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Development of Cultivation Technology
for Renovation of Aged Chestnut Orchards
and Productivity Improvement
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SUMMARY

I. Title
Development of Cultivation Technology for Renovation of
Aged Chestnut Orchards and Productivity Improvement

II. The Needs and Objectives

Chestnut trees are economically the most important nut tree species cultivated
in rural and mountainous areas of Korea. Most chestnut producing areas had
been built up from late 1960s to mid-1970s by 15,000-35,000 ha per year. The
main producing area has been the southern part of the Korean peninsula. More
than 60% of the total production is produced in Kwangyang, Hadong, Sanchung,
Gongju and Chungju.

Proper management of chestnut orchards is a challenge at the present time.
Some 53% of chestnut trees in orchards all over the country are over 25 years
old, and there has been no thinning or pruning after planting in most of chestnut
orchards. Therefore, crowded trees tend to create excessive shading on lower
branches and promote bearing only on one plane in the tops of the trees,
resulting in smaller nut size and lower nut productivity than is possible on
younger trees. They eventually grow to a height of 9 to 11m. Large, timber—form
trees are not desirable for nut production because they are more difficult to
manage and much of the tree’s energy goes into wood production.

Nowadays the difficulty of finding labor for harvesting the nuts, the aging of
growers, and the decline of chestnut trees though aging are becoming
increasingly important constraints for chestnut production.

The prime objective of this study is to develop advanced techniques for the
improvement of chestnut productivity in the aged chestnut orchards, and also to
strengthen the competitiveness of domestic products against liberalization of
imports of forest products. For this study, six fields cooperated for the research
concerned; development of cultivation technology for prolongation of economical
cultivation period through the recovery of aged chestnut trees by heavy pruning,

development of technology for the environment—friendly soil management and
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system for application fertilizer, development of technology for the
environment—friendly control of insect pests and diseases, improvement of
infrastructure and establishment of mechanized operation in chestnut orchards,
economic analysis of chestnut cultivation, development of sprinkler system for

economical cultivation technology of chestnut orchards.

M. The Contents and Scope

1. Development of cultivation technology for prolongation of
economical cultivation period and selection of cultivars with
excellent nut quality and high productivity

This study was focused on the development of cultivation technology for
prolongation of economical cultivation period through the control of the crown
architecture in aged chestnut trees. For this purpose, the recovery by heavy
pruning has been tried as a means of the improvement of nut productivity. The
pruning regimes include three treatments such as renovation pruning, low
tree-form training system and conventional training system (no or minimal
pruning).

Changes of the crown architecture, the characteristics of growth and
fructification, yield and nut quality by the control of the crown architecture were
investigated. In addition, regional adaptability test for the selection of optimal
cultivars suitible to major chestnut producing areas was carried out, and
molecular marker study using ISSR and microsatellite makers was conducted to

develop a simple PCR-based procedure for identification of chestnut cultivars.

2. Development of technology for the environment-friendly soil
management and system for application fertilizer

We have carried out a experiment on pruned and infantile trees with
nature-harmonic soil management know—-hows. Also we have conducted the effect
of the herbicide substitution to recover devastated soil with the abuse of chemical
fertilizer and herbicide. Wood chips and wood fluid have also been used to

improve the physical condition of soil.
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To apply fertilizer to the pruned trees, we had divided the testing area into
the customary fertilized plot, reduced fertilized plot and chemical manure
—~Mochotan cofertilized plot, and then had surveyed the change of nut quality.
Furthermore, as for the fertilizing experiment on infantile trees, we treated active
manure applied plot, less active manure applied plot, chemical manure-Mochotan
cofertilized plot and chemical fertilizer reduced plot, and had examined the
vegetative growth and the change of nut quality.

One of the most common methods used in weed control is herbicidal
chemicals. Overuse of chemicals had some problems such as health issue and
ecological side effects including both effect on non-target organism and soil
environment. Therefore, to reduce the herbicides in the chestnut orchard, herb
cultivation and soil mulching technique were tested for its effectiveness as an
alternative of herbicide. In herb cultivation experiment, germination rates,
coverages, dry biomass, soil erosion mass and soil properties were investigated
for eight herb plants. Two types of weeding sheets were used for the mulching
experiment, and temporal variation of soil properties and soil erosion surveyed in
each treatments (herbicide, weeder, mulch A, mulch B).

In soil amelioration experiment, tree height and crown growth of young
chestnut tree, and soil physical properties were also investigated for the effect of

wood chip and Mokchotan treatment.

3. Development of technology for the environment-friendly control

of insect pests and diseases in chestnut orchards

This study was conducted for the development of environment-friendly control
methods on insect pests and diseases in aged chestnut orchards. The occurrence
status and kinds of phytophageous wood borer insect pests and diseases were
investigated for chestnut orchard management after the control of tree-form of
aged chestnut trees.

We studied an environment—friendly control methods on chestnut gall wasp,
the peach pyralid moth and chestnut weevils, and an experiment for recovery of
the cutting surface obtained by the control of the crown architecture in aged
chestnut trees. We also studied the life cycle of Batocera Ilineolata, which was

one of the most major wood borer pests in chestnut orchards.
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4. Improvement of infrastructure and establishment of mechanized

operation in chestnut orchards

To establish infrastructure improvement, we have carried out a questionnaire
survey of grower’s consciousness and the general present state survey for roads
in the chestnut orchards. On the basis of analyzing effectiveness after replace of
road network, we also represent optimal road density and network type
respectively.

In this project, small scaled excavator including other equipment such as a
rotary type clear cutter, fertilizing machine and sprayer has been designed and
developed to enhance the operation productivity and to reduce the production cost

in chestnut orchards.

5. Economic analysis of chestnut cultivation

This study analysed the management performance for cultivating chestnut
orchards. For this purpose, costs and revenues were surveyed for 50 farmhouses
selected in major chestnut producing areas such as Gongju, Buyeo, Chungju,
Suncheon, Kwangju and Jinju. This study also examined the economic effects of
low tree—form culture. Cost-Benefit analysis was done based on additional costs
and benefits from investment in low tree-form culture. In addition, this study
analysed the sensitivity of profitability due to the changes in chestnut prices and

wages.

6. Development of sprinkler system for economical cultivation
technology of chestnut orchards

This study was carried out to develop an useful cultivation technology for the
control of insect pests, irrigation and foliar fertilization using the sprinkler
system. Several regimes for the control of the chestnut gall wasp, the peach
pyralid moth and chestnut weevils were examined, and the effect of irrigation

and foliar fertilization by the sprinkler system was also analysed.
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IV. Results and Discussion

1. Development of cultivation technology for prolongation of
economical cultivation period and selection of cultivars with
excellent nut quality and high productivity

Effects of heavy pruning on the control of the crown architecture in aged
chestnut trees were investigated. In low tree-form training system, nut yield was
sharply decreased after heavy pruning of the first year due to the elimination of
branches needed for flowering. However, with subsequent pruning for a couple of
years, the trees show good tree-form and nut production from the 3rd years after
pruning for low tree—form culture. Nut yield and nut size of recovered trees by
low tree-form training system are better than those of untreated trees of
conventional training system (no or minimal pruning). Also, the ratio of extra
large size nut and the length of nut bearing shoot showed the same tendency.

Therefore, low tree-form training system was more effective than conventional
training system on nut productivity such as nut quality and yield. Under the low
tree-form culture by canopy control, chestnut trees are maintained at 4-5 meter
in height through pruning including thinning-out cuts and heading-back cuts.
Pruning allows sunlight into the canopy and stimulates the formation of
nut-bearing flower buds, resulting in good nut productivity.

In addition, the major agronomic characteristics of promising and local
cultivars were compiled, and they will be useful for the selection and cultivation
of optimal cultivars suitible to major chestnut producing areas. ISSR and
microsatellite makers for identification of chestnut cultivars was also established
from the molecular marker study.

From this study, a new cultivation technology for prolongation of economical
cultivation period through the control of the crown architecture in aged chestnut
trees was developed, and it will be useful for conversion aged orchards to

renewed orchards with high productivity.

2. Development of technology for the environment-friendly soil
management and system for application fertilizer

We have found out that a half reduced chemical fertilizer treatment and the
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replenishment the reduced amount with liquid type manure or Mokchotan on
pruned aged chestnut trees have not shown any effects on nut quality such as
the average nut weight and percentage of decent nut.

Among the type of fertilizer on infantile chestnut trees, the active manure
which showed high absorption rate had greatly effected on the tree height and
the stem diameter growth compared with the mixed application of the less active
manure, chemical fertilizer and Mokchotan. A half amount of the customary
manure quantity (N:P:K=21:17:17, 2kg/tree) had shown the highest growth rate,
and the lowest growth rate was in the standard plot (N:P:K=1:1:1, 2kg/tree). As
for the type of fertilizer, we have found out the growth rate of the main branch
was highest in the mixed plot of UF1, Mokchotan and chemical fertilizer (1/5
reduced). And as for the amount of fertilizer, the tree growth rate was higher in
the UF2, UF3 and a half or a fifth reduced plot than the customary plot.
Therefore, we have concluded the reduction of fertilizer or the substitution to
Mokchotan had not effected on the growth of infantile trees.

In herb -cultivation experiment to analyze its effectiveness as a herbicide
alternative, soil erosion inhibition and soil fertility were increased as germination
rate or coverage of herb. Soil erosion mass in herbicide treatment plot was three
times higher than those in herb cultivation plot. Also, phosphate content within
soil in herb cultivation plot was fifty times higher than those in herbicide plot.
We have selected the potent herbs such as Lolium multiflorum, Festuca
arundinacea, Secale cereale, Artemisia iwayomog! and Pteridium aquilinum var.
latiusculum in cultivation experiment, which showed good growth, germination
rate, coverage and dry biomass etc. In case of the mulch treatment experiment,
there was no change to be certain in a physical and chemical properties of the
soil after mulching treatment. Soil erosion mass was 0.4~0.6t/ha, 0.7~1.3t/ha and
1.3~2.2t/ha for mulching, herbicide and weeder, respectively, and resulted that

Mulching was remarkably lower than herbicide and weeder.

3. Development of technology for the environment-friendly control
of insect pests and diseases in chestnut orchards

The present study was conducted to investigate chestnut insect fauna and
kinds of diseases after the control of tree-form in aged chestnut orchards.

Species and seasonal occurrence of chestnut insect pests were investigated in
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Jinju, Sancheong and Gongju from 2003 to 2005. The number of species in all
surveyed chestnut orchards showed the maximum in May, and the minium in
Apiril.

The damage by chestnut gall wasp was higher in Tsukuba cultivar than
Tanzawa in low tree—form culture. An annual rate of gall formation was higher
in the innovation pruning trees, and the damage by gall wasp was stabilized in
low tree-form culture. The insecticidal activity of four commercial insecticides
was investigated against chestnut gall wasp, and they showed more than 90%
mortality. Thiacloprid did not affect parasitoids (Zorymus sinensis) which was
the most effective natural enemy for the biological control of chestnut gall wasp.

24 species of wood borers were found in low tree-form plots in 2004. The
seasonal dominant species in Gongju was Xylosandrus germanus in April and
Moechotypa diphysis in May, Margitus fiilvidus in June, Macrodorcas recta in
July and August, and in Jinju was X. germanus in April and M. diphysis in
May, M. filvidus in June, M. recta in July and Lucanus maculifemoratus
dybowskyi in August and, in Sancheong was M. diphysis in April and May, X.
germanus in June, M. recta in July and L. maculifemoratus dybowskyi in August.

The sex pheromone blend [(E)-10-hexadecenal: (Z)-10-hexadecenal = 75:25,
90:10] for the control of peach pyralid moth was evaluated with reference to its
male attractivity in a field condition. The male attractivity of 2 blend in 1st and
2nd generation of peach pyralid moth was not significant, but the 3rd generation
of peach pyralid moth males was attracted more in sex pheromone blend 75:25
than 90:10.

The most effective control method for chestnut weevils was the fumigation
for 12 hours by carbon disulphur followed by a soak for 12 hours by water,
which showed 96.3% mortality. Insecticidal activity of 17 plant species were
tested against chestnut weevils larva. Good insecticidal activity was achieved
with raw materials of Armoracia rustica, Eucalytus globulus, Melaleuca
alternifolia and Cinnamon camphora. Plant essential oils obtained from A. rustica
showed 90% mortality to chestnut weevils larva.

Chestnut blight and wood rooting fungi were frequently occurred on the
cutting surface of pruned trees. O-kong bond and Topsin M paste treatment
were more effective in the rate of callus formation than other treatments. Major
pathogens of the chestnut tree were chestnut blight on stem and branch,

Microsphaera sinensis on young leaves, Collctotrichum gloeosporidoises on nut.
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4. Improvement of infrastructure and establishment of mechanized

operation in chestnut orchards

Skid trail is an ephemeral road that is restored to the original state after
harvesting, but the road in the chestnut orchard is a permanent road that is used
for years. Therefore, roads within the orchard need maintenance and management
like forest roads.

This study showed that road density after relocation of optimal road network
was b07.1m/ha for gentle slope and 383.6m/ha for middle slope, respectively.
Ratio between main and branch road was suitable to 30 and 70, and the location
of road was reasonable for fish bone type among road network types. Structure
and specification of road in the orchard was around 3 meter for main road and
around 2 meter for branch. Soil open culverts are appropriately installed at
intervals of 10~75 meter by longitudinal gradients and road surface conditions.

Until now, most of culture techniques for management of the chestnut
orchards has depended on manual work or low-mechanization method. This
manual work needs lots of input labor force, and ranks first among the total
chestnut production operations. However, decreasing of labor force in rural region
and increased wages make us realize that rational or mechanical techniques for
management work should be necessary. Without rationalization and mechanization,
manual working systems will disappear from the market due to losing economic
competition with imported products.

In this study, equipments attached on small crawler excavator with high
traveling efficiency, which is well adaptable on mountainous conditions, were
designed and constructed as prototypes to enhance productivity of chestnut
cultivation and grower’'s income. To develop the management equipments, the
dimension and technical specification were setup for chestnut orchard situations in
Korea. To adapt for working conditions in Korea, the selection of base machine,
small scaled excavator, was determined to 5 ton overall weight to drive through
the narrow main and branch roads in chestnut orchards.

Three kinds of developed equipments were clear cutter, sprayer and fertilizing
machine. The clear cutter unit was powered through hydraulic system of the
excavator, and fertilizing machine was discharged the fixed quantity of fertilizer
in tank with hydraulic cylinder operation. From field test, it was proved that

economic effect was decreased 10% in comparison with conventional manual



19

work, and the smallest area for mechanization culture should be over 10ha.

5. Economic analysis of chestnut cultivation

Chestnut is the most important item among non-timber forest products in
terms of production and exports. However, level of nut production and quality
have decreased due to aging of chestnut orchards. The exports have decreased
but imports have increased continuously. To address these problems, this study
analysed management conditions of chestnut cultivation and economic feasibility
for applying technology of low tree-form culture to aged chestnut orchards.

The results showed that there was significant difference in management
performance between central areas (Chungnam and Chungbuk) and southern areas
(Cheonnam and Cheonbuk). Average production cost per ha in southern areas
was 40 % lower than that in southern areas. The reason for this was that
growers in southern areas did not manage the orchard intensively and make any
investments because of aging of chestnut orchards. In comparison, growers in
central areas managed the orchard intensively and made investments in fertilizing
of organic manure, control of disease and insects, and pruning to enhance
productivity and so the production costs per ha was much higher. However, the
result showed that income and net revenue were much higher in central ares
because of higher per ha production level and share of high—quality in production.
Investment in low tree-form culture was analysed to be profitable in Chungju,
Gongju and Buyeo areas but in Jinju area. Sensitivity analysis of changes in
prices and wages also showed that investment in low tree-form culture was

economically feasible in Chungju, Gongju and Buyeo areas except for Jinju area.

6. Development of sprinkler system for economical cultivation
technology of chestnut orchards

The sprinkler system for the control of insect pests, irrigation and foliar
fertilization was successfully established. In case of the control of the peach
pyralid moth, a spray of Diflubenzuron 25% WP x2,500 at intervals of 10 days or
15 days during mid-July and late August was most effective showing more than
93% mortality. In chestnut weevils, a spray of Cyfluthrin 2% EC x1,000 at
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intervals of 5-7 days during early August and mid-September was most effective
showing more than 86% mortality. The chestnut gall wasp was also controlled
by a spray insecticide (Carbaryl 50% WP x1,500) at intervals of two days,
resulting in 84.6% mortality.

The effect of irrigation and foliar fertilization by the sprinkler system was
also analysed. Irrigation (14.4mm/time/tree) of three times at intervals of 10 days
on September resulted in about 20% of increase in nut weight compared to

non-irrigation.
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By 953 A A] over fitting 2 F7F

X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

X1

0.5103"

X2

-0.0292  0.1813™

X3

0.4113"  0.0818"

0.1299™

X4

04497 -0.1266"  -0.0212

0.3571"

X5

0.1636™

0.1496™

0.1479"

0.0517

0.0117

X6

0.5913™

0.5868"  0.1327"

0.1396™

0.3379™

0.0203

X7

0.1400™

0.0871°

0.1350™

-0.0299

0.1538™

0.0423

52"

-0.19

X8

0.1343"  -0.1477"  -0.1288"

0.1494™

-0.2445™

0.1796™

0.0430

-0.0503

X9

0.7837"

0.2075"  -0.0784

0.2052™

-0.2846™

0.7243™

0.1109™

0.0214

0.0276

X10

-0.3623"

0.3436™

-0.0582"

0.0668" -0.1583"

0.2874”

0.2260™

0.2722"

0.3623"

X11 o0.11427

-0.2346™
0.1994™

-0.2511"

0.2751"

0.2268™

-0.1208™

0.7481"

-0.0593"

0.3052"  0.2316™ 0.1877"

X12 0.2063"
X13

0.2969™ -0.6431"

-0.1760"  -0.2166™ -0.2462"

0.1356™

-0.9453"

-0.0384

-0.2799"  -0.2018"

-0.2138"

X1-X4: total length, basal diameter, number of burr and number of fruiting branch of fruiting mother
branch, respectively. X5-X7: total length, number of burr and basal diameter of fruiting branch,

in area of crown, X10: total yield, X11: average of

nut weight, X12-X13: rate of extra large and large, respectively.

P

2

respectively. X8: area of crown, X9: yield per 1m

. significance at 0.05% and 0.01% level, respectively.
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E1-12. F5gFd 4TS A= a9l
Variable Variable Partial Model
Step Entered Removed R-Square  R-Square Co) F Pr ~F
1 X8g? = 0.6227 0.6227 22090.7 1866.62 <.0001
2 X9 = 0.3501 0.9728 549.2 14523.4 <.0001
3 X11 - 0.0020 0.9747 429.2 83.63 <.0001
4 X10 - 0.0051 0.9799 115.3 287.77 <.0001
5 X4 - 0.0010 0.9808 58.1 56.54 <.0001
6 X4 - 0.0006 0.9814 25.6 33.96 <.0001
7 X3 - 0.0002 0.9816 14.1 13.39 0.0003
8 X1 - 0.0001 0.9817 12.0 4.09 0.0433
9 X2 - 0.0001 0.9818 8.1 5.99 0.0145
? X1-X8: see Table 1- ., X9: yield per 1m® in area of crown, X10: average of nut weight,

X11-X12: rate of extra large and large nut, respectively. Y(Dependant variable): total yield.

3 1-13. H AT dFE A= 89l
Variable Variable Partial Model

Step Entered Removed R-Square  R-Square Clp) ¥ Pr >F
1 X11*% - 0.5598 0.5598 622.0 1438.07 <.0001
2 X9 - 0.0328 0.5925 493.7 90.89 <.0001
3 X10 - 0.0422 0.6347 3279 130.34 <.0001
4 X8 - 0.0573 0.6920 102.1 209.79 <.0001
5 X3 - 0.0071 0.6991 75.7 26.72 <.0001
6 X7 - 0.0071 0.7062 49.4 27.25 <.0001
7 X1 - 0.0052 0.7114 30.8 20.23 <.0001
8 X2 - 0.0040 0.7154 16.8 15.89 <.0001
9 X4 - 0.0014 0.7169 13.1 5.68 0.0174
10 X6 - 0.0010 0.7178 11.3 3.84 0.0503
11 X7 0.0004 0.7175 10.7 1.43 0.2316

? X1-X8: see Table 1- ., X9: yield per 1m? in area of crown, X10: total yield, X11-X12: rate
of extra large and large nut, respectively. Y(Dependant variable): average of nut weight.

o] Egin gL 9lE9 R 7} 055982 7MY B deS n = Aoz 1)
o, FAAES YeElE Z3EAe Zolet Anx MFn =3
) %] o= YEE TR 1-14). H

2 5
FIE WHH $A} 9ol ¢

ot |o

o rr

o7
o,

oo > of T

@ 2o

P,L



64

E 1-14. Suinlgel 9g= vA= 29
Variable Variable Partial Model

Step Entered Removed R-Square  R-Square Co) F Pr ~F
1 X11% - 0.5598 0.5598 515.3 1438.07 <.0001
2 X1 - 0.0149 0.5746 461.7 39.55 <.0001
3 X4 - 0.0092 0.5838 429.5 24.84 <.0001
4 X8 - 0.0050 0.5888 412.9 13.66 <.0001
5 X9 - 0.0062 0.5950 391.8 17.24 <.0001
6 X10 - 0.0984 0.6934 26.3 361.21 <.0001
7 X1 - 0.0025 0.6958 19.0 9.23 <.0001
8 X2 - 0.0018 0.6977 14.2 6.83 <.0001
9 X4 - 0.0014 0.6991 10.8 5.38 0.0174
10 X6 - 0.0007 0.6999 10.0 2.73 0.0503

4 X1-X8: see Table 1., X9: yield per 1m® in area of crown, X10: total yield, X11: average of
nut weight, X12: rate of large nut. Y(Dependant variable): rate of extral large nut.

e s A e T B Ho] 2o FEER AY9REs A 2

g EFFE 187%2 FA T 364%R Tl sgtow o

A AguAge Gul FEE 280%= FA w9 429%d vl A vt AS
aA A ol g A Hge] Hae FIAARAAAN ARG S Futo] AR
A FE Adgozn FAY AFH S HH o)&ey VAstE Aoz

Rkt 1d 1-9).

T 400 500
gE1 w400
1300 -
2t 7 300
=200 = /
(%) |/ (%) 200
100 100 d
00 00
N1 2xel N1 2xHel
el (FF) Frok(F-o)

a9 1-9. =4 A Adyas



b wE s w8

UTEY Sa A AFANANA FREE AL Aol Uig Wy
9 38 E 2AS Ad v EFoAE ALmAYE FALY Suse ko] 2
Aot glont F3 EFME AGn At TAYR dage] we Ao
Bk

xz = g 3] 3 & (%)
249 A 431 16.3+26.4
o e 39.0+41.8
Gl A 3L 45.2+36.2
A48 37.9+43.7
a5 A=l 30.8
22 38.5
o) vl &

20039 A A R AFAEA NN FRAGE FEE B e ok vt
Az Y7 dojx s Zrbd] 2 74x7F s EA-y 2
DAY EN e Fark vop 1 s 7F S8 Aulstg o #Ag
= Hoth

Lb ALK ox+2 S O~z
L= ﬁ‘;j R d= dF o =xal

100

00
7. 80 380
& 60 £ 60
(%) 40 (%) 40

20 20

FTE=A & (AHY)
29 1-10. "3 (], 20033 =)o)l o] g )



o313

=

i

k)
pil

‘04

z7e] whgo

€]

stk on,

I3

A

HAAWA] A5 frrEF Qo] AF A

st 914

}

Qs

S

A

1}
i=

o] 97.0%¢°l H]

Il

A 2] 5

5

= A =g A ek

A‘j’(l% 1-10).

[el=]

Igo] 72.3%=

1}

= oseger oA At s

9/]
7F 36.7% = FA 2ol 97.0%c°l H

2. % FAA A9E HA AWEF AL

I

=1

al

ol
r

&

3} =}

e R

b

B

5

}

faia!

29

1A 7]

/Ké—o‘

o]
o

=N

be o}

°©

7]

o

=

=
K3

]

A
L

= EEe oy A

N

o))

)

)

"
e

I

)8t ol A

=9

so} Q3.

A

Zroll A

o At}

she

e

2 HAAET S

H
=

bol a7

ZALE §3

3

E
=

o1g] 7hA]

w
e

A 7L g =

)
=

[€)

=

=
ST
™

[e]
o

k=1

|

o)
1l

bl A A

1-17°] v mpe} 2o

A= 77 Aol @A A

o

—

A Sl uEell A Al A
S AL Al ]

a

[e=
il

7h AAARE 24
o] 2002-2003d & FF

ﬁo
o

N

Mo
!

Z
!

ol

66



=

oy

1-16. A

.Ew__ii
| T | e || Be
o0 |70
7Z¢m_vﬂﬁ‘o|
Q2
8|8 88| -
N el ~
il "
ﬂ/ﬂ == Ha ma
Ny unmgjﬂma )
3131318(13 18|38 SFLT =P
|l e =N T X ==X
XX 7%
g X 3
ﬂ,_.uoh),_.mﬁﬂﬁ L«]Mﬁ 2
— w,gﬂ‘_lrkm ;Oﬁ\,mwul/__‘lmﬁ JHWL
L8 B BEEE il A
—|®|0|E )% = DEEE OREER T
X sl w|wlw|S W R s IE I s T
S| 2 N ™ B R T
A i LT RDk ZEZZ =
= ™ =
— A ] A i e & i SRR El Gl
R of | ®o |4 X || 4o a4 e B ' TT T 3 < =
0| of | ok ™ llaoqii A(%( ﬂﬂ“ o B
| 5o _ o B o B 1 4 G d]xoaﬂl
_zv401ﬁAMo1%l X T o T B %0 %0 %0 T 0w
"o ofr | o | B | <R As zoauw.ouo T %o g @@@LH%@]@%%%LL
B | 00| 20 | G dr < B Mo T <5 oo <o T ™ W "
ufqow_{ﬂo_@ o < o< B2 e TET X = o o e il
el R N et I BT IRERE i T T
n|dm | . PR D 3= o ﬂ1x1}<ﬂq_ il
] avel ke Mol r T S WL o R = =
o [ o n_w._ n_wn vl Eavst No m 0 o oR of o Htﬂé_ F D o mﬂ_ﬂm.maw.w._ot = X
T | % | RO | ”O B pel i v = B o X B e PRI
R A %%OOWO T T T o 0o*F 0o Ell‘l‘_:.ﬁg.uix_7u7u£olmmurﬁ ,.QJT
= | |[€88¢ 282 S Dt b S
| = 588 £8¢ 1wL§§_3a% <N T N s s 00
B IN BN == 858L2Lh ,d_ﬁ_o T N
SEEEEE T ww%wowm%m o o e s A
SEEE W % i SICEETE R b o e
T ol %5 o 1o fo 1o 4
ol N fo o o n
y (B = el
| o il o o ﬂowh H_wm 7o o % No o
So | 2o | %! | Br %) %0 <K T oo~ oy
ufﬂoﬂo@ﬂ@ < %%ﬂzjw,ﬂmr;fwrﬂﬂ |
< < EErErEReE T
X _‘zuﬂ o 4n H i E ol o o W ﬁ __M_l m_- T 7o T G o mo & E
A = |- g LEEEETILER
— I e 0 = <ok
B o # Mo —~
oor 2 Eu&o o
oo A —~
mEo % Enz.ﬁo
M= L Hp
™ S
X =

67



EECE

2ol == ol AA A, A Fol
At Aol o] Foixl 2004-2005d 2wl

3|

gl

1o

s wEE o
of wEHo} 1A

Ly
a

4 =

B
jo

wK

,w_.._a Xfo o
= ol ™
T o ! %
c3 w__m e e b e el e el b ol el e e B | Bt | B | o | o o
w
o
o | | o | P | oF || o | P | oF | P | G G
! i o U o o o o o O + oo WO |me| + | + B0 | e | B + + | B°
T gl ot ferigl gl el vl el el el vl Kl a8 el e e ol iy o o o o | Y | 5
o Mo | Mo | Mo | Mo | Mo | Mo | Mo | Mo Mo No | Mo Mo Mo
ﬁo ﬂal‘.r ~ LLLL.ﬂEﬂE llﬂa1 ~
=r oo | A RN R R R R NU N R | N N o | NN o | ! U
S o || ||| | R | me | | | R | R S| K R BR| 5, | | BR e
" P | P o
! o | o | <4 |50 [ 4 | No | <4 |0 | <4 [ 4| <4 o | <4 |52 |0 [no Mo | |70 | o Mo
—_— ~ ~ —~ ~ —_ | —
X o | o | g | <C - | <O ~, <O g | <O g | g | o |~ ® | <0 3
Mﬂ AO AO AO zw.o .Ao z_,.o »Ao i.o »AO Z.o Ao Ao Ao AO AO ﬂAlL zw.o |X1L
m
mE A | B ad a2 BT B e e e ] o || o ot
Mo T | W | o el v ™ i el faed kavl kvl o) prliael v ™ T
= w__m o | o | o | ok o | ok o of | o [of | o | o | ok o | o | ok o o
o
. NU| R R RN R R R R | RO RO R R R R R | RC| N | R RC 3
< R |l ol | ol | =T | R { ol |l | R | o [l (ol ol ol | ol | ol ol ol | T | el | el ol
N N N NN N
W[ o° of |\ | of |\ NN o] NN AR | of | of R R of N
Bl o mjof| )| of of | of i of |of [of [of [Tl | T of| of | of i o]
o o i) Yo | plo o
V oo D|D IO |IQ|IQ|IDO|H N[ DD [ellel ol ol el i)l OIN|IOD|O
o Hr RS QS| NN S |N |5 (N|D == F|N(S|Q NS || =
ﬂ.: O ||| Ol ||~ || O|—H ||| — = — | —
o | o
o | |F | | ® |z || T | B | @ = | | 2| e = | | W r ~
W ol 1 | | B | B0 | B (2 | | T TR | | | [ o Plo|o |0 [N &

68



57

. F5E A A

o
oF
o

T

~

A A EE

)l

2E

1-18°l et

-
it

2=

ol

uhe} e},

oY

ojom,

}2 ol

3|

it

|

jud

i
H

0.90 ©]

e

=2

[S]

ki

EEo 140072 7 ol A=

gk ol o] f

A

i

3o

—~

o
NI

- Mo
o) Hin

ofoll A <}

A3 iy, 4kd, o]

e
A

B}

Ho 7

o

=
L

A HE @RI e

<
=

(Castanea crenata) 7

Nfo

el

pzel

wr

94

NEFE FaW

3

Dz

2 AAG e, o,
ALR AAAH, syt B3Ny

ol A

=
e

s

=4

o o]

o] of o}

Mo

= Ao Alrdh

4

0

wr
B

il

el

) o

ol
uy A

&

tl, 4-54e =

o] =
AN -

]

=

At Row A}

At EAF &

ol A

4

Mo
H

BK

D

[e]

] g

A dEbst o A A

A 3]

[e]
5

ez

S0 USMZ 7 wol EFol weh AT ol

Ll

16.9M= 7+

%

ox

¢

—~

;OE

0
o

oA F

Ba

0

)
ol

G

el

o]

‘mo

|

69



-

/l
_OIM OO0V M= DO [T O[O ||| NI |||~ N[O
U S I R I R k= e I =N Ee ke S o e S Il B R =T s N s s B R B T s i A R s
ﬂcﬁo 750075500677H96m97798767769786798
i

| R R e R e R I s R B R I R R I A R R T s s e ks R R N T Rt )
= ~ ~ —~ - ~
m_Nw. o | Al | T | <P |0 | A= |'oF | B o | = | oT | B0 | oF | Bl | oT | oF | <P | ‘oT | B | B | o | Al | B | <R | oF | oF | <F (B | - | <R
)

Hr

Bo DO D = [T RO RO (ORI OOD|ITIO|ID|O|T|O|IC|O|IO [T [O [N
= |%|SH|NFHO0|H4RHD|F|H|S|E|R QRSN TSR RF(Q|C| N T 9%
‘._wmo,mﬁ AN M F MmO MMM MM <F|F[MM MO M| ANNMF N M| F M MO M| <M
W~

=R Rl R R e e e e el Bl el Il el Rl o o e e e e e e e L R e R R F R A
(nw5443336443554555654544347454445
7o

o 2 ea|rnng|n|n|NT]Qn| N QNN QRS |R [0S0 TS

pa SOOI || MNID|IOO| MM N[OV H[I=D[N|N ||| LO|MN|O|O|LO D=0 ||

%@(1111112111221121121111112111]12
s

o | No | m | N Mo | BT | BT [No| BT N | BT [N | Mo | 57|~ [ rl| B[ 57 | Nlo | 57|~ [T | or [ Mo | No | 57| No | Mo | 35 o7 | 3r
B

T olw|o|e|n]|w|a|a|nlo|w|olx|w|a|alo|=n]o|n|n|w| oo~ | <] 0|
=0 Slold| dlo|gllgldld g dgo|gadn|RRldldla|al—dlc oI
dH N[N [N |~ AN AN [N N[ AN AN AN AN A NN N AN AN NN | H[ A N[ H [ NN NN
=B |T|R|T|T|RRT|T|T(RT|T(R|T|T|T (R |T|T (TR | TR |R | T (T
g X |F|X|T|F|F|N|K|K|F|K|K|F|K|K|T|E|T|RNKKKNEKT|NETEE|T|T

;O.ﬁ OE ﬂOﬁo o Or.c o
o 1,%%5ﬁ%i%@%W%%%@%W%ﬂrﬂﬂ4ﬂﬂﬂﬁo%ﬂnmﬂ%%ﬂ
~ |~ — —_——_—|—_— ~
e MR e MR || T | T | 1k | | R0 | TR |KR oy | 2 ol | oF | B |k ol | T | 5| o | N | B0 | | B [ | e
Ho o <K oF X0 N

o] 2.65% 7}

H &6 4§ =& 4622 7HE

3Z
=

el ol/

o A 2

L
o

o]
A

1] FH

o

70



o W B
=
cUrl = o To T ]
%ium wr‘_ﬂﬂur,_u mx Ry T R
& o o aﬂﬂnu,w MWE%QJWMQ AN o
Lo = w2y BT o w2 o R T ONT TR
ﬂ%m ﬂmaﬂmm NﬁnTﬂAmOWao@%%%Lc#ﬂu ﬂ@ﬂ%@&@?
o - F [\ 3o ~ N B
& W H o E o oo P L@Hﬂﬂ@%% %@rﬂo%ﬁviﬂ
iy do m o & MH%}%%_zoﬁﬂ@zjg il L
2 o dﬂﬂM_/ ®O ) UEW]%I‘MMI‘AWQ ﬂroﬁajl.ﬂﬂ ,mﬂ
Mo 5 w2 JF G oo T ﬁ.]iAwur} i%?%ﬂﬁ.
He o C % oo B M ek M e : )
= z =~ o ik Uoﬁiﬂﬂ}og%w» drﬂua,_g.uzﬁao
o g T8 }x%7m1%14m%zq1ﬂ% paly =5
o —_— L_/,LI9 [ EH_/\.._A:_IHLZAZ ﬁEX_I,‘uI‘ILEATlUrJIOH
HT_,@HV 7E<1,Lﬁ_vnl7mﬁ ,77dﬂoW£out LL.QIUM‘UI..‘WUI Mlﬂc,m_ﬁ_;MrLZAT‘Dro
HTO_HM mﬂxinb W_ﬁua ﬂﬂ%_swkdrmvﬁiﬁ ix& N~
= 0 L fo = X o ) IH o) ﬁ — ox 0 U o~ Hlo =3 Dnﬁ
o 5PN %%ﬂm@_amgﬂﬂ.ﬂ,u].Lmo.zolv ol
o Yo = &ﬂl_% %ﬂmgz&mx.aﬂ %7;; a;%%oﬂa%@
Ao%@a ﬂﬂ%ﬁ Mf%%%ﬂmﬂ%mﬂ.%ﬁr%@ﬂ@#ﬂ7ﬂﬁﬁr%
T o oW H%Aﬂﬂ,%ciﬁ ﬂ;%@Aaﬂ@@ﬂi%
uiodl o~ 7&14 Muao = o xoL1ro @.mw}oT my
H]MM ]Ewuoo ﬂWzTOATuXATﬂleq‘@lﬂ_/ﬂiﬂ/riﬂ7ﬂ‘l nnoA ﬂ7ﬂ‘ul
_Xﬂu_me M]ﬂotw.wu ATHoﬂlﬂoﬂ.munbﬂﬁo*oZm E,o|ﬂ|‘Mo¢|A idl“
,muﬂﬂ . m,awtigu._ .Enﬂ%]’ﬂ ﬂuDiﬁwowobnﬁﬂo@ﬁa?ﬂﬂ_noim*,ﬂ
oW_T.A,IT\DM 1HTOt1&MWIX__/IWWﬂa&mﬂobtmﬂﬂ,olnénﬂﬂﬂﬂrbfﬂlﬂlﬂﬁﬂoﬂwwwx.
T MEd  w R Wﬂgaéu%ﬂ%qmy@a?%%¢g4am
TR0 ol ,nhi,ﬂﬂrﬂlxﬁﬂafﬂﬂﬂﬁﬁaﬂoﬁC]Nzonxno mmu'ﬂ.urﬂﬁﬂo»
g oK ﬁﬁ@%ﬂ%ﬂ%qiﬂ@uﬂﬂ@.zmﬁﬁmﬁl%mﬂcWﬂﬂ?7ﬁﬁm$
=0 ﬁmw;m#mﬂWﬂ%w_ﬂmﬂ%mﬁﬂmzwmwéggw%iﬂ;%
rAE R o = A = o~ N s
Mm%wm ﬂomawEWWL,xﬂi_mmawm;ow_Wﬂazz %w@@%ym%wc_a
; wr N S 5 _ A "X T o B
iwg%m @m,xﬂ% x}omﬂﬁmnh%%ﬂﬂ%@ﬂrmmwiﬂﬂ._: S 3
o#sz] ﬁa,ﬂ!ﬂlmﬁ7wﬁﬂl7i ﬂlﬂﬂﬂﬂm XA Axﬁei_ﬁv ﬁaUEHM_MOt
e o © o — 0 . ~O ~ — = o
S m‘xnrﬁdﬂu%m;u%mqﬂo_bﬂo ﬂo_a7n&ﬂo%ﬂw%%o#ﬂ%io_?woﬂw
WL TR e 501% %_ .71&.w@mﬁﬁﬂomaUﬂl71rﬂaomﬁﬂﬂmgi ﬁnﬂ
o By mgﬁgﬁz%wnﬁngiz%aiiwgg%$x%%aaﬁ
ia%ﬁ 7%5@}%%1@%@.%1@@%ﬂmvﬁ %?ﬂﬂﬂ%%mﬁwﬂi
MRV 9%1%76p@.§ .Eur_xﬂﬂ%zaxmbtﬂlq ° R g
BT % ~ N A aOUr%QZa«ﬂ'MTuuo?d'ﬂoi x
< ) of o l;u%u{xﬂ TI LR ww o N o e
J_/.ﬁﬂﬁﬂqbgﬁuaaﬂauéo7 ﬁLu.uoTATHuf o of v
o W W oF ﬂ,og‘zftﬂ%ar ﬂwi%%
= N T Wm R ~ R 2 obo o T
S owm R 2 o
N o %ol wmp

#1



72

=5}
—_
S
e |
ofN
i
=
ot
)

=
AAEA

T A A At
TF1IE 6. 19 6. 17 17.71 9.90 1.27 2.5
34 6. 19 6. 16 17.02 9.00 1.22 2.6
Z& 6. 21 6. 21 21.05 7.32 1.28 2.1
BFZE 6. 17 6. 14 9.42 8.80 1.53 33
=7 6. 18 6. 15 13.03 8.67 1.53 37
ey 6. 19 6. 14 13.24 8.45 1.36 3.8
o 6. 23 6. 16 14.67 8.18 1.78 35
g 6. 17 6. 16 16.17 10.40 1.23 2.3
A 6. 23 6. 22 17.71 - - 1.9
54 6. 18 6. 16 - - - 3.0
2k 6. 20 6. 18 18,57 8.70 1.78 2.9
4 6. 20 6. 18 14.72 8.97 1.29 1.8
A 6. 14 6. 09 15.77 8.03 2.24 5.8
Ad 6. 20 6. 17 17.70 10.20 1.81 43
=4 6. 15 6. 15 15.83 8.90 1.53 3.0
&3 6. 19 6. 20 16.95 5.10 1.80 -
2l o] 6. 19 6. 18 20.08 11.20 1.72 39
<34 6. 20 6. 18 13.64 10.67 1.34 25
Sinals 6. 23 6. 16 15.94 9.70 1.33 2.6
frupRiol 6. 18 6. 16 20.78 9.30 1.76 46
27 6. 18 6. 16 13.33 8.82 1.45 2.6
s 6. 20 6. 18 19.35 8.78 1.25 2.0
o] tj 6. 22 6. 17 11.68 9.14 1.31 1.7
o] %] 6. 18 6. 20 9.89 7.88 1.83 43
o] 6. 21 6. 18 16.13 16.17 1.51 34
T 6. 19 6. 17 13.09 8.43 1.55 3.8
A& 6. 22 6. 18 21.75 11.85 2.12 5.3
=9 6. 18 6. 14 17.58 9.88 1.60 49
990 6. 20 6. 18 14.18 955 1.62 2.9
= 6. 13 6. 10 19.88 8.85 2.19 42
3 7] 6. 19 6. 19 18.74 9.38 1.74 4.0
AR Xl% ?Jr gl atol= FFAFY %Xd@% 2 E FeE Fr 9l
A gk A o] o A Ef <} M%‘%tb A Al gl Eok JEgs W Ao=R
2] 4] °”jr(Westwood 1993; 3% %, 1999). FFo welb = sl 2o] &k

r&‘ o 1
0% L
[0 ox mi m® ¥

o

el MEIE Shed ol B Adue el 44 dds A
87t B Hol o E8 AnsFel FAEAL T FYHH

)
r



uk o] 919]

-

9
yul

sttt ®a

S

Q
a1

)
=

-

9
pul

‘]
o] X A ¥t} Famiani 5(2000)& #H4t

He)g 2}

fox |
H

go =

o] AdAF(PLHE, sun leaf)©]

=

=

2 olojx AF AIYEXA
3L %
%<9 Santa Restituta

Eo ‘_llyl \UIa i Ot 0
S I O 80 K st = B oy
ﬂﬁﬂﬁ_oﬂﬁrwrw%@m@oroﬂoﬂo%_oooo o W%WW%MR@
| NN o | on i 6° | o ! ) ) f 23e) 0 T 7o
ﬂ.MUMUQnnmunﬁlﬂoﬂmmmm%%H%%mﬁ%%ﬂﬁﬂﬁ ma_theuo% 0
X X0 || 7| <R | %m o M
) ol IS T
=¥ E RE
& NT B 5
—_
ﬂ%ﬂ,22928308 %Mﬂﬁ%]goﬂm
8o ._uw_vd NN N N[N ” m % % —|—lolalw|o Pjo o0 M NE my W_M
= SRR =TT ET TS
= wr ° ~ -
mK e’ i ol =
7 L B 7o
i TR F T
— 0 o~ —— A Eﬁ
[E) ~X o olololo |0 PR An oo O,W _ oy
_ — —_— T o T
ToR | on oMo o o o | o | o | o | o | ,Mo o0 0 Gl - o J) =
| + + il o | Ao |y | — .0 i
- _:_l ._lr.VI mH | 7R A‘._o ~y me o 1.r,r +l++1]0 g Mo io Ay == = 2 N = H_T_
%0 Ar o oeoEmEmememuLaLeHLuA +|9r|© |0 B~ T N o = e
wjr mH T | TR | R | R | mh w.u wru ME =7 | 4o ol TR | Ao | o K .k Y A i
ol = ~
Gl =1 E e oy =BT
B o _
PN o ® ®
ar ~ e o o M,W iy X
) ® T o
— Rt .
- AT.._M/O XITIIY98 Slo|o|w|e| M._M 5 Grig Jn_t._w._l ,ov %
— R o AN || Nl o |n| e 3 o
SR 222525285288 35 55528 R A
o}
oy A i ﬂlae ﬁon_tuumowrzo
o S o )
Np X nm” 2 o o oSy s
= B _ - Mo g mm A
e Mo = ol M%M%ﬂ] o
En 0
HE E.D Ot _,ﬁ L 0 ﬂ 0
. z.—o - ﬁ “Wﬁ ni nNO ‘Urm aU _Z o | — W:.D ,ﬂAI \_In.ﬂ . ﬂ_tm Nluﬂ
Foog | e vl I et Y o e i N T T
ofp . o ool |5 |5 |5 INE | i | o nxn_q,wbwn . g oo
< E.A OM :Aﬂ = _I ﬂ
M.l _Iﬁ o " —_ X J o
~ & nm ET —_— o — .C’
= W el m aw
~ o )
N T mmﬂ o =

5

T

121614 VERE weh o] EE7be] i

3T
ar

o= zH

73



s
Y

oH

%

—

O

A

ol

vzl
0

el
on
Tl

G

o
o0

s

sfof of

2]

e

i

o A&

H71 ol

5|

FAol 5

of AAE F2 A6

EnEe

R S

2]

Tor

R

2

el

o
o0

JA.u_.O

or
"
g

—

NI~

ol
%

O

¢

o

0
o

=

oloa

=

v &S 2002-20049 3

B
S
~ Nm
B N
T
o 3
—_
- 0
& o
— &
& x
L o
0
G
MM ‘mwo
= N
= O
Gy
/N
T B
=
T R
Mo
T
< e
N wT
O
W
Rt
S ol
Mo
Ho or
o
o B/
. w
T fo

= I

Aoz AANY. ATl A 2003

1
T

gl

1

do] Ao deel= 71

Z

=
s T

o
K

S BIov 2004del= 8~9

Kol
o

=

=, 1988

ol
0

o
]

%
N

ol
00
T
o)
H

N
o))
o
Y

el
00

o 7]

WAFe] =

m
6

o))
M

el
o0
To
o))
M

AT

=
t e

)

3

=59 20039 FI&L dde] H

At

+
oV
mJ
N

"

N
el

)

o

FAd 1998 AlFFo= JiEel A4 e Hasa

3|

o2 et

oo

<

7§ o] ol A

o
=

ul
=

=K

Yol 280go = 714

).

io

H,

0|
(5
0

Mo
b

zel

™

o

o)
yAO
ol

or
Np!

—_—

0
"
o

—

O

ﬂl

M

~O

b

o] 157%= 7}

H&AE=E Ado] 106 ke/ar 2 7HF ol HHo

ow g7t}

-
o

Al

]

k&l oA

A

74



75

£ 1-22. 78 AMEFe] A 9T R G= W
T2 AZ(g) FE(%)"
=7] =% 2002 2003 2004 2002 2003 2004
=7 21.0 21.1 20.3 10.6 11.3 10.3
ey 21.9 19.1 225 10.2 11.6 12.4
ZAE o] % 20.5 183 149 109 12.3 12.4
5 17.6 14.0 15.6 109 13.4 12.8
=& 23.3 21.6 25.2 9.6 11.0 10.7
Be 19.3 16.0 17.6 14.8 145 10.6
1R 20.6 17.2 22.4 12.0 135 13.6
<3 159 14.0 19.3 125 10.5 10.7
SAE Frot 175 15.3 18.1 12.0 10.2 12.8
o] 22.8 14.1 21.7 11.3 12.4 12.9
3} 189 14.3 21.4 12.8 13.0 13.2
3 7] 18.3 182 18.8 - 15.1 16.1
A 236 21.6 21.9 139 - 135
Al 184 15.2 21.3 14.1 13.7 13.4
WAl % Sy 22.0 15.8 234 13.3 14.7 116
° 27 24.7 19.7 21.7 115 11.4 11.7
oAt 20.6 17.8 18.0 125 14.3 139
ol 19.4 19.4 19.6 13.0 14.8 13.0
; AT AZA T =AY
¥ 1-23. FaAn FF9 Az AS5HAE d3E 2 tels Hs)
TE 7 = (kg/crr) g 74-E(%) el & (%)
=7] zx 2002 | 2003 | 2004 | 2002 | 2003 | 2004 | 2002 | 2003 | 2004
=7 63 | 71 | 83 0.0 0.4 05 22 | 27 | 32
chey 71 | 80 | 82 6.6 1.0 | 106 | 52 | 22 | 30
ZAE o] 3 82 | 84 | 83 18.1 7.7 5.4 11 | 29 | 52
T 92 | 92 | 103 | 139 | 262 | 155 | 50 | 00 | 20
=% 86 | 70 | 84 2.9 0.0 5.0 22 | 13 | 31
Pe 92 | 98 | 85 2.9 54 2.0 00 | 50 | 22
o 1 105 | 102 | 101 5.7 42 3.7 00 | 00 | 04
<33 82 | 80 | 88 | 106 | 6.8 43 00 | 00 | 05
TAE el 86 | 81 8.4 13 0.7 0.1 00 | 06 | 00
]33 8.1 85 | 88 186 | 06 28 00 | 00 | 06
o 99 | 94 | 89 0.0 0.4 1.3 00 | 00 | 06
37 11.6 | 109 | 104 57 77 | 118 - 00 | 1.0
kA 109 | 93 | 96 1.8 46 3.7 30 | 1.3 | 31
Ak 104 | 104 | 9.2 118 | 154 | 150 | 00 | 35 | 93
W= A5 93 | 92 | 92 2.9 15 33 00 | 00 | 05
27 9.0 | 100 | 92 2.9 5.2 25 08 | 14 | 46
o2k 81 | 98 | 99 33 173 | 49 38 | 14 | 47
o] tj 103 | 99 | 99 108 | 144 | 121 | 00 | 00 | 3.1
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H A ES 4 A
o] Mugozn FAUA S
DNA AiS DUS testE #18 vlul 7[Fo 2 b= ool AA Zharol A Al Al
i ek ole] we UPOVE 71+ ¢ sty BMT (Biochemical and Molecular
Techniques)i= 20031 9€7F#] 83 A% IS T3 200608 69 20¢ 1| =of A
2 e FEER O oW F57o DNA ## st Z19171? @ DNA sEA
olgk FF7F DNA A& #AA olwdt F/Fe SAA WS AT A7 O
DNA A &&8EH 9] AFHAHS Eol7] 93 74 FA%H Standard protocol®] #| ¥ 3+
Y 2 o5 3 7 ¥ network A0 B3I =oE & oo}
ol gt A AL Wsle] TEAoRE Ay 98] PA| FFAE @ol &
=31 Q)= Microsatellite (SSR) A A& o]l &3t = gAd g do] A
A, Bfstal de wuT FFol did ALdA s AT =M DNAA O <A
st A=A om AuiEa e Fo A ! S
Hotazt gtoh =3k gl¥l DNAA o +Aste 2 #53 +3d4

4
gatel fA4 fAnAcl TAR FF 44 G5 FF A4 o g3t

me o
>
ofo

o

4 o
4

ot M
f

[o

Ny, FFxE& 5 165870 FFol e DNAAES #AAdstal, #2¥ DNAA L

o718kl d=Aew AfulE o T8 FF9 dYVIES AHst

A4S HA vkag H Nucleospin® kit (MACHEREY-NAGEL, Germany)
= o] total DNA E#]3l1, UBC #8317, #3830, #335 % 370 I-SSR primerE ©]
4314 PCRS G383t}

PCR wWrggde] AL 7+ sampled 2 2009 template DNA 7.5ng, 0.375u0M
I-SSR primer, 0.6 unit Tag DNA polymerase (Advanced Biotechnologies Ltd.),
20mM (NH)2SO4, 75mM Tris-HCI (pH8.8), 1mM MgCI2, 100uM dNTP, 0.0025%
BSA7} 23 HEE o PCR FZEW3E PTC_200 Thermal cycler (M] research
Inc)E o]&, 94T 5% AAZHF 94T 30%, 52T 30x, 72T 1% A4S 453

1
1 100bp DNA size marker (MBI fermentas)E 7|22 E4 bpollA FZ

Qo
B9 5 wg 1 0 E datas gt

}‘\l,
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AA WAL 7hedk Hlazd F FF:Ibel T84 4
A FAA 2= w9 =& o yEpd 1299 EFF 3 130 FE(HA
A A2=0.0698, FAA A E=97%)°] wujet 54 FZF I 5 FTA(FAA A

"4
2]=0.0465, BA4 A E=99%)° wuj= Fjdow d&ford Aow AzZEET 50
=

MO EFEH 8 FE(FAA AE=0.0233, FAA A E==70%)°] uLn =
A AR Es ofE vre AFge] dou oE FF M 2 FHA FAA
(97.7%)0] A= Q7] Wil ol5 FFI wel= A or ke 3lo] v A s}

r>~1

th 3 FFH 31 FE(HAA AE=0.0465, SAA A E=60%) = HWLA =
< fTAA FAR o] BEHAT] wiEel a4 ol FEe unE YL]%}—E Aol
vk ek, oW 59 13W FE(EAA A B ==53%), 701 FF3 73¥ FF0
(574]7‘q A E=63%), 2121 108H FFH 1271 FSIHEA A A= ==52%)l =
Cl dHoz FAREE Aoz LY
o 1ow Azhed. 639 F53 689
%%7&(%17‘4 74?4:0.11634 42‘%5 =& 84 FF(FAH A9=0.1395)°] =
50 %

% ool BAA AATAAA F4A FAWAT FAHE Aoz B g oF
zrel ol oA Wahe ol v Aol

2) Microsatellite ¥4 2+ o] &3 A& 24

7}) Microsatellite ¥4< 93 PCR primer A7

2003 olEj2] ¢ Marinoni “5(2003) - H W -(Castanea sativa)®] Garrone
Nero 5 2097] %] W3] Microsatellite DNA A& 48 $33st7] 93 337
primerS 7|@3}al, o] ZFE AoF 247] SSR EA F 1470 EA7F 99.9%9 &E
22070 WEES SHstA 8T 7 deS Baud vk Ak

Marinoni  5(2003)°] X 23 CsCAT-01% 337§ SSR #X8& primers}
Barrenncxhe %5 (2004)°] 7H¥tet QpZAG-01 5 4370 primerE o] &3lo] o]F o
primer’} 5 @At Z st o] B F3ta Qe BN AE FE(C crenata), T4t
% ¥3(C mollissima), 8% AF %5 2L ol F3H FFo &) AdYd A=

PCR % ZA¥E BHYd F e A FASATHZE 1-12).
-01

ofN =

AN
—_

ATFA CsCAT AlE primerol A& CsCAT S5 1870 primer’} QpZAG AL
primerol & QpZAG-58 % 371 primer’} RE F£o ¥EHoz AHE 7t

(Cross—amplification)$+ Ao 2 A AL},
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C.crenata || C.molishima C.sativa

-C. crenata
X sativa

a3 1-12. 767 SSR FZ & primerE ©] €3} microsatellite #4 43}

) WUE 47 Alg EFFo] )3k Microsatellite ZEA A} EA]

O

Cross—amplification®] 7}% 3t
=9 A% FF, FEY AS FF 2 sadA SA4" FFol d
Microsatellite #| & ]

A7} Q= AE 24 AT

7] 217] primerg ©]&3lo] dEY AF E
el

o
Fhste] 24 FF ALAA SolstAl EAst= ¥
1

E|

1800
1800

SN Al el Rl e

5

SaBnaiRiE B B
%4—

<

|
hd

AL

1B : Choi-Exp-4_A09_129_01.fsa / CV1 M@  28:Choi-Exp4_BO5_66_01.fsa/ EO4 1B : Choi-Exp-4_A05_65_01.fsa/ EO3

28 : Choi-Exp-4_A0B, m _01.fsa/107

oo

B 98 ChorExp4_A03_33_02 fsa /CV1 BB B ChoiExp4 A4 49 02fsa/SV5 % o e GTial ok == e i

EE 5B ChoiExp4_A11_161_02fsa/ EO3 EE 68 Cho-Exp4_B03_34_02fsa/ CV2 5B : Chol-Exp-4_B09_130_01.fsa / CV2 EE 68 ChorExps | o1sa/SV6

[ 78 ChotExp4_B04_50_02fsa/SV6 88 ChobExp4_C09_131_03fsa/CV3 7B : ChokExp-4_A12_177_02 sa /107 EE 88 Choibxpa /€04

BB 98 ChorExp4_D05_65_03sa/ EC6 BB 108 : Choi-Exp-4_C03_35_04.fsa/ CV3 98 : Chot-Exp-4_B12_176_02 fsa /108 Bl 108 - ChoExp4 03150 /EO5

[ 118 : CholExp4_C04_51_04sa /DD B 128 ChobExp4_C11_163_04 fsa/ EOS 118 : ChokExp-4_C06_83_03 fsa /108 HE 128 Chol Exp4 03.sa/0D

[ 138 : CholExp-4_D03_36_04sa/CV4 [ 148 ChotExp4_D04_52_04fsa/ES 138 : Chol-Exp-4_D06_84_03 fsa / 1010 [ 148 : CholExp4_D0S_132_03.fsa / CV4

WM 158 : CholExp4_E09_133_05.fsa/ CV5 W 168 : Choi-Exp-4_F05_70_05 fsa/ EOB 158 : Chol-Exp-4_D10_148_03 fsa / ES EE 168 : ChoiExp4_C12_170_04fsa /108
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3% 1-27. Microsatellite =47l A8 ¥y 4419 2455 WY

=
T (A B 349 v
=% A dE FHI8T
o e SExYA A
d 2k iR A2 =}l Ak
(C. crenata) =71 R i Ry
=3 Qb xS
o} o 3} e R i s
Duanza T HEE 4
Nanking T AT
Z =0t A} o
(C. mollissima) 53 Z =
o5& Z =5t
57 -
Primato A 29k x5 w7k
Gioviasca e A58
e Maddonna e HEE
(C. sativa) Carrarese THY AAEY
Cuneo T AAEY
Marrone ey A=Y
2k 27 x4k, Ao
el Ak
o o] = x A Z 24 vk
R CE z]i Jj;{ﬂi%};{t}ﬁ;};lﬁm
T= =
FTE Zpl Ak
e FrEx2>7], Ao

A2 2171 microsatellite SSR XA A= F 148709 diHFAAE HEFH S
™, SSR ZA A T Ft 7.05709 NHFAAE BHishe o= UrEMBHL 1-28).
M B dEFAdAE Bishis SSR A= CsCAT-072A4 F 15790, o]9
ugl o]2H o AAHE F e FAAFLS 1207Hol Ao urE}kb:}. g ru Ex
AL F 6570(F+ 317 dHFHAAE BFstdon, T 6270(2.9570) %A
i, e FEe 37H(4437H)i N Ee mr%jx}% ZEA I A AT el A
49 W FFY A 7P AL 612N dEHFHAAE JHAAL AAT. F

Az 7, 2wt FFAA SolsiAl vEtveE i "FdAE 174
R, Fubo]l 2170, Ela fFEe] 447 e, Il §A Wl E 979 So
o HFAAATE EAstE AoR A
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23}

¥ 1-28. 217} Microsatellite markerE o] &3F 47] &

. . . 3t L=
SSR Primer Y E9H(C.crenata) | 57 (C.moloshima) % 3H(C.sativa) 2;"%‘7;
A
B 99 99 9% a9
Maker ° oA i Product il Product Rigil Product il Product izl
o It T2 3y (bp) P (bp) P (bp) 2 (bp) 2
Z ~ - = BN |
»| AF 74 7] s A%
Uk
CsCATOL | (TG);TA(TG)s 7] 28 | 184 186 2 | 150 184, 188 3 | 184, 186, 192 204 20 5| 184 186 2
CsCATM | (CA)z 2 3 None 0 | None 0 | None 0 132 140 2
CSCATO6 | (ACIAT(AC), 1| 66 | 130, 138150, 156 | 4| 156 1| 130 10k 15 160 J6L 9| 138 14 2
o | e s S N oon 22220 22 | - | 290 202, 200, 208 210 A
CSCATO7 | (TGHCG(TG) 15| 120 1| | s | TR 208 210 8 6
CsCATO8 | (GTH(GA)» 1| 66 | 178 198 202 3| U 200208 20 ) 5 | 178 T8 198, 200, 202, 8 5
CsCATIA | (CA 7| 28 | 136 138 148 3| 134,136, 138 3| 132 134 10 188, 120 5 6
N } | 1, 118 124, 198, A o1 198 134 15 - 5
CSCATI5 | (TO) | e | A 182 7 =z 6 | 114, 124, 128, 134, 154 5 5
CSCATI7 | (CA)wA(CA)AACA); s | 36 | %2813 3 | s 130 122 134 o | 82 134, 138 144 160 5 2
CsCATIS | (CAMCG(CAN 10| 55 | 236 166,163, 220 | 4 | 162, 164, 166, 274 | 4 | 162, 164, 166, 168, 198 5| 186 5
CsCATI9 | (TGWCGTGITT(TG, | 3 | 6 | 44 1| a2 m 2| a2 m 2 3| 2w 2
CSCAT20 | (ACHATHAAT) 2| 3 |2 2| 12 1| 2 1| e 1
CsCAT2 | (AG)r 31 6 | Nonme of s 1| 104 100 2 | None 0
CsCAT2% | (CDs 7 | 28 | 9. 104 106 110 1| 859, 106, 116 1| 9, 104, 110 3| 010 2
CSCAT3L | (TG)T(TG) 7| 8 |nn s 1|62 3| 61, 72 80, 1| 2 2
CsCAT32 | (AC)HTC(AC) 4| 10 | o122 124, 232136 4| 122 124, 136 3| 122 124, 136 3| Az gy
CSCAT34 | (GT)s 8 | 36 | 158 160, 162 3 | 422158 160, 162, | 5 | 43 158, 162, 168, 170 6| 158 160 3
168 14
CsCAT35 | (AC) 8 | 36 | 236 238 204 28 4 | 236, 238, 22 s | 42 26 28 20 246 6f Zoms gy
CsCATS7 | (CANI2 5 15 | 210 22 2 | 210 1| 190 192 194 210 4| 210, 212 2
QUZAGII0 | (AGHAA(AG); 9 | 45 | 20282022 | 5| 28 20, Z 5 | 26 20 216, 218 222, 7| g ase s
QpZAGI119 | (GA)x 2 3 None 0 None 0 194, 210 2 None 0
QUZAGSS | (GA s | 36 | 160, 164 150 3 | 152 188 17 3| 160, 22 2 | s 1
A 148 65 62 93 61
3 # 7.05| 34.29 310 2.95) 4.43 2.90)
EoldAFAAAF 91 17 21 “ 9
i = 3T % = = . =
o] Ayt= HE vl A wgke 247 FEo g vaE wgkE Y Marinoni &
o - = = o = =0 2306
(2003)e] A¥(207] F& 9071 dHHFHdRP et vlaste] E& FXF o, wepa H
HOo ZEO A 5 o "o o Eg Zx E )
— Em o = EH o]—-g—i -JZ—A]’—(?——_} 76]"!_ Ei T EH%]I'ITZJX}'QJ' = o] WY "vo] l:HE]H'IT
S = s A 5] © 5 O =] - ST Z o
A7 gld 7hedo] mol A oR HEgdo] dAA Efsta de W FF9
H = Hwo 9o o =% =3
THo B2 258 F T de AoE AsdEY
e — — e} 3L &% = o == =
#H< BMT 5 UPOVelA = 7]&fd FF(EDV)el tigh £F719 deE AA
== 5 SE = — = (=IRE I P
st WEFo R AFFR ol M= FAeH, wek DNA AZE4 e A+ w0
o = = o B ] =) =) o] = o) or=sl 3L =%
FE o]gs EDVE A4 ox EA5ta o2 HE o o3 fHje thds FF
ZH = = o Tz o SExzo H %
o] £rE eI Jrh FuloA SAdE W EFTE wARH JdEY FF5S A
r i 5 = = =N =] 1= =
e 2oz 3t 97l oo sk DNA A& &2 0] AlFslirtar AZ=H, &)
=2 =3 = )] Es x5 o A = O H} FEZ O B X
ol F& Foll Atk 53] A5 Aol E AA B W FFS DNA A 24
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T S S A dabe s 1299 2k 3, Abd), 24k, o]
A5 SlelM 4" AFEFAle Save7h e efop wbSRlel ti3k o
ol A FFom Abd W, AWEFFT AlolEa Adel dH&e 474
68.6%9F 49.4% %= e 74 ok Ao m vebygth dh3 A kel AR Al o
Fe A= AAA ] FuEgdE G2, A, 24, old, £%, B T S §A4F
T AF fuh 27, F 5 9 EYEE L ANES ASFAAE AF 4y
BhubA] g5 by, AleolH, o], o] AFF2 A7 34.6%, 325%, 25.0%= It &
& Aow 7t 2AFE T

F1-29. 38 2oFA, AdA H A SE & (%)

=z AA | 24 | AFHA —_ AA | 2R | 2HA

° & | A& | JAE& = o & | HA& | J)&
+F 1 23.37| 3298 0.40 2l o] 9 6856 74.05 | 34.63
= 39.48| 47.78 0.62 =% 1535 18.23 0.00
g 0.00/  0.00 0.00 b 1.38] 2.28 0.00
FFExE 20.46| 24.64 756 frupe o] 35.24| 43.25 1.39
=7 3.00| 4.17 1.00 27 10.08| 16.50 0.00
el 44.28| 53.04 | 1653 24k 0.00/  0.00 0.00
o 5 2257 2741 3.17 ol j 0.00/  0.00 0.00
k! 29.76| 44.33 5.75 o] # 37.48| 4191 | 25.00
A 9.25| 10.07 5.80 o] 4519 52.86 | 32.45
£ 23.71| 30.38 3.89 & 23.76| 2855 2.78
2k 0.00/  0.00 0.00 Ag 3890 4540 | 1556
49 8.69| 14.04 1.33 %3 17.97| 34.34 2.78
A 049/ 0.76 0.00 =3 o] 8.83| 10.62 3.70
Al d 49.36| 5499 | 17.14 = 450, 5.19 0.00
=4 18.80| 26.03 476 7] 32.14| 44.06 0.00
A& 40.77| 52.06 0.00 B 21.72| 27.09 | 6.01

[e]

2ok o] I8 &(27.1%)°] A
A o] I & (6.0%)E e oF 4587 =okow AA Ht 8] &(12.6%)2 28] o]
o ol 2 HyFsdel Akl A

i}

(25.4%) 9} A A Y
3] ﬂé*ﬁtﬂ A4 W] gl A%
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(16.2%) 5.t} zof dArtxow A Ho] A4 w58 defj7t 7H Adzdeds &

A<
T AT

¥ 1-30. A9 ZHy &8 (%)

=z A o 3 & (%) & o X 9] 3 & (%) 233 9 3 & (%)
FE AR FA [ B (A FH || BF | AR |}

T 1 17.24) 1799 34.88|| 31.91] 21.51| 4551 1.19) 0.00]  0.00
e 75.00] 2461 18.84|| 8571 27.43| 30.20 0.00f 0.00, 1.8
Chs - 0.00] 0.00 -/ 0.00] 0.00 -/ 0.00] 0.00
BT 26.92| 13.99 -|| 35.29] 13.98 - 11.11)  4.00 -
=2 - 6.00] 0.00 - 833] 0.00 - 2.00[ 0.00
e 62.96| 32.38| 37.50| | 71.43| 34775 52.94 33.33| 16.27)  0.00
o 5 17.86| 11.10| 38.77| | 20.27| 13.60| 48.35 0.00] 0.00] 9.52
ks 49.27) 2160, 1841|| 8640, 24.71| 21.89 476 0.00| 12.50
i 11.84) 4.82| 11.08/ | 12.50[ 6.11] 11.59 10.00f 0.00] 741
e 23.85] 14.30| 32.98|| 30.95| 15.73| 44.44 3.33] 833 0.00
Abh 0.00]  0.00 0.00 0.00  0.00] 0.00 0.00 0.00] 0.00
& H 1461 590[ 5.56|| 27.08] 6.72] 8.33 161 0.00] 2.38
ki 0.00] 147 0.00 0.00 2.27] 0.00 0.00 0.00] 0.00
Al d 49.81| 3294 65.33|| 59.00, 35.01| 70.97 500/ 0.00| 46.43
=3 5250 238 1.52|| 73.08 310/ 192 14.29)  0.00]  0.00
A3 41.18] 7.32| 73.81|| 5899 8.64| 88.57 0.00f 0.00] 0.00
Ao 56.33] 58.88| 90.45|| 63.52| 64.64| 94.00 23.33]  0.00| 80.56
=% 0.00] 3450 1154 0.00| 38.89| 15.79 0.00f 0.00] 0.00
ot 294 1.19] 0.00 5.00] 1.85] 0.00 0.00] 0.00] 0.00
ok o] 36.17) 19.18| 50.36| | 46.73| 22.77| 60.26 0.00] 0.00] 417
27] 1207  6.80] 11.36|| 2593 8.38| 15.19 0.00 0.00] 0.00
=>4k 0.00]  0.00 0.00 0.00  0.00] 0.00 0.00f 0.00] 0.00
ol 0.00]  0.00, 0.00 0.00|  0.00] 0.00 0.00f 0.00] 0.00
ol 5 - 1.04] 7391 - 147 82.35 -/ 0.00] 50.00
o] 23.76] 3890| 7290 | 37.00f 44.57| 77.01 5.56| 25.00] 66.79
T 0.00] 1.09/ 70.19 0.00] 1.35] 84.31 0.00] 0.00] 833
s 36.67| 4215 37.88| | 47.83| 47.90 40.48 0.00| 13.33| 33.33
=9 2745  0.00] 2647 | 66.67] 0.00] 36.36 0.00] 0.00] 833
Sapd o] 0.00] 11.00| 1548 0.00| 15.08| 16.78 0.00] 0.00] 11.11
e - 768 132 -|  8.86] 1.52 -/ 0.00[ 0.00
371 46.90| 21.65| 27.87|| 7527 22.96| 33.93 0.00] 0.00] 0.00
7 25.38| 14.22| 27.61|| 35.58| 16.15| 32.76 4.20) 2.22| 11.42
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g Bl Aol AR, dF aARAC o3 fU1E 9 2 A 3
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¥ 2-13 . 2 AW AEA B E - 3sty E4(2003)

» A=EH (@) %) =
=2 u] A} AE EA oA} oA 714+ (g/cr)
HET 1560 | 314 | 125 | sL | 841 | 512 | 147 1.36
AzxAH=)
s 36.0 | 45.7 | 183 L 39.8 | 484 | 11.8 1.28
Ae9 | 487 | 365 | 129 L 37.7 | 49.3 | 13.0 1.31
=NE | 493 | 37.8 | 129 L 35.8 | 47.8 | 16.4 1.27
42 | 7% | AEx | smaw| CEC | K[ Na" | ca | me®
(%) (%) | (mg/ke) (me/100g)
et | 4.84 1.26 006 | 275 | 7.04 | 051 | 0.07 | 0.34 | 0.44
koA 4.91 3.67 0.14 | 169.33 | 11.22 | 0.71 | 0.07 | 1.16 | 0.97
249 4.83 3.97 0.15 | 85.38 | 10.56 | 0.76 | 0.06 | 0.99 | 0.52
EANE | 478 2.82 0.13 | 155.44 | 9.68 | 0.47 | 0.07 | 0.55 | 0.56

22pdEel = T, 39, A2 Q, SAEA T Frheke] aAbe, 1x%, F9
25t ojgEljtete] et ae 4] 2T Ao EGEAS AASATH(E 2-14). B
FEdde 1AdEe} VAR dz2FoA 7MY 2@ Aoz yEyey, v&
E7F stea s B @] wma vAb HES o] wow, EgUM Tl =
< A%E dET ook iR diider A vRETt w2 FA AT, ©
gegteto] agt A = v Aol s mAyg RS FEFo] Eon, B
G FTE AdFEG 2T FAS Bola v Ed Aot o2 teto] ek
A o] BT T ol A-EGN 23 FAE Bole AL =2 AV EE
g EARFEWA S A=l o3 E¢ore fU]E Yol T8F A4Ts I

L Belvh whdel] Eu| Aol ofgE]tEte] 2Tt A= HalA
7l =TFN FEFFES BAe, oy =2 wolgd AFELEET BEAGES &
A o7 WwAsta B FEe BHAo] Yoyl Weer ddH.
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¥ 2-14. 27 AW AR Bkl &g - 3183 EA4(20049)

2] PEEA (%) A3 %) 7hu) 2
3
2 a] A} 2E | EA WA | 3 7 A (g/ct)
P 56.84 | 22.22 | 20.94 | o | 23.26 | 5241 | 24.33 1.41
Az=AE) | (1.22) | (1.72) | (2.94) (2.31) | (1.59) | (2.22) (0.23)
490 43.51 | 38.74 | 17.75 L 27.25 | 48.99 | 23.76 1.22
v e (4.48) | (3.00) | (2.35) (1.59) | (1.11) | (1.42) (1.11)
= 42.16 | 31.20 | 26.63 L 26.44 | 49.23 | 24.33 1.25
o (3.46) | (3.87) | (3.92) (3.15) | (3.47) | (3.28) (0.89)
. 35.98 | 45.97 | 18.05 L 24.12 | 49.48 | 26.40 1.14
= (4.41) | (3.34) | (1.74) (3.33) | (3.17) | (3.56) (0.23)
] 5243 | 30.81 | 16.77 | | 23.15 | 50.14 | 26.71 1.31
(7.69) | (6.13) | (1.96) (0.87) | (0.77) | (0.54) (0.12)
Q1% 54.13 | 23.42 | 2246 | (. | 25.78 | 47.68 | 26.54 1.19
(4.47) | (5.10) | (1.46) (4.21) | (3.88) | (3.68) 0.21)
oletg]el | 48.88 | 36.61 | 14.51 L 28.55 | 45.44 | 26.01 0.98
glol 1l | (4.11) | (2.9 | (1.21) (1.11) | (1.32) | (2.01) (0.18)
soan | 9107 | 43.13 | 25.79 L 27.34 | 44.28 | 28.38 1.03
= (2.42) | (1.13) | (1.32) (3.41) | (3.69) | (4.01) (0.24)
. y | 18 | 232 (fmqa| CEC EREEs
A
P (%) (%) | (mg/ke) (me/100g)
%7 461 | 1.98 | 0.11 | 98.71 | 10.89 | 0.42 | 0.05 | 0.44 | 0.31
A=Az | (0.03) | (0.42) | (0.02) | (60.73) | (0.33) | (0.03) | (0.00) | (0.05) | (0.06)
2T | 537 | 224 | 0.12 | 153.08 | 1254 | 045 | 0.05 | 1.05 | 1.10
(Fx) (0.19) | (0.20) | (00.02) | (66.91) | (0.50) | (0.16) | (0.01) | (0.18) | (0.03)
) 495 | 204 | 0.18 | 194.33 | 12.65 | 0.69 | 0.05 | 0.94 | 0.60
SR 0.04) | (0.23) | (0.02) | 46.04) | (0.56) | (0.08) | (0.01) | (0.12) | (0.09)
5 514 | 2.25 | 0.16 | 133.02 | 11.49 | 044 | 0.05 | 0.94 | 0.85
= 0.04) | (0.36) | (0.01) | (48.42) | (0.80) | (0.03) | (0.00) | (0.04) | (0.04)
e 483 | 1.11 | 0.09 | 78.23 | 11.40 | 043 | 0.05 | 0.58 | 0.58
(0.06) | (0.48) | (0.02) | (70.05) | (0.62) | (0.03) | (0.00) | (0.19) | (0.14)
o)1 2 535 | 2.32 | 0.14 | 33952 | 13.16 | 0.58 | 0.05 | 1.79 | 0.79
SR 10.25) | (0.50) | (0.02) [(212.59)| (0.16) | (0.14) | (0.01) | (0.45) | (0.07)
olgtglel | 508 | 3.49 | 0.20 | 401.15 | 14.71 | 052 | 0.04 | 1.27 | 0.89
glo] 1}~ | (0.08) | (0.59) | (0.02) |(256.38)| (0.52) | (0.05) | (0.00) | (0.32) | (0.29)
Sos 476 | 262 | 0.17 | 613.15| 1592 | 050 | 0.05 | 1.52 | 0.89
=T 10.09) | (0.51) | (0.03) (241.30)] (1.33) | (0.09) | (0.00) | (0.20) | (0.04)
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24

) %712 | AAA [§FA%| CEC K Na* | Ca?* | Mg?
& pH
(%) (%) | (mg/ke) (me/100g)
= 4.62 0.92 0.17 2.23 | 10.84 | 0.83 | 0.08 | 0.41 | 0.32
(A=A | 0.07) | 0.06) | (0.01) | (1.29) | (0.30) | (0.06) | (0.01) | (0.02) | (0.02)
BT | 4.52 2.16 0.27 6.66 | 11.81 | 0.73 | 0.07 | 0.40 | 0.36
Fx) | 0.10) | 0.32) | (0.07) | (5.42) | (0.19) | (0.07) | (0.00) | (0.04) | (0.03)
2Apel 4.58 2.04 0.46 | 6599 | 11.37 | 0.78 | 0.09 | 0.78 | 0.67
(0.02) | (0.50) | (0.11) | (54.06) | (1.15) | (0.04) | (0.02) | (0.20) | (0.12)
o171 2 4.50 2.27 0.26 177.41 | 11.44 0.86 0.08 0.88 0.87
(0.11) | (0.36) | (0.04) | (39.22) | (0.22) | (0.17) | (0.01) | (0.13) | (0.10)
o] eg] ¢t 4.87 3.33 0.21 287.56 | 12.69 1.09 0.10 1.50 1.07
gtolzet2| (0.25) | (0.36) | (0.02) [(196.45)| (0.39) | (0.17) | (0.01) | (0.57) | (0.24)
sHin 4.67 2.16 0.18 | 97.63 | 13.05 | 0.78 | 0.07 | 0.83 | 0.68
(0.07) | (0.10) | (0.01) | (63.28) | (0.82) | (0.02) | (0.01) | (0.17) | (0.17)
. 4.64 2.17 019 | 69.00 | 11.73 | 0.85 | 0.08 | 0.58 | 0.38
(0.02) | (0.17) | (0.02) | (19.73) | (0.15) | (0.06) | (0.00) | (0.16) | (0.03)
o) 2Fd An] L e el
87Me] A ExE 7Fdl R AufA o] o] H Al e & A gt WA o
Fol BEYMNA gt & FoRe oW, olgEtetelagts, Ed T, 1AM, o
&) 5o R et 53] wolg 9 I HEo] Fof EAMGE WA EWIt A1
7l Feadrt & 59, ojgE gl gk, EHAFE WU AmA Y] 24
Aufell e xFo2 ALREU T3 A& urlElE e vad =g vt
gavk Hfw A EE7 uwfg w2y g Y T3 e EYdRAd g2 9
AE Ao FuEHy REHoR FIASS 2 $ e Fol7] wio] ¥y
Auf o] 27wl At 1Yy HSAES FRELSTE B2 2FoE g
T AR o] ol & FAHE AFAAN Jtee 23w EREHJLH, £FTL
A= 7hsstd 2HE 544 JokdEv 283 FoR A4S WU AR
Al A ZE Ee 2FoR ERFAC dAAY AFAT) JEEHS BEYE
7y 2F] Au 2 #Agere g 2o
(1) 3AY
aARE ] Ajdl= BEFRUE o] lo] ARkl ol glow bS] A4S Al
Fsle] o] &AW ooz e W= BHH Ak o] & r] o] AFHske o]
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2 WA EFFES FATGOLA W 4 £33 FWLAE 7Y
S3 ABAA|Y AAH Fe TelrEe o] Bastel WY EHANGL A

) AEA A
SR A AW 4% AbRel A7 200 el wlseka (o] mad Perd
Ao MAste] 7k AW 3wEA g 2175 o] A,

AlzA - AZNES| AZRAEL
- Az
Hx2, AL, | BEA,
Stas| AR | ARAE ARAE e
Noazg. | BEo. | Ags.| 3H B ;

,,,,,, S 4 HAZAE | AZAEL _ A ZA
ZNAA 2 . _
A | BELD. Ay,
""""""""""""" L

#HPAoR P e AxA AE L IAAZ il EFEE W}
A= g AFuE BAY AEE AT

AR7E 71gE polypropylene -2 3

HAAola AEAEB A= olsh HI=F Ad= Sl A 1t It =
271% 7bE 10m, AIZ 20mel AAzgelm wemMAY rasE s
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A g AbEE 7] flste]l ARAEE AW 200m d WA I EEh Az
AR T ZIAERl = 69 2w 2 89 e W F7] A 99 xEol A
33 BAWR AzA dxeh 71 EgolE A old f8¥E I HE

& zAbstsi,

EIHAEA AT 24

A 71 AA %, B A Z2A A C A EA(Q]A)), D AlEB(=4H

() A2 45

Im
3:

2 Ae Bl Belssty 54 2 44
&

& A%

[e}
lkgS AFstd FAA21
A A4 B2 USD.
100cm 9% cang o] &3t

Kol

EGAN RS} THTY HES 15H= &
. & Lancaster H AW, &A= Kieldahly, %ol sh&wF

o

[e]
kol 2l K, Na, Ca, Mg< IN-NH,OAc® =3}

Tyurin 24 A H

(CE.C)2 BrownW, 3%

F4)9] Hydrometer'i &2 EgAHAL @ 71v)5
o2 FAATh B s4ehA ARl Eil=

40 pH meter® FA3AL F71E(0M)

gk & ICP= 74 3tsith



(2) A nAE dx =4
ZAFF o] WAt E 5AES do2 AAstn PSS dojd RITOoZHE
0~5cmeol] °|2% EYS cake Yoz ZE AFH3 FA] Iceboxo] Fob AgAz

St AH A EGABE 22 Tryptic Soy Agar Media, Rose Bengal media
E o]&3ly T4 E%Uﬂ‘_, EUALATE A FE) ou:] Eoko] A3letd EA 3}
kS 317] fl8te] 3% TTC & H7F & 24417 wjgste] A E TPFE S48+
yrow d5igadd G4 S48

(3) B4 2% 24
AN B 2R TS B PR
Iy A

s 7937l Yk Z=A
W 7F2 2m, AlZ 4m =719 3

slo AA 7 AP

) 3] o
A A9 lysimeterd] 88 +& E/\]-E AHs ] AIAR 7 F 105Te AZx7)
oAl &Fo] F wj7hA] HEAZ thE AlRe

=d< Vst

=
2 =qsel 4 AW EA

L
F_\li
O{N
o&im

a8 2-19. B4 &3 AFA lysimeter A% A7
(#: lysimeter A% ¥, $: lysimeter A% %)

2) A3 %
7hH Al A 27
AFAE Ao R A FAARA(25~300) 0, A ErE ol #Evt &
T3 PAolth. B AAA ZAAT AHEGEB)o® E*“—E— g2 5YR
5/6~5/8°11L 75YR 4/6%= YEtw o™ d E4AlS 59cm, & EAS 27cmeol Atk Al
AW EF2 4B EFrES 7HA glor AdkEe dor FAEI
AEAN FE= B, A R AR ool 747 42.2%, 354% W 224%%
=(Loam)ol ™ 7HiFo] 1.20g/cm’lqa AES] A& mell, val 2 Az ¢y

ru ?
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o] 7Z}7} 41.4%, 29.7% 2 28.9%92 2% E(Clay Loam)o]® 7FH]Zo] 1.30g/cm®o] %l

2]
H(E 2-16). B W w7l dd4a

7y 1.3% 2 0.1%= Wy Aol a3 FEol dAA

b EENA 27 29% B 02%, AEA 7
o o Aoz HrleA

1515 o
h=} _
o 53] EYEE A3 2y FTES AHEAAM Z4Z pH 49 2 pH 48% 9]

Aol BEF2 olv] s ol AR I JTH(E 2-17).

¥ 2-16. BHIHA YA 24 A ESL E A EA

= g 4 =& 4 (%) A & (%) 7ha) =
° =) A | A2 | EA Ay | 2 | A% | (g/emd
¥ E 42.2 35.4 224 L 32.0 454 22.6 1.20
AE | 414 29.7 28.9 CL 326 49.1 183 1.30
T 2-17. MAEAAGA 24 A £ 8§34 54

5 g | 2= | #7% |@d2 |§EAN| CEC [ K | Na | ca¥ | Mg”
° (pH) | (%) (%) | (mg/kg) (cmol'/kg)

¥ E | 49 | 29 0.2 7725 | 1179 | 076 | 010 | 057 | 044
A E | 48 | 13 0.1 1018 | 1084 | 051 | 010 | 023 | 023
£ 2718 WARAAYA AP 39 F 2 Bely wa

4 q =& A (%) A A (%) S =

2 o] A} qE EA4 o % 714 | (g/cm®)

AAAZ] 437 39.8 165 L 27.2 38.8 34.0 1.03
AzA | 475 38.2 14.3 L 30.1 42.3 276 1.12
NEA | 433 42.0 14.7 L 29.0 405 305 1.07
NEB | 468 38.2 15.0 L 285 38.1 334 1.01
¥ 2-19. A aARANEA AP 3d F B9 stea W)

ag | PH |#7% |22 |fras| CBC [ K [ Na' | ca” | Mg”

(1:5) (%) (%) | (mg/kg) (cmol/kg)

AAAZ] 49 | 43 0.2 4539 | 1437 | 101 | 008 | 101 | 067
AzA | 48 | 36 0.2 3588 | 1342 | 074 | 007 | 086 | 061
NEA | 47 | 47 0.2 5530 | 1489 | 083 | 009 | 148 | 080
NEB | 45 | 43 0.2 5371 | 1496 | 064 | 007 | 081 | 073




) oo 2o sey W

NEAY AAARZ, Az AE D GYAE A NE BAYE 498 F 34
o] Zsta 200540 1 WakE dolus] st AUdE BFANRE A3 6o
B AT B AR AL BalgAy wEe 2e Bdd 474 g F
9% A ekv] WEel 2~3d0] ARAAT Aol We =FBA Wi Uy
U= ergiet.

AAAZ 9 AzALE Az rug AALD PO 2FRD AdEH) BS
Ao AEYAT 958 WAALY T NEA 9 AEB Aol e ERAE A
A7) AT Wold S wak oheh AAE 2 ARALE el Tol mAE o

:
A e A%e UEt B AgdAE AeT O AWe v wye e
g olm odd WAT Egom FrE: Y A 2L E/Y Bol Y 2
2919 Ao WHHATh Wekd AIAUAE T 49, WP AWS ABIE
2 Rtk BEEY(IY 2203 @& PPES Adss o] EgsNgais
B Fojel wgol e gz,

g 2-20. ¥

) A EA FEF
EdfA i1 2 Axud a3s dolry] fsle] Held BEALGE
ol 13 ZAFSA AL 200433 20053 ZHZE 23] 2AFSFA TR 2003
F2 13 A= AzE 23] ZARSE 20049 9 20054 Rtk @ekEdl, 71 AAl
Z79 4% had 22to] &5 200339 1.3tRT} 59%7F B2y 2-21). ©]
A21st7] f8te] A xwo] gy o] EARMFETFO] Wk

2S 20034
o EARE

=)

Z1a Y2l lysimeter:
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6.0

O7| AR =
50  WAZEH
OME A
T 40 | BAEB
a0
i 30
0F 2.2
< 2.0
“ 1.3
10 1 507
0.0
2003
a9 2-21

200439 HEE EAFE=FES VAAZ > ARAYE > AZXAEB > AXAE
A ol oy 2005 0= ZIAIAZ > AZALE > AFRAEA > AXRAEB £
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7 3.3 92.3
v 31 4 7.2 83.1
3 52.0 0
7 44 89.7
w= fA 4 19.1 55.3
3 44.2 0
Aol ma e 7 1.2 97.2
ol A 4 2.5 94.1
e 'I"§]'xﬂ
3 10.3 75.9
7 2.0 95.3
Aol =8 F-A| 4 7.0 83.6
3 20.6 51.8
A g - 42.7 -

g e EX . = 71% AAAH
sqs AuEd |44 A | N4

o :1;};] ji%zﬂ 26 58 8 (13.8) 3 19.0
j;—j j}j 50 127 11(8.7) 7 14.2
*2;1]—; ‘?‘; A 43 141 10(7.1) 5 106
*440% ; % T:[L A 56 176 15(85) 6 11.9
“}7";}; %ig_ A 53 148 15(10.1) 3 12.2
A Zf‘j; ? = 60 205 22(10.7) 8 14.6
gfj‘; 1 A0 149 12(8.1) 6 121
Esps 51 146 8(5.5) 3 75
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aeu WA wAel AEA AEE FA AT ATt FRNmER
gl 138%2 AMW AF Agut o 25W 9] Ee /AL F4E nATH
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I-SSR (Inter-simple sequence repeats) ZEA|AS o] &3le] A= HUFISH ot
of EAsle FHWole g BEXAS FHEr] fsiA wuFEISHe Fgo] &
Ze = A AeEs g dx 1370 A9 wuF Juas dAsa 7 Jad vl

T

[4\(

Azt A E 30m ol
U 132770 A E oz s
247y QA THE 3-4).

ke i
o
e ;
= ?E o ;Ln
ol oR
L & © N f Jr oo o

(

o

lo,
2
=
o\
o
1Y
1
2
N
0%
[¢}

>
o ol
o oZ
ofN
do o 4
>
T oo 2
o il
S ol oy
rr O{z
> o
of\ i
o dob we oy by T

=41 iy
o
z
o
lo
N
o
s
-
o
_o|L
N
2o
T

: ® . . 18 34 R 3 A2 E A A9
Nucleospin® Tissue kit H 34 T S ARE A 1<

(MACHEREY-NAGEL, Germany)& AF83to] total DNAE #&l3tdom, 579
UBC I-SSR primer(#814, #3815, #817, #824, #835)% AM&34 PCR #4& $3 gt

PCR wWrg-gde] AL 7+ sample & 2009 template DNA 7.5ng, 0.375u0M
I-SSR primer, 0.6 unit Tag DNA polymerase (Advanced Biotechnologies Ltd.),
20mM (NH)2SO4, 75mM Tris-HCI (pH8.8), 1mM MgCI2, 100uM dNTP, 0.0025%
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BSA7} ¥dHE=E g o PCR FZW32 PTC_200 Thermal cycler (M] research
Inc.)E ©o]&, 94T 5&2 AAHHYZF 94T 30%, 52T 30%, 72C 1% HAHS 453
HHESE 5 72T A 1083 HF: FZAZ#HT. PCR ?l}ﬂ'io 0.5uM Ethidium
Bromide”} ¥3+% 1.5% agarose gel AolA 166mVE 3A17F A7|AE 2171 & (1x
TBE buffer pH8.0) UV transilluminater AFollA &3 AMNS Z3] #FHQoH,
100bp DNA size marker (MBI fermentas)E 7]+22 EA bppolA FZ4HE9 #
ol whel Ty 0'C® datas dHISH, FHH FH oA -SSR ®WolA o vIgA
S FA3%7] ¢ POPGENE 131 program (Yeh er al, 1999)& o] &3t
Shannon’s index (S.I; Shannon, 1948)& T3, Arlequin 2.0 program (Schneider
et al, 2000)& %3l Euclidean distanced] 9J3] AAtE A2 7 (genetic
distance) & 7]1Z2& AMOVA #4& AAste] Jozk F4d4 349 A=E A
tH(Excoffier et al, 1992). #4¥8 Jd3t F14 A4 = RAPDDIST 1.0 (Black,
1996)& ©]&, pairwise Manhattan distance (Wright, 1978)ol & FA " 43
Al A UPGMAWH o3 A7+4 = Atk (Phylip 3.5¢; Felsenstein, 1993).
7z} B itel EAA AP EE 100M 9 bootstrappings FalA A ¥ A tHBlack,
1996).

RS 1370 Je 2577040 ik I-SSR WelAl 4 A 5719 primer® Y-
B 2 57719 WolA|ZE #aE 2 m[UBC #314 (13), 815 (15), 817 (5), 824 (10),
835 (14) ; B+t 11470], & Aol FHE U7 S g9 A HAa
0.4031(s=<)ell A ZH el 05233(&x)e] W= Fvt 046122 ARFE AT 3-17).

£ 3-17. HuEEE e fAuSd

A N S.IL (SD)
1 2 19 0.4346 (0.2492)
2 5 25 0.4970 (0.1825)
3 &S 20 0.4203 (0.2664)
4 Ch 27 0.5057 (0.1878)
5 T 20 05022 (0.1782)
6 L 25 0.4866 (0.2006)
7 +4 20 0.4031 (0.2825)
8 &3 19 0.5233 (0.2050)
9 ek 20 0.4040 (0.2314)
10 ekl 19 0.4505 (0.1968)
11 o 13 0.4364 (0.2456)
12 kil 14 04517 (0.2390)
13 i 15 0.4808 (0.2260)

B 19.7 0.4612
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AMOVA #4243 F489 frdwole] ifio] Juztel] Tf5H= HaW
o] zfolof] 7|Qlet= Ao YEelgom (¢F 81%), Wity 137] Fwik
v F14 Aol gsr=0.1922.2 YER} JuEzte fd4 E37F sty a
o7 FAHATGHE 3-18)
¥ 3-18. 137 SE e gidk AMOVA A3},
Source of variance d.f. Component variance
Among populations 12 19.19%
Within populations 243 80.81%
Ds7-0.192
®st: genetic differentiation among populations
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5. F8a5 g Ay 2 TAY 71

dv wPoldlsihy StEa e FUFSEL, VEostsEa T 37HA oL
2 850 o wet B Ao s WA gy E nolassw A2
itk mEolatE 4o ghEFe AFALS AlElr] 8ke] 20039 frolsS o] &3
of sl orn EIHH unLoldE4e AR MAS FHAHHRTY o R o]FHalo]
Al AHE 248t 20049 28 H AAE S50 @77 Za, AE Aol
nj ¢ A xslo] AR WAL ZAMES Fal 20059 v EoldtEA EF o YAANS
B3 AubAQl A@AL A} JMsEih wRe] AAZE meE Fe M
Fa3 AFZANE F9 sl nPolass AEe 79 AESE AEE $3hste] 3
G138 dAgekE lem Had nprh glevi(o]sh A, 1997) FA YAt obA
WE 2] 2] @okth o]E 2003y AMEOA M wWe fEow #AFHG oW fols
AFNA 7 ol xFH HAFAsFTolAH(F, 1997). & sFel uig JF& A
Falo] o]=S Mol A#E T ol5o] I S FAMSATHE 3-22~3-26,
8 3-8)
¥ 3-22. W] Zo|ahs o] wifzo] 27

N A5 A (mm) A & (mm) FZ (mm) A Z (mg)
17 5591 + 254 1650 £ 0.48 6.12 £ 0.19 815.29 + 29.82
¥ 3-23. "]&olstE4 WHH ] 27
7N A 5 A & (mm) A F (mg)
15 5713 £ 1.08 616.67 £ 27.95
¥ 3-24. n|ZolstEa AFe A7)
7N A 5= A & (mm) A Z (mm) +Z (mm) A % (mg)
A4A () 54.02 = 2.84 13776 £ 1.02 | 5558 + 1493 | 270.00 £ 33.81
7 (5) 46.26 £ 5.9 1239 £ 1.72 | 7643 = 13.66 | 228.02 + 31.14
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Y
f
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nelstE ] A ATS vlad At i 3-249 o] &
A ATl kot dEly 2
3 kAol A, A tElu Aol wisakARt =7le] A
o] oF 165M= A nrh " 11 Ao
sk A= A AAs] e wE
AFol AT oF 66lmgo= syt s ¢mso] faEdE Fo FAGE 3-24
Fx)el oF 1/34xs 2 Aols UEith o =
Ao Azieen 37l EEst=r £

Hit 4-59 AEel Ao 7 FAE AT

F A 773 (mm) &7 (mm)

15 31.58 £ 10.95 1524 + 2.24

Fg BF AMAL FUT DA
= E
T

KeX
=
ERE M EE R

AEg AR om 247 g3t Atk = %
3-259F o §EAwe A= A7 3158mm=z B Aol 20-30emA S
ebe A9 R A7)l e SRS,
40
—— XM=
35 —a—3F
SHA|
’ yal
25 / \
20 \
15 \
; L= )
5 % \\<':
O J 1 1 1 1 1

6A F 7H Lt 7R & 7R F 8A t 8A &
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a)

Zlo| A 30642 A o] Al B of A
d AHom ZAMEAT wEbA wEolsEae 2003ded LA AT wokoy
20040l 7HA, 20050 ThA] AAGIF F7hske] AA A o2 half-voltaismalE 24
1At B st= Aoz FAHEJATHEE 3-26, 13 3-8).

396 v ol he] AEH W A
.
TE I3 T ¢
A 5 ohel 5 oh2) 20 A
) 4825 £ 9.81 306 £ 10.14 129 + 1.00

4
ANA 7+ Tas FHAAEe Heotdubte 454 WA e st
A2 El10-hexadecenal : Z10-hexadecenals 75 : 25
90 : 10 W& =2 77z FA3sle] 1had 67012 20039 69 1293} 14Y A
w5 AW A Saobdule wAEsES AR A, #elvl
(Lure) E10-Hexadecanal : Z10-Hexadecanal = 90 : 103} 75 : 252] ] & a3 A4
15}7]ell A 90 @ 107F 75 @ 25E. T} oF 28 A= x8 TIE B o 20049 13}7]
of EHHAL Fo4de] e Aorw EAHJTE 3-27). olH3 A= Liu
(1990)¢] 70 : 309 90 : 10 F7FA vl& EFolA 3238 g7t okt Aot
FrAbstR e 2 T2 AHlEE AEo] Zue AHGEIE 1989)% FiH= Ao
= wobEn E=3 Han(2002) ] Baro A of iy oleko|upige] 5o upe} A s}
= AT AUEE ARl vdavs A o FFo] Ao upel g mte] AdE
o] Zpol7} dth= ZUE T, 2005)F%= LA s Th whekA Ao 7159 Apold
we guzEe Aozt g Ao W@ ARe AT AEdojop & Ao AR
He},
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F 3-27. 1317] Haotiue] Aoz o3 oA e

= A4 ) 3 T A F
2003 2004 2003 2004
75:25 85(1.57) a 59(1.64) a 54(1.00) a 73(2.02) a
90:10 95(2.64) b 64(1.78) a 133(2.46) b 71(1.97) a

¥ DMRT (p<0.05)

Bpol e 28 BARAA) 80 2EA 0 18719 Bd AFelA A
U0 L 434 A9 ¥ AMA2 FAAEA 25l ARE wd A5
A9E Fod 130 q WEYA Ao} AL Aew 24l Ged ¢
o gz YU Aolo] e AT/t WAook T Ao ARH E 3-28
o AgdzEd g8 £8 JEE AT FHEA F ARUE FoHe Fol= gl
om MZE EPY TIHE AAFE 1870 Hs) 27 "ozl Ao e

# 3-28. 237 HEwopue] AumEel o3 xYAY=

= z = A =x
2003 2004 2003 2004

75:25 46(0.85) a 47(1.31) a 61(1.13) a 53(1.48) a

90:10 34(0.94) a 49(1.36) a 68(1.26) a 55(1.52) a

¥ DMRT (p<0.05)

Fotgbgel 33
| Aot gt °l
Folmibiel 3 R AU S
Rpo e B eI, G Fede A solEiue 943
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3=
& F A gee pRE 5 dve AL e B3 A2 o9 A
/;\21
]
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= 1, 28b7)9F & 75 1 259 FAduHle Al 90 : 10KTF 9
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AEE AR W WA g FREA Fetia Baskdth Sander(1997)=
AREg olfsh: UREe] ZFe AL g weol YAFEE 2 YoiA
2 YATE B e A9E g 84 93, 5 A9e A4 dgew
Feldo] "WolA= Aow gy dvk 2Eu HZ ARFA(R S 200D @ gt

Auf ekt gz, 1992) ol A dpvbge] WAl e el =] AFEH AL e Akl
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7t wel gk,

F 3-29. 3317 Hwotdube] AuEel oF TAAH=

T— T = 4=
2003 2004 2003 2004

75:25 86(2.39) a 96(2.67) a 101(2.81) a 94(2.61) a

90:10 71(1.97) b 69(1.91) b 76(2.11) b 97(2.69) a

# DMRT (p<0.05)

2) whuke] 34 0N E

WERTEE EA YT FAAFOR Haohdubgt tiel whd 20-30%
o WG P FU W} A5 Fhl A7F ARE Fi
Low (59, 1999), Wubprl WAIE Sla] HobelA Qwbsom £ W
S sleh el @ WAl BIE 24X7 FRAY A 25%, 4847k 6O,

netglom 72A7F A Al 823%°] HAF&] EIE Hou whe] W]l -y
Ak E 3-30 CSy; @A (80ml/m') Al AR Aol mE &E3E vE AoH
12X 203} 2472 A2l S AAg A3 ZhzF 933%, 100%2] &35 wth 53] CS,

A + 3 AEs 12+124 7014 963%9] w2 AEF&S Ho b ol el W
AWM Ao AgE et wek sk My Al 48A17F Mo A9 89.8%9 AHF
S BAoU 24AZE o) Aet A9 e mwd He wkd 4§ FE
Aot2 AT ToR &8l olE AoRE Alsdr

F 3-30. ¥ A CS: 80ml/m FSAIPE ] whE Wbk R frE e A s

T I | il 3 T (%)
12A]3F 88.9 100 90.9 93.3
2441 7F 100 100 100 100

# 3-31 9 S HAAPEY ] mE Wukg v 550 25E(%)
w5 A ZE| 12A1ZF | 24A1ZF | 36A1ZE | 48AIZE | 60AIZE | T2A|ZE
I 6.3 0 50.0 56.3 69.3 81.8
o 0 0 38.5 75.0 66.7 87.5
m 0 7.7 235 50.0 81.8 778
B 2.1 2.5 37.3 60.4 72.6 82.4
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o,

RN
%

|57 3t (CSy) 9k [lstmAAE o
1A Al Ee] 2E 14217,

gom 11 Ay:= ¥
El =

Q2
S
o)

hu

2

3-30% % 3-31
3-313} o] 724

anHolglon w wa

¥ 3-32. W] AA+CS; 80ml/m' EE5AIE wE waltn 50 g
L= Al 7F 12+12 12+24 12+36 24+12 24+24
I 35.7 100 100 75.0 100
I 545 77.8 100 57.1 100
m 53.8 875 100 40.0 100
H 480 88.4 100 57.4 100
¥ 3-33. 79 CS: 80ml/m+H A EFAIZE] wE Wl R fFE50 AES
Ela- Al 7t 12+12 12+24 24+12
I 100 100 100
I 88.9 100 100
I 100 100 100
3 96.3 100 100
o] F3EA(CSyol 93 FF5& A3 A= ¥ 3-303% 3-333 2t ol A
oAl BT A o] FEEA(CSy ol o gh Wl o] AFdaae u]g =ohTh 1
U o] FatetAo] ststxy EANY 24A 3 ol EF Al we] FE 5 s 3
Ao 127 7F o]ate] T8 &A FE Ao HEAd Aow AGHAT. wekA
=y

3% 3-339 whuptn)Fe]

g EIAL Yoz Beks o
EF ek Fol g <)
o} gom A 71 A7 4347

H
= HEUE AFEo] AxI Aor AHIIY
AEo] 5 Al 1 2T HAaE AoE ATH S
CSz 80me/m'2 F5 Aelst= W} CSy 80me/m
st A= 7h2b 3% 3-329F 3% 3-33% gon 53
FT&°] 96.3%E YErdH 12+12X &= oFsll7E §lo]

Aol e Aow ARH,

AstEAA 6g/m Aol o FFAH

ih]

HE E 3-34

A7t At FEE 89.8%%E M ZA oot
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o 3hae) Ewel gl WA oFsE welth

3-34. A3t AA 6g/m Al o FFAE WhkvF fFF AEE
HE A| ¢ 12 24 36 48
I 33.3 30.0 60.0 81.8

il 20.0 66.7 57.1 87.5

m 33.3 61.5 87.5 100

ki 28.9 52.7 68.2 89.8

ek el wE

A=}
A7t A AR 4y 124 HEAE o) &7
7é T

TsaNE AE A4S dye 3 3-359 2ok 24413 Aol A 100%9] AEE&S
Bl AER AHE Amoracia rusticana, Eucalytus globulus, Melaleuca
alternitolia, Cinnamon comphora & ©|°ow 27 A% &S5 Ho] ATAZ9 7
AR o] AE Ao g eyt 535 duFols= 0% AE=E&S Hoy
2] 2F2 o] "WolHrt.
& 3-35. AEAE ol &3 wnkr] £359 AEHA
4 = % 4% & (%, 3.5mg/cr)
24 3¢ 484 7+ 727 7k
Armoracia rusticana 100 - -
Eucalytus globulus 100 - -
Zigiber officinale 6.6 13.3 26.7
Eugenia aromaticum 3.3 3.3 20
Allium satirum 40 83.3 100
Allium cepa 50 86.7 100
Melaleuca alternifolia 100 - -

Piper nigrum 10 33.3 46.7
Pimpinella arnisum 16.7 30 56.7
Saussurea lippa 0 0 0
Evodia officinalis 0 10 10
Ilicium verum 0 0 16.7
Orixa japonica 0 0 0

Salizonepeta tenuifolia 30 40 46.7
Rheum tanguticum 40 83.3 100

Bosciellia careterri 3.3 10 16.7
Cinnamon camphora 100 - -
Control 0 0 0
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a9 3-18.

8 3-19. =u 7 713‘% Q1 WA A Y W (Leptothyrium sp.)

70 Wl e g E

(1) W5 Z7]vFE 9 (Chestnut blight)

THAY E710l EAste] WuRE IARAT= Hem vt A st
dom, AAF Y HERL ] Fo] UEldT) o tﬁ% Al ofAJotell EAE ‘Ei?ﬂ
oA gxmoer fFdEo]l AUtk A WNAAN HA| sl ol2= v EF
T 23 FEo HuFES A9 FHsATIE 5 2 J8E dodls
waeoltt., WA Cryphonectria parasitica (Mugr.) Barr 2 902 2}
&otr, AU Az B BAZAAS AT Axs s P4 H o
depzl For EE5kH, A3 ofgfol Eebiaa R Aol v FAdd. A
< g ~2erngor A 8749 AdEATE 5o Jdon, AdEA= B
B, FEol FEAY WG T AR FE AR 25

O oF

°

1

rl
OL:“-:-l

= (== N

2

1] ©

o o1

lo

O

MY W EAES WE Z719 be AAE FAOR Wue] G, W]

i el Aoz Wael 7 Hiel LAy eadid. 4da @

N9 F3E AeMoR §F Sostn AR 37t Aol WFoE AAAY FI

of 47w, WAol F43 Urhhz ol FAE AU Qo] el wehd Wow A

A7) WEel APAE AA ol H3 FE $e)e Fu= ALA 2HAA HA
Be W FAE FARGe b %he
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o oo 7] BoRFE THM~A4MA A ke gad BFe] EAYo|rt AR
o FEdr

(2) ¥ 7R

A7t e wHE 7HE7A FE2 oY wAs, oo HATRE EE 2
A e FAoE mtESAd Wuy Al d3FE Frh AVFFHO AYgE,
A AAZE WAZEER Yol ¢ gl SshEal Hak e W& vt 7hE
= WE Qo Adzte] FAH A&Mow Weth H7F LAES WY dxw
of F-Ee A BAFEHe Aol wWol yetu, 53] YH A ofd HiEd 3|
7v Aatth gafzt o Ad Ag odE77F R EA L Ysels de etk |
AtS Microsphaera sinensis® Adytelal, Yol W& oA A4S A
skl dEstal t5a AdEAE EEste] AdAAZIY F2 oukgte] o8] dute
ol & 73s Fa o, AR U 7EAe H]iste] dds AHEH 1 5 EAX
b5 @At FAEZATE vl el Hol A s ok Az Ao
Gz Ab= A, B o))

(3) ¥ FAAE

T2 Aot} wiFolo WAlstE Wowm o xpFo|k JFE w A, HAR
e} wiEolo Xr|GdHE AL e AHAQJ TS 9z Aol = WhEol
o 7WA7} AWEtal 1 vhgo] whEo] Aol S o] wo HAVF Awistt W
¢ Colletotrichum gloeosporioidess =)t 7FX 9] ZZ oA #AIAHE 4%
shal oh5sl B e xAE FAste]l wEolE vhalgth. FE oY Ui HUE
giol] W wbgo] wWol yehubar ve] Aol whbd AT DA gl A
iz oA o] Frhgi, WY XA vlEo o) dutEm, ool B
sfjol Aol ol A Fel e FARAY S FUHAZT W HdE HEo]
© A AFelrny A i 27193 shARE g Al A o] FRIEA Fe
AL A Soll EHste] Rt} o] ¥ FFol wek Aol7f o, =4 FF
I FA FF gol ey B FFele 714 HolA et

) b SAbEe] R Y

(1) 2wk Al

AP AL F2 A F71ek A 2 295, A4S HaEY, e
Schizophyllum commune©|th. Av Al Rl 731 do] A= o] glom, wjajolr}
s, S Ao dRE Ag 1-3mz AF7F gl ARGt AP e, F
A WA B s AF Aol RAWAE ARR ek 7 A 43 A
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- SRR A

- Displacement : 10.9 cm/rev.

- Max. pressure : 350 bar

- Max. speed : 5590 rpm

- Max. flow : 61 ¢ /min

- Max. power : 47.5 hp

- Max. torque : 60.5 Nm

- Torque constant : 0.17 Nm/bar

- Weight : 55 kg

- External drain flow : 0.4 ¢ /min

LR AR
- Displacement : 19 cni/rev
FAEZ EE F% Qp)

-Qp = DpxN : (BzZAA x A7 3d4)

= 18x2400/1000 = 43.2 ¢ /min
SRR I FIER

Nmo = Qp/ Dm : (EEf% / ZEA4)

=432 /109 x 1000 = 3963.3 rpm
=q A&

“Nn  =Nmo /I: (F+¢=EH 3d&E= / BE 2
= 39633 / {180 / 180} : (&< = #&¢ A 7H
= 3963.3 rpm

A3 dEa 9 &9 (140 bar dw)
Tn = Mn x Pp x [ (REHAZAEIAxEAFU=x74:H])
0.17 x 140 x {178 / 90} = 47.07 Nm
=% = Tn x Nn / 7162
= 2003.9 x 47.07 / 7162 = 13.17 hp
A dEA 9 (180 bar dH)
Tn = Mn x Pp x [ (REAFEIxEAFLx7EH])
= 0.17 x 200 x {178 / 90} = 67.24 Nm
=% = Tn x Nn / 7162
= 20039 x 67.24 / 7162 = 188 hp
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5) Azl Wk A 4B A

u q
O F, AAES] SHEE Foly] feke] 2xde] AA WU AMASIe @
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Aelel BEAL Slstel BAY] Faw Ao Ae] AsAEE AN 7|
EHEL Rt q
selolHE 43ste] Aol AT &
G

B0 ALg o] 2EF Aol AHE VA BEF HA7 s

1
A7t =o L3gow waA Az

-9t A 0 AE 172em (9 7FsE 150em), A3l 52em, &
HAZ 135em (B9 7Fs= 120em), AL 52cm, &
- Alzxg o g 3Ex9Ex2 = 54 ) — 157]
3Ex5&x17) = 156 7} — 257]
- T VEE e =93 d S % 3000rpm

2]
- E 1 3V450

Z 280kg — 13.7]
2 220kg — 23.7]
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137778 ol ¥, 37k4 Ads 717 He oy
Ador AAshs d9-9 had #AERIES L01dYde® VANE 1377H Y-S &
3t lha &freh Aol 31688 Yol Ahgso] Haarqiel vls] 7| AFYn & F
ol weh g4 gadn o] SUbE = Ao yEsgtoy, HA 494 10hadl A
v QA BEu] g2 19350 o, =47 T VIAE 2&E A
€2 1928704 o2 e, ZIAIStl o7k 22 H A 10ha o] ¥e] WA &
HEojof stz Ao R A H AT
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e B RE d2RE A9 SAER ool SYNUS ¥ FUd FE
of WA B, T F FEWTEW), FEUEW) o) AgPow sk
Teu} 195834 WHEE o] MAsel AFAoR 1 s} Frslel Awsh
7ol ol 23t mpebd] 1960t E @3 AAF sbed WEY W FFAA DAL
gol Hpekel Hu UFHol 4 AEFS UF 24 nisgon, Qrozyy
UEH L YA EES Sdekel 106895 H AN Aol ofs) Al o)

Aoz Hiatiith

(+9]: ha, HE)
A 7] €t

& o o

25 [ wd (25 [ud [ 25 [ wg [ 25
1981 | 1,836 7138 222 92 315 126 409 | 165 890 355
1985 | 1,557 622 248 99 363 145 345 | 138 601 240
1990 928 373 178 71 65 26 272 109 413 167
1995 165 306 118 47 201 81 279 | 111 167 67
1996 539 215 164 66 67 27 191 76 117 46
1997 | 1,749 692 150 62 256 92 | 1,181 | 475 154 63
1998 928 375 255 | 102 109 44 322 | 129 242 100
1999 | 1,218 495 445 | 179 281 112 235 96 257 108
2000 | 2,008 817 790 | 324 414 167 408 | 163 396 163
2001 | 2,091 368 828 | 331 417 167 419 | 167 427 203
2002 | 2591 | 1,302 | 1,367 | 547 584 234 269 | 108 371 143
2003 | 2,309 924 |1 1,280 | 512 283 113 588 | 235 158 63

AR LAY, JYEADR L 2PAG A,

2.2003d A AHEA WiE AR,

%]
B

Febebe] Wbt GobA it okt FEAC] R REsE A9} B
W )

& = A, 39, A7), AT, #1, FA), FHEE, P
o), FR(EF) FoRA St AR AAse AuEA Y o] o F Ao
REHo] gk 53] FHAGE A2 2YUA] 71 SO MR AuuE o] A
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%40 Fhshe AT neln Atk A FAES) AekE AGoAe £Yw
do) gridon wetouh, Azt FARAGY AFaEgudel JEs} Aok
ol

wl-o
RES

Aol vl Al F7F FAE WEal TG 5-1).
A

W FATA R Z = el 47.2%, Tl 23.3%, Al 222%7F X

A4 Fevbebe] whubE AwiE A2 F 52,609hacl®, AwlE s 257297FF 2 171
T Bt A A o] 21ha® WERRTh AuiAbee] A A xS B A - A
TEH-TH S FARAS FAHoR Fasta gla, 53] Ad ANk A 8 T
o i FARAE FAHoR Exshs AR yehgth 5, A whu AeiAs 7h
T 95.2%7F FAbd A el wasta FabvAE R = Gl 52.6%, Mol 21.8%, T
ol 198%% Afst= Aom etk AmuAel /lejA e 93.8%7F ke el
B¥sta glo
st

S
)
rr
S,

(o

il
=
a,
3
=
=1

o 7
S

F 5-2. A Auf Aol A A A

T £ A 5 |39 | A5 | A9 | BE | BH | 7|E
| 25729 | 252 5,107 859 | 5611 92 13,521 | 287
% 100.0 1.0 19.8 3.3 21.8 0.4 52.6 1.1
ha | 52,609 | 1,291 | 12,293 | 1,588 | 11,717 | 239 | 24,844 | 637
% 100.0 2.5 234 3.0 22.3 0.5 47.2 1.2

ol

Aol 52

A A

A A A, W Al e eb g A kA 5-(2003).

Al At 2 A 225 AR, lhav] vl 15.2%, 1~2ha’t
22.4%, 2~5ha 36.4%, 5~10ha 16.3%, 10ha°]’e] 9.7% % 2Zhav|wte] Al 5 7F7F A
376%%5 At Aty A Zpd AwE A S Ao EE Zhavrbs VEew @
A5 detxE 409%, AN E 43.1%, THE 287% 2 AAEAJo] M GG FEE
Uebd B A=A G2 Blan Augi e & Ae® YEReH(GE 5-3). 7 W
L A A o] R e abare] XS AF R, AuH A 05ha ©]she] AR
A Ap=7b DA 179%5 2HA eFaL, 2hav| vk A ak=o] 39 A A9 72.4%F AHA 5
it whebA -2uket o] Wby AeiAEe] AqrRe] i A ieta &
Ak A E AR FHE=A9] 45 Shaoldel AAAQ W Au A7t
94%% AA8tar, 3 ol 5o] AAl Wby Aujd A el 36.7%5 A kAL glo] o

Ao FadAng wwd Ainst age 54 4w 9

¢

m
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¥ 5-3. AwiarEE w2 Al

N
WA B

2 A FEE T & (%)
= 0.5hav g 0.5~1 | 1~2 2~5 | 5~10 |10hao]X
g AR [ 199 28.7 26.7 20.4 37 0.6
A = B 3.6 14.4 25.1 37.4 14.3 5.2
g | A | 142 284 294 235 37 0.8
| WA 2.7 13.0 25.2 38.2 127 8.2
SA L o [ A [ 153 25.0 25.4 24.9 73 2.1
el mA 19 9.1 177 346 215 | 152
7 A2k | 175 279 27.2 2.1 4.4 0.9
- ] %] 2.9 12.7 23.2 36.9 15.8 85
D 2j wl f} 24.2 271 17.7 19.7 76 37
] 2.6 9.2 1.7 26.0 234 | 271
A AulAr | 17.9 27.8 26.7 22.0 45 11
o 2] 2.8 12.4 22.4 36.4 16.3 9.7
A A A, W A A el g ARl T (2003).
¥ 54 FEE HuUS AR d3
- » |22 F38 AMESF 1R (%)
= ?;4_‘3 5d0]3k| 6~10 |11~15[16~20|21~25 |26~30 |31d o] 4+
2 9| 18 24 | 161 | 254 | 320 | 122 9.4 25
= | APE | 21 2.0 67 | 162 | 228 | 198 | 214 11.1
SA =9 | 16 | 228 | 274 | 198 | 184 3.7 6.8 11
27 | 18 84 | 170 | 214 | 255 | 116 | 117 4.4
v ZEaeA] |19 112 89 | 128 | 251 94 | 260 6.6
Al 18 85 | 167 | 210 | 255 | 115 | 124 4.4
Abs: AR A v Al el A @ ekl 7(2003).

Seve el P ade 18doR FA0A e ATEE 214, EE
189, ¥4 5s 16902 i FAGA7 S5 FAGARG JtA o 2~54d J=
e sto] JUhE 5-4). AA ARG 283%7F 58 21d o olm, FakuA 7}
o Aehrel 49 21d o) 4bo] 52.3%e] atel WY wHsh FEo] ulg
A Aoz nelth wel, FPEE F3 109 olskyt AA) Wb Au RSl 50%
£ AAse] AetmAds e g Ao vhebdh ool @ Aw Wy
7z did FF FvIHoR GRAY FAnA) YT Fas FRAAA
AdHHEFT e Ao R Holuy FHEA G wuH Auj 259 AajA o] FE-X|
Aol v sle] 3Ho 154 E33te] AlFAuH H o] Sy Ay AHAabES FIHA
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356, A9 v QAR Fol
(39 &, %)
S A d A A 71 &
A | v g | AAF | Hg | AAF | HE | AAAE | HE

1980 | 42826 | 5704 | 133 | 8600 | 20.1 | 14,250 | 33.3 | 47,272 | 33.3

1985 | 72,000 | 7934 | 11.0 | 16496 | 229 | 27,502 | 38.2 | 20,068 | 27.9

1990 | 85,043 | 10,537 | 124 | 18229 | 214 | 35033 | 412 | 21,244 | 25.0

1991 | 89,747 | 10478 | 11.7 | 20,813 | 232 | 36556 | 40.7 | 21,901 | 24.4

1992 | 101,742 | 12,658 | 124 | 22,639 | 22.3 | 14,448 | 40.7 | 24,998 | 24.6

1993 | 80,994 | 10,143 | 125 | 20,875 | 25.8 | 32,382 | 40.0 | 17595 | 21.7

1994 | 100,163 | 14,570 | 145 | 23556 | 235 | 41,467 | 414 | 20571 | 205

1995 | 93655 | 14,755 | 158 | 20,120 | 215 | 38,717 | 41.3 | 20,062 | 21.4

1996 | 108,346 | 15343 | 14.2 | 24558 | 22.7 | 52,626 | 486 | 15818 | 14.6

1997 | 129,673 | 17,177 | 132 | 22,297 | 17.2 | 68,391 | 52.7 | 21,808 | 16.8

1998 | 109,956 | 20,761 | 189 | 21,352 | 19.4 | 49,320 | 449 | 18523 | 16.8

1999 | 95768 | 22,840 | 23.8 | 22223 | 232 | 40,417 | 422 | 10,289 | 10.7

2000 | 92,844 | 22,338 | 24.1 | 20,882 | 225 | 40,027 | 43.1 | 9597 | 10.3

2001 | 94,130 | 24,331 | 258 | 15784 | 168 | 45022 | 478 | 8993 | 96

2002 | 72,405 | 21,826 | 30.1 | 9622 | 133 | 32485 | 449 | 8472 | 11.7

2003 | 60,017 | 20,286 | 338 | 8118 | 135 | 23547 | 392 | 8066 | 134
AR A, dgEAdn.

A9l vk Ak 54 AuEW, v FATAA S, A, A 37 A9 0]
@bt AA AL 86.5%F AHASAL Qlo] A ARl HFs ARV 22 5EAS
Bola gtk Ao wF AabEke A o o] 2003l 2431 E o 7 1990 thH] 32.8%
Aaedan, A9 8= R 1990 thiH] 55.5% #rAadtAth wbd, FA] 9 <
AAbERE 20036l 20 E o2 1990 thv] 925% F7hskith Sto g wWRA e v
e st R Qete] AAES A FUEeA &S AR dddn. 1Yy S
HA AL At AAIH Al FuEE T My Al G vE] doH o R
kg Aol e W FE o] AakA 7| mEstHA 53 g A F
7F & o didEn
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o] 74 WL FhHolrh W FEL 198890 VAW F)oR Huxg 7|53
o]F TAFAE Helx Atk 2003 oF 14HEC] FEHUM, FEHL oF 679
$= AA ks FEHe] 356%E AASA slvk v £E2 29 5-100A4
i Hkek o] 2000 o] Hell = i zhrel AAStI Y, At v, o Rl
ARtE o] ToluwA ghite] AA| FEE ] A sE HFo] HA FadteE FA

S,
F=Z o] 1990 387& oA 200330l = 8726E 02 BT
o2 B e HA FE9q div] oF 10% Fol =g
EoS AFREY 199099 Ag dEo R FFo WA &

% F 36%, vToRe] FEo] 46%E A A, TH FES A AT 1y
2003l = Fo FE0] B5%E AAFAIL, theoR A FFo] 3%, vw FE0]
2%5 AT oleF o] 2000 Y] B0 T oz A FEFol FAsA St
S olfrE T FUlAhHRTGE T @A FHI =5ES o]&ste] o R

7bEet & JdE o2 AFEsta 7] witolth

20,000

15,000

10,000

5,000

a9 5L ¥ FEE Fol
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® 57 FEveke AN S FE

(&9 &, "gy)
e A qe "= okl 71 &
= EF | 39 EF |9 EF |9 | EF |4 | EF¥ | F9
1990 387 963| 140| 313] 177] 479] - - 70 171
1991 356 | 1,046 60| 206| 224| 659| - - 72| 181
1992 463 1,362 | 161| 484| 221| 666| - - 81| 212
1993 636 | 2120| 383| 1200| 153| 475| 126] 398 24 47
1994 | 1589 | 4,713 263| 1,026 271 970 999| 2565 56 152
1995 | 1,001 | 3806 | 334 1632| 218] 772| 549 1,400 - 2
1996 | 2101 5383 | 296| 933| 240| 800| 1534| 3567 31 83
1997 | 1,727| 3901 | 157| 667| 539| 1,325 983| 1,767 48| 142
1998 | 2112 3,796 | 215| 479| 1274| 2621| 557| 544 66 142
1999 | 2245 4355| 247| 769| 924 2,188 1,035| 1,299 39 99
2000 | 2285| 4765| 182| 648| 754[ 2495| 15342] 1614 7 8
2001 | 4651 | 7,300 234| 661[ 1515] 3526] 2.855] 2,987 47| 126
2002 | 5889 [11,111| 504 | 2,033| 751| 2073| 4591| 6,89 43| 109
2003 | 8726 (21271 250| 803| 166| 631] 8303]19,:810 7 27
g BAH, FAEAAL,
¥ 58 Euere] 2y FEEY
(9 &, dgdy)
g A g 7] e
T TEF FE9 T TE TEF FTE9
1990 16,969 88,560 16,951 88,512 18 48
1991 16,240 94,048 16,239 94,045 1 2
1992 15,586 94,887 15,586 94,887 - -
1993 10,641 82,774 10,641 82,774 - -
1994 15570 | 130,082 15559 | 130,032 11 50
1995 13,193 | 105503 13,193 | 105503 - -
1996 13,179 | 103617 13,147 | 103,502 33 115
1997 12,075 81,836 12,004 81,668 71 167
1998 10,610 57,549 10,436 57,286 174 263
1999 12,283 77,351 12,212 77177 71 173
2000 11,845 79,300 11,760 79,088 85 213
2001 11,357 67,872 11,255 67,660 102 212
2002 6,941 47,250 6,879 47,089 62 161
2003 4,195 42,917 3,617 40,856 578 2,061

AR WA, FAEAAL,




TUlel Al AJAbE = ZhgEe] 90% o]/do] diow FEHE A JEY FEFS
2 AR 7 A wet B IS vt 7] FE S 19909 - A4
Ao g ZhAaste] 2003l = 1990 thH] oF 75% s 41958 FEtd o,
Y 7]Fo2E 1990 tiH] 52% st 42917H$E 71 E A TH(E 5-8). o9k o]
7Zhiko] & o]l AT olffE Ui AUVIHAR Qe Av| kAt OA AWE F
wol A dEow ZNke] o]l SUtERAY] Wio R e

7hEHre] E2 E 5900 A KB uhe} o] Auid oz & Wl glo] dA4s o
S Ak Ak TS sbEHE 7 go] dE o giFE FEEI glen 2003
ol AA FEEF 87.1%7F Aoz F=EH ) o9 o] $-gvetel ¥ =52
AEA G HFH o] o] Lo AA F v 55 A& AA oEsta Sl
¥ 59 7hEY FEEE

(9] =, 1gd)

A A A adE o 5t u| = 7] &

EF | 7Y | EF | Y | EF | 7Y EF | E¥ | Y

1990 | 1,726 | 4,757 | 1,684 | 4,582 12 38 30| 134 - 3

1991 | 1,211 | 4,128 1,155| 3,915 11 52 13 54| 32| 107

1992 | 1,378 | 5,638 1,319 5,358 22 88 35| 189 2 3

1993 | 2,374 | 10,112| 2,281 | 9,694 62| 255 24| 139 7 24

1994 | 1,306 | 5912| 1,246 5659 39| 160 22 87 - 6

1995 | 1,243 | 5459 | 1,088 | 4,700 91| 350| 64| 409 - -

1996 | 1,043 | 3870| 958 3,514 55| 229 17 85 13 42

1997 729 | 2656| 670| 2,385 41 | 148 16| 114 2 9

1998 | 1,515 | 3940| 1,248 | 3,193 9| 285| 176 | 458 1 4

1999 | 1,163 | 3,312| 1,005| 2,775 49 | 148 | 108 | 384 1 5

2000 | 1,292 | 4,402| 1,125| 3,812 84| 329 83| 260 - 1

2001 | 1,055 | 2,822| 862 2,368 56 | 142 81| 226| 56 86

2002 | 1554 | 4,024| 532| 1,694 57 162 98| 225| 867 4

2003 498 | 2,002| 336| 1,560 58| 197 | 103 | 242 1 5
g A, FIEAAR,

st Wb ol disiA Am R, Ak Zeke 19953 b2 E URP Aol o8
2AFHT B o ® F9lo] MAET] oo = YA FHIAT] wiEel W3 4
YA kT bk, 7hERE vho] EEpaol T o R EE AF FYHJT 1Y L
52014 K& upe} o] 1995 K-E] AJwlo] 4=91% 7] AlZtste] 2000 ] £ 57t

245
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FAlCl daL, 7o) e A Svksk e v A2 FEolth e 1999
ARH P 7] AlAete] 19990l 184:E 0] 2003 el = 2,760 2% 543 S7HE
Ebdo] -2juet A FREFARBI7IE)9 686%S A St uhekA] A A
o e FAFE dews AR AAl F7HEo] 200390 AW EoR U=
F 4023F, FHAS 44190$E 7IFSFATh 20039 A T2 FE O 9]0
AA Fd=Fe] 9%E AFAsta glar, Zgaeh Aol &% Fdua U

Selvheh BAE A ol A Aol o)shE, 2t e A
o 130285 HAAFHToZ FYs 20043 = S
=1 ¥

o R, AGHEED ol S8 FUuC, 2l BAlE 50068 A g5,
ANARTEFS 2oee Bael daAAE 200%0] 40 RRAE 48872 o9
o ey $euel el A5ARe ¥ 510004 wi whel 2ol 1995417 200310 &
Aeletnt: oA hul Fit 10% el A= FAHAT ol FRAN 5
QHaL Q= wre Fleld FHg o wulsa glot Syl Fue Favt BA e
) B A Fel HEABYDEG 2A E v)A AEew pead. o
o} Wl H Sof WEWel £qol FAsA Fhka ), ol WEWe B35
A g A& o] 30%= A e 9 A8 EA 5060w =

oz ©
o
A
B
- >
o
N

A 718 Aoz s,
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2

5-10. ¥he] HaA A= ol FAY 2 A

T ' 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
ol YA (A/E) | 1,302 | 1,398 | 1,495 | 1,591 | 1,688 | 1,784 | 1,881 | 1,977 | 2,073
ArdHB/AE) | 3000 | 744 | 1215 | 1833 | 1165 | 95.0 | 204.3 | 290.0 | 535.4
o] P &(B/A%) | 23.0 5.3 8.1 11.5 6.9 5.3 109 | 147 | 258

3 5-11. wFe) Ui oA g 9 #AE

U3 A A& NAHZEF
T2 AZHZ NAHZEH 9 x4z | FF3I=
35 1995 2004 (1995) (2004)
243.8% W= 219.42% Hi=
PIREIS 1 ar 9% % %
a2 20% 1,6344 /kg 1,4709/kg 1,302 2170

T A EAE(B30%), A A A AL (50%)

gubeh ol2RE BEGA Fol Wol WEEOR ol gHow, AR Pl

G ok 71 5AFE ool = ol §)

we dzelsh dwel %A 3 g
3! i=

A5, olf4, oAl =

o
!
>
oo i
o
k1

ZnEa QoY 5-3). =Rl 1909 A7 o

i Tkgel 2 vl Aol E<)ake] 1997

1w an o] 23kg® AMY HIAE | Babelh. ey 1 o] Fo

} % ha AR Afekel 20039 A4 1k

g A Ee] 183599 %, el A

50094 =R vl§ mul@ FEolth Ard u anAEAe 3}

@ HFow B w 19959 o]F 2 W} glo] 1.8% FEL §4

sk, 2003 A A A 9 70% 71 ol A AW E Ay
oleh. ol A An]E = o

h=}
FUAHE = TR S

i

B>

=

FON:

e TS

12 S~

3 EU '1)‘ o=

= 12 MN o L ool
S oo &2 o 2 flo
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=
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A7 Zrbea Sle =
Aot Fgo Fuw o] 85w A,

Al
=
2
>
N
fru
i
ofo
o
fru
B~
o
)
=
e
-z
rlr

= kg
120000 1 25
B U A2 —e— 201 10ITh Au|

100000 |

80000 |

60000 |-
NN EE B a1 1.0
40000  |m | B | |
N lEEE B B os
20000 & || -
0 = 5 = L s = 0.0

1980 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

19 53 % &M Fo

% 5-12. W] b dWet RHAE Y Fo
(o] z<l)

= aHAE HEFE FAF(A) #(B) B/A(%)
1990 685.7 220.8 156 0.4 2.3
1995 1,265.9 367.1 28.5 0.5 1.8
2000 1,632.3 447.0 27.3 0.4 1.5
2001 1,762.1 463.6 28.1 0.5 1.8
2002 1,834.8 481.0 28.5 0.5 1.8
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AATVALE FaERY BFHoR 20029 Hiv] 102% =2 7HAS FAskdh 10€
wre] Fat AA AR AE 1kgd 43479024 2002 thE] 109% ES ol
th 99 whel it AnAUbE 3 FHEY S wel A rtFe]l =4 P4
HA =S 7HAS FASG o, 20029 thH] 86% =2 7HACI T 109 e H
28] A] FFA A AEI|FOR kg 7,328¥ o2 2002 whE] 107% EQUHGE

(91 /kg)

T ¥ 1€ |2€9 (3¢ |4¢9 |5¥ |69 | 7¥ |8€¥ |9¢ |10€¥|11€ |12€
5,066 5,474 |5,292|5,348 5,256 | 5,185 (5,186 {5,100 [ 1,594 | 1,698 | 1,830 | 1,929
8,044 | 8,568 | 8,440 | 8,428 | 8,492 | 8,590 | 8,600 | 8,630 | 6,650 4,599 | 4,494 | 4,425
3,4283,063 3,188 3,508 | 3,432 | 3,485 | 3,562 | 2,716 | 3,351 | 4,347 | 5,212 | 4,867
5,053|5,3935,190|5,080 5,168 | 5,200 | 5,536 (5,975 6,968 | 7,328 | 7,810 | 8,028
2,89913,053|2,97212,895|3,213 3,301 | 3,451 | 2,937 | 1,659 | 2,085 | 3,030 | 2,961
2x¥] #3994 4,335| 4,619 4,736 | 5,052 | 5,280 | 5,257 | 5,065 | 3,749 | 3,546 | 3,715 | 3,889
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A7 AAlE e w dekE
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517 A%k qrmd A A%

T ® 5haol3dl | 6~10ha | 11~20ha | 21hao]#4 3 7t
ZAFE7E (8) 12 11 14 8 45
Bt A vA A (ha) 39 8.0 15.1 32.3 13.6
Hat A4 /ha) 339 324 276 241 291
Bt Al GE 0 A) 25 22 23 30 23
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ZAbE7Ee] ha® A E 3 5-1800 4 & whel o] St 21700 9o 2 Ve
o A S BE 13H] S =S H(ag+ A7 7 dAle] 60.8%E AFA sk Sl
ol 7H¢ =oka, vy o ® F3AN] 335%, YRR 27% T ol ol Zo] =
FH o BlFo] ThE w2 A2 0 9 A, 2, JHA A7, BT SOl B e
Tl 857 wZeolth 3, =wE FA2 W #2719 9-108 4 A5 H o=
ofFof A 7] wiEel o] Al7]el] afiETH ofE&o] Wi w2 ol

ZAbE7Ee] ha'd AAHIE A qdz Ao, Fyol 318644, S50l 230914
o it A E Agsta e ubaiA dh, A, dde 24z 1942309, 1,457
4, 13090 9o it A g aglsta ok 53], e A9 Hi A E
A et e WA dAde F Yaui R 40% 9 el 219319 ha
A Aol E Ao ® dEhgth FAEA vlale] glojA kTR FAEA(F,
FE)ek @5 FAGA (A, Al ha'd Y] 2ol =LA vERETE o] 9F e
e A s g 58 9 grke] Ak Aol o Aeow Foldn
H FAEA o w8 =ol7] f1d ik ARk gl
=R te] whE weaEd FAV|HTE FH FAGA RG A7 A7) sk skal 3
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i Aol dut AzdLopl e A7HREDRR L Aofshy Aokl A= et X @

ARk sk Aol dubAolnt. wheba] Ak AT o] JakES Aty fjste] anlE F

o
A B, v, g, AlAEN], ddn), BEXLA], A8 5o A & glem, A
7heEl BEAGqul ok AR E AL AL 712NN 52 el Aakuletar gt



255

Ho

ofr
W T oT

<
uch o,
NiEY
- 1o
Fop
o
ox
fto
H
o
N
o
ol
Ho
~N
()
=
kil
>
=
D)
v
o
2
~
2
N
N
B
~
o ol

2
9
2
)
=
%2
)

=]

o}
e st Alvlst GFRA A F ol d
S ERE R DL -

=g % YA 3 Pepgge

> Lo
=
N

on Y

gl ot Hu

o RV

o M

J s

e
N
Lo,
4o 2

(9] M /ha)

T B 9 | 5 | AF | AF | A | HH
—_ 320 221 106 174 163 212

= (10.0) 9.6) (8.1) 90 | 112 9.8)

ot 154 126 % 124 66 107

2 B (4.8) (5.4) 2.0) (6.4) (45) (4.9)

7 . 89 98 19 50 55 66

° = (2.8) (4.3) (15) (2.6) (3.8) (3.1)

A B, 438 344 217 334 296 342

o (138) | (149 | 166) | 172 | (203) | (157

A o r 1,001 783 363 382 579 727
(314) | 4D | @82 | 51D | @90 | 335

oq 3w 47 466 19 63 1 59

P (15) (7.2) (1.4) (3.3) (0.8) 2.7)
= S 1579 626 356 627 406 814
°ce (49.6) (27.1) (27.2) (32.3) (27.8) (375)

2,627 1579 743 1,366 996 1599

Bl 7l 24 | 684 | (68 | (704) | 683) | (737
B 434 685 546 539 403 506

A7h 136) | @07 | @ | @8 | @6 | @323

R 60 34 15 30 o1 %
FEALEA | g | as | an | am | as | as

65 10 4 6 33 30

AAAREA L o0 | o | 03 | 03 | ee | aw

7:” 3186 2,309 1,309 1,942 1457 2170

(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)

F L )E Y

2. TR ] ZTEkE KA, Al A EE], 2w e, R, 7] e S0 A,

ShA, ZAFE7EE] had A E AlvFRER s Ry i 5-199F 2], 5haol st
7} 2774 Qo7 M =a, the o 6~10ha 2,389 ¢, 21haold 1,988H Y, 11~
20ha 1,710 9 9] o2 vud FE7} 45 had A0 7F viA YGebdal glo] 5
wo] AAAGo] vehta 9tk £3], 5haclat R4 had AAH7F & A i
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20haol ~l had AA¥]7F 7- she AR

5717k A ez ol ol 1Y)

3 5-19. 7 EE ha¥d 3T A4

(9 H</ha)
7 B 5hac]dl | 6~10ha | 11~20ha | 21ha°l | 3 &
—_ 200 242 143 212 212
= o (7.2) (10.1) (8.3) (10.6) (9.8)
- 192 90 73 110 107
a2 (6.9) (3.8) (4.3) (55) (49)
Al ) 86 86 60 49 66
° = (3.1) (3.6) (35) (2.5) (3.1)
Al - 400 439 274 29 342
o (14.4) (18.4) (16.0) (14.8) (15.7)
Al e 1 878 859 550 666 727
(31.7) (35.9) (32.1) (335) (335)
) 80 97 63 39 59
]
o g (29 (40 37 w9 | e
= 578 643 573 383 814
QT
28] (20.8) (96.9) (33.5) (44.4) (375)
» 1536 1598 1,186 1587 1,599
H] (55.4) (66.9) (69.3) (79.8) (73.7)
1,180 734 484 327 506
B === )
A7k ] (42.5) (30.7) (98.3) (16.5) (93.3)
34 33 % 36 %
O = 7H Qo
A8 ] (1.2) (1.4) (15) (1.8) (1.6)
24 24 15 38 30
3l H Qo
A& 0.9) (1.0) 0.9) (1.9) (1.4)
i 2774 2,339 1710 1988 2170
(100.0) (100.0) (100.0) (100.0) | (100.0)
FoL ()= AW
2. F2hAml 9] 7k AR, Al A=Y, AT (EE], 7 e o] A9l

2AE7LY ha® A5E 2 #5904 AvEE E 520004 BE uke 2o
2) A5 QurEel 4t B B At 9 ARoRA QYRpYlA dYRYuE Wy 7
¢ % ddeh dAeFle QAo 4k oS Fal Qe ol g JYEigelA el
W T 5 ot YASES JYRFRIA dYaSe] AHeke waS wsh, YerE
o JPEsol Peesolel AAsk HES vEIT, AYASES APl AaS
o Areh MERA (JAe5 AT NA00E T8 F AT, AAETAFE 9259
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¥ 5-21. ¥ EF3AI7IE 71 E Fo)

(91 </kg)

T & 2003 94 20034 109 20034 124 20044 14

3714 2,506 3,445 3,687 4,045
= 3,071 4771 5,429 6,500
oh 3,243 4,220 4,643 4,964
5 2,210 3,050 3,175 3,280
2 1,000 1,740 1,500 1,435
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e, AWAY % A G w0 B =
Fa@ QAolth, 1 5614 Wi whsh o], Wi FAEAs wlastel Fy F
AEAZL SUEKF gl Ex, £HE We AL Fuel nusgini
W guibze] B FAAFY dwd Bujss 5 28478 2Adw Qo] &

2 11~ 20ha01Wt hauL £L OO] Zdiﬂ ﬁéiﬂ—% st3)ska

A8k had 2592 4280892 7F B, had 253 =59 9A 30944

d, 2569 Qo= AA HArh 7+ 18%, 25% A et ol gt

olstell Al EUl(dF)F Ak go] 7pd vra, ®e F - diat R AulE kel v alst

of AAFA ] ZEFojA QA °—‘°} 2o Al 7kl A = HJ 744 o] 7}%

A A e W e »&wﬁo}ﬂ A7) WEo R A

v wake] 11~20hadl A=

o] 7bd =il o] wwjA7] HT FEAF Hris 34 Zd—?—g} ﬂ%}oﬂ %HHH—E Hl
% al
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g0 Eol JYHOE e 25UL &9
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TR Shaolsl | 6~10ha | 11~20ha | 21hacl%¥ | % @
A ke (kg/ha) 1,237 898 1,117 1,008 1,133
7 (:¥/ha) 3,456 3,784 4,280 3,749 4,229
73 48l (1 ¥/ha) 1,536 1,598 1,186 1,587 1,599
A3 AHR] (1 9 /ha) 2,774 2,389 1,710 1,988 2,170
4 S(x</ha) 1,920 2,186 3,094 2,163 2,630
771 (31 € /ha) 2,578 2,925 3,730 3,084 3,502
255 %) 51.1 42.2 69.1 379 62.2
=79 (x1¥/ha) 682 1,395 2,569 1,762 2,059
=T E (%) 8.8 10.5 46.6 20.1 48.7

FiRAAN (2FY-FHAN), A5 (2FY-YFIU), £AEF (L5 2FYx100), 59
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AE= wmedormet AR fer "ejH 7] Wl stobA =
3 524004 Hi= wpsh o] 11~20hadl A 7HE A
] 7Hd Al ek o= 11~20ha grRel ERAS E7t
2=l el FnZh g At el wlsl A7) Wl e Aol
o B, =T ARAMAEE 11~20ha FERAA TG EA dedEd o
= oA AWE vhek ol et ARE AA FASA dend Apolnh

nj

3524 R FIdEEH AR
T 5ha°]3t | 6~10ha | 11~20ha | 21ha°]%¥ iy
EA AL (K ¥ /ha) 2,578 2,925 3,730 3,084 3,002
=s A (3 € /ha) 9.5 11.1 19.3 124 15.7
A2 A A A 20.5 185 54.1 21.7 18.8
5 H % (A {ha) 263.3 234.6 174.0 206.6 223.4
AL oF = (1 €9/ha) 187.5 2719 147.8 165.1 186.6

o)+ s BB A h), AR A (F
EEFGAEARE), ARAGE (FYAR AT

3. A AR AAE 4

7k 24 B

A A BAA Bgde wAsky] g8l Agan AAd g FrpA Q1 v
W F7EAQL Aol EARshe] Aal A AAel tiRk wE - Ao 2 S AAEA
oA Ao Al i@ F7EAR1 vEe A s] flske] Aga A4S A
Adat A AAE AN @42 A fdes v8s AR § FHH o
FHE S S ARtsE T S, s Aol oleiAl A ek FA e el A 3
i EH7IA, AR, AW A § FE AR AAEE 282 A9l
Aal A Aot FA e Abelo A Aol sk sk A vl g ks St
Hg o Adbst gy el A FrhAQl Wel F]jul g A A v A R A
Tob FAR G FAss FHAQL Hel 5, A, S A& & 2R
Ao el oigh dele) Srkes Altet sl

FH, FFols FAMEeR T FAST dd F g s o® QAR vt
Aol shetat wEARS e aE s SoR QA AT ool ddHa vk wepA o
o8 F5d Azt @4 B e B, el @A B ded 4, 1
I Fed wvizbA o] shetebal flee Aeehe 37K A5 skl 7hA B e
o Wsrh Aar AR e AAARC vA= g ARl
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A A AR Agel olTolA 2dAs BAA Fhu

A RelHele 4dAnE, B AuAde 3da

%
o 2
b

4 2ol ha@ 3%le] A8 5= o= st A ARG 29 2 ATk 1
=E AR 80%E A &8t 24 AlHAIG ] had Bt dus A8ste] 14
F7h wERYN S AEFAHE 526).
¥ 5-26. F7HH] &
A4 A 2] A 3
}\] ‘ﬁ;q q — -]T—L- ? - @ ] @o o\:]-ﬁ]
A/E €/ha 2/ ¥ /ha € /ha
19t 2,635 450,656 450,656
23} 2,047 350,000 350,000
=T 3d =k 2,047 350,000 350,000
A3 2,047 350,000 350,000
5 =k 2,047 350,000 350,000
19 =k 7,083 835,833 835,833
2 =} 4917 580,167 580,167
e 3d =k 2,047 350,000 350,000
4=k 2,047 350,000 350,000
5 =} 2,047 350,000 350,000
149 = 7,083 1,395,417 1,395,417
23 4917 968,583 968,583
o 3d =k 4917 968,583 968,583
4 A =k 2,047 350,000 350,000
5 =k 2,047 350,000 350,000
13 =) 5,583 731,417 731,417
2 2k 3,750 491,250 491,250
AF 3d =k 2,047 350,000 350,000
4 =k 2,047 350,000 350,000
51 ) 2,047 350,000 350,000
2) F7e
Ao kel Aoun AdTsh FALT AW VT L ANEF
gof Aolo] FFW WAL AGalo] AL 4, A Azl Fo 7 A
ol AR ANT L FRe Aduy e ol
FRAe ATel FALT 4G FolE WY, AYT FUEANADT
Azl el Aol FALT AT weh A et nEQ ABIEE
ekt o]y gk ol FFAHel oln A ARk A2 A
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AARE AT gage] #A T
ARE A TN 13
A Feh BA YT

L
Lo A AP HRE F
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kg/ha
5,000

kg/ha
5,000

4,000

3,000

2,000

1,000

Fxel M5 FHE Men FHE M5 FAHE X0 FHE| A5

1 Xt 2 x| 3R} 4 AR} 51 X}

a9 59 FFA ol FFW A&

FRAGE 1, 2844 el e gagel TAe Tl guwnn Ao 3
BFE

ox

gl 2387 AFsky. 2y 1d
FAE bl go] FAYFRT =4 vesth @8, 5d At
T Aol Fukske Ao R Uehded], oA AujArl 7
2l fr1du s SFR ANES sYa FAEY A8 F4

= ke
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kg/ha
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4,000

3,000

kg/ha
5,000

4,000

3,000

2,000

1,000

2xel A1 X2l M4 22Xz A1 22X A2 22X M
1 Xt 2%t 3R} 4\ d %} 514 Xt

Fo A& AFiEs Age Fafidolnt FA el Hla] FakgFo] Ao
Ol FHEE FA T AAFE 2] AAEAT o] A gA nFD A
&2 1AAFE FA el vls] =4 vErwh 3, 2d Aol A g ate] ALk o]
A FaE AE FAFe Favt Fof B dEs AA k7] wiLol
o aga 3dAel Afa FPFEA Y FEEke] ozt et AL FuE AxH
o7 urE RAAN FA duow Fy AAdwWA ol Hady 7|9
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Fxa2l M+=1 FHI ML FHE MFD FAHE AHFD FAHE HFD

1R 2 &t 3 &t 4R 5 A}

a

a9 513, FolAY fvk SEW AN E

AFAA Sk A@A= 1dakel] Ao dgel &) Ael7-9 AYikego] F4
o AR Ao, 2datdls Ao Absko]l FAE e ALt v
Zetqinh &, 3dAtel= BE win| o] s ddAoR o v AE ] Ak
o] Ao AAERT HQul 4dAREE A oA dRzel Makgke] =7}
& Ho] F3 9lE whHel] FAE ol ME il asteE Ao®E YEth o
oF o] FAE FolA o A HAhE F&F W] wEste HFE T 5o
T ol Xliﬂoiﬂ o2 gaEch gl SHE S-S B A
S 3 dle] Ak go] =A e

_é
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kg/ha
5,000

L e

L

2,000

1,000
<

kg/ha

5,000

4,000 f
3,000 f

2,000

1,000

2xel 10 £x2 A$D X2 A5 2XE M1 X2 M2

1R} 2 &t 3 At ARt 5H At

a9 5-15 AFAY 3 SHE Adkhl &

AFA S de AR e FA et Ao kg Folm e Ao Ak
Foloh W= FE Btk F, 2dAAE Ao At —‘?“%?ﬂ?ﬂ Yk
Frok Aoy 3T AT QRS 23kety] AlAer gtk i, 494
of Aelare] Aol ddkel wia) Zad AR yeuted, o= ﬁﬂé@ﬂ
AR AN AAREAE AohetA AR Zo] Aoz dddn SHE Y|
ol gl 91 gE Ay Zo] A oM nFH eHEHlEe] duHom
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kg/ha
5,000

4,000

3,000

2,000

9 5-180lA Hi= mbel o] 1datel Aelghel AakwFo]l e el AAER
o S yEbsk oy 2d kel = FA g e Ak v sekela, 3dANHE A
T ALkl A E e AL S ZIetal Sledl 2 Aolvt AAE Al
Bt e AAE AP vr A vle Soiek el Fe HAaEol @
A Al 3= Skt

ka/ha
5,000

4,000

3,000

2,000

1,000

Sxa H4D 2xa M4D 2xHa A4D 2 4z H31 2xa qeD

1} 2 Xt 3 &t A Xt 5 &t

2% 5-19. AAZAA G HF SFE Aan &

olelg ATl Jlzete]l E 5277 2ol F5w AE WAL Hgatel A
H AFD A AMAC g X welg AdE gk FHA9 Hele Agd
2 Ao Ao AT e WS wiA AxEA T
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¥ 5-27. 5 Hat Fvlf714(2004)

i
ol
9
J
=
=
of
b

744 (9 /kg) 2,852 2,285 1,543 1,008

A5 FHAYHED 2AGEZOBRE 0 19744 BREA)

3 5-28. A4

e
e
N
=
r\:l
12

(9] 1 /ha)

A | FF | AHUEH 1Az} 2 39Xt 43 =} 53 xk
A 3L(A) 4,453 4,986 5,371 11,690 7,345
5 | ol® | FAHU®B) 3,816 3,828 3,367 6,452 4,003

2ol (A-B) 636 1,157 1,504 5,238 3,342
A 3L(A) 3,257 5461 7,202 7,139 10,302

T | 9" | FHE(B) 5,300 5,140 5,436 5,838 7,011
2ol (A-B) | -2,043 321 1,766 1,301 3,291
AL (A) 2,036 3,495 3,317 5,309 6,491
Ko | fuk | A (B) 2,271 900 1,662 2,372 2,002
2ol (A-B) -235 2,595 1,655 2,937 4,489

A5 3L(A) 1,938 3,726 2,040 3,026 4,694
=3 | A2 (B) 3,372 2,968 1,766 2,343 2,003
2ol (A-B) | -1,434 758 274 683 2,691
A4 3L(A) 1,548 2,321 3,641 2,563 4,958
e | 742 (B) 3,522 4,002 1,333 1,492 1,918
2ol (A-B) | -1,974 -1,681 1,808 1,071 3,040

24
N

oA 33 wWe] AzlTe] Woo] A



S oEF s N AEAC Wg v -\ 2AAI= F 5209 2 FF
A A= ERlE 10%00M F=7ha el dAZEA] g 9,149% 9 /ha, F7FR] 89 dA
as 1,560X4 Y/haoze F7hRee] dAZFA ghe] F7HE dAZFA dRT

F7178 9 9] [F 711 & 9 [& @A A
A g Axpd | AZA | A7FK | (NPV) | B/Ce IRR
(A <¥/ha) | (M€ /ha) | (F¥/ha)

1 2 636 451 185

213 2} 1,052 318 734

e 3 =} 1,243 289 954

FFeld) 49 2} 3,935 263 3,672 586

54 %} 2,283 239 2,044

Al 9,149 1,560 7,589

12 2,043 836 -2,879

2d 3} 292 527 -236

B 3dx 1,460 289 1,170
B () o0 ;.({ 150 29 01 1% | 182

5 %} 2,248 239 2,009

7l 2,934 2,155 779

e -236 1,395 -1,631

23 =} 2,359 831 1,479

R 3y =} 1,368 800 568
FAGD g 2,207 263 1,944 245 9.1

54 2} 3,066 239 2,827

A 8,764 3578 5,186

19 3} 1,434 731 2,165

23 =} 639 447 242

e 34 3} 226 239 63
AF(59H) EEY 513 563 950 0.93 8.0

54 2} 1,837 239 1,598

7 1,832 1,969 -138

1A} -1,975 731 ~2,706

21 2} -1,528 447 -1,975

- 3433} 1,494 289 1,205

AFOEE) 5 2} 805 263 542 0.44
51 =} 2,077 239 1,838
7 873 1,969 -1,096

DL oFbEe, b g, EAAAE 2AE 10%F H8F F9

2. IRROﬂ 1o T‘ZI"(O]%)
o
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aga FFA G ol WEREAFALE(IRR)S & & e o= A
Fa A grh FAE el s 1dabE s ele] vE Rt =A JER Y] witol
th o wEbA] olw] A AElE s vt EAGE AR AT AATESs &
oy GUEREH FAHES 35T ¢ e AoE FA

TF AMAE #FAE 10%ANA A AZFANPV) 7 7798 /hao 2 A ¥ Q151
B/C&& 13602 EALo ALz AA ExAE AAAHo d= Aoz BEAFQ T
A, WHRFAFES 182% R A HAT Fo] AAE IS 10%A &3
A7} (NPV)7} 51863 ¢ /ha, B/C&<S 2452 uEhgon, WREASYELS 96.1%
2 % = AANE B

3, A FHu AR e ARAE #dAdE 10%0A A7 7hzt
-138% 9¥/ha, -1,096- U/hao® e} AAFe] fle Aoz BAHAY. F3b A
HA o] PEFAFIEL 80%2 TR Y A HIAE AFadAged og |,
232 £l UF A 0% @l&ol: 5 dx7A e Frhu g o] FriH ]
d3lete AoZ JEd Aga dAd tg Fas AAAe] v AoE &

Atk ol FA HFAGo] thE Aol wste] FAAGo] e olf= WuFHol
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IRR

B/C&
1.36

AA 7 A
(NPV)
(2191 /ha)
-2,641
-250
755
952
2,100
916

2=
ELe

stel k7o) e Row Az 19

938

618

460
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F714 9 F7HH & @A 7L
= 10 I o I B ol o g B R R (NPV) B/C& IRR
(¥ €d/ha) (x €9/ha) (x €9/ha)
ZT(0]%) 9,149 1,716 7,433 5.33
T (dd) 2,934 2,370 564 1.24 15.8
FoA (frmh) 8,764 3,936 4,828 2.23 84.1
(59 1,832 2,166 -334 0.85 53
(e e) 873 2,166 -1,293 0.40
AA Gt 3,484 2,824 660 1.23 16.8
Fi 1 ZobHe, FohE, w@ATAE BUE 10%004 BAG T

2. IRRel 9l FF(o19)e F7aol F7hu4e 1R Zastu, AF(de)e
Frhulgo] FrhR S 2ash] diel AT F U
3 AA BEEe FFE ALY FF, Fol, AFAG] F7

’

b 74 0] 10% shetetal dwol 10% 45 Ao A4 dAe ot

¥ 5-333 Zuh @9& 10%M =dANAE FF

A/ha, Fol7t 39527 Y/hao 2 Yeh} AGa Ao o

Aow FAEJYG WFFAFdEE FF 2983%, &+

13.0%, o] 71.8%= Aol i HAA g Fa= wig AAAdo] =& A
o= FoHE),
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HE6-2. 2xFYA el ogk ofAAE A (5, 2003)
IR 2] FRFHoRHY A FTF EH(ED)
S 0-200 cm 201-350 cm 351-450 cm
AR (MBS | AAF [WRE00) | ART [ WEE%)
300 olst 1 4 2 6 4 11
301- 500 2 8 1 3 5 14
501- 700 4 16 3 9 i 19
701- 900 3 12 5 16 5 14
901-1100 6 24 6 19 6 17
1001-1300 3 12 3 25 4 11
1301-1500 4 16 4 13 2 6
1501 o] 2 8 3 9 3 8
& A 25 100 32 100 36 100
DL AR AAE 2AEA anll SEE bl GRS

2. %FF: Cyfluthrin 2% EC 1,0008] <. A==k 2.6 ¢ /min.

W ATE AR oFa AW A9 359 R A A ek A AR
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U] FEEAAES 91.2%(75-100%) 24 S41g dalE ko, sfFyafe
A7 FAH e % IAEE Fda AU

2) W % a2
7 el F ARA )

2002 AFA A H FHAFT dAE A A= 2" 6-3004
B kel o] whubgtn) g Egopyubbe] ws&o] Zbzf 589%¢9) 51.1% =AM =
A dels T glon, wojrjd eyt x3I VT dAdE 191%S
T3 AA FANF FEIHES 871.5% DAtk el ojef Zo] w2 F4
o] Haf&e FEI TAFY AToeE AFdAe] 3 gus st gl
= #AHe ol AT

get=to] SsotyLbt 7| Et & |3l

a9 6-3. 20029 %= ¥ S-S deia ()



A
JJ
vl

e

I3
=)

o A e} o] Al

3T
ar

g Aol
A EEwe] 27 A oo A o

d B X5 278 A el ol

e

A 4

A

!

HEel o] 93] = 30-40% ]

=13
=i

1]
=

do I
ﬂ Nro 7o
~ ~
X % o
=t . .
o = N R
oes
o
o
—
2 £
s L T
s < - o
of | = |~ |RI™
© | o) (33| !
® | < ~
— - e
B )
Z_l _zﬁ.ﬁ
e
<
00
<
od = |
= S
(]
Lﬂ_.ﬁ S|y
| =
o [a\]
2| o |F 2
|
‘_WO
<
Blaw| S
BB | HRr| o
— | FE | F | ®
O e

(%)

o

pzel

A

O
gase]

No

(e}

il
03

~

!

P
2

]

2!
~

W
o

ol

)

K

]

bol FACKB)OZRE 4R

9

mEe ugow

=]]

w9}

bol o4

bz, olet 178

S

A5 AXA

ARSI S

- oF 50-100cm ol el

o

s

0

™
B

ol
o
4
Mo

B

—
o

X

= 1y A

ST
™

EF 17§ 2] mini-sprinker(Israel Al

ao
g
Ho
)

R

2] & o]

FHe 7]
A et

3|

]

shol Ahg

=2 a4

o

283



284

L= A= e}
Adzlel, agla ot ASeE] # fErtevlel o, AE A,
Sy, dxsods sk dEXAES AAsa, AV Sl HARSE

b EAEE

o] ket stedE W AbSEsAd 5 AN s AHSAEI FAME
2 Qg AN E AFs] aelste] oFFS Ao, Al AEHE A GF
= X 65¢% 2o S Bgodult AF 93] 2 mEtAEVIE BANE R
sto] Ay g oz Uy AEF 1 9+ Organophosphorusl &2kl Fenitrothion

50% EC¢t BenzoylureaAl & Chitin &4 A& g A=A F
W Diflubenzuron 25% WPE Z}z} A s on, yhulto]s A
3o 2 Fenitrothion® PyrethroidZ&<!l Cyfluthrin 2% ECE, =1
2 ¥ (Hymenoptera)oll H] i % /o] 73t Carbamated & 2FQl Carbaryl 50%
WP 1&& 247 AFE-shaith

812 A
WSy

hm Ee)
FRE TF _ iR B =
3L ] okx T ¥ S FAR U 3L =
REIE SN IRG: R Rt )
Fenitrothion 50% EC Organophosphorus 1,000 ;}j} ;,_}U? Rt
Diflubenzuron | 25% WP Benzoylurea 2,500 EFolg bt
Cyfluthrin 2% EC Pyrethroid 1,000 Fla:lsenel
Carbaryl 50% WP Carbamate 1,500 g s

W gl AdedAlel o Az FeE A dAstal o] FAE ]
&oto], Egobgubl 24d 3hA17I TE FEFE 99 AebA 109, 1593
209 Ao AxAriEE, gubyr = 4Sesk 2 A7 8Y et H 94
=7k 54, 7Y H 10 A em adau Huyy-SE e AF5-31d 69 T
H 79 Fe7bA vl B 2 AR FAgAE FHEEd ¥ AR SRE B4
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9% Az Eojof & Aow ARHY

50 - 1 100
0 b 4 80
~ 50 60 £
9 R i Of
O i
n o
"ol {40 w
I
10 b 120
0 0
E M L E M L
< > < >
Jul. Aug.
OF 6-4. Hgobiihl 954472003, o F)
) FAEE R
sz 2P A28 o] gato] Bpolyibd wd ofFE, HENAY HEFSF
w2 dAAES AAse] % 6-7 € ¥ 689 ZAE Ay ®olA HQl npep 2%
of B Azwle] ol@ ok Hgopdibwel WAl o}F F&AA Aow ¥
A5tk WA 2003 %] AFAato A B Fenitrothion 50% EC 1,000u] < =] ]
T-¢k Diflubenzuron 25% WP 25000 < A e]toll ik opg3te] v shado] sty

&S 7+7F 4.3%9F 23%2A FA T2 30.4%¢9F Hlaste] 85.9%9F 92.3%2] WA
Z37F ded, 109, 159 2 20¢ 9 AxAE Ao oA e v 14 vl&) &
2o A= Fenitrothion ] 2] ol &= zhzt 2.8%, 4.6% 2 55% =4 90.8%, 84.9% %
81.9%¢] WAl &7}, 28]lal Diflubenzuron A& el A= 0.9%, 21% 2 4.0%ZA
97.0%, 93.1 % 86.7%<] WAEZH J= Aoz yElEt 20043 =9 Al A3}
A M E ofd | AEAE Bl AN Tl 2003d =] WAl ETet A
AbeE AES YER AL Aok o] AldARE TR HESA oy
o WALE gydAgge] AYIHEAZA F3 AS5AHolw FFI el
Diflubenzuron 25% WP 25008 -5 455317121 79 T&HH 89 =744 109
= 159 7tAo0 2 4-53] st Al AoR HriEY, £ system
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o EgAol e AOF WAYL omE FF MUY Al de T&
2 Ao = 7igHEr)
* 6-7. 20039 % EFolgubl WAAY Az
T &FF AE7|  AEDRE | FAEISF| A E(%) | LATHR%)
) ) 104 53] 2.80.1b* 90.8
Fenitrothion
15 46+1.7a 84.9
40% EC 7.20-9. 9
20 3 55+0.9a 81.9
(1,0008H <) B
Sz - 43+0.8A** 35.9
) 10 5 0.9+0.0b 100.0
Diflubenzuron
15 4 2.1+0.1b 93.1
25% WP 7.20-9. 9
20 3 4.0+0.7a 86.7
(2,50011 <) -
g - 2.30.3B
control - - - 30.4+3.5C -
kA AR kA Fhol= 5% £E oAt
*RAEE TG FEitelt 5% £Fo FoAA
oAb EAY e e -A e /A e e x 100
3E 6-8 20049 % Hgolguit WAAE Ay
A¥ FAX ZAF | s | FACL
IL ] okF Al T+
5 S 2271 = | A% | o | ¢
Fenitrothion 104 59 25578 37 884
40% EC 7.20-8.30 15 4 201 5.9 81.6
(x1,000) 20 3 210 7.8 75.6
Diflubenzuron 10 5 222 28 91.3
25% WP 7.20-8.30 15 188 3.3 89.7
(x2,500) 20 351 5.1 84.1
T8 T - - - 449 32.0 -

3% Diflubenzuron 25%

WP 25000 <} 4-52](10-159 3t4) &=
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a% 65 7= oFa WuFAE-AAM 78 sheiE 108 T oF 70
Azbell 2A 54 A= wulyw o] §-spae ARG AItolrh. phubr] o] -
A7 89 e E 108 TE7bA oF T0Uztel, A A= 8921 FH 9
4 10947kA 20Ut mA o] 7)ZbEete] §5k& HA 9 71%el 2k o] A
= AARA975)7F FRAGA M ] whakgr o] -8k 7= 7E FERE 109 sk
74A oF 100943kelm -3t 7]= 8¢ sk H 99 TEoR of 20:dzte R Wi
g A3 mlaskd s H A= AR RS Holy AA s 7 = FEE A
ol7F vrEbtar gl 7:“%2—.2 sprinkler system< ©]-&3% A= whubv] o

F8hAl 7] oF AAste] AEAZIZF A HoloF strE BE&AY WAERAE HdM=
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LA Bl AP 5719 2} AR

25 r
20 F
< 15 :\;
< o
(_)Fy o]
o] 0
o 10 F K
s
5 F
0 e -
26-31 1-5 6-10 1115 16-20 21-25 26-31 1-5 6-10 11-15 1620 21-25 26-30 15 6-10
=) < > ¢ p )
Jul. Aug. Sep. Oct.

19 6-5. whape] 2384 (20024, o )

3
Hhaptul o] o & %?E—ﬁ_, AEAE Ay dadEE BAAYEES 293t AAsk
dojz A= % 6-99 ¥ 6-109 YERY Tk WA 2003dxEe] ZAFeA HHA
Fenitrothion 50% EC 1,00081 <} A 2] <} Cyfluthrin 2% EC 1,0008] ¢} = 2] ol tf

@ obEghel W WAl WEu &S 247 353%9F T8%RA AT 761%5



HlaLske] Zhzy 44.9%9) 87.9%<2] WA & 37} 2
e T e HFAT S X = Fenitrothion # 8 -l A=
=i

)

Elutth 2004 = ¢
2003 =] 1A} ofF fFASE AES Holal 9tk

F 6-9. 2003 = Rubm] oAl gkt

UAATH 5Y, 7H = 10¢¥ ¢
Zkzy 13.1%, 42.1%
50.7% = A 79.6%, 34.3% B 20.9%° WA &I7E, 22l Cyfluthrin A 2] -l A
= 4.0%, 52% % 142%=A] 93.8%, 91.9% 2 77.9%<¢] WAL}t d= HoeE
ANGASANE FFE, HERAL D HEIAF

AE7EAY

=2 11

= L
=

TA %F AX7|ZF | AXE (EAXISF| I3 8(%) WA 7H %)
) , 5 113] 13.1+2.3b* 79.6
Fenitrothion
7 3 42.1+7.6a 34.3
40% EC 8.10-9.29
(L.000u <) 10 50.7+5.3a 20.9
’ B w7t - 35.3+4.8A** 449
, 5 11 4.0+0.7b 93.8
Cyfluthrin
7 3 5.2+0.6b 91.9
2 % EC 8.10-9.29
10 6 14.2+1.9a 779
(1,00010 <) -
Ty = 7.8+0.8B 87.9
T8 T - - - 76.1+11.2C -
*OORAIME A ghel 5% FEe] folR
*owARE 2R FEel= 5% T oA
oAl 7k B e e & A g ) el &/ A ) 9 8 & x 100
F 6-10. 20049 % whalgtm] oFx| AbE F A4
Ax | =AF 93 & | gA7}
3L A] oF = A 7] 7} ZA 2=
Fenitrothion 5¢ 113] 2097K 15.3 71.8
40% EC 08.05-09.23 7 3 269 36.1 33,4
(x1,000) 10 6 211 404 255
Cyfluthrin 5 11 240 5.0 90.8
2 % EC 08.05-09.23 7 3 238 7.2 86.7
(x1,000) 10 6 226 123 77.3
FA 8T - - - 442 54.2 -
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= A| = = °
wel FE53 whirel FRES BAD A%, LT % BAY EA T4 2
Srasts eBe) Fa5 %ol Add Gapl 9go] FAHUT E 613 Wl

3 6-13. efA o] g A FF Hlal(e]F, 2004, 11)

5 FHAS)LY FFHL (FE/ND)
A g 4 H o
Z(cm) | WH(%) | Zol(cm) | HHRI(%) | FA(g) | HHI (%)
kA A 4.18 112.1 3.58 1115 21.6 118.1 27]
A g 3.73 100.0 3.21 100.0 18.3 100.0 “
X 6-14. A E R g &% vl (4, 2005. 05)
. A34A S 7HA 4
ZZ(cm) | WH) (%) | Zol(cm) | HBI(%) | AFON) | HHHE(%)
vl LAk 279 108 10.6 149 9.5 117
LA 27.8 108 104 146 9.4 116
2 25.8 100 7.1 100 8.1 100

3. 2ZPFIFHAN L L o] 87 d R JHAHAFH

7F. #4 a2y
Az Fe A AES o] &3 L o] T W ESd v e Jgy AHE
Aol A WA EE B At Aabo] e WA EHE ZAEAT
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