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VI. SUMMARY

I. Development of Cultivation Technology for Environment-friendly

Agriculture for Rice, Pepper, and Ssamchae Vegetables <Theme I>

1-1. Development of cultivation technology for environment-friendly agriculture in rice

The rice varieties above yield of 500kg/10a and of high quality were Onnuli and Dongjin
1, and Hopyengbyeo and Ilmibyeo in the organic culture. The control value of bakanae
disease was 92.9% when dried seed was treated for seven minutes by 65°C water, and then
for 48 hours by 30C in the 100 times of Nano-seed. Raising seedling period suited to
friendly environment culture of rice was 30~40 days(100g/box) and proper planting density
in the tillering type (Hopyengbyeo) was 30x18cm(about 60 plant/3.3m’). The proper throwing
time and amount of golden apple snail of medium size was 3kg per 10a in the five days
after transplanting, 6~7kg per 10a in the ten days after transplanting, and 7kg per 10a in
the fifteen days after transplanting. The proper throwing time of golden apple snail of small
size(2,000 piece/kg) was right after puddling when considered weed control effect, damage
ratio of rice, and economic conditions. The foliar application effect of physiological active
substance for nutrient management in the late stage of rice plant was order carbon dioxide

titan > plant nutrient > rare-earth element.

1-2. Development of cultivation technology for environment-friendly agriculture in red

pepper

Green manure crop was able to substitute for absorbed mineral nutrient contents in red
pepper. Cultivation soil of green manure crop reduced soil salinity and increased pH. After
reverting green manure crops pepper yield of the green manure crops increased
approximately 7~23% compared to untreated green manure crops (4,193 kg/10a). Yield of
the Choyang red pepper and Nokkwang fresh pepper was improved at planting density of
1,940~1620 and 1,540~1949 plants/10a, respectively. Rain shelter cultivation of
environment-friendly pepper were not susceptible to anthracnose and yields were 2-times
higher than tunnel cultivation. Pepper fertilizer was suitable at 20~30 days after flowering
period. Marketable fruit rate improved 4~28%, and disease and aphid occurrance was
reduced at environment-friendly cultivation grower with self-manufactured materials.
No-tillage cultivation both for one-year and 2-year increased in yields by 10%, reduced
management cost and thus increased farming income. No-tillage cultivation improved soil
properties compared with tillage cultivation. Aerobic bacte7F and Actinomycetes
significantly increased in soil of no-tillage cultivation compared with in that of tillage

cultivation but the mold reduced.
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1-3. Development of Cultivation Technology for Environment-friendly Agriculture in "Ssam"
Vegetable

The cultivation techniques developed for organic agriculture and pesticide-free cultivation
of ‘Ssamchae’ vegetables. The alternative materials for chemical fertilizers and synthetic
pesticides ~ were  screened  from the commercially available  products  for
environmental-friendly cultivation. By investigating of characteristic for varieties collected on
lettuce, leaf perilla, chicory and kale, the variety and cultivar were selected for a proper
cropping system on pesticide-free and organic cultivation. For organic seed production, seed
sterilization technology was developed. For lettuce and leaf perilla of ‘Ssamchae’ vegetables,
the development of alternative technologies for chemical fertilizers wusing organic manure
solution and green manure crops to improve soil fertility and nutrient management
technology has been established. The environmental management methods of plant density
and shading cultivation for lettuce, and the irrigation method and light condition of LED

cultivation for leaf perilla were demonstrated.

1-4. Screening of functional ingredients and raw-material preal ation for formulation of

eco-friendly biofertilizer

The density of AMF spores was found to be relatively higher (> 200 AMF spores/fresh
soil 30g). The predominant AMF spores were identified as Glumus clarum, G.mosseae, G.
viscosum and A. morrowige, which were effectively proliferated by Open Pot proliferation.
On AMF inoculation at nursery stage of hot pepper seedling, the plant height, leaf number
and leaf area of hot pepper seedlings increased and yield of red pepper was 46% higher
than that of control.

Yield of leaf perilla increased by 17%, 25%, 31%, and 33% in treatment of seaweed
extracts, seaweed extracts plus colloidal chitin, seaweed extracts plus zeolite extracts, and
seaweed extracts plus colloidal chitin plus zeolite extract, respectively. Leaf fresh weights of
lettuce increased in 5.7~35.4% in the zeolite-applied fields (1,312 - 1,681 kg/10a) than in
control (1,242 kg/10a).

N, K-loaded Zeolite Basal Dressing(NK-ZB) and N, K-loaded Zeolite Chitin-Basal
Dressing(NK-ZCB) were prepared and applied. In kale cultivation, the accumulated-leaf
fresh weights of kale in NK-ZCB and NK-ZB treatments were 21184 and 21113 g plant”,
while that of kale in the control was 2018.0g plant”. Foliar application of 3 kinds of sulfur
compounds (methyl sulfonyl methane, MSM, dimethylsulfoxide, DMSO and KjSO,) at a
300ppm in 1-week interval after transplanting of hot pepper seedling improved plant
growth and increased methionine content in red pepper. In garlic cultivation, effects of the
treatments of AMF, seaweed extracts, seaweed extracts plus colloidal chitin, seaweed

extracts plus zeolite extracts, and seaweed extracts plus colloidal chitin plus zeolite extract,
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were also investigated on growth, yield, microbial population, the macronutrient and

micronutrients contents in garlic plants.

II. Analysis of Biological Activity of Environment-friendly Cultivated Crops
<Theme II>

2-1. Analysis of biological activity of environment-friendly cultivated crops - Evaluation

of antioxidant activities

After harvesting, environment-friendly cultivated crops (EFC) and conventionally
cultivated crops (CCC) crops were extracted with 70% methanol. Total phenolic compounds,
tflovonoid contents, biogenic monoamines, and serotonin derivatives were measured in EFC
and CCC peppers extracts. EFC pepper had higher total phenolic compounds, flavonoid
contents and showed higher radical scavenging activity than those of CCC pepper. The
levels of serotonin and feruloylserotonin in EFC pepper were higher 2-4 fold than those of
CCC pepper. To compare the antioxidant activities between EFC pepper and CCC pepper,
HepG2 cells were treated with various concentration of the extracts and followed by 1 mM
H>O: treatment. EFC pepper showed higher protective activity against oxidative stress
induced-cell death and inhibition of intracellular ROS generation than those of CCC pepper.
EFC pepper inhibited lipid peroxidation more effectively than those of CCC pepper. To
analyze antioxidant activities of rice bran extracts, HepG2 cells were treated with various
concentration of rice bran extracts. Organic Hopum and Hopyeong stimulated the cell
growth and strongly prevented cell death induced by oxidative stress than those of CCC
rice brans. To analyze the effects of crops on alcoholic derived liver disease, HepG2 cells
were treated various concentration of ethanol and analyzed the cell toxicity and intracellular
ROS generation. Pepper and green leafy extracts prevented ethanol induced cell death and
reduced intracellular ROS generation, however, the difference between EFC and CCC crops
was not detected. Lettuces extracts inhibited the activation of PARP and caspase3, which
are involved in apoptosis, induced by ethanol treatment on HepG2 cells. Taken together,
these results suggest that EFC showed stronger antioxidant activities than CCC, and thus
represent evidence that EFC with biocontrol materials may improve the functional
properties of crops and/or secondary metabolites with antioxidant activities when compared

with conventional agricultural practices.

2-2. Analysis of biological activity of environment-friendly cultivated crops - Evaluation

of anti-diabetic activities

This study was conducted to elucidate the anti-diabetic activities of environment-friendly

agricultural products using in in vifro model systems (mesangial cell, podocyte, hepatocyte)
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of metabolic syndrome (diabetic nephropathy & fatty liver) for the application to diabetic
nephropathy and fatty liver. The extracts of environment-friendly cultivated pepper have
more strong preventive effect against high glucose (or palmitic acid)-induced activation of
fibronectin, Akt, and ERK in mesangial cells or podocytes than those of conventionally
cultivated peppers. Using proteomics, proteins involved in the preventive effect of
environment-friendly cultivated peppers in vitro model of diabetic nephropathy (i. e:
moesin, pre-mRNA-splicing factor SLU7, gamma-glutamyltranspeptidase 1 precursor,
cathepsin L precursor, F-box only protein 6 and transgelin) were elucidated. The extracts of
environment-friendly cultivated peppers have more strong preventive effect against palmitic
acid-induced apoptosis and alteration of p38 MAPK, JNK, Bax, PERK, and Bcl-2 in
hepatocytes than those of conventionally cultivated peppers. Proteins such as collectin-12,
UDP-glucose 6-dehydrogenase, glutaminase liver isoform, microtubule associated protein 6,
WW  domain-containing oxidoreductase, Zn finger protein 94 and protein UXT were
involved in the preventive effect of environment-friendly cultivated peppers in vitro model
of fatty liver. Both the extracts of EFC lettuce and CCC lettuce did not prevent the
dysfunction of in in vitro model of diabetic nephropathy and fatty liver. There was no

preventive effect of two groups of perilla leaves in in vitro model of diabetic nephropathy.

2-3. Analysis of biological activity of environment-friendly cultivated crops - Evaluation

of immunomodulating activities

To examine whether environmentally friendly cultivated crops (EFC) provide greater
beneficial effects on immune functions than conventionally cultivated crops (CCC), the
immune modulating activities between the two groups were compared by using both in
vitro and in vivo (ex vivo) experimental systems. EFC capsicum showed significant
lowering effects on the production of IL-4 and IL-13 in PMA-ionomycin activated RBL-2H3
cells, a basophilic mast cell line, which was more potent than capsicum. In activated T
cells, EFC Hopyong, Woonkwang and crown daisy reduced the production of IL-4, while
lettus significantly increased IL-2 production, and their effects were more potent than CCC
crops. To evaluate the in vivo effects for immune cell activation of EFC, we examined the
production of cytokines and immune cell activation in murine peyer’s patches (PP) after
oral administration with capsicum extracts. The leo es of cytokines including IL-2 and IFN-
¥y were dramatically increased in the cells from mice treated with EFC capsicum. Data from
FACS analysis indicated that EFC capsicum significantly increased the CD3 positive and
CD19 positive cells in PPs. Furthermore, the percentages of IL—2+/ CD4" T cells were
significantly increased in the EFCC treated group. HPLC analysis revealed that the specific
peak at 405 nm was increased by 4-5 folds in the extract from ECC capsicum compared
with that of CCC. Oral administration of the isolated compound (EF-1) from the peak
showed the same effects as demonstrated in EFC capsicum treated mice, indicating EF-1

might be an active compound. The production of IL-2 and IFN-y as well as the
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percentages of IL-2°/CD4" cells in preyer’s patches were significantly increased compared
with the control. Our data suggested that EFC has immune modulating activities and

greater beneficial effects on immune cell activation as compared with CCC.

2-4. Quality evaluation of environment-friendly agricultural products with respect to their

functionality and favour

Agricultural products collected from Jeonnam area were evaluated their physiological or
functional properties like pH, hardness, total acidity or functional compounds content such
as antioxidant compounds, polyphenols, or flavonoids for pepper, pear, strawberry,
tomatoes, apple, citron, and Bujiwha. EFC pepper showed higher values on hardness,
chlorophyll, amino acid content, capsaicine, total phenol, antioxidants, NO scavenging
activity, compared to conventional pepper. Organic rice showed higher quality with lower
amount of protein or amylose, and lower pasterized value, and showed higher functional
properties such as anti-lipid peroxidation, phytic acid content, NO scavenging activity or
antioxidant activity. No pesticided lettus showed higher product quality with higher content
of sugar or, chlorophyll but safer with lower NOs;-N content, compared to conventional
lettuce. It also showed better functional properties with anti-lipid peroxidation, catechin
content, NO scavenging activity or antioxidant activity. No pesticided crown daisy and
perilla leaves showed lower NOs;-N content, but higher NO scavenging activity, anti-lipid
peroxidation or antioxidant activity. No pesticide-treated green tea showed higher amount
of total nitrogen, theanine, free amino acids, chlorophyll as well as the better function with
anti-lipid peroxidation, catechin content, NO scavenging activity or antioxidant activity,
compared to conventional green tea. Green tea exposed to CO: gas contained 10 times

higher amount of GABA than conventionally processed green tea

IMl. Development of Integrated Crop and Livestock Farming Systems Models
for Natural Cycling Agriculture <Theme III>

3-1. Analysis of compost-based nutrient cycling structure in natural cycling agriculture

system

The objective of this study is analysis of compost-based nutrient cycling structure through
forage — livestock — manure — soil in natural cycling agriculture system by conducting
integrated studies on composting technologies, compost utilization, compost-based nutrient
cycling structure analysis, and improvement of the nutrient cycling structures. During the
composting, up to 30% of total N was lost, and it was found that by addition of acidic
phospho-gypsum and zeolite with a high NH; sorption capacity could reduce N loss via

NH; volatilization by 45%. In a column experiment with three soils and seven composts, it
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was suggested that total N and mineral N concentrations, and C/N ratio of the composts
could be used in predicting compost N release potential. Through a series of studies on
compost application on forage (sorghumxsudan grass, barley, rice, Italian rye grass, maize)
production, it was suggested that maize is the most economic forage crop in both terms of
dry matter yield and nutrient uptake efficiency. Among various green manure crops, it was
found that crops with a higher N supply capacity were hairy vetch and pea for legume
plant, Italian ryegrass for grassy plant, and rye-pea for mixed crops. Analysis of nutrient
cycling structure and nutrient balance of cropping system for natural cycling agriculture
suggested that rice-Italian rye grass system and maize-Italian rye grass-canola are the most
adoptable cropping system for paddy and upland, respectively in both terms of cattle head
and nutrient balance. Combing all the above results, 'nutrient management manual for

natural cycling agriculture; was developed.
3-2. Forage production technique under natural cycling agriculture system

The aim of this study is development of forage production technique for natural cycling
agriculture system. Specifically, paddy and upland cropping system for forage production
and silage making technique using the produced forage were developed, a natural cycling
agriculture model linked with the developed forage cropping system was evaluated, and a
cropping system for the enhancement of nutrient productivity per area was also suggested.
Through a series of a cropping systa various forage crops and local farms, annual dry
matter (DM), crude protein, total digestible nutrient (TDN) productivity, livestock allowance,
and organic manure reception per area in the given cropping system were assessed. When
rice plant is fixed as summer crop of the cropping system in paddy land, it was very
limited to increase total annual nutrient vyield because crude protein and TDN yield of
whole crop rice was largely lower than those of other summer crops. All cropping systems
with sudangrass as as a summer crop showed 2.5 to 3.6 fold higher TDN yield than whole
crop rice-barley cropping. Among cropping systems used sudangrass as a summer crop,
sudangrass-rye and sudangrass-Italian ryegrass combinations were recommended. It was
evident that DM, crude protein, and TDN yield could be greatly increased by introducing
to continuous cultivation in the cropping system. Total TDN yield in corn-corn-rye
combination was 31.6 ton/ha, corresponding 4.5 fold higher than rice-barley combination in
paddy land. It was estimated that animal allowance per ha could be increased to 20.1
head/ha (on the basis of 300kg live weight of steer with 0.8 kg of daily gain) and more
than 20% of manure might be applied under corn-corn-rye cropping. For these reasons, an
introduction of two continuous cultivation into the cropping system is strongly

recommended to establish organic cycling based-agriculture.

3-3. Model development for cows cattle farming (Hanwoo) in natural cycling agriculture

system
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This study was conducted to develop Hanwoo (cows and steers) farming facilities suitable
for southern Korea and to investigate feeding effect of forage produced in natural cycling
agriculture system on the reproducibility of Hanwoo heifers and cows. In this study, cattle
shed (100 heads) including play ground and rangeland for natural cycling agriculture
system was designed. Effect of feeding of whole-crop barley (WCB), sudangrass (SG), and
Italian ryegrass (IRG) silage on the reproducibility of Hanwoo heifers and cows were
investigated alternatively through three years. Feeding of WCB, SG, and IRG silage resulted
in the reproducibility compatible to the conventional feeding in terms of days to
post-partum insemination, days to post-partum conception, post-partum conception rates,
caving interval, and body condition scores. Investigation of the feeding effect of SG and
WCB on growth performance and meat quality of Hanwoo steers showed that feeding of
SG and WCB could produce meat as good as conventional farming because backfat
thickness and marbling score were similar. Combining all the results, "Hanwoo farm

management manual for natural cycling agriculture. was developed.

IV. Investigation into Activity in Disease and Pest Control of

Environmental-Friendly Materials and Development <Theme IV>

4-1. Investigation into activity in disease control of environment-friendly materials for red
pepper, rice, perilla and lettuce; Screening for biocontrol agents against plant

diseases and development of manual for the control

This study was performs to evaluate the disease control activity of various
environment-friendly materials from commercial markets, to screen microbes for biocontrol
agents, and to develop a manual for disease control. Out of 24 commercial products from
10 companies, 5 showed to have in vitro activity in disease control. The products contain
GARS, DrP, TOP, DOR and KKA and they showed antibacterial and antifungal activities.
On the other hand, in the field test, MAI and GL products showed high activity against
red pepper wilt while GL, COZ, QPA and HaT against powdery mildews. In addition, TS
and YS were active against rice blast and sheath blight while TS and DP against leaf
brown spot. In the course of field testing and consulting for farmers, two important plant
diseases were firstly reported to cause stem blight on perilla caused by Corynespcre cassiicola
and leaf blight on rice caused by Pantoy magglomerans. Through in vitro and in vivo study,
a bacterial strain has been selected as a candidate for biocontrol with wide control
spectrum against powdery mildew, wilt, blights and rice blast. The liquid culture of the
active strain also was shown to have plant growth promoting activity on vegetable crops

including pumkin and pepper.
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4-2, Evaluation of environment-friendly agricultural materials and development of
biological control method for phytopathogens of Capsicum annuum L., Perilla
frutescens, and Oryza sativa L.

To establish a biological control manual for crop cultivation, environment-friendly
agricultural materials were tested in greenhouse for Capsicum annuum L. and Perilla
frutescens crops, and in field for Oryza sativa L. crop. Total yields of pepper (Chungyang) at
the cultivation with conventional practice and environment-friendly agricultural (EFA)
materials were similar as 1,148 kg and 1,187 kg/10a, respectively. As for candidates of
biocontrol agents, Phythophthora capsici, Bacillus thuringiensis GS1 and Leclercia adecarboxylata
MGS815 were isolated and identified. When treated green perilla (Manchew) with chitin
fertilizer (CF), and chitinase-producing microorganism (CM) treatment in greenhouse, plant
hight, node number per plant and yield of leaves were slightly higher in CM treatment
compare with other treatments. CF and CM treatment also effectively prevented Sclerotiose
and Downy mildew incidence. Chitinase activity in leaves of green perilla was the highest
in CM treated plants. On screening strains against phytopathogens of green perilla,
Glucoacetobacter liquefaciens BW1 and  Leuconostoc mesenteroides BW2 were isolated and
identified. As for chitinase-producing bacteria, Lysobacter enzymogenes MGI18S and
Pseudomonas  entomophila MG23S were isolated and identified. The incidence of leaf rice
blast (Hopyung) was lowest of 1.11% and 2.27% when Wolgum extract treated at 1st and
2nd sampling, respectively. The incidence of neck rice blast was lowest of 1.3% in plants
extract treatment. The incidence of rice sheath blight was the lowest of 1.53% in bordeaux
mixture treatment. The incidence of bacterial leaf blight was lowest of 1.4% and 4.6% in

vitamin treatment, respectively, at 1st and 2nd sampling.

4-3. Microbial analysis of environment-friendly agricultural agents and application of

useful microbes

From the analysis of the 165 rRNA genes, the bacterial isolates were assigned to Bacillus
sp. (51 strains), Microbacterium sp. (7 strains), Streptomyces sp. (10 strains) and 13 other
genera. Proteobacteria included 7 genera, Firmicutes 4, and Actinobacteria 5. Eleven strains
belonged to Proteobacteria, 51 strains to Firmicutes and 23 strains to Actinobacteria,
respectively. Among 290 strains isolated from soil and chili pepper plants, strains exhibiting
antagonistic activities against pepper anthracnose was screened. Eight strains in total were
selected, 7 among them were from soil and 1 from the pepper root. The root isolate
showed better antagonistic activity than soil isolates. From the T-RFLP and DGGE analyses,
no significant differences in bacterial and fungal compositions could be onserved and among
control, CC and EFC fields. The density of active microbial agent Bacillus spp. did not
increase in the first two months, but constantly increased in the third month in EFC field,

Thus it is advised to treat with biocontrol agents each month for 3 times to soil. The density
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of F. oxysporum was lowered in EFC field. In contrast, the density of R. solani was lowered
only in CC field. The biocontrol agent Bl did not significantly change in the density of plant
pathogenic fungi except for F. oxysporum. Using the selected anthagonistic microorganism,
Bacillus subtilis strain 7-011, Chengyang pepper seeds were coated. The dried seeds were
then kept in the dessicator. As a result, the initial coatin of seed density was 10° cfu/seed,
which was dropped to 10° cfu/seed after preservation for 3 weeks. The density in the
sprouting seed rhizosphere was also at 10° cfu/seed and maintained after 6 weeks. The
stability of the commercially marketed biocontrol products have been checked over a period
of three months.

4-4. A research for the composition of environment-friendly pest-control manual: Control

of pest moths occurring in facilitated pepper, vegetables, and rice plantations

This research was carried out for the practice of eco-friendly agriculture (EFC) for the
facilitated pepper plantation, facilitated vegetables plantation, and rice plantation. The
indoor-rearing systems for the diamondback moth, the tomato cutworm, the perilla leaf
pyralid moth, the greenhouse whitefly, the sweet potato whitefly, the turnip aphid and so
on were established and stabilized. Forty-two EFC specific for the control of the pest
species, particularly for moths (a total of 86 EFC for 6 pest species) were tested using the
insect pest stabilized indoor. There are several EFC materials that are effective to the young
ages of moths, but these were difficult for the control of old caterpillar. In the case of
whitefly, most of the EFC materials were low in their control efficacy. Based on the early
monitoring practice and non-pesticide based agriculture, EFC manuals for the facilitated

pepper, lettuce, perilla leaf, and rice plantations were published.
4-5. Development of an applicable manual for aphid control in greenhouse pepper plants

The agents tested were derived from plant extracts and microbial materials. Seventeen
agents that are commercially available were proved to exhibit more than 80% mortality
against green peach aphids (Myzus persicae) under laboratory conditions. Among them, only
five agents were shown to exhibit more than 80% mortality against aphids under
greenhouse conditions. Twenty plants available in Korea were dried and extracted in
ethanol and examined at 1,000 mg/L for aphid mortality. Among them, only two extracts
trom Cudrania tricuspidata and Sophora flavescens showed more than 50% mortality against
Myzus persicae. Two botanical insecticide, derived from osthole plus pyrethrin plus neem oil
plus derris that were combined with soybean oil and acorus oil in food-acceptable
surfactants, were developed and commercialized by a domestic company. They showed
more than 90% aphid mortality under laboratory conditions and more than 80% under
greenhouse conditions. An entomopathogenic fungus named Lecanicwlliver ttenuatum CNU-23

was examined as a biopesticide for aphid control in greenhouse pepper plants. CNU-23
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was

grown in potato dextrose broths to produce blastospores at 10°-10°/mL. The harvested

blastospores were mixed with 0.2% soybean oil fatty acids and examined for aphid control

under both laboratory and greenhouse conditions. More than 90% aphid mortality was

obse

rved 10 days after application of CNU-23. CNU-23 showed 3.72 day of LTs; which

represents the time required to reach 50% mortality. CNU-23 controlled successfully aphid

populations and commercialized by a domestic company.
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