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SUMMARY

. Title

Development for quality, high yield production and labor-saving culture of leaf

perilla around Nakdong River

. Objectives and Significance of the Reserach

Perilla as an oil seed plant has long been used for food, paint, varnish and
printing ink, and industrial raw materials. Recently, the usuage is expending to the
snacks(Kang-Jung) and tea(Perilla tea). Perilla leaves have a fragrance named
perilla keton. Perilla contains free amino acid, vitamins(C and B2) and inorganic
substances(K and Ca). Thus, it is popular regardless of seasons. No import for
perilla has been made, whereas export of perilla seed occasionally occurred for
koreans in abroad. Furthermore, due to the development of processed commodities,
the perilla is expected to be a high quality commodity as an exporting item.

Most studies regarding perilla were focused on the aspects to improve cropping
system (to increase seed number and oil content, and improvement of the quality
of oil) and variety, but almost no study has been made regarding to the "leaf
vegetable". Although some occasional researches to improve th quality of perilla
variety (such as control of flowering, photoperiod, light interruption, and seed
breeding) were made, no systematic research has been made regarding to the "
leaf vegetable" over a various aspect. Thus, informations on fertilizer application
level, planting density, seedling method, and seedling time are not well established
currently.

Agricultural medicines and chemical fertilizer decreasing fertility of soil and

occurrence of blight are excessively used by crops replanting. earthworm and
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spider are covered up tracks. soil power is decreased by acidity of soil and also
agricultural productivity is dropped. as soil is becoming acid, absorptive function of
salts decreased. nitrogen fixing is not fixed by microbe. in deceasing crops resist
power for blight, productivity is largely dropped. as a result of using agricultural
medicines and chemical fertilizer, ruin of soil is accelerated. they are used of sail
gathering, heaping and bring from another place in order to improve. in case of
foreign, sunflower makes used of removal of heavy metal and another pollutants.
this study was conducted to elucidate the growth characteristics of perilla by
organic compost and fermentative microbe.

Today vegetable perilla was selected by cultivation experiances of leading
farmers, not by planed breeding process.

Therefore the researcher selected varieties in the country and raised them by
isolation. The investgator also analyzes gentic component, heritability, gentic
correlation and path coefficient related with the leaf productivity. After that, the
research worker selected varieties proper for the lower Nakdong river.

The damage in the leaf perilla has greatly been increased because of the
direct effect of the increased density of plant parasitic nematodes within soil due
to continuous annual culture and the indirect effect mediated through plant
pathogenetic micro-organisms. In fact, the investigation of nematode density
during the spring cropping (December-March 1995) at the severly damaged soil
revealed extremely high density of the nematodes. To control these nematodes
most farmhouses abused various insecticides, such as Deltamethrin, Primi-
phosmethyl, Cypermethrin, Aalphamethrin, Phosphamidon, Primicarb, Acephate,
Dichlorvos, Esfenvalerate, Hydrocarbon, Dichloropropene dichloropropane, and
Ethylen dibromide. This unwise use of insecticides is seriously threatening the

safeness of leaf perilla as a raw food, is causing negative effect to the plant, and



is contaminating environment.

In advanced countries, the biological control is replacing the chemical control,

which is known to cause a several problems as exemplified above, and some of
the biological controls using some agents are in effect under practice. For
example, BT (Bacillus Thurininensis), which was first developed in USA has been
widely utilized to control the butterfly and moth species, and natural enemy has
been introduced to control mite species. However, the nematodes dwelling in sails
are difficult to control using the biological control because of their ecological
characteristics. Thus, the research to find out a proper method to control the
nematodes are urgent. The most prevalent biological control for nematodes
includes crop rotation and mixed cropping as well as utilization of microorganisms
and plants. For example, Crotalaria, Guinea grass, Asparagus, Marigold, and
Pangola grass are known to produce toxins which affect the growth of soil
nematodes. A few countries including Japan in fact are practicing crop rotation to
reduce the plant parasitic nematodes, suggesting the success possibility of the
biological control against nematodes. However, in Korea, almost no through study
has been made regarding the biological control. Thus, this research is aimed to
develop the method of biological control, which can minimize environmental
contamination and cost by farmhouses, with the maximum preventive and control
effect.
Perilla for production of oil has been widely cultivated of perilla for production of
leaves dose not have a long history. The area for the cultivation of perilla for
leaves is restricted in Kang-dong near by Nakdong Liver and Milyang in
Kyungnam Province. Therefor, there is few reports on diseases of perilla, analysis
of damage from these disease controal.

According to survey from farmers cultivated perilla, several disease of perilla



occurred in all the parts of plants from seeding to harvesting. Most serious

damage is in the perilla of greenhouse due to a high incidence of diseases. There

is no ways for the disease control on the level of farmer individually. M ost

significant thing for persistent production of perilla should be to study on the

disease of perilla and develop the established method for disease control.

1

. Contents and Scope of the Research

Study on seeding method, seeding time, application level of fertilizer,
illumination and night lighting to increase leaf growth and yield and to save

the coast of production of leaf perilla.

. Development of optimal culture solution for growth of perilla a leaf.

. Development of replanting technology by using corn stalk, acorn and chestnut.

Collected perilla varieties in every region in the country and selected varieties
proper for the lower Nakdong river.

Occurrence of fungal disease like botyrtis, sclerotinia, alternaria etc. there's
isolation, identification, developed biocontrol and screening for antagonistic

bacteria.

. Investigation of the major parasitic nematodes on leaf perilla as the basis for

the biological control. In addition, examination of the biological control effect of
the nematophagous fungi through the indoor and fild test after the separation

of the fungi from the culture soil of the leaf perilla.

. Results of the Research and Suggestion for the
Application

Part 1. Study of cultural practice for the improvement of yield and quality in

leaf perilla.
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1. Changes of growth and yield components by the application of N, P, and K

Plant height and stem length were markedly increased as N increased in
different amount of fertilizer application. For example, in the plots of 6kg/10a and
9kg/10a of N, respectively, plant height and stem Ilength increased as the
concentration of P increases in a mixed treatment of P and K. From the
perspective of K, plant height and stem length increased as K increased. This
result was obtained up to the plot of 5kg/10a. However, this trend was not
observed in the plot of 10kg/10a. T hese results indicate that too much use of N
unusually increases plant height and stem length by advancing the growth stage,
causing difficulty in harvesting after the mid-late stage of growth. Furthermore,
as plant height and stem length became larger, it is apt to hurt the growth point
during harvest because of the weakened plant tissue.
2. Changes in growth and yield components in different seeding methods and

seeding date

Although there was no significant difference in seeding season, whether it is
open culture or summer season culture, there should be a through control of the
amount of fertilizer and temperature in a protective winter cultivation. Especially,
seedings in September and October required a special effort than other times,
because lowered temperature affect severely to the growth. Planting distance of
scattering and 5X5 cm/m?® are those that planted more than 200 plants. Thus, too
dense plants may have decreased the development and growth of the plants.
One-hundred twenty plants in 10X10 cm/m® could be proper for the development
and growth of the plants, although the yield per square meter was decreased
because of too low number of plants. Conclusively, 7X10 cm/m?, which allows
about 170 plants resulted in the best growth and yield components. T herefore, this

method is thought to be the best seeding distance.
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3. Response of growth and flowering by the illumination and night lighting in leaf
perilla
The best lighting duration during the winter time appears to be two hours or so
in the protected cultivation in winter. Especially, it would be recommended that

when the natural day-light reaches to 11- 12 ours, the lighting can be shut off.

Part 2. Field of replanting cause examination and fertilizer level
1. Effect of fertilizer level of organic matter on growth and yield in
perilla.

This study was conducted to survey some characteristics in growth of perilla
by fertilization level of organic matter. Corn stalk, acorn and chestnhut were used
as organic fertilizer in this study. In the height of perilla, chestnut fertilizer with
880kg/ 10a that R® is 09996 showed the height level, and followed by acorn and
corn stalk in order. Number of the harvested leaves was the highest in acorn
among the three organic fertilizer by chestnut and corn stalk in order. However,
number of the harvested leaves continuously was the highest in chestnut. Weight
of a leaf was more effective at three kinds of organic fertilizer than control. T here
were no difference in the rate of dried leaf weight according to kinds of organic
fertilizer. On the other hand, the rate of dried leaf weight by growth period was
different. It was found that the rate of dried leaf in 30days or 110days. Diameter
of perilla stem at 30cm above the ground according to kinds and fertilizer level of
organic fertilizer was surveyed. However, the difference was not detected in this
study.

2. Effects of fertilizer level of organic matter and environmental condition on

growth in Perilla frutescens

This study was conducted to elucidate some characteristics on the growth of
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perilla by fertilization level of organic matter and environmental conditions in
growth chamber. Corn stalk, acorn and chestnut were used as organic fertilizer in
this study. The height of perilla increased with an organic fertilizer level of corn
stalk, acorn and chestnut up to 1700kg per 10a. Effect of organic fertilizer was
similar to each other. In the height, corn stalk and chestnut with coefficient of
growth curve that R® is 09994 were highly effective. Number of node in the
chestnut treatment was more than that of corn stalk and acorn. Diameter of perilla
stem at 30cm above the ground increased with an organic fertilizer level and
followed by acorn, corn stalk and chestnut in order. The rate of dry leaf increased
at 40 days in treatments of corn stalk and acorn, and decreased at 50 days. There
were no difference in the rate of dry for corn stalk and acorn.

3. Growth characteristics and change of inorganic element in the leaf of perilla

by replanting.

This study was conducted to elucidate the growth characteristics and change
of inorganic element in the leaf of perilla by replanting. The replanting injury in
the height of perilla appeared from the 2nd and 3rd year after replanting, and the
sickness of soil occurred from the 4th year. Number of node of perilla by
replanting was significantly affected to the middle stage of growth, but was
similar at the latter stage of growth. Weight of a leaf was the highest at the 1st
and 2nd year, and decreased with the replanting. Also, the rate of dry leaf
decreased with the replanting. In the content of inorganic element of the perilla
leaf by replanting, N in the leaf increased with the replanting, and K and S
decreased. However the content of Ca, Cu and Mn did not affected to replanting.

4. Effect of fertilizer level of manure and organic compost on growth in

Perilla frutescens

This study was conducted to elucidate the growth characteristics of perilla by
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fertilizer level of manure and organic compost. In this study, as the fertilizer level
of manure and organic compost increased, height of perilla was increased. L eaf
length was the longest in human manure and cattle manure, and leaf width was
the widest in Myoungsin-Bio. As the fertilizer level increased, the rate of dried
leaf weight was increased, but the real assimilation quantity was decided by
environmental factor. There were no difference in the content of inorganic element
of the perilla leaf. However, S in the leaf was low.

5. Effect of fermentative microbe and organic compost on growth and yield in

perilla.

This study was conducted to elucidate the growth characteristics of perilla,
Perilla frutescens, which was cultivated by mixture Fermentative microbe into
three types Organic compost. In the height of perilla, Daepung mixed with
Fermentative microbe showed the highest level and followed by Biochong and
Pungchag in order. Number of the harvested leaves were the highest in Biochong,
Pungchag and Daepung in order. Leaf length and leaf width were more effective
at the three kinds on Organic compost than Control. The rate of dried leaf weight
was decided by Organic compost, Fermentative microbe and Environmental factor.

6. Effect of fertilizer level of organic compost on leaf characteristics, leaf

number and replanting in Perilla frutescens.

This study was conducted to elucidate the leaf characteristics, leaf number and
fertilizing level in perilla, Perilla frutescens, which was cultivated using five types
organic compost with three level. Number of the harvested leaves was effective in
Heulgnara with 800kg/10a and Poongjag with 1200kg/10a at 70 days and organic
compost were the highest in Sarang followed by Heulgnhara and Poongjag in order.
Number of leaf harvested during the fifth times was the highest Poongjag

followed by Heulgnara and Sarang in order. Leaf length and leaf width were the
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highest in Poongjag with 1200kg/10a at 70 days. Simple method for calculation of
fertilizer level was N 6.09kg and Slaked lime 36.56kg in Heulgnara 100kg per 10a.
Recommendation level of chemical fertilizer in Heulgnara due to fertilizer method

was N 275.10kg, P 4.3kg and K 10kg per 10a.

Part 3. Studies of superior leaf perilla selection

These studies were carried out to obtain useful information about the effective
selection of vegetable perilla by estimating the genetic relationships of the
heritabilities, genotypic correlations, path coefficient, and selective index of
quantitative traits among eight agronomic characters in eight perilla varieties. T he
heritabilities were high as from 7296 to 9942 among germinating percentage, leaf
width, leaf weight, leaf size, plant height, stem diameter, the number of internodes
per plant, days to flowering, and the number of leaves per plant. The highly
positive correlations were showed among characters such as between leaf width
and leaf weight, leaf width and leaf size, leaf width and stem diameter, leaf width
and days to flowering, leaf weight and leaf size, leaf weight and plant height, leaf
weight and stem diameter, leaf weight and days to flowering, leaf size and plant
height, leaf size and the number of internodes per plant, plant height and the
number of internodes per plant, plant height and the number of leaves per plant,
the number of internodes per plant and the number of leaves per plant. T he path
coefficient analysis showed that each character as leaf width, the number of
internodes per plant, plant height, and stem diameter directly influenced the
number of leaves per plant and the characters as the number of internodes per
plant, plant height, and stem diameter indirectly affect the number of leaves per
plant. In the selection index the number of internodes per plant was the highest of

all the characters or the combinations of all the characters such as leaf width, leaf
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weight, leaf size, plant height, stem diameter, the number of internodes per plant,
and days to flowering. When substituted the observed of eight varieties for the
selection index, the selection scores were high in the order of Kwangyangibdulgae,
Oakdongjong, Hadongibdulgae, Chubujong, Ibdulgae#l, Gupoibdulgae, Milyangjong,

and Kungshinibdulgae.

Part 4. Studies on the pest management in the leaf perilla.

As the basis for the biological control, the major plant parasitic nematodes,
which damage directly and indirectly to the leaf perilla were investigated, and the
current control methods practiced at the farmhouses were searched. In addition,
the control effect of the nematophagous fungi were examined through the indoor
and field tests after the fungi were separated from the culture soil of the leaf
perilla.

The search for the current control methods practiced at the farms revealed
that, in part, soil organophosphorous pesticides, which applies to the control of the
root knot nematodes was treated before seedlings, and more than 70% of the
farmhouses avoided using the pesticides for nematodes.

The major nematodes in the culture soil of the leaf perilla were
H elicotylenchus sp. (23.6%) and Pratylenchus sp. (188%), which showed the
highest density before seedling of the leaf perilla, but there was a trend to be
dropped down subsequently. The nematodes found in the roots of leaf perilla
during the growth period was mostly root rot nematode, Pratylenchus sp.
Although the density of Pratylenchus sp. at soil dropped during the optimized
growth period of leaf perilla it was observed that the density of the nematode
intruded from the root somewhat increased. In comparisons between nematodes

density and production of leaf perilla according to the extension period of culture,
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the highest parasitic nematode density was observed in the soil of 8-10 years of
extension period of cultivation. Particularly, substantially high density of
Pratylenchus sp. was observed at the culture soil.

Among the fungi separated from the culture soil of leaf perilla three fungi
belonging to the genus Arthrobotrys showed positive effect to control parasitic
nematodes. T hey captured the nematodes by forming a typical constricting ring.
As a result of indoor pot experiments, the control effects were in the order of
Arthrobotrys oligospora (53%), A. conoides (43%) and A. dactylides (28%), and
these fungi turned out to provide some aid to the growth of the leaf perilla. No
difference was confirmed in the growth test based on the addition of the soil
amendment in the three nematophagous fungi, and the highest growth rate was
observed in the A. oligospora of the liqguid mass culture. In the field test of the
pellet of the three nematophagous fungi, a sharp drop of the nematodes density
was detected at the 10-20 days of treatment. In comparative tests to select
superior fungus, the superior control effect was observed in the A, oligospora and
A. dactyloides, and the control effect at the 40 days of treatment was 84.7% and

715%, respectively.

Part 5. Occurrence, isolation and identification of several diseases of perilla and
biological control by antagonistic bacteria
1. Occurrence of gray mold rot of perilla caused by Botrytis cinerea and
biological control
There are serious damages on perilla by a disease causing leaf blight and
slender symptoms on infected stems at Kangdong, Pusan and Miryang, Kyungnam
producing about 90% of total perilla production in Korea. The incidence of this

disease was 21.3-68.1% and 41% in average at Kangdong, Pusan in 1988. The
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symptoms of the disease appeared initially on the edge of the infected leaves, and
developed to the center of the leaves forming V -shaped brown symptoms. Under
high moisture condition, gray mold was formed on the surface of the lesions. The
infected stems were slender and were completely blighted up to the top of the
plant. Also, there were abundance of gray mold on the surface of the lesions
under the high moisture condition. The isolates, LVF12 and SD7, were isolated
from the aforementioned lesions showing the various symptoms, and the hyphal
disk and conidial suspension were inoculated on the healthy perilla. The symptoms
were typical with the naturally infected symptoms since those were initially
detected on the 7th days after the inoculation. The pathogenicity of the fungi
reisolated from the lesions was significantly different according to the infected
area on the plants. Those two fungi were identified as Botrytis cinerea based on
the morphological characteristics using a microscope and a scanning electron
microscope (SEM), cultural characteristics using the various cultural media, and
pathogenicity. The disease was then called gray mold disease of perilla. Response
of Botrytis cinerea in mycelial growth and conidial germination to the two
inhibitory bacteria, N1 and N4, in vitro allowed us to identify those as Bacillus
licheniformis and B. megaterium, respectively, on the basis of morphological,
physiological characteristics, and APl system on the 250 isolates isolated soil and
the surface of leaves. Application of B. licheniformis N1 and B. megaterium N4
effectively controlled the gray mold rot in a growth chamber test, showing the
control values of 95.3% and 86.9%, respectively. Treatment of B. cinerea 1-3days
before inoculation of the bacteria showed control value of 100%, and still a high
value was obtained from benomyl and biological control agents of B. licheniformis
in greenhouse test revealed 93.1% in the formulation and 90.4% in the cultured

nutrient broth of B. licheniformis compared with the benomyl, which showed a
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value of 86.1%.

2. Occurrence of leaf blight of perilla caused by Altanaria altanata and biological

control

The disease which symptom is to be dry up and change in color of the edge in
perilla leaves, specially old and located in low part of the plant cultivated in green
house recently occurred at Kangdong, Pusan and Miryang in Kyungnam Province.
The symptom of the induced disease caused by SDI isolate from this disease
lesions was identical with that of natural disease. Induced rares of disease with
conidial suspension of SDI in 10% tomato juice and potato dextrose broth (PDB)
were 100% and 60%, respectively. There was no disease induced with conidial
suspension in the sterilized water. The optimal temperatures of mycelial growth
and conidial formation were 25 and 30 , respectively. The pH of conidial
suspension did not affect on the mycelial growth. Optimal growth of mycelium
occurred in potato dextrose agar at 25  without light whereas the maximal
amount of spore showed in V8A agar. T he highest rate of gremination occurred in
10% tomato juice and its rate after 36 hr was 100%. T he length of germination in
10% tomato juice, which was 5352 |, was 9 times and 15 times as long as
those in the sterilized water and PDB, respectively. SD1 was identified as
Alternata alternata on the basis of morphological and physiological characteristics
and the diseases caused by A. alternata was named the leaf blight of perilla.

B. licheniformis N1 and B. megaterium N4 inhibited the mycelial growth and
germination of A. alternata, in vitro, which caused the leaf blight of perilla. Both
of bacteria showed highly effect to prevent and control the leaf blight in the pot
test with around 100% of control value. The water soluble biological fungicide
made of the beji extract as maor component and the culture broth of B.

licheniformis N1 showed 100% of control value against the leaf blight of perilla
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caused by A. alternata.

3. Occurrence of sclerotinia rot of perilla caused by Sclerotinia sclerotiorum and

biological control

The severe damage from a disease in the stem and leaves of perilla used for
food in a greenhouse nearby Pusan was reported. It's symptoms was damping off
in the stem and changing in color of leaves to light or dark gray, especially
developing soft-rot and formation of sclerotinia under relatively high humidity.
The ratio of this disease in Kangdong, Pusan ranged from 23.9% 8.1% and its
average ration was 13.9%.

The symptom of the induced disease caused by S2 isolated from this disease
lesions was identical with that of natural disease. S2 was identified as Sclerotinia
sclerotiorum on the basis of morphological, physiological, and pathogenic
characteristics with optical microscopic observation.

Previously confirmed antagonistic bacteria Bacillus licheniformis N1 and B.
megaterium N4 were used for biocontrol experiment. Bacterial suspension N1 and
N4 were inoculated with S2 isolate. Only N4 was expressed disease-suppressive
effect. Disease- suppressive effect were compared N4 formulation with benomyl in
a greenhouse. N4 formulation and benomyl with control values of 98.0% and

78.0%, respectively.

Part 6. Small metal ion effect on the harvest of perilla leaves in aquiculture

The perillas were cultivated to investigate for the small metal ion effect on the
harvest of perilla leaves in aquiculture system in the constant flow rate. The
perillas were undergrown at the condition of low concentration of KNO3 and
NH4H2PO4 as below 270ppm and 152ppm respectively. The high concentration of

the metal and non-metal cations of Ca2+, K+, NH4+, and the anions of NO3-,
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H2PO4- are influenced to the growth of plant length of perillas at the earlier time.
The low concentration of the metal cations of Mn2+, Zn2+, Cu2+, Na+, Mo+6 are
influenced to lower growth of perillas. The concentration of the cations of Ca2+,
K+ and NH4+ and the anions of NO3- and H2PO4- are affected the growth of
leaf length and width of leaf of perillas. The spectroscopic analytical results
showed that the perillas were growing rapidly in the period of 6 days from June 7
to June 12 by high amount of Mg2+ ion with accumulation inside perillas. The
crude protein, the crude fat and the hydrocarbon are accumulated in the leaves of
perillas by binding the inorganic with amino acids to provide the nutritions needed

for growth of perillas.

Part 7. Changes of growth and yield components based on densed cultivation of
leaf perilla
Although a higher planting density resulted in a low growth of the plant in a
early stage of the growth, there was no significant difference in the plant height
after July 13, the time of late part of growth stage. This probably may have
stemmed because plants were inhibited in growth by removing the leaves as the
growth stage progresses. Number of leaves were remained unchanged until the
seeding density increases up to 200 plants'm?, but the number decreased into 3.02
when the plant was seeded with the density of 250 plants'm®. There was a trend
that showing a decrease in leaf size as the density of the plant increases. There
was a trend showing that the yield components, such as leaf weight, leaf length,

and leaf width showed a decrease as the planting density increases.
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T able 1. Changes of plant length with amount of applied fertilizer N, P, K(cm)
5/ 13 713
Cco C1 Cc2 C3 mean CO Ci C2 C3 mean
BO 4491 49.15 4983 47.03 47.73 7100 73.00 76.80 6950 7257
Bl 4750 5107 4363 4487 46.76 66.70 73.25 6950 69.00 69.61
AO B2 46.00 4137 4083 47.13 4383 7400 6890 64.00 7167 69.64
B3 4193 4540 4585 4953 4567 78.00 74.00 73.20 7640 7540
mean 45.08 46.75 45.03 47.14 46.00 7243 7229 7088 7164 7181
BO 5580 5160 5160 5157 5264 8200 7383 80.00 7940 78.80
Bl 5477 5846 55.79 5287 5547 75.00 8633 75.13 7400 77.61
Al B2 5180 5146 5163 5360 52.12 81.00 75.00 6800 70.00 7350
B3 4127 46.71 4257 4650 4426 7740 7830 76.40 74.00 7652
mean 5091 5205 5040 5114 51.12 7885 7837 7488 7435 76.61
BO 5282 5233 52.00 54.07 5280 79.00 8040 80.00 8120 80.15
B1 5487 55.73 55.10 58.97 56.16 85.00 7567 8210 8100 80.94
A2 B2 5750 5546 56.07 59.04 57.01 84.00 75.00 83.00 84.00 8150
B3 5990 59.73 62.20 55.60 59.35 90.00 93.00 88.00 86.30 89.32
mean 56.27 5581 56.34 59.36 56.34 8450 8102 8328 83.13 8298
BO 6037 6220 6230 69.40 6357 87.00 86.07 93.00 96.00 90.52
Bl 6764 63.18 6183 6430 64.23 90.67 9150 90.10 89.60 9047
A3 B2 6173 6283 5990 6547 6248 9050 9550 9750 92.00 93.88
B3 6217 6843 6797 67.77 6658 99.00 106.50 105.70 104.50 103.93
mean 6298 64.16 63.00 66.72 64.22 9179 94.89 9658 9553 94.69
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T able 2. Changes of

stem

length with amount

of applied fertilizer N, P, K(cm)

5/ 13 713
Cco C1 C2 C3 mean CO C1 C2 C3 mean
BO 36.70 37.13 37.33 39.07 3756 60.00 6233 67.83 5990 6252
B1 3580 3893 3203 33.27 3501 5780 64.75 58.00 61.00 60.39
AO B2 3473 3003 28.70 34.80 3207 63.00 60.21 53.00 6330 59.88
B3 29.13 3103 36.37 36.83 3343 6000 63.00 60.70 67.20 62.37
mean 34.09 3428 3361 3599 3449 6220 6057 59.98 6285 6138
BO 4273 3920 39.00 39.36 40.07 74.00 6350 67.00 6650 67.75
Bl 4230 4586 40.11 4140 4242 6000 7633 6453 65.00 6647
Al B2 3993 39.00 39.80 4227 40.25 6200 58.00 62.00 62.00 61.00
B3 3487 3446 3127 2943 3251 6740 6940 66.20 6580 66.53
mean 39.96 39.63 3755 38.12 3881 65.18 6781 6393 64.83 6544
BO 3964 4127 3893 4220 4051 6950 6990 72.00 7040 7045
B1l 4200 4200 4257 46.60 4329 7100 6567 7350 74.00 71.04
A2 B2 4537 4282 4330 4596 4436 7260 65.00 76.70 75.00 7233
B3 4897 4733 49.03 44.10 4736 79.00 84.00 7940 76.10 79.63
mean 44.00 4336 4346 4427 4388 7303 7114 7540 7388 73.36
BO 4793 5197 5043 5267 50.75 7400 78.00 85.00 8450 80.38
B1 5523 5040 56.20 48.80 5266 78.67 7940 75.00 77.00 7750
A3 B2 4920 50.10 47.03 5250 49.71 82.00 87.00 8750 80.00 84.13
B3 4930 56.33 5353 56.33 53.87 9040 9350 90.00 92.00 9148
mean 5042 5220 5180 5228 5175 8127 8448 84.34 8338 8337
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T able 3. Changes of leaf number with amount of applied fertilizer N, P, K(No.)

A0

Al

A2

A3

BO Bl B2 B3 mem

BO Bl B2 B3 memn

BO Bl B2 B3 mem

BO Bl B2 B3 memn

C1

513 C2

mean

347260307347 3.15

3.27307333334 325

3.273.173.20400 341

2.702943.19340 306

318295320355 3.2

3674003.733.33 368

400369384368 380

3563.773.34344 350

364387357340 362

3.712383362344 365

3412843.19347 323

425280325280 328

353292307294 3.12

3673023.15380 341

3.7122893.173.25 326

340345327327 335

3.343053.14368 330

290327 3.15368 3.25

337305347318 327

35321326345 329

C1

63

mean

221200200220 2.12

2371216229213 213

214200227213 2.14

203220229224 2.19

219200221217 217

2002082.142.29 2.13

207220234207 219

200213233236 2.0

228234254207 228

209218234219 2.0

260254255270 2.16

200214221223 2.15

251240246236 244

200225214215 2.14

228237234236 233

292265268321 262

220236273262 247

2372872823.17 281

27 254264267 264

255200272267 263

C1

g3 C2

mean

3.553004.004.00 364

400400320300 355

3.20247300300 292

338246300360 311

353298330340 330

3573223503.00 3.32

3.703003.003.00 3.18

363285334450 358

2652703503.00 296

339294334383 3.6

3343003002380 304

3343502.753.15 3.19

3.143014.004.00 354

3563.143.753.00 3.36

3353.163.383.24 3.28

400334300338 343

395400400324 38

400317334273 331

234320300217 270

357345334288 331

C1

713 C2

mean

2002204.004.00 305

3.502003.004.00 3.13

400333400320 363

400300400263 341

3.382633.75346 330

3633.114004.00 369

400294400200 324

400285400267 338

2862504.00200 284

362285400267 3.9

3604.002404.00 350

380200200350 283

4001802504.00 308

3502001803.00 258

3.7132452.18363 299

2002003.33340 268

400400400210 353

400200277400 3.19

3.30200200255 246

333250303301 297
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T able 4. Changes of leaf area with amount of applied fertilizer N, P, K( )

A0

Al

A2

A3

BO Bl B2 B3 memn

BO Bl B2 B3 memn

BO Bl B2 B3 memn

BO Bl B2 B3 men

513 @

a3

498953.38514154.9 5242

53.56 725461865190 0.6

519447.1458.1757.16 53680

53.1746.22538156.1152.17

52.1454.8256.1655.04 4 A4

61.0654.30495 049 %24

55.0253.7089.77 107 01 71.38

554955475253 5006 5330

517162485702 5854 5744

560056495722 6877 061

63.716352565964.27 6202

62.2261.1576.3565.39 66.27

65.79628468.9065.57 65.78

5207 786967.8856.35 6350

609566.5567.4362.64 4.39

58576293 6180 7586 64.79

64506290 7055 7357 676

62.6667.60 112.74 7566 70809

60.8062.15 1458370328703

63916394 97.73 7385 7486

@

63 @

a3

634757 4466.2564.93 6302

61066004635377.686658

65075642625771806397

65.3358.1765.4663.22 6305

63.73580264.456041 630

645462856093 5789 6150

62.8066.734967 HA83 5861

620765965051 5887 0.3

630164015726 O51 605

63.136480%467 5703 60.10

50.35675767.5663.67 644

61.2564.5057.356254 6141

61.7058.2361.126242 6087

584567.20624454.46 604

60.1964.3862.1260.77 61.86

60.795047 6122 7965674

61858863 7356 7542 7A87

64527423 70.17 8583 7339

70926368 7801 8183 7361

66.777151 70.74 8088 7243

@

68

a3

67.0044.0285.6854.90 6292

654550.1850.1050.87 54.15

64.5357.75416654.24 5455

404958.32514844.7648.76

50.30525757.2351.1956.10

800861367534 78R 76.16

7098658157.14 52.14 6152

544352876697 5389 5704

5492508540 5271 662

67.3450976361 042 6258

54.275850525243.67 5224

56/0049.7349.2350.66 5363

50.7 586947.8645.085283

5204485554.0856.14 5269

55.535387509151.14 5286

60015941 54.28 60515356

47.185766 6004 48565336

64.785843 5063 57.226002

65.7056.27 4758 49.13 5467

50425794 5538 5386 5666

@

178 @

a3

62026202504858.74 38.32

768036.8768.3054.3150.07

62.2253.23565558.66 57 .67

66.26435399.8953.0056.67

66.83489158.815%6.1857.63

56.275898%6.18 7475 6155

508757836034 64.18 6082

559060426600 6650 6081

589164417573 5766 64.18

57.99604363.17 6577 6184

4149 625 7008%5.76 57 46

465090.3554.1850.8066.71

61.5367.8165.0166.35 65.18

50.10450066.1057.33 54.63

4991664263 8459.816000

834548.33 6489 77606857

72986745 6064 6906757

50.2053.70 5386 81776213

71804539 8547 82017119

71885372 66.22 77656737
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T able 5. Changes of leaf weight with amount of applied fertilizer N, P, K(g)

AO

Al

A2

A3

BO B1 B2 B3 memn

BO B B2 B3 mem

BO B1 B2 B3 mem

BO B1 B2 B3 memn

C1

513

mean

0.760840.84091 084

0890.790970.78 0.86

0.740660.900.86 0.79

0.890.720.8209%. 0.85

0820.750.88880. 0.83

0950.800.870.83 0.86

0830.790920.81 0.84

0820.830.790.73 0.79

0.71102.0900.86 0.87

0830860.870.81 0.84

0950.88093094 093

0920.86093094 091

001090093098 096

177095095083 088

091090093092 092

110083092 107 098

0910.83 106113 098

093067165114 110

104092097 128 105

100081115116 103

C1

g3 C2

mean

114080112115 105

093098107121 105

089096101124 103

093104103126 107

09709 106 122 105

099101092091 0.9

0971030.7409% 0.93

0991000.710.9 0.92

0950920990.59 0.86

0980990.840.86 0.92

100109114109 108

100104121107 106

097096103101 099

095106106090 099

098104109102 103

117096091130 109

099110128130 117

106124119147 124

115116121151 126

109112115140 119

C1

6§23 C2

mean

123087230 155 149

1090.860.95 102 0.98

120122089123 114

0.721.20106092 098

106104130118 114

151125126110 1.28

130134135121 1.30

132116142087 119

1091450.741.12 1.10

132130119108 1.2

109113106093 105

135110100120 116

129125082091 107

110097111109 107

121111100103 109

112143132135 131

09212515099 118

124106128114 118

139121123094 119

117124135111 121

C1

713

mean

094124087101 102

1340.79 136 100 112

106112210108 134

1130.79 110104 102

112098 136 103 112

088132190183 148

109125244137 154

094136210150 148

152151208128 160

111136213150 152

072221139113 1.36

090194094132 1.28

127143134131 1.36

100081137143 115

097160126132 129

194117104125 135

130130109104 118

133100097 127 114

152081157 143 133

152107117125 125
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3kg/ 10a

9%k g/ 10a

10kg/ 10a

6kg/ 10a
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fut
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T able 6. Changes of leaf length with amount of applied fertilizer N, P, K(cm)

AO

Al

A2

A3

BO B1 B2 B3 memn

BO B1 B2 B3 mem

BO B1 B2 B3 mem

BO B1 B2 B3 memn

C1

13 2

mean

954 983 947 1005 972

9.72 988 943 970 968

995 998 10.10 990 973

980 906 985 10.12 971

975 944 971 94 971

1065 995 10.1910.36 10.90

10.16 1000 10.17 995 1007

10251027 993 962 1002

960 109310801054 1047

10.17 10.29 10.27 10.12 10.21

11.1110.38 10.76 1086 10.78

10.751088 11511103 1104

1092 10.74 1144 11.16 1107

995 11781337 10.29 11.35

10681095 11.77 1084 1106

1046 10.76 11.38 11.88 1112

137210791172 1191 1204

10041050 11.11 1207 1093

11561106 1274 11.77 1178

114510.78 11.74 1191 1147

C1

63

mean

12.1110.111008 10.77 10.77

9.73 104210.75 1170 1065

741 1027 10411133 986

10.2710.34 1060 11.16 1059

9838 10.20 1046 11.24 1047

100910381038 96 1021

10631088 8.73 969 998

10611160 963 10.15 1050

10.27 1041 981 850 9.75

10401082 964 949 1009

10.0110.36 10.78 1057 1043

985 10.74 994 10.24 10.19

10.27 986 1066 10.75 10.39

997 10531052 984 10.2

1003 10.37 1048 10.35 1031

1065 989 10521245 1088

10211067 1188 1192 1117

10461103 11.19 13.10 1145

11401169 1156 1201 1167

106810821120 1237 1129

C1

6§23 C2

mean

9.78 895 11951039 10.27

1054 932 864 938 947

1097 975 899 1037 1002

894 1033 903 888 930

1006 959 965 9.76 9.76

942 10481052 899 985

985 1062 990 921 990

968 948 1000 967 971

909 10.10 990 967 969

951 10.17 1008 939 9.79

992 99%5 849 874 9.8

985 965 886 984 9%
997 1038 942 9.9 977
957 905 971 948 945

983 976 9.12 934 951

1002 976 9.8 10.23 997

949 10061021 861 959

1200 957 1040 986 1046

1020 958 867 869 931

1045974 978 935 983

C1

713 C2

mean

787 1056 935 98 941

1132834 1125 996 1022

1057 996 9.31 1006 998

1045 875 994 998 9.9

1005941 99%6 99% 98

9.10 10.1610.1811.23 10.17

1103109110.3110.11 1059

998 10.79 980 10.30 10.23

10651131 908 962 10.17

10.1910.79 986 10.32 10.0

825 102510.18 969 959

880 745 933 980 88
955 10471083 998 10.20
890 850 10.30 9.78 1037

886 9.17 10.16 981 950

1135 943 10351110 1056

633 10011028 98 9.12

1006 930 954 1181 10.18

920 856 11901153 10.30

924 933 10521108 1004




T able 7. Changes of leaf width with amount of applied fertilizer N, P, K(cm)

AO

Al

A2

A3

BOB 1B 2B 3men

B OB 1B 2B 3 mean

BOB 1B 2B 3men

BOB 1B 2 B 3 men

co

C1

§13C2

C3

mean

753774 756 798 7.70

771775739 79% 7.70

776734799795 7.76

77971478179 751

770749 752 79% 767

8428.107.21824 799

803777745799 781

8007537977417.73

758830820782 798

8007937.707.87 788

869 854 843891 864

8.22 851 8438.77 848

862 9.78 847869 889

797 872885792837

8.38 889 855857 860

8.27858 855 873 853

854806 8.71 9.13 861

851861864 942 880

90586810.119.26 9.28

859848 900 9.14 880

co

C1

63 C2

C3

mean

8068.12 881 885 846

835809 847 959 863

805840 862 901 852

8.118.32 889 9.27 865

8.148.23 8.70 9.18 856

8.808948487.74 849

85078742793 793

8.859.187518.10 841

8.508588.158.38 840

866864789804 831

8.35 855 9018.70 865

830 897 815820 843

8.24 8.74 897847 861

8.27 8.719.108.18 857

8.20 8.74 881841 8%

9.167.79 8.36 10.63 899

866859 9.12 936 893

845942 8.13 991 898

9.148.729.24 932 911

885863 8.71 981 900

co

C1

6§23C2

C3

mean

8.7167.2210688.28 8.74

8.737727097337.72

8.788.12 762 849 8.5

698791687 753 7.32

8317.74 807 791 801

0.598339.04754 863

894905789781 842

8028018.877.818.18

820843823786 820

8.718468517.76 8.36

833843 7.759.07 840

788 797 7698.31 7.9

868 880 7946.06 7.84

768744821783 7.719

8.14 8.16 7.197.82 800

8338.27 793 823 8.19

7.11806 884 699 7.75

890805 801 808 826

8.728227.10 707 778

827115797 759 799

co

C1

713C2

C3

mean

80880111.338.39 7.95

960965 900 8.12 834

894844 856 8.36 858

883709 850793 809

886755 835822824

8.168.178.359.18 847

894985855803 884

808905823837 844

8459.157.79791 833

8419.068.138.37 852

6.80 855 8.848.06 8.06

75010.157.338.30 8.35

8.35 848 865865 853

760 680 828838 7.77

756 850 8288.35 8.17

9908.1512.27 900 983

8.7/5848 8.10 7.90 831

813791800 9.5 832

8937.09 9.74 984 890

893791953 900 884
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6kg/ 10a, 10kg/ 10a

1)

6kg/ 10a,

24

10cmx 10cm (P4,

,10 8

9%k g/ 10a 6kg/ 10a
6 3
6 23
17
10k g/ 10a
12
5cmx 5¢m (P2,
120 )
12 23 3
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10k g/ 10a
9k g/ 10a,
9k g/ 10a,
GA 100ppm
(P1, 200 220 )
230 ), 10cmx 7cm (P3, 170 ),
: 5 10
15 6
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8
=
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Dec 23
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Fig. 1. Changes of plant length with sowing time, planting density and growth

duration
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10cmx 10cm
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5 12 10
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(ZWD)BaIE JBa

Seeding date

Fig. 2. Changes of leaf area with sowing time and planting density.
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Fig. 3. Changes of leaf lengtyh with sowing time and

planting density.
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Fig. 4. Changes of leaf width with sowing time and planting density.
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Fig. 5. Changes of leaf weight with sowing time and planting density.
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1)
“ 17 GA 100ppm
24 12 12 28 10cmx 7cm
9k g/ 10a, 6kg/ 10a, 10k g/ 10a
, 1.7m X 1.2m
100W . 6 8
14 30 100Lux ,
2 3 1 , 2 , 3
, 4 , 5 7 9
5 20 5
: 5 8 5
2)
6 8 14
8 , 60
36.76cm, 80 42.34cm ,
9
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T able 8. Changes of plant length with illumination time in growth duration

Days after seeding

60 days 80 days 100 days 120 days 140 days mean
0 hr 36.76 42.34 - - - 39.55
1 hr. 39.34 60.8 72.25 8231 95.45 70.03
2 hr 44 .56 76.8 85.71 98.23 10941 82.94
3 hr 47 .85 72.93 80.45 89.21 100.11 78.11
4 hr 43.13 76.13 83.11 95.23 105.99 80.72
5 hr 4477 7553 84.23 96.13 10451 81.03
7 hr 49.76 77.13 84.23 96.13 10451 82.35
9 hr 48.56 77.87 8353 9541 103.33 81.74
mean 4434 69.94 8193 93.24 103.33 78.56
72 ;
1 223
1
2
1
169.12 19.52cm 13.56cm, 1.769g
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T able 9. Changes of leaf yield factor with illumination time in growth duration

leaf area leaf length leaf width leaf weight No. of days
() (cm) (cm) ) to anthesis
(days)
0 hr 130.2 19.52 13.56 1.76 72
1 hr. 169.12 26.27 19.18 2.28 223
2 hr 18331 27.38 20.19 263 -
3 hr 196.25 28.13 21.07 282 -
4 hr 194.08 2742 20.72 290 -
5 hr 17841 2797 19.92 248 -
7 hr 176.96 26.77 19.66 258 -
9 hr 182.65 27.18 1997 254 -
mean 176.37 26.33 19.28 250 -
2
2 , 11 12
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10.

11

12.

13.

. 1989.

sink  source 2.
32(2) . 62-63.

. 1985.

26(2): 113- 121.

. 1988.

33(2): 182- 188.

. 1984.
18: 27-32.
. 1988.
: 1-65.
. 1981.
167- 175.
superoxide dismutase
. 1986.
27(3): 213-223.
. 1986.
18(4): 225- 258.
1985.
36- 37.
. 1976.
. 1994,
148- 154.

. 1995.
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21:
1995.
40(4): 504-511.
3(2):
. 362- 364.
26(2):



40(3): 328-333.

14. . 1991. 36.
: 115- 126.
15. . 1982.
: 19-25.
16. . 1989. sink  source
. 34(4): 390- 395.
17. . 1993. 2. M-
24(4): 308-314.
18. . 1979.
: 189- 195.
19. . 1993.
38(6): 560- 565.
20. Cho, C. T. and Moon, B. J. 1994. Sclerctinia rot of perilla caused by

Sclerotinia sclerotiorum and its new host. Res. Bull. Inst. Agr. Reso. Dong-A

Univ. 3# 11-24
21. Hasama, W. 1991. Newly discovered corynespora leaf spot of perilla caused by

Corynespora cassiicola in oita prefecture. Plant Protection 45: 519-522
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pH

, (Soail sickness)

57.9%, 22.6% ,

91.7%
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T/R

T/R
2
1
1997 3 7
(Zeamays L.) lcm , (Q. serrata Twuuns.)
2mm , (Castnea spp.)
35x 50x 9cm ,
10a 300kg, 600kg, 900kg, 1200kg,

220kg, 440kg, 660kg, 880Kg

10cmx 12cm
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5 19
(Growth chamber)
14 ,

4,000 5,000lux

- 76 -

20

(Growth chamber)

30 4 26 1 , 2
5
H H 1
, 30cm
2.
1997 5
(Zeamays L.) lcm , (Q. serra Twuns.)
2mm ,  (Castnea spp.)
10a Okg, 700kg, 1050kg, 1400kg, 1700kg
15cm

30 , 25

10

30cm



1997

11

1998

4

T ablel

T able 1. The chemical analysis of public soil

by replanting.

P:0s

Planting pH EC NH.-N  NOs-N K.0 Fe:0s  CaO Mgo  SiO: LOT OM
vears  (15) (@9M) (mgrkg) (maikg) (o) (%) (%) (%) (%) gy () (%)
lyear 638 0.113 - 35 039 297 517 145 146 6796 588 091
2year 632 0.128 - 475 091 314 453 213 127 6829 650 180
3year 634 0.124 15 45 075 321 415 198 121 6786 549 132
4year 631 0.063 - 205 046 315 506 150 140 6708 556 085
Syear 656 0.141 - 405 057 331 489 169 114 6542 689 290
Im
1997 9 26
3 (randomized block design)
1998 2 4 1 20 5
H H 1
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ICP-AGS, EA, XRF

1998 5 9

10a 1

T able 1. The Fertilizer level of manure and organic compost per 10a.

Control|[Human manure |Cattle manure | Pig manure Biocom Myoungsin- Bio
0 640 1200 1200 160 150
0 950 1800 1800 250 300
0 1230 2400 2400 400 450
0 1900 3600 3600 600 600
Im

, (split plot design)
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1999

5

50

10a

6kg,

ICP-AES, EA, XRF

1.2kg,

- 79 -

12x 12cm

400k g,

J 750cc

300kg

20



T ablel. The Chemical properties of organic compost used in this experiment.

P.Os K.O FeOs CaO MgO SO L.OT
(%) (%) (%) (%) (%) (%) (%)
Pungchag 1.06 3.23 5.24 997 454 60.69 3112
Biochong 359 331 3.35 5.76 1.60 60.89 56.82
Daepung 16.28 477 2.62 3384 5.26 2556 49.04
Im
(split plot design)
12x 12cm
, 12cm 2
50
20 5 : ;
30cm

XRF (X-ray Fluorescence Specto meter)
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1999 5 9
, 10a Table 1
T able 2
Table 1. The Fertilizer level of organic compost per 10a.
Heulgnara Sarang Poongjag T omi Daepoong
(kg) (kg) (kg) (kg) (kg)
200 300 400 400 300
400 600 800 800 600
800 1200 1600 1600 1200
T able 2. The chemical analysis of some organic composts.
Organic T-N P.Os K20 Fe:0: CaO MgO SiO: LOT
composts (%) (%) (%) (%) (%) (%) (%) (%)
Heulgnara  7.27 6.15 540 241 266 279 65.52 50.69
Sarang 3.12 134 462 2072 973 39.93 38.36
Poongjag 106 3.23 5.24 997 454 60.69 3112
T omi 10.84 445 405 14.46 3.10 4171 64.99
Daepoong 16.28 477 262 3384 5.26 2556 4904
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(Split plot design)

12cm

50

XRF (X-ray

Im

12x 12cm

Fluorescence Spectrometer)
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70

70

70

65.81cm,
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DUNCAN
30 10a  220kg, 440kg, 660Kg, 300kg, 600kg
50 220kg, 440Kkg, 300kg, 70

300kg, 600kg

, 10a  300kg, 600Ky

10a  900kg, 1200kg

W
W
30 1
, 50 2
, 110
880k g
30 1
880k g , 2 2
3

70

, 90

10a



1
90
3
30
15¢g
30
15¢g
30
50 90
110
110

880kg

50
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90

30

90

90

129

90

12 g

129
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DUNCAN
10a  660kg, 880kg 90 10a  1200kg
: , 10a 4
, 30 1200k g 14.27%
, 600kg  14.16% , 14.07%
, 50
90 , 110 , 50 , 70
4
30
, 50
, 70 10a  880kg 14.77% , 90
110 110 660kg
15.44% , 14%
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Fig.1. The growth curve according to kinds of organic fertilizer. Corn stalk(A),
acorn(B), chestnut(c)



Number of leaf

M/ S0 7O 90 110
Days after seeding
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Fig.2. Number of harvested leaf according to days after planting. Corn stalk(A),

acorn(B), chestnut(C)
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Fig.3. Weight of 1 leaf at the period of harvesting. Corn stalk(A), acorn(B), chestnut(C)
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Rate of dried
material (%)
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Days after seeding
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Fig4. The ratio of dried leaf according to the investigatig peiod. Corn stak(A), acorn(B),
chest nut(C)
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70 1700kg

15cm
3
. 30
70
10a 1400kg
1700kg
14
2 L
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30 , 40
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700kg, 1050kg, 1400Kg
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3 ,
30
1400k g
700kg  1050kg, 1400kg  1700kg
700k g
, 1050kg  1400kg 40 , 50
1700kg 70 2
2 30
kg 1 . 50
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Fig 1. The growth curve according to kinds and level of organic fertilizer.
Corn stalk (A), acorn(B), chestnut(C)
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Fig 2. Number of node according to kinds and level of organic fertilizer.
Corn stalk(A), acorn(B), chestnut(C)
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Fig3. Diameter of 30cm stem
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Fig 4. The rate of dried leaf according to kinds and level of organic fertilizer.
Corn stalk(A), acorn(B), chestnut(C)
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DUNCAN
Fig 1 ,
1
, 3 2
1
2 ,3
3 58.87cm
97 .58cm 4 76.97cm
5 140
2 44.73cm
220 1

116.77cm
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140

65.97cm ,

220

R?=0.9985

, 3

160

220

180

65.97cm

59.47cm

116.77cm

Fig 1

57.43cm

4



1 5
DUNCAN
160 3 140 160 4 140
180 5
1 5 Fig 2
2 140 9
220 . 3
, 180 1 2
2,3
140 1 3 2 6.23
1 1280
3
5
1
1 5
1 DUNCAN 2
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Fig 3 , 1

1769, 2 ,3 1539, 4 1289, 5 1499

, 160 220
1
1.13g
1
DUNCAN
4,5 180 2
Fig 4 , 1
160
200 16.30%
180
15.10%
, 4 140  14.11%
11%
30%

20%

140 1 1
2 1
1
5 220 1
1
5
160 3
220
5
140 2
2 140 14.88%
13.28% 200
220 13.04% . 3

13% 14%
, 11%, 12%, 13%

140 13.63%
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Table 1 Table 2

N, Na
1 3.13%
, Na N 5
52540 PPM
K, S, Mo, Al 1
K 1 5.07%

5 2.86% ) 1 0.78%

5 1 0.35% , Mo, Al, K, S

5 P, Ca, Zn P

0.34% 045% , Ca  179% 2.21% , Zn 5090 PPM 65.08 PPM

, Mg, Cu, Mn
5
Mg 1 062% 2 0.28% 3
049% . Fe 3 1
, 2 ,4 .5
pH pH 631  pH 656 pH pH 65, pH 55 pH 7.0
, EC(Electrical Conductivity)
4 0.063ds/m, 0.141ds/m EC 03d9m
, 0.3dgm
20% , 15dg'm , 1.8dgm
3% 1
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Figl. The growth curve according to perilla replanting 1st, 2nd, 3rd, 4th and 5th

were replanting years.
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Fig2. Number of node according to perilla replanting 1st, 2nd, 3rd, 4th and 5th
were replanting years.
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Fig 3. Weght of 1 leaf according to perilla replanting 1st, 2nd, 3rd, 4th and 5th were replanting

years.
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Days after planting

Figd. Rate of dried lesf according to perilla replanting 1st, 2nd, 3rd, 4th and 5th were replanting
years.
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Table 2. the included inorganic eement quantity in perilla by replanting

Planting N P K S Ca Mg Fe Cu Mn Zn Mo Al Na

years (%) (%) (%) (%) (%) (%) (pm) (pm) (pm) (pm) (ppm) (ppm) (ppm)
lyer 313 042 507 078 188 062 3560 8548 2358 6508 30.19 3568 1234
year 349 034 330 046 18 028 3907 4450 7454 5556 2531 4914 2343
year 337 045 352 043 193 049 4892 1573 1925 5675 2192 2649 1595
dyear 375 044 313 037 227 052 1773 7464 7626 6206 2251 1101 1655
Byear 404 039 286 035 179 034 2363 1434 1052 5090 17.28 194.152540

091% 5 290% 5
5 N
, 2,3 NOs-N
. Mg
Mg*

4.
1 , 70 1900k g, 3600kg, 600kg

90 640kg, 1800k g, 3600kg, 600k g

110
10a 50 950kg
50cm
70 , 90 , 110

50 , 70 20
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50

110

50

20%

1200kg

, 1800k g

27cm

50

110

600k g

3 5ton/ 10a

- 108 -

110

50

50

90

70

1230k g

70

, 70 , 90 ,

1200kg

90

, 90

160kg

110

600k g
70
400k g

50

30%



10a 50 640k g
13.98cm 15.05cm
70 , 90 , 110 50 , 4
950k g

70 ,9 ,50 , 110

50 1200kg

, 1800kg . 70

,90 , 110 50 , 4

10a  1800kg
70 9 , 50 , 110
110
50 1800k g 14.08cm

2400k g 15.06cm 70

, 90 , 110 50 4

70 50 90

110
50 110
50 250k g
, 70
, 90 , 50 110
70 , 90 , 50 110
50 150kg

, 70 , 90 450kg, 300kg
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1
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2
5
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1230k g 11.35cm
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70 , 90
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70 , 90

, 110

20

tw )

, 10a

1.61% ,

1900k g

14.11%

110

70
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50
70
11.04%
90
, 110
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Fig 1. The growth curve of perilla according to fertilizer level of manure and
organic compost. Human manure(A), cattle manure(B), pig manure(C), biocom(D),
myoungsin-bio(E).
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T able 2. The content of inorganic element of the perilla leaf.

N P K S Ca Fe Mg Cu Mn Zn Na C H
Control 438 0622 330 0.76 2.16 0.084 0.610 0.006 0.017 0.010 1.135 4583 5.98
Human manure | 389 0.745 368 041 2.14 0.080 0.737 0.006 0.016 0.009 0.154 45.19 6.06
Cattle manure 436 0691 4.10 049 206 0.084 0.741 0.006 0.017 0.008 1.140 4455 6.73
Pig manure 434 0638 391 0.24 184 0088 0.711 0.005 0.017 0.009 1.118 4433 6.30
Biocom 455 0556 465 036 2.20 0.099 0.763 0.012 0.025 0.014 1.123 4467 6.08
Myoungsin-Bio | 429 0521 396 025 177 0.081 0.810 0.006 0.023 0.009 0.131 44.27 6.09
160.97cm
50 ’
157.00cm ,
130 ’
J 50
30cm ,
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Figl. The growth curve of perilla according to mixture organic compost and
fermentative microbe. ( A : Ajelon, B : Bigjim. C : Higreen-J )
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Fig2. Number of harvested leaves according to mixture organic compost and
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Figl. Number of harvested leaves according to fertilizer level of organic compost.
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1998 63 8 (12.6%)
Table 1. List of the collectives and the separated lines used as preliminary
materials
No variety No variety No variety No. variety
1 |Gupoibdulgae 33 |lbdulgae#l 65 Pl 248668-3 17-1 |Suwan#8 separation
2 |Kwangyangibdulgae 34 |lbdulgae#l- 1(small) 66 Pl 248664- 1 19-1 |Suwan#33mutant-3 separation
3 |Kwangyang#3- 11 35 |Youngwall-1 67 Pl 248664-3 19-2° | Suw an#33mutant- 3separation
4 |Milyangjong 36 |Yangmyunjasaek 68 PW-10 20-1 |Suwan#35 separation
5 |Milyang#l 37 |Youngchun-2(white big) (69 PW-11 21-1 |Suwan#36 separation
6 |[Milyang#3-1 38 |Youbsildulgae- 1 70 PW-18 22-1 |Suwan#40 separation
7 |Milyang#3-2 39 |Konyangmyun hungsa(black) |71 Jyechun- 1 23-1 |Suwan#40- 1separation
8 |Koseongj aer aefl 40 |Sangju- 3(white big) 72 Andong- 1 25-1 |Suwan#43 separation
9 |Koseongj aer a2 41 |Dagiun- 1(white big) 73 Kumrung- 1 29-1 |Oakdongjong separation
10 |Sachunjaeraetl 42 |Changnung 1-1- 1(white) |74 Jyechun-2 29-2° |Oakdongjong separation
11 |Sachunjaeraet2 43 |Danjang-2(white) 75 Kumrung- 2 29-3 |Oakdongjong separation
12 |Sachunjaeraet3 44 |Walsung- 6(small) 76 Chungyangjong 33-1 |lbdulgae#l separation
13 |Hungnong 45 |Kuchang- 5(white) 7 Y oungy angj aer ae 36-1 |Yangmyunjasaek separation
14 |Kungshinibdulgae 46 |Hadongdibdulgae 78 Andong-2 40-1 |Sangju- 3(white big) separation
15 |Saeyoubsildulgae 47 |Poungtak- 1 79 Andong-3 41-1 |Dagjun- 1(white big) separation
16 |Saeyoubsildulgae (big) |48 |Bukjeu-2(white) 80 Jyechun-3 42-1 | Changnungl- 1- 1(white) separaion
17  |Suwan#8 49 |Chungjujong 81 Kumrung- 3 47-1 |Poungtak- 1- 1 separation
18 |Suwan#33 50 |Chilkokjong 82 Kumrung- 4 50-1 |Chilkokjong separation
19 |Suwan#33mutant-3 51 |Baksangdulgae 83 Youbsildulgae mutant-7 51-1 |Baksangdulgae separation
20 |Suwan#35 52 |Daeyoungjong 84 SP 3-9 52-1 |Daeyoungjong separation
21 |Suwan#36 53 |Sungjujong 85 SP 13-5 53-1 |Sungjujong separation
22 |Suwan#40 54 |Pochunjong 86 SP 19-18 54-1 |Pochunjong separation
23 |Suwan#40- 1 55 |Daeyoubdulgae 87 SP 7-2 57-1 |Japanjong separation
24 |Suwan#42 56 |Youbsildulgae 88 SP 10- 18 61-1 |Pl 248665- 1separation
25 |Suwan#43 57 |Japanjong 89 SP 6-42 64-1 |Pl 248668- 2separation
26 |Oakdongdulgae 58 |Gurye3- 13 90 SP 16- 18 95-1 |Pl 248668- 3separation
27 |Oakdongdulgae- 1 59 |Chubujong 91 Bosungjong 66-1 |Pl 248664- 1separation
28 | Oakdongdulgae mutant-5 |60 |Kongjujong 7-1 |Milyang#3- 2 separation 67-1 |Pl 248664- 3separation
29 |Oakdongjong 61 |Pl 248665- 1 10- 1' | Sachunjaerae#l saperation |70-1 |PW- 18 separation
30 |Oakchun-1 62 |Pl 248666 11- 1' | Sachunjaerae#2 separation |83-1 |Youbsildulgaemutant-7 separation
31 |Oakchun-2 63 |Pl 248667 12- 1' | Sachunjaerae#3 separation |86-1 |SP 19- 18 separation
32 |Oakchun-3 64 |Pl 248668-2 16- 1 | Seeyoubsildulgae(big)separation |88- 1 |SP 10- 18 separation

Indicates that those materials were separated from the original varieties listed above.
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Table 2. List of the first- and second- selections from the preliminary collections

No variety No variety No variety
1 |Gupoibdulgae 22 |Oakchun-1 43 |Pl 248665- 1
2 |Kwangyangibdulgae 23 |Ibdulgaetl 44 |Pl 248668- 3
3 |Kwangyang#3- 11 24 |Ibdulgae#l- 1(small) 45 |Pl 248664- 1
4 |Milyangjong 25 |Yangmyunjasaek 46 |Pl 248664- 3
5 |Koseongjaeraetl 26 |Konyangmyun hungsa(black) 47 |PW-10

6 |Sachunjaerae#? 27 |Sangju- 3(white big) 48 |PW-11

7 |Sachunjaerae#3 28 |Dagun- 1(white big) 49 |PW-18

8 |Hungnong 29 |Changnungl-1- 1(white) | 50 |Jyechun-1

9  |Kungshinibdulgae 30 |Walsung-6(small) 51 |Kumrung-1
10 |Suwan#33 31 |Kuchang-5(white) 52 |Jyechun-2
11 |suwan#33mutant-3 separation | 32° |Hadongdibdulgae 53 |Chungyangjong
12 |Suwan#35 33 |Poungtak- 1 54 |Youngyangjaerae
13 |Suwan#35 separation 34  |Bukjgu- 2(white) 55 |Andong- 2

14 |Suwan#36 35 |Chilkokjong 56 |Andong-3

15 |Suwan#0- 1 36 |Baksangdulgae 57 |Jyechun-3
16 |Suwan#3 37 |Chilkokjong separation 58 |Kumrung-4
17 |Oakdongdulgae 38 |Daeyoungjong 59 |SP 13-5

18 |Oakdongdulgae mutant-5 39 |Pochunjong 60 |SP 19-18

19° |Oakdongjong 40 |Daeyoubdulgae 61 |SP 7-2

20 Szzz’;"e ) Oaizz:;‘zg; ol 41 |Gurye3- 13 62 |SP 10-18

21 |Oakdongjong separation 42" |Chubujong 63 |Bosungjong

"Nindicates that those materials are finally chosen after second selection.

102.04cm?,

1

863 13.15cm,

14.00 16.33

66.33 153.66cm,
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Table 3
6.12 10.49cm, 061 1.72g,
051 1.10mm,

. 1997

41.03

8.33 16.66



1998 52.00 97.00%, 10.80 15.98cm, 8.05

12.18cm, 090 2.18q, 54.16 111.01cm?, 65.16 122.66cm,
578 8.42mm, 4.00 15.66cm, 766 1433 96
6 2733 , 12233 15250 , 1 933 19.66
3 1999 13.04 16.78cm, 1159 14.56cm,
141 252g, 97.12 155.95cm?, 94.16 153.53cm,
946 12.16mm, 282 3.55cm, 1150 17.00 |, 19.17
3253 13566 149.00 , 1 17.13 25.27
3 1999 H H H H H H
, , , , 1 1463cm, 12.66cm, 1.87g, 117.97cm’,

124 .32cm, 1045mm, 3.17cm, 1490 , 2684 , 14341 , 21.70

Table 3. Mean and range of each character for three consecutive years (97-99)

1997yr(first year) 1998yr (second year) 1999yr (third year)
Character

mean range mean range mean range
Germinating percentage(%) 82.16 | 52,00 97.00
Leaf length(cm) 11.15 8.63 13.15 1263 1080 1598 1463 1304 16.78
Leaf width(cm) 862 6.12 1049 958 805 12.18 12 66 1159 1456
Leaf weight(g) 106 061 172 137 090 2.18 187 141 252
Leaf size( ) 69.79 |41.03 10204 7717 54.16 111.01| 11797 97.12 15595
Plant height (cm) 11891 |66.33 153.66 96.89 65.16 122.66| 124.32 9416 15353
Stem diameter (mm) 0.77 051 1.10 7.08 578 842 1045 946 12.16
Length of stem internode(cm) 10.19 400 1566 3.17 282 355
Number of internodes per plant(No.) 12.38 8.33 16.66 1191 766 1433 1490 1150 17.00
Number of branches per plant(No.) 2166 966 27.33 2684 19.17 3253
Days to flowering (day) 13364 (12233 15250| 14341 [13566 14900
Number of leaves per plant(No.) 1159 |1400 16.33 13.76 933 19.66 21.70 1713 2527
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1997 1998 1999

3 (1999 ) 2

T able 4 . 8

12.16mm, 3.55cm

1 25.27

17.13
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T able 4. Morphological characteristics of the finally-chosen 8 varieties

Character’
vaiety | ReD- | 1w | Lw | LS | PH SD LI NI NB DF NL
cm cm g cm? cm mm cm No. No. day No.

1 1331 | 1202 | 160 | 10290 | 102.60| 1045 3.2 12.00 14.38 136 20.12
1 2 1265 | 1079 | 1.23 | 9266 | 101.15| 10.03 354 12.00 14.38 135 20.12
3 13.18 | 1196 | 141 | 9582 | 10549 | 9.86 3.60 10.50 12.94 136 19.28

mean | 13.04 | 1159 | 141 | 97.12 | 103.08| 10.11 344 11.50 13.90 135.66 19.84

1 1477 | 1353 | 193 | 11503 | 13294 | 1031 3.2 15.00 25.88 136. 21.85

2 2 1468 | 1203 | 161 | 109.28 | 134.39| 10.15 354 16.50 28.76 135 25.70
3 13.77 | 1184 | 146 | 107.32 | 140.17| 1045 3.60 15.00 25.88 136 23.13

mean | 1440 | 1246 | 166 | 11054 | 135.83| 10.30 344 15.50 26.84 135.66 2356
1 1483 | 1396 | 206 | 11468 | 9248 | 1271 3.70 13.50 2301 149 16.71
3 2 1433 | 1257 | 1.79 | 11396 | 9104 | 12.14 355 12.00 2301 148 16.71
3 1384 | 1241 | 188 | 10794 | 9898 | 1164 340 13.50 20.13 149 17.99

mean | 1433 | 1298 | 191 | 112.19 | 94.16 | 12.16 355 13.00 22.05 148.66 17.13
1 1454 | 1350 | 207 | 11450 | 98.26 991 2.70 13.50 2301 149 1542

4 2 14.16 | 1231 | 180 | 11567 | 96.82 9.08 290 12.00 25.88 144 17.99
3 13.77 | 12.15| 194 | 106.72 | 99.71 941 280 13.50 2301 154 17.99

mean | 14.15 | 1265 | 193 | 112.29 | 98.26 9.46 280 13.00 23.96 149.00 17.13
1 1405 | 1188 | 165 | 10762 | 13150 | 9.76 3.10 16.50 30.20 144 2442
5 2 1435 | 1207 | 1.70 | 109.75 | 130.05| 9.95 3.10 18.00 28.76 145 25.70
3 1383 | 1145| 141 | 104.10 | 13150| 9.35 3.00 16.50 28.76 144 25.70
mean | 1407 | 1180 | 158 | 107.15 | 131.01| 9.68 3.06 17.00 29.24 14433 25.27
1 1691 | 1431 | 255 | 15556 | 153.70| 1094 331 16.00 30.00 144 22.30
6 16.75 | 1468 | 259 | 15744 | 15150 | 10.69 3.16 15.80 29.60 147 23.65
1668 | 14.71| 244 | 15486 | 15540 | 10.58 3.24 16.50 32.00 150 23.20
mean | 16.78 | 1456 | 252 | 15595 | 15353 | 10.73 3.23 16.10 30.53 147.00 23.05
1 1584 | 1299 | 2.18 | 133.16 | 146.22| 11.16 3.16 17.00 3240 144 26.60
. 1587 | 1295| 2.11 | 13359 | 143.89| 1163 3.00 16.80 32.60 146 23.00
1596 | 13.12 | 2.21 | 133.77 | 14463 | 1139 283 16.80 32.60 141 2495
mean | 1589 | 1302 | 2.16 | 13350 | 14491| 1139 299 16.86 3253 143.66 24.85

1 1426 | 12.11| 182 | 11486 | 13168 | 9.77 3.00 15.80 29.60 143 23.1

8 1455 | 1250 | 184 | 117.23 | 133.80| 991 3.2 16.60 31.20 140 2.7

1425 | 1200 | 1.70 | 11308 | 135.74| 951 3.30 16.20 30.40 147 224
mean | 1435 | 1220 | 1.78 | 11505 | 133.74| 9.73 3.16 16.20 30.40 143.33 2273

"1:.Gupoibdulgae, 2:Kwangyangibdulgae, 3:Milyangjong, 4:Kungshinibdulgae, 5:0akdongjong, 6:lbdulgae#l,
7:Hadongibdulgae, 8:Chubujong.

"LL, Leaf length LWD, Leaf width LW, Leaf weight LS, Leaf size PH, Plant height SD, Stem
diameter LI, Length of stem internode NI, No. of internodes/plant NB, Number of branches/ plant

DF, Days to flowering NL, No. of leaves/plant.
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1999 2 8 Table 5, 6, 7, 8,

9, 10 , . . Table 5

7296 99.42% ,

99.42%

Table 5. Partition of variances and heritability on quantitative characters in perilla

varieties
Variance and parameter’
Characters

0°G o’E h?(%)
Leaf width 0.763 0.283 72.96
Leaf weight 0.119 0014 89.60
Leaf size 335.216 7793 9773
Plant height 510.857 2973 0942
Stem diameter 0.847 0079 9148
Number of internods per plant 4.173 0572 87.94
Days to flowering 25400 6.530 80.00
Number of leaves per plant 10.106 1474 87.27

"0 *G, genotypic variance o °E, environmental variance h’(%), heritability in broad sense.
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, T able 6

Table 7

T able 6. Phenotypic covariance(Cov.Ph) and genotypic covariance(Cov.G) on 8

characters in perilla varieties

Character’ 1 2 3 4 5 6 7 8
cov Ph | (1.029)
! cov G
cov Ph | 0335 (0.127)
2 cov G 0.296
cov Ph | 15448 5873 (316.723)
3 cov G 15440 6.122
cov Ph | 8059 3448 258.621 (471.650)
4 cov G 9.237  3.987 287.406
cov Ph | 0440 0.139 5551 -0.795 (0.867)
> cov G 0382 0.130 5610 -0.658
cov Ph | 0482 0.266 17.813 37.628 -0.040 (4.337)
® cov G 0493 0.262 19.831 41.008 -0.119
cov Ph 2304 1031 35.080 -13.390 1.034 1371 (29.820)
! cov G 0473 1108 41571 -16.144 1071 0873
cov Ph | -0.188 0.059 16.895 59.636 -0.536 5.589 -5480 (10.651)
8 cov G -0.140 0.108 19.684 64.144 -0.386 5821 -5.701

! lLeaf width 2Leaf weight 3Leaf size 4:Plant height 5, Length of stem internode

6,No. of internodes/plant 7,Days to flowering 8,No. of leaved plant.
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’ ’ 1 ’ 1
0.983, 0.996, 0468, 0475, 0.562, 0971, 0498, 0409, 0.638, 0.695, 0.530,
0.451, 0.888, 0.904, 0.896

(r=0.888"), 1 (r=0.904""), 1 (r=0.896"")

T able 7. Phenotypic correlation coefficients(rPh) and genotypic correlation
coefficients(rG) on 12 characters in perilla varieties

Character’ 1 2 3 4 5 6 7 8
1 rPh
rG
5 rPh 0 .926:
rG 0.983
rPh 0856° 0926
3 rG 0966° 0971°
4 rPh 0.366 0445 0669
rG 0.468 0.498 0.695"
rPh 0.466 0418 0.335 -0.039
> rG 0.475 0.409 0.333 -0.032
rPh 0.228 0.358 0481 0.832" -0.020
® rG 0.276 0372 0530 0.888" -0.063
rPh 0.416 0530 0.361 -0.113 0.203 0.121
! rG 0562° 0638 0451 -0.142 0.231 0.085
rPh -0.057 0.051 0.291 0841 -0.176 0822° -0.307
8 rG -0.050 0.098 0.338 0904 -0.132 0896  -0.356

! lLeaf width 2Leaf weight 3Leaf size 4:Plant height 5, Length of stem internode

6,No. of internodes/plant 7,Days to flowering 8,No. of leaved plant.
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V) 1
1 Table 8
1 P.y 0.748, Pey
0712, Py 0594, Psy 0.012 () ,
Py 0782, Py 0314, Py 0202 ()
roP:y 0.735, risPiy 0.723, ruPiy
0.420, rlsPly 0.355, r14P1y 0.350, rlePly 0.206 , r4ePey 0.632,
rssPsy 0377, r2sPsy 0.265, risPsy 0.197, resPsy 0.061 ) rssPsy 0527,
I'34P4y 0413, rz4P4y 0.296, r14P4y 0.278 , rlsPsy 0.006, rzspsy 0.005,

rssPsy 0.004, rs7Psy 0.003, rssPsy 0.001, rssPsy 0.001

raPsy -0.759, risPay
-0.755, r34P3y -0.543, rsepsy -0.414, r37P3y -0.353, rsspsy -0.260 ,
r2P2y  -0.309, r2aP2y  -0.305, rsP2y  -0.200, r24P2y  -0.156, r2sP2y - 0.128, rzeP2y

-0.117, r2sP-y -0.129, risP-y -0.114, rs7P-y -0.091, rs;P-y -0.047, re:P-y -0.017

, : )
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Table 8. Path coefficient analysis of the direct and indirect influences of each

character on the number of leaves per plant in perilla varieties

Leaf width vs.
No of leaves/ plant

Leaf weight vs. Leaf size vs.

No of leaves/ plant

No of leaves plant

Plant height vs.
No of leaves plant

riy 0.050 roy  0.098 lay 0.338 lay 0.904
Py, 0.748 P, -0314 Psy -0.782 Pay 0.594
roP.y, -0.309 2Py 0.735 risPy 0.723 raPay 0.350
rsPsy -0.755 rsPsy -0.759 r.sP,y -0.305 r.aP2y -0.156
I 14Pay 0.278 I24Pay 0.296 I34Pay 0413 rs«Psy -0543
I 15Psy 0.006 I25Psy 0.005 I35Psy 0.004 I 45 Psy 0.001
I 16Psy 0.197 I26Pey 0.265 I 36 Pey 0.377 I 26 Pey 0.632
r«Py -0.114 r.-P- -0.129 rs7P-y -0.091 r47P7y 0.029
Stem diameter vs. No. of internodes vs. Days to flowering vs.
No of leaved plant No of leaves/ plant No of leaves/ plant
rsy -0.132 rey 0.896 roy -0.356
Ps,  0.012 Psy 0.712 P2y  -0.202
risPay 0.355 risPay 0.206 7Py 0420
rsP.y -0.128 rsP2y -0.117 r.zP.y -0.200
rssPsy -0.260 rssPsy -0414 rs7Psy -0.353
rssPsy  -0.019 I 26Pay 0527 rszPsy -0.084
rssPsy -0.045 I's6Psy 0.001 Is7Psy 0.003
rs7Pz-y -0.047 rezPzy -0.017 I'67Pey 0.061
r 0888"),
1  0904"), 1 r 0896)
1
T able 8
(r 0983"), (r
0.966"), r 0562") , : :
, -)
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Table 6 Table 9

Table 9. Selective index for the number of leaves per plant in characters

and the combinations of the characters’ in perilla varieties

I1 0.136X:
l2 0.850X:
ls 0.062X5
l4 0.135X4
Is 0.445Xs
ls 1.342Xs
I7 0.191Xs

ls 1073X: 0.154X.

lo 0417X: 0.657Xs

l10 0.520X: 1.400Xs

l11 1201X. 0.325X:

l12 3546X. 0.162X«

l1s 2.250X2  1.480Xs

l1s 1360X: 6.001X: 1.559Xs

l1s 0.999X: 0.121X. 0.407Xs

l1s 0450X: 0.153Xs 1.391Xs

l17 9.854X. 0.176Xs 1.223Xe

l1s 1.138X: 0.125X. 0.265Xs 0.385Xs

l1e 3.158X. 0.009X: 0.125X: 0.487Xs

l20 0.710X: 5.122X. 0.008Xs 0.121X: 0.562Xs

l21 0574X: 5443X. 0.122X: 0.274Xs 0.554Xs

l22 3.290X. 0.017X: 0.134X: 0.340Xs 0.461Xs

l23 2827X. 0.011Xs 0.091X. 0.711Xs 0.098X-

l24 0533X: 4.343X: 0.010Xs 0.092X: 0.739Xs 0.086X-
I25 0451X: 4.187X. 0.103X: 0.211Xs 0.684Xs 0.074X-
I26 2975X. 0.00IXs 0.103X. 0.246Xs 0.656Xs 0.082X:
l27 0451X: 4.235X. 0.001X: 0.102X: 0.210Xs 0.688Xs 0.074X:

Xi:Leaf width, X.:Leaf weight, Xs:Leaf size, X.:Plant height, Xs:Stem diameter,

Xs:Number of internodes per plant, X::Days of flowering.
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: (Xe) : :

(Xs) 2
, 3 .4 .5 , 6 7
, 3
1559
T able 10 8 ( , ,
, , 1, , , ) 1
v)
, , , , , , 7
( 27) :
1 5 14.163
15.343 , 5 ,
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T able 10. Productive order on the selected perilla varieties using selective index

Order’ 0451X: -04.235X. 0001X: 0.102X: 0.210Xs 0.688Xs -0.074X; Selection score

5619 -7.030 0.111 135855 2163 10664 -10.039 15.343
5.322 -6.691 0.107 13363 2033 1169 -10680 15.150
5872 -9.148 0.134 14781 2392 11600 -10631 15.000
5.502 -7538 0115 13641 2043 11146 -10606 14.303
6567 -10672 0.156 15.660 2.253 11.077 -10.878 14.163
5.227 -5971 0097 10514 2123 7912 -10039 9.863
5.854 -8.089 0.112 9604 2554 8944 -11001 7978

0o N oo o A~ W N

5.705 -8.174 0.112 10.023 1987 8944 -11026 7571

: 1:Kwangyangibdulgae(Kwangyang domastic variety), 2:0akdongjong (Oakdong domastic vaarety),
3:Hadongibdulgae(Hadong domastic variety), 4:Chubujong, 5:lbdulgae#l, 6:Gupoibdulgae(Gupo domastic
variety), 7:Milyangjong, 8:Kungshinibdulgae.

Xi:Leaf width, X.:Leaf weight, Xs:Leaf size, X.:Plant height, Xs:Stem diameter, Xs:Number of
internodes per plant, X-:Days of flowering.

4
1. : : : . 1985.
26(2) 113 121.
2. . 1961. 9 72.
3. . 1996.

3:75 8L
4. Cho, J. L., H. Kang, and J. C. Park. 1984. Effects of photoperiod and
temperature on flowering of perilla ocymoides L. J. Inst. Agr. Res. Util.
Gyeongsang Natl. Univ. 18 27 32.

5, . 1984, . 26(4) 52 53.
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1)
2)

3)

1)

£ 1997.2.24 7.10 8 )

1

Baermann's funnel

(1)
)

@3, 6, 10, 10

25

30

300cc
24
acid fuchsin-lacto phenol

, Baermann's funnel

)
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(100g) CMA (corn

meal agar) 25 5
WA (2% water agar) 7
25
(x 60)
( )
1) (50x 50 )
, 6
2) 6
(25 )
3) PDB (potato dextrose broth)
25 (120 r.p.m) 10
4) (2000 /700cc)
3 3
20m|
10 (23 28 ) 4

. Soil amendment
(5%, 10%, 20%)

5 25
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Arthrobotrys oligospora, A.

conoides A. dactyloides Sabouraud dextrose broth (2% dextrose, 1%
bactopeptone, 0.2% yeast extract) 27 , 120 rp.m 7
3mm pellet 500g
150ml  polypropylene bag , 121 |, 50 . ,
27 80+ 5% 22
22 : g
3
( )
10m? , 4
100 , A. oligospora, A. conoides A.
dactyloides pellet 5Kg , 10 , 20 40
3
1.
, 36

(S-tert-butylthiomethyl O, O-diethyl phosphoro dithioate) 1-2
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, 70%

2/ 24 8432+
2200 4/ 26 5/10 3612
+ 1305 ,
, H elicotylenchus sp. (23.6%)
, Pratylenchus sp. (18.8%), Pararotylenchus sp. (7.5%),
Tylenchus sp. (4.6%) ( 1. , 4

Table 1. Occurrence of plants parasitic nematodes on the soil (300cc) of leaf
perilla field (Dae-Jeo dong, Pusan). Numbers in parentheses indicate a
percentages to total parasitic nematodes

Genus

Days Pratylen- H elicotyl- Tylen- Pararotyl- the Total
surveyed chus sp. enchus sp. chus sp.  enchus sp. others
24, Fab. 990(11.7) 2130(25.3) 413(4.9) 1918(22.7) 2981(344) 8432
22, March 880(27.2) 220(6.8) 358(110)  248(7.7) 1534(47.3) 3240
26, Apr. 351(19.6) 280(15.6) - 460(25.6) 703(39.2) 1794
10, May 180(5) 1024(28.3) 137(3.8) 462(12.8) 1989(55.1) 3612
24, May 752(23.2) 843(26.0) 55(1.7) 249(7.7) 1344(414) 3243
9, June 545(28.1) 405(20.9) 140(7.2) 269(13.9) 580(30.0) 1939
25, June 412(177)  452(19.4) - 58(2.5) 1408(59.9) 2330
10, July 581(29.2) 520(26.2) 44(2.2) 87(44) 796(40.0) 1984
Mean 586(18.8)  734(23.6) 143(4.6) 235(75) 1417(50.1) 3115
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Fig. 1. Pictures showing the parasitic nematocde,

Pratylenchus sp., in the roots of leaf perilla.
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Pratylenchus sp. , 10

Pratylenchus sp. ,

Pratylenchus sp. 2.
' 6 )
Pratylenchus sp.
, Pratylenchus sp. (2 4 )
5
3
8 10

, Pratylenchus sp.

Table 2. Occurrence of the major plants parasitic nematode, Pratylenchus sp., in the

root of leaf perilla (Dae-Jeo dong, Pusan).

Date surveyed

5, May 24, May 9, June 25, June 10, July
Pratylenchus sp.

No. of Pratylenchus sp.  g40+ 450 994+ 225 713+ 150 230+ 60 218+ 105

* meant standard error
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, 10

10

Table 3. A relationship of the density of parasitic nematodes and yield quantity with
repeated cultivation (Dae-Jeo dong, Pusan).

Repeated yield No. of parasitic nematodes/ soil 3000cc
cultivation quantity total Pratylen Helicoty Tylen Pararoty others
(years) (box/ 1,000a) -chus  -lenchus  -chus  -lenchus
1 3 119 609 95 41 73 10 254
4 7 11.46 1402 96 768 52 3 198
8 10 9.6 2187 488 697 334 28 436
10 1155 1288 94 857 31 39 187

T able 4. Number of the major plants parasitic nematodes on the root of
leaf perilla (Sam-Moon dong and Yea-Lim lee).

No. of parasitic nematodes/ soil 3000cc No. of
Location Pratylen Tylen Pararoty P rf'zrul(t)ynlqerg)(r:]f;us total
others total
- chus - chus - lenchus root
Sam-Moon .
dong 535 (826) 62(9.2) 8(1.2* 43(7.0) 648 224 776
Yea-Lim lee 891(85.7) 82(7.8) - 67(6.5) 1040 448 1040

" No. of nematodes isolated
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Fig. 2 . Parasitic nematodes isolated from the soil of leaf perilla field.

A. Helicotylenchus sp. B. Pratylenchus sp. C. Pararotylenchus sp.
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7t 7 A

2 OASE L 9% AEF YA A EGoA B FFolF AHF R
A7} 4% AET|MA FHOI2M Arthrobotrysd 3Fol ALHAT (2¥ 3).

U, A 24% &9 A4

¥ 5% WAHRR] AtollA Add 3F9 A4%A4 FFolo MF (Pratylenchus sp.)
WA E7E AR AFo|th Arthrobotrys dactyloides® 65%2A 7H¢ £& WAZGE
Bgony, ooy Arthrobotrys oligosporas 37%, Arthrobotrys conoides 16%2] 3l
7bE YEt Ao

o XEY AdF A% 33

Arthrobotrys 3%9] EE| N2 #e]¥elMZ (Pratylenchus sp)oll W 44d%F
7 AY AF, A oligospora= 53%, A. conoides 9 A. dactyloidesi= 2t 43% R
28%°] AME &HS Uethlol (E 6), WAMRAN Y 44F a9 FAddEs
“gol 3t .

Fig. 3. Nematophagous fungi. A: Arthrobotrys conoides, B: Arthrobotrys oligospora,
C: Arthrobotrys dactyloides, < constricting ring
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Table. 5. Biological control effect of nematophagous
on WA (3% water agar) plate.

fungi against Pratylenchus sp.

Before Days after treatment Control

Species treatments 3 6 9 12 15 effect.(%)
A. oligospora 100 94 88 70 67 63 37
A. conoides 100 100 97 93 84 84 16
A. dactyloides 100 88 60 45 45 35 65

" No. of nematodes tested

Table. 6. Biological control effect of nematophagous fungi against Pratylenchus sp. in

the pot test.
Before 28days after treatment Plant Ht.
Species trestment 70(|)\lcg sail / aNrOoot [contro-lr%tf?]ect(%)] ( /plant)
A. oligospora 2000 633 104 737(53) 75
A. conoides 2000 833 47 880(43) 7.3
A. dactyloides 2000 1067 58 1125(28) 76
Control 2000 1433 123 1556 58

" No. of nematodes tested

1.65+

, A. oligospora, A. conoides A. dactyloides
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. Soil amendment

3 soil amendment ( )
TA (tea-agar) WA, PDA
CMA : . , TA
WA , PDA CMA
(7.
3.
Arthrobotrys oligospora, A. conoides A. dactyloides
( 4). 3 A.
oligospora (95x 10°conidia’g), A. conoides (62x 10°conidial g)
, A. oligospora
(53%) : ( 5).
( )
pellet
A. oligospora, A. conoides A. dactyloides pellet
10 , 20 40 (Pratylenchus sp.)
10 (300g/
) ( 6).
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Table. 7. Growth effect of nematophagous fungi on the various media

media
0, 0, 0,
species WA PDA CMA TAGBY) T.A(10%) T.A((20%)
A. oligospora + +++ +++ +++ +++ A+
A. conoides + +++ +++ + + F++
A. dactyloides + +++ +++ + + F++

" degree of growth (+:0 1, ++: 1 2, +++:2 3, ++++:3 4 )

g

Mo. of conidia (1dconidialg)
38888388

-
o

A, oligospora A, conoidas A. dacilvioides

Fig. 4. Growth effect of nematophagous fungi on pellet media. Conidia were
counted at 22 days post-inoculation
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Fig. 5. Mass cultures of the nematophagous fungi, Arthrobotrts oligospora. Liquid

culture in SDB media (A) and solid culture (B, C).
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-
5
\!'_:_;-\:"‘1;.

Fig. 6. Pictures showing the leaf perilla field, the biological control

of nematode, Pratylenchus sp., with the nematophagous fungi
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pellet

: : 10 - 20
( 7). , Pratylenchus sp.
( 8),
, A. oligospora A. dactyloides
, 40 84.7%  715%
(Pratylenchus sp.) Arthrobotrys oligospora

—— A, aligosoors
== A comydes
—— A, dacioices
—8— unireaied

No. of whole nematod

] 10 & )
Cays after |nocUlation

Fig. 7. Biological control of the nematophagous fungi against whole population of
nematodes in the soil (300cc) of leaf perilla field.

- 189 -



—— A oligosoeya

i o —8— 4. covioioes
= —i— A, dachdoioes &0
2

E:':; H —— unireaten’
]

= 80

o

D400

o

o 20

=

o

o 10 £ 40
Cays after incoulation

Fig. 8. Biological control of the nematophagous fungi against Pratylenchus sp. in

the soil (300cc) of leaf perilla field.
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1
(Perilla frutescens)
Perilla keton (CioH1402)
K Ca :
(32).
90%
(13, 22).
B otrytis ,
: : : ; (11, 22)
cinerea 1958
(3, 19)
(51)

. Alternaria
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(33).

. Botrytis

Alternaria



46). 1

(49). Alternaria ,

(early blight), (leaf  blight),
(Alternaria leaf spot), (leaf blight), (Alternaria
leaf spot), ; :
, Alternaria
(62) :
. Purdy (68)
Adams  Sclerotinia sclerotiorum 64 225 383
, Kohn S. sclerotiorum 60 350
(56, 62). Kohn(63) Sclerotinia

Sclerotinia

S. sclerotiorum, S. triforiorum, S. minor 3

(57, 61, 66, 70, 71).
1900 20

2000 27
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2%

7000
12% ,
15- 20% (2).
40 ,
Pseudomonas syringae Bio-save 10
, Trichoderma harzianum T richodex
, Bacillus subtilis
(5, 28). : :
2
1. Botrytis cinerea
1997 1 1998 5
1998 5 4 2 1 6
120x 100 ( 230 x 12 )
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sodium hypochlorite

dextrose agar (PDA)

PDA
Sb1 17
3
5 30

25

LVF1 14

31 7

PDA

(SEM)

: 5 PDA

PDA, corn meal agar(CMA), V8-juice agar(V8A)

1)

PDA

10°

LVF12

, PDB, 10%

3 LVF12
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5.25%

potato
SD7
25
8
20 25
( )
5



2)

3)

LVF12 SD7

LVF12

, 20+ 2

1)

LVF12

90% , 20 2

8
90% , 20+ 2
PDA
10% 10°
carborundum #150
6, 8, 10
(39).
, 3-13,
b b ] L 11
PDA 3
10% 10°
3
8
250
PDA
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0.22

WA) 1 12 48
PDA
2)
PDA 3 10%
10' nutrient broth(NB)
90% , 20+ 2
7
3)
PDA 3 10%
10’ NB 1
: 3
: 3 1
5
90% , 20+ 2 7
Bergey's manual 1% PTA Negative stain
(SEM) , APl system 20E  50CHB
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1)

1% 1%, FeSOs- 7H:0 0.05%, MnCl.- 4H:0 0.005%
30 7
0.22 paper disk 50 PDA
paper disk

glucose, fructose, lactose, maltose, galactose, starch, sorbitol, inositol,

glycerol
2)
0.5% 1%, FeSO.- 7H-.0
0.05%, MnCl.- 4H.O 0.005% 30
7 0.22 paper
disk 50 PDA paper disk

(NH4).SO.4, casamino acid, tryptone,
beef extract, malt extract, yeast extract

3)

NB 7 1000
soybean flour, rice flour, corn starch, wheat flour

CaCOs, FeSOs: 7H20, MnClz- 4H-0
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7 (107 ),
(107 ), benomy| (2000 ),
( , 90 )
LVF12 (10% tomato juice 10’ )
90% , 20£ 2

2. Alternaria alternata

1)
5.25% Sodium hypochlorite
1 3 potato dextrose agar (PDA)

25 3
PDA
Sb1 12 7
SD1
2)
SD1 PDA
25 3

: PDA, CMA, V8A
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(
3)
SD1
PDB, 10%
SD1
4)
, PDB, 10%
5 , 3
petridish
5)

25

|pH

pH 4,5,6,7, 8,9, 10 PDA

8

10°

PDA
0 40 5
, 16
8
sb1
PDA 3
6, 8, 10
40 1
90% , 25+ 2
5 2
) PDA
sb1 10°
300

12hr, 24hr, 36hr
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SD1

, Alternaria
, beak :
1)
Bacillus licheniformis N1 B. megaterium N4 4 6
PDA
0.22
WA) 1 12 48
2)
Nutrient broth(NB) 200rpm, 30 4 Bacillus
licheniformis N1 B. megaterium N4 (107 ) , PDA 25 .7
A. alternata SD1 10% 10’
: , 3
1 , 3 1
, 90%),
12 7
3)
( L) 2509 2 Waterman NO. 3
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L) ) B. licheniformis N1

2.5g, 259, 10g,
50 48
lichenif ormis N1 ( , 50 )
30 4 B. licheniformis N1 PDA

Alternaria alternata SD1 10%

1 1 3 1
, , 100%, 12
7
3. Sclerotinia sclerotiorum
1997 1 1998 5
2 1 6
( 230 x 12 )
solution 1 3
agar (PDA) 25 2
PDA

S1 16

- 203 -

200 rpm, 30 4

10g

. B.
200 rpm,

25 7

(10°conidia/ ml)

1 3

48

5 4

120x 100

5.25% clorox

potato dextrose



PDA 7

8 9 90% ,
20+ 2 1 , 2
5 , 2
1)
Bacillus licheniformia N1 B. megaterium N4 4 6
PDA
2)
Nutrient broth(NB) 1 (107 )
PDA 1 8
90% , 20+ 2 1
, 2
5 2
3)

Bacillus licheniformia
N1 B. megaterium N4

PDA 1 8

90% , 20 2 ,

4)
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100g, 100g, CaCOs 05g, FeSO.7H:0 25mg,

MnCl.4H20 5mg, Dextrose 1g NB 200 rpm, 30 4 B.
megaterium N4 250ml| 750ml
. 50 48
5)
B. megaterium N4 ( , 50 ),
Benomyl (2,000 ) (107 )
90% , 20 2 2
5 2
3

1. Botrytis cinerea

(Fig. 1A, B, C).

5 4 2 (1, 1)
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AAsd 4 67(A B C D, E F)Y F 1278 didez
21.3~681%2AM BT 41.1%9 LHEE BAH(Table 1).

Fig. 1. Symptoms of gray mold rot of perilla by Botrytis cinerea on the naturally
infected leaves and stems of perilla in a field(A, B and C). Development of

typical symptom on the artificially inoculated leaves and stems of perilla by

LVF12 isolate of B. cinerea(D and E).
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LVF

LVF12

SD7

(Fig.

sD7
(SEM)

(Fig. 3A, B).

(T able 2).

30
10

20

12 SD7

SD7

2). 2

, CMA

15-25

25

10

(T able 2).

LVF12

(T able 2, Fig. 3).

(Fig. 4).
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T able 1. Incidence of gray mold rot on perilla in two different investigated fields
in 1998

L ocation Investigated field® Infected plants(%)

>

68.1
559
405
248
28.2
213

Pusan
Kang-dong( )

594
398
30.3
409
36.1
474

Kang-dong( )

mMmooO ®©®>»> T MmMmOoOO®

Average 411

230 plants in each field were investigated.

T able 2. Cultural characteristics of LVF12 and SD7 isolates of Botrytis cinerea

Characteri- LVF12 SD7

stics PDA CMA V 8A PDA CMA V 8A

Colony dark gray gray gray light gray white white

Sclerotia present absent present present absent present

Conidia abundant abundant abundant scarce scarce scarce
shape ellipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal

size( )* 55-150 50-225 100-200 75-150 50-150  5.0-15.0
(mean)  x50-100 x 75-100 x 75-125 x 50-125 x 5.0-100 x 5.0-10.0
(118x 7.3) (12.0x 82) (145x 97) (11.1x 75) (10.2x 76) (13.6x 7.9)

’One hundred spores were examined.
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Fig. 2. Cultural characteristics of 2 isolates of 3-week-old cultures on potato
dextrose agar media. (A) Botrytis cinerea LVF12 isolate. (B) Botrytis cinerea SD7

isolate.
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Fig. 3. Scanning electron micrographs (A and B) and light micrographs (a, b and
C) of conidia and conidiophores of Botrytis cinerea SD7 isolate (A) and LVF12

isolate (B and C). Scale bar represents 1um.
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Colony diameter (mm)
3
Conidia ( * 105/ml)

== == bk Ry
ﬂmﬂﬂlﬁﬂlﬂg

5 1015 20 25 30 5 1015 20 25 30
Tem pemtum C)

Fig. 4. Mycelial growth and sporulation of Botrytis cinerea isolate (LVF12 and
SD7) on potato dextrose agar media 7days and 2ldays after incubation at various

temperatures, respectively.
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1)

LVF12

, PDB 76%
85%
2)

LVF12 SD7

(T able 4, Fig. 1D, E). 2
LVF12 SD7

. LVF12

. SD7 LVF12
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(T able 3).

, 10%



6 20%, 8
50% , 10 90%

(T able 5).

Table 3. The effects of various spore suspensions on pathogenicity by B otrytis
cinerea LVF12 on perilla

Spore suspension® Disease incidence(%)"
SW 0
PDB 76
Tomato 85
Control 0

*SW = sterilized water, PDB = potato dextrose agar, Tomato = 10% tomato juice
T he percentage of infected leaf.

Table 4. Pathogenicity of LVF12 and SD7 isolates of Botrytis cinerea on the
leaves and stems of perilla

Pathogenicity

Inoculum
Isolates Mycelial disks Spore suspension
Stem* L eaf® L eaf®
LVF12 15 166.7 62.5
SD7 55 217 42

*The size of infected stems( )
*The size of infected area( )
‘T he percentage of infected area(%)
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Table 5. The effect of growth stages of perilla on pathogenicity by B otrytis
cinerea LVF12

Growth stage Disease incidence(%)”
6 leaves 20
8 leaves 50
10 leaves 90

*The percentage of infected leaf.

3)
11 LVF12
11
46.7% (T able 6).
1)
N1 250 PDA
N1 6
N1 N4
(T able 7, Fig. 5).
N1 N4 LVF12
48 90% N1
N4 100% (T able 8).
PDA , (Fig. 6).
2)
6
6 70% , N1
95.3%, N4 90.8% (Fig. 7, 8).
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3)

N1 N4

100%, N4 100 87.3% 2

(T able 9).

T able 6. Resistance of 11 perilla cultivars to infection by Botrytis cinerea LVF12

Cultivars Disease incidence(%) Severity®
Okdong 617 ++++
Gupo 533 +++
Kwangyang 83.3 +++++
Perilla 1-1(small) 76.7 ++++
Milyang 46.7 +++
Chubu 75.0 ++++
Gurae 3-13 80.0 +H+++
Kyungsin 58.3 +++
Gosung jerae 78.3 ++++
Hadong 56.7 +++
Jinju jerae 78.3 ++++

*Symptom severity : +weak symptoms; +++++severe symptoms.

T able 7. Inhibitory effect of 6 antagonistic bacteria on the mycelial growth of
Botrytis cinerea LVF12 on PDA

Antagonistic bacteria Inhibition zone( )*
N1 35
N2 24
N3 22
N4 37
N5 25
N6 27

*Growth inhibition was determined after 7days of incubation at 25
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T able 8. Effects of 2 antagonistic bacteria on conidial germination of Botrytis
cinerea LVF12

Antagonistic Conidial germination(%+ S.D)"

bacteria 12hr 24hr
N1 0 0

N4 0 3t 2
W ater 72+ 4 90+ 4

*Conidial germination was directly counted on water agar under microscope.

- 216 -



Fig. 5. Growth inhibition of Botrytis cinerea b}'f 2 antagonistic bacteria, Bacillus

licheniformis N1(A) and B. megaterium N4(B) on PDA.
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Fig. 6. Abnormal growth of mycelia of Botrytis cinerea LVF12 by antagonistic
bacteria, Bacillus licheniformis N1.

A : Normal mycelia( X400), B : Abnormal mycelia(x400)
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E Disease incidence (%) [
B Control value (%)

«.n'
Mi+ Fa N2+ Pa N3+Pa M4+ Pa MN5+Pa MNo+Pa Paaore

Antagonistic bacteria

Fig. 7. Suppressive effect of 6 antagonistic bacteria on the incidence of gray mold
rot on perilla in a growth chamber. Perilla seedling were respectively
treated with each antagonistic bacterium plus Botrytis cinerea LVF12 or

treated with B. cinerea LVF12(Pa alone).
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Fig. 8. Suppressive effect of bacterial suspension of 2 antagonistic bacteria on
gray mold rot of perilla caused by Botrytis cinerea LVF 12,
Top : Bacillus licheniformis N1(A) or B. megaterium N4(B) plus
B. cinerea LVF12, respectively.

Bottom : B. cinerea LVF12 alone.
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T able 9. Effects of differentiated inoculation time between Botrytis cinerea and 2
antagonistic bacteria on biological control of the gray mold rot of perilla
in a growth chamber

Time of bacterial Disease incidence(%)* Control value(%)
inoculation N1’ +Pa N4°+Pa Pa’ alone N 1+Pa N4+Pa
3days before 0.0 0.0 100 100
2days before 0.0 00 100 100
lday before 0.0 00 100 100
co-inoculated 0.0 8.8 73.3 100 88.0
lday after 0.0 9.0 100 87.7
2days after 0.0 93 100 87.3
3days after 0.0 93 100 87.3

*The percentage of infected area.
°N1 : Bacillus licheniformis

‘N4 : B. megaterium

‘Pa : Botrytis cinerea LVF12

N1 N4 , , 9
Bergey's manual N1
Bacillus licheniformis, N4 B. megaterium (T able 10).
2 APl system N1
88.8%, N4 83.3% Bergey's manual (Fig. 9).
1)

B. licheniformis N1
glucose 53

(T able 11).
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T able 10. Biochemical, physiological and cultural characteristics of 2 antagonistic

bacteria compared with Bacillus spp.’

Isolates Bacillus spp.

Test N1 N4 B. lichenformis B. megaterium
Gram stain + + + +
Endospore + + + +
Cell diameter > 1.0 - + - +
Anaerobic growth + - + -
Growth in NaCl 2% + + + ND
5% + + + ND
7% + + + d
Growth at 5 + - - d
10 - + - +
30 + + + +
40 + + + d
50 + - + -
Hydrolysis of Casein + + + +
Gelatin + + + +
Starch + + + +
Nitrate reduction + + + d
Utilization of Citrate + + + +
V oges- prosakauer test + + + -

‘Data from Bergey's manual of Systematic Bacteriology. 1986. Williams &
Wilkins.
*Symbol : +, 90% or more of strains are positive: -, 90% or more of strains are

negative: ND, no data available: d, 11-89% of strains are positive.
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Fig. 9. Electron micrographs of negatively stained cells of antagonistic bacteria,
A : Bacillus licheniformis N1, B : B. megaterium N4

Scale bar represents 1um.
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2)
B. licheniformis N1

tryptone 45

(T able 12).
3)
soybean flour, rice flour
CaCOs, FeSO.- 7H.O, MnClz- 4H-0
(T able 13, Fig. 10).
in vitro ,
B. lichenformis N1
greenhouse , benomy!|
benomyl (T able 14, Fig. 11).

2. Alternaria alternata

1)

(Fig. 12).
2)

SD1 PDA

- 224 -



Table 11. Effects of various carbon sources on growth inhibition of B otrytis
cinerea LVF12 by antagonistic bacterium, Bacillus licheniformis N1 on
the PDA at 25

Carbon sources(1%) Inhibition zone( )
Glucose 53
Fructose -
L actose -
M altose -
Galactose -
Starch 3.2
Sorbitol 23
Inositol 21
Glyceral -

Table 12. Effects of various nitrogen sources on growth inhibition of Botrytis cinerea
LVF12 by antagonistic bacterium, Bacillus lichenformis N1 on the PDA at
25

Nitrogen sources(0.5%) Inhibition zone( )

(NH2):SOx -

Casamino acid -

Tryptone 45
Beef extract 29
Malt extract 23
Y east extract 28

- 225 -



Table 13. The component and content of macromolecular compound and the
element of a very small amount for formulation of B. licheniformis N1.

Components Content
Soybean flour 200g
Rice flour 200g
Dextrose 4q
CaCOs 29
FeSO.- 7H:0 100
MnCl.- 4H-0 20

N suspension® 1000

*Bacterial suspension (107 ) of Bacillus licheniformis N1 cultured nutrient broth
during 7days.

Table 14. Biological control of gray mold rot perilla by formulation, bacterial
suspension of Bacillus licheniformis N1 and benomyl in a greenhouse

Treatments Disease incidence(%) Control value(%)
B suspension® 24.3 70.4b'
N suspension’ 79 90.4a
Formulation® 5.7 93.1a
Benomy|* 114 86.1a
Pa only® 82.1 0.0c

*Bacterial suspension(107 ) in sterilized water
*Bacterial suspension(10’/ ) in cultured nutrient broth during 7days
‘Formulation : wettable powder containing Bacillus licheniformis N1
(107 )
‘Benomyl : spraying after 2000 dilution
‘Pa : Botrytis cinerea LVF12 alone
'Means within a column followed by the same letters are not significantly different by
DMRT at 0.05 level.
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QLAY

et et 4

Fig. 10. Formulation made of high molecular compound, the element of a very
samll amout and bacterial suspension of Bacillus licheniformis N1.

Fig. 11. Suppressive effect of formulation of Bacillus licheniformis N1 on gray
mold rot of perilla caused by Botrytis cinerea.
Formulation of B. licheniformis N1(A) or control(B) plus B. cinerea
LVF12, respectively.
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. CMA

30.0

0%,

, VBA PDA
(Fig. 13). 3 uv
PDA V8A
(Fig. 14).
V8A
: 2-8
, 1-5 100 -
(18.3) 50 - 10.0 (8.3) (Fig. 15).
pH PDA pH 4, 5,6, 7,8, 9,
10 25 , 30 9
: pH 7, 8 25
(Fig. 16).
0, 40
, 5,35
25 (Fig. 17). 16
30 . 0, 40
, 5-30 (Fig. 18).
3)
(Fig. 19).
PDB 60%), 100% (T able 15).
6 ,8 ,10 10%
50, 85, 90% (T able 16).
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Fig. 14. Mycelial growth of Alternaria SD1 on different media and light sources
fter 12 days incubation at 25TC.
FL : fluorescent lamp, UV : ultraviolet lamp, DA : darkness

Fig. 15. Conidia of Alternaria SD1

A 1 X100; B : X400.
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Colony diametericm}

pH

Fig. 16. Effect of pH on the mycelial growth of Alternataria SD1 on PDA for
9 days incubation at 25

Colony diameter{cm)

0 5 10 15 £ &6 0 H 4

TEMPEREATURE{™)

Fig. 17. Effect of temperature on the mycelial growth of Alternaria SD1 on PDA
for 9 days incubation at 0 to 40
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(Fig. 19).

4)

PDB 36 100% 535.2
. (T able 17).
5)
Simons Alternaria

(13). Alternaria ,

, , beak
Alternaria alternata . (T able 18).
1)
6
B. licheniformis N1 42
B. megaterium N4 28 . (T able 19).

B. licheniformis N1 B. megaterium N4
24 92% 2
100% . (T able 20).

2)
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Conidigx1 )

015 1016 D35 D DO
TEMPERATURE(°C)

Fig. 18. Sporulation of Alternaria SD1 isolate on PDA after 16days incubation at

different temperature.

Fig. 19. Symptoms of leaf blight of perilla by artificial inoculations.

A : Inoculation with mycelial disks; B : Inoculation with conidiasuspension
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Table 15. The effects of different
SD1 on perilla

spore suspension on pathogenicity by Alternaria

Spore

suspension®

Pathogenicity

Inoculated plants

Diseased planted

Sterilized water
Potato dextrose broth(PDB)

Tomato juice

10
10
10

0
6
10

*All conidial suspension were adjusted at 10° conidia/ml

Table 16. The effects of growth stages of perilla on pathogenicity by Alternaria

SD1
Growth stage Disease incidence(%)”
6 leaves 50.0
8 leaves 85.0
10 leaves 90.0

*The percentage of infected leaf.

Table 17. The effect of various spore suspension on germination percent of
conidium and germ tube growth of Alternaria SD1
. Sterilized water PDB" T omato juice
M easurements . C
G. R(%) G.L( ) G.R%) G.L( ) G.R®%) G.L( )
12hr 9 12 69 12.2 91 325
24hr 42 388 92 150.8 100 250.0
36hr 68 82.0 100 380.0 100 535.2

°Each figure is average of measurements of about 100 spores of SD1 isolate.

°G. R : Germination percent
°G. L : Length of germ tube
‘PDB : Potato dextrose broth
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T able 18. Comparison between Alternaria alternata and Alternaria SD1 isolate for
the conidial measurements.

Alternaria alternata

- sbr
Measurements  simmon  Neergaard Grogan. et. al Moon
: Corn Potato Potato Corn -
() sn(égtizlnpeen Z'I: \r/?ter%la T;)trgrﬁto meal dextrose dextrose meal V%J;r'ce
P agar agar agar agar 9
Spore length
Mean 309 257 323 198 205 183 199 205
Range 18.0-47.0 70-700 180-50.0 100-30.0 11.7-324 100-300 125-325 10.0-475
Spore width
Mean 126 112 124 95 10.1 8.3 107 94
Range 7.0-180 6.0-220 70-180 70-130 30-155 50-100 75-150 75-125

’Each figure is the average of measurements of about 100 spores of Alternaria
SD1 isolate.

T able 19. Inhibitory effect of 6 antagonistic bacteria on the mycelial growth of
Alternaria alternata SD1 on PDA

Inhibition zone( )*

Antagonistic bacteria

A. alternata
N1 42
N2 23
N3 21
N4 28
N5 32
N6 31

*Growth inhibition was determined after 7days of incubation at 25

T able. 20. Effects of 2 antagonistic bacteria on conidial germination of Alternaria

alternata SD1.

Conidial germination(%+ SD)*

Antagonistic bacteria A. alternaria

12h 24h
N1 0 0
N4 0 2t 2
W ater Ot 2 92+ 2

*Conidial germination was directly counted on water agar under microscope.
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B. licheniformis N1 B. megaterium N4 2 100%

( Table 21).
3)
2 B.
licheniformis N1
N1 B. licheniformis N1
100%
. (Fig. 20, T able 22).
3. Sclerotinia sclerotiorum
.(Fig. 21). ,
5 4 2 ( l, )
6 (A,B,C, D, E, F) 12
8.1 28.3% 13.9% (T able 23).
1
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Fig. 20. Suppression effect of formulation of Bacillus licheniformis N1 on leaf
blight of perilla caused by Alternaria alternata SD1
Left: A, alternata SD 1 alone; Right: Formulation of B. licheniformis N1

plus A. alternata SD 1
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T able 21. Effects of differentiated inoculation time between Alternaria altanata and
2 antagonistic bacteria on biological control of the leaf blight of perilla
in pot soil in a green house.

Time of bacterial Disease incidence(%)* Control values(%)
inoculation N1'+Pa  N4°+Pa  Pa’ alone  N1+Pa N4+Pa
3days before 0.0 0 100 100
2days before 00 0 100 100
lday before 00 0 100 100
co-inoculated 00 20 790 100 975
lday after 0.0 40 100 94.9
2days after 0.0 40 100 94.9
3days after 0.0 40 100 94.9

*The percentage of infected area.
°Pa : Alternaria alternata SD1
‘N1 : B. lichenformis N1

‘N4: B. megaterium N4

Table 22. Suppression effect of formulation and culture broth of Bacillus
licheniformis N1 with differentiated inoculation time on leaf blight of
perilla in green house

Time of bacterial Disease incidence(%)” Control values(%)
inoculation Forumlation gruolzﬁrsg’ Pa alone® Forumlation Ct:)LI‘”Otthe
3days before 0.0 0 100 100
2days before 00 0 100 100
lday before 00 0 100 100
co-inoculated 00 0 80.0 100 100
lday after 00 0 100 100
2days after 00 0 100 100
3days after 0.0 0 100 100

*The percentage of infected area.
°Culture broths was cultured 4days at 30 , 200rpm.
‘Pa : Alternaria alternata SD1
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Fig. 21. Symptoms of sclerotinia rot of perilla caused by Sclerotinia sclerotiorum
on the naturally infected leaves and stems of perilla in a field.

Table 23. Incidence of sclerotinia rot on perilla in two different investigated
fields in 1998

Location Investigated field® Infected plants(%)
Pusan 28.3
Kang-dong(1) 158
20.3
12.8
10.3
8.1
148
114
10.1
12.3
9.1
13.9
Average 13.9

2230 plants in each field were investigated.

Kang-dong(1I)

TEHSO@PHNEBODOW >
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, 80%

S2 (Fig. 22).
S2 , ;
Sclerotinia sclerotiorum (Fig. 23).
1)
6
licheniformia N1 B. megaterium N4 28 22
(T able 24).
2)
2
B. megaterium N4 89.5%
licheniformia N1 (Fig. 24, 25).
3)

B. megaterium

1 3
0
N4 80%
(T able 25).
4)
in vitro
B. megaterium N4
benomy!|
3
98% benomy!| (Fig. 26, T able 26).
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Table 24. Inhibitory effect of 6 antagonistic bacteria on the mycelial growth of

Sclerotinia sclerotiorum S2 on PDA

Antagonistic bacteria Inhibition zone( )°
N1 22
N2 16
N3 21
N4 28
N5 11
N6 17

‘Growth inhibition was determined after 7days of incubation at 25

Table 25. Effects of differentiated inoculation time between Sclerotinia
sclerotiorum S2 and B. megaterium on sclerotinia rot of

perilla in a growth chamber

Time of bacterial Disease incidence(%)’ Control value(%)
inoculation N4’ +Pa Pa’ alone N4+Pa
3days before 85 915
2days before 10.7 89.3

lday before 116 884
co-inoculated 116 100.0 884

lday after 85.3 147
2days after 100.0 0.0

3days after 100.0 0.0

‘The percentage of infected area.
°N4 : Bacillus megaterium

‘Pa : Sclerotinia sclerotiorum S2
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T able 26. Biological control of sclerotinia rot perilla by formulation and benomyl in

a greenhouse

Time of Disease incidence(%)” Control values(%)
inoculation Formulation® Benomyl° Pa'only  Formulation Benomyl
3days before 2.0 22.0 98.0 78.0
2days before 38.0 18.0 62.0 82.0
lday before 66.0 20.0 34.0 80.0
co-inoculated 30.0 8.0 100.0 70.0 92.0
lday after 36.0 12.0 64.0 88.0
2days after 46.0 12.0 54.0 88.0
3days after 12.0 20.0 88.0 80.0

*The percentage of infected area.

*Formulation : wettable powder containg Bacillus megaterium N4(107 )(spraying
after 50 dilution)

‘Benomyl : spraying after 2000 dilution

‘Pa : Sclerotinia sclerotiorum alone

Nsease incidencel%

ﬂ

Fig. 22. Pathogenicity of Sclerotinia sclerotiorum S1-S16 isolates from disease
lesion of sclerotinia rot on the leaves of perilla.
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Fig. 23. Development of typical symptom on the artificially inoculated leaves(B)
and stems(A) of perilla by Sclerotinia sclerotiorum S2 isolate.

Fig. 24. Growth inhibition of Sclerotinia sclerotiorum S2 by 2 antagonistic
bacteria, Bacillus licheniformis N1(A) and B. megaterium N4(B) on PDA.
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100 | W Cizeazs incidanca (%)
f B Cortrod vale (%)

BoE A

Ml +Pa [+ Pa Fa done

Bacterial inolates

Fig. 25. Suppressive effect of 2 antagonistic bacteria on the incidence of sclerotinia
rot on perilla in a growth chamber. Perilla seedling were respectively
treated with each bacterial isolate plus Sclerotinia sclerotiorum S2 or
treated with S. sclerotiorum S2(Pa only). N1 and N4 isolates were
identified as Bacillus licheniformis and B. megaterium, respectively.
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Fig. 26. Suppressive effect of formulation of Bacillus megaterium N4 on
sclerotinia rot of perilla caused by Sclerotinia sclerotiorum.
Formulation of B. megaterium N4(A) or control(B) plus S

sclerotiorum S2, respectively.
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@3, 19). LVF12 sD7

Ellis(7), (12), Arai(4) B. cinerea
2
(SEM) . (43) SEM
B otrytis 6
2 B. cinerea, B. fabae, B.
squam osa 3 , 3
LVF12 SD7 B. cinerea
(gray mold rot of perilla) . B.
cinerea species complex B otryotinia fuckeliana, B otryotinia

convoluta, Sclerotinia draytonii, Botryotinia pelargoni, Botryotinia caltbae,

B otryotinia ranunculi B otryotinia ficariarum
. Oatmeal agar 20 , 10
6.0
, 750 2 ;
16- 30 . ,
5.5-15.0x 5.0-10.0
, LVF12 SD7
, 2 LVF12
SD7 . 2
LVF12 , SD7

, Paul(36) B. cinerea
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(mycelial type),

(sporing type)

(sclerotial type) 3
(24), (25, 26) B. cinerea
2 B. cinerea
B. cinerea ,
(6, 15, 20, 23,
24, 25, 26, 37).

213 68.1%( 41.1%)

B. cinerea
(1, 8, 14, 16, 30, 34, 35, 40, 42).

(10,
38, 41). Botrytis cinerea
Trichoderma harzianum 20-50% 9, 44),

Botrytis cinerea Gliocladium roseum
(17).
Gliocladium roseum Ulocladium atrum (29).
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Pseudomonas cepacia Pyrrolnitrin

(18).
PDA
100%
. Botrytis cinerea Bacillus pumilus
B. amyloliqudaciens
, antifungal ,
antifungal (32).

, . Bacillus

CaCOs, FeS0Os- 7H:0, MnClz- 4H:0

3
2. Alternaria alternata
Alternaria alternata
SD1
Alternaria, Ulocladium,
Stemphylium
chain ,
Alternaria . SD1 Ellis(45),
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Simmon (53), Neergaard(52), M oon(50) Alternaria alternata
, Alternaria A. citri(45), A. brassicicola(55),

A. dianthi(54) , , , ,

beak SD1 . SD1 Alternaria alternata
Alternaria alternata Black spot
Brown spot . ,
25 30
. pH
pH :
. Lagopodi 24hr ,
-7 , 0
(49).
pathotype
, A. alternata
(47, 48).
PDB
100%
: 9
, Alternaria
2
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Alternaria

chlorothalonil, maneb, captafol, mancozeb

, Alternaria

. Alternaria

P seudomonas Trichoderma

. Bacillus spp.

Bacillus spp.
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B. licheniformis N1 B. megaterium N4 95- 100%

3. Sclerotinia sclerotiorum

Sclerotinia
. Sclerotinia (cottony rot),

(white mold), (watery soft rot), (stem rot),
(crown rot), (blossom  blight) (58, 60).
Sclerotinia ,

, S. minor
05-1.0 , S. sclerotiorum  2-10
1 (59)'

Sclerotinia
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(65, 67). 3

3 (64, 69).

benomyl, dickloran, thiophanate- methyl

PDA

2-3

Bacillus spp.

4
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Table 1L The Hydrophonic Solution Concentrations for Growth of Perilla

Reagent Concentration Reagent Concentration
Ca(N Os)2. 4H-.0 472 Ca(N Os)2. 4H-.0 472
KNOs 808 KNOs 808
NH4+H2PO. 492 NH4+H2PO. 492
MgSO. 7H-0 152 MgSO. 7H-.0 152
Fe- EDTA 160 B Fe- EDTA 242
H3BOs 120 H3BOs 3.00
MnSO. 4H-0 7.00 MnSO. 4H-.0 18.0
ZnS0Os. 7H-0 0.90 ZnS0Os. 7H20 2.20
CuSO. 7H:0 0.40 CuSO. 7H:0 0.50
(NH4)2M 00. 0.05 (NH4)2M 00. 0.10
CaNOs: 4H-0 ar2 Ca(NOsyz 4H:0 472
KNOs 808
KNOs 450
NH4+H2PO. 246
NH4H:PO. 270
MgSO. 7H-0 152
MgSO. 7H-.0 152
Fe- EDTA 240
D Fe- EDTA 180
H3BOs 3.00
K2S0s 12.0
MnSO. 4H:0 1.80
NaM 00s. 2H-.0 9.00
ZnS0Os. 7H.0 0.22
MnSO. 4H-.0 045
CuSO. 7H:0 0.05 CuSO.. 7H.0 0.08
(NH4)2M 00. 0.02 * 2 '
Ca(NOsy 4H:0 472 CaN O 4H-0 460
KNOs 960
KNOs 450
NH4+H2PO. 470
NH4+H2PO. 270
MgSO. 7H-0 193
MgSO. 7H-0 152
Fe- EDTA 26.0
Fe- EDTA 180 F
H3BOs 1.00
H3BOs 120
MnSO. 4H-.0 167
MnSO. 4H:0 20.0
ZnS0Os. 7TH20 0.20
CuSO. 7H:0 10.0
CuSO. 7H:0 0.10
(NH-):M 00 0.75 Na:M0O: 2H.0 0.10
Ca(N 0s)2. 4H.0 472 Ca(N Os)2. 4H-.0 472
KNOs 829 KNOs 820
MgSO. 7H-0 17.1 MgSO. 7H-.0 20.0
KH2PO. 524 KH:PO. 520
Fe- EDTA 87.3 Fe- EDTA 90.0
H3BOs 31.2 H H3BOs 312
MnSO. 4H:0 114 MnSO. 4H-.0 114
ZnS0Os. 7H.0 7.80 ZnS0Os. 7H20 8.50
CuSO. 7H:0 340 CuSO. 7H:0 2.75
N aM 004 0.667 N aM 004 0.70
NaB+O-. 10H.0 114 NH4H2PO. 280
C&(NOs)z- 4H.0 472 MnSO. 4H.O 11.4
KNOs 820
ZnS0Os. 7H20 8.50
NH4H2PO. 420
CuSO. 7H:0 2.75
KH:PO. 520
N aM 004 0.75
Fe- EDTA 90.0 MaSOs 7H.O 20.0
H:BO: 312 gt Mhe -
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1
1997 4 6 5 1 pot
( 5cm) 30 15cmx 20cm
(NFT : nutrient film technique) 2 3mm
(35m/ min)
A,B,C,D,E,F,G,H, 19 3
pH EC 3 1
Im
17 22 5 100 Lux
5 6 4 , ;
3.
M ortar
(C2HsOH) Shimadzu UV/vis-240 spectrophotometer
. K*, ca”, Mg*, zn*, Mn*, Fé&",
cu*, B*
(A max)
(Optical Density
oD)
UV/vis cell
oD
. UV/vis spectrophotometer
Denney
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A G7 ;
D E KNOs; NH4H:PO.
270ppm  152ppm
K
NH*
2 A 19
1
A H 5 6 ,5 10 ,5 12 ,5 18 20
A H
ca’’, K*, NH4" NOs’ 1764ppm
H.PO. 800ppm I

N Qs H2PO. .6 7

6 23 16 A C F

A H C NGOs

1752ppm ca”’ 472ppm, K* 808ppm
NH." 246ppm , H.PO. 246ppm

A F NGOs 1880ppm C 128ppm

ca”’ K" 140ppm
(B) C 13
B
A 5 6 5 10 5
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T able 2. Growth Variation on the Chemical Concentration of Hydroponic Solution

Culture Hydroponic Solution

ur
Date Treatment
Setup A B C D E F G H I

A Plant length 636 NG 633 NG NG 621 649 765 638
. Leaf length 369 NG 433 NG NG 388 381 443 388
May 6 field \width leaf 285 NG 332 NG NG 303 304 354 294

1998 B Plant length 608 513 455 422 NG 435 490 355 430
. Leaf length 421 358 384 4.18 NG 405 403 3.05 360
field  width leaf 326 271 300 367 NG 353 354 355 460

A Plant length 883 NG 9.13 NG NG 104 9.3 109 104
. Leaf length 735 NG 762 NG NG 682 645 7.08 745
May 12 field width leaf 6.22 NG 647 NG NG 536 539 563 596

1998 B Plant length 883 NG 9.13 NG NG 100 ND 925 118
. Leaf length 735 NG 762 NG NG 752 ND 6.12 825
field  width leaf 622 NG 647 NG NG 624 ND 502 6.77

A Plant length 144 NG 134 NG NG 150 133 155 137
. Leaf length 846 NG 901 NG NG 880 821 110 943
May 18 field width leaf 737 NG 740 NG NG 753 7.18 745 781

1998 B Plant length 137 NG ND NG NG 151 159 136 150
. Leaf length 832 NG ND NG NG 908 933 8.12 9.00
field  width leaf 702 NG ND NG NG 756 846 690 7.30

A Plant length 123 NG 152 NG NG 143 151 147 152
. Leaf length 875 NG 105 NG NG 109 984 106 116
May 22 field width leaf 763 NG 913 NG NG 976 822 884 940

1998 B Plant length 148 NG 163 NG NG 123 156 ND ND
. Leaf length 997 NG 121 NG NG 978 104 ND ND
field  width leaf 879 NG 109 NG NG 833 95 ND ND

A Plant length 310 NG 369 NG NG 316 319 ND 290
. Leaf length 124 NG 148 NG NG 147 137 ND 120
June 7 field width leaf 107 NG 155 NG NG 119 140 ND 10.0

1998 B Plant length 30.2 295 325 285 NG 308 380 ND 27.0
. Leaf length 127 142 172 131 NG 136 144 ND 150
field  width leaf 116 113 154 115 NG 111 137 ND 120

A Plant length 324 NG 322 NG NG 354 328 ND 320
. Leaf length 857 NG 117 NG NG 149 948 ND 850
June 12 field  width leaf 680 NG 101 NG NG 116 873 ND 6.80

1998 B Plant length 325 NG 415 NG NG 335 340 ND 385
. Leaf length 138 NG 173 NG NG 149 151 ND 168
field  width leaf 121 NG 164 NG NG 104 146 ND 14.0

A Plant length 430 450 522 NG NG 455 ND ND 448
. Leaf length 117 152 142 NG NG 147 ND ND 159
June 23 field  width leaf 105 128 154 NG NG 124 ND ND 130

1998 B Plant length 550 NG ND 375 NG 515 ND ND 470
. Leaf length 140 NG ND 114 NG 149 ND ND 145
field  width leaf 111 NG ND 913 NG 122 ND ND 116

* NG indicates growth was very slow to measure
* ND indicates no change in growth was detected
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13 C
11.4ppm A
Zn* 8.5ppm
2.
A H

ca’’, K', NH4"

6 23 16
Ca2+, K +
I
NOs
420ppm C

A

Mn®**, Zn**, Cu**, Na‘, Mo®*"

Mn?* A H
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5 6 5 18 12
H
NOs", H2POs .6 7
A C F
NOs ;
6 23
I C
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NH."
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A , 6 7 6 12

- 264 -



12 6
20ppm

,Mgz+

100 152ppm U5 V7
5 6 5
C , F
NOs H:PO4+
A
Cu2+ Zn2+
M06+
12ppm A
A A

- 265 -

M gZ+

ca’’, K, NH."

5

31.2ppm

A H
M 06+



T able 3. Inorganic Metal lon Compositions of Peilla Leaves Collected after
Cultivation from the Hydroponic Solutions

Inorganic M etal lons

Samples ' ca® Mg*” Zn**  Mn” Fe* cu** B
A solution 4219 126.2 45.70 43.70 30.30 30.70 1040 3.710
B solution 419.3 117.9 48.90 41.80 2940 29.20 9460 3.680
C solution 4334 1274 49.20 46.30 30.10 30.60 9.720 4.120
F solution 432.8 127.6 46.50 46.90 30.20 30.60 9.740 4.130
G solution  417.6 119.3 43.60 42.40 29.20 28.40 8.790 3670
H solution  439.2 128.4 50.30 47.20 36.40 32.80 11.90 4.230
| solution 4314 1225 49.20 46.70 30.50 30.70 10.80 4.100

* The components mean mg/1000g(ppm) of dry perilla leaves.

* The leaves were collected on May 18. 1998.

T able 4. Inorganic Metal lon Compositions of Peilla Leaves Collected after

Cultivation
Inorganic Metal lons

Sample K* ca | Mg” | zn* | Mn* | Fe& | cu® B
A solution 418.2 122.6 45.30 30.20 30.50 31.40 11.60 3.980
B solution 4174 1194 46 .40 29.20 29.00 30.60 10.20 3.710
C solution 433.7 126.8 48.70 30.00 29.80 31.70 10.30 4.230
F solution 433.1 127.1 45.30 30.10 29.90 31.80 10.30 4.240
G solution 4154 118.5 4270 29.30 2840 29.80 10.00 4580
H solution 4394 127.6 49.90 36.50 33.60 33.60 12.80 4.290
| solution 432.7 122.3 50.10 31.20 3140 3240 10.90 4.250

* The components mean mg/1000g(ppm) of dry perilla leaves.
* The leaves were collected on June 23, 1998.
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Mortor ethanol UV/vis
3 5 8 K+
Ca2+, M gz+l Zn2+ Cu2+ B3+
MgZ+
MgZ+
, MgZ+
4 6 23
4 3
Mﬂ2+, Fez+l CU2+, B3+
K+, Ca2+, Mgz+ Mﬂ2+, Fez+l CU2+, B3+

diethylether

20x 20cm

5
. Table 5 , ; ;
(A ssociation of Official Agricultural Chemists)
30 36
triglyceride, phospholipid
(thin layer chromatograph : TLC)
0.25mm silica gel
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0 1 . silica gel line
spotting . n-hexane, diethylether, acetic acid 80:20:1 (V/V/%)

UV -lamp

diethylether

1%-toluene sulponic acid methanol gas chromatograph

T able 5. General Composition of Perilla Leaves Collected after Cultivation from the
Hydroponic Solutions

Composition (%)

Samples Moisture  Qude praten Crude Fat Total CH* Ash
A solution 85.2 2.34 478 521 247
B solution 85.3 2.37 474 5.23 2.36
C solution 84.7 2.33 481 5.22 294
F solution 84.8 2.35 4.75 5.24 2.86
G solution 84.8 2.34 4.77 5.26 283
H solution 84.2 272 5.13 5.29 2.66
I solution 84.59 2,36 5.02 5.28 2.75

* Total CH represents the content of hydrocarbon.
* The leaves were collected on June 23, 1998.
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5 13 20

2.
1 ’
20, 50, 100 5 13 53.74cm, 57.64cm
52.15cm : 150, 200, 250 60cm
7 13

T able 1. Changes in plant length and stem length of growth stage with difference

of planting density

Plant length Stem length

density (No/ 13. May  13. Jul. mean 13. May  13. Jul. mean
20 53.74 107.73 80.73 39.59 95.00 67.29

50 57.64 109.80 83.72 44.12 96.67 70.39

100 5251 117.93 85.22 48.59 104.93 76.76

150 64.43 106.07 85.25 51.72 93.87 72.79

200 63.74 109.09 86.41 48.92 96.97 7294

250 62.22 112.27 87.24 50.86 98.93 74.89

mean 59.04 110.48 84.76 47.30 97.72 7251
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T able 2. Changes in No. of leaves of growth stage with difference of planting

density
Planting density (No/ )

Days
20 50 100 150 200 250 mean
5/ 13 3.50 3.71 344 3.71 4.00 2.86 3.53
6/3 3.38 3.67 3.64 3.50 3.50 3.00 344
6/ 23 347 3.07 3.07 342 3.34 340 3.29
7113 3.32 3.34 3.60 3.29 3.73 280 3.34
mean 342 345 344 348 3.64 3.02 340

T able 3. Changes in leaf area of growth stage with difference of planting density

Planting density (No/ )

Days
20 50 100 150 200 250 mean
5/ 13 78.98 84.40 64.64 70.79 69.12 59.11 71.17
6/3 93.01 85.29 88.73 7440 74.02 67.32 80.46
6/ 23 100.93 93.49 79.53 68.73 69.34 64.30 79.38

7/13 113.07 111.20 11231 9442 95.15 86.37 102.08

mean 96.50 93.60 86.30 77.09 76.91 69.27 83.27
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200 , 250

3.02

, 250
69.27 , 80

100 . 250

: 250

T able 4. Changes in leaf weight of growth stage with difference of planting

density
Planting density (No/ )

Days
20 50 100 150 200 250 mean
5/ 13 2.02 1.60 129 127 140 121 146
6/3 183 1.75 171 148 132 129 156
6/ 23 1.90 1.86 139 1.19 1.18 1.00 142
713 212 2.18 2.26 173 165 152 191
mean 197 185 166 142 139 1.26 159
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T able 5. Changes in leaf length of growth stage with difference of planting

density
Planting density (No/ )

Days
20 50 100 150 200 250 mean
5/ 13 11.06 1184 10.46 10.79 10.79 1149 11.07
6/3 12.35 12.12 12.24 1097 1094 10.79 11.56
6/ 23 12.64 1242 11.65 13.19 1057 1047 11.82
7113 13.33 14.19 1491 13.06 13.37 12.09 1349
mean 12.35 12.64 12.32 11.50 1142 11.21 11.90

T able 6. Changes in leaf width of growth stage with difference of planting density

Planting density (No/ )

Days
20 50 100 150 200 250 mean
5/ 13 1143 10.28 9.04 9.16 9.24 8.78 9.65
6/3 10.69 1057 10.56 9.37 9.21 9.27 9.94
6/ 23 10.78 1143 1031 8.82 843 8.82 9.76
7113 11.65 11.80 11.28 10.63 10.76 10.37 11.08
mean 11.14 11.05 10.30 9.50 941 9.31 10.11
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