theh Hawa B7hskal Qlvk A
2 =B 28048 HAo® ko] 199997 2023 A7HA] EF3sHd & 2ASHITE B =
’99) 5.7 4 °23) 6.1= A2t F M52 QIR F7Fol= A Ut ol et AFS =EY &
At A 91(5.5-6.5) 7| R-FH|E 2AE T = 22 Ao 2 A4 ] thH] dprhH]E0]°99) 8
—’11) 16 —723) 22% & F7}3FAtE B 71282 99) 19 gkg! oA °15) 33 74A] Z7Fstet °19) 30
O 2 Gropx] o] % 2023 A 7HA] B|S=6HA| A = A o= 2ALEQITE. BESF 7] ool S7Al ol Al
Hastedloll= of 2] 8.8lE0] UAITE 2 HA O] 2ALR o] &0 Sodd uzt e 2 sl ol 2
Ak F 20 F s Aoz AbrETh 2017E R E 3|7 {7 A (s d7Isd) ol HE
& AR E oGS0 S W EY R 2T wed e shego| Aaivhs A A Aot 42 A
= Btk AEA Y =B ey Bt S 20159 e o] 2023 @744 HSHE Hol |
ka1 QA uk =5 oF Zha] 2 Ae(0.2-0.3) 7] HEH| 80| *11) 17—15)23 —19) 34 —23) 38% 2 X
£Z7)e1s 2412 Ueh) Qo 2k 24299 3.35—07) 4.07 —15) 5.44 —23) 6.06 cmol kg &
A7 A 42 © 7 271519 e vl Tul4 e B A4 Z71 2 3ol A ¥ 20231 2o
A AR 2] 60.7%7} BE 1| o] HEE A0 2 AL QT SR R B "99) 61 mgkg' —
*07) 165 —15) 206 —23) 1895 2003 o] &2 = | FE T 222(157 mg kg 0|4} o] A0 2 2AFE|glo
U, 1912 AR 2 0] 50%, "2318-2 AHA 2 0] 4ol A B 340 v %] 4| EHe A0 24k
of X420l At o] Wad Aoz ArHch

—

§

FAO): A, =ES EF B, 4718
FA 3z} A2 hjkim99@korea.kr (061-330-2502)

g

El o adls

g
o

$% ==y wAg 25 mEE w $% ==y mi

o
22
e 81
1n 51 51 B BB E B ElE
- 3a |38 38 37
29 24 17 23

1999 2003 2007 2011 2015 2019 2023 1999 2003 2007 2011 2015 2019 2023 1999 2003 2007 2011 2015 2013 2023

Fig. 1. WA =EF aFeHd TH7-5118(1999-2023)
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Evaluation Soil Chemical Properties of Representative Paddy and Upland
Soil in Jeonnam Province in 2022

HEA, A5, olad, A4, Ads, o]Zlf-

Hyeonji Kim*, Sungwoo Kim, Soyeon Lee, Kyungjin Kwak, Gilho Shin, and Jinwoo Lee
e esdrled

Jeollanam-do Agricultural Research & Extension Services, Naju 58228, Korea

Bl ot ey A%t s the 7hs Al sk ThekA ]/l s Al e W otk
A=t 5747 2) ¥ S B1E 18] o EA L A st swﬁoﬂ gt B S AN e, o)
RE7|EARR B85 EPNTA T, AeAl 5 AR IAAER SEokaL Uk A A A2 v
18,0007 9] cj B A] 2| ol Hi7t BEFe 45t DBA-S3AL QM. 2 = 20229 AHA S =&
oF4, 7317(4“_} HLEokg 0034 o st &= oF Q}QLAJ gxé_% 7Vt =E%pHE 4 6.0202 l"—EO': =
7 X—ﬁ‘ﬁ”ﬂ ojHiof &AL, TrhuE
20 4%93\\1} l"—EOk - 7] T2 1 Jﬂ—?F27 gkg '0] gn:] +71& A4 H$)(20-30) o3 H]S-2 19. 4%, JJ(E]-H]
502950510, = MEPOI L HETHS AR UG £ oL AU EE FAE
H ek e ol 2o AR 9171& Trhu] &2 ZE(60%) 2 (40%) Uk 4(32%) 01"* ow, 5
8] 0F 1|4 AR H 2] 54%0l 4 AW 9] o] 6t ZANE Tk =B G AFARS BF 223 mgkg' 2
GBI 0L, A H O] 41%0) M AMFE RS20 v]2] 2] Fohe Aoz 2ALE 0] 444l )
o] WQd 7 02 AR Erh WESF pH: W 6.3.0 2 HHEOF 2 AW 9](6.0-7.0)0] &3814) 1L, THE-2H]&
& A 50.2%, T} 18.1%, H-= 31.7% itk W EF S7|ES 4 29 gkg'oll o, G71E AAHY
(20-30) 013} 1 &2 24.8%, el - 39,79 A H709] HAPF 22 AL 2L gleh. WE A S
Hat 507 mgkg' 2 AT 5P o) I ER] 82 A 23.4%, 2T} 39.7%, H-£36.9%% 2 2ol & Eoﬂ
1:]. ﬂg}A%Oko]io ne x%x% UH l_}o}M_uq’ nE AE]-H]EO] 1.—_01-1;]. 1315} oFH :r]_og OH
Ao A Al A EPE AL S A YA G ES} A4 Kl Bt Bad Ao e Pk

=
F_ru:—r'

FA: A, EFU, L WEF
ZA7A QAeA: hikim99@korea kr (061-330-2502)

Table 1. 20229 AR Y = g 22X £ 5}8h4] 7}

" pH OM Av.P,0Os Ex. Cations (Cmol. kg") Av.Si02
- (1:5)  (gkg")  (mgkg") K Ca Mg (mg kg")
o 6.0 27 127 0.52 6.25 2.01 223
AW 5565 20-30 80-120 02-03 5060 1520 157<
By 9 176 19.4 45.8 17.4 38.6 53.8 41.0
gAY 620 51.1 19.7 22.6 20.6 14.4 59,0
%) =& 204 29.5 34.5 60.0 40.8 31.8 '
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[

Soil Chemical Properties and Agricultural Land Use Status of Agro bio
Area in Saemangeum Reclaimed Land

HBA, BYE, 0

[oapusy}
Bo-Seong Seo, Bang-Hun Kang, and Yang-Yeol Oh*
B2A57 YAt
National Institute of Crop Science, RDA, Wanju 55365, Republic of Korea

AR 2] 584 o] T A2 9,430 hao|H, o] & 5312 WA 1,513 haZ A A| 54 H -84
O] oF 16%°| sttt 2| At 7} o =l A 9] o] &6t WA AR AE 2 AHgES =0l
= ohuhe] tieto = e AR Ajul 952Q1 7| EH A A e th 2 A WA S T4 O =t i A AFo] 7HEek A
T Ao A WAHE W AFR 2SO A B 0| LA} gkt 2 =l A= AR EA A 5 T B4
SETolA Al H AR AR Al E SRt B e W A o] AR 7R AR E LSS ALA 2AFSHS
th B A o8 A £A=2023d 49 TE7EA R 53S0 &E GPSE o8-t AR
200m 7HA 0 & g/ sto] F 3582 5 ol A FEE(0-20 cm) 2} 4 E(20-40 cm)E A F5HA T B S
pHis, ECis, 718, F-8Q4E wehy ol 52 4510tk ES pHE 7.1 2 $45 Yt e, EC=
HEGAE HE 4 0.55dS m' 2 YuF B vl gt =2 71A] A go] o] Foj %] A 0 & s gt E
S Ht F71E T FE AL 2+ 5.6 gkg!, 747 mg kg & 2 AR bl 7] (7] =1 20-30 g
kg, A Ql4k 300-550 mg kg ) R T 2 f=Fo| it w et oFo]-29] g2 Mg*>Ca®>K™>Na" =&
2 e o, me g k|2 4t 2.18 emol. kg 0. 2 WA 7]#(1.5-2.0 cmole kg)oll 235154
b w3k ZF<5(1.28 cmol, kg ¥}t w3 ZHE(0.34 cmol, kg ESF H A 7| F(Ca*': 5.0-6.0, K':
0.5-0.8) H.o} Wttt 54| o] & A2 A W4 5 2F96%7F 2A=(SE, e, IRG)7F A ul = 2 13
on, GF A F7A] A A Aol 4] FH2.8%), A(0.1%), +3(0.2%) Fo] AHl =L QAT A E-EA] W
of A Tt Al =S Auletr] YalA = 2AFE EGF o]Fed S 7INEe 2 {7 & £, A Y A3
A BE AH] 5Z S ES G Hert a3t Ao ® e

FA|of: A-E7121 2], pH, EC, 718, |8 QAL mEHA] oFo]
FATFA A=A: goodnews326@korea.kr (063-238-5319)

Table. Soil chemical properties at Agro bio area in Saemangeum reclaimed land.

ECy:s Av. P,Os Organic Exch. Cation (cmol, kg")
pHi:s @Sm"  (mgke) matter (g
g Kg kg.l) Ca2+ K* Mg2+ Na+
Standard range
Optimal
P 5565 - 300-550  20-30  5.0-60 0508  1.5-2.0 ;
range

Mean (Standard Deviation)
0-20cm  7.1(1.0) 0.55(2.23) 74.7(114.2) 5.59(3.15) 1.28(0.80) 0.34(0.13) 2.18(0.46) 0.28(0.36)
20-40 cm  8.3(1.0) 0.55(0.97) 33.6(24.4) 1.77(1.30) 1.04(0.84) 0.48(0.10) 2.20(0.44) 0.61(0.55)
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A Spectroscopic Determination of pH of Soil Extracts

o|4@*, Pros Khok, ¥#] ¢, o]o&!, 3+4a

Sang pil Lee*, Pros Khok, Jee won Park', Ye hoon Lee', and Gwang Hyun Han
FEost, (FEy

Chungbuk National University, Cheongju 28644, Korea

'"Technel Co., Ltd, Seoul 01811, Korea

Eof i QNH 0 2 B e 9 428} 21§ Sofl 1] A o] 1 2 TR
QAT 71 g 2] AE = pH 2 W ) f2luh A5 o] o] EokpH 24S SlslAl S pH A BA &
37 of & pH 2| A ofo] &9k HIAE 7| EE AREol= W0l Jle, ol g2 ANistE aqte 2
RFH= 2105 o2 ¢l pHi SIS 45 ol el e S of Ak T, 1eofol vl pH 5
| F2 sljept T A, T A A o dllar Al R AT VS SR EAR S EE AU =
ok 7o) 7Hs ko] FA Utk TRAT, AR Aol A EE Aok o ¢ neE R HAskel Ba
vt B & R sfop & #uk ofyeh A| 29 o] P2 RY BEEAleSE AT § 2F pHE AN
3ok shi= o 2-go] Qlrk. olo] i A= 250 pH | A|ofo] 3] o] 22 A xkio] ol k2t pHet 27
S 7o Al F o 72 AAE HAAL AR50 24 7| & o] 314 & 2 E 5l 1%} 51 o H, o2
O 0.2 pHof S 110] 03 A alo] e ARIAV U E SNk B E AN £
Ae|etalS o, pHoll Agagilol Blald =7t A4 370 ) v = Fs3h3laL, of o
Eo ujet i A MG T B0k 220l 2o AR E BAS o &f5HA o] S v % =9 4= Al A s
H) 282 5 A9UTh pH 4-8 W §1of 4] thel o & Hol & o
BTN AR SUE 2 UL L frel AUl ARS e A G ugon, ol 24 F2
Aol A 5 et A=E A2 wel/ARE37] of gl 23 oA E-E-o] 7 H= W de HofEtt

O

1v

O

(]

x
ox
of
L
r
>-ji
N

FA|0: = pH, &3t A A oF, = vFRHA, g
F 32 AZA: hangh@cbnu.ac.kr (043-261-2563)

4 b phoae

A, i e o
LTI~ T LT Gl el s i
Worvclengia v
Fig. 1. % pH A A]oF 3 4 2|3k 49 E2 viv-§oo] pHol 12 E3= 23 Eg o s
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Assessing the Major Ionic Compositions in Soil and Plant Water Extracts
from Three Different Farmlands and Crop Species

Khok Pros'*, Sangpil Lee', Yehoon Lee?, Jee Won Park®, and Gwang Hyun Han'
'Dept. of Environmental & Biological Chemistry, Chungbuk National University, Cheongju 28644, Korea
TECHNEL Co,.Ltd., Seoul Technopark, Seoul 01811 , Korea.

Water-extractable ions in soils and plants are major forms of essential nutrients (N, P, K, S, Ca, Mg, and Cl).
These ions provide valuable insights into nutrient availability, soil fertility, and plant health. Analyzing these
ions is critical for effective nutrient management and sustainable plant growth. The purpose of this study were
(1) to investigate the inorganic ion compositions, including cations (potassium, ammonium, calcium,
magnesium) and anions (nitrate, orthophosphates, sulfate, and chloride), in water extracts from both soils and
plants and (ii) to compare the ion concentrations within and between soils and plants. The field experiments
were conducted in 2023 at the Cheongju research station with three crops and six treatments, including tomato
(NPK and NPK + Biochar), pepper (NPK), and sunflower (K0%, P0%, and N0%). During the growth period,
soil and plant samples were collected four times from the tomato and pepper fields and three times from the
sunflower fields. Results showed that concentrations of Ca,", Mg,", NO5’, SOy, and CI" tended to increase in
soils and small decreases in plants over the growth period, regardless of farmlands and crop types. NH4" and
H,PO4 consistently had the lowest concentrations in both soil and plant extracts. Of all studied ions, K*
concentrations were considerably low in soils but relatively high in plants, while NO;™ concentrations
displayed the opposite trend. The most predominant ions found in both soil and plant extracts were SOy, and
CI. The large differences in ionic compositions in soils and plants can be attributed to fertilizer applications
and plant species. The ionic concentrations reported in this study can be useful for guiding nutrient
management practices in agriculture to promote sustainability and optimal plant growth.

Keywords: Water-extractable ions, Cations, Anions, Nutrient management
Correspondence: hangh@cbnu.ac.kr (043-261-2563)
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Fig. 1. Differences in soil and plant ionic composition depend on crop types, and fertilization treatments. Soil
and plant extracts were obtained from 3 farmlands and 6 treatments: tomato (NPK and NPK + Biochar),
pepper (NPK), and sunflower (N0%, P0%, and K0%), respectively. The repeated ion of each bar chart
represents different sampling times (n = 3).
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Comparison of Soil Analysis Methods between South- and North-Korea
for Fertilizer Prescription
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Biochar-induced Changes in Methane Emission, Yield, and Soil Properties
of Rice Paddies: A Data Synthesis
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Biochar application is known to improve rice (Oryza sativa L.) yield while reducing methane (CHs4)
emissions from paddies. However, the quantitative responses of rice yield and CH4 emission to biochar
application might differ with biochar types (feedstock and pyrolysis temperature) and application rates. As rice
growth and CH, production are affected by soil properties, the effects of biocahr application on physical,
chemical, and biological properties need to be addressed. Therefore, in this data synthesis study to suggest a
better biochar utilization strategy for sustainable rice production, we collected data on CH4 emission (n=107),
rice yield (n=99), and soil physical (n=48), chemical (n=83), and biological (n=17) properties from 40
publications in which biochar types (feedstock and pyrolysis temperature) and application rates differed. In our
analysis, biochar feedstocks included rice straw (n=20) and husk (n=5), wheat and barley straw (n=57), and
wood (n=9), pyrolysis temperature ranged from 400 to 900 °C, and biochar application rates were between 2 and
48 tha''. On average across biochar types and application rates, biochar amendment increased rice yield by up to
11.0%, while decreasing area-scaled and yield-scaled CH4 emission by 14.2% and 22.2%, respectively.
However, such effects of biochar on rice yield and CHy mitigation per unit (1 t ha') application of biochar
diminished with increased biochar application rates, suggesting that biochar-induced changes in rice yield and
CH, mitigation is not proportional to biochar application rate. The unit changes, which were standardized against
biochar application rate, in rice yield and area-scaled and yield-scaled CH,4 emission were 0.9%, -2.5%, and
-3.0%, respectively. Among the biochar feedstocks, biochar produced from rice husk achieved the greatest rice
yield increment and CH, mitigation. Though it has been reported that pyrolysis temperature is critical in biochar
performance, our results suggest that 400 °C is high enough for production of biochar to be used for rice paddy.
Soil bulk density reduces by 8.1% by the biochar application. Chemical properties including pH, SOC, available
K and P, total C, total N, dissolved organic carbon, NH4"N", NO;N', and CEC increased by biochar amendment,
while Eh and available Al decreased. Among those, changes in the pH, SOC, and total N were dependent on the
biochar application rate. Biochar application also increased microbial biomass C and N by 8.6% and 17%,
respectively. Therefore, our results suggest that biochar application increases rice yield through improved soil
environment and decreases CH, emission though Eh decreases by biochar application as CH4 production and
emission are not solely affected by soil Eh. Our study indicates that the optimum biochar application rate should
be established for economic uses of biochar for enhancement of rice yield and CH4 mitigation as such positive
effects of biochar are not in proportional to biochar application rate. It was also suggested that as the number of
data on rice husk biochar is very limited, additional studies with rice husk biochar are necessary to confirm the
performance of rice husk biochar because rice husk is a typical biochar feedstock in rice prodcution systems.

Keywords: Biochar application rate, Pyrolysis temperature, Feedstock, Soil properties, Rice paddy
Correspondence: wjchoi@jnu.ac.kr (062-530-2153)
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Calculation of the amount of Livestock Manure Produced in the Namwon
Area that can be input to Agricultural Land
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The Ministry of Environment introduced a local nutrient management system (2021) to prepare an
appropriate treatment plan to reduce agricultural environmental pollution due to the increase in livestock
excretion. Therefore, this study was conducted to diagnose nutrient input and output to maintain nutrient
balance in areas with excessive nutrient supply and receiving areas. The method used was to investigate the
amount of livestock manure generated and crop cultivation area using statistical data. In addition, we visited
livestock manure production companies and collected data on annual production and sales volume. The
fertilizer content of the compost produced by the company was analyzed, and the amount of compost that
could be used as a fertilizer replacement was calculated based on the standard fertilizer amount for each crop.
As aresult, it was confirmed that the amount of manure generated from livestock raising in the Namwon area
was 1,096,460 tons, and the agricultural area was 14,565 ha (Paddies 10,514, Fields 4,051). Livestock species
such as pig manure, beef manure, and chicken manure all accounted for a high proportion. The mixing ratio of
raw materials for livestock manure was different for each producer because the preferred mixing conditions
were different for each region. As a result of the analysis of the ingredients of livestock manure compost by
producer, it all met the process specifications, and the average content of inorganic fertilizer ingredients was
nitrogen 2.1%, phosphoric acid 2.0% and potassium. 2.7%. There were 24 types of crops over 10 ha in the
Namwon area, and the amount of compost that can replace fertilizer was 61,896 tons of nitrogen, 33,739 tons
of phosphoric acid, and 33,869 tons of potassium based on the standard application rate. The recommended
amount of livestock manure compost to replace chemical fertilizers (Test application amount) based on
analysis values such as representative lots and certifications registered for ‘Soil and Environmental
Information Syetem of korea’ was 85,215 tons (Fertilizer replacement requirement + Organic matter input
amount) that could be applied to farmland. Through this study, it is thought that it will be possible to use it as
data for constructing a model of natural recycling agriculture considering the nutrient requirements of each
region.

Keywords: livestock manure, Nutrient requirement, Standard amount of fertilizer, Test amount of fertilizer
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5ho] 5y Hto] dkAlGHT) B ¢ 7o A= DeNitrification-DeComposition(DNDC) £ ¢]-8-3}o] 2% &+
A& 7] A7) 2- o] T2 g & A% 7= ol Sekelnh 2 Aol 4= 2010~2019E 9] 7144 &
go] AL EQY O AISEE 7|E 0 2 v FFAH] A 2] ((N-P,05-K,0=90-45-57kg ha') 2710l A| 75}
Gk v 3L A 2] LR A Eax(T )L U 717 0] F30~51971A)), A 2] 24 24
E 07| A7](H 428 2 30~65 U 7HA])& 2 sto] £A 8T A 7129 S 4 AR, 2,35 2|
A ZGA e o] gk v S 22 14, 11, 10% A 7S e sEA| RS2 o4 glo] b4 = w) 7] 71Xk
Aol whet g v Ewko] A& 02 A E = S Bloh & 5 w719 e 42 A 58Uk 4

AolAE o, T 15 A2t 14~15% 2 vt AES R AR 2 3 6547 =35k gl w, 3¢
o 15 AHE T 5%9] 352 20%2] AFER AdpE 0| givt. wEkA v 714 20 giebste] e
SHZIAZIE T A 6SURHE 24 A, S Y IF ARG g2 g AdES e
Ne AL FAE T SRR o ¥l Aol A o] DNDC2| of| & A= A& gh3) vl skl o, Hie o
S0l JA| dlSErk= Aol At ol e M Hebsty] flal] A524Q RUE#e S8 Ao Bas)

o o gkt A5 gte] Aol UHSH=A Helst] $1) F5 BT Ao Basich

FA o: & =], "=, DeNitrification-DeComposition(DNDC)
FAFA A=A : pikim@gnu.ac kr (055-772-1966)
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Effect of Green Manure on Decomposition of Lignin and Cellulose in
Paddy Soil

Y23, ol4ul, olxg*
So-Hui Kim Sangmin Lee, and Cho-Rong Lee*
Buell HATAR G715

National Institute of Agricultural Sciences, Rural Development Admlmstratlon, Wanhu 55365, Korea

of o] & E]7] 9l Al = v A =oll &t il 1 o]
o] o] &3] of B ALz A Al EAFA
7?*1%1 E‘*%ﬁl—i—‘ & H30 4= Qlek ofof] & A= o3t = B EAS
A F1E B I AER S BolS ST 4= e A] GobE Az} 5
ok *l%‘%*i% %Xé‘éi%‘?é 71 d Y AR 2o, A 2] t= BlE @& (CN), 315 +3}8HH| & (NPK),
HA+EASAE (M) & 1245 59 o] Q&3 el it EASAES T3t gfloj2u#] & &ut
Sttt BEoFo] AESHA EA-S EASE A1), E9F U] SR (Soil respiration rate)-> GM©| NPK 1 ¢} 2 1]} 0] A}
=om, AERAE B3jjol= a4 = 3¢l BG (b-glucosidase activity)-> GMoj| 4] T2 X 8] LX
73-82% =t} ESF MBC (Microbial biomass C) = GM©| CNZ} NPK X .t} 21-143% =4 YE T 81
Hi MEZAE BEosl= FAXE 7HA vlA& 38 (Proteo- bacteria, Actinomycetota, Bacillota,
Bacteroidota)-2 R = & 2] tof LFEl o1 GMoj|A] 73.5% 0.2 71 ih-e A o & vpelytch EoF U 21
J 3RS GMO] 0.89 g/kg O 2 7H8 LFok oL}, A2 & Al GMO| A] 12.4 ghe O & 744 =ofc}. E3l, % &
4 FFE GMO| 1.2% 0 = CNIFNPK H T} 15-51% '0—7}0}01"4' ojgigt A& Sl EASA =L HAH &
£ A7t A vE BYojuy shen| g Bt 2] I A E2 A Bafjof Pofshe n|AE ER o UEel &
2 BE wo TASAEC] Yad AERL Fof Z7}°ﬂ 71o1e = ol EelskiT

ashy, AEE 20t
Fe mopel vy @

Ihe MN
Z @ 4 nlru ru&;

10
=
=]

!

Z=A]) o] : Beta-glucosidase activity, Carbon cycle, Microbial community, Rice straw.
FA LR} AZA: echrong@korea.kr (063-238-2574)

L] n
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Fig 1. Cellulose and Lignin contents (left) and aboundance of microbial community (right) of soil in
treatments ; CN (rice straw), NPK (NPK+rice straw), GM (green manure-+trice straw). Vertical bars represent
standard deviations (n=3) and different letter in the cellulose and lignin indicates significantly different at the
5% level by DMRT.
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Comparison of Greenhouse Gas Emission and Carbon Sequestration in
Organic and Conventional Farming Systems

ol g, FHY, olxF, TS Aokl dAR ARA, HaF
Sangmin Lee*, Hyunyoung Hwang, Chorong Lee, Seonok Hong, Dain Kang,
Chaeyun Eom, Youjin Kim, and Sohui Kim

Fom,. and S
FEAEHY FRUTY §75 0

5

Organic Agriculture Division, National Institute of Agricultural Sciences, RDA, Wanju, Korea
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2050 $AE T2%Y A0 v YR R4
30%74) Sefe 222 5 gl o] B E AT AT 5 Ao w2
sto] A7 59 T 2L 913 7| ZARE BEFIA R AT E 445

e o2 5 18], oo 3087 Este] ek, obAkeba 2, o ek
A u WA 7S BIESH) $iste] £ F & shagheuh ol HalA W a4 st
. =9 5 Bl 1) 71 A Ko A ob sk 2 v 2T 8% 9L T T AL 41% &
oF £ -2 HBHA| = 30% A= T T imo] A F -2 8kA| ol A Heke] 7)o =7} 76~96% 2 v -
Tk B S 0] 9 Uul kol u]s) 247k H)E3Fo] A Wkt o] Al 7] ko] 289 H )
31, GAT7| ok F1be 4 5 e 2 Qlstel wgh WAl akol WokEl 402 pebith SuskA S 7y
o] 7] e ol A 51% A 705 Gk 7] 2429] 79 obAESFA 4 B S eo] T OF 50%S )2 )
of gk AFBlEO 2 F LBA S T el o A ] Wteh. o oA Bl SRRl R ey
Bh20l B A e W A § ol A Bl A ol vl 3] 5715 A Aol A B keh. 53], kAl
Aol A EgEom o= A 7LA 9 2L ) 1 Fapol & MRS FATGT] o] R ALY Gl
e AoR Beke g,

e
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o
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£
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FAOl: A7} W Ee, T AR, 714
FAFA A=A : sangminlee@korea.kr (063-238-2591)

- 141 -



20235 SHLEOH| BOHS| XI55 £3| gl K 7|SHATHY

S3X| 2L RE NAUS Pt L DUl EHE

Utilization of Nitrogen Models to Reduce Nitrate Leaching from Crop
Land

YA, o3, w1, olezl
Min ji Kim*, Chan wook Lee, Hye jin Park, and Ye jin Lee
BEATH FYEYerd woul R

Division of Soil and Fertilizer, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea

27 V)R 9, BAS B 2AR o5 GrE ol B E ool
th 359 AROIALE Aol Wio] 7|4, EFEA 5 hpat 221o] wret 2ebx ] iRl Ak 2 B
2 91314 e o] gelzlo] ehi5 A A elo] FT 4 Yt S
5] $ioto] S Aol Ak BAL G A A E Do B e AR, Wk 5E BA 5]
Y=g 9172 AN 2ASGT 20 AU A Al welo] Fotn i mAS RS Ak
DRAINMOD-NII, DRAINMOD-DSSAT, RZWQM2, HYDRUS, APSIMo¢| AR&EQich o Al=
DRIANMOD-NII, RZWQM< 0]-§:5t0] &2t &2 4| 22 ] 2 Ao 02 2|3} ¥ 59) NOs-N
w0k s 440 theh S A B o] 451431, DRAINMOD-DSSATS o] §-5fo] 214 1| 2a} A
o 4710l 02 W fE AE RZWQM vl wahelet. Al B hope A Tl TS 7h 57
Ao A5} 5 DNON $= W2 ol 25170 563 £79S S1P 01 NOFN 2o
dhat A v &) 7] Whg Wt A] EgHolch. ol 23t Zwo] Al RZWQME T} DRIANMOD-NTI,
DRAINMOD-DSSATe] 2|35}c}. 3o 41 HYDRUS- 1D o] §3fo] 224 10| wstel kel
45 2] 93] 5 A m AL 7|HE0 2 ThopR 9 w8 HAR) O 0, 9 7] B o 2 Bl
252 04 $40] F7h5He 202 Lelbtth HYDRUS- 1D 253k N Alul ] 7 Abo] o] 414
2 Upehihe], A4 2% RS B2k S13 S w4 o] o] A RsheTh APSIME 2 Al
B ARA R 43S o Z5H B T EH R, 7] 5ol T2 A2 A Sl 1] A= FoEE BolF 4 gk |
ubELL APSIME o] §5te] 0 A E0| 23 F 1B AE Aulo] 12 Ak BEY b AR Ak
o5& W0l 9B A Bo] Ak &0 I o|ek AL WL ofeh o] MYATE o) A
Y2 Bgato G 5HA Ak

Az A E sl Al A
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RS VT 4 YS AR AZE, GO Seitet A
Aapelo] 317 919 2 B g 7154 B B ast Ut

FA): 7R, A4fE, A4 B
ZA7A AA: alswl5867@korea kr (010-2289-5867)
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Reactivity of Sepiolite with KOH and H;PO,
KOH ¥ H3;PO,2} siEAC| HIZM

Dae-Eon Geum?*, Jae-deok Seo', Joo-Hee Park, and Man Park

Foix, AR, 953, whit

Kyungpook National University, Daegu 41566, Korea

'Public Health and Environment Institute of Daegu Metropolitan City, Daegu 42183, Korea
Aurshiy, o7 Ragddre

Sepiolite with fibrous morphology is a representative of interstratified clay minerals. Every structural unit
consists of one magnesium octahedral sheet in the middle of two silica sheets. The tetrahedral sheets are
converted to the opposite direction by every 6 silica tetrahedral units. This periodic reversal leads to
rectangular pores and the presence of silanol groups in the structure. Consequently, sepiolite has a stable
microporous structure to be applied for nanocarriers, absorbents, asbestos replacements, nanocomposites, etc.
This study aims to intensify understanding of chemical and structural behaviors of sepiolite against both the
highly reactive base and acid treatments. In particular, H;PO, and KOH were employed because they could be
utilized for plant nutrients.

H;3POs-alone treatment resulted in the decomposition of octahedral sheets whereas KOH-alone in
tetrahedral sheets. Rapid sequential treatment of KOH and H;PO, led to probably a nanocomposite of
KH,PO,-Sepiolite. These results suggest that sepiolite could be manipulated for various agricultural
applications through the treatments of strong acids and bases.

Keywords: Sepiolite, Channel structure, Fertilizer.
Correspondence: rmaeodjs@knu.ac.kr (053-950-5717)
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Effects of Rice Husk Biochar Application on Spring Kimchi Cabbage
Growth and Soil Properties under Different Soil pH Conditions

Ae, o129, PEE, folgl? owals

Yun-Gu Kang', Jun-Yeong Leel, Jun-Ho Kiml, and Taek-Keun Oh'*

'Fedista BEEs L P AYE BA71ed

'Department of Bio-Environmental Chemistry, Chungnam National University, Daejeon 34134, Korea
’Chungcheongnam-do Agricultural Research and Extension Services, Yesan 32418, Korea

7
3

N

| £l A vio] & 2Kbiochar) A 2] A, G Hfo] 2212 2 pHE §3 A B2 pH 74l 0]
SR AHA o, T F2 A7 Bl A =gt A who] «2k8] pH Al Aol et A
F 7ol ofof mheh, & A= pHE U o= AMI(pH 3.92), T/(pH 6.59), A71/d(pH 8.3 .=
%ol 47 vto] AHE A 2] 512w, B8l F(Brassica rapa L. cv. Chunkwang) 453} & 9F s}st
o

f

= o off

Byl St
]I,lolt I
L/

o
ot
H
= o

ol v A= Y= BIIoFAT wul S S B St s A W ks st uf 224 of A 2022
109 14455 119 25U7HA] T 4297 AAskgl e, ok1H 32 E(1 5000 a')E ©]-§-sh it wHf ==
AuiAIE A, 0.1 N HCI 8- H(AHd EH)PH0.1 MNaOH =& H(H 714 BE)S 22 Bool A gjsto] &
& pHE pH 3.929} pH 8.31% O£ A5G TE T3, & Aol A= GAE 583 A2+, 600°CE A
At A7) 33t 2ol A 3027 Fsliste] FA vio| A& A x5 om, oF 1Y L E | BEQF S5 tH|
1% (ww') A 2] st ieh. A 2]tz pH'E B okl A vlo] @3} A 2] §-5 & Listgl o, A A A 2l+4t=th
w1} 2k O 4Hd B FA 2 (Acidic), @ F4 B FA 2] (Neutral), @ @714 B FA 2+
(Alkali), @ AHg E ok + 97 vko] 9.2} A 2] 4H(Acidic + B), © F/J E % + 97 vio] @ 2} & 2]4L(Neutral +
B), ® €714 E&F + FA Hio] &2} A 2] 7 (Alkali + B). &l 5=9] 554 AL A3}, Neutral + B 2 2]+
of| Al 64.56 Mg ha' & §-2J5}A] =2 igZ Ut §lom, Abg EQFol| A FA 2] EoFH T ¢4 Hio] &
A} A 2] EgFel A 22t 60.28 Mg ha! 2 =2 4=5F-5 UEt Qi) ARk, G714 EFoll A= A vo] @4}
A 2] EoFoll A vlj 5= freFo] AZ 4SS o, o] = EFpHY] et AFG O & Q13 S A5t E wekst
Aot w5 RIS A BT S ESolAE A YRS oA gte s, a8 BEY
ol A= - o5HA WA vrebutth w9 9, A, 18 Al Faee R AR A S UER gleH,
FEAE A B AT SAA FYAE HolA| de 2 Wi i S A AT, HAam)eR
AHP20s) e 578 EFlA w3k o), Z-E(K0) o2 Alkali + B A 2| Lol A 7 =4 Urebutt A
vl A1} & E9F0| 5t EA B AT oA vlo] @ &} & 8] += E %F pHE} electrical conductivity (EC), total
carbon (TC) 3+, total nitrogen (TN) €=, 712] 11 organic matter (OM) 32 =7 7| FH o0, 15 TC
A FA Y EFET 2318 S715FATE Wb, 3 A Bl A Hio] @At Alg-of ThE A A
SR A B3 A At B pHZE S/ Y wf 7MY A kA o]l o, 671/ ool A Hiol 2.4}
£ A]§ |, EoFpHO| TG A0 2 Q1) HA AR AakE 0] 4 oS Ao BehHch

~
r of

ZA ol 81, A vol 24, EoF A, Kok pH
FAFA A=A: 0k5382@cnu.ac.kr (042-821-6731)
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Growth and Antioxidant Activities of Leafy vegetables with Varying rates
of Dehydrated Food Waste and Spent Coffee Grounds

et o2, BEE, e
Yun-Gu Kang, Jun-Yeong Lee, Jun-Ho Kim, and Taek-Keun Oh*

Sedista Qe sletyt

Department of Bio-Environmental Chemistry, Chungnam National University, Daejeon 34134, Korea

20199 349 ‘vl & 38444 2 A’ 70 o] %, ol A vk E A sk )7 = F skl A =R
| 7| & A ZEW(dehydrated food waste powder. DFWP)-2 57| 24| & YR 24 &-3-0] 3|71E oY, &=
74 A Bofoll| DFWPE A 2]l 3lS o EFeH ol ml A= Gk B7ket k= &3 =olth. shA|Rt,

E 77138 & dm (o7t R 1509 ke, AEE 330 ke, 1] AL o 21 500 kg ') 2F DFWP 2
H=7HAE W W8k o, DFWP7Hkgd ©F 509 © 2 Z|off 108) Yol &-§-o] B2 gkt A 0. 2 o At
olet fAFSHA, 73] &2 X (spent coffee grounds, SCGs)= ol Al thef WA sH= #|7]= F sho] At
ol A EFeHE ol ]3] = P Bkt A= vlEsteh ofof whef, 2 At 1714 A o'
A SAEE g7 & AXEYT Ay Se81X| 7} AF(Lactuca sativa L)} A3 Peucedanum japonicum
Thunberg) 2] A5} 7]-5-2 S/ of| v A= G2 B7Iokoich A U Akst 24 F7HE 13 AHufA E -2
FENTH AL oA AEE A2 H B AR A S whet AASRITE SAE R = dx
0T AT S8 A= AS(15 Mg N ha') 2 1810 Mg N ha') 2] A A(N) 4 @ 5ol BH A 2fshgl o,
Al &Fgol W S} ket 2/ & Bl Q1SN 2 @ (715 %) o Bhr vl 2 2H 2 A 2 skal
o SAER 978 A 2R A0 S 2] Alggol| whet gk A 2l okt Aok O B & FA
(control), @ 7] 48| = A 2]7HN), O DFWP ¥ X 2]7L(DFys), @ DFWP 7|5 A 2]5L(DFy), ©
DFWP vlj & %] 2] H(DF,,), ® SCGs ¥reF & 2] 7H(SCos), D SCGs 7|5 A 2] 7HSC10), ® SCGs v = A 2]
THSCr). SAEF H7E A2 Ay S84 9] 54 2444, A7 W78 A28 ue o8
¥ 4.60%, N 3.25%, -8 215K Avail. P) 0.10%, Z-E(K,0) 1.67%, 18|11 FE 3.12%0| o1, A1 &8i%]
L 283125 9.08%, N 2.21%, Avail. P 0.10, KO 1.83, 18] 27 -5 0.01%°] % th. DFWP A 2] EoFoj| A Ajul
QAo AES-0] =7F W7 Al DF ol Al 2H2F 26.25 Mg ha'@F 1.21 Mg ha'' 2 71 =7 eyt en,
SCGs A 7] EFollA SCi o2 ASA| 7t 7Hd 9-=shieh. E3h, Ak}t Bde H7IgE Ao A ®=
DFWP 7|&3-3 A 2|3t A2 717 =2 ABS radical scavenging activity, DPPH free radical scavenging
activity, & Zo}H = 0| = $FeK(total flavonoid content), 12] 31 & &2 &(total phenolics content) $HF-S
et et whebA, d=of AE-S Al Al 2457 H7]E A2 E ] 712810 Mg N ha!) A 2] = 7}
% 9-4=et A& U pakst 2 S U A 02 7|t o] vtall, A 9] &A= AHEL AL S
Z10] B atet Asof| gk A 2] 91 ko] g ke of A &2 A] A 2ol whE e W3l AhE o
T W OL8 8 W3} 5] 37} A7 B9l 212 A2 208 Aot Hlo] Witk weks,
of: A4, AE, SAEF H7IE AR, A &9 A, ket &4
FA AgA: 0k5382@cnu.ac.kr (042-821-6731)
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Assessment of Chemical change in South Korean orchard soils in 2022

o] 2X*, A<, Aotd, olH+t, WA

Eun-Jin Lee*, Myung-Sook Kim, Ha-il Jung, Tae-Gu Lee, and Seon-Hye Baek

FEATH FHsddstY EGH R

Division of Soil and Fertilizer management, NAS, RDA, Wanju, 55365, Republic of Korea

AU AFB M Mol 071 5ko] 19999 ] Frh 2 0 2 [ 3 Glek. 5] EoF 3t
S A5 A AR RRR F7E B AS W A S ol ok TR mo Ao AR BOR B
S| 2] v} $- FA5Ieh. 2AR EA) o B Eol whek4rbAI (e, 1, B4, A A H )= B R stol
44915712 )7 BAo] s B Eck 2022900 = A5 24 5734 147142 874 FE(pH, EC,
R718, REQL, I oFo| 2, 4|40 L4 DBE F55H9 5 1 AWE 25k Sk, EH(A)
% A 9)) EE pHE 6.1~680] 9100, §71% B2 224 7)) ~40(3 %, ) ghe' 0.2 2Abw ek &
RO TS Bt 793 mgke! © 2 TR WY 3A] U] 277121 300~550 mgkg ek & 2ol ek
E3, A K I B L12emolekg! © 2 7] peht o] = v, 2710 v R 5 Relo] g GO
2 9Tk AR pHE 6.1-66, %718 3 14~34 gkg', & HE B IGkTh B3 §HAA BREEES
572 mgkg’, 584 K B3t 0.73 cmol ke & AT 2 0 2 1) 2 AbElo] 22 Eolgk AJul 7} o Fof A=
A0 o] ARk A 27191 2002201 7) v T EHE pHE 59914 642, §71% 3L 23 gke'of
3302, SR THFL 589 mekg oA 1930 % BT ASIIch ARH O 2, A B AT
Aeshe 497t 7]t 2ol Eao] v R4 o] WAE 0= Hojn RS Fol7] SIS L R
o §E &l BF 77k AT L olo] 2AT AU A%t BRG RO Bl

ZACL: D448, HEEA, A
FAFA AZA: eunjin0219@korea.kr (063-238-2438)
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Changes in Chemical Properties of Paddy Soil in Jeju
o7t AU, A&, o8& A, A4l et
Kang-Hae Lee*, 1I-Doo Kang, Yoon-Jeong Ko, Yong-Woo Lee,
Chang-Seon Kim, Keum-Sin Jin, and Tae-Kyun Kim
AFSEAA = 7=
Jeju Special Self-governing Province Agricultural Research and Extension Services

2 A= AFA S =R B S 49 7712 FH 2ARSEe] 2011 R E 2023712 9] W5
OFARS 718l gl T AR 0] EoFL 0] S & © & 1] Soil Taxonomy 553 o] ©]3}H Histosolso]] 4:5}
], E4 80 cm 2] 50 % o]/Fo] 718 Efolth. ZAZ|Tt 5ot EQFEte] R4 A1} EFpH= 552
FAE o HGHR(S5.5~6.5) K} 2 o] lr A7 A EE=0.36~0.68 dS m! H = Az} 7H
ok Zpo] 7} QI o, AW 91(2.0 o]5hE FAISHATE f-71= T2 121~ 149 g kg HI 91 = A1 9
(25~30gkg")E A3 FAJAF FF2 20110 29.5 mg kg ' of| A A &4 0 2 Z7}ske] 2023 d ol =
87.8 mg kg' 2 2 A H 2)(80~ 120 mg kg')ol| 3ttt mEA ZE FHFL 2011 ~20191 59H2-0.21 ~
0.36 cmol. kg 9]¢ 01}, 2023 of| = 0.54 cmol, kg' & A AW 9] A5t 7| 28 2ttty mekg T
2 o} 1|4 S A1 7E S0 28 10.6~12.3,3.02~3.78 cmol kg # 91 E 2 WEL glglou, A
Ol T =0 Szo| gtk ZAV| 7 o 224 3RS Cd 0.12~0.26, Cu 11.4~12.9,Pb 7.46~15.4, Zn
19.6~31.1, As 3.29~5.07,Ni 6.32~10.7, Cr 0.1 ~15.3, Hg 0.19~0.21 mgkg' ¥ 2|2 EcFo A o7 %
(Z+ Cd 4, Cu 150, Pb 200, Zn 300, As 25, Ni 100, Hg 4 mg kg' o|8h)H T} o 2220 o 7)5} a1 9l gir} =
A AaE EY 2 AFA Y RS BEY S0 e e7F dasty, AW E 20t AY 57t
B ol FEEol daie ESAA Aol w2 A AlnjHE|7t o] RO e F7 A = H R
Shhal AbRE Tk

FA O AlFA S, =B, B
FAFA AZA: 1kh0422@korea kr (064-760-7233)

Table 1. Changes in chemical properties of paddy soil in Jeju

Year pH EC OM Av.P,0s Ex.Cations (cmol. kg™") Av.SiO,
(I:5)  (@@dSm") (gkg") (mgkg") K Ca Mg (mg kg")
2011 5.5 0.52 121 29.5 0.29 12.3 3.62 344
2015 5.5 0.36 138 34.7 0.21 11.0 3.02 254
2019 5.5 0.67 149 76.6 0.36 10.6 3.48 417
2023 5.5 0.68 132 87.8 0.54 11.9 3.78 452

Optimal range 5.5~6.5 2.0°]3} 25~30 80~120 0.25~0.30 5.0~6.0 1.5~2.0 157~180
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Effect of Green Manure Crops-soybean Cultivation on Soil Organic
Matter Saemangeum Reclaimed Land

AH, ZBS*, BYE, oA, olF%, 0FY, $817

Young Tae Shin, Hyeoun Suk Cho*, Bang Hun Kang, Hak Sung Lee,
Kwang Seung Lee, Yang Yeol Oh, and Hee Kyoung Ock

FEAEH FRAFUNY BHASAATH

Reclaimed agriculture research team, NICS, RDA, Wanju 55365, Korea

Ak whEbA, AE AR tha W Bk A ES AulistE A EF AES A 5 e WHE 2
317 flote] XS4 a3 AFAAE st AldsHH-

B A ZAEAET 3o AFAAE St 580l & 7he Rt e AbE st aLA £
Az 3ol A, T, sofH R/ o] A2 & Flen 57|t F(AR2%)
< Bl EEe f1E%2 vl B 7|l XE AaS Avliske] A
Foll= T2 Auista A A= FAE(F A, FEFEY 5)S B &ds)
&7 A ol E35ko] AAISHATH
I7EES T e SdEE T8 Aol A A& (152kg/10a)0] 7 o] At 9l o

a5 o 2 | 2] Euk, | o 2] W] 2| - 2ol Tk 71 E 2= T-C I 2 42.9%, 21 +9]|of 2] H
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2
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43.1%, o1 2] 2] 37.9%0| A 0.0] £ E A 2L BUFo K wopo] BUH 100 F B Bele
157 65.2kg, B W+3|0] 2] 4] 1) - 57.8ke, 3| o] 2] ]3] T 20.2kg &7 T o} B o] )] 4 77} v
s} Bl gk £71 8 222 EoFol] BT F AT Fol A= AR 7I3FF 9L, L] 5 Aol
oFoll 7187 T Q=) TU+lo]2]H] A Tol A 6.3ke/10a, 5 6.1ke/10a, F|o] 24 %] 5.8ke/10a
2 0E A 2|0l A u] 23l WA 900 SYahu) 2 A 73, 1ke/10a) .0+ oF 20 o] 33 o] AYATE| 9l}
A8 717E o B0k £71 8 T A @A Agkg)o] HIste] A8 F(102)] 75t om B3, E
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. . ) Fig 2. Changes in soil organic matter by treatment
Fig 1. Total organic matter input of green manure

) ) group according to green manure crops-soybean
crops-soybean cropping system in saemangeum o
cultivation
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Establishment of Fertilizer Application Standard for Brassica oleracea L.
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o8, A, FAF ARA, o, 29w, el 1xA, HHlA

Yong-Woo Lee®, Yu-Kyoung Kim, II-Doo Kang, Yoon-Jeong Ko, Kang-Hae Lee, Young-Yeun Cho,
Hae-Eun Yang, Jin-Kyoung Kim, and Tae-Kyun Kim
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Bola8A) AW 02 41210 7|2 A7 o) ARl St R ALY S 91T AR WAL
vl 7|& A A o] & Qslt} A|F9 HEFE|(Brassica oleracea L) AW H A2 1,551haZ A=+9] 75%E
O5l= 29 2R 0| R E 2] 2 A A Al E 1 Qi 2} x| A u) A] BEkAA of o5 v 2 AL
Z.

Shlch B4 Ak A4 vhe-2 SRl Eo A E4F f7]= ol a4 A4 AlR|EFe] Wot
FolGlaL, M3 B A= f-7]& Fegel whe A4 AlH] §hg-o] 22 gk W f-7]& gheel o

FEo] EotAl= A HAurt A4t w2 B34k SIS E oA HE EGF A
5 Qi SsFol S7beke Aol il 2 WS o] 9F fAFSHA wehd AE 9

7otz Aol oSt A E B = HeFe o] A4, A 9 A Blg A

AR 7| e & th3) o] AASSITE &, A& 53 A1 EEAH]H(21.9~22.4kg/10a) 7]
2 EY f7]E ol UE 57He] A AlHE Bla (RS )i e S vEEHE )
2| 9-5}0] A% 519 TH(9] 314 N(ke/10a) = 47.892-0.6405*0M, 3}k N(kg/10a) = 28.816-0.0659*OM
H B 54 & SR A HIBH(15.5kg/100) & 7] £ 02 G A QA ool T2 QAR F43 1] 22 2 85}
(P,0s(kg/10a) = 17.731- 0.0039*Av.P,05), Z+2] v] 2= FZA]0]2K(17.2kg/10a) S 7|30 2 WA 25 3
ol| wh2 28] T ] RS A 5}l A& HAHK O(kg/10a) = 19.397 - 2.4232Ex K). A A 02 B
2509 B BARE A ol W2 H| &2 A7 A= w3l tfH] 10a & A2, QAL Zre] 742) 12.4~14.5,8.5 9
9.7kg o & ZAVE| YT},

v i [
N o, ol r
NOEN R >

R I o My

Y7+

~—

2 e

i

FA0: Fol K EA|, Bz 2o, v RAME A
ZA7A AA: dyddn2562@korea.kr (064-760-7234)

# 1 H2FP|o| EYEA vR A8 3344

T =g v =AM 34
2 v 814k N(kg/10a) = 47.892-0.6405*OM
- 34T N(kg/10a) = 28.816-0.0659*OM
it P,0s(kg/10a) = 17.731- 0.0039*Av.P;0s
7] K;O(kg/10a) = 19.397 - 2.4232*Ex.K
* OM: 71 & 3 (g/kg), Av.P,Os. 57 A 3 (mg/kg), Ex K: al3HJ 25 3 (cmol/kg)
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Effect of Nitrogen Fertilization on Rice Yield, Quality and Nitrogen
Efficiency
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Mi-Jin Chae*, Woonho Yang, Shingu Kang, and Dae-Woo Lee
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= B Aol M A AR e 243}

U2 EA] ZAFSFRIE. o] & F3f T B4

AHE it =2 A 2018 E 20208 714 3= ek AR olle SHAE B FF 6F(HE, Al
v, 25, @5, dF AFE)S AREsh o™, AlB| e Al 2Rk e Al g 2 A e ol mhek Al
FE ek W 52 Ao E AFEAREA] 7152012, RDA) O what 2ALE it 671 2] SRS &+
FTolA D25 9kg/10a0] A Tkg/10a2 E Q1 A3}, ] iFofl Al 2] 2]l Aol T =] A] eh 3t
T T8 di AT YT A oS T He e A R(0.349%) S YER I 7t
sink size(P/m’), ¥ A S, Ao o] GAE, Wi I Y AEEAS PoH, #RE sink
size(0.506%*), A AT =3H0.310%%), A 40]-87 -8(0.244* %)} AFHA o] 1111, 3] sink size2to] A
ol 78 w=oktt. e o S Ah F Y sink size 74| 2912 A3, ko] o3t BAE Y
B Tk 3 Ak, 55, Fa ARl thek AR A (ANOVA)S 213eh 2k, Ao 8883 A9
e EolA Ak, FF, A ARl uheh 22 Q] Zpol 7k glon] ] E2 A, 55, A
& AB|EF ko) Ao atgo] daFe Wokth & A 23 B2 v Ajuljoll A o] A&l A Alv|RF
glef o Bl FA = AT A e Ao E wek .

of

N

FAof: A, A AR, =5 A, £, Aol g8 s
ZA7A AgA: chmj011@korea.kr (031-695-4134)
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Impact of Varieties and Fertilization Conditions on Rice Production Using
Controlled-Release Fertilizer
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ol el 4 2E 8 AL GJ8] A A1 k10000 Tkl 2] o S
AT 1 23, 00 A48 A HISHE 49, Okg/l0az AJH] s} H] B ) 21 55 5 107)
of Fol A Ul o] BT ST O] VAL Bt 8% FHASIATE o] & Qs Ak AL
The/I0n2 A7) ol B35 R ohufef ST A 8] 2} A SO 2 eisie )
© B2 AHS 98 S v RE HFO R AUISHALE A | RS FelShe 5 chka A S AL

E

ob 91 Aol SR ML R A A Bl R A Ao ook ) 4
Aberat Ghal 2 ke 5 0] oS 2ARSYSITh o] Qs e Alkuhehel SR AR o 4 202095 E 2022
W7HA) QFT AR BEEE ol §5ke] A= Ghr. Al Mg NPK = 7-4.5-5.7 ke/10a2, $HLA vl 2 A

IO Tig/l0nts AL Aok 00], 2T QLI Ll 7 Aulaf. ol i 2
A 50-20-30% B8 AMIS19 T, QAR Aeko w A|u|al gl en, el 70-30%2 B3 Au| s,
FAFEA(ANOVA) 23} 613k <0.001) B F5(p <0.05) ZFof 4% 2 ;Lmv whul gepol A 4ol o]
Pl SiSich el A SR i 85 2l <o S g A e Sl
Fajol= glglont A wof A kel o] Ak A0 2 2AME| ek, o] 23t ATk a M R

E
2 Q5 AT A A 2 glo] 0] el el F0] A 4 8.8 A

Nt
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\__
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]
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B> r°1'

Alof: W, Au] A ul, A A 8], a4
Q72 A&HA: chmj011@koreakr (031-695-4134)
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Spectral Vegetation Index Analysis according to Treatment before Rice
Transplantation

Aea', o, o] g4, 27V, WAL, A9, T3

Tae-Seon Eom'*, Ye-Bin Hwangl, Young-Seon Lee', Jun-Ki Son’,
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H(Oryza sativa)= 219 1A= B = SH2 110 ghsf o) A==, S-2juhehe] 2 o) A o of A A ufj =
o, 2022 A AYAFRF2 376047 = 0 & 7P S Q. gk Al Z-E ol ok A=) Afu by of A 5eke] A
oS WA S P& 4 Qlo] s g o] AFE AL FARE O] Fo| g whet AHE o] AV S 7t
A7l A0l 8 a® o AR AL QI 2| oS WA ket oA 4] 9 leF g dhE f18l ol
1~3¢Y A Bbo] =2 2| 8}= ofA| 71 d 2] &85 AL Sl

2 At ol A BEA o] 93t B S-SR AE EIsky] 98l ARG BAS A Sk
Ch AR OfAl= o] F 1973 LR K of- A e} Tl 2 R ol-T7 @ (41 AlEF FejohE Rk 300ml% ZH2} 22
T 771 FEA o] 9]A| g Al H Ao 0] 942023 59 26 )dto] w27 Z = Al 7] ol whet A
HjAT S AABHE T 18] B A = o]df 604 & PolyPen RP 410 UVIS(Photon Systems
Instruments Ltd., Drasov, Czech Republic)& 28514 309 74 02 =48 A A5}t

019} 609 3 U -39] BHAA| = AP0} Aol 7} flgl o, 0|9 90 F T mol. 28t Ae)
9 NDVISHCRIIZH 731217 o] 24216%, 12% 5713 ich. CRIL S @%4:0] 3H1 & WAl 8 7 e
o| = WAL X2 A Al A W o] 7F2 Bl o] = O] fhFE IH A 0 2 SQIe 4= QI 53] 7hR E ko] B
2 2B A 2 FE5 58 AL FEA 7T RS 9 R A A Y A e A= HE Al
T} CRIIZ 0]} 120 (F47]) LR EOJ-2ABe} TR K of- 7.0 A 2| tof| A 212+ 29%, 17% 571t A
O 2 golw et whebA 2 A9 o]t A SR A=A A+ E T WAIAD A 2l of] o3t Bl o] A&
7125 o8 A& S RS 57 L3} A AS T B S A= Ak

FAo): ¥, 12RO, FFA AR5
ZAFA AgrA: ymh5240@naver.com (031-670-5080)
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GroMore ZR2ME HESt = EYO| 247|A HISE Tt

Assessment of GHG Emission in a Rice Paddy Soil Applied with
GroMore Program

ol gAll, o, Fed!, s
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‘EY st AR Ad ey, AU BYREdTa
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FHFEONA AEol AAsHE 2T &7 55.7%0| 1, T2 v S U2 B o] Fp el e 5 A
o FUE= FAA(E A v = F)olth vt 24TV TS flste] = S U, A (E
24 H| 7 5)9 A FAed 5 =7 L ve ks i A =5 sk kA e 2HE Al of] AFE-H
= EoF A of| t3h AT v & A of] t3E At RS A otk & A= Al AER A RS 5
oFu} H] & P53 2 718 <] ‘GroMore program’-2- 4-8-6}0] 1= EQFof| Al WA oli= A7t w2 5445 1t
ofst7] 9isto] A2 E o2 438t gich A 2l -4 2], GroMore-star, GroMore-duo, 773 2 = L(T
Y A), EFUA (Y B) 5 3HE SEolth =R ARV WY S EI(H) = FAIsER e,
2= =25T 9} GroMore-star, GroMore-duo 2] AL eF8 7+ 7+ 4.3, 3. 7kgha' 0 & H3Y(Fru e, =5
2 QA A2l 7H (10 kg ha') 2] Ko} A ¢lck. 24 7] 4|(CHy, N,O)= #l 4 3 WH 0= L35k om, Al
A= Al T 5G7F A AL o] F-ofl = 5= 13 it £ H 47| 4|=FIDLECD A4&717F 4
2L 71| A 2ok E T1e 9)(GC, Agilent) ©]-§-5}0] A 8FqIch A2 2AVFA v S a1 13
2t} =5 ko) AFZ 3T GroMore-star, GroMore-duo#] 2= Wal(FFHE =Y, EF A YA|)of B aste] o
EH(CHy) 2] M &= S 7HA 71 A] gttt oFARSH A(N,O) B &2 2= A 2] of| 4] v m| &9l o1 & 2]k 2}o]
7k el ik

FA0: 2AVNA|, =ESF, Lejio] TR/, 5oF
ZF AT A d&A: seanku@hknu.ac kr (+82-31-670-5085)
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Fig. 1. Cumulative amount of CH4 and N,O emissions in the treatments

- 154 -



20235 SHLEOH| BOHS| XI55 £3| gl K 7|SHATHY

HIO|2X[2] SEE UES EEMEIIE 2HE 2ist ZE AR
Pot Cultivation Test for Determining Application Rate of Biochar
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Ho] 0 2z Thopgh Hho] o2 YR R Y AX 2 S Bal AlLE ], 1 EAS AR, AN L5, G5
270, AL ol uhe Sebd 4= 91 0.0, pHUF Bk 47 2} So Zfo] 7} 9 4 qlek. Ak ko] wpo] @
A A A EFTE, EFEY], SRR L £ Beld 4ol A Elo] A2 AL A
o] FAFE 5 QAT I A G T A9 BE W B Foll 3 ulAIET 9 BHOR Qs B B
H.420] QAL 2B A of aFE )2 4= 9Ltk o]of Aol A = Thopal Hho] o T4 AR E A
2 vho] 9 7 S0l A 212 Aol T 2 o] vho] @ e} HEAFET]ES ML 915 L= Au Al
& AABRT. Al o A2 AR A0, Lactuca sativa L) 2 435, 0.0, vho] 934 12 2=
A, B, 952 AH8 5Tk, Hho] ©AR] Al ]S 212} 50%, 100%, 200%, 400% A4 ek, A Al
B AT RF Y BFFS YA vho] 2.3 200%, B vho] 2 3F400%, -3 uko] &3} 100% 4 7 A
LhebeO.m, T 50% A 2] ol A 7H W S Lreh ik St A o) staka B4 At
upo] 93} Alu|afo] F7ha45 pHE F71sto] 2 T(H 6.62)% v]is) HoLS HRE vho] @ X7t
400%1 4] 74 352 pH (6.666.949) % LFERW itk =3t E0F ECO] 49 9179} BAl Au]e W2 57
Ho @ S5t Aol S LrehA) FSEAT, S uo] 9 3}e] 9 Alulzko] F74E4E ECgho] EolA
400% A2 701141 0.89 dS m ' & Lk} QIch. 2 A7-2 3 nho] @ xpe] A4 A|u oS shepahis AL 4}
O A I A% b e 5 A F AT TeAk o] B 4 98-S SISt EE G5 AolA
= ho] ©.310] Q1 gof uhE Eof B4 U AFRo] AYiHY WStel ek 77l Wadk Ao AR,

FA| o vpol e 2}, ZE HAMY, A5, BEY 54, BG4
FAFA A=A: sckim@cnu.ac.kr (042-821-6737)

- 155 -



20234 E SHLEOFH| 2013 M55 £8] U X 7|otaryy|

T R7ISEH HE = EY| Edol w2 EY E ot
Soil Quality Assessment of Organic Paddy Soil in Korea
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3 J Sx1ENk o gf, okl M-S A5 St EF A A
I Qi ofof what ?ﬂ’é—l‘ﬂli 2 5O AHESHA] FOHA i TS FACE T FTE
Pz Qi 2 A tollA = 3 E 9 A5 A9 7] 544 ESS Yo R a4, 354, &S
AE 7o B AS ”375}‘2'13}- AN AQH = TF 2 A5 2442 100709] 571 =0l A A A
st om, EoFe| thaFel sheha Wl A E5HA E4] F 84U s, pH, A 7| M =% (EC), Fal4h CEC, E¢F
3 &, beta-glucosidase T2 H7Fstoinh S HEA| B tigh o|gketd 4 £4 2yt 841
T o] 247k 24w 9 2 127 (0.72-1. 0) 7 138 (0.94-1.60) 2 FAFE Qlo.H, pHE= 24 5.46
(4.52-7.55), A5+ 5.49 (4.58-7.54) 2, EC= 2 : 1.06 (o 27-3.97)dS m' &, - 0.82 (0.21-2.75) dS m’"
2 Uepyth Eot Al Eeld 40l K ézg 23} 21k 52,57 (10.41285.85) CO2 mg k' day™, A=
:38.30(4.99-144.17) CO, mg kg! day' 2 L}E}E S 1, beta-glucosidase 42 34 0.83 (0.31-1.70) umol
PNP g, 75 2.10 (0.45-1.72) umol PNP g & 54 €] ¢tk B4 d|o] e Sa} EoF 774 B7} mElA]S o]
&oto WY FAHA EGH 7] 54 A Bk DS Hrekich BEokel 84U %, pH, EC= ¥ 51 7-7]
& EF 2 Zol& Yeh A GUARE, 718 &k, beta-glucosidase £ #eY 54 A| Bt 37| 57
1 Eofol| A o] A UErsTh £ A A3k Eoke] theket EA o] e Holet= A2 R 5 Hol EYY
A744& A A ¢har @8] FA AU & A1 4= A2 AlAFelTE TS o] F Ao A= o] g &
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Assessment of Field Crops Productivity of Based on Biochar Application
under Various Soil Organic Matter Content
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ol o130k Tk N 2 Q1 AE chE §71% B 2 A0 ol 2.4 Alu]7} o] kol AT %
Aol 37k Qick WAgel A B7he BRI, Lacuca sarva L) 3 S Capsicum
anmum)®) EE AE F3) A 9o, A5 vho] @M= 22t 97, A, S8-S ARE A2 9
ok EE A el cholt £ §712 GV W FE W A 71202 Axsgon,
H}o]gx} A B|ZFL ZFZF 50%, 100%, 200%, 400% 2 A 319 ch. Ab0] AjZ2af B At 5712 4 9
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Al 2 B 578 24 o]sh Eopel A B e AFEFS e oleh Bk 1 o) St 14 5
o ol §71% 2 Efol 4 B 1371 %776 g2 718 24 £GP, 511 et oA o o
ERgtTh  ATE B hol @xhe] Al 7} 718 Ghepo] BETE Eokol A 130] A ST AIAA S A
AP o] 2 2 Sh A0 2 Lhebstek. whebd vol @ 2h0] e FHE- A% 15 et il 42 A
A REATO] B3k B ShE 2 4 glek

O
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Evaluation of Removal Efficiency for Veterinary Antibiotics in Water
Using Biochar and Chitosan

S 1
YA, TYF, oBH, oIFF, WY

s

LR EEE
Jinwook Kim*, Youngkyu Hong, Kyeongmin Lee, Dongju Lee,
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SARE A= Hl 4 A2 t‘@r#24 SolA b QAR G v & T2 WEE 9l
o, o]t ZF YA = YA WA 54 XK (antibiotic resistance genes) TH S ZX5t= 5 A Fo A
7= sl Qlek whebA] 2 Ao /\1~ ot S2HAE o] &-5to] A S A SARE A AA &
£ 0|3 @ B7F5H7] 9180 batch A4S WS BA T4} A tetracyeline A2 FAA] 3%

(chlortetracycline, oxytetracycline, tetracycline)2 A &5}9] 0 1, S2HA| 2 = A uto] @ x}o} 7| EARS: A}
Saholeh TS 1259 G EEGolo] H71E oA Asiglon, FHA|0) 27 w(o] o
3p) 9l = ojep(alo] o 3, 7| AL whw) 2 A 2] -8 A9 stch SAAI7E B A 2] 150 pme] 4
T 2 2417 F 3 W HbeFGL AL, 2.0 um B H Q1 FE| 2 o 13k F LC-MS/MSE 0]-g-5Fo] A4 5H3l 2
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The Fertilizer Effects of Soil Testing-based Fertilization Prescription and
Application Methods for Sweet Pumpkin
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Soure A F oA A4S AR A Qi HA o] uid Fojubal §lom, S| o] =2 uhilAlE o] 7]
ool vl mARE-TFo] WolA Aaxn]w HrhA]g-of ofeh A5t @ @1k 2 Z A 7F -2 = AL Lk whehA]
H| ZARE A7 -2 e &2 o] -§8talz; EF Aol o3t 38t H| 5 A H| kS A-8-5ko] T tju] 57}
AGAZ AN E S A X G} gHg A A 27 a0l A 3~T7D7E =335t EFHA AlHES A= A
v A B F H|BARGA A & H| ZARE RS o] 8513l o, T AR Y] - A a-lARZ e Al
F(kg/102)2 16.6-4.2-11.9 kg/10a, 374 2] - 14.6-2.1-8.9 kg/10a.0. & LJERF T} 57} ¥] & A}-8-2F0] A2
A A-QlAk-ZFe] Alv]EF g A 2] 2] A9-21.1-11.6-7.2 kg/10a, A 2] 92 15.4-8.9-11.5 kg/10a= A]
Ao g ZAE }Th

S UAF AHMRHE A Y w7 ARA Y, EA AL w7k ol AP E skl qlglen,
2 AFANA EFHA AGE WYX G2 AHlA 2, SH A G2 oA 2| 2 =35ttt WAES H 4
7(2023. 3. 20.)0]] A 2|8k AL, A G HEEA A A $(2023. 4. 27.) 0 A2ttt BEFAA A 29
785 o|FA YAl A 2] thn] WAE Alu[HZ o] 0] 17.3~19.9% A A A|-&3t o, A E Aol
A A1t E Bl B2ARS el B A 25t oiTh

gzel S5 /MY BEFAHAY At Aol gldlon, sk HEEAvt
1,233kg/10a, EFH 7 A 2]t 1,257kg/10a= A 2] 717t §-2 4 o] §li= A &= eyt

oo
ol
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Table 1. A 2] B & AF-F

H] E/\]’%%(N-PZOS—KZO kg/loa)

» :
A e A EEE L
e EFEA 16.6-4.2-11.9 8.3-4.2-6.1 8.3-0.0-5.8
Ehe =7} 7}y 21.1-11.6-7.2 21.1-11.6-7.2 -
_ ESAH 14.6-2.1-8.9 6.3-2.1-3.0 8.3-0.0-5.9
ey :
7143 15.4-8.9-11.5 3.2-1.1-1.5 12.2-7.8-10.0
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Evaluation of Physicochemical and Biological Properties of Agricultural
Soil of Saemangeum Reclaimed Tidal Land
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Table 1. Physicochemical and Biological Propertise of SaemangeumAgricultural Soil of Saemangeum
Reclaimed Tidal Land

Bulk density =~ Water aggregate Sand Silt Clay Soil texture
gcm? %
Zone 1 1.41 18 63 26 11 SL
Zone 2 1.34 16 75 21 4 LS
Zone 4 1.39 23 57 33 10 SL
Zone 5 1.33 31 59 35 6 SL
Zone 6 1.38 35 72 25 4 SL
Zone 7 1.31 32 67 31 2 SL
_Popular 147 SL 6 38 26 L

Average 1.38 30 61 30 9 SL

pH ECis ECe OM. AVvP0Os — E;Zhangeét:e Vg~ CEC SAR Esp
1:5 dSm’' gkg' mgkg' = cmol, kg %

Zonel 6.5 008 0.6 10.9 49.8 0.6 0.8 2.1 4.1 7.4 4.5 8.1
Zone2 7.8 0.04 0.5 2.3 34.2 0.7 04 1.9 2.7 5.0 4.5 9.0
Zone4 56 004 03 9.2 55.7 0.5 0.4 1.9 2.7 7.2 3.1 5.3
Zone5 59 0.11 0.9 15.2 155.6 0.6 0.5 2.7 3.0 6.3 33 6.7
Zone6 7.8 027 3.8 5.7 447 0.6 1.6 1.8 2.3 4.8 11.6 34.1
Zone7 64 004 05 4.0 26.2 0.5 0.2 1.7 2.8 5.9 3.2 3.0
Popular 61006 0.5 197 1059 17 09 36 64 133 52 65

Average 6.6 0.09 1.0 9.6 67.5 0.6 0.7 22 3.4 7.1 51 104
VField 6.5 0.84 - 29 642 1.0 - 7.6 2.1 10 - -

1)Field: Proper range of field

CI NO* SO* PO* Urease "DHA 3-glucosidase YPHA
mg kg'! ugNg'dm'2h'  TPFugg' ugh'g! ugh'g!
Zone 1 45 206 184 1 101.23 7.41 102.50 555.11
Zone 2 28 129 135 2 31.62 0.36 74.89 373.38
Zone 4 12 94 53 1 85.83 0.98 9491 3495.66
Zone 5 94 274 122 6 187.41 2.39 118.08 3587.72
Zone 6 1251 1117 245 6 134.20 3.62 68.93 1530.14
Zone 7 14 259 32 1 55.90 4.73 19.22 1123.05
_Popular 40 84 62 ND 4881 538 3331 1609.89
Average 212 309 119 2 92 4 73 1754

1) DHA: Dehydrogenase, 2)PHA: Phosphatase
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Fig. 1. Cumulative methane (CH,4) emission in the treatment
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Characteristics of Methane Emission on Different Varieties with
Transplanting Times in a Rice Paddy Field
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Fig. 1. Cumulative methane (CH4) emission in the treatment
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Spatial Distribution of the Soil Chemical Properties on Organic Paddy
Soils in Gangwon Province
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‘G FY et ARAUR Y, AT Y EGRYATA

Reliable information on the soil chemical properties in relation to spatial distribution is required for
assessing soil quality of the organic farming field. We investigated the topography and soil chemical
properties of organic paddy fields where had been maintained for organic certification during more than 5
years in Gangwon province. Soil chemical properties of pH, exchangeable potassium, calcium, and
magnesium contents were analyzed for 100 soil samples. The topographical survey of the paddy soils was
conducted based on the soil environment map provided by Rural Development Administration (RDA). To
assess the excess or deficient of soil chemical parameters in organic paddy soil, we referred to the optimal
range of soil chemical parameters recommended by NIST (2010). The topographic distribution of the paddy
soil was alluvial plains at 47%, local valley & fans at 34%, fluvio-marine plains and mountain foot slopes at
7%, and diluviums at 5%. The chemical properties of organic paddy soils by topography are shown in Table
1. Soil pH in all the sampled was within an optimal range, but Ex. Ca and K were exceeded. Mg was found to
be particularly high in the diluviums.

Keywords: Organic farming, Paddy soil, Topography, Chemical property, Gangwon Province
Correspondence: seanku@hknu.ac.kr (031-670-4612)

Acknowledgement: This research was supported by RDA (Project No. PJ017012032023)

Table 1. Soil pH and exchangeable Cations of the soils in different topographical areas.

Topography (1) pH Ex. Cations (cmol. kg™)
(1:5) Ca K Mg
Local valley & fans (34) 6.0 - 74 A 03 A 14V
Alluvial plain (47) 5.7 - 5.8 A 04 A 13V
Fluviomarine plains (7) 5.8- 69 A 03 A 12v
Mountain foot slopes (7) 5.5- 53 A 03 A 1.5 A
Diluvium (5) 6.0 - 8.0 A 04 A 2.7 A

% -: Optimal, A: Excess, ¥: Deficient
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Evaluationof Feasibility of Cu Simplified Determination in Soil by Using
Bacteriophage Nanosensor
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A ® A = 4018, W 1998 A B o w s sty @ A AT Brg 58 AEs o,
=Eof S8HA S L 2B T} vk v 4, ST Abe] 2 $1o] ula) Tkt u o] 717} 75.3, 67.6,
68.3% 5 ZAVE| QL3L, 7 IATo] HEt 1] 80] 64.8% 5 AP o] EoF 1] oo -2 tiA| = sl

po
o
g

AN HET Ao R BT,

WEOF SELAL pH, SE QAL WS 2, B4 Tkl o] M glo] ul8) Thrhet vl go] 212}
56.9,51.4,51.4, 71.6%5 ZALE|o] o U 7] ofio] Thrkate] EoFR A4S B 24 vl 2abgol Bad
Aoz el

FA o) 22 A, EFHA, FRIA
FAFA A=A : lartis2@korea.kr (041-360-6419)

3 GUA BB A BFerehd(2022)

Ex. cations

:[Z' Tv‘i‘ pH EC OM Av. P205 K Ca Mg Av. SlOz
(1:5) dSm' gkg' mg kg! ---- cmolc kg™ ---- mg kg!
3o 6.6 133 30 92 0.45 55 2.4 280
o z & 5.0 0.10 3 9 0.07 1.8 0.6 46
(Zo L) 2 o 8.2 14.26 78 2,248 1.94 15.2 53 1,500
2 zokzk 6.6 0.93 30 66 0.42 53 2.4 229
95%P 7.6 3.58 48 196 0.78 8.7 3.7 604
= 2 A o 55~65 =<2 20~30  80~120 0.2~03 5.0~6.0 1.5~2.0 157<
3 6.5 1.26 35 480 0.84 5.8 2.6
ooy A& 4.6 0.10 6 10 0.13 1.4 0.6
(‘1509;) Z o 8.7 8.38 130 2,093 3.48 12.8 7.8
B Zzokzk 6.6 0.67 26 340 0.62 5.4 2.6
95%P 7.7 4.47 80 1,315 2.74 9.7 4.8

2 A H 2 6.0~7.0 <2 20~30  300~550 0.5~0.8 5.0~6.0 1.5~2.0
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Optimal Cultivation Concentration for Producing Saponarin-Enriched
Barley Sprouts in Hydroponic system

YA, Yo, uchActet e cke} gang?, 259°, a2, AP, A9, o8’
Hyunwoo Kown*, Young-Eun Yoon', Lakmini Tharangamali Godagedara’, Ju Young Cho?,

Jun Hyeock Choi’, Hyeonji Choe?, Young-Nam Kim?, and Yong Bok Lee'?

AAEYehn BAeke, et S AT, 2Ate S8BT (BK21)
Department of Applied Life Chemistry, Gyeongsang National University, Jinju 52828, Korea
'Institute of Agriculture and Life Science, Gyeongsang National University, Jinju, 52828, Korea
Division of Appplied Life Science (BK21), Gyeongsang National University, Jinju, 52828, Korea

A EE| = AREYE, SR IAEH 0|E 5 74 22 tiAMbE & rotal )l o= 9 R & 8
ol oAl T ghgol AA sk A A 2] -9 A=) A7 e et e, 3, 2 T2 o P 7HA]
el e EF o] 78/ LT ZHEate] THs ShA R 9] F ek Hsto] whE o] Apojut= A
I A A7 27 Al S 7HA) AL Atk 8 e YR A T aE flEiA e Al
Al 7F B g a0lw, A A of Al A E o] -8 Aol E 55T

A

372 417 S8 W= AN 2 A el A
of S AES AT AR AL 150 g TS F 5
FEGAES ALET AP0} ohio] gl WS AR A el 2 U] AR el 2 kg skt 7
Ag EE] WAR 424 ¢ BHE F AR ATl FREZ AL B APl
Hoagland solution (HS)] 01942 543k, 2k, 572 Al A L8 kol o] 24 5= 45} 9]
3 O] F=E FF1t 555t control& EZ3Hste] HS €] 0.014, 0.021H, 0.051H, 0.18) 185 2+ 4]
#Jsfo] Aulsteich. )= Aok 74 Ae 1] A gel A Aakmelo] gle] Zol7H1S em o o A4S
7h) & Aksle] 2345t 00, 24 ol A4 SIg Aol A 40) ol7h10em o o 43
SHITh 23k AR B AR T 94712 AHEtel B uhEol ALELFY RS RS 47
A A HS 0182 431 749 AR 2] o] ALELER] Qb SRt 34et el ol vls) 5715
AT B, W EA o} ] WS A B A A 0% §ole Aol LA efgteh. et IS em
PRA) 9] A Q4 573 A A 1490 WS A A 212 7 Al g A e o] A o] TUAE W2 510
2 Uebeith, 24 ol A4 sHs ARl A HS O] 527k 7}kl uheh Ajame] o] ALELER
o8 7haahs 2 RFE LRehH 9L 0 m, HS ] 35127k 0.01 Q) o ARELR) S 1088 mg 100 g2 /M
A vrebtek

o
e
=
Ju R
(1
ot
9‘15
2
=
=3
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=
rir
i
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(e}
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2R 0}: o ATAAVE, THIVFA] 22, 2 A, fls, 24 2§
FATFA A=A yblee@gnu.ac.kr (055-772-1967)
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Exploring Envriomental Factors to Enhance Secondary Metabolite
Production in Sprout Crops

g2, achAlcket ke ke gany!, 259, e, 2, g9, o8-8

Young-E un Yoon*, Lakmini Tharangamali Godagedara', Ju Young Cho', Jun Hyeock Choi',
Hyeonji Choe', Young-Nam Kim', and Yong Bok Lee'

AAeNstn S AU ATY, et S-S (BK21)

Institute of Agriculture and Life Science, Gyeongsang National University, Jinju, 52828, Korea
'Division of Appplied Life Science (BK21), Gyeongsang National University, Jinju, 52828, Korea

A 219) WSk A 420071554 £ Ul 2 9 01 S glon) ol b ke

A7 9 20 U5 2530l FAT ALE DAL, Tk, & Aol s 2o} ol
S| /\HNOﬂ A1) 754 E4, £73] saponarin Y isoveitexin-2-o-arabinoside 2] ok} $H4 & QQI( 5=,
%, 58 53] JBUAS Lol BHSh AR 2o Eelel AL 3L T 10874 e 19 e
of st ste] R A Z o] 7} 10, 15, 18 emof] EE-a wjujc} ﬂo}oﬂt} T A O A F, A ] Zol, B
$92 20| golE| 2 7|25l o, 347 2910 Lx(HFLy, Awa}, AL T K ARA|7E B
DA, T LAY, S S5, i Adeto] 848 @%44 SHBAIE A S AT AR E]
9] saponarini} E 2] E] 7| Y 9] isoveitexin-2-o-arabinoside &] (1 o $FF2- Q1 o] Zo|7}15ecmY o) 7|& 20 2
717} 1428, 306 mg 100 g = LERTh AJRE 2] 9] saponarin -2 79 ohg A 7F Wokan, 109 345 A]
714 E=9ktl ET gAY 9] isoveitexin-2-o-arabinoside $eFHSH= AR H 2] 9} -8 H3ES e gl o
A7 -84 R ekl 2 Aho] 5 Hol x| 93oleh. 2 kA g o) -8 AR Bkl 2 B R Q) 7
o) b 442 2105k ol sapomarin G5} AU, AL, AU, L B0 i
7 Y

o
koll Ky

il

e

O

E 715 o, Y wapeb= oFo) Akl t‘rZﬂ £ 71 A= A o & Vel T) Isoveitexin-2-o-arabinoside 3=
Zeol S| HUBAE 1R e, YA ko ATBAS /AT OEE AR AL Fo) e

1§ A% e A 410 O A Ao 1 At 1] poman § Gl 2
Z0]7} 52.5%2) ka2, E 2 g A Y2 isoveitexin-2-o-arabinoside TreFof|= & W 2}7} 33.2%2] 93k
2713 Ao SIF g,

FAof: NjRH 2], E 2| E]A|Y, saponarin, isoveitexin-2-o-arabinoside, A8 &7
FATFA A=A]: yblee@gnu.ac.kr (055-772-1967)
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Infrared Spectroscopy-Enhanced Soil Property Prediction for Precision
Fertilizer Recommendations in Korean Agriculture

Ho Jun Jang', wartini ng', Budiman Minasny', Seong Heon Kim? Jay Hong Shim? Yun-Hae Lee’,
Soon ik Kwon?, Jin-Ju Yun’, and Sang Ho Jeon®

'School of Life and Environmental Sciences, The University of Sydney, Sydney, Australia
Division of Soil and Fertilizer, National Institute of Agricultural Sciences, Rural Development
Administration, Wanju, Jeonbuk, Republic of Korea

The establishment of national fertilizer policies in Korea, guiding farmers in efficient fertilizer application,
is contingent upon the annual collection and analysis of soil samples. This process, however, presents
challenges such as time consumption, high costs, and potential exposure to hazardous materials. This study
introduces an innovative approach by integrating infrared spectroscopy for accurate soil property prediction,
enabling the formulation of tailored fertilizer recommendations.

A comprehensive dataset of 567 soil samples from diverse land use types in Korea (0-20 cm depth) was
subjected to mid-infrared spectrometry. Four machine-learning algorithms (Partial Least Squares Regression,
Support Vector Machine, Cubist, and Random Forest) were implemented and compared for their prediction
accuracies using a 15-fold cross-validation for eight crucial soil properties: organic matter, total nitrogen,
calcium, phosphoric acid, pH, potassium, magnesium, and silicic acid.

Results demonstrated robust predictive performance across the selected soil properties (R2 > 0.70), with
organic matter and total nitrogen exhibiting exceptional accuracy (R2 > 0.9). Leveraging these predicted
values, we provided actionable fertilizer recommendations to empower farmers in optimizing land
management practices. The study showcases the potential of this approach to revolutionize soil analysis
protocols, offering a more efficient and cost-effective solution for sustainable agricultural practices in Korea.
Further research is needed to explore the practical implementation of these recommendations on a broader
scale.

Keywords: Infrared, proximal soil sensing, Fertilizer Recommendations, Rapid soil analysis
Correspondence: jeon45@korea.kr
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Effect of Mixing Ratio of Inorganic and Organic Fertilizer on Maize (Zea
mays L.) Yield

rlo

s, P9, 3G, AT, Poke, A, YAz, Pus

Byungjun Park*, Yeonho Kim, Jaeyoung Jeong, Sumin Seo, Daeun Kim, Chaeyoun Won,
Gunho Kim, and Hyucksoo Kim

Zddista vl 2} el skt

Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea

E U2t 7719 Hel= A& 7hs e A Ak B 17 S0l lolA 88ttt X4 7
FUE A8 BEFo] 8ot PR W= H|E Fofet 7|8 S =Y & A= Testo| e
et mheba] Bto A - v 5l 7| A8 & (AlE) 9] T &S gElste] A&7 A A
R 9l e HehE A A SEaLA) gt o] & el EOF B4 AuE vi o 2 APY H AJH| A o] whet F
2 77k 232, TF 100%, IF 75% +
OF 25%, IF 50% + OF 50%, IF 25% + OF 75%, OF 100%, IF 100% + OF 100% & %] 2|5}0] 22221 2)
A =Yk Th F7 1 AR 2 E EoFo] AT H 7= falite] ool f-718H| 5 A 2w
I vl ste] F7FshE 2 02 e oo, OF 100% E 9] fa Q4T HF-2 1F 100% thH] 9.2% &2 7 ©.
2 UelgTh 7| A Ret 47| AH 0] E4-2 S50 13S0, IF 25% + OF 15% 2 &
rato] 2 2]t 7 -9-IF 100% A 2] 5.t} 35% 57}l IF 100% + OF 100% A 2] -2t A & 0. &2 F-AFSE ==
O] e Wl 2t 08 F7] 9 {7 HH| 5 9] E§o] EQF] v L Lo} ZHE HARFE o, A
£7153 HYol 71098t = J& Aoz 7 YHEch

o

i

>~ 0
N

FA|o: EGHI S, A& ThsRt 5, Bl R &8 S
FAFA A=A : phkq26@kangwon.ac.kr (033-250-6442)
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Influences of Mixed Green Manure Application on Carbon Fractions of
Paddy Soil

Az, AR, A7, 2329, &9, olFol, |8, FI

Jun Hyeok Choi*, Hyeonji Choe, Yerim Shin, Ju Young Cho, Young-Eun Yoon',

Keum-Ah Lee', Yong Bok Lee, and Young-Nam Kim

AgEYetn S-4AYTSBER2D), AU st STt

Division of Applied Life Science (BK21), Gyeongsang National University, Jinju 52828, Korea
'Institute of Agriculture and Life Science (IALS), Gyeongsang National University, Jinju 52828, Korea

U =old e As A7) ZAEEEC] B e glon 2 & BEoF 2kl S B EY U=
A L HSEE FHAIITE LRHA 0 2 C/Ngo| il A Fol & Shu 2HEEutk of 2 CNE2 W
A9k S sdtg gloto] A1 aibE Ad T B3 AR R A B85 AL Qi B3 A
F2HE Y Zup A EF A ol AU A A A& AL = 7 T & Aol A= At 109 F2F £
S2r=Q1 2ot gf|of 2w 2] FAE Eutsto] Auf & U = EFE A2 = T fractionation -
A& Sl T4 pool®] F2E dobHIT EAFAE 3f AP A o Etk He 100%
(B100), & 2] 75%-3]| o] 2] | 2] 25% (B75), & 2] 25%-3]| o] 2] ¥l 2] 75% (B25), 3]l o] 2] ¥ 2] 100% (B0) X
712 H] & (NPK). 4 fractionation-2 Stewart et al. (2008) 2] Wi of) whel &2 4], 3}5H4], A 3l6h4] & g 9
b4 3H(g C ke 'soil)S =451t} Eoko] & Bha FHEL B0 (20.2) > B25 (19.2) > B100 (17.0) > B75
(16.9)>NPK (16.1) &= 2. 2 =9k 71, th 27101 NPK & 2] G2t} B0} B25 A 2] JLof| A] B4 Shafo] 5-9] 5}
A =¢kth BoF ] Y2 FA5EAL YA 2 B4 fraction (Unprotected fraction: cPOM + fPOM)-2 B25
(5.94)> B0 (5.59) > NPK (4.92) > B75 (4.45) > B100 (4.40) 2= 0.8 =9It} ko] P4 £ B g oz
B 3 E|= g4 fraction (Physically protected fraction: iPOM)-2 B0 (2.81) > B100 (2.48) > B25(2.02) >
B75(1.76) > NPK (1.36) =02 =0ttt Eok 1 7|2, ujal, AEo| o3 slstdon Wwi i
fraction (Chemically protected fraction: H-Silt + H-Clay)-= B0 (7.26) > B25 (6.87) > B75 (6.39) > B100
(6.09)>NPK (5.94) =0 = f=9kth &8f) A 71359 B34S 5ol HeetA o2 B k= a
3] (Biochemically protected fraction: NH-Sil + NH-Clay)->- B0 (4.57) > B25 (4.41) > B75 (4.34) > B100
(4.03)>NPK (3.88) =& & QI Tk HREA 0 & 5 Bhas ghef 9l ZF §has fraction S e EASAE &
u} 2] 2]+ (B100, B7S, B2S, B0)7FNPK A 2] G-l t} Q4 th. E3F £ F2H2 5 8| of 2 ¥| 2] o 2} v] &0
7t olehA gl Askeh A Qb she gha o ol = EF Yol S7kehs A3 Btk o= =
Tp2HEQL S ol | 2] 7F 717 iof) AR S 7HA = B 4 fraction FJ ol S 23 4TS st A
=2 geE

ZAof: o] 2)H] 1, %7 S4E ), C fractionation, S22, 2|4 7H53t
FAFA A=A : goldtwin3@naver.com (055-772-1967)
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Influences of Wood-derived Biocahr Application on Soil Properties and
Yield of Lettuce

2%, MY, &, uopAlckel aokdetA et gany, olFol, A, o8&

Ju Young Cho*, Yerim Shin, Jun Hyeok Choi, Lakmini Tharangamali Godagedara, Keum-Ah Lee',
Young-Nam Kim, and Yong Bok Lee'
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Division of Applied Life Science(BK21 four) Gyeongsang National University, Jinju 52828, Korea
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15747 o] 2. XBiochar) Al §-& B2 ], obibeba 4 WiZF A7 W BT 5 B0 A4S W A
AbeE gpAbo] FA A a7l ok @A) ol A Hho] &3} 14 A]&-eHrecommended biochar application
rate; RBAR)-& 200 kg 10a" 2 A QHE) 1L ARk, 71 A4 ok 20 B4, 22 5 9 A| ko] uje} 27
Apo|shiz A e 2 A THE H Ko o] o4} Al G2 HAS YT A% K0l A7V BRsITE £ A
oA E AU AL Fol BA vho] o3 A o] EoF EAJTE 2 E(A) 0] E 9l S8tk n] XL
AR THLIL, 0| S uheko 2 24 A GG AT BA vho] &3} A §2F 4 2] 7= RBAR(200 kg
10a)L 7]&0 2 A3 T WOo(H] 271, W50(50% RBAR), W100(100% RBAT), W200(200% RBAR)
51 W400(400% RBAR). 3k, 413 714 A] ]2kl whe ;s %] 2] ol u] 2 3.8 £(N-P.0sK.0) 5 7 U5}
Al A 2] ek A A A3} Eof S48 vl sk ATl ARk o 2 B pH, 2|3 24 % kv
© AU EC, S, B4, AT BEE Z71Th B8], fRTol A B pH 4 =
(72-56.7)0] ZLoL} BA) vho] &3} A| 82 Z7o] nhe} 714 Eo] ZTHe.g., pH 7.0 in W400). ¥l EC,
CEC, X|2H4 24(9.8 cmol kg ) % 8H4 1F11]45(3.5 emol ke') H2F9] -9, W00 A 714 ke, &
3}, Ab2=0] 228leF o W50 X 2] Lo A 4.9t 102" 0.2 7F =9k o], T1the W100, W200, WO 2! W400 2=
© 2 Lokt Nk A QFERIES A 2| 2ko] Ahol7t glolth B AN Y ATHE Ea) B4 vho] o4
7} Ab2 Aol Qlot A BNEA] B8 M e BEI1A 7} 9SS BHelst 4 9l9lon, B8] RBAR
50% 4221 100 kg 10a" 7} 42 5281 Z o] 4] 714 2] 0] A fapo 2 gherer.

Aol who] 2.3}, Eof S5, Eab A, o AL
FAFA A=A : jjyoung0153@naver.com (055-772-1967)
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Development of Soil Fertility Evaluation Models based on Soil Testing
Data

[e) S A vl & A~
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Jung-hwan Yoon*, Seoksoon Jeong, Sangphil Lee, Hyucksoo Kim, and Jae E. Yang
7St

Kangwon National University, Chuncheon 23431, Korea

o Au) At o) 4 2R o WA % S| R A8 Y18 B4 oS ASI AR E
b ik sl A2 oz mope] sehye] ol 714 S48k Al B2
A9 BIS =S HIekaL o A A o sheld 7] A g of o mret sfetH] R ARV
AL k. A o] 7|E2 2 2GS E AR AT B2 s stA T Aok § 7
8 5o 2 ¢ B Bl SR B Ae el o= Akt B o] gle Aol
or. ool & Aol A= T A=Al ol WA S Aol EFHA S AAIRE 91,5627 o] A IE T|Hte =
EofHS e F7E e St A} sl oiTh Eof o] SR HE Eof AR =0] 50,4937 0] a1 2 27,215
A, Thae= 99674, A2 3,887 0 it WIS Ie F7ol| A g7t el 2 EX] o] g-of wet 27 ofehd W
A7 27| o) =3 11 9] o) BoFo = RSkl 12l al 7 Bof L g A ofehy 7| e 7] Al
Y A2 TS Harste] ok RS A e glvt pHeF 78 914k “optimum s better” R, 77| &7
W3 ko] 22 ‘more is better’ HH-&, EC+= ‘less is better’ X &S 2-8-3} 9]t} o] & =3} T 2] 9] 2] 579
AT} 7] RS ekl a, 7 el AL B a2t Eof S A WA 4o ¢l elshu 004
B 17H 0] B4 A 4 ok B B S5 7 5 Hoe) BRghe 8o R s1go ) 74
a5 Tl AR VA E Edshs Wikel disiA = dA TSl e, FREA B v
EG7HAA B ol & Fet B el Eu| ol 2ba Aabd 2] A ol ths A= oF#] m &t
AA o) B2 A& Q1 A7) Hasirhal gkt
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Effects of Rice Straw Compost and Microbial Fertilizer on the
Spinach Growth under Hot Temperature

Aug', AR, FYol!, Hpd!, fafo, o4, g™
Min-Kyung Kim', Jeong-Hwa Kim', Young-Ae Jeong', Su-Hyun Choi',
Seo-A Yoon', Seok-Hwan Lee?, and Eun-Young Choi'*

B Altsh 5kt P s @A

'Korea National Open University, 2OBIS Agricultural Corporation

191220229 39 18U R E 71 L7HA] vy A =37of| A Bl EjH| e} n| & v & 5= A 2o ot
A A0 A5 vl st 2 R E Uk B 7 = A H-8-5)S EES (15-20cm)of| A Zj
S S A-E F90C Axr]of Wi Az FeFo] Wsh] g w7kx] Azttt X B
71 % 7} Shtof 1.63kg 4 @il R A& AR tol| ARE-oH7| $2 7] = A Fef 1|5l aL v
- oA R AR A(EF TF0l-2714A), FARE(E F30] 2714, SRFAFHTE-2T14,
714, &), and-gAlEe E71)E A E A ARSI THF 7148 o Akakt4 71.82%, 43}
A 5.92%, 43] 0.66%, A4 0.1%, Z2] 0.1%, AHst-F 1] 5 18.26%, =5 3.17%, AFstut 194 0.41%, QI
AF0.1%). A3 &% 2 22)(25°C, 30°C)2} u] A THJ(MIS, 0.625g), 1] A5 3HJ(M3S, 2.03¢), B2 &]H]
(R, 22.5g), A =H]+u] Y= 1EjRMIS), A EH]+0] & 3ul(RM3S) A 2] = F-E6to] F 1271 Sk
2 AL u | 5F T 3522022 49 169 9| Al 2R Al 2 (Spinacia oleracea ‘Susiro’) EA-5 S}
H(15cm*15cm*15cm) 127]of] ZH2H 4P A u}£511 T4 1Y sHEY 0.41LE Th4s5)o] S 70-80%
T3 FETFE FABHES shl et 3357+ WA LED 130mmol'm™s™ SFE & F27HOFHS: 7-214]
R1-TA &2 AAF}F o m A& 5= 50-70%, &5 +=25C £=30CTE 8235kt
Bt QRIAF-L-25C A2 7-9] - MI1S2EM3S 4], 30 C=M3ST RM3Sof| A T 2K ek 290

Bt A2 0]=30T Aol A 25 CH et Zok=d], 53] 30 C 2 M3S, R, RM1So| A &gk}, 3hA] 7 HE
B0 A 2 FA A f-2 Ak g1t A e] P44-230C A 2ol A M3S2FRMIS A 2|7 o2 A 2] 5
oF 794 0 & & tH(p<0.05). wWehA], Ao} 2| s S-S M3S A 2] 7} A kA o] 3L Y Z] | 8| of &8
gt A= UAE H R E B2 HERMIS)E E6k= o] o] bl Ao & ®ilty Autg F§st
of &, 2 AN ARH = HEE do SFFAFl A4 4 e L& 204 T A=
A AlFA 9 e WS FXsk= anpr) Qles A o= wotE
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Z=A]) o: microbial fertilizer, rice straw compost, Spinacia oleracea
Z AR AEA: ch0097@knou.ac.kr (010-5437-7863)
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Effects of Different Fertilizer Application on Nitrogen Balance in Maize
Upland Soil

Mun Hyeong Park', Hye Jin Park?, and Chang-Hoon Lee'*
'Department of Horticulture Korea National University of Agriculture and Fisheries
2Soil and Fertilizer Division, National Institute of Agricultural Sciences

The nutrient balance concept is one of approaches to manage optimum nutrients for sustaining soil
productivity and reducing environment loading under agroecosystmes. Fertilizer management without
considering crop uptake has caused nutrients unbalance and nutrient loss in arable soil during crop cultivation.
Nitrogen is essential for the growth and productivity of crops and has a significant impact on the aquatic and
atmospheric environment by leaching and emission of N dynamic. Therefore, management of the nitrogen
balance in soil is crucial for improving agricultural productivity and environmental sustainability. In this
study, we investigated nitrogen dynamic during maize cultivation at control, NPK, Compost, and
NPK+Compost treatments. The N balance calculated deference between total N input and total N output with
nitrogen emission(NH; and N,O) in soil as well as the N uptake of maize grains, stalks, and leaves at
harvesting stages. In the untreated plots where no fertilizer was applied, the nitrogen balance shows a negative
value due to crop removal during harvest and N emission. The mixed treatment plots with a combination of
chemical fertilizers and compost was highest N balance as positive value, which observed that the nitrogen
balance increased by depending on amount of N fertilizer input for maize cultivation. In conclusion, it might
be need to alternative N fertilizers application sterategy to manage optimum nitrogen balance for sustainable
productivity and environmental loading in arable soils.

Keywords: Nutrient balance, Nitrogen loss, Fertilization, Maize upland
Correspondence: chlee915@korea.kr

- 177 -



20234 E SHLEOFH| 2013 M55 £8] U X 7|otaryy|

=t

o

HEXI 28 EUY| IR S1EH HE

W

Long-term Changes of Chemical Properties on Orchard Soils in
Jeollabuk-do Province
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Greenhouse Crop Residues for Carbon sequestration

BAAY, oled, AT, HAE, olx3l, dHeY

Seong Heon Kim*, Dong Won Lee, Sang Ho Jeon, Jae Hong Shim, Yun Hae Lee, and Soon 1k Kwon
B2AEA, FYSPTSY, Eopu| Rt

Soil and Fertilizer Management Division, National Institute of Agricultural Sciences, RDA, Wanju, 55365, Korea

U s GTore] BaulE AS sl vt A7 A E AL 9o 11 5 shurt whe] @ xfel ot )

Ap= dpo] e v A5 2-g-5to] A s ig & S5 Ak SR E B S2, EYNFAIRA S 9t 5
G A Aok A I AR E o] & A7 Y Ao Al dAE Faksol e AEAd = |
gtAA It o]of & At ARl mE oleteta B4 Y Su FASAES Bk A4 A=
A& AAstaA skl Ald4hE Fabe R A& ARgshlew Al
600°C) % AIZH(1, 2 2 4A17h) S D 2| sto] vfo| @25 Al 28k Glth EA =
7] ) v, a5 FAEEE WU eetd o A 2ol Sl S'4, pH EC,

o

=

o)

H

d

—

BN

= 1
TP 5 )58 Z715He Aol gl on] 240 vho] 9340 27| £ 2710] Z7Hae] uhet-OHY 5
o Zol =i Aolgieh. R EL L U A7ko] F7katel the} Hashs Aol Ak vl TR A e 45
300Col R e F43] 2715t Fol 9l on] A2 vpo] 2349 ST FHEH A9 AR LTS F
7V w1 2 A EHTHO34meg’)E Kol 4 02 8hel E|gieh. A4 ALE Er| 2 vho 9.3 5
9 85 &L TSI o AR RAMES o 8 vho] 9 34e] 4 A 22712 400C ) 24170
o g

{

o
mlor of\

Kore

FAo}: AR HALE, vho] 0.3}, AE3) 24
Z 1A} A2A: ksh4054@korea kr (063-238-2453)

- 179 -



20235 SHLEOH| BOHS| XI55 £3| gl K 7|SHATHY

PB-76
47|l tix S3X| EL2 =lehy Hzl

Changes in Chemical Properties of Representative Soil in Gyeonggi
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Table. Chemical Properties of Representative Soil in Gyeonggi Province.

Soil pH EC OM Av.P,0Os Ex. cations(cmolc kg™) Av.Si0,
(1:5)  (dSm")  (gkg)  (mgkg") K Ca Mg  (mgkg")
Paddy 6.5 - 20 98 0.41 6.2 1.4 266
(5.5~6.5)* (2.0 (20~30) (80~120) (0.2~0.3) (5.0~6.0) (1.5~2.0) (157=)
Upland 6.7 1.0 21 550 0.86 7.4 1.8 i
(6.0~7.0)* (=2.0) (20~30)  (300~550) (0.5~0.8) (5.0~6.0) (1.5~2.0)
Orchard 6.5 2.2 35 770 1.58 10.1 3.0 i
(6.0~7.0)* (=£2.0) (20~30)  (300~550) (0.5~0.8) (5.0~6.0) (1.5~2.0)
Plastic 6.5 4.2 34 1,212 1.59 11.5 3.7

Flims House (6.0~7.0)* (<2.0)  (25~35)  (300~550) (0.5~0.8) (5.0~6.0) (1.5~2.0)
2 U BARS A (E X154, 2019) 71 AR 9
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Estimating Soil Organic Carbon, pH, and Nitrogen Using Mid-infrared
Diffuse Reflectance Spectroscopy
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As soil can draw down 23.9 Gt of CO2-equivalent per year from the atmosphere, accurate and consistent
soil monitoring is crucial for assessing soil’s long-term carbon sequestration capacity. While soil’s chemical
properties such as organic carbon content, nitrogen content, and pH can influence the magnitude of CO2
sequestration by soil, we lack accurate information about these properties. Here, we leveraged soil samples
that were collected under shallow- and deep-rooted plants at 0-240 cm across the United States (486 samples
= 9 study sites * 2 vegetation types * 3 replicates * 9 soil depth intervals; 5 soil samples were low in quantity,
so the final sample number was 481), assessed organic carbon content, nitrogen content, pH, and
Fourier-transform infrared spectroscopy with diffuse reflectance (FTIR-DRIFT). Using Partial Least Squares
(PLS) approach, we built models that were calibrated and validated on (1) all samples, (2) each vegetation, and
(3) three depth intervals (0-90 cm, 90-150 cm, 150-240 cm).

For the all-sample model, 384 samples were used for calibration, 44 samples for finding the best number of
components, and 53 samples for validation. The root mean squared error (RMSE) was 0.3011, 0.0183, and
0.4154 for organic carbon, nitrogen, and pH, respectively (R2 =0.94, 0.89, and 0.88, respectively). When we
divided the data into two datasets based on vegetation type (deep- and shallow-rooted plants) and created
models for each vegetation, the RMSE and R2 values improved for the nitrogen estimation in the deep-rooted
plant model (RMSE =0.0125, R2 = 0.9544) compared to the all-sample model. Among the three depth interval
models, organic carbon and pH estimation at 0-90 cm depth (RMSE = 0.2328, 0.3686, R2 = 0.96, 0.86) were
more accurate than their estimation in the all-sample model. Nitrogen estimation improved at two different
depth intervals (90-150cm, 150-240cm), with RMSE = 0.00679, 0.00575, and R2 = 0.76, 0.78, respectively.
As follow-ups, we will compare PLS with other approaches such as Extreme Gradient Boosting (XGboost) or
Cubist and develop models between organic carbon and biological properties such as soil respiration,
microbial biomass, and enzyme activities.

Keywords: Soil carbon, Partial Least Square (PLS), Fourier Transform Infrared Spectroscopy with

Diffusive reflectance (FTIR-DRIFT)
Correspondence: jeongchan@snu.ac.kr (02-880-0000)
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Influences of Wood-derived Biocahr Application on Soil Properties and
Yield of Lettuce
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Milling Improves Mid-infrared Spectral Predictions of Local Soil Fertility,
not Physical Properties
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Homogenizing soil samples is essential to improve predictions, when measuring soil properties based on a
soil spectral library. It is generally achieved by crushing and grinding the samples to prevent specular
reflection that has impacts on the magnitudes and shapes of absorption spectra. However, our knowledge is
still limited how grinding affects soil properties individually. Here, we aim to compare the impacts of different
milling methods on mid-infrared (MIR) soil spectra. We obtained 92 soil surface (0-0.2 m) samples across
Sacheon, South Korea. Three methods included (1) no milling (NM), hand milling for one minute (1M), and
(3) mechanical milling using a micro-mill (MM). All samples were measured with a Bruker Alpha-II
spectrometer, following each treatment, with each measurement repeated twice. We also conducted spectral
preprocessing using a Savitzky-Golay filter prior to modeling. Partial least squares models were built on the
contents of organic matter (OM), carbon (C), nitrogen (N), sand, silt, and clay. The models were validated
using 5 times repeated 10-fold cross-validation, and their performance was evaluated using the coefficient of
determination (R?), root mean squared error (RMSE), and residual prediction deviation (RPD). Among the
milling methods, MM had the highest prediction accuracy for OM (R* = 0.52; RMSE = 3.23), C (R* = 0.64;
RMSE = 0.35), and N (R? = 0.67; RMSE = 0.04), while 1M achieved the highest prediction accuracy for sand
(R?=0.63; RMSE = 6.75), silt (R* = 0.63; RMSE = 5.62), and clay (R* = 0.35; RMSE = 4.11). Considering
overall model performance, it is concluded that hand milling for one minute is sufficient to improve
predictions for the selected chemical and physical properties of soil.

Keywords: Mid-infrared spectroscopy, soil spectral library, PLS models, agriculture
Correspondence: juhwan.lee@gnu.ac.kr (010-6651-5926)

- 183 -



2023S B EGH RS H55% £3 g 7ot

Table 1. Predictions of selected soil properties by partial least squares modeling, affected by milling

Property Mean Treatment Sample size+ R? RMSE RPD
Organic matter 18.91 NM 86 0.40 3.66 1.27
(gkgh IM 86 0.44 3.50 1.33
MM 86 0.52 3.23 1.44

Carbon 2.03 NM 88 0.58 0.37 1.55
(%) IM 88 0.61 0.36 1.60
MM 88 0.64 0.35 1.67

Nitrogen 0.25 M 89 0.65 0.04 1.69
(%) IM 89 0.65 0.04 1.69
MM 89 0.67 0.04 1.76

Sand 41.4 M 92 0.48 8.08 1.38
(%) IM 92 0.63 6.75 1.65
MM 92 0.47 8.14 1.37

Silt 41.8 NM 92 0.39 6.30 1.27
(%) IM 92 0.51 5.62 1.43
MM 92 0.36 6.51 1.23

Clay 16.5 M 91 0.30 427 1.18
(%) IM 91 0.35 4.11 1.32
MM 91 0.32 422 1.20

T Outliers removed, based on the interquartile range method.
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Minimizing the Total Petroleum Hydrocarbon contaminants in biochar
derived from Agricultural Byproducts
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The current study was aimed to synthesize biochar with minimum concentrations of total petroleum
hydrocarbons (TPH) as one of the critical soil contaminants, without compromising its yield. The research
focused on investigating the reduction in TPH concentration and increasing the yield of biochar produced
under various pyrolysis conditions using a mixture of sawdust and plastic films as feedstock. Agricultural
byproduct, comprising sawdust and plastic films, was pyrolyzed as a feedstock at temperatures of 400, 500,
600, and 700 °C for durations of 0.5, 1, 2 and 3 hours, respectively. Pyrolyzing the feedstock at 500°C to 600°C
for 0.5 to 1 hours significantly reduced TPH concentrations in biochar by 91-98%. The highest biochar yield
was obtained at the lowest pyrolysis temperature (400°C) and the shortest pyrolysis duration (0.5 hours), with
a subsequent steady decrease as temperature and duration increased. Results demonstrated that the optimal
conditions for achieving a higher biochar yield were pyrolysis at 400°C for 30 minutes. These findings
underscore the importance of understanding pyrolysis conditions for cost-effective and high-quality biochar
production, contributing to safe environment and sustainable agriculture through TPH reduction and increase
biochar yield. This research offers valuable insights for developing sustainable strategies for soil contaminants
remediation and utilizing biochar for environmental benefits.

Keywords: Biochar, Agricultural byproducts, Contaminants, Pyrolysis temperature
Correspondence: pjkim@gnu.ac.kr
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Partitioning Carbon Dioxide Emissions from Soil Organic Matter and
Urea in Warm and Cold Cropping Seasons
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The soil-based emissions of carbon dioxide (CO»), triggered by intensive N fertilization is mainly coming
from different sources including fertilizer application and soil organic matter. For developing effective
greenhouse gases mitigation strategies and enhanced soil organic carbon accumulation strategies, it is crucial
to understand each of these contributing sources of the total CO, fluxes. A 2-year field experiment was
conducted during the warm and cold upland cropping system by incorporating urea as N source at 0, 50, 100
and 200 % of urea following the Korean recommendation levels for the chosen crops, while *Carbon-lablled
urea was used for investigating the source specific CO, emissions under different climatic conditions. The N
fertilizer for red pepper during warm season was applied at 90 kg N ha™!, whereas for garlic during the cold
season it was applied at 250 kg N ha™'. CO, fluxes were highly influenced by N fertilizer level increase in
correlation with soil temperature during warm season, however, during cold season N fertilizer has no effect.
The total CO, flux from soil organic matter was not influenced with N fertilization level increase, however, the
percent CO, coming from urea was greatly influenced with increasing N fertilizer application level. However,
the CO, emission in percent from urea during warm season was considerably higher than the cold upland soil.
The current research may provide us with comprehensive understanding of CO, partitioning sources and
factors responsible for soil organic carbon balance between warm and cold upland cropping system.

Keywords: Fertilizers, *C-labelled Urea, CO, Source, Greenhouse gases, Specific emission

Correspondence: Muhammad Israr Khan (israrkhan@gnu.ac.kr)
Correspondence: Pil Joo Kim (pjkim@gnu.ac.kr)

- 187 -



2023S B EGH RS H55% £3 g 7ot

Salt Tolerant Microorganisms Mitigate Salt Stress in Chinese Cabbage by
Restoring Photosynthetic Machinery
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The fertilizers derived from food waste being allowed, excessive use can cause problems such as salt
accumulation. When plants grow in salt-accumulated soil, it could induce multiple physiological disorders.
Salinity stress disturbs plant growth and development by altering physiological and biochemical processes.
Plant growth-promoting rhizobacteria (PGPR) enhance plant growth and alleviate plant stresses by producing
several substances. In this study, we isolated and screened salt tolerance PGPR, and evaluated alleviating
salinity stress. We isolated PGPR strains from coastal soils and saline soils and screened them by evaluate their
plant growth-promoting traits like exopolysaccharide (EPS) producing ability, indole-3-acetic acid (IAA)
producing ability, siderophore producing ability, and phosphate solubilization ability. In addition, salt tolerance
was examined. Then, Bacillus tequilensis KNP3 had the best PGP traits. To confirm the ability of the isolated
salt tolerant microorganism KNP3 to alleviate salt stress in Chinese cabbage, seedling pot experiments were
conducted. The treatments for the cabbage seedling pot experiment were set up as follows; 1) Control: only
water, 2) TR1: KNP3 treatment 3) TR2: NaCl 150mM 4) TR3: KNP3+NaCl 150mM. The pot experiment was
conducted in glass green house for 7days. After treatment, growth parameters and chlorophyll fluorescence
were recorded. In the growth survey, TR1 increased the growth parameters (shoot length, root length, shoot
fresh weight, root fresh weight) by 18.4%, 14.7%, 16.6%, and 18.6%, compared to control. On the other hand,
TR2 decreased the growth parameters by 14%, 24%, 47.7%, and 71.2%, respectively. In TR3, growth
parameters except for root fresh weight increased by 7.9%, 10.19%, and 1.86%, respectively, compared to the
control. The root fresh weight decreased by 25.18% compared to the control, but the decrease was less severe
than TR2. The chlorophyll fluorescence measurements revealed that F,/Fm decreased by 4.8% in the TR2
compared to the control and increased by 1.16% and 1.11% in the TR1 and TR3 compared to the control. The
PI decrease by 63.1% in the TR2 compared to the control, but the KNPO3 treatment on salt stresses cabbage
alleviated the stress with a decrease of PI by 2.6%. The TR/ABS(®po) refers to the maximum proton yield in
the initial photochemical reaction, while ET/JABS(®ro) and ET,/TR(Wo) represent the electron transfer after
Q.. The parameters of TR2 suggested that decrease of 4.8%, 12.8%, 8.4% compared to control. ABS/RC,
DI/RC, TR,/RC, and ET,/RC were significantly increased in the TR2 by 61.2%, 59%, 72%, 41%, which may
be due to the increase of inactive reaction centers as suggested by the previous indicators. However, in the TR3
treatment, the values of the aforementioned parameters decrease by 27.8%, 34%, 26.6% and 15.3%,
respectively, compared with TR2. In conclusion, salt stress in Chinese cabbage decreased the density of active
reaction centers and indicators such as PI, TR/ABS, ET,/ABS, and ET,/TR,. In response, KNP03, a
salt-tolerant microorganism isolated by our research, effectively repaired the damage to the photosynthetic
machinery caused by salt stress in Chinese cabbage. This study is expected to be used as a basic data for
microbial composite and the mechanism of abiotic stress reduction by useful microorganisms in plants

Keywords: PGPR, Salinity stress, Chinese cabbage, Chlorophyll fluorescence
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Screening Chitinase-producing Rhizobacteria to Alleviate the Salinity
Stress of Pepper (Capsicum annuum L.)
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Salt stress is a major environmental limiting factor. In agriculture, salt has accumulated in the soil due to the
excessive use of chemical fertilizers in recent years. Salt stress disrupts plant homeostasis and causes ion
toxicity. Therefore, many studies are being conducted to mitigate salt stress. Several studies have confirmed
that plant growth-promoting rhizobacteria (PGPR) can increase salt stress tolerance through multiple
mechanisms. In particular, chitinase, previously thought to mitigate only biotic stress, has recently been
revealed to mitigate abiotic stress in plants. In this study, we selected chitinase-producing PGPR and evaluated
its ability to alleviate the salinity stress of pepper plants.

We isolated 290 bacterial strains from the coastal areas of Gyeongju and Pohang, Gyeongsangbuk-do, and
identified the plant growth-promoting traits (PGP trait) such as exopolysaccharide (EPS) producing ability,
indole-3-acetic acid (IAA) producing ability, siderophore producing ability, phosphate solubilization ability,
and also chitinase producing ability. Based on the results, 9 strains were selected for further study
(KW01~KW09). In addition, their other characteristics were evaluated; 1) phytohormone content, 2)
antioxidant (CAT, SOD) content, 3) amino acids, free sugars, and organic acid contents, and 4) salt tolerance.
The seedling test was conducted to confirm their ability to alleviate the salinity stress of pepper plants. The
growth parameters and photosynthetic parameters were investigated.

Our result showed that Priestia aryabhattai KWO05 and Pseudomonas frederiksbergensis KW07 exhibited
the highest plant growth-promoting traits and salt tolerance. In addition, the chitinase activity was 3.45 U/mg
protein in KWO05 and 3.12 U/mg protein in KWO07. In the seedling test, shoot length, root length, and fresh
weight were investigated as growth parameters. Under normal condition, shoot length and fresh weight
increased in both KW05 and KW07-treated plants, but root length increased only in KWO07 treated plants.
Similarly, under salt stress condition, all growth parameters increased in KW07-treated plants, but only root
length increased in KWO05-treated plants. The photosynthesis results suggest that the photosynthetic
parameters level of KW05 and KWO07-treated plants increased as much as control plants.

Our study isolated several PGPR and evaluated their PGP traits. The results suggest bacterial strain KW05
and KWO07 has the potential to alleviate salinity stress in plants. In addition, the seedling test showed that
salinity stress was actually alleviated in KW05 and KW07-treated pepper plants. Therefore, our bacterial
strains are expected to be eco-friendly soil conditional that improve crop quality under salinity stress.

Keywords: pepper, PGPR, salinity stress, chitinase
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Lettuce (Lactuca sativa L.)
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'Department of applied biosciences, Daegu,41566, Korea
2Corporate Affiliated Research Institute, Seyen Co., Ltd., Kyungsan, 38561, Korea

With fertilizers derived from food waste being allowed, excessive use can cause problems such as salt
accumulation. When plants grow in salt-accumulated soil, it could induce multiple physiological disorders.
Therefore, to ensure crop quality and quantity, it should be considered important. Salinity stress disturbs plant
growth and development by altering physiological and biochemical processes. Plant growth-promoting
rhizobacteria (PGPR) enhance plant growth and alleviate plant stresses by producing several substances. In
this study, we isolated and screened salt tolerance PGPR, and evaluated alleviating salinity stress. We isolated
PGPR strains from coastal soils and saline soils, and screened them by evaluate their plant growth-promoting
traits like exopolysaccharide (EPS) producing ability, indole-3-acetic acid (IAA) producing ability, siderophore
producing ability, and phosphate solubilization ability. In addition, salt tolerance was examined. As a result, 3
bacterial strains (Bacillus subtilis KNP2, Bacillus tequilensis KNP3, Bacillus velezensis KNP4) had the best
PGP traits. In addition, lettuce seed germination test was conducted under salt conditions, and KNP3 was
selected for further study. The seedling test was conducted to evaluate their ability to mitigate salt stress in
lettuce plants, so their growth parameters and photosynthetic parameters were examined. Our results showed
that KNP2, KNP3, and KNP4 exhibited the highest PGP trait and salt tolerance. The subsequent germination
test showed that lettuce seed germination was reduced under salt conditions (100 mM and 200 mM NaCl). In
addition, germination length significantly increased in KNP2 and KNP3-inoculated seeds under 100 mM
NaCl but both had no significant change under 200 mM NaCl. For germination weight, there was no
significant change between treatments at 100 mM NaCl but KNP2 and KNP3-inoculated seeds significantly
increased at 200 mM NaCl. Based on the germination test, KNP3 was finally selected for further study. In the
seedling test, KNP3-inoculated lettuce plants significantly increased in shoot length, shoot fresh weight, and
root fresh weight by as much as control under salt conditions. Although not as much as the control, root length
also significantly increased compared to un-inoculated lettuce. In addition, chlorophyll contents also
increased in KNP3-inoculated lettuce under salt conditions compared to un-inoculated lettuce, and although
not significantly, F,/F,, also increased. Our study aims to screen salt stress tolerance PGPR and present the
possibility of reducing the saline toxicity of food waste-deriving fertilizers. Bacillus tequilensis KNP3
exhibited the superior traits to promote plant growth and reduce salt stress. Fertilizers derived from food waste
can promote plant growth when used properly, but overuse causes salt stress on plants. Therefore, it is
expected to overcome these problems though application with the salt tolerant rhizobacteria KNP3.
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Development of Evaluation Indicators to Calculate the Value of
Ecosystem Services in Rice Paddy
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Evaluating the Carbon Stocks and NH; Emissions of Arable Land
Incorporated with Various Agricultural Residues
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Estimate Emission Factor and Fraction for Nitrous Oxide from Nirogen
Leaching and Runoff in Cropland
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Stabilization of Metal(loid) Contaminated Soil using Iron Phosphate-Coated
Biochar and Evaluation of Lettuce Growth
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Current Status of River Water Quality in Gangwon by Period
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Depth Distribution of Michaelis-Menten Kinetics in Soils with Nitrogen
Additions

Hye Ju Lee*, and Kyung Jin Min
olgx, mAH

Seoul Nation University, Seoul, Korea
Aot 594 aetoy el

While nitrogen (N) increases aboveground plant biomass, it is still unclear how increasing N influences
microbial decomposition of soil organic matter and subsequent growth. Here, we investigate the effects of N
fertilization rates on the four microbial extracellular enzyme activities along soil depth profiles (0-20, 20-40,
40-60, 60-90, 90-120 cm): [3-1,4-glucosidase (BGase), [3-1,4-N-acetyl-glucosaminidase (NAGase), acid
phosphatase (APase), and peroxidase (PER). By breaking down cellulose, chitin, organic phosphorus, and
lignin, these enzymes allow microbes to acquire resources for their metabolism and modify the chemical
properties of the soil environment. We collected soils from the Seoul National University Research Farm,
where Miscanthus x giganteus has been cultivated with different rates of N fertilizer (0, 30, 60, 120, 240 kg N
ha-1 yr-1) since March 2011. Michaelis-Menten parameters (Vmax and km) were assessed using fluorescence
measurements for BGase, NAGase, and APase, and absorbance readings for PER. The Vmax values of
BGase, NAGase, and APase gradually decreased along the soil depth profiles but did not seem to differ among
N treatments. In contrast, the Vmax of PER was relatively high at 0-20 and 40-60 cm, except for the 240 N
treatment. Among enzymes, APase exhibited higher Vmax values than BGase and NAGase in all soils.
Contrary to the Vmax values, the km values varied among N treatments, soil depth, and enzyme types. The km
of BGase decreased from 0 to 60 cm, then increased between 60-90 and 90-120 ¢cm in the 0 and 30 N treatment
soils. The km of NAGase increased in the 60 N treatment soils at 60-90 cm. The km of APase decreased from
0 to 90 cm, then increased at 90-120 cm in the 0 and 30 N treatment soils. The km of PER differed among N
treatment groups. We speculate that the distribution of roots and rhizomes is likely to alter resource
availability along the soil depth profiles and influence microbial biomass and enzyme production. This
scenario will be explored by assessing root contents, nutrient distribution, microbial biomass C, and C
availability in follow-up experiments. We expect this study to illustrate how deep agricultural management
practices can penetrate and alter microbially-driven soil organic matter dynamics along soil depth profiles.

Keywords: Soil Depth, Nitrogen fertilization, Extracellular Enzyme Activity, Michaelis-Menten
Correspondence: jp9812@snu.ac.kr (010-8983-6491)
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Effects of Twelve Years of Nitrogen Fertilization on Soil Microbial
Respiration and its Temperature Sensitivity

Hyunjin Kim*, and Kyungjin Min
AEA*, 943
Department of Agricultural Biotechnology, Seoul National University, Seoul 08826, Korea
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Understanding soil microbial respiration and its temperature sensitivity (Q,y) is crucial to accurately predict
changes in soil organic carbon (C) stock in a warmer world. Although nitrogen (N) fertilization is a common
agricultural practice, it remains unclear about the interactive effects of N and temperature on microbial C
losses from managed soils. Here, we investigate microbial respiration and its temperature sensitivity in soils
that have received N fertilization for twelve years at rates of 0, 30, 60, 120, and 240 kg N ha! year (NO, N30,
N60, N120, N240; n=4). Surface soils (0-20 cm) were incubated at 5, 15, and 30 °C for 74 days and microbial
respiration was quantified during the incubation (total 60 samples = 5 N treatments * 4 replicates * 3
temperatures). We observed that N fertilization tended to reduce microbial respiration at all incubation
temperatures during the incubation. Consequently, the cumulative soil microbial respiration in the N-fertilized
soils was lower than that in the NO soils. On average, cumulative soil microbial respiration was 16.30 %, 22.63
%, 33.24 %, and 38.76 % lower at 5 °C, 25.32 %, 26.07 %, 33.70 %, and 28.00 % lower at 15 °C and 22.55 %,
22.84 %, 46.40 %, and 21.58 % lower at 30 °C in N30, N60, N120 and, N240 soils than those in control soils.
The Qo values ranged from 1.25 to 8.45 (mean=2.07), and the average Qo values in soils with N fertilization
seemed to be higher than those in the NO soils. The average Qo values were N60>N30>N240>N120>N0.
Currently, we are exploring microbial biomass C, soil nutrient contents, and microbial extracellular enzyme
activities, all of which will be statistically analyzed along with the microbial respiration data. Our study
implies that long term N fertilization has a potential to decrease C losses from soil, the practical management
solution to conserve soil organic carbon in a warmer world.

Keywords: Nitrogen fertilization, Soil microbial respiration, Temperature sensitivity (Q;¢ )
Correspondence: hj991209@snu.ac.kr (010-2357-8503)
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The Effects of Long- and Short-term Nitrogen Treatments on Soil
Microbial Growth and Respiration

Seungwon Kim*, and Kyungjin Min

Y5es, Mg

Seoul National University, Department of Agricultural Biotechnology
ATt A gets

Nitrogen (N) inputs often alter microbial decomposition of soil organic matter and CO2 losses from soil.
However, it remains elusive if the duration of N inputs will influence microbial physiology (e.g., growth and
respiration) and associated carbon losses from soil. We used 12 years long N treated soils (0, 30, 60, 120, and
240 kg N ha! year™) for assessing long-term N effects on soil microbial physiology. In addition, we collected
control soils and applied N (0.0312, 0.125, 0.5, 1, 1.33, 1.67, 2, 4 mg N g dry soil ) to assess short-term N
effects. All soils were adjusted to 50% water holding capacity and glucose (2 mg C g dry soil) was added to
the soils to monitor microbial growth kinetics.

Respiration before the glucose addition was lowest in soils with 60 kg N ha™! year”, followed by those with
120, 240, 30 and 0 kg N ha" year™'. Upon glucose addition, specific growth rate increased with increasing N
input. Lag time, defined as the time required for microbes to increase their respiration rates upon glucose
addition, decreased from 19.5 h in soils with 0 kg N ha™ year™ to 6.25 h in soils with 240 kg N ha™ year™.

In the short-term N treatment soils, specific growth decreased by 89% as the N inputs increased from 0.0312
mg N g dry soil to 4 mg N g”' dry soil. Microbial lag time increased from 10.6 h in soils with 0.031 mg N ¢!
dry soil to 15.4 h in soils with 4 mg N g"' dry soil

In a follow-up study, we will explore microbial biomass, glucose utilization, and carbon use efficiency, with
the goal into how microbes alter their physiology when the resource stoichiometry change

Keywords: Nitrogen effect, Microorganism phycology, Ecological Stoichiometry, Carbon cycle
Correspondence: ksw8416@snu.ac.kr (010-9346-8416)
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Effect of Stabilizer Reapplication on Heavy Metals Phytoavailability in
the Long-Term Aged Soil with Previous Stabilizers
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2023300 L AN E 1%4 527} A 2|5k et E=A W o whet E3tu] 28 A 2]stal B AHE A
Bkt SH(E) 5 S i A B gelshy] flsl Ale A Ul S5 <% ©(As, Cd, Cu, Pb, Zn) 7 ()
& Sl thE AEA =44 e Bl alE ¢34 MDA(malondialdehyde) o5& {4131 A Tt Al & &=
&2 2ol BHele f1sll pH, EC, i ql4k, m /g oFo]2(Ca, Mg, K, Na)& 431 i . 24141, vho] 2
Aot B] A gl s FA RO A2 Su S Eol W2 A BT AL A E o A= A E A
of s A=A W Fu< ol 7 =7 et o= AL A 24t pH 5.072, F4] 2|7 pH 5.24 5
oh WobA Sad fFaE7E SR Zlo] fQl o= dekETh A9] X2l A A il S5 dE
otd& ALl staL B FA 2|t T A el th 55] Bl 4] o2 4.75 mgkg' 2 73 2] 5(1.86 mg
kgh)oll B3 24l o) & e UEbllEt, ol 48] S Ao thE EGpH S7HR QIR Hl a9 fr &
=7 LAAJ AL B AAndEL FF EY SEE AR U E A B AAH HEIAIE AL
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Methane and Nitrous Oxide Emissions from Rice Paddy with Different
Soil Management
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Geon Hyeong Lee*, and Chang Oh Hong
o AY, FA
Department of Life Science and Environmental Biochemistry, Pusan National University, Miryang, 5043,

Republic of Korea
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The objectives of this study were to evaluate emissions of methane (CH4) and nitrous oxide (N,O) from rice
paddy with different soil management during the growing season and determine optimum soil management for
mitigation of CH4 and N,O emissions. Four treatments including conventional (NPK), compost manure (CM),
combination of NPK and CM (NPK+CM), and the control (C) were installed on a paddy soil. The rice (Oryza
sativa L.) was transplanted on June 9th 2023. Gas samples for CH4 and N,O were collected from June 10th
2023 to date September 26th 2023 twice in every week. The daily CH, fluxes increase a during the submerged
period but decreased during the mid-season drainage. The order of cumulative CH4 emissions from the
greatest to the least was NPK+CM>NPK>CM>C. The greater cumulative CH4 emissions in NPK compared to
CM might be due to different growth characteristics of rice plant between both treatments. Daily N,O fluxes
were variable during the submerged period but dramatically increased in all treatments during the mid-season
drainage. The order of cumulative N,O emissions from the greatest to the least was NPK+CM>NPK>CM>C.
The cumulative N,O emissions in NPK was greater compared to CM, because more inorganic nitrogen which
was a source of N,O production was supplied with NPK. Among three soil managements including CM, NPK,
and CM+NPK, the least CH4 and N,O emissions were observed in CM in this study. Further research on soil
management for mitigation of both CH, and N,O emissions should be conducted for long-term experiment.

Keywords: Methane, Nitrous oxide, Soil management
Correspondence: dirjsgudl 1@pusan.ac.kr (010-8632-3526)
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Greenhouse Gas Emissions from Paddy Fields with Minimum Tillage
using Life Cycle Assessment

AFE*, AEA, olAY, o|F4, Wz, follg, oFE, o, Has

Ju-Hyeon Jin*, Hyun-Cheol Jeong, Sun-II Lee, Hyoung-Seok Lee, Hye-Ran Park, Ye-Seul Yu,
Jong-Mun, Lee, Yun-Ho Lee', and Hyo-Suk Gown

TPt 71 Fustgrta, S eakety AHE A iAok

National Institute of Agricultural Science, RDA, Wanju, Jeollabuk-do, 55365, Korea

'National Institute of Crop Science, RDA, Wanju, Jeollabuk-do, 55365, Korea

7d&(Minimum tillage)-> A& 4l Fit0h 7 -25k0] o|dt= o= B S/ 7t
v Hjgh i E3da A4S 4= Ak 247 = A2 A A] ol ARt v E E = A o] ofd F7 A9} 5

AHEEEO 2 A E T whebA] 2 At 2 Ao 281 B Y] A7) (130Y) ~ F4 71235 ) el
LYot AR V1A W A E AR e =4 WA Bl A 7EA v S A B 7 H(Life
cycle assessment)E &3l 4Hg 5T A9 242 Ao YA AA] F7Fe] =0l A o] FojFth A A
2]t 3 7-(CT, Conventional Tillage) 7} 2] &7 -&(MT) 2 2 Atk A & FYFE AA 5
7F AERE AEE Ak 7t AleRe AHYS &8st AF § 7t 2nkE 2 9(Gas
Chromatography) 2 A &FE2A 519 0w X123} x]5~(GWP, Global Warming Potential) S &3}0] 241
7B AP ST AR A MTof| A CT thH] 217] 5 40.6%9] A 7FAE 55T CH, 9 v & 7ol
6914 2jo] 7} 0.0 N209] ) ekol A= 521 4] 2fo] 7} L] kot 5717 o] A1 ol 4] 64.7%2)] &
A7h2S 40§70 H MTS] 247kt CTRE3.5% ©f o] 2= 9l

7

}
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g b

FAOL: 27, ¥, LA, AT}
FAFA A=A gwonhs@korea.kr (063-238-2485)

AR} o] AP 20T T Aot A& AFALALU(RS-2021-RD009223)] 7]
Yoz el

Table 1. Greenhouse gas emission of conventional tillage and minimum tillage in paddy fields.

Greenhouse gas emission(Mg CO,-eq. ha')

Cultivation Fallow season  Agricultural machinery = Agricultural materials ~ Total
CT 1.42+0.34 0.23+0.03 0.34 0.51 2.49
MT 1.02+0.03 0.69 + 0.34 0.12 0.51 2.34
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The Plant Growth Promotion and Induction of Tolerance to Salinity Stress
by Enterobacter intermedium 60-2G in Red Pepper Plants

Ga Ram Baek, and Hyo Song Nam*
wb, g

o,
Department of Applied Biology, Chonnam national University, Gwangju 61186, Korea
Adhetal S-8&4=sh

Soil salinity is one of the typical abiotic stresses that reduce crop yields. Therefore, it is necessary to apply
sustainable and effective solutions that contribute to enhanced crop salt tolerance. It has been reported that
plant growth promoting bacteria (PGPB) could confer biotic and abiotic stress tolerance to plants.
Enterobacter intermedium 60-2G, a phosphate-soluble bacterium, had been shown to promote plant growth
and induce systemic resistance. In the present study, we tested the effects of plant growth and tolerance to
salinity stress by Enterobacter intermedium 60-2G in red pepper plants. The experiment was carried out by
transplanting 3-week-old pepper plants into soil with -1000 kPa balanced salinity stress and treating the
bacterial suspension three times at one-week intervals. The physiological and biochemical attributes of plant
under salt stress were monitored by evaluating malondialdehyde (MDA), proline, chlorophyll, soil pH,
electrical conductivity (EC) and fresh weight. As a result, the treatment of bacteria alleviated the growth of
plants and the reduction of chlorophyll content compared to plants under untreated salinity stress. It was also
confirmed that the EC value was significantly lowered. However, there hasn't shown much difference in the
MDA, proline, and soil pH. These finding demonstrated that E. intermedium 60-2G induces salinity resistance
and promotes plant growth even in salt-stressed soil conditions, so these strains are expected to be used as
effective biofertilizer for sustainable agriculture.

Keywords: plant growth promotion, induction of tolerance to salinity, Enterobacter intermedium, red

pepper
Correspondence: nhs7460@naver.com (010-4164-7460)
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Monitoring of Agricultural Stream Water Quality Change in Chungnam
Province
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Jeong Su Lee*, So-Hye Choi, Yeo-Uk Yun, Yun Gi Cho, Jin-Il Lee, and Nan-Hee An'
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Chungcheongnam-do Agricultural Research and Extension Service, Yesan, 32418, Korea
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#3995 G S5 £ E(2021-2023)

EC DO TOC T-N TP SS Ca* K" Mg Na~ Cd As Pb

(dS/m) (mg/L)

44 7.7 029 11.1 24 407 003 85 184 7.8 4.8 184 0.000 0.000 0.000

2001 =) 7.4 030 74 3.6 352 006 188 198 25 4.8 15.0 0.000 0.001 0.001
109 7.3 030 81 22 419 003 70 21.1 33 52 16.7 0.000 0.000 0.000

A o+ 7.5 030 89 2.7 393 004 114 198 45 5.0 16.7 0.000 0.000 0.000

44 7.8 036 109 29 433 003 104 21.1 50 5.7 234 0.000 0.000 0.000

74 7.2 028 7.1 34 498 0.05 127 222 62 4.1 193 0.000 0.001 0.000

109 7.4 023 92 24 567 004 125 238 59 6.5 189 0.000 0.001 0.001

A o+ 7.5 029 91 29 499 004 119 223 57 54 205 0.000 0.001 0.000

44 777 036 105 25 428 003 92 260 56 64 239 0.000 0.001 0.000

2023 74 744 019 84 22 747 004 122 141 35 34 113 0.000 0.001 0.000
A+ 760 028 94 24 588 0.04 107 20.0 45 49 17.6 0.000 0.001 0.000
wr)E 6.0~85 - =2 <6 - =03 <100 - - - - =<0.01 <0.05 <0.1

2022
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Changes in Chemical Properties of Pig Manure Compost Affected by
Moisture Content
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Dan-Bi Ryu*, Young-Jae Jeong, Seong-Heon Kim, Soon-lk Kwon, and Jae-Hong Shim
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Soil and Fertilizer Division, National Institute of Agricultural Sciences,

Rural Development Administration, Wanju 55365, Korea

7} 5 O] - ofu] 1w 2B A T T A(0] 3, M BT )T 7} 5 B o) The] 9 o] o] T W E
oF. o] o} -2 WS 24 ) Ev] AF§-E Slato] pH, EC,

(elst, 7}i‘ﬂh?§)i¥ el = AL gl

olL, F<4 50] g Pl 7] Eghg kAL olrk. ofw, Hu] o] -Eatg A gHme) 243k
o L 5 A2 AR, ol Pk AT R AoIch TreA, 2 A7 ] Ufe] -5
of Hu] 24 0] Sk Fie YT FABEIL, S EAF) W B WETAA S £ d
TolA = @A AAEE L Y= =R E (= % 0%, Al 20%, 55 15%, 523 10%, #1]4}3%, GAH 2%)E
AFESE9ITE B0 = Al A AXA] & s1aF 0~70% 77 A2 2 A A 5190w, pH, EC, T-P, 1.3}

3 P01 2 (K, Ca, Mg, Na), -2 (Cu, Zn, Cr) 35f tJsho] 5.8 aasict, & 6 A, 5e1%
o] Z7}ae2 pHi= 271519 2 (P < 0.001), EC, T-P, W3+ 9Fo] (K, Ca, Mg, Na)aheF-S 7+ 43} ck
(P<0.001). T3, 5 150l 4] ALE-3H Eu] U] F24 epe mE 22 ol 7]25t olshgon 455
gfo] Z7}3to] ule} 7HAslth Culs 222 8HF 0%0] 4] 194.41 mg/LY 21}, 70%< o 107.14 mg/L2 7+
5F31 1P <0.001), Zn-2- 0, 70%0l| A ZF2}342.95 mg/L, 168.15 mg/L & Z=E-3} ko] Z7}3ho] whe} Zn 3
© ZF43LATHP <0.001). o] 2} - ATh, B Ao A= Cusl Zno] B A& EEEIYon, AL v}
3} ZFc}, Cu: y = 0.018722 — 2.61662 + 198.3 (R> = 0.97), Zn: y = 0.03962° — 5.4271z + 354.09(R> = 0.95)0]
b, Cro) 79 2253k 0%0] 4] 3.30 mg/L, 20%01 4] 1.31 mg/LE 24 5| Ql o1}, 2=Haleko| 278t
of whaf gl wrot 24 ¥ %] oottt o] W7e F 54l olsto] 5|4 H A 0w ke e, Eu] £4 A
SR e 24 7|20 R BEE 4 S AR AR AL B3 £ AT A A4 RAAS T
foto] Sgheo] w2 1 E)u| o] 51514 WSS o 2o B854 9 A2 /| djHT) ojo} e A

TE WO R 25 S 2oE E HE| FR(E, AR 99k i 28AGE, 84 ) A7 vleo o

E
&
Kely)
™

oo

ZF=A| o]: Pig Manure Compost, =5 4], =H31=F, 51514
ZA T A A&A: jaysoil@korea.kr (063-238-2427)
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Estimating the Properties Analysis of Agricultural Residue Crops in
Organic Resource Fertilizer
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oA B =2 & sl kel HE 9 YA AT = HE| AR, 7Hs AR R B8 VSR
vl ef Zgksto] ARG-E AL Itk SRARE WA (L, B 5) oA TAStE FAES &t B Ao R Qlst
of WA | So] of 2]l BF L7t Wk AR st M AA A L2 Eu|ekE 23517 &= SHAIRE, A A2
7t o A a2 5 e v A o2 2-E5HA Ak mhEbA, x| o A Ay sk Fal
=< T 72 EF 50 Ao 2 A2 AR shal] A 1 W n A A 2 5o A7 A7
Sl e AdAolt oo & A4 wdFAtE 9 H A THEAES, 171%) FRA4T-C, TN,
CIN, P,0s, K:O0)& 243t0] F-577] 28| & B8 7= B7IBstalAL gtk & A= S 67HA] A &
A AR E, A, S0, T, ZE7HA], ol A)E Al st iR AR e skt
AFA T FAFE Y POs T2 17153 4F5 4 A F42 /I m(P<0.05) AR 2= f7]E
<= A71H(0.60%), 4 F2 T H (0.40%) 1A 7HE 52 d e EAT KO 9% 4 23, w715 Hits
AFEG O] 2 A ¥l LT, 17152 WA (2.55%), B2 125H(0.70%) ol A =2 Zd el
ok FARE O T-N 2 =8 0.8-1.4% A o1, 7] FAbzol ATl vste] ¥ A& Balou
A2 fFofgk 2tol= gt (P <0.05). T-C &2 7715 bz o] 44-47%, 45 F-alEo] 42-44%
71 Az ol AFFol vlste] T-C do] 2 A&tk CNe 7715 FAtE2 717192 7}
Ee ], A 7E 382 7P 2 Aol e A FAE S A HEo AT 86 2 2 T e
AN 7E 312 7P W2 73 3ol k. B 8| of A 27 3 C/N=25-402 o, 74, 3o <] 4% 7
ol gAglo] Fsf71 A Alzo B8 4 S AR 7|t gk W, ON7F 52 =714, &
OF7FA| €] 73 Ew| st I ol M m A= o] thAF R, 7= 2l AR QIR Ho] W2 Eu| 7L A
\ou g, Aade| F7H 34, ol Sol S AT vkl 23 5o Aol BT Ao 2 dekdrt
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Food Waste Compost Pellet Fertilizer Combined with Biochar and Plant
Growth Promoting Bacteria: Effects on Chinese Cabbage (Brassica rapa
L.) Yield, Soil Properties and Greenhouse Gas Emissions

Young-Jae Jeong*, Seong-Heon Kim, Sang-Ho Jeon, Youn-Hae Lee, Soon-lk Kwon, and Jae-Hong Shim

A, Y, AL, ol&d, A, HAE

Division of Soil and Fertilizer, National Institute of Agricultural Sciences,
Rural Development Administration, Wanju 55365, Korea
BENEY FYUTSY Eo R}

Agricultural soil management are important source of greenhouse gas (GHG) emission for mitigating
climate change and ensure crop yield such as carbon dioxide (CO5), nitrous oxide (N,0), and methane (CH,)
. The application of organic fertilizer and plant growth promoting bacteria (PGPB) in agricultural soil can be
improve crop yield and soil quality. Although, the application of biochar to agricultural soil is recognized for
enhancing soil properties and nutrient absorption. Moreover, it is effective for increased crop yield, and
mitigating greenhouse gas emission through soil respiration and denitrification. Therefore, in this study, we
pelletized food waste compost with biochar and PGPB in upland soil, and we cultivated Chinese cabbage
(Brassica rapa L.) for 73 days. This study was investigated Chinese cabbage yield, soil properties, and GHG
flux. The treatments were conducted NF (No fertilization), NPK (N-P-K;17-26-14, control), FWC
(NPK+Food waste compost without pelletized), FWCB (NPK+Food waste compost pelletized with biochar
3%), and FWCBM(NPK+Food waste compost pelletized with biochar 3% and PGPB). The Chinese cabbage
yield followed FWCBM (9,742 kg 10a™) > FWCB (8,970 kg 10a™") > FWC (6,859 kg 10a") > NPK (4,933 kg
10a™")>NF (944 kg 10a™"). Soil pH was highest in NF (6.3) (P <0.05), and lowest in FWCBM (6.1) (P < 0.05),
however, all treatment was no difference with initial soil (6.2) (P > 0.05). EC and avail. P,Os was highest in
FWCBM (P <0.05), and the value was 1.3 and 68.3 mg kg™', respectively. The soil organic matter also highest
in FWCBM (20.4 g kg-1) (P <0.05), and it was increased 35% compared with initial soil (15.2 gkg™). Soil pH
and EC was within the appropriate range (pH: 6.5-7.0, EC: < 2 dS m™) for all treatment, while, avail. P,Os in
all treatment was below the appropriate range (350-450 mg kg™"). Our investigation focused on CO, and N,O
flux because of aerobic conditions in the upland. The N,O flux (mg N,O g yield) in FWCB and FWCBM was
23.2 and 6% more emission compared with control. Hence, the CO, flux (g CO, g"' yield) was mitigated 24.5
and 35.6% in FWCB and FWCBM compared to control, respectively. The results observed the application of
FWCBM was improved crop yield and soil organic matter with interaction effect of biochar and PGPB. The
high nitrogen content in food waste compost in FWCB and FWCBM is contributed to increased N,O flux.
Overall, this study confirmed that FWCBM has CO, emission mitigation effect, which is considered to be
greater than of FWCB, as PGPB enhance the activity of biochar.

Keywords: Greenhouse gas, Biochar, PGPB
Correspondence: jaysoil@korea.kr (063-238-2427)
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A study on the Characteristics of Antifungal activities and Plant Growth
Promotion of Microorganisms isolated from Orchard soils in Jeonnam
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2 A4E A GeEGe e AlE Hedwgdoldd tieh 3«4, 1AA B, oA
siderophore A5 59 S-S 2L A= V=S R ot A=A WAA 24 Y o] 87 &
St S-aelsich, e W) R 252) EPAIRE 57 F AR 1p& B 41914 omio] 7]
5|43 7 100ul LB v 2]of 2 F30'C ol 4] 244|752k v el 1L, A2} Yo7} o} 2 2650] £ A
5 % Belsteint. Heolat vl 4B G B2 2457 918 paper disc(Murray et al,, 1999).0 2 A
EHYAFFo| 3F(Colletotrichum acutatum(KACC40042), Rhizoctonia solani AG-1(KACC40101),
Botrytis cinerea(KACCA0573)0] thtol A4 o141 &2 ZASHITY 24} 234 24 G A FEH S Hol
69| vt 5 A5l aL Azt 659 i3l siderophore /45, IAA /-5, A3 5, Qh7HE3ks
o 2319t} siderophore A4S0 AB22-1 #27}5.7 I 74 =9k TL, TAA A A S-2 AB22-1 F27}
8.0 ug/ml, PS22-1 7327} 5.6 pug/ml 2 7}FAF =9k 11, QIAL/F-315%2 ch22-3 #37} 135.6% 2 71HAF =9fc}.
TAA /50 =T AB22-1 #5292} PS22-1 oF5=¢l &J3t Al & A4 £41& AR 243}, AB22-1, PS22-1
B Fol& a1 friof TA] ALFEF RO S-S 114%, 119% F7HAIZI T o] 2i3t A5 B & AUst
H Y= 35 A5 A= HUATFolol tigh X B4 9 A= ASS3 A A A=A AR
24 A1 7417} 918 A0 B

ol

FA of: v =, F2IFE4Y, siderophore, IAA, A4 5, JAA7HED
F AR A&A: chancy24@korea.kr (010-3868-4508)

T

Table 1. %2 0% 7 % A BAEEA EA

o= Inhibition rate (%) Siderophore TAAAAY A4 OlAM &3}

“ T C acutatum  R. solani B. cinerea (mm) (ng/ml) (MHSAE)  TCP (%)
ch22-3 60.0 78.3 60.0 0.0 1.7 ++ 135.6
ch22-4 522 63.6 42.6 0.0 2.1 +H+ 129.9
ch22-6 62.5 52.2 43.5 4.7 1.9 ++ 100.0
ph22-6 0.0 41.7 0.0 0.0 1.9 +H+ 1243
ph22-9 38.0 34.8 34.0 0.0 1.4 - 117.5
ps22-1 52.0 56.5 442 0.0 5.6 =+ 100.0
ab22-1 70.8 60.0 51.1 5.7 8.0 - 100.0
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Effects of Golden Apple Snails on Weed Control and Yield in Paddy
Rice Fields
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£ 8 A A T AL} 240 oLl i A4Sk S T Aol ] A i
PRI Ao IR0 R oA BEASS BB 7] 91 oI5 o0l AZAE AL 2l
57hoh BRI A2} o 212 A A RS ) 75 OIOHIIJrE} 187 =] A A AR

de 2 FE7Fee F-7-BolG), nFEHA(L), 1 71(C) 5 35 dj=27 2 A =AML FA 2 FHN)S 5
N AT FAL A %‘%#8343}“@- B eAEEdd 31?3}119}31]714 SAS st F A2l
TR FHE 25t AeAtdol = wHe AREAl ol o S st A 23
=2 28 A xdhe Bdte G ol AT TolA 100% 2 e AL, T o320 2 A 24(95.8%) > ] 3
2k2](57.5) > ¥ 7](31.7) A 2| =02 A2 WA WA Al Uitk et vio] Ede A2 tiv] Al
ZA(179.9%) > F-5- 01(143.3) > m|F2t2]|(138.7) > ¥ 7](103.2) #| 2|7 =02 e AL, (9 kg
10a)2 ¢33 01(798 9) > u]4E2tA|(708.1) > A| 2A(700.7) > W] 7](629.4) > 54 2](496.0) =°| et &
Aol A, Al 2 A B -9 o] A =] ol A LAY A A3 Y A5 Aol FAF 8] el & B
>4 SHe 1 1“45}4“4 REALE o] 87 e = Azt A71H o2 S f 8T A2
2 ekt ok = 27 Aol AEiA A %217 e SR olE AL AT, ARl A L2 o]
T7FE o AL LA Xﬂ A A= 3E 5= 7 2ol ol M Fe-Folef Al e =
23}7] A= AEA F2YA hde] 7] o] Hasith

FA}: =, AR HEA, §71%5%, G ol, A2A
FAFA A=A : soilchoi80@korea.kr (063-290-6084)
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Analysis of the Current Status of Pollutants Sources and Loads in
Seom-jin River Watershed
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Is biochar a Major Material that Can Response to Climate Change?
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Biochar is known as a material that can respond to climate change and has a positive effect on the
agricultural environment. However, biochar research on abnormal climate conditions, including irregular
rainfall and drought, is still lacking. Therefore, this study was investigated the environmental variations of
corn cultivation including corn growth and CO, emission rate under abnormal climate condition, assessed the
relationship between the corn productivity and CO; flux using biochar. The field research work was conducted
during March to July 2023. We tested the following four treatments (CP, compost of 7.6 t ha™'; RB, rice husk
biochar of 7.6 t ha'; WB, wood biochar of 7.6 t ha™) and control treatment (Cn) with no application
respectively. When rainfall was high, the overall plant biomass and productivity of corn in CP treatment was
higher than those of 12.6~32.2% for the Cn treatment, 120~195% for the RB treatment, and 86.1~111% for the
WB treatment. In particular, CO, flux as a soil respiration showed there was no positive effect of applied two
biochars. Although short-term experiment was presented, our results may contribute to establish standards for
biochar application under extreme climate conditions. Overall, these results are useful to assist field
management decisions for crop cultivation in heavy rainfall or waterlogging conditions.

Keywords: Biochar, Climate change, Corn cultivation, Abnormal climate, Rainfall
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A Study on the Development of NEXUS-based Integrated Evaluation
Platform for Impact Assessments of the Agricultural Environment
Conservation Program

£, S5, 289

Jeong-woo Son*, Seung-oh Hur, and Bu-yeong Oh

BEATH FYEYerd wpul R

Division of Soil and Fertilizer, National Institute of Agricultural Sciences, RDA, Wanju, 55635, Korea

=00l T oA 71X A LE 93t e ) £¢ o] I Ao upeh, HZAR]ZHL ()18 R
B A2 598 B $ES Sste SARARAT R IR AT gk SR
I SHL 5 FGA L0k Y 3 04 A LA B AU A AL T 59 e
FEA A R HA B Hol & frshs Rolth HU B TE(O]5 A RBE) S BY§4
7] A AR AR FobE Q) e 3B E o R A EHM, Al RZHE ] o] 3o uhEt B9, =,
yA|, &t & F8 FAAEE Halsta A= GEFE Rtk 3, YA SNEXUS)= A 71 A5
(Synergy) %! /g #li(Trade-off) A S A &4 5k AF 9 A|&715dS B 7Eshe $oH4 g o A1
Hom, 8 B7HH AAEA ol B8 ¢ vk thebA U B AT 2 O 0] JFFIHE f15tod
YA 2 e S B85 A o) S A B s ek A= W] w A AR S AAE - Sle A
oftt. ofof whe} & Ao A= h"*ﬂﬁixﬁi‘lﬂu FEA A AT A F7HE flske] YA 2 7Rk
U B EHES ST S B EHES AR B o] A LE s et 9

A

-

ot

1=} = [e}
TEA Lo 2 YR, A LEE MR Qe AR ] B o]y AL E ol M= AR At
&9 =2, DB 5 L AR 259 o|FH ke AT T AL FFHIF A LTS i?jx}ﬂ"—l““
A9 P& A sto] AA 2T BN AFEF o] BIgTFE AT FAALE A e = A
EF AT, w8 ok, ofuA anlE, B e AE 5 2d7kA Edol E#WH 7*‘4~
PR H 7} 735 S A 9 B A A 7HA S A sho] ARl ok Tl ghe
S 7HA 4= AHP 9 ANP £-4-& B3t 521 A4 Fa =g wrgste] A5kl
7H e diAE & S8 et F AR ©rHE E8ekglnh B B ERES AR
&9l (DHX 7HEA, @A 1E] -1 T, O 9 % 7t 1 W %‘%@J# Sl aLm ot ool o
2 A7 A YL 7 S U ERHES 5 B
AIE S AR 2 Fuof AAEA A %E%L

HU
e

% f
ek o
-l)
rUIE
X
o -
KT
g
z
]
:;

FAIOL: BRIBA R A9, VA 2, BUE
FAFA AFA]: son094@korea.kr (063-238-2434)

- 217 -



2023S B EGH RS H55% £3 g 7ot

Development of a Database for Rice System Simulation in Korea

Seung-Ju Shin, and Ju-Hwan Lee*
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Methane (CH4) is a potent greenhouse gas (GHG) affecting global warming. In 2019, global emissions of
CH4 amounted to 11 + 3.2 GtCOz-eq (global warming potentials with a 100-year time horizon), which
increased by 129% relative to the 1990 emissions. One of its main sources is rice production. Rice is a staple
crop that feeds about two-thirds of the world’s population, while flooded rice fields account for 15% of the
total anthropogenic CH4 emissions. Therefore, demand is increasing for innovative management practices
that help maintain yields with reduced emissions over space and time. To support this effort, we aim to develop
a database that is integrated with different process-based models, such as the DeNitrification-DeComposition
(DNDC) model. We collected essential model input variables that are grouped into weather, soil, crop, and
management, based on literature review (n = 100) and open-source data sets (n=270, 930), currently available
in Korea. For model calibration and testing, we focused on the collection of yields, soil organic carbon
contents, and CH4 emissions. All variables have been compiled and configured in GIS to support model-based
assessments site- and region-specifically. This is the most exhausted data set that can expand field-level results
to a wider spatial extent. Data-model approaches are a must to perform system-level simulations under
uncertain climate and global changes. Along the line, we describe the status of data set and discuss its potential
and limitations for future simulation applications.

Keywords: rice, methane, yield, korea
Correspondence: juwan.lee@gnu.ac.kr (010-6651-5926)
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Figure 1. Distribution of organic matter (OM) in soil across Korean rice fields (n =270,930)
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Assessment of Heavy Metal Concentrations in the Agricultural Soils near
Industrial Complexes in South Korea in 2022
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Estimation on Production Potential of Agricultural By-product and Biochar
in Jeollabuk-do Province
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The by-product biomass generated after crop cultivation in domestic agricultural land is estimated to be
more than 10 million tons per year. Among them, by-product such as rice straw generated in rice paddies are
incorporated to soil or used as livestock feed, but a large amount of by-product such as residues of upland crops
and pruned branches of fruit tree abandoned or incinerated around farmland. On the other hand, the use of
biochar in agricultural land has emerged as a way to improve the agricultural environment and mitigate climate
change such as carbon sequestration. Recently, some revisions of notification on 'Establishment of Official
Standard for Fertilizers', in which agricultural and forestry by-product biochar including crops residues or
pruned branches to the raw material is newly established as a kind of by-product fertilizer, are planned. In this
study, we analyzed the potential of by-product biomass generated after crop cultivation and estimated the
potential of biochar production as by-product fertilizer in 11 major upland crops and 9 fruit trees in Jeonbuk
province. These by-product biomass estimates based on statistical data and literature were 285 thousand tons
per year, followed by sweet potato, bean, and red pepper in upland crops, and apple and pear in fruit trees.
Among them, by-products of bean, sweet potatoes and peanuts accounted for more than 20% of the whole
country, and Korean black raspberry and mulberry were the highest at 68.2% and 34.6%, respectively. In
addition, considering the production yield and carbonization stability of biochar by pyrolysis temperature, the
potential amount of biochar production by agricultural by-product in Jeonbuk province was estimated to be
22.9 thousand tons in upland crops and 21.0 thousand tons in fruit trees. The results of this study can be used
as a basic data for the recycling of agricultural resources of local agricultural by-product. In the future, it will
be necessary to verify the effect of soil improvement on agricultural land using biochar of various raw
materials and to improve utilization convenience.

Keywords: By-product fertilizer, Pruned branches, Upland crops
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Evaluating the Potential of Alternatives to Mid-season Drainage by
Controlling the Duration of Drainage in Rice Paddy: DNDC Model
Analysis
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Evaluation of CH; Emissions and Growth Characteristics Based on Rice
Cultivars
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SHSFA Ol W2 H 20224 7 e WA AZF oF 50,7327 EolH, T15o A 87%E EH],
o] gt A efeto] A 2fstal itk Y, 7h5E B v = SRV B A AL PR vlEo] Hhashe
A o] Aol A A& o= A Fo] F7He bl Lk SHAIRE EWE A2 e s A= AL 9l
o, iS5l tha ijE W g Aol GRS L UL, A FUSAIE o FH, AEE Hv] 5o &
A7EALGSIA dofurs & 715 i A 2] o] eyt otk AReltt. olof T 7144 HAd S
AENsto] Fag AT o Qs vho|LALE 7SRl ke 285 shal Qlth 7] &l ol A ol &
SHe el A R e SA ORI, 5 FARE R U F T she G B uto| et 2 EE-E 1L
At SHAIRE, 7h2 viol @Al s A= AAd Eol A At7E ol FA| AL 3lo] ob4] g2} o] F]%
A oh= A oltt. olol B Aol A= =R FAE A4 300, 500 Cof| A Hfo]eatz Al 28] 1 542 &
A8k, Aol o8 7k’ FHl 9] Sa4E 415k i @l Mehlich [T & W& &-8-5Fof wpo] 2.2}
Aol whet 2hE o] of Wk FFE v A A| oS3t vho] 2] 4] 2= Table 13} grov, vjo]e
A Az L7t S S pHe S0 A Hole W, &2 WolA e B3 B3k B3 50
0Coll A A 23t uko] £ 21€] HiCpowy HIE©] 0.7 0] 3F2 7|3F Bl A b A o2 Aed = 9l& Ao
2 ddHh =& ol Abs F et o o] ol 7hEE EB| 9] A8l 71(Cu: 360 mg k', Zn:
900 mg kg")& 2333t SHATE, Mehlich [l & W o 2 A3 of, =+ Hio] @12 -2]= %
7 who] ezt H|g WA S Sl em, of A2 o 3] HAL dA =} Bl alsh oS W 1
A o WolA= AL 2 yEytth. ELL Mehlich I P A=A o ofd FaF2 T obelol A

fu.
L

o rlr

E

A

oL

o

P
T

o
=

oft >
ol

[e)
~
=
=

¢

1} oF 68% A% W AT LSEA 0, o] 0.3} A 2 Frol iz 0F99% Wolth AEH OB ERS ke 8
ol 4] ARefsto] uo] o AR B8RS 1, LA T

FHIE 7HA A 2] ek otdd S0l 5=
e ddE BIA wolled o] &0l dH 22 o YA e raEe T TaST EEl wot
AA = 0k wh2bA, =2 A 2ol digt i te. 2 vho] @ AHE e = UAIRE, =1 vho| @Ak T
A7 Bl S A=A 2hael ¥ € 7he Aol AL @A thE EYNTEA 71E0l F TS 7€
OJELR ofof gt 5% A7F B RSl ALRH .

ZAo]: vho] 034, E, Bk 28], 254, Mehlich T
FAFA A=A : jklee0426@kangwon.ac.kr (010-6691-7261)
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Table 1. Physicochemical properties and yields of biochars derived from swine manure and rice husk.

0.01M EBC biochar

o Mehlich III
CaCl, guideline
Pyrolysi
YOO vield  pH Cu Zn  Cu Zn  HCww
temperature
5 ) (molar
© o 1 (g k') .
ratio)
. Raw - - 6.8 983 5119 135 162.8 13
SWINne
Biocaht 300 83 64 7170 26035 02  32.6 12
manure 500 47 82 8795 4263.6 04 255 0.5
Raw - - 6.4 0.8 132 06  11.1 0.1
Ricehusk . 300 52 6.9 1.4 29.9 03 4.1 0.9
500 36 102 2.0 38.4 0.9 71 0.5
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PC-43
HMEX|H 4 EQF O|ME X EM

Characteristics of Microbial Communities from Upland Soils in
Jeollabuk-Do Province

eF, AR, Pu)%, Bty 438, Y=g

Yong-Jun Kim*, Hyo-Jin Kim, Mi-Jeong Uhm, Na-Young Park, Ju-Hee Kim, and Do-Hyun Kim'
AEEsd7ed AT 'He9sdated sdu e

Agricultural Environment Division, Jeollabuk-do Agricultural Research and Extension Services, Iksan, 54591, Korea
'Agricultural Microbiology Division, National Institute of Agricultural Sciences, Rural Development
Administration, Wanju, 55365, Korea

o2
e

EoFoll A O T w9 A2 v &S ARSI, g Ee-sheh- A ESHA &

<89 2 S0 Tolste] FPAEHA 7 ee FFAI7 = AT gtk o] 2jh v
slo] EQF Mt tigh -3 A = EE-E 3 B U 9-31Fol YA ol A%
XSS 085t v 7 eS otd 4= Atk AEA G EGY e R &
A& A ete] AR AFEA, T FHE, vAE B4 55 £t EF AR F 1222 DNA
£ FE919] #3 Zalo|HE ARESE qPCR 24, A g A8 2 2,3, 5-tiphenyltetrazolium chloride
(TTCO)E s, 4 thoFA] B41-2 Tllumina Hiseq 2. 2 47| 4] €& £4 3} 3 Shannon, Simpson A ~&- 0]-&-
sholch 24 20 A5 B W A v A= Bt 1.8lugg ' O = A= Wt 2.04ug g Wk 2 F
& BYAT, g as 849 79-40.3ug TPF g soil day' 2 = 5t o] 45% =& 2/dS Btk
Attt Rt 2F2} 5,045, 5425 0 & A= Wt 9l 4,879F, 2750 H| 13 22 F FHREE HAAT
H| Y= T Aol A= At Zlato] 2424 6.3, 3.8 = A= ot} Bl 3t AR Btk B9 WollA]
A E(phylum) 2.2 RS Proteobacteria 44.6%, Acidobacteria 15.8%, Bacteroidetes 12.1%9°] %1 2.0, #|
-2 Ascomycota 63.2%, Mortierellomycota 25.6% , Basidiomycota 6.4% A th. EOF n| A& 9] 3] EAI 1}
TS ofeh-Ee|d 1he] A 24 918l okt A A @ oll whE ARk Ql EF 54 nj A EA
ol ElolE F24o] AT Aol

=

ooz ox
m e e
N
N,

& (o

i e

2 on O
o o 2 K

do n =2
1o d

o

<%

FAo}: EGRI AR, 0 27 B4, vho] A zutol g, W E
FA3R A2A: yjkim1014@korea kr (010-6381-6872)
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TLUD(Top Lit Up Draft) HI27|E o|2st C}FSt HIO|2D{A L] HIO|2XI EM

Characteristics of Biochar of Various Biomass Using TLUD(Top Lit Up
Draft) Reactor

B AR, 2ol

Tae-Kwon Park*, Sang-Do Kim', and Yeo-Uk Yun

ER714, U A7 d 7Y, $AEEEE7IEY

Yougiind,co.,LTD

'Korea Institude Of Energy Research Chungchengnam-do Agricultural Research and Extension Services

QAT A7 S 2 A A 0 2 CDR(Carbon Dioxide Removal) JH o] BtA2H S JAIS=
247} 931 9lrk who] 1= CDR W% 71 41 40l 3 Qb 4 ol W 2.2 1 7H1 7} ob
U vho] @ 218 A28k ol chofeh b o] 15k, 22ke] ukg7)o] n}2 vfo] @ 2ho] B4
Afolafet,

H}O]QXPE IZ: ] ol | A] /\PQ—‘“’W VJ A2 i 5 P%ﬂ TLUD " o] 7] T’/}"'EUP H}Oliuﬁ’\«]

ZF=A| o}: TLUD(Top Lit Up Draft), H}o] @ 2}
F AR AA: mir7602@naver.com (010-2596-2462)
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QAT Qaf AMslo| E[HISH HE Al MUIFA WA HE}

Greenhouse Gas Emissions Changes due to Application Composting of
Hydrated Lime Derived from Phosphogypsum

Py, wul, E, PuE, A9A AAE, Aes
Byungjun Park*, Subin Noh, Donggyu Bang', Mingyu Kim', Woojin Chung',

Jaehong Shim?, and Hyucksoo Kim

s, A 7|oeta, 2R s vete

Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea
'Department of Environmental Energy Engineering, Kyonggi University, Suwon 16227, Korea
Division of Soil and Fertilizer, National Institute of Agricultural Sciences, RDA, Wanju 55365 Korea

B0 E 24 = EH| 3 g F EH| o] 3R, o] W A7 A3 f18) A2 H ok 1 A 3= ik
of oJgh Y, Ca o), -2 pHE Q3| BlH| 2] g w2 A 6}a1, A4 7kA A3HE 91s)) A 2| =L Qlck
e A3IAE-S AR eubet 2A7ES WS F SHUR o] A3EAE Theol E8E= A3
(CaCO3)0f -5 &4ax7} CO, e = viE 5] 7] wjZolth & A& ¢14FA a1(Phosphogypsum, CaSOy
2H,0)E &-8-510] Y=o 93t CO, o] §l= 44 3](Ca(OH),, Green hydrated lime; GHL)E A &35}
o] & 7]& A3 = A A = &gtz sk EH| 3= w7t A A et F EA sk TR
SR, T, Lot AlEe £38 O/NH|[&= 3728 £83510] 30 L 7] 423} ¥k-g-7| o 4 100
ZgYstict. A2l 47k 2 FA4 2]+t GHL, YyhaA]3](Hydrated lime; HL), Q149 31(PG)E 247
3%(wiw) A 2] 8F T 24 7H(CO,, CHy, N20) 2] S74-2 5= 13] F U3 AJtoll R 3= et R U B & 2
7Y A7 2Lt et A Holtt o] § dolg o v, PG A gl ol A 58.5CE 7HF 9kt
E1=28Y 2} o] F 35 ColslE f-A5HH, ElH] o] Fgo] 2lg)e A 02 Wt B85}t 17 F HL A 2]
OJ3F CO, o) A= ¥ 3}+= §1%1aL, GHL 9 PG A 2] &2 18f) 7t 25 2hQ1e 4= Q1 ich CHA L] Wy
& = A 2o thaf) skl oy, ol ek A HolA] §EkaL, NoO W 2] 7% - HLt GHL A 2] -9
A skl om, PGA 2| Al 5716t A0S Vet kA o 2 2vE | H 27 A& Foff 24
A7 WS A A 5 0o, GHLE 24 7FA v & A0S IRt B H 2 A 24 283 4= 9
= Ao 2 AR EH

o R

~

il

FAO}: 1ARA 11, 24 8], B3}, T, AT
FAFA A=HA: phkq26@kangwon.ac.kr (033-250-6442)
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715 S0 ZHEi XM 21X X2| Al 2A71A S )

Changes in Greenhouse Gas Emissions from Organic Resource
Fertilization in Organic Perilla Cultivation Area

Z %k = A O = A =z =
e g, o]dE, S84, IHE, Ava, FHS

Byung Jun Park*, Hyuck Soo Kim, Young Don Lee, Hyunsoo Yun, Taeyol Ko, Miso Kim, and Jin Ho Joo
A ATyataL vho] @ 412kt
Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea

2| skl Qe 7153 9715 S53517] ool f-2uetivt ofy gt A A A o2 2 AT 5
£ 3 (Nationally Determined Contirbutuon: NDC)E- A W o835} Qlth F ol A WEH(CH,), oF4isH2
2:(N>0) L2 3L 0| 4F8FERAx(CO) = A 7FA v Sof] A 33t Fia A 8h= Ed &0, 247k A7
= H18ll w4 okl A= A sl S 8l 715 d Y AR f71AHL A E St B U oA AP 5
TR B QS A AISEAL QL. s JAte] Foll A= 2 54Xt 7] d o= AhE Al Al A 7EAA 7 &
e Hrks Ay WA 7)E G715 dol By ET F25% FE ] AVEA T 537 Qe AL & e
o, B3 T HFA RN = 2A7A E B3 94S Ao A 1 S AVt WiE TS &
2Hd 9 GAP FAH=of 8l 20129 = 7B A A © = A ghas Q155 Fol k= Ak 7} Qleh & A
715 R o] A&H S/ A A oA o] {71 AL T Al TH 27U R E 99 21 A7HA] 5 T2 A
A7FA(CHL N0, CO.) ) 3HS Selsh i) sheleh, AR A4S A% 214 A5go] 9173
715 7RO A A B sEA AL A g 24 FA 2 AN, P, K), -4, 753 B8] F 471 9] 2 2]+
2 AAsloh 247 TS 13 Tho|H i B & B3 7k TS A FYsHAAL, A2t 3 vhE
O 2 Am AF] F GCE Sl YA TS E45HA NoO T =F 4] A3 1 212023.07.27) 0]l += 471 2]
At B H| 25| W& e o A RS Uk 2 1, 2 $22H(2023.08.03) -HF A 27+ 90,368ug
m?h' 2 7Y =L o 35 AR E HAp RolA] = A3 UEit o] = EAE R B f71 AR RS
frato] A o] wof 2710 NyO O] v Ewfo] 571k A 0 2 ehE| 1 6 522K2023.09.14) 2] 7 -9- 7}
St M) A2 5t7F thar oA 20,134pg m? h! 0 = ThE A2t H] ] 2 N0 B S UE =T
ol&= ool A H S 7HS5E EH|7F B ol A Aatsl 2 el Y S AA Uehd A o= AlR E Tk
CO29| 7492 $52K2023.08.03)]] = A 2|17} tha S71ok= A oFS Ui on, 53] 71532 EH],
u} 2 2] tof| Al Z}2t 6,743, 7,765 mg m? h' & thAs =2 o] 4habehas HHAERES H o] =it CH, o) 791
Eofo)7] wfZoll MukA o 2 wre- kS Ueh 0w, 1 Fa; 2719 71t E| 8] of| A A Sk w g o] 2]
A HABEA] o= =S Bl ] 24 H 247 &2 A7 o | A] F¢jof| W2 A
HjEsFo|n, 2% EoF g4 SAF 9 A B &S £4510] TAkE Aatoll 2225 o| A FAF D} FA
EAET S IR oUA AHE RS W S SR AP e Ao 2 wetE

w0

|

A
A

¢

°f

do o & (0 3

o 17

flo x
2

L9715, R, ST, S, S,

1 = =2

FA0]
FAFA A=A]: phkq26@kangwon.ac.kr (033-250-6442)
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0ol

ST EURH thEt SXIZole] WESE uS
Biological Response of Eisenia fetida to Antibiotics Contamination in Soil

dex, A&, A, 51 ez, ojgep, 927, o8&, I

Hyunwoo Kwon*, Jun Hyeok Choi', Hyeonji Choe', Hadjer Chohra', Keum-Ah Lee?,

Young-Eun Yoon?, Yong Bok Lee', and Young-Nam Kim'

Aa=rddeta 244y steta), At dieta S8R IR (BK21), T4t A aekl T
Department of Applied Life Chemistry, Gyeongsang National University, Jinju 52828, Korea

'Division of Applied Life Science (BK21), Gyeongsang National University, Jinju 52828, Korea
Institute of Agriculture and Life Science (IALS), Gyeongsang National University, Jinju 52828, Korea

A EAHILgloH, ol E

& AR A A7 A8t EntotU 2} B o] Ak F 3l 3% 2t Al H aj7Fd 4= ek 2 A= HEE
W A S 53] tetracyclines, sulfonamides ¥ penicillin @ ¢ & oFof| o 8+ ZX| & o|(Eisenia fetida) 2] 17}

& Sfob, Wi U B HETH BB BA A AT NPL A PYEFLL 0,50, 100,
250 X500 mgkg' 2 £ 5454F 02 2 A YFLE FAISFR I, wjFA -2 0, 10, 100, 500, 1,000 2 5,000
mgkg ' 2 F 65T 2R S AP FE AU F AW B A Aol (>1 )% s o, FA
EoFo & k& ok ARSIt X o] A5 = Al¥ AT, penicillin G (PCG) & FAYEA 50| 4 A1 H
o] 7} o F & 7] 3] 5} 4t} WHH, chlortetracycline (CTC)-2 100 mg kg ' 1] THof| A= T:HJ_—"[LQ} oA=L A
T IE(40%) 2 H.H AT 250 mg kg O] Aol A= 2.5-4% 2 x| o7} A o] IAE| x| ¥kt At} 500 mg
kg o] FAEAL u|2 Z7}ste] A 2|atl-S uf 2|7 o] CTCol| thgt 7] 1] 7} LpehbA] okert], o] =
CTC7} the Bl W) Ao Aolols] B40l © o Ao ARech weae] A9
tetracycline (TC), CTC, oxytetracycline (OTC), SMZ, sulfamethoxazole (SMX) % PCG 3 &3 o w}2}25
U HiF713E 2t X o] o] ApG-E W upo] e Ao m] x| = ol ZFe] 7k Hglrh 500 mg kg wRke] 1
= A=Al = A o] AME o] UrehLbA] ettt 3HAIRE 59 3 CTC 1,000 H 5,000 mg kg 4] 2] 0]
A 320 APFE(25% 1 50%) 1 vho] @ 2 ZA(48% B 54%)0] TEFE|Ih o] 1 2|20l o] CTC H4
o] g3t EC50F LC500] ZF2F oF 1,0007F 5,000 me kg 92 A|AFate), Muba o2 B 1o nE Ans
el 29t o, o] 719413} 7k AR Ao) tfgk AR SAJ9Is) Afolol Aol glof weich.
T2 AT AT B4 U Fo PABE- Ao 4B ATE Sfa o u| A Aol 7] o],

A 2.0 tiat Agolo) Ag71a L QA SRS FH] Sl 27177t e

A A AR A= 728 A H| 2 Q8] EoF &= thokst 712 31

FA|0: =7 2| E9F, 3HAA| A7, Chlortetracycline, =AJE| A~ E X] #, Tiger worms
FAFA AZA: youngnam.a.kim@gmail.com
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PC-48
Tetracyclines 0]l th8t H{(Oryza sativa L.)2| A4ZEF & Ma|x HIS

Growth and Physiological Resonpse of Rice (Oryza sativa L.) Seedling to
Tetracyclines Toxicity

Alog*, M@, 548 asa), ujderz ghepetz!, o|Fol!, o] &=

Yerim Shin*, Hyeonji Choe, Hadjer Chohra, Vimalraj Kantharaj', Keum-Ah Lee', and Yong Bok Lee
A= oen -8B (BK21 Foun), 'AA=3disha A g a7

Division of Applied Life Science (BK21 Four), Gyeongsang National University, Jinju 52828, Korea
'Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 52828, Korea

Tetracyclines (TC)> 7158 8 JAEH = 7t AW of] 2 Sr5A o, 7HEk 5 75
Eu] X2l ol A FAEH o F LS oItk @A Sl RS = EGl YT 4 7=
W EH7 R E AL QLo B AEof tieh @A HA9NES- 7 vlul gt A ook whebA 7
ol A 1] 7] 44 74 0] A Tetracyclines o} % 4] c)2) ¥l(Oryza sariva L2} 44 2 A2 4] -5
S48 Slely) Sfal <A A S ootk 2 o] AHEE Tetracyclines FAEH A
Oxytetracycline (OTC) Y Chlortetracycline (CTC)©] i, 5+ TC2] 5= A 2] #++=0, 1,3,5, 10 Y 15 mg/kg S
2 717h FASSc AR S QFolgF A A shglon, 12207 2 A0S = elsich A1d 2,
o] fejdo] -2 OTC % CTC 7+ A 2ol A Als e A 2|4 5 45}k31aL, CTC X 2]4-7FOTCA
] of ]3l) m 2] o] A% ol A7} B A W) % A= 4 3 chlorophyll a+b) E3FOTC W CTC % 4
2ol Al Als e APt A8 Fashes A B3l 53], chlorophyll (at+b) 92 OTC 9 CTC il%s
T A2l 15 mg/kgol| A t2FE ot ZH2 68% X 78% Askqich H4ke vEgEA Q] EefEolE
(Flavonoid), &2} = (Flavonol), 3(Phenol) 52| o] 2} thAHE 2 H2k2 OTC 5 mgke A )0l 4 714
=2 7S 2%t} 133.9 mg RE/g (Flavonoid), 734.8 mg RE/g (Flavonol) ¥ 32.5 mg GAE/g (Phenol). 4] &
9] A ol AE | A X]# 2l Malondialdehyde (MDA) 2 Hydrogen peroxide (H,0,) o] 749, v o] #
2o 4 OTC % CTC 7+ A= A2l 57t 5715 & 22 o F2 o] S7Fsk3lth 53], CTC 15
mg/kg A 2| -8] FLE] 5 Hy0, fF t 27 H H 90% F-7FeE W, A4 9l ol A= Ho0, fhegol t2-
H}23% RokTh o= WO A SHATF A B G TC FAEH 2EY Lz i e A4 oz ghe o
Fol AR AR 2 AFANE T 2, T AYEE AsE Aol A= TC 54981 E A
HAZ17] A8l ¥ 5 ohedet ket =4 A o] douhATl, 10 mg/kg o)) Al &= TC A 2] hof A= &
Ef A 54065 of7] =] o] W o] 27| AAHERE ofU] 2f A Eo] of 2l A o 2 whhETt

A ©]: W, Tetracyclines 54, 27474, o4} A=A, AEE 2 WA 712
FAFA A=A : yemti0807@naver.com (055-772-1967)
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Alleviation Effects of Seed Priming with Casein Hydrolysate on Seedling
Growth of Lolium multiflorum L. under Salinity Stress

Keum-Ah Lee*, Young-Nam Kim', Yong Bok Lee', and David Leung’

Institute of Agriculture and Life Science (IALS), Gyeongsang National University, Jinju 52828, Korea
'Division of Applied Life Science (BK21), Gyeongsang National University, Jinju 52828, Korea
School of Biological Sciences, University of Canterbury, Christchurch 8040, New Zealand

Soil salinity is one of severe factors threatening sustainable agriculture. Globally, salt-affected areas have
increased by approximately 10% per year due to climate change, intensive agricultural practices, and
industrial pollution. This study aimed to investigate the effects of seed priming with casein hydrolysate on
growth of Italian ryegrass (Lolium multiflorum L.) and its tolerance mechanism to salinity stress through a pot
experiment. Three types of seed priming, such as casein hydrolysate (CHP, 200 mg L™), hydro-priming (HP),
and non-priming (NP) as control, included in this study. Four salinity treatments were prepared with 0, 60,
120, and 180 mM NaCl solutions and were daily supplied to pots for six weeks. Two weeks after germination,
the highest germination percentage (GP) was observed in CHP, followed by HP and NP pots in all the NaCl
treatments. Similarly, plant biomass (fresh and dry weights) and photosynthetic pigment (chlorophyll a+b)
were highest in CHP seedlings and these values were considerably higher than those in NP seedlings,
particularly in 120 mM NaCl treatment. In addition, antioxidant enzyme activities, such as superoxide
dismutase, catalase, and peroxidase, were higher in CHP than in NP two weeks after germination. Especially
in 120 mM NaCl, catalase enzyme activity was significantly higher (about 74%) in CHP seedling than in NP
seedling. To sum up, our findings showed CHP enhanced the seed germination and seedling performance of L.
multiflorum as well as the plant’s tolerance to severe soil salinity. This may suggest that casein hydrolysate
priming would be a useful tool for improving survival, growth and productivity of various crops cultivated
under salt stress.

Keywords: Casein hydrolysate-priming, Italian ryegrass, Seedling growth, Salt stress tolerance, Increasing
Crop production
Correspondence: 1ka830815@gmail.com
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Ak Za#lal Chlorella fusca CHK0059) X{2|7} =7| SRl M0
O|X|= ek

Influences of Solid Microalgae (Chlorella fusca CHKO0059) Application on
Seedling Growth of Strawberries

Az, @A, Ao, 239, 9L, 0T, o §%, A
Jun Hyeok Choi*, Hyeonji Choe, Yerim Shin, Ju Young Cho, Young-Eun Yoon',
Keum-Ah Lee', Yong Bok Lee, and Young-Nam Kim
Agsddetn SR IeR(BK21), A s s E e Y
Division of Applied Life Science (BK21), Gyeongsang National University, Jinju 2828, Korea
'Institute of Agriculture and Life Science (IALS), Gyeongsang National University, Jinju 52828, Korea

EHIG A7 SR Eehs opv| il Ao, F7I R, HIER, kel 2 5 A= Aol
%%—;PE}"V“J% | EE] o] vk, =3 XIgHy- J—*él AE2AE S8l AA Sl Y B 7oA 2
718 A7 2 285kl Qlek. sHA R 57 Aol A o SR e 2= 5 EE 219
Eﬁ} 01815 | Fofl met 2Hof F B A= HYY S2=H et Au7E 4] gtk o] & Hesh] 9t &
oA 2 Aol M= 43 SRt v g7 A Al vl X = A 2l fle B3] f2E o
O 2 ZE A& sty B7] 2 adtop o ‘W 5HES) F FE5S AR TAL AR A
glgte 2 22Ee ALFA 0.5 g(18) B 1 g (2S) A 272 5ttt B3t A4 g S22k AlH| &
e} v st Q18] wE2%E78 AR 229l 1.0x 107 cells/L (1L) A 24L& F7Fs}gict. 2242t o
AR R A 3138 AP skl on, A2 wiF= 13] A2 skt S A F 309 F¢H104 7t
7_:}3; z,:z‘sgé]_t})i_gcq Odi/\ 6‘]-El= I’J—t‘ﬂ-k] = 2:7(—1 o] ;(]/\1—‘:1 xﬂxﬂ?_—é 3]_011;]_ Z%/d 1()%1 _?_ ‘_&\_E}O]:’
TR AFF BAF228(7.3g)> 1L (4.62)> 1S (44 g)> 27 (3.9 g) = &2 9k, “H| 2| 8}F3]°
852544 >18, IL41g)> 2+ (3.7 g o2 th FAYES ST 2h F FF 2728
A 2ol A 7H w2 HhH dj 2ol A 7 Wb WhH F Ea4s ] A, caxEtop o v 2| 5k 3]
= A2 2SeFIL A2l tol A 7P otk B4 309 - 1 AS2 2ARGE él% ELFLOﬂ H]3f 28 A 2]
O YA T “axefop B w2 SR8 7F 242 61% T 44% Qe WA B ES iE AP Ao
ZhojolstRnt G54 o] A9, A E 22 Eet A2 28004 1’4153?5‘1} 34% (&=2top), 45% (Wl =]
SFF3]) w2 o] S EU & Ao 2aE T & ), 1YY S2de ArE7] F4 & 27
A ul Ae|skgo) HAMY S 2wl A g ot o FA A0l 98 Bl o]o ZU 8- H E7lo| A A+
3 2RI H RN Z8 VA7 S A2 7|dEARE BY] 55 3 AW 22 AP 5
ol whE k| Aol 7t EAF o = A5 A AJH R AbES 917 3714 ?l AF7F -H

ZA\o): 22t TS} B, GRS, PE| 2, A47Rs 5
FAFA A=A goldtwin3@naver.com (055-772-1967)
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SRS B4l EY 0WEYN BX
Investigation of Microorganisms in Orchard Soil in Chungcheongnam-do

Fo18*, 287, o1F %, o3, A

Yeo-Uk Yun*, Yun-Gi Cho, Jeong-Su Lee, Jin-Il Lee, and Do-Hyun Kim'
FALEEA7EY, ST

Chungcheonnam-do Agricultural Research and Extension Services, Yesan 32418, Korea
'National Academy of Agricultural Science, Wanju 55365, Republic of Korea

EOpo] A AJSHE 04 E & O gkl AR A AL QloiA] BAH Q) R4 EOF HALT 2o,
Ashe] AT 5ol 71018 Slo] 9] 380l u) AT olgH & AL ofele Epul S
23574 ROt AR, B, G5B Soll o5 A4 0 2 cheysb Matshv] o] elg cap4 o] Wk
L 220l AR 2 & o] W Qs Eok U ] AEo] thek A1l ;17 129 AL 5t B0k Wl 1l )
Mol .75 3 gli= AlRoltt.

2 A=A Y ed Bl 251 e vdE SAAS B sldl drans gy, 7
BELE P A% FEE A SR ST 5 U SARL HUL U TP ol day’

ol FEH T =A 2= Aot-2 Ace, Chao 71714716, 4474% 0] Q) 0, 20| = Ace, Chao 212} 843,
814F 0% =i} vlulsto] oA W2 Ao 7 Z/\PQ‘HE} o|A Y B AEY thFd T2 T
of Bop W77} A4 A 0.2 S Elo] AT A o) BAE A LS A A8l 95l 5 A 58
EnAE o &2 ] By o] e ofof & Zo|th

{

FAOL: F4, B9, £, v 4R
FAFA A=A]: aoggi61 @korea.kr (041-635-6103)

# L e EG Al S5E A 9 ohfd Al
=

ZIXIHET A2 OFA] 2] 2= +E=% X
X]Qﬂ %7:”%}: O 6 T T o ] q-o o ]T . [} ]T
Ace Chao Shannon Invsimpson Simpson Shannon
Bt 4,716 4,474 6.7 259.2 0.082 0.834
=4 A 5,904 5,596 7.0 403.7 0.114 0.862
4 1,074 1,080 4.8 38.4 0.014 0.712
A=t ot 4,760 4,429 6.6 222.5 0.074 0.831
2. Tl B Bl FELE 24X U chaph 44
e g FERESAA crg A% F5E AL
B © Ace Chao Shannon Invsimpson Simpson Shannon
Bt 843 814 3.9 20.7 0.032 0.599
=49 o 1,088 1,099 49 47.0 0.073 0.727
] A 330 286 1.4 2.0 0.007 0.253
A= Bt 875 839 4.0 22.8 0.037 0.630
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Chlortetracycline SA0f| Ci3t AlEo| A 2l AHg|xi Hi

olo

Growth and Physiological Response of Lettuce to Chlortetracycline
Toxicity

AR, Aofd, shd aset, wjgetz gtttz ojgol, g, ol 88!

Hyeonji Choe*, Yerim Shin, Hadjer Chohra, Vimalraj Kantharaj', Keum-Ah Lee',

Young-Nam Kim, and Yong Bok Lee'

A= dsta -8B TR (BK21 Foun), 'Z4=gdista s AyEaetd1d

Division of Applied Life Science (BK21 Four), Gyeongsang National University, Jinju 52828, Korea
'Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 52828, Korea

715 EJH] o) 5 A A8 2 Q13 s P ESF 2 W A 2R A E AL QU J 2 B S AR &
Aol leFH FAE ] w4 o) 2 A Aol thgt At Ay ol HArE A Qe o] 23t BEOF &
FEA @ H-L 7 E R AE-] STt S S U s A E Al ol 2 f-all 8.¢lo] E Ao R o AEH 7=
& A = 2 B8 5<= Chlortetracycline (CTC)-> A& 2] 51} A 2|2 of] £ 2 Q1 ke v A=
Aoz de] G A A, CTC 5/ of thet &9 ’ho WA Y Sof et A+7} o 4] RE3H A oot
A 2 Ao A= dFE A 2 CTC =/ of ek ohefeh A& A2 2.9l 9 AR w3t of
off Grof R 1AL AR A AElL Z5] 2351 F Tk CTC A8+ 5%=+0,0.01,0.1,0.5 X 1 mg/L= % 2]
T5 st o H, BN S Fol 477 ol e A Z T CTC A4 of| gt ARSt A E g A kg5
golstaral AL ASE Z4(e.g., H O, MDA), A} & 4[e.g., superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX), peroxidase (POD)] &4 4 o] 2} tjA=Z(e.g., flavonoids, flavonols,
phenolics) & #4353t 1 A3, CTC 0.01 mg/L A 2] 2] A3 K2 t 24 H o 52 W U A]
Aol A= AR - e W it o] CTC A 2] 7t wobsdof wheh 4} 4xsqlet. o] 2
o QS FehH o] & ghgol A = FAFSHA LrEks T BEH CTC A 25 = 5710l w2} reactive oxygen
species Q] H,0,9} lipid peroxidation (MDA) Q] &4 A =7} Z7}E|Qich 18| a1 o] T H 3HAkst a4
SOD, CAT, APX % POD 9| &4 &= =31 FAFSHA| S7HEoFE At o] A& F3al 21, 0.01 mg/L
o]F0] CTC 542 AR EH AE F7HAIA A9 WSS A Adfioh= 2 o= wekErh

FA)0J: 7}5E ], Chlortetracycline, E ¥, 574 1) 3, h4tst /7] %
FAFA A=A : mulberry1028@naver.com (055-772-1967)
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2 (M2Iel) xHuHX| L R7IXH X2]ol S 2471A 2l DL[E3

Monitoring of Greenhouse Gas Emission from Organic Resource in
Soybean (Glycine max L.) Cultivation Area

I G, oGE, A9, JeH, AT, PEs

Byungjun Park*, Seoksoon Jung, Youngdon Lee, Woyoung Jung, Yoonseo Kang,

Seonju Chae, and Hyucksoo Kim

AL vho] 92} U Bt}

Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea

Al eke] Az o] i F =AM AlA| Zh=ro] 2d7EA vl S 7] ot Fr 8 E AL glen, &
A7E H ST A e IR bE ASEAL Qlek. -2l uete] 5 ¢ obell t w7 A7k Qi E R €
YHEL2IPCCOA AR 7] 2 A1 ke o83 B aS2 7 Aok QLo vi(Tier 1), §-2]ueto]
et =7t A ER AT 4 (Tier 2) e Y 7l E(Tier 3)& 919 A4H7F A3 AL Qlek. & A+
Me edA BEdHA S A 29 A rslel Bl 150 obA, i B vt Bk 7]
(3 Hel, 771= 79, SAZE A 5) 2ol meh g s SA7IAE LY E s EgEa
B7E R fSoll ol gokaat sk k. L H 2 FASEAR = SAA o YRG5 7ol A K F
o, =22 =7 AR 7P B A A WAE AR St FR(E ) A S A EE AeskR
o A2 242 A1 2], WRANPK), B8], NPK+E| 8] A 2] 5-2 A3l o, 2 2] 2] 74 Tk
=A7H (COy, CHy, N2O)E SABFATE 2A7EAS E2 5 19] F Ak A[ho] Zho] w2 A B ¥ & &3l
st on, A2l 3 o2 Al & R F § GCE T3l BT 248 At 27] CO»2N09] v
S NPKHE[H>EH> >R 2 2] =0 82 #3hon], CHyo| 45 27] 7H5E EH|oflA 24 3 A
Zbol Aol whah W2 o 2 YT A RUE T 23S S & 5 e 27] CO E N0
Hoh= HYNPK) A 2| 2 sl Zof Ui 2A7RA Aol 2] 2 of| v]sf| F71slt, CO,, CHyN209 7
7 1AHA(E )] A 2ol ol B 2 v &S et 35 A 52 2AVFA v ERF U HY 23
+ A4 Aol mheh 2kt 2hE o) AR, Aot Hio] e &, 2haikabe] S e A EH A
S (NECB) tH & w38 EY &4 S A S A 72422 882 - 3= Aotk

S

ZAO): L7, RS A, BoFe 714, 2AHA Bad
FAFA A=A : phkq26@kangwon.ac.kr (033-250-6442)
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L2 mlsi=Eo= THE Hlo|2Xl Al20] AE EYE Y 0|Xl= S

Effect of Biochar using Fire-killed Timber on Soil Restoration in
Wildfire-Damage area

=lx O o A2 = 253
YT 95 AUS, S, A%E, oldE

Sungho Kim'*, Young Jun Woo, Dae Young Jeong, Jin Soo Yuk?,

Byeong Cheol Kim, and Chang Hoon Lee’

grsutol 0.2, 2FEYED, *HAUTE A St

'Korea Biochar, FOODLABTORY, *Korea National University of Agriculture and Fisheries

T AR Q% 7| RStE ey Aed2 A H A AT H ol AL AT w2 L2

SHEANTE A HHA SR 7 o= A A3 o] S7FSEAL JlT A 101(2007~2016) it Ak

3l WA Eoh 24 (2017-20204) B AF 915 WAL oF 5u) HE FohsheT AHRE AR A

Do) e Ant B 48 WAste] BAw SEX, WA A g2 o] 1 glrk. vho] 2 2K(biochar)

© SEoE AAUA A FE o IS A= Al D= o] A ZSiE A o, =3 ofehE 54

o okafeta 4] o] glo] 7] F ol Akalek S =S Fo 7|58t ghato] 7]0lg 4 Qe 2 ol

oA = AR BB 2.0 2 FLE ujo] 37} M o) 7] o] 0] BoFESlo] u] 3] = 5L ot} 5%

th. o] 5 Pl Al H S-S o] &-8ho] HpoAE 2A8HF AL, AHE E oo 120kg/10a 7]E2. 2 0, 50, 200,

400%Z AG5F0] 4770 I FAI B © 2 ROFEAS AL o] QA ol ALsFeke i A1 7ol &

T7E Qe 2y EGuAE Al g A Ashe B UER U of 2§t Ay} vho] @ 2p Al g-of mhE

pH, CEC, EC 57} 93k 1|2k, wheb A ARS 2] ofof AH] 3 2.0 2 UHE nho] .310] A §-& AH £
o B &E S, AEEY, 23 A2 d 8t 7]osks EYEAS T A= HUHE U

Rs

=
At

E N

FA0): ko] @3}, EoF H¢l, Abgluito] 2, A 752, EopEA
FAFA d=HA]: kbiochar01@nate.com (063-237-1766)
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BIE2HAIOIZE SHEAUIM HhE SRO| MA|X N3} MBS Wa

o
Alterations of Physiological Response and Bioaccumulation in Cabbage
Seedling Grown in Contaminated Soil with Tetracycline

s asep, A", Hex|, wiwakz ghetekz!, Zod, ojFol, ol

Hadjer Chohra*, Yerim Shin, Hyeonji Choe, Vimalraj Kantharaj', Young-Nam Kim,

Keum-Ah Lee', and Yong Bok Lee

A= ddieta 3-8 ashE (BK21 Four), 'ZAA=ttisha sy aetel 1

Division of Applied Life Science (BK21 Four), Gyeongsang National University, Jinju 52828, Korea
'Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 52828, Korea

AN E 7S s 715 H7HAI A 28kl ik ey tf 22 57l A o]
£ 3o 0.2 ARk 2 o] ofRhe #31 olek B3, 574 B 5 AT 5l F7He
250 A5 9 AL AR ofu 2 AREA Ql EF YR A W QI Aol = Rl AR ol
o B Ao A= EOF 5 Tetracycline (TC) 2] &4 of| WE vl (Brassica campestris L. ssp. Pekinensis)2]
e A HHS B4 T 7P R U TC 2 Hehe RS R ol S 913 650 ZEA TS Ssieon, &
S7HA TC &%= A 2740, 5, 10,25 2 50 mg L) E /43 5ko] Au) 7] 7t % 23] (Day 0 2 Day 21) E ol A 2
STk 48k AL, v e Eh EAE, 29, 99, BTAE U 9S4 BHOPAD)S 2o, A8
4 EoF ] TC %2 5F2 Solid-Phase Extraction (SPE) ¥ of] w2} &3}0] LC-MS/MS & A-&-35lo] =74
Soich 22 o) TARG v e 2 uf, wl3:e] RS TC A2 o] ufel shela] o)} ek, w2o) 4
TE A T E L A5 TS t 2ol v TC 257 50 mg L' w0l A s Fatrh g5

S
[e]

i > rlo

O] 7%, 272} H| 3L A] 10 mg L' 9] SPAD ghofl A ¢F7te] Hormesis &35 Y= }leh B9F & A=A
W IR BEETC A2 A EFUR 0 ABA 215571 S A7) A g% BA 7t
aot= S Bt BT S48 A 4(BAF)E A&t 23, TC 5 mg Lo A 744 s 9koh & A2
2 29 B, 3 HRETC B4 3 Al B 2R TCS F4io] A2A W= 25190
w, o 2 QIs) A A W A BA0] oA E A0 2 AZHEILh ShA R ko] Aol T2 TC S Ao
T ATS Bl ABA ol A9 GAEA Balv1 2ol 4H L A 2 S,

A oF: vl = F-X, Tetracycline, 573 9], &5, Y] 4] vk

F A& d&A: Chohra.hadjer@gmail.com (055-772-1967)
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HoIMY T HIOIAIE O[83 28 32 2 EY oFNst W MF ]

[

Stabilization of Metal(loid) Contaminated Soil using Iron Phosphate-Coated
Biochar and Evaluation of Lettuce Growth

A, o5&, Aled, AAY, oldg, W)

Han Na Kiml, Seung Jun Lee, Su Kyeong Sin, Jeong Yeon Kim, Chan Yong Lee, and Jin Hee Park*
Zrdstn AR, SR AR UATLY FEALATEE 254 A7AE]

Department of Environmental and Biological Chemistry, Chungbuk National University, Cheongju 28644, Korea
'"Mineral Resources Division, Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon 34132, Korea

it FH EGE 5508 e g uo] Aol A&sl7| o AgetA| ghom AFglEo] Q1 H|Ax(As)9}F &
|1 H(Pb), 7H=H(Cd)-> 3FeH2] S/ o] Det F A oHSH7} o Fih 4tehso] 22 A AkslEof| ol
Y BtE] A1 Fo] 20l T2 At ol o sl QHESHE] 7] uf ol A A S AHE-SHA SA] FY S} 7}
&t R o] & H}o] @ X{Biochar, BC)ol| ¥ o}H A2 A& S W EF /TG T it S/t 2 o=
oA AFEI T whekA] 2 oL o] B21.2BCo} A 214y 78 Hlo] @ XK(Iron phosphate-coated biochar, IPCB) 2]
Aol oet B < @ B SA] HSkE St w4 A avE S WSS S8l Brheke Ao
t}. Al BCo| FeCli 2 KH,PO, -85 A 2] sto] IPCBE A|£5}F3t B, H, 7F=F 539 & B4l
BC 0.5%2}IPCB 0.5, 1, 5%& A 2] otal A7 7H a5 itt IPCB A g o] F7hedr& Jit 7t =59
A 0] -87Fs T AAsH oY B 54 0 H B W Bl A 0|87 wEe UM BR
1% A 2] 7} w42 Qbg atof| 71 At} o] Qik. Bl S0 mg/kg, 7H=4 50 mg/kg, ' 3000 mg/kgo] T Ul
2o 2 PE B BCLHIPCBE 1% A 2 otal A5 o I Au3ich. 459 74|, Zol= 74
(Control)of] v] 3} BC}IPCB #| 2] Fto| A =3k o™ 91 9] SPAD, Fv/Fm2 #] g o u}g} 5-2]3} 2}o] 7} LUE}
LA ghoket. ek BCRHIPCBE] A2l B W Sa< ¢ 9 AlE A& 52l anpa o|n QhAgh
bz Aol mgo] H Ao HeE

(]

(]

N

FA|o): QAL 38 vhol .31, F4 0.8 B, A%, AE A%, B4 e
Z A4 A2A: pjinh@chungbuk.ac.kr (043-261-2564)

4
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A2 diolexie| =2 WKETI =3t
Crop Growth-promoting Effects of Biochar Made from Poultry Compost

ol
o

TG, AR, A9, A9E, 4714
S.Y. Hong*, B.M. Kim, D.M. Kim, Y.H. Seo, and K.S. Kim
HUEEAA £ 59714

GangwonState Agricultural Research & Extension Services, Chuncheon 24203, Korea

7] stofl R A H 2 s (IPCC) 5 S AALE o A Hfo] e AFo] A | A7 d o] G A A A
A= Fdo] AHE L ek AlA Hho] oA} AR iLef tijsl B7let HILA|(Transparency market
research, 2021)0f wp2 W, AR H= A7 15.4% e A oln, 7} = 20318 744] oF 632 225 H o]
A A0 R o kil Haghup Qo E3uho] @3] A2 A Sl E o] 7] Eof & e FA, 15
o &2 s abtalE Qo= SAAE, S, FH| 5 g FAbE, 718714 #H71E S ol Hiol ek Al =
of Z&H L Jlom thA] AA L& &A= A A A ehe 394 75 5= 22 E L ok ohd o
ol A vho] @2} A 2] A} w3 S 1] FE EFA Al YHMFE HjH] 20%(v/v) A 2] ol A G4 B A A
ol 4 2k 8.7%, 23.7% T 7okl 2.t A 4] 3 200kg/10a(v/v) A 2] ol A i u] YA 10.2% S719k
B} Q1o.0(2021) 2k 8 A A2 FA7HA st A Fofl ek & Ao A= AR S da=
ghufo] ©.2po] A4S mhefslil 2Hgol 285t 3lE o e Ao tisho] A B x} sk 548Hd
A 23} pHi= 9.58, EC= 76.53 ds/m = -9 £t H, 7] T2 64% 2 HI 234124 7|25 1
23 X L, F AR 0.47%, SR A 6.32%, K= 6.65% QT A9, 7S ko2 A &1}
= AAIsH o H, uho] @ 2] EohH] &2 100kg~1,000kg/10a(v/v) = E o]l ZobA 2] st 3iTt. 4227 A
= W At S A 2 ] <271 1,000kg/10a =20 A 19.2% -2l 31 S7F8hs A2 2 Le
2.0 SPAD= 5.76% 5 7FsHth 37M AAaEE: -4 2] thu] 1,000kg/10a =0l A 28.9% S7FH A2
, T L8]Y fFadhe AR Yehyth vholexte] dubAl Ak At Hwstele o,
1,000kg/10a o] 7-9- v &&= 9l AZtEof 2]-8-517]of thar 202 F7hELy & Aol BF7] 3
o] 27}t AL Al of] AH&FE E9FO] pH 6.7, EC 0.21 ds/m, 7] 5 14g/kg & B]-%- %= U 7| €} o EL5} ko] B
T AN ES AR M o= A vho] e ko] £ A w7t S, GA 5o sA Al HRE
ojgloLt, T, EY, datul7E 5 o] e Al = A= 7E A} vhefe) ol whet ARt A7), 254, &
TR, AR & YREE TRl 2ho] 5 Holal 3lof s AR o e 485 fsto] Z4H 49 &
& ghofsto] ohFdt v A& 50l Urbol & Aol Abr ETh

d

Ho

H

ZA]0: ufo] 2.3}, A Huto] 9.3}, a2, A&EA
ZA7A AFA: hsy6520@koreakr (010-2994-8874)

- 241 -



20234 E SHLEOFH| 2013 M55 £8] U X 7|otaryy|

Insights on Emerging Biochar-Based Applications for Soil Fertility and
Crop Improvement

Periyasamy Rathinapriya, In-Bog Lee, Pyoung Ho Yi, and Seung Tak Jeong*
#He]opatn] gtEjUtZ o, o]QlE, o|F T, HFE*

Horticultural and Herbal Crop Environment Division, NIHHS, RDA, Wanju, Korea
5203 QoIS Aol Ske

Global scale multi-nutrient deficiency related to depletion of soil fertility has emerged as a major constraint
in agricultural practices. Organic byproducts derived Biochar(BC) are naturally biodegradable, produced
from agriculture and forestry wastes. BC application reported generally enhances soil quality, less is known
about the impact of BC on soil characteristics. BC can lead to a series of alterations in the physical and
chemical properties of soil, which are crucial to environmental ecosystems and agricultural soil health
management. Due to climate change and the usage of chemical fertilizers, plants are exposed to severe
drought, salinity, and heavy metal abiotic stressors. The aim of this review is to provide an overview of the BC
production which cover the major feedstock materials, synthesis techniques, influence of BC on
decomposition efficacy in soil and fertility improvement from the perspective of sustainable crop
improvement. Also, uniquely emphasizes on utilizing BC in ameliorating crop growth and development from
various abiotic stresses. Further, this review supports plant and agricultural researchers to understand the
importance of BC in plants development, sustainable agriculture and cope with the environmental problems.
Moreover, this review distinguishes the information crevices and recommends future viewpoints for the
commercialization of BC applications on large-scale with the cutting edge technologies.

Keywords: Biochar, Decomposition, Soil fertility, Crop improvement, Abiotic stresses
Correspondence: jstOry@korea.kr (063-238-6354)

Acknowledgement: This work was carried out with the support of “Agricultural recycling and utilization of
Solanaceae vegetable byproduct (Project No. PJ017152)”Rural Development Administration, Republic of
Korea. This work was supported by 2023 the RDA Fellowship Program of National Institute of Horticultural
and Herbal Science, Rural Development Administration, Republic of Korea.
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Effect of Biochar Application on Reducing GHG Emissions in Apple Orchard

AbztEollA HIO|2XE AIZ0| 2471A =0l D|X|l= Fe

Seung Tak Jeong*, In-Bog Lee, and Pyoung Ho Yi

e, olQli, o|gs

Horticultural and Herbal Crop Environment Division, NIHHS, RDA, Wanju, Korea
BEAEH Y EATEY Ul E 37}

Incorporation of organic residue can significantly increase greenhouse gas(GHG) emissions in arable land
and pruning branch is one of representative residue in orchard. The stabilized organic matter(OM) like biochar
is recommended to suppress GHG emissions in arable land. However it is unclear how much GHG emissions
can be reduce with application of biochar compare to that of fresh pruing branch in Korea apple orchard. In this
study, to compare the effect of biochar application on reducing GHG emissions, biochar treatment which was
originally from pruning branch was selected as the main treatment, and no treatment and pruning branch
treatments were added for comparison. Every once a week, emissions of three main GHG gases were collected
using closed chamber method and analyzed using gas chromatography. Patterns of GHG emissions were
similar among the all treatments. Most carbon dioxide was emitted within 80 day after OM incorporation.
Cumulative GHG fluxes was significantly increased in pruing branch treatment compare to no treatment, but
biochar treatment did not increased cumulative GHG fluxes compare to no treatment. Biochar application
reduced GHG emissions approximately 30% compare to pruning branch application. Therefore, biochar
application is one of effective method to reduce GHG emissions in apple orchard.

Keywords: pruning branch, biochar, apple, greenhouse gas emissions, carbon oxide
Correspondence: jstOry@korea.kr (063-238-6354)

Acknowledgement: This work was carried out with the support of “Development of soil carbon

management strategies for maintaining sustainable horticultural crop production against global climate
changes (Project No. RS-2020-RD008517)’Rural Development Administration, Republic of Korea.)
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Figure. Carbon dioxide emission rates with different organic matter addition in apple orchard.

- 243 -



G R -

=
[

| 202395 SI2EQFH|2ot3] M55k}

o

~O

__AO
o0

Hr
00

of
oF

Pl
Al

Bl

o
™

o
ol
3!

Ho
nl

at

HZ 166 =
063—226—7335, FAX : 063—226—7335

. ksssf249@naver.com

2t x : TEL :

g

E—mal

http://www ksssf.org

:

)0il 0| THE

Kk

=)




20234 st=E2H|=stz|

MIS52t 32 2 Y719tz

3|\ 2| AE

HaliztehE) (F)ZH|

@nsts @B
stZH| 2 33| et &lst
- bt -

717|1HA|S|AL 2|AE

gAZiat Az|ot H|YE A 2|0KF)
FEEC Moieto|F)
EATAA Qor|H
@71 (FEf 1}

CEL] - ket -




2P ARIS| THAIS
aohE 11, EE=E0H

W0} Ajo, olpiny, se ofos ojfy, e
ISHME), F2, LHuCiol B Bl an

FNEHE EYHEH Yy

"-:"F—‘H_\-h'"--\.. %
HHHHH ey B
[ 5 | T
) e
!I 'Z_‘}'_’.' I| LR F R -
= o, i'_ S
Hoj= b2 w71 b= L] scra
g bl PAMRE EUA| b R Sl Bed Ny - T W e, 2lH 183
2533 3 (ZIR=] A= HAAE L B

‘ﬁ PISEY By MBS S22 M202 58 37, SHUE 45 www.khhe.cokr




www.pungnong.co.kr

S, 219] SHIAL — QSH|E
JESHUEE sYUSEE T SUHESH|!

A faithful companioni{true friend) of farmers = NPED
Making the agricultural environment smarter with precision agriculture,
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