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oo we}, B AFE AFolM et $ol 4UN ARWYE TR & Y= T
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B dFe A 1A Foke d7E T AA, Fol AU ATAAY Hgs
At @ ol TAYY ARNERF EA dF A, @ Fol T #Aq F8AA %o,
amn @ Fol ¥AdZ 3 AL FPsA. A, UA BAzA 71AAe] D
2@ Fol AAAY 54L& nstd @ Folde BAY R EFFAE T AU A
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ANA EA4E Hopdt Ar & Hdn, 53 FHAPA R AAAFAE Qe A
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o} dAE Fo] BAFTHE B Fol FAXLY olE notaigith Fol AWM
€ 29, 45 AHE AT YT AGelA Fo] B4l 71F WA AHm, FFY
BE 5 9% USAYL A Az A20pm)el AAA AV(FEE) Y= =
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of &gttt ol Fo| WAMH st T Fo] FAAE 107] Y2 HEE 7
Afen, FAXQA &7, B3, ¥ 4 de d9ez FEHUG

Cf RISHZYE ol S0 W& M JFoIxt me}

Sedel AEFAY F2 25U $ol AN Aol B AFE VB 4
@40l B AAE detste ol AFHO Ko AAD, Solo AV o} A
HE AANE Z AT IBL HAE ARF AVl AdARY 2 A6l g
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FAAY dge AP stetatm, $olo] 44 FAL A AYslYe Ay
$9Ach AR Sol FFEH AFREY FAY BHE Falo] Sole) HuAIH 7}
% @Yol e JPAAE GAZ L9 24FAS AT 5 AYY. 58, IR A2
o A%4% FAAY Y AP eEE $ol ANP| JFE GAE Z/¥ WSz o
obsigich. oleld slAdAte] FHAL LAY W, $ol VA4 2IL A AL $o)
AYAE e $8ste AZluT oF #g WYEH o] FolAo} a8, 2 HEANYL 2 A
Q)2 Gz e85olol & Aoz AR ohed, 2 A dER Fol 44
Fol ot oA 7|zt Fo] Ao JHL WAA P22 F Al ERE AL B
2, ZAS RN dAsodol §& ¢ 4 AU

2t ol Uy of &alel HH
Fol Aol FFE viAEe A= A ANEFR A} 7FAARZ FRE F
At 28, JAFF AR 2HL dAHe2 BL Jgs AUz Jde= B d
ToAME 71%AAY =S 98 7 AGE 7FJAAY] FFH S Hris Bl F
718AAE Y Fol A dFHE =& HASAe, 53, '90~'% REE o]
43t Fol TAHES nejstn AAW ZA, BF, AR, 24, A4, @Y, €4, B,
94, €3, A4, X, ¥ F 1270 A9 ASFH AA BdFo| ¢ FAE dne

_6_



vetich @8, Fol A4F M 2 ¥ A A NG "det izl
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T %ol met #@ S, FHY, T AN 3 Aoz FEIA EYS o
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AAE #F77F Fol AUAFE FAAAL. BFI ol ATHo] YF} 2JL Fad &
o] %, & FdE& FAMNE AL ¢ ¢ AUt 53], WY HAEH FAAFANE ¥
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W2 Fo] WYY JETE S48 BHddT. BNEn, #d5E £8F vg, 9dF
A, A FA T34 & F¥WAE e Aoz JEhd v, F@AHY Zole
T FnA33 i 5L FBBAE Holn, A FRE, Iy g AF 3 e
d#ol e Reg deuch duAA AT BAALY BHoZE Fo] vjdyPe}
Fol wAYe] Aolg FdA BAY + YAANY, 1o A v go] FE FA4H
2] gl Aoz vey, FAFEER7E Sl ¢S AL Axd ustd
o FAHos AFstool & R waHUD

Ll =354 ol ¢y
Fole Sold 3L Ad gdMT HYstE AT IA vAo2 AAXAE,
Fol TP A7z dF FGFHA BHL wAF Fejoltt, ole] wel B AFeA
= Fo] A IFE vAE T2 E Hstn AP 53, JR7F2 59
THE T £@ £ Fo] DA mXe J¥L Fostn, YEFE 2HY AUA
S AR w5 AFURRE FLE FHT 24 o] HHFLBA, FA
Atdolith MY 5/ AT E AL R 33T $o] WAYNE FAe:, Y2YA, &
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3, Adtn ¥ FEHZE Ao FEAPE BASAG. AT g AR R Z2AL
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SUMMARY

[. Title of the Research

Development of Management System for Pine-Mushroom Forest by Analyzing

Production Pattem

II. Objectives and Significance of the Research

Fundamental skills to culture Tricholoma matsutake is being established, and
various trials for making mycorrhizae-infected seedlings and mass culturing techniques
are receiving great amount of attention, nowadays. However, the artificial cultivation of
pine-mushroom is still considered to be difficult although plenty of efforts have been
given for the artificial cultivation or translocation of the fungus. In addition, newly
formed fairy rings of 7. matsutake is not easy to be found, which lead us to work in
conservation of given fairy rings of the fungus. So, the present techniques related to
pine-mushroom productivity are focused on keeping the activity of occurred fairy rings
of T. matsutake by the management of stand conditions including site characteristics
and vegetational control. In addition, the identification of limiting factors by each region
and developments of practical tools for overcoming the limiting factors are required to
improve pine-mushroom productivity since the pine-mushroom vyield is largely
dependent upon climatic conditions.

By the way, the most important climatic factors affecting pine-mushroom yield was
identified as the mean minimum temperature and precipitation in September, although
there are some variations region by region. Thus, we already got an overall outline for

the concem of pine-mushroom yield with keeping studies to identify the limiting
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factors of pine-mushroom productivity, but, we still need to provide a practical skills
for the control of limiting factors. Especially, the increased labor-charge in mountainous
area and changes in perspectives for the concern of forests restrict practices in forest,
which resulted in decline of pine-mushroom productivity since every pine-mushroom
harvester considers the pine-mushroom forest not to be managed but to be collected.
Therefore, in this study, we tried to provide a practical technique which may
overcome the productivity decline, and wanted to give fundamental information for
establishing artificial cultivation techniques of pine-mushroom. To accomplish the goal,
@ we identified limiting factors of pine-mushroom productivity by analyzing production
pattern followed by a provision of some methods for the control of limiting factors, and
@ we provided a logical background for investment on pine-mushroom forest with
suggesting methods for diagnosis of productivity decline, practical management tools
for stand and soils, and finally @ we clarified cultural characteristics of Tricholoma
matsutake and developed a method for identification of the fungus to provide

fundamental base for keeping studies in artificial cultivation of T. matsutake.

III. Contents and Scope of the Research

This study includes four kinds of research fields. Firstly, we tried to @ make a
whole concept about site condition of pine-mushroom forests, @ identify climatic
factors limiting pine-mushroom productivity, and @ make prediction model with
validation to identify the limiting factors of pine-mushroom productivity. Secondly, we
made efforts to @ provide methods for diagnosis of productivity decline, @ understand
growth mechanism of fruit body formation of Tricholoma matsutake, and ® establish
practical skills for control limiting factors with considering the sensitive characteristics

of the mushroom on climatic factors or other micro-environmental conditions. Thirdly,
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we provided @ some outlines of stand characteristics of pine-mushroom productive
stands, considerations in the role of crown projection on pine-mushroom production,
and @ a practical technique for the management of pine-mushroom forests to sustain
the productivity. Finally, we also conducted several fundamental studies @ to
understand cultural characteristics of Tricholoma matsutake, and @ to develop a tool

for identification of the fungus with biochemical techniques.

IV. Results of the Research and Suggestions for the Application

1. Identification of Limiting Factors for Pine-Mushroom Productivity
A. Site condition of pine-mushroom forests

In this study, we tried to clarify the site characteristics affecting pine-mushroom
productivity. To accomplish the goal, we arranged the whole reports for the concern of
site characteristics of pine-mushroom forest in nationwide, and surveyed two regions in
Hongcheon and Jecheon area with soil profile descriptions. The upper layer of parent
material of soils in pine-mushroom forests used to be a granite or a granitic gneiss.
The fine roots of Pinus densiflora which is a symbiont of Tricholoma matsutake
showed an increasing trend of HA layers that resulted from the mixing of F, H layers
and mineral soils. However, the fine root went upper part of litter layers if the layer
was thicker than about 5cm. The distribution and vitality of fine root were dependent
upon the extent of soil maturation which is a composite product of site conditions and
topological characteristics. The distribution of fine roots and mycorrhizal roots were
largely dependent upon litter accumulation and decomposition, which topological
conditions within small area was thought to be an important factor for pine-mushroom

productivity with large-scale conditions. Therefore, hillside might have distinctive
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decline of mycorrhizal fungus with accumulation of litter while ridge area would have
thin litter layer. So, litter removal at hiliside is recommended as a good tool for
keeping vitality of Tricholoma matsutake since the practice may bring the fine roots
that is closely related to the fungus in mineral soils, while renovation of soil physical

conditions such as soil texture is very hard.

B. Grouping of major pine-mushroom production area by analyzing daily yield

Although pine-mushroom(Tricholoma matsutake) is the most profitable product
of forest in Korea, the income from the mushroom is unstable at some area due to
large fluctuation of the yield. Thus, there is a demand of practical research for keeping
stable yield, but the practical region-based study in consideration of specific
characteristics of each area such as site condition and climatic condition is rare, while
the study in the scale of nationwide has been conducted. In this study, we tried to
group major pine-mushroom production area to provide a basic scheme for developing
a local management system of pine-mushroom mountain by analyzing daily yield of the
mushroom for recent six years. The area in Kangwon-do province except for Wonju
and Cheongseon showed earlier initiation of pine-mushroom production than the other
area while southern-central part of Korea such as Kyeongju and Poeun showed the
latest, which manifested that the initiation of pine-mushroom production was largely
dependent upon the time that reached critical soil temperature for primordium
formation. Mean length of pine-mushroom production in Korea reached about 30 days,
and the major production area showed longer period than minor production area. Ten
groups could be classified by the daily yield data, and the three major production

areas, Uljin, Pongwha and Yangyang, were grouped into different groups.
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C. ldentification of climatic factors limiting pine-mushroom vyield

The study for improving the yield of pine-mushroom, which is an important
income source for mountain village people in Korea, has been focused on identifying
the crntical factors that have close correlations with pine-mushroom yield. However, a
study for understanding the critical time of the affecting factors and the possibility of
overcoming the limiting factors is needed to improve or sustain the productivity of
pine-mushroom. In this study, we tried to seek the effect of daily climatic factors to
pine-mushroom yield and to provide a controling method to improve pine-mushroom
productivity. The analysis of the relationships between the daily yield of pine-
mushroom and climatic factors manifested that the temperature and precipitation, in
general, were the most important climatic factor of pine-mushroom yield. Especially,
the cumulative amount of precipitation and the temperature of several days before
pine—mushroom harvesting were notable factors for the pine-mushroom yield. The
treatment for improving pine-mushroom yield was thought to be applied at least a
month before the mushroom starts to form a fruit body, and the initiation time and
period of the factor’s affecting were not the same at each region(county). In addition,
each treatment should be monitored for whole harvesting period since the treatments
affect not only on the pine-mushroom yield of treating time but also on that of long

period.

D. Establishment of a model for yield prediction and validation of the model
Limiting factors of pine-mushroom vyield may divide into site factors and
climatic factors. In this study, we tried to understand influence of climatic factors to
manipulate the climatic conditions in micro-scale, since the control of site factors is so

difficult from practical perspectives. So, we developed a model for prediction of
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pine-mushroom yield with weather forecasting and made a validation of the model. We
used the data collected from 1990 to 1995, and the model showed good fitness in 12
regions including Kangneung, Keochang, Koseong, Kimcheon, Namwon, Munkyeong,
Poeun, Yeongduck, Uljin, Euiseong, Cheongdo, Hamyang. By the way, the major
limiting factors of pine-mushroom vyield in climatic conditions varied among region, but
the major limiting factor was thought to be cumulative precipitation which could be

overcome by irrigation.

2. Diagnosis of Pine-Mushroom Productivity and Overcoming Limiting Factors
A. Preliminary detection of productivity decline by mushroom flora

The occurrences of ectomycorrhizal fungi were investigated in a pine-mushroom

forest at Hongcheon, Korea. The fairy rings of Tricholoma matsutake were figured by
the sporocarp places of T. matsutake for three years(1995~1997), and the occurrences
of other ectomycorrhizal fungi were surveyed with x and y dimensions for two
years(1996~1997). The diameter of fairy ring of T. matsutake ranged from 2m to 10m,
which indicated that the age of the fairy ring as 5~50 years when we consider that
the growth of the fairy ring used to show about 10cm per year. Russula bella, R.
sororia, K. delica and Cantharellus minor were the major species occurred on the site
during the surveying period, and each species occupied 16.0%, 12.8%, 12.4% and 7.0%
of total mushroom occurrence, respectively. From the results, we could concluded that
the surveyed stand is a productivity-declining forest from the view point of
pine-mushroom production. In addition, Amanita pantherina, Suillus bovinus, Boletus
sp., Ramaria flaccida and Laccaria amethystea were considered to be indicator species
for the declining of pine-mushroom productivity since some fruit bodies of the species

were occurred on the fairy ring of T. matsutake.
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8. Detailed examination of productivity decline by soil assay

The management of pine-mushroom forest means the environmental control for
fairy ring of Tricholoma matsutake. Thus, the management demands intensive study
for keeping healthy condition of the fairy ring, and that for the measurement of active
portion of the soil ecosystem. This study was conducted to investigate the impact of
T. matsutake fungus on the soil physicochemical properties and dehydrogenase activity
by dividing the fairy ring into 3 regions such as ‘zone of decayed mycorrhizae’, 'zone
of physiologically active mycorrhizae’, and ’in front of fairy ring’. The passing of T.
matsutake did not result in significant changes in cation contents of soils, but available
phosphorus, carbon, and nitrogen contents were different between the soils of active
mycorrhizal zone and that in front of fairy ring. The dehydrogenase activity around the
fairy ring of 7. matsutake was quite lower than that in general forest soils, which
indicated that the fairy ring of 7. matsutake was built up in the relatively immature
soils which contain little organic matter. Thus, the dehydrogenase activity of soil was
thought to be used as an index for the management of pine-mushroom forest with
considering that the management practically means the environmental control for
keeping good conditions for the development of fairy ring of 7. matsutake. Especially,
the dehydrogenase activity can be recommended as a tool for time-decision of litter

removal by floor raking since the activity is a good index of litter decomposition.

C. Growth characteristics of fruiting body of Tricholoma matsutake
This study was conducted to make a discussion for the growth mechanism of
Tricholoma matsutake by investigating the mushroom production for three years(1995~
1997) at Hongcheon. The mushroom yield reached maximum during the 16" to 25" day

of September for the three years, and the period was largely dependent upon the
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precipitation and temperature. The primordium of 7. matsutake appeared at 1.5~65cm
below ground, and the point of primordium showed negative correlation with the
thickness of litter {r = -0.42, p=0.006). The fruit bodies of T. matsutake reached at the
1** grade form about 5~6 days after first appearance on the surface of ground. The
annulus was separated from pileus or stipe after about 8~10 days of first notice,
which was coincided with the cease of height growth of the stipe. Stipe and pileus

made a perpendicular relation between the two about 11~13days after first appearance.

D. A practical study for overcoming limiting factors

There are several trials to overcome the limiting factors of pine-mushroom
yield, but the effects of the treatments have still be disputed. Thus, in this study, we
tried to clarify the effects of controlling treatments with a certain strategy for
comparing the application effects. The effects of litter removal could not be determined
in short-term with one year study. Irmigation did not show significant effects on the
vield of pine-mushroom due to large variations, but showed good indication of
productivity improvement. In addition, the irrigation resulted in quality improvement
with increase of weight and stem length. Especially, the irrigation which could be
applied several days before the fruit body formation was thought to be very effective
to productivity and quality improvement although we couldn’t manifest the clear results

due to improper weather forecasting.

3. Management of Pine-Mushroom Stands
A. Stand structure of pine-mushroom forests
We analyzed various stand composition-related characteristics of pine~mushroom

forest to manifest the structural factors of stand on pine-mushroom productivity. We
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arranged several data for stand composition of pine-mushroom stands and surveyed
western part of Taeback mountains and central part of Korean peninsula. Number of
fairy rings was highly correlated with crown depth ratio, basal area, volume and so on.
By the way, the size of fairy rings were largely related with DBH, while there were
little correlations with crown depth ratio, basal area and volume. Simple analysis of
stand structure could not provide clear distinction between productive and
non-productive pine-mushroom forests. But, the ratio of height and diameter showed
close relationships with the formation of fairy rings, which indicated that we need to

collaborate more in the influences of tree crown on fairy rings of 7. matsutake.

B. Crown projection vs. pine-mushroom production

Although the pine-mushroom is considered as a site-specific ectomycorrhizal
mushroom, there is little scientific understanding for the stand structure of the forest.
So, we tried to clarify the stand structure of pine-mushroom forest in this study.
Especially, we conducted this study to determine the effects of crown closure on
pine-mushroom productivity by thorough examination of the factors affecting stand
structure, which in turn, provide a basic outline for the manipulation of stand structure
of pine-mushroom stand. The experimental site was established in a pine-mushroom
productive stands with southwestern aspect at Hongcheon, Korea. The occurrences of
pine-mushroom were recorded for three years and the location, height, clear-length,
crown-width of each tree were surveyed at 5 plots. The surveyed data and topological
characteristics of each plot were used for the simulation of practical crown projection
by season and daily hours to examine the relationships between crown projection and
the location of pine-mushroom occurrence. The pine-mushroom occurred in large

amount at 1~3 overlapped area(especially double shaded area) of crown projection,
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while occurred little at the region which receives direct radiation or overlapped more
than four times by crown projection. This phenomenon was distinctive from May to
July while it was obscure during spring or fall. It indicates that the manipulation of
stand structure need to be applied during summer with considering the crown closure

that should be kept double shading as a standard practical crown projection.

C. Management of pine-mushroom forests

With considering the reported data, we tried to provide a practical scheme with
indications how to control the stand structure of pine-mushroom stands to sustain
productivity. Since the real crown projection showed very close relationships with fruit
body formation of 7. matsutake, simple density control could be considered as a good
standard scheme if we assume that the crown fearture is constant. However, the
scheme ignores the spatial effects since the scheme is determined by the relationships
with number of trees and mean DBH. So, we introduced RSI(relative spacing index)
which includes spatial concept. The RSI indicates the distance ratio to tree height, and
it was 35 in Hongcheon experimental sites of adequate structure formation for
pine-mushroom production. It means that the distance need to be kept in 3.5m in case
of 10m of tree height. This scheme can be applied for every age classes and tree

heights, but need a little modification with considering crown form for other regions.

4. Collection and Culture of Tricholoma matsutake
A. Cultural characteristics of Tricholoma matsutake
We also tried to understand the fundamental characteristics of culturing for
Tricholoma matsutake to provide a base for further studies such as artificial cultivation

of the mushroom. Adequate temperature for the cultivation of the fungus was ranged
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from 18T to 23T, and the fungus was more sensitive to high temperatures rather than
low temperatures. The critical temperature for the survival of the fungus was
considerd as less than 30C. We found some differences in growth rate between two
strains but no differences in different pH ranges when we cultured the fungi in MMN
medium. The pH of the liquid medium declined rapidly within 2 months and stabilized
after 3 months while the growth showed vice versa. The pH dropped into 3.0 which
was originally 5.1, that indicated 2.1 degree of pH dropping. It indicated that the
growth resulted in dropping of pH of the medium. 10 kinds of solid medium showed 5
kinds of mycelial morphology, and the fungus grew 2cm/month on Hamadan, CMP, and
PDA media. The PDMP medium showed best growth rate of the fungus with
293mg/50m¢ among 8 kinds of liquid media. Hamada medium was considered not to be
useful for liquid culture since the medium resulted in the smallest amount of fungal
mycelium. By the way, little amount of liquid medium showed better growth rate of

the fungus in static liquid culture.

B. The 18S rDNA sequences of the basidiocarps of Tricholoma matsutake in Korea

The 18S rDNA sequences of 7. matsutake collected in Korea were analyzed for
the ectomycorrhizal fungi in the roots of P. densiflora. The 514 base pairs of rDNA
region were synthesized by UF-5 and UR-6 primer, and double checked in the base
pair. The sequence of four strains synthesized were all identical in this work, but
different from those done by the previous workers. The basidiocarps collected in this
work were identified to 7. matsutake after searching the 185 rDNA by the BLAST in
NCBL Only several base pairs of 185 rDNA analyzed from other related basidiocarps
were different from our analyses of 185 rDNA. The dendrogram were made based on

the sequences of the 514 bp 185 rDNA by CLUSTAL-X alignment program. The
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groupings of the species at the level of genus in the dendrogram were well

constructed.

C. ldentification of Tricholoma matsutake in the roots of Pinus densiflora

Artificial cultivation of pine-mushroom could be accomplished by the steps of
mycelial culture and inoculation of the fungus into pine trees, of which success is
largely dependent upon the certification of inoculants in the roots of plants. Especially,
a method to certify the fungus in the roots of trees with non-destructive way is
needed to use the tree as an inoculated plant. We tried to accomplish this requirement
by examining the roots of pine in the fairy rings of T. matsutake, and by using the
primers could be manufactured from the previous study. The fungus-inoculated roots of
pine showed black unramified type, and the two primers such as TMF
(AAGGTGCCGTTTCCGGCTCC) and TMR(GCTTTTGCTGGCCGCTGGCTTCTTAC) were
considered to be very useful for the certification of the fungus in the roots of pine

seedlings.

5. Suggestions for practical application of obtained results
A. Application of limiting factor controlling scheme with considering weather forecast

The final goal of this study was to provide a stand management scheme for
the improvement of pine-mushroom productivity. Especially, we tried to make practical
techniques to control limiting climatic factors of pine-mushroom productivity. As a
result, we found the most important climatic factors of each region, and exact
influencing time of the factors. However, we met some problems for practical use of
the model, since weather forecast could be provided for 7 days at most but the results

indicated that the treatment needed to be applied at least 15 days before the fruit body
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formation. In addition, exact value of air temperature, precipitation other quantitative
data cannot be accessed for general people. Thus, improvement of weather forecasting
accuracy and openness of the forecasting data should be provided first to use the

product of this project in practice.

B. Practical application of the stand management scheme

We already provided practical ways to imply stand management schemes for
the conservation of pine-mushroom productivity. We made a method for preliminary
diagnosis of productivity decline by surveying ectomycorrhizal mushrooms, and close
examination tools for productivity expectations with soil enzyme activity, which might
indicate the time for treatment applications. In addition, we found that pine-mushroom
occurred in large amount at 1~3 overlapped area (especially double §haded area) of
crown projection, which gave a practical stand managements. We also found that the
phenomenon was distinctive during early summer(May to July), which gave us a good
guideline for the determining time of treatment applications. The results need to be
announced not to scholars but to farmers who own a pine-mushroom or practically
managing pine-mushroom forests. Thus, a tool to spread out the results to farmers
should be prepared to accomplish the goal of the field-oriented study such as this
project. So, we hope the Agroforestry technical center make an enterprise for

systematic support for announcing the obtained results to farmers for practical use.
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Fo{(RIF)E ARTUE F1 Us vAlezgy 558 F72 Aty WA & =
g AA e £ 9 BIoH Folt fIPUIAE dEdE £ 2UF(Pinus
densifora)d oAl F2 &Y, It FUoAHE F87F v Fol@AYR F2 4
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(KEF < N4, 1992)

‘Folgolzte RIS EIR AFNLAE R AAAE P BES Fol9 Fol¥ HA
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Y FolAE2 71&HEY AFolwo]l 2 J7tE dALeEdE FE 52T Aol

>

@ : in Asia, Tricholoma matsutake; in Eurape, . nauseoum O . T. bakamatsutake
O : T robustum < : T. magnivelare <O 1 T. cafigatum 8 © T fulvocastaneun

Figure 1-1. Distribution of various pine-mushroom productive regions in the world.

2. FolA
FojatAlg MAAQA EXE AHEE, FU%Y Fol(Tricholoma matsutake)t 53,
¥, A2 TAA 2E3x, Pt Folg A9 v=® FHENT. nauseoum)e ol¥
ol v R3 FPA Y vetdi(Figure 1-1). &8, 3 E59 4EIFUFT JEA

T evay $olT matsutake)} k3t ©& T. matsutake var. quinggan (Z&
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quercicola)7t 2481 Uk £, G5 FHH otz st AJAME T cdligatumoldE
Fo|7t ¥AHY, T. magnivelare= $-uat Fojd vis AM4E de AAANE P43
Sl Sol 2880 @8, FUFHoAA BAstE FolohAuN(T. bakamatsutake)E &
gl ol #dlA AdFE A2 7HA Fold st o] okatm gho] Hojzich

Y% FoUT matsutake)® F LAAE FIUF, dUs 2 Y& I 9oy
avE, AYE, fFaauF 2 YR gEdA BAEE, RRAYdM s aUFE @
THEOE 24T FUF EAYAA SAste st woh e, wF gl e T
magnivelare® EUW2AAUF, Douglas fir, $4UF R, FUHFolM BAs= o7 @
ov], #Y¥F°NT nauseoum)e riotet2uF § FPAFHolY Cedrus YA F2
3@

~no record for northern
part of Korea

RS ol BB >10ton/year
. B B 1-10ton/year
£ <1ton/year

Figure 1-2, Major pine-mushroom productive regions in Korea. The yield of each

region used to fluctuate, but grouped by the annual average yield.
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Ae 15mellA 2 A& Ao gHE, A A FA Qo o|2HA Fhd Bol FEol
ARt £, 4 FAE AU Role ALAE BASA g3, FoldEL YA d
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Figure 1-3. Various forms of the fairy rings of Tricholoma matsutake. Some of the
broken fairy rings were thought to be deleted when they met other tree

species instead of Pinus densiflora or thick litter layer.
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&, E¥ZY FAE ASTH dARA @n AYEA odet oA 4gEd. #
g B Hoz YF WidA B 874, F AUFHRU dE qHdce YAse
ZE 835, WY, FEHE YEFAS F& TUWE O FEL o ol WA Ria F
of gl g, FojEo]l He ol IFEIIZ AW IRHMAHZ, )7 glod
Folg @] Aol oA TAL @] PAMGe 2T AP Fuiel AE (A
Z Zol FHY RY¥2E AGAAY AAZE 23X vt FolFHY vz FEL oy
2 2T Hstn FEHoZ A F¢E Atk @, Fold @ FUY REEA Fo
7t #Aste B4R e, oA FAL Bad WA Fol Folvt ohAl B4 o
o] ofyi FolFd@e] Mol AHLR FAE FU Fol7t HAslY FolFH W
A Fo| AAAZ FAHE AAY Role Relth. &3, AAdAMW A 2N 7} o
e AL B3 Fo|7¥ A AFEFL 7Y F AATW, 2 & FHE ALl g
Zrgztoltt. 0~45cm, 6~18cm, 3¢9 @A E 30cm FEZ Hol Yoy $o] Fg9
AN AREFL EG T §4xd o g2

AAAZE FFE o]FH BAE] YQE ojfE Folt wAG X FHe FHE T3

A B9 olsj¥ + A FolE ¥ol HE F5d

ig

Eoll B =S HE F Uded A

27 gob Walm s YWY Fojxzz AEsE dAT URGYsE A o

SR |

oh o] RE Folof WHRHG EF S 7] HEAd Felvt 4% Ao 4 BN
o Ha AHG | S BA He =70 dadg. ALA FH Hholy FHA 7Y
& BFSE Mg Fo| BAY v ol T WeZtd & Fo Mt FAE Bol
o, ZAHEMS THERILZ Holgle 7te B/t EY S ddstA #Axn o o] ¥
Bole 24FF Hxd SET A7 dojA Fold@elde RS 4A ¢ 5 Uk 1

2

g EFE HoY FolFEE & ol Y F Utk FolFE wEFKY EGL UAZ

38
o

st W] FALZHe] FAZE G4 wWEd FoldEe MY e@BBFAE
%2 Zoltt. AAAZ URE FhdA Fold @ AFo g s Hol wat EFS A

Zz8n #49g oA Hol Zo] 20 Fojex] XY A BEFFo| ol M, FolF
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g HdozRE 1~15m AL ¢Fo2 Eoj7td EFFS 2 oA

Folg @] daozinyg AAdA HXAAE F& £ 3~5cm, €S X 20~25cm=
A HF 10~15cmelth. AAAE Ad § 7HeFE Fde 2ASHA 4 FAE, %
2cme] FAE R Edel uehdA Hied, Ak ARES ARsA ok AAA BA
Fe Ao FAZFH vASER, FolFe] o]l Y@ AFHoly wWnte BoAE
22 A A7 doA =,
gk Ad AAA7 Y.

olf

Holuh Adlolets o] F 8 Wgo] F& A AFE

A g BA/E RolA, JFAA & AE BAYATIeY HL_3F IAFE FH
¢ A3, FAA @ NS THANIY] A AP EY FAHOZ &4 100~200cm’
of gt of AAL o] &H3A EA AAAY YHolg} vz o|RAE FHE A
a, Ralo} 2, FAIE YA T @ E%9 Folst 1,500~2,000cm’ B L7}
2ot &, AAA7E A7) AME B2 49 FAS T2l & S FAHA fUojok
igk-id= 3

Y. Folst 245 (Pinus densiflora)
Folg Adz o d LUF &€& ool I Foj7t FU3e EGA
B Aol diztd F g3 FoldEe HHH ANE F&EA ool At UM AT
gAxo] St Fole 2UFHdAM F2 wAYsaz, A Fojd w2} ¥MEE=
AU AEAA, A9 AP AF 2uUF €9 WHol, A &l st Wt
AT A $gel dfMT golop Frh &, “ojyd LYFHA oEA 1
Fol7t wAsErt gtn e 7l HAAd H28 siof g
AURE FE0BE)ZA Yol F A FAE Fohstd Wol 4@ TME AekA
Fedn dA At 24T delA 7HF ofFE & Ho] o 20% BE EojeE R
o2 AUFe Ha 8FFFo] 271%0l22 &Pt weo] SN golME AtA &1
YA (B AAGA el Z3tan dxAte]l 21 Fad A, AT AT 3%
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2 AFYS(hEEYEA 98 g WA AEITLE Hste Aol Ak

SEE 2dAFE Y 20004 14079 92 ySe £ HHLEE 1000 Axoth
Ty 2xo dig WAdo] i A 7F zAE F HIEE Y AQd £
g + A4

ol g 278 EH AUFE AEGE) § FER% A5l T Tl AL AL
o FrFol AL Ao @ol] EXdtt thE F£FH vlusd F5Fo] Hu Jo <A™
A SAFE oo, & LHFE Fong EYo] Axddr Z Ad F Y. B4
% pF 1.7~40 BAXY FEZ o|&F + ded, oA TAGMFRIZE W AZ(HR)9
80~90%7t AAFE FA3tn U7l dEelth BEAZIRE d29 =502 7% 2
o] A& GxAME ABF & Jed, oMY BT WS AFHE0] HI A% "
Zzdolth

2UFdol 4yl AL AFL FHAA AFTH, B AAHAA RE o] 75T
gl AbE &F-oll Edste e d¥xEE Ao E¥old. EFxd AeHr 4AT
EGY EARM)E G, 33, A, A8, A, 33, 43¢ A T FAel
A 7HEA #3 HEAol wol EFELEe] ¢d & AoME K Jheditd EFUE
T A, €824 o= FolE AU

EFz3dE B AUR7 A7) AR EFE AYshr] JE xR ofF Fo] g
ok AL, AUFdo] Hyl AL EYel ded, Hutstn £ExA0] FA oo Az}
71 490 vz Fr1ge]l ¥ F71Bold FEel AL Edeltt. EYPer LW B
NS B2 FHAERE, EFY EHol 2 7| F4H HIgsiA @ EXS v}
217]), T8t EAPE FAHE vSECGREL, Aol §H3o EAVE FHE F+E 2
I, B8 EG g nzmog AFo] Qle), e ol usEY] s3] AlRe 74
HYEY 14%QA B £ B EY 1A HAE, HANE, ZHE Tolt 24T
A&E EGo] 24 AdPdEYYPoz Wzlgo e} Az Fopxc

AUF A5 HEPH S EFYH EGYEVoRE 2AHA ¥ EYY FHIAH
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24 st AAdY. 7MF HFF AL Aol PEAYd IHE@RKHLIE 34
Folu YT zYol A& AFFY v FHEM@HRL)NMAE HH(BEK) H7
ogd Z:e4e ¥e] AHEde THLS AW EWMPe] Fu AxE gAY EYE
Azt 24T BFEGY A4 FFS 01-~015%, A4S 0.05~0.08%, Z < 02~

08%2 & $& A& vl EFIFES AL Hd £ ol AAFHAA 2
kis

E 873 AH§Adol ¥ F£FAd, FoI9 2 AT UFoM BH, 87

2

Sl & AUFTE FE LolsolEe FHEFo & FFol%n & & UAY.

E, #2dolgdn st A FAoy AHH £ did 7lze Fo w2 g
2. Aedd z2de2E BE Fo] 2uFSG TAY F 3ox A 2] AFH7
g2oll, 4 FaroA T 7Hed A I3 dFIF 849 F, 24T HA TS
24 (M, mycorrhizal flora)S YAvtth A&t FHAE A= 7|FHE0] 0@
T AAEA HY(BEHK)E A F e Ffode ZRAAE SestA g9 i, 2oy

B RE SHdA A IAZS Feejn 7] dEd WA EXIA @ Ao o

4

X
™

=

2 8 WIEEM R EEMR

1. A7 294
Fole A 108 HF 5000%€ Wl 4&E 5§ 4E Ao, 3
Al daoly 7148 Fo2 Aty T Zo] vf¢ aAn. JH&A 404U JAFTE &
o] 252 Fulwty ol EFE Wt FAE FHAA AFstd AUn{H F3
Agel A 7143t YA Fol AR FH9 o|FdA AFI} o B2 ALHHoE
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A, d2HooFE Adolth. FH, Fo] FHL G AHH S LaHE Aoz
A gle B, dEdMe A FIAY FYsnz, FaE §3 ANz A8S
3t IA5E AFGn s F Yv WAE FAHLE AN F Yook #r
dEAME 1925935 H Fol ATANE AT 72ATFE AN FolF wYgui=A,
AR LE, APP=(pH) T 7B, 19708dde 2T ERdee Ao e
FolT & AHE T vt At} ohgy, B AFANEL AUEIY F3244Q A

% ZEFE 4718%F B FIHE T $ol42 BE7] Aol e Yok A

o

AL AA v Aok dH, dEBLS 2GR E] A AF#A ¥ Fo2 4
Yo AARHo] Zaghel wet Fo] Aol FAE Fo, HIolv A 3008 I
Yol B4R gon, &%, FF, 5, &Y, BvldA $o]8 AY 73 $£&n
A
FHYME 1970z Fole] JIRAA WIS i Q7o AwAH Fo
AR X dE AR Fo] AFE At AW, d¥e MAv|E H| A
FRE ATAFHE YA Rad ol o2 Yo, 19803 dx e FEAT
HA AM2E AgHE Loldtdvh 1980 FH 198437k Fol AFF AL A%
FolZ ZEER oI TAUF, Fo] TAEAY AN, Fold AU, Adeo] AP A
T 978 FA3NA Fo] AR ALLR 148 FF, FolFH H$7E 0% FFFA,
Ay Moz HEE 29 o $AT F AT 2, Fold AT AR

FUe 7R E7l5E Reg 4AA Yok

AN

, Ak AFE B3 Fo] AFAMY Folde AFolHe st E3 A x3}
RAL A7 T3] ol Aoz Hiidd EE, M2 E FolFHo AUl &
RANE e FE7A T FolFHE A, LHAA Fol F4AE Hatxn Ut old o
2h, @AS] Fo] e 7IE FEo] AMEA GRE AUT B AN R A
3 B8 $8A 9713 Qi @9, Fol AU4FL 7GRS JFE AsA woes

Folal FFZEE st Fo] LA JFste Z4F AxE AHYEE HGstn FAF=
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L Fotd, $ol AL &A - FA8E 71€°] 2 T7EY

2. 2 A7Aey T84

A2UTHEE A54e2 97A] &t AT FHMA AGS wAS AR
A&H AP Folo HYFE F43] ZaAIT UAd. 2y $olid e e
e 4ol BF3n FAHA AYGAFl gz A3 EH FUSo AFHo=
Foldt BHE A=A €3 Ao mEA, & A7 AFHoE FAH FAHA A
dAFe] AAHT TS dF FEF FE R BFKo] o]FolAdW Folo AL
Aol QA FA 2 HEE & oo EE, Folof A - A 5o U
AEQE @7 Fol YN F33 Fol AAAY] THE AF 7PE AFY ot
ol Tt JAEFRIY £5FFE T lEF=@BHAK) B JdAd FAE FE F
A& g4t =, Adol F& ddYd diE AN FE Fad AU dAE
o TR dE AN F gl

3. d¥Med 53

Fold e wgal dF /2 Jed YDA o223 loy, Folg HAAH
HEE T8 298 AWV dE A7y vigd 59 dFFY 1Y € g8 o
@ d7xE ddHez Fysn Qlvhk £3, vt Fo] B sHF FosA 4F
€ TlAE 713AAE AQd wet gA Zolzh YA, 949 HE HA LT FFol
71 388 29 dd v Ak F, AEHA AFE T Folg EAHL 54
oluf Fol A FFE viAE A MHFHA Hte o] Foj Fejol AW, FH Ao
I AFEHA G AANE g4 vES ddeldd. 53], 43 Fed A& vy ¢
Aol ¥ ofyEstz At A& Y] Mo BASE FeEE Bl ™A, $olit
€ Yol & ez AZeA] ¥n des] UL FE ddez A YA
Fo] Yol ARHIL e Aol HAolt
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olol mz, B @TE AN Yrbe Fol 444 AZALE IRY & Ye TA
HQl uebg AAST, ke Folo AWAN FHE A¥ JEZAEE ABHuA 27
St ol fatel @ F& AAW ol BANY EHE Foho] Y ARARE o}
1 F2Y 5 UAs PEL AN, @ ool FAE Hobste FAYoIUY FAHY

#gdrlE £ A ESEY PHS AT, @ Fold AFAME FEI AEE F

¥

o

2 40l 712 S0y o7 WEsWe wetstnat s

B3 E HEME

1. 97/1gy S8 U g
FA TAFNLY EH, 00X AFAHUR], € AFE A9d - AzxE 7 4AR B4
of 9% Fo] TYARNE =E3L, 7IFYAR AT Fol TAF F2WAE AT 37
2erled FAAHY HE7Y ALE T3 Fo] AL A, FAFLZHA FAE
U £5FTUE ERHW AU Fojide FRAA AAAAE AHstnA FA3

AFHELS Fo] TYF TerlE Mol xHol ZFolA gled, AA, Fol A4
A@Aze] Hebg sty O Fol BAYY JAFE S dF A, @ ol LA
of F2AA stet, adn @ Fol LA R HAL FYAAt A, vAEH 2o
U 713 173% Fol AdAle S4E 1R @ Folide WY % EXRAE
T AL I, @ Fol AdAe AV R @ ol FH2EE T aAHAS
AT AA, AXNHY SHAAM Fol AP g 7Y AAE A @ F
ol HAYY JETxA dF ZAMNEH @ FHFIH Fol LA FAA] diF nF,
aza o]E T @ Fol BAY JEuY ML AASAG. obgd, B EHAHQ
A7 HAL AFer] Astd Fol7 £33 2 FAd B A3 = FYsiged, ©
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Fole] vjFEA A HE, @ Fol +

oo
RUSE—)

]

A¢ Assd W2, 291 oAU @

FolFAE AT A AxE Ado FA3A.

2. XY d7AE S8 U E

R dTFAE =5 T AE WE L 94
IS (g0l FAAY Fa | - ol BAY YNEA A
(1995~1996) | B4 AFAAL et | . po) wyge) AAA} o}
AT EAAE L 4o wag vas A8 Jrrz 24
BAREATRE L w50 27 42 2 4aue
A% 712zA} i
2AEE | FolRABA Adel | - A $ol BB Fa A
(1996~1997) | & F54er A dge 24
T CFo ARAAY TR A
- A9 ol wAYY A8 %
YEFZ ZAb ge $o) BAY
#exd sy
C S5 BF 284S AT WYY A
2 $5EF uY
e |soludd #el md | - Auds 2R A¢ 848 49
(1997~1998) | 1& 3L F5EF B | . foluade AxEA 2 ez
& 3t 24 ZAbol e go] 24y BALY A
L e5EF Y R BN 7S
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B 48 BEE

1. Aul, AF<, 83 AP 1975, 3F9] Fo] VA £X U LAFF A
A zAL FAQE 1T(ERHE, ZEHS, Fo]H) : 109-114.

2.9 & AE, Aug, AEF. 1996 AT 6309 dAE Fo] MAFY £ 9
3 Fo] FAA A TR AEAT=ER 53 1 163-172.

3. KEF £, JIEER. 1992. X/ 2 0{LB-4£{L8. (KREBESHIKR > X~ 372pp.

4, /P ' 1991, = R nEWB FMETR. 1R, FER. 333pp.
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$2&  Fo| AEN FIRRAT LE
IDENTIFICATION OF LIMITING FACTORS FOR

PINE-MUSHROOM PRODUCTIVITY

SIS I I
AFHYA:Y @& F
AgdFe:4 A @
@ 7 4w d

A2 7l g Foinidtm
dddFdA 7] d

Add+d:8d o ¢
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£ 18 Fol BEMKS BN X

LA
Setebel A%, 2UTYANA Fol7t B4RAY, BE 2UF LN Fol7} w4
= e ohth &, ol gABAolY JETRE AU AUTHIMYL Fol7t T4R

e

o4

olth. oldl wel, B AFeME 7IExgd nFF dEo] AAME Fo] L4YY
YAEFE Hefdtnz EY DURAE FAHoR $o] HAYY YAVH E4HE 24},
43t
Feuate Axd AAE e o, AZdA Folrt AAE £ Y= AoeE

o BAAE(HE, 3F), FAGECEN, AAGE(FE, B, )T 19703 ko)
T AHEEAY AFTZ2HAA FolFulzt olFolAd AdE oE YFHHAUD
B F, 1975). 2y, AetEEFe oste] FAsie] HAFH o o|FoixWAM wmFH
BAAE7E Re B7l%, $AEE, dedE AHadME vk 239 AUF Yol the o
HEA Foldite]l A8 AAsA Hel wet of Ao A FolFulE € = ¢
S AEE Aol T3 viofatA olFoAm ok HIZ 10879 Fol BAFE CERS
H, BEEE AT BAF o 66%, FLETE F 27%E A8t 90% o] o] A
of FPHT Atk F, AE BN 2718 FAHLZ @ FF2T XYY 2UFTYH &
G AHE olF A ddizt Fo9 F AUAE P42 Aok

AL, Fole ol “YET A'olgte g W= dazdog e Ao oY

f

o WzE vheel AL RAVANE $018 £ £ glon, S8, B FsAE @A
W AARE Dol ¥ok 5 Asle AW A AUTIAME Fol7t A4HD
o ole] oz}, B AFOINE & ATE Falo] BE AT/ SN de, JHA
FARE Age $o] BAYL YA 4QsE ANBA AR AAsgod 1 2
AABE e 2ol pokg 4 gk
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2. 33 A9+
ZYE FHT FH Ao 2AF FTAH AT AT AP FAAEeR
A, EREEZ)E o 450moldn AAEE 307 o2 4F FIEE)S TAE 44
& 1996 @A oF 709489 2UF(Pinus densifora)?t 70% WAE AAGT YA
30%& ZRYF(Quercus wvariabilis)7t HFdHn  AJG. EAFAPeEE AIEF
(Rhododendron yedoense var. poukhanense)°l 3% ol®, Z&WUF(Styrax shiraiana),
37+ 5 (Lindera obtusiloba) $°} AtAstn AU

AAE)S FAYD doprld FAHE EE #BEH7T FF& olFdH, FAdEe &
AEAR) A3LF7E FEIG AAE HAA@EL FAEFes BdH oM FTHF
fol F43] dojun, 53] vtanirt A3 WZso] 2PAMKA)Y 2A2 FHH T,
FAE FEAREIY zHo] YT FIHAT ZAY 2717t Imm A FEUAR
FAE Un WY~ WAg Hoi(PFE st F3 g, 1982).

EYGe 2YAMINHE) 34¢e BAZ 29d FAANELS) £ AAYESLZA
BEu o] A AP ZAIYEFZ &3t ELIAT lem~2cm oY &L
F1ES o FAAHY FAAERZ FAE 10em vt gke Aol YEUY, 1 off2
Az AAEYC] BEF e CFE oFn HAA AND EAMLS 10YR3/(F2H)~
10YR6/6(3 )l en, #EEAS 25cm~45cmel 283, BE ot 30cm o4 F3
2EAFol A& AUt BFELGS AP +x2& JehlADR JFFe F7F2E U
B QIR EGFTEe] EAdEE dA2 i dxd EFHdE s 8E 4
st Ryt #2¢ A4 el Fddez AA denth

E% S5cm ¥¥9 EY pHE 53 ol&9 44& dehin e, CFe2 7Y ¥
Je AES A9 pH 599 olz2v FAAGE Hel it AFE Ad dfde EF
EG fr12gFo] IdutHd AJEFNA G ntAstAE 3~6%9] £FE HEIRULH,

A Zol T4 AR Aole 14%9 F712¥FE YEhWZIE S 3ick(Table 2-1).
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Table 2-1. Typical soil horizon developments and major physicochemical properties of

soils at the experimental sites established in Hongcheon, Korea.

o depth  soil OM TKN P:0s CEC Exchangeable (me/100g)
OriZon . .
(cm) texture P (%) (%) (ppm) (me/100g) K Na' Ca“ Mg*

0 1-0 - - - - - - - - - -

B/C  8-26
C 26+

A 0-8 LS 527 594 015 86 141 026 026 324 082
S 566 067 0.08 50 16.2 021 024 103 040
S

589 034 008 106 5.4 018 028 101 034

3. Ad ANET
FARE AR A F8Y 249 Fol AFALE SUTHF- ZIFHAAA s

A2 A &d 650~700me FALE 28"l ARFF T F2d fAAE FAMA
Aok ZALE AAIF 1996d EA 50~75d8 e AUFUL 4% FEE AR AN
on, MZAYE(Quercus mongolica)7t d¥F FEE& ARz dx, AXUHF(Rhus
trichocarpa), @ %% (Acer pseudo-sieboldianum), %% \45(Styrax shiraiana)’t 5% &
ol Fu AR AN

Qe FAW Wotrle FAHE A SAFHIE FFoln, FHA AW FHeo}
Z1ol FAY o AUAFTY JYEEZol X AU &, EIA FAGFE T
BAe Rt d(@R)7E FAREeR weso] FaALol 53 dojud, 5
8 wasirt A E W] YA EAz FIAHID, FA= HHYEEH) HAER
AZg olFt AN3YFoR AYH UA vdde 2 F3d el FH, EY
o wjoly] o dojd BIAL BT oz el AM3gEFel Y 7€ XA g
Aol WA BEE ZAXAY 9 FHY EFS 2Ge 2xAH ot AR & &
49 545 JehliAn.

EHAAS 23 de F AANEGH, G930l F4Her EAGL REZT Y FA4o

el WAZFQ LAY AZT VYEFYol RE T YL, AFY Bdo] nstn
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C39 ¥dgo| duyez FeyIv, 2AFo] 30cm olHolA AUt AR oz
BSS FAAELS)Y AHG 7271 FstA 2dE 12 EFGolen, B39 HUx
7 ¢ st ZAFA CFY T d3dA IAgHT de el

H, FHd "3ty o] AQL t& XVt & Aoz YeidEd, CEd ol2#A
= pH 52 W€ Uetdlz Ik &¥, ZF Fol29 &3 TH vlslo 232 ¥
€ %E YEhUAR, #7718 ¥ s e FXE dedo] AwAEA 4YA

x5 FH vsly Hd Zez FFHJAHTable 2-2).

Table 2-2. Typical soil horizon developments and major physicochemical properties of

soils at the experimental sites established in Jecheon, Korea.

depth soil = OM TKN PO, CEC Exchangeable (me/100g)
(cm) texture © . (%) (%) (ppm) (me/100g) K Na' Ca* Mg”

horizon

0] 2-0 - - - - - - - - - -
A 0-5 S 513 242 009 555 6.27 013 032 151 043
A/B 56 LS 514 228 010 760 7.04 012 02 176 025
B 6-10 S 502 237 007 335 8.14 024 028 179 039
B/C 10-20 S 525 151 005 370 550 012 033 117 028
C 20+ S 516 086 004 505 5.94 013 029 095 026

4. Fo] GAH EFEA xAE T 2T LY @AAF
T A EGELE THHeE nFY d, JEAA g FAYol 4FFo 5
ol 3t73H vt} 74]%-94 Eofo]l ZIwte olF1 SUSE A + AU A, Fol
& FA3tE 24T AZE FE3 HS, £€ olE°l 3EF E%(mineral soil)oll 4{¢l HA
Fol FAHE Fsle Aoz AAANY. W, G Fol 49 5cm oldo]l HAE A o
dFoe Serte @Rol HAAT M2 FXE Hu FAHes MMy

d, TAYAAE B AFold B EGY EHC JAFHAY, ABRB(LER)AME

- 54 -



Ao difdel HFFLE 4este Evs HEh L YU
Ao 2EAHY BHEE JAWNAY AASFEF of 2 APz Aold @E E
4399 €3 % AsAxd g gd2A veEgd § 24§ Aoy 729 X

ri

AF HY2Ae A4 2 PaAAEel H9H02 BvAd 2o =43 o] o
Ao} olE 2bP ®elo FAsE FoldAs e Fad 2o A Aoz Y7ty
ek,

%, SARE G430l e WH, ABRE dd3o] FuHon TA 4o e}
Folz@el 457 A dolubsl B& Uehdch gebd EQoly sl E¢e 24 @
Ae APSE Re e P, ABBANS G2 AAE Sol7H WHE Vol
A Aol EFFel RESY o7 FAL 4 FL BelslPoldn 4zt

g4

B 28 Fol £E B 4E ol TEMY B ES

1.4 &

% ol(Tricholoma matsutake)= Feyvet AEF H 19 45

tjo

Asds HAoR
A 1995l = 65489 AR 339499 LASE F7tl AFEHH F 6450UE]
£31E G4 v Uk A&7 £54FAA Fol7t AAEE vF L ¢ AM $o]
FAAQ Gl &3, 33 AP B o|l2F=(HHHE) EFE JAMNA F=
dgg gt AR, HIZY | MEFLR RAHE Fol AT 2 MslEd xody
Fol HAF 2 UAE FolA5Y EUAL Bob A& FUY HAAFAMN Ha Uoh
EE, 3G 7l&oly otoltdolE o] &3 AAEY /M Fo2 HF 2HE T 2459
7bs st AR R, F7HAQA A Y Fo] PAF AR FFAHA A& ASFUE ol F
' ARESS T F Ao
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M ol AAE AT FoldTE FYAAE F23 APH 1 Y=, 53 ol
7t mgste ANede AANEH SH0Y NAAAT Fol BT} ojwP BAL AUz
Qestel @ A7rt $us) AP ATHCFRA 5, 1989; %A 5, 1995 2GR - o] 3
Z, 199). SAT, AF 7AARTF 2 AW Fo] BAY WEL zYss FAH
Aztoly gele A2 setslx e Auoln, o] wAFe] WEFAe]l had Ao
Wz 7Esd A48 A7E wE obd g &, ATHA So| YYFHE ot m §
Ak Az d2A Jehbe o] HAEH it A7 A o FoAXA g A
golui, ol Wt Fol4t BABe W ATE AW SHE PAF PPurks A
aole) ABHA Gust F5 olFo fth weba, 2 A FolgYA e &FEEe
qe 29 71E ATARZE A 28 Aeold, 4PN YL FAF sug G o
AZe Yaoz @ HUIEAY AP D& FA4L e AR $o] Y4
gaol 2 22 2 5 At

W7ol $o] LA BAY W 199337 19944 FQIUY. AW, Ao v}
2 2o Aot E Aolst YT, B3 199de] AW Fo|AEL AHEW, &
ARG e sHgoz s 19930l olo] HF AAE ¥ WA FFIAIE L $o| 7}
A3 Bl dd 2L Pt ojaSo2 19 S AAH v Ak o= Ay
2 714Axe 9ggol A4z gAY 2 Nge) Ay e ¥Ree ustu, ol
WP SFE LAY YU S0 g G2 ded + YL AAls gebA,
A2 $olAXE Ao HEHA Fo] AN AY AWL AN JsME 7 A
o] Ad ol WANYL AE Wotaizn AAEE te Yo s ¥ 4 Y=
soF & Aot

oleig WA b, ¥ ATolME W ol AP A5HE JF Awe 7
Zalna AT 8 $ol4X AW o] £uiFe TR vRYoTH, $IW
o] BARHEL A AL TRAQUY. 2L 2 Ad9 JF P AA ST 2o
22e 59 AHHA FATEL st Aol vFANAD, B FRANE ¢4 24YFY
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o 2AZNE B2 AYE FEo B

2. A5 284

7b Fol 2AF A8 3
A5 7 A9 Fol TAZ i FHF st AddHez Erbssch 19

U, BE Fole €442 74 ¥ 249 4¥E AT S, TEHEZ Y Fol
FH7IEE o83t Fo] WAFE FEY + Utk olv AA Fo] WAF vi& FHAA
AE YErE & gl gley FAHA AT RS Hetsede 2 BEAV glon, Fo
BAFE Totste HAY weld & 4 Ak 4, 59 o AAd AsE HIEE
YHETI2Y AZRE R A& 1989d ojde U Fo] FulrjEL B A9 &
BT AZIY 1995 ojddl ol mriso] HZ 6-7H(1990d ~19953)9] Z FolFd
Z¥e] dAE Fo] FuAET S A+ F AU

19901 ~1993 9] Fo] o7& zt 3 22 dAE Fol FuF FrE dYE
FGAA G222 F5 Pol AmetE, 1994d 2 199539 o] FuiREE 1994
olf AYPF Y doletdlolaz HEHT Ut 7 A9 dxbd, YPE Fo] £F7
5 A8 s3}ste] AT

Y. o] 25 gE A9 +E
2t 7 2% Fol FulF Ass AR A7t 7 A9 dxd d4F
F& 2gz2 el o] o, o4 ALEFLeR A AFFo|7t AA Fo] FuF
o 50% ol AAE 199332l A8E AT U4E dxE JFFol7t HA FulFe] 5%
ol ojAZlel FhEFolrE WFLR Fol AFTFE FG A F, 1993d& A
g &e] Fo] TANHCEAARE hEFele FEAVE AujEn, § LYFE HE

Folwg ofulech
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2 2 2REE 6718339 AAYE Fol FulFE T FAXNE sz, A
FAME S wetstr] st 2 Axd FFo] o A, Tl Ful7|Tt,, FHol Sy
Ay Fo| FousfAdolA dF AnF Fod7A Y £8712H%). S FFIEASG ¢
F38 ABE SASS discriminant analysis® E& 2z A¥zte] pairwise squared
distance &€ AAste HFAEL AFA I gol &L & N2 Adsstd 1 nwdd H L7t
AE 2 AQez FE}AG(Ludwig® Reynolds, 1988).

6 dzte] REE A AR F£33sdoenz 37 Mo i 6829 discriminant
analysis7t S HAA LT, 6] Fo] WA Fo] ulnd o FEI A£3Q Fo] A
ol dHe ZHAE 1040 A2CES, A, AH, T, % 99, €F, 94, 3, 3
A), BARdE= 270 F(AR, §F), ZAEE 167 NF(AF, dH, &4, 238, 4F, 45,
FY, 9%, 97, 9, AA, 3, g4, Ax, HF, ), AAEE 3 AZ(E Y, £F,
A7) R FAET N NI, @Y, B, AH) F F B/ YL dyos g9 7
S A=sdd

.43 ¢ ng

7 FEUery Fol u4F HE

Fe UM Fol@dFt EFHoZ AlRE 1980 olF9 HF Fo] YAFe
198599 tiFd(1,313& A1)} 19939 iFEI37E AT 2 2 Zo ¥ AL
HbEstE A 1985 d ol F oty ZAdtE FAolth(Figure 2-1). Z7I1HQ @AY &
ol B Zae £9d5ve A2 AF Fol WAL €Y Fi P 2UFY g, F)
e EFAAE AT RIIES A S22 AR Folw @ Hild 7|Ud Aoz F
SHAG, & Aqdz 8t 2 Fo] HAF Fh Hgol wWS FRE 23} 18
A ¥n 23y F7ste RS FEY £ YW ol 2UFY Y ¥R} 24FY @
e W3l Fo] AP 2 YL nAe g9lo] H, AgER 1 Fr & %7 g
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A Gerdg AASTOHE 5, 199). 53, $o] AT dgHe PasE ol of

Yah, Mg mede $939e AR dugel me o3l $ol Yol

e 24 dehiE A& FAT W Fo| FAX} BaEA I Aoz 234y,
Yield(ton) Export(million $)

——0— Yield
12001 e Expon

Figure 2-1. Changes in production and export of pine-mushroom in Korea since 1970.
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Figure 2-2. Daily yield of pine-mushroom in Korea from 1990 to 1995.

ob&d, ol AAFL dAY HYEE JdehrlEge deol Fd& Jedd a1 g&
dels F2& e “sAYAY"e] vdeued, ZFFold 1€ F 71FUA Wy}

oldl Wial 2 JIE vAe Ao HuHu JYri (YA o|FF, 1995). HZ 6939
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S$ave gol HAFE dAEE AMEY,

Z Az FolFuirt AlFd dAY Fo|

Foi7t AlRE AFAA Hd FulFe Jded ARRAY 282710 & FEE U

Yol AR FYY J1FAAY FFE wgdsn AAHFigure 2-2). 1Y A 2Bl

e 19939

(e}
h v

didel Hl& UB FolFuizt AR #FL JIT W mpFY &

d, 2rigie shEol ARY 199430l Fol Fulzt AdAH ez =A AFHH 119 27

A F & ol FolFuizt A&HE @FE YEUd

Table 2-3. Annual yield ranking of pine-mushroom for 1990~1995 years by county.

rank ‘90 ‘91 'R ‘93 ‘94 ‘9B '0~'H

] Ulchin Ulchin Ulchin Pongwha | Yangyang| Pongwha Ulchin
(160.1) (54.0) (140.4) (26.5) (87.1) (87.1)

9 Yeongdeok| Yangyang | Pongwha Ulchin | Samcheok Ulchin Pongwha
(107.0) (349) (73.1) (7.3) (147 (55.0) ne

3 Pongwha | Yeongdeok | Samcheok | Cheongdo | Hongcheon| Cheongsong v an
(106.3) (25.0) (546) (56) (146) (440) | TAneYanE

4 Yangyang Pohang Yangyang | Mimkyeong| Pongwha | Samcheok Yeongdeok
(77.2) (228) (53.2) 5.1 (11.3) (40.) ne

5 Samcheok { Samcheok Pohang | Hamyang Inje Yeongdeok Samcheok
52.7 (20.1) (43.1) (4.2) (11.3) (395)
Inje Pongwha | Munkyeong| Samcheok | Ulchin Andong

6 Pohang
(36.8) (17.4) (39.6) (3.4) 8.7 (38.6)

7 Pohang Koseong | Yeongdeok| Yangyang | Checheon | Munkyeong Muriky
(343) (147) (35.8) (3.2) (75) (378) eone

8 Euiseong | Cheongdo | Yeongju | Keochang | Koseong | Yangyang Ando
(320) (139) @72) 26) (7.4) (35.3) ne

9 Munkyeong | Kangneung| Andong Pohang Yanggu | Kangneung Cheongdo
(283) 89) (25.0) 2.2) ©6.1) (297) &

10 Yeongju | Yeongcheo| Cheongdo | Euiseong | Wongju | Cheongdo Koseon
(282) n(7.4) 22.7) @2.1) 56) 274) £

* The values in the parentheses indicate

in the unit of ton.
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Y. Fol FolAANY, £o73, v Hu3] g

HZ 6dzte Fol YUFS AR, AYEEI A5 AAF] oF 66%, FEx
7b & 21%E A 90% ool of AHel IgHE REE HATG TAHAHAL AHd
HT 6847 ALFS £ 4% 7HF B3, ¥3H11%), FFB%), FH(7%), 13
(6%), £3(4%), #8(4%)8 22 detged, vid O €9 dFdxy 2254 35
Fol wet 2A ¥t AE & & UAHTable 2-3). FE7123% F+FHSE vYerd 90,
‘91, '92¢] B¢ HE &A% HxE S HEHAAT, o ALEFol F=HI
'939] Asodle EHAEE) A9 FdAA FAE Jebd WHE, FFge] & 9%
S v 'Y BPele FRELR) Ade] AF A2E AAGeE ol vEwd &

3, ‘9ol g7o0] 5917 WMoz Welw Wy, AW QA 594 oz AdstE =g

o

B g AN F, 23, 99 AL F& A, A, FH AW Fo] AR o
< A& & o

Z Axd TEo] FeffAd,E AHEY, 4594 FHE AP FAEAHo] 4 F
of #ulE A3t AFY B T ¥ WFAY] A A, A2o] AAA FA
AFLEd Eg3tE £Ad &8 x99 F¥E A TS ¢ F NG wdE, A

FHQ ol ALEAe] e '93dlE ArBRTE AAEHY JIYE Yol ¥E BE5S

2

Jetdided, ole WE Aol 83 7| At vlwd H3A GUud w9, )
AH A HF&Fo] AFHA AFL o|FA RYPD olFE HHET & UL Ax=
dY 8Y &) 712 FstEAe] doiREE ACA W F4.

HE BF Fol £ul7Ike oF 30Ul 23 FAX = A2 EA7Ie] du A%
AAAE ddAHez Fur|e At £33 FFS Y HAZVRE YA ¥
g, A3 T2 F2 A0 AA FolEAS dehd WY, Hen FF F& FE 209
oluiel #HL wAIZHE Yetiz ok &8, ol HA L & ‘93 AHEE Fo| ¥
vi71zbo] o dzt el of - AAY gol AGE UAIE A YeEbRth. B, B0 2
A FolEAol ARAT Fol BAFL dd HIFo R vAE= A& FolojA Fk(197)
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7t AEd A2AYE T FolFTe € EFXE AE F AL A2 AFHUY. o
2], 7}&o] A3tAl yehd 'Sdole FAHA Fo| EAYTIRo] ddd vig dFY F &F
A et} Fago] FolL A vlAE FFol AF3 F& J&s YehyUd.

AREHRl Fo] FufrtF e Fo| FulFE Azt wd Yedyd 2 BANEL ‘FY
o] BFERL 77 FHolH, 53 FAXY Ffde o Aol F3dt 1y
2 Folrt e AHS FutrIy shitrldl A$HA Fo] BAF HuHol Y
e, ol d Aol AW 'QGBele AF9 Fo] Fufge] xutd HdFE dYeldz
aF By Fol HA Faske Sol¥ FFE HEHUAR, 71EFH gEo RARA Foid
ol ALHUA ‘94l ‘937 vBlE FeolAY F&Y FHEK)E Het A &
(Figure 2-2). &, T&o] Ful7]Zt djy] suf H13 24U, G A= 713zt of
g ag A g g Ho|dE MPsta] Fol HIYE A AYTEY AnielE AFY

F J& Aoz F&d
SKos00ng
[od

Yenggu ” Yanoyang
. !2 A

Xangneung
QD ° Hongcheon °F tnie 8
> g
Mn)qu cnaonnsggn sancheok o
H
2t msnhw{\- foveongso!
'.—."Z'"“pon“gm Ce\utonin
Koesme Yeongju . V;on ng
- Yeoheon , ! 8
\ De Andong

oH
Nunkyeong

E €
Posun DCnaonnsong Yeongdeok

€] L]
sangu®0 Eulseonp
€ Kimoheon Ponlng
Fouulu Yeongoheoh” iy
Kyeonglu
Changsu ¢ "2‘3""’" Onaor.l;uo

E  geHamyrnp
Nemwon

)
SN
51 g o e
2 o
o 90
Figure 2-3. Grouping of major pine-mushroom production area by analyzing production

pattern of pine-mushroom in Korea. The same capital letters indicate that

each area was grouped into the same group by the production pattern.
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. &o| dgside] & A9 FE
Fol FuAAY T FYEF A8 g3 Fo] FAAG uFAXY FEo] A=

Fx 7hedtged, ol ARE T AR Fo] FUAAE 107 AH22 ARY + AN
tHFigure 2-3). Pairwise squared distance7} 1 el AYwHs 22 ddoz FEIIIN
ooz Fol FulARYAA, Ful7Zt, FullF WFFo] vxE FFE e lE AHo
EFE 7 AN

Group D¢t F2 742} B7/€ 94, &%, 44, 4594 234, 945, 949, 9%, @4
EXxdors Zrzh Bof glojA, A Al e vz we A2 Ad¥ £ UM
ok AR, GEA AAsn e Gt 44, ol 44 G E groupeE FEHA
onj, GMAGAA M2 dHR Ae FAF AA Fo] TAFFE =A YEETh
obge], ZASES Hu A4AAd &, B3, 9= 47 o& groupdl Fdted AHHY
EE7L Fo] HAEY 7MY E 4T A AL oldE ¢ UM

Fol Fuf MANLL A2 fxe JYFE @ol e Aoz AWdY + gUUen, 74

e

=9 f5ulrlzh ) ARERE 4 A9 YAEA S4 Fo AR A, T
e

e

™Y

o
T

% Ax FoldAAY 28712, AT xS 7RI dE HF AH9

4
A

ol 4 & wgstgch wetAM, thE JFAIAE At Fo| WAAURE nAY
o, FARQ FF, 53 &3 A4 e FY22 FEH AT gE Folit B
2y AR Aol ¥ ez AIGHAUG BE, 44 #YEY FAHA HEE A8
Ae 2 Ao AFEd S4elt 1At i B & nsteior & ot
53], Aot 714e AW M1FEAD O E ¢ USE AAHA(FAHA g5, 1992),
AAAA 715FALC1EE, 19D tEo] A= Ae Fo] 27dH. olF Hdd &
oAy Fo] A APAL d¢E nxe /MHAxY FEHE Hristna Fol

e Agste Z1FAAE Sets] 2y
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B3 Fol £E HR KEET BE

1.4 &

Fol9 F 2uAYA EAME Folo g A7 AL Selvete] Hgd ¥4 Y
o, 7|48 ol Fol HA mAEe FF i AF(EXK, 1967) T Fol9 wA#H
FF3e 80 W ATUIL, 1990)7F FE3] ol FoA gk 53], 19708 Tele
Fol9 A2 - AHY A4S FaA® aAMAHA 2w€Ec] WAHT 1990dd Xl o4
BRG]l SXAATCHI, 1991). AT, FL A7HA ¥ U@ Yoz BF3n &
o] JAFAuE oMAE BV o2 d4HT gon, Fold HAYS #A, FAEY
A FE9 A7 FEI] JAYHT Y AH Y.

FEUAME Gu) F(1975)9 Fo] BAA e EEXY 2ARAY dig B oF

Folol A4y F4& Y A7 ¥E8 QYo ged, B3, J4AAe Fayol
o

& A4l w2t ZIFRAG Fol A BUAS BA T Ayt gon(R¢d F, 1989
UHE F, 199 =HER olFE, 19%5) ZleH ArFE MY FoT¢ 8o AHF u

Aok olel wa}, YHY FIE Y 2xo % ¥ Vg 84S 2Hse AF A
ol &3 fAtdlM AlxE vt A=d(Ek, 1975 &8 5, 1995 1997), ol A=
€ T &-exd @32 BEde BYE AAY & AT F#FF AYrFely
AIZ1E 2R oz

¥H, 4F FA7IY R AFH software?} hardwared] THE dHY 49 ARE &
£ Azl At EAste] FAXSA Hole AAEY o AN dAH FME B
of &t ol 7Y HEe FAAL W dFASo FFI & £ UAA FAAHQY
THE B2AE 5 AES S4FE oyt Bon, 53] AR89 Yo| UF Po} 2XF g%
2 27 2P A diste 2 5 URE LT @ Fol9 4AAY
QA i e ATEAM T, 1989 @& 7, 1995 YA o}AF, 199)E AR
o ¥ddes st 4 HF JFEAES AT Fo] AAFE ABE UEo] AL
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4

A E #EoA d77F AYHUD o] EL Folo BAHE 7ARIAE AgHez 7
g 4 AUAY, A& AFAAE AN FHET & de A7 dF dFe F

2

ghatx] Rk add, 713U T #4972 248 HEHoE HAgdte AL
d Fole] AAFo] WEsE o|FE Bl AsE TEE F g P HIFHo=m £
ol AMAFE FAHAY AT e E & FA R A, Folo 44t
Ae A3 ez A3 dfME 2o FAAA 77 A 7€k A3 o= A9
4" AAZE Folg BAd AAAHA IS A s dig By, ol IFHIY A%
2ol 7hs @zt d@ A7 o g Aol

Fole 4 AUAZ Ad EF 8 gt & FAAEE dehiER Fo] AaFd
FFE A 71FAAY FHRG AEE A g g2A vdeguEs el Fasio(y
d 5, 199). ool me}, & AFeME Fold AUNAEE AT AAE dxE N85S
45t Fofata ol EUE FolAtde EAANE FHIE WL RYsax £33
3R B8, dAATE T SHREFHY HEV AYHo ok Bl IFE & URA
T, B doMe dd 4 AHEE Fo] Al M & 4 viAE A& of" R
A7tell djsto]. shotdt E& 2%

2. 4 2 'y

7b. Fol A%F 2 N¥AE 3

Folo] ANFE F&3] deotstes A dAHor EibmdiAY, B

i
s

&0l
dHHeR 7+ T AAY dHE BN o, TFHZR P Fo] Fr|EE o) &
ste] Fo] ANFE FBY £ Uk old we}, B AT FPE sd 2 FEE £3
g 19909 FE 1995d 7R 9] 6707t V1S AR Fo] FulV|H S olgstgan, o4

ALdygoer Qe AFFol7t AA Fol Fuke] 50% olF A 1993de] ARE

Ag e ATE dZFolzt BA FolBe 5% oluolYrlol FeFolRe o] up
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g A8 883t

ZNFARE 714 NFAERY] JZFEA2Hel A5E 4 F54 2 Jl4dg 7
28 g83ged, $ol Ful71So] AMAREAN /A7 g 20 Yoz MAFRA
T A4dY 2F4A7 dE Y@ A29 JFAEE 24T BHRYoE HA
g A9Le &7, &3}, ¥F T 27 AFolew, Hure, HAIN L, F#INL, 3+F,
HlEE, TEE, 4xF, ABLE, AF 5cm 2%, AF 10cm 2% 5 10714 71528
g F38od 240 ol g3t

Fo] AAdAMI} YAHHE FEL 19 A 58 29 Hol PAFA FAZo|7]d 1~2d A
o] 71FAA7} vlAE JFE g Z Aoz AAAG AW, FAAR HAEH £
ot Azt AUE VAR At Fde) YR S FRESY dFL Sl Fo] @
A AJJAAE geotstgdch £, ol AF AAHA gon ¥ AFdME 7ggo)u
S dBeE EMsHonz 99 1099 Fol WIS FTHEFE AT obgd,
d¥ Ade 54 dole Y FulHA G FLE ANSH, o FAE FHIEY
ABE BMAA A A

. S0 g% JlFade] #AY 24
Qo) ol ANFL FY JFANRY L Bol wevn AZY + AA D,
Fol7t F olA A/(FHE ¥48n AUAZ £8H0] $¥a717AxE deigel 2
dez £&87 MAAe A4ARE s Aol wgAsd Sole G HolA A7)
7 W4l AAAZ 4R Aol xEHD o] WA WX o uge szie] A
A WTHOMI, 19D, @A, Z AFRRE ARE FI $ol 44Fe] AL 0
ga At JFAES lag ARE WY YA Ak
7 A2l lag ABE AR 09744 F4HAeD F A8 sHeH £47 dowe M
Ao JREES Hetsrl Aot @ AE R lag ARE AFH AE WHHAL o}
o, 3% 8% ZAFARTe opyet THE AFGPo] UL ALE pAso] Y@ ¢
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AE 7IFoR dFYY FHY 7IFARE YA MELE AEE A4St £ o
A HYAARCEH 71328 BYE lag AR} opAAAZ A 309744 F3tn 7
A5 AFA AR HEAUG.

olgigt MAE AX AYHE FHHEFE FAL TAHE o1& AL o 20070 S
T7F A EHD FAPAAG FAPTAY lag AR E AHEF A= o 60070 H3 e
STl e, mtA, ol SHHUSTE EF AE3o AR E e AL F
ogujsta 2 stepwise FYE ol B3t WMFE MUY okge, & JIFAE, 4 JNF
lag2g, FARTA R 2 A5Y AFFES o8 FAYE WS Fo] AT A
2 4¥ L T dAE F4E, stepwised o| & 4 ZYWUTo S T3t AFA
T 080 ol4Y HARYEL FTHAAUY o W Fo] AF AFRE AAE ARo2Z Q2
Apgtel] B3 Aol a3tz A7]3 AL A Y (autoregression) S AHE-3tA=dl, AR EA

2 SAS packageE #8319 HSAS, 1985).

3.4d3 ¢ ng

7} FHE E22 ol8W B4

dutqow HA Wolo FHAE, Kaiserd 73, Scree diagram & HF3H & F
Aed & ZAS AW, 7IFAEG FoiFS dHAZD B AR FeE At
2 A RHE A0 ostdq ¥ £& A7t ol Yd. ol meE, FE SHYMS
o F& FA37] Y43t A A 9 FAHARNAAE AT o]E9 AFE ALL3A
stepwiseE F&tq MFE dHIA

ZEANQAME, 26709 W7t HAHAANT ARALC)E 0540 HERT, 7MY o
gol & ¥y A 1 FALEY AFS ZAAF 0.1201Uck. =3, AR F A= 19709

A7t A AR, 2RATE 04184 A 1 FAHALE ATl 0149 9 ERTG. F, of
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doolA B ARl A 1 FHLEY AFol 7HY & ZAAFE HolJle AW oF
o] d9¥Le 132 w3 den, & FAHEL oY ¥WFe 2Po2 o|Fo|x gloemz o
ol dE YL of ¢ olPg. 53], 4 A8} & lag W FARA @ HHE 4
A d&d 4 FAHE] AFS dHEHIIE wE oG gy, o] HEE T F8
ZHe] mopd A @AY stebe AF FL EAYo] old Aoz FEANS F YUY

Y. A713H Y S ol &d ¥4
4 AGE2 7NFAES &4 7|FAEY lag A, BE 9FYNY FAABE A

88t Fol A4 FAYE A HmEh o]E9 vnAY dAFEES ALY
ol Hlste] dF U] PR L ALEHAL W, SHASF Ad dFHo] YL A
AR ol FAARE AHREHAES FF FATHLZ $o] HAF AP FE= 89
o #71 F71d goz AAAY. =3, HFASE ALSHIAS ¢ Sxd ¥ dyd
ol IAEE AT wd Hdtd F Folv oYX AUHog ZoJE AEX IR
2o dgdo] A sted 4% v Aoz Y44

FH, dFAG(IF, I, TS SH¥Fo 4 g AP vstd i}l
g duol o 2 Fe7t AN o Afele 1FEao] YA gL nAtn
T 7 ok F, o AYL JFEOE YAYAFAAY tdE 890] Fo] YAt o 2
FEE A e A2 AAZAY dgA ol AL Add AL Yoz HF L o
€3 A7IIAY =YL AP en, ArARMAN SYdsol o Mol 08
oA 20 AAE ddez 7 =¥ e 4 RYg Filo Ao Y FugYol
2 7173AAE 2708 vS3 2o

ZBENY : FEAYE G o lag HEE 088 ZY(lsh ARY)ol viaked YF
A} FFAA TANE 03 DYl YTRY)E A8 A9t AYYo] w4

(r=090). BZEYS ALY F$, 714U BAY SPUFE VA7 TgPUon,
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Fol BT 71F & IFE F& ¥FE 8YH NF 10cm9 228N P=029 oAUt
YAMNY : JUAAAE HERPYE AHEE A7t HEFol %em(?=091), 61742
714A e ¥ SR TEH/UY o] A QoA Fo] BAF 1Y 2 JFL F
B AL 1994 354 AFA2ZA r’=0.19 oAt
AHNY : JHAAAE FFEYE AT 27 HdFgo] %on(?=090), Y&
71 et BHEE 4309 SHPEFE EHACE. o] Qo] Fo] WAF] Y & 4

o

FE AL 7494 P Le AFos FEEgon o wigo 22038 ol
HAXY  GAANGE HFRYL AL F 9o Aol Egom(rP=0.84), o] 23
ol ZIAQzts} B 21000 EEuSsr XE/UY. 2 F Fo] HAF A Z 9

Ae UYA FFF AFAZA %=0.18 oAt

-
i

Mo @ RFAGe AARE ol 88 A% YFARE o§% A9 AW A

M

o Bl g H(r?=085). 71AAAs #HEF 20709 SYHSFE FAE HFRYL AR
A8 AVEY, Fo] BAFe MY E dFE T ¥ee 279 X729 AFA=2
A r’=024 oIt

SANY : EAAAE BFEFL A}EF F$7 Aol 2%ovi(®=090), o] AY
& 1gols B 19709 EPWS4E AW 2y A2aAch 2 F $ol A
g 2 FFE FE AL 698 59 AFAEZA =020 oAk

BRXY  yexge A8y FFL ALEH R¥o] Myo] 2YTH=084). BT
By ARRE Z ol ALEE VRIS #AUF SYUSE 1THEA RG] vldid
HAAed, 2198 Z5Zd AFA7 Fol 2D 7Y 2 JFL FE AF2A =036
o] At

SN : BEAAYE ARRE ol &% Aol visly HAARE o] 83 HFoo MY
go] tha ERTHP=089). 713U BAP 32709 EPHFT THY BFEYL ALE
g B, o] 4B 7Y 2 I¥L FE M5 18YAY dxFoen, P=020 o

At
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AN : AHANAE FAEHS AT A7 ddo]l ERon(r?=090), T
go 7|AdAe AP 3879 EPUSFE T AU $o] TAZ A} 2 g

e Ae 9Ud P7Fr L9 AFAZ setHN e P=038 olth

L
=

AN

)

IEXIC @ AFAYET FIFRYL AL A7 APl whovi(r’=085), 7144
e #AT 210 SHAFE T AT M E IS F= AL 74d H7AU)
€9 AFAZA P=021 oAt

UK : JUAAE HARYL AT AUt AFPol EHeni(r’=087), 714
2tk FAF 41709 SHRHSI TEEHUAT Fol BAFA MY 2 8L F= dAE
1597 B5Fe] AFH2ZA 1*=0.23 o|Art.

AYXY : JHAAE PFEYL ALF A7 APl ke (?=089), 7144
ol #AFT 2209 EYUSFE XEF ZYo|UT Fo] LAFY MF & IS Fe
AL 1794 9zFo 2N =014 oAt

AKX Y : JUYAGL YABE o] £ EYY HAL o83 B¥P Mygo] v
A TH?=093), HaEPol 27sE 74U BEGF SPAFY FE @ 6742A

AL 22

AdAdez a 71 AU HERYPAME Fo| HAZ MY 2 9FS F

rle

dxel AFFoz Yeren =053 £ of$ X3kt

SANY : EIANYL PFRYL AL A7 Aol when(P=094), Fo] ¥
Aol 7t 2 9PL FE RS 20UH F5Fo2 HohHAUAT F=0172 vy @
steh. o] Ry L 714} BAY 6509 SHUASLE et Yok

AMXNY : dPAAE PEFEY L AL A7t APPol wow(r’=095), 714
st g 5270e SPAFE AT o] YA Fol FAF Y & YL

= W5E 2194 34F AFAZA =018 ol Ut

B
32
rr

UAMANY : JAAANAT FIEYL AL FP7t IR ol vldte] HPHol
H(?=094), °] ZY & 43709 714U} BHEY SHYUFE XTEWh o] F Fo] MY

ol A% 2 4P F& AFE 09- HAV 224 =023 oYk
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HUXNY : FAAAE FFRFEE AMET A7 Aol 2R on(r’=094), o] 2y

2 7180 #¥E 5200 SHHMSFE XS Fo] wAF AR 2 Jge F

e

Aate 1098 243 AFHNZA P=035 oAk

HENY : AFAGE JFRYEE ALEF F97h dgge] hon(P=0.77), o] =

oft

< 714 B-¥E 22709 YT E X P Fo] BYF Mg 2 Jge

N
e

AEE 1994 ZFBoa A P=017 oAt

XY : A=A HFEYS AR F$7F 9o o E3ATG?=096), 714
At BAHE SHEFY £ B AFoM BAE 2070 A 7L Mg e 048
TFsta vk F BY BT Fo] wAF Mg 2 dF¥ L T AdE 79H YA
o] AFAZ B4HA

FANY : FYAHE JFRYE AL B Yol Ehoni(r’=096), 714

Aot BAE 42349 ZYATE 2H3AU Fol BAF NF F gL FE AL D

flo

AdH HA7| e AFHNEA P=027 oIt}
EXMANY : TAAGL ANEY L AL A9 Aol i (U =087, B
ol . XEHE 7| 4AAe) #EY SYULE A2 AU E£3, T 23y TE $o)

1o gAdAe PF7|LoF Yy

AFo A 2 4% FE 3

>

% T
AE 71 A& Fo] AT AR A, wd 519959 ¥ aolAM A F
g AAY Folrt F2 AaHs A7 9¥elt 899 A Foly LD BAHE /%
AR7E Fol Aatdel nixl= ol F& & = AU @, Fol7t F Yo Hojx: 2

28 71 FAR Fol HAFE AARE ol oz AFY WA @ @ oldRe e

r+>

AFAAI o 2 92 A F, Folod WKL & ol BEolAM % g2 2
ot AAANE YHRE £IAA FHY AFARI Solg AABE FHVTGE Aoluh

ol Fol7t BAstE A7 EM ZAF iU BAEHE AL zHPo2H F
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il

o9l BU4FE =AY + US S AAET. Folst AAET BE oy old BAFE B
& ZrFe] 4FHE AodAU vld HE T Fio 2x2HE 1 $olo YAy
< WA @ 5 dvE Aot FAW, ¥ 4P @rlHd d5y HdAE L §
o] Folel AAYE F43] FANINZIE o ¢n, dtA Hrt B Yz Fo] 44
Fol 4FE e A& AHEY. G AT A7 AR FFL v E Ao
obyet a2 qAe FHAE Fo] ZAFd IS F7] "ol ndymg 4F A
2 zAAA A3t Fol WYYol dvht WA H o, o] FFo] AAAA A&
7kl didt] AL, E4stEAM 2 A& £} Aol wpEAEg.

H, &4 AL Fol TAF IFFHE FARE AP Ao g} gaog. =3,
Fole] At JjAlde] Ao me} & FT ndA XHag Palodol sk AFo} 9
Fo AHY FE 80159 A ol Fo] AT MY & 9¥L vHAnn &
Ade 4AHA B AL FFoA ¥ w2A g olop gt Aupsid, ¥
Ao vste] mHE YA Fol LAl AA Az, 53, Yo 4AF 4F
t HK® A AAE Ao vgtdx Fo| Lol A2 kA Az gEoln,
ol AFE HET UWFSALY AFSZHPEET FAS AW b8t =4 @opA]
=ull(Z143, 191, Fole F &9 2571 Fol9 WNEH)E YA S519TC U
ol olz2E Ao w} BYHI] GEo|G(HE F, 1996).

olgid UL FHHez med, Folvt 47 WA NgL 88 xRy $o|
g @Y t7] AlEtstodol sty Folrt A A e 89 SEREH $olild I
HA FAE A= UG Aoz AN, AR, A2 2 Zole Hojx BEL ¥R
Fong RoE R Fol7t B3I BE HPHY #FZzH 2Ho FaYL gsn
vlg] Fzpsts Aol upgAdin. =&, shihel Aelst AR 3o Fol B F N o
FE vlAE Zol oldt XFolde Friztel HA Fol BAFY FYL Frz 7 H

29 FFARE 1AM Z Mg dPstedol do



£ 48 RERWTE BREY $o] BEBRERS H 2 BE

1. A4 &

2 AT7HA ERe Fo| LA L & Fojit B E FIA Fo] HANE F
dse Aot ojdl we}, Folitdl QUABJZCIMFIR)S 4% Hylon, & N &
ol TAYHAY Aol tiste] Lolrm, Z+ AHd Fo JYJAAZA FA L= YA A
o] FFHo st Fotd] Bth oY Fo| YAde FAse IF /14AAE B
¢ EHS dAXos AL FAEI A JEE NEEy] A A4, olHE £
€ 437 AaAMEe 4F J13AATE 9FE vAE Al A FEe siojo] a7 d

ny

a3y, 713AAS dxd WHolu HI oAV FE AL dEd RS B A4S
sgata dn 2 2AE ¥E AL/ Brh 53], Fo] MAFE 2x9 FTRA9 o
oAf W e s detded, os Fold s FAVIFA AUFI BF gz
D2 AEo]7] wEolnt wakx, BHAQ AAAE B3 AYuF dFE 2FE W)
A2z M2 ARE T HFol 27HY, AT AFAFE AR d@FA o) AA
2 E87HA7F ddz & & Aok old wet B Aol e AAHQA s8Ry JgH S
AFstnal, 1990~1995(6dh el Fol FAFR 71FARE ol &8t 19969 % Fol A
AZFE dFetn, A4 1996 =0l AirE Fol AAFH vm, BAE B3 dF5ERye
AZAHA /7ML AEYA

Al 3 Ayl AAsIAROl, A B d7Ho] AT FARLY L EHURY Fo] A
AF AEE FTEAFE(FUF] oW 0" AHR)E oo dPHE JIFARE 5
AE2e 2718 7A EYoldut. a3y o] RYEL ‘96 ARE o83 AAAN dZgo)
dojAle Aoz yetwth matA, ojz{d 93-S HAsr] Aste Fo] Aol A
e A7l Aae wWAAFI “Fo] Al AdTE 2WE FEF&e AETLE o)L
F2AR ZA73H RY,8 AE3l dE T HATE 5 HEE AsE
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2.%9 - 238 A734A =9
Autx oz AALGEN AIEHE REE 3A F/AE YFo A AAE 27
31 = ¥ (autoregressive model)E ol &= Wyoli, EAE Box-JenkinsZt A A
7138 A 2] Y ¥ (autoregressive integrated moving average : ARIMA) E3o|dt, I
gdu, ARIMA 230 & Wie o] A4z AAY A87 54 Yot Yegyez A}
€371 oY ohgd, B A7 2 44 7|FAxete] AL FE57 9
3l Al ¢ e HolgF EH(ARIMA R¥ A S dIHEs A59 dF
AA BYste W) SYPEFY 7 UF B8] 9o Agol otk melA, $ol
A8 E A YU AFA BYo] g A wioln, 3HAME o W (A7)
3 28)ol] 3t FolBAE AFsE NFAAE Wi na AZH AT, Fo| A
Abgol e BEA Alwg st A& stojoldt MU A& AAE =22 £ 4
€ AoE AqdAFCH, old wet ¥ HolM= =5 A7 REPY S AL Fo] A
AFE A&z Axsh
Y, = Bt B Xut ...+ Xt a X5+ ... +e, <4 21>
3o A AdistgRe] Yol udte HFRY oEYo| ghonz 7UTY H
7N EABE ol &% A3 H BY JEELS <4 21>3 o] EHEE £ QY. Y, &
ol AaFoln X, = 7939 HZ /FAEY oo BE lag ARIH, X5 & R
NAFAES lag A2 AFL duj@th o] W, = 2AFo2 A713A RY(AR(p) B
g)g ged.

Ytl (Zt=1) = HO+B1X“+-..+01X?1+02X%g+... +¢&,
<A 22>
Y{l (Z{"_—O):O

g, 7124d A78A By AF dFHE FAE7] Astd & HolMes 2dF

NAE 28& zgstded, a5 AAYE 282 <Y 22>9 o] EHEY. o] o, 2
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Ade e~ARpOT, Z=(1 0 ARE Vel 29 ARRA 2us asaz v,

B Fol A4%S deiz, X ;= 743 FF7|FAE) ol @& lag ArOIH, X7,
< 2 B 7| FAES lag A5 AFE Yudch A4 WS Ze Pako] AL we}
s "Wl FEE AHRE7] et 7R UE WMFR “Fo] Aato] QT T “Aate)
A" E Jdetlis Wgoltt o] ML 3 <24 23>9] HA AL =t

A

Z,= B+ B Xut...tai X+ as Xo+ ... +e, <A 23>

=[N

o W, 54 g}, BiE ANM BAW Ras TS s "B AlgERoH o
B4E Amol YA 2H0] sbsath Ed ALY SYWUEE W Moo ozt 2
& & Qon, ddd ¥aE QUFS At WE SYASS 2L FE T O 4E
a1ck,

2 AAY RYo g d2e 20 SARE AEsA st o B ojEe
ogt 2o 7t e o) ANF 2HNE PiAn 48, V= K V)= Vezor- 57t

o —_— R —
"o A7 Yz = EKYIZ,=1), b= PZ,=1) oIt}

E(Y) =EE(Y)Z)=E(Y,| Z=1)- {Z,=1)+E(Y,| Z,=0) - (Z,=0)

=E(Y,12=1)-p+E(Y,1Z,=0)(1-p)
—E(Y, | Z=1)p, ~B(Y,| Z=0)=0

2, $ol HAFl AL BEY FAAJ Woh wakd, Fol ANFe dEE Fo|7}
4AETe 22 slMdd dEFl ot 44Y FES FHOLH oA H: A
ol

W, AR 49T 739 shaolA AR & 5o, 2AY AAL LYo o
Aol B © AL AUF] YL BEY GFHol R A WH, qZo] F g A
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Qo Ffole Fol AAFo] A& Eo] dFe B IF L F+= Aoz ey o
A, B AH/EE Fol7] AAME APl dS BEY 4FYPL Fol: FHAo e
sttt o] & st YU Fol UL FEo] KHAVIF A% gu L AP o] ez
Agste WHS =AU o] d, dFo] & € YA opdAE A= 7] FE
A eed, 1a13Q HAAWHeZE 1Y E 3o YA sjdo|y HHo] Yxls:
Y dFo] £L& ez HrHAY But AU FAYY o2 MAPE(mean absolute
percentage error) %= MSPE(mean square percentage error) 52 o] &3l &2 x99
MAPEY MSPEE =&3= AHL 4Fo] 8 Aoz EF&d. o w, MAPE ¢
MSPE= <2 24>9 <4 25>& T3d F8d & Ao,

_1 %, Y-Y

_ 1 Y- 7, 2
MSPE= Ng( Y, ) <24 25>

au, AW JEol me B8 0 Aol FEAE AW HAs] e 2

A

Aolth B AFdAME 04, 05 069 5L 71522 A ojnt &AL AL g “0
o2 Ut ol HFEFH HAAHA BAFY H|BE 5o AFHoE &2 F UYA
FRAZA Yo wgt g zFelzt AU Al 7R 7R 8o 2E HEHA

3. 2% & 2%

7t 235 AAYG 2o g ofF
Z3F AAE 2o @ Fo] BAF dF A, 2YEE Foo 3L g7
aFe2 s 7 AN <Al 1 2EF>LE d&F o] e FAE A Y, F a2
FE AQL2ZM, BT, AR, B, 5 T 40 Ade] AN, Yad dx(YY)
ot A", AHTERR)N A dAtE AFolUdeh <A 2 2E>L FHolY HuL 4
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A3t & gko] YA AT Fo] YA dEFH YAFY dFo] EA U AL
AN, 24, 998, 24, 949, €3, A4, ¢ Fol TFHJL ¥, <A 3 2F>L d4F
F3 A Aol Ao dXA g AF, F dFe] & ¢ HE 9oz FH, B
3, ¢tE, ¥%, 9F, 93, 7, FA, AH, ¥, $H Fo] TFHAL ol dE A
259 F £ 289 PHEMSLR dF ALZd BF FrHE W] oHIE U
A NG <A 4 2g>27 FEFS £ AU

<A1 2§F> B4 AYE AHpy, Hxo WpMde oty AN W Fof
Bl ste] 713 Aol o Melg W F7b of 9 2cH(Table 2-4). ot&2, WFA
g% ARAF(RY ol uis A7 AN A AAAF(RY &ol Fol=t FFol Y
Bt oleid dAL, Mg WrAdgd o3t ARE WA sk Feol A
Aol APHow JF& Fr ¥Wyvt SAste ez AHE £ ded, ddd N4
EYAUFE ol AIAAZ AT § USE Andrd. FAY, FEE v 4
N NG BE AAHQA o] Akl ojHolut o] Fefl Fo] A e AANY dF]
slo] Folgate] Alztojut Eoll did AEE ojZo] ¢hEE Aol Uebkth(Figure 2-4).
ol AAHog Fo| AAFo] UF HolA FolFujr} o|FoixA gEdH JA¥ F=
QAL =g Fol Fojrt o] FolAA Fe& FEe FAFo] olUmZ ofd UF BF
#HHo] WAad Rz AAAG

Table 2-4. Autoression results for the prediction of pine-mushroom yield in group L

region selected R’ by autoreg. R* by R* by
. . . used data
(county) |variable no.|selected var.|variable no.|indep. var. | autoreg.
Kangneung 55 0.9140 9 0.2232 0.8866 |'90~'95
Keochang 28 0.9253 6 0.2267 0.8350 |'90~'93,'95
Poeun 9 0.8545 9 0.6214 0.7671 |'90~'93,’95
Cheongdo 50 0.9438 22 0.5643 09156 |'90~'G5
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Figure 2-4. Predicted vs. real production of pine-mushroom in the region of group L

<A 2 2F>L AAHo2 WFHddo] g ARFAL(R )9 A7H AN & AH
ASL(RYZF <Al 1 2§>00 uls] 2%zt "ol A vk(Table 2-5), P2 <A 1 2§>7
2 Aol& Holm YA ok, IR, <Al 1 2F> £ AFol vistd HAHQA $o
Aol Q17 olHMo|yt ol F o Fo] YArFo] ol e RALZ o Fo| Hoj(Figure 2-5)
844 dzelztn AAE7] oKt A, Fo] FojFo] BE A7[(9Y F&E~10
4 2¢)9 ARe Hay vxd FAE vetdo] AAXHA Fo] LAY AT diZo
g BAo] o]FojUdd <A 1 2F> Hlgtd ¥ IAWN dFAoz ALE &
AL Aoz AAAY.
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Figure 2-5. Predicted vs. real production of pine-mushroom in the region of group II
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Table 2-5. Autoression results for the prediction of pine-mushroom yield in group IL

region selected R? by autoreg. R’ by R’ by

(county) |variable no.|selected var.|vanable no.| indep. var. | autoreg. used data
Koseong 24 0.7511 12 0.2619 0.7544 {'90,’93,"95
Namwon 21 0.9037 6 0.2880 06566 |'90,92,"95
Munkyeong 16 0.8333 2 0.0573 0.8497 |'90~'9%H
Yeongduck 28 0.9176 25 0.8030 08884 |'90~'%5
Uljin 34 0.8899 8 0.1994 0.8986 |'90~'95
Euiseong 27 0.8944 19 0.7991 08865 |'950~'93,95
Hamyang 35 0.9314 18 0.6380 0.8947 |'90~'93,’95

W, <Al 3 2F>2F TFEY F ANY AH, ¥, dF, ¢Y, IF, 94, €F, A
A, M, 2, FHAGL <A 1, 2 25> FAHY Fol¥E 2] A¥d. a2t A
Aoz Az Wsddel st FAY WS $7b <Al 1, 2 2F> vls) A3 A
oz ArEANe g WMy FE FoAEA U ole ZAHE Fol AUF
of mlxjE gde] FopAA] e RozA 7[FL] Bote & 8ol ¥ & FFE v

=13
0T,

A Aoz ot @d, J4, 44, 99, AA, FeAde <Al 4 2§>o=
Fegen, of Age JuFel UF AAY A2 BFEse 45FF vwsy] o
2 ek,

olgte] 7t oA Fo| ANF ABAL <FE 1> e

. Fol JAZE JIEA A7 g4@ A4S
ZAF AAYE 2o A Fo] AAF dFo] dAZ AAAHYA Fo] Yol ¢l
SolE BT Fo] Aol A& Aoz dEFHE o Yoz JFAE T FE

@ 23, $ol AaF AZA 9} YA ALF] W FAS A, F o] T @ AY
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L 1270 NYez Y8 F UM o] NYEL <A 1 2> 2 FEIYEY, o] 2F 9
&3 AL BT, AR, 14, A, G498, 4, B, 949, €3, 94, I, g4 5o
A 718 248 AAYE BYE o8 o <Al 1,2 2F> £8d NY 254 <A 3 2
ool &3d AA7A 2 £ AU 2 B3 b, AHE A AHoly
e Fu e HAAZIZE a4 AAA e BES UEHUY <Al 2 a§>es P
T F AMeH, ¥ 37, 93, 4F, A, 3, 3 A= dESH A gakgo)
A2 dAstA ol HAZ &837] oA Aoz wUHULG

d&o] & He <A 1 23> &&55HE AL o] AT AMY &L FHE&
o Higte] A AT T8, o] aFl £ Qo] AAHo g s YAEY wWE F
o] Aitgel 7hsd AHolgtn ¥ F Uvh <A 1 ZFE>C &3 d9 Zb oz o]
AU EAL <Table 2-6>° Qo%3ted YehyA o},

Table 2-6. Revised autoression results for the prediction of pine-mushroom yield in

group L

region probability MAPE MSPE ‘96 '96 MAPE

(county) limit (daily) (daily) real vield | predicted | (annual)
Kangneung 0.4(1) 0.81 4.17 392 325 0.17
Keochang 0.5(2) 0.66 132 157 148 0.05
Koseong 0.4(1) 3.71 56.8 170 180 0.06
Kimcheon 0.5(2) 0.52 0.41 58 41 0.28
Namwon 0.6(3) 0.78 1.59 49 40 0.18
Munkyeong| 0.6(3) 0.39 0.23 14 139 0.10
Poeun 0.4(1) 0.52 0.43 14 100 0.34
Youngduck 0.6(6) 2.66 98.6 1331 1526 0.14
Uljin 0.6(3) 2.15 834 1331 1143 0.14
Euiseong 0.4(1) 0.4 2.05 137 98 0.28
Cheongdo 0.6(3) 0.67 097 261 213 0.18
Hamyang 0.5(2) 1.00 1.64 34 58 0.7
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ZE AYE ddeoz 7 Aqd HFH oFHS AFY 9, 4} 2L 6712 KES
AAstn 2 AFHE vlasod o= Aol 71 HgeA AFsHAt

(1) prob = 04, hat yield = p X hat yield’

(2) prob = 05, hat yield = p X hat yield’
(3) prob = 0.6, hat yield = p X hat yield’
(4) prob = 04, hat yield = hat yield®
(5) prob = 05, hat yield = hat yield”
(6) prob = 0.6 , hat yield = hat yield

o W, prob = O &Eo] 0T &L A S olo] HYss HFEL ‘002 VUG
© oujolth. &, That vield = p X hat yield;® ouj= YN4F e APl g
g zstoldel gage Augel e BEL Fohd HATAHA $o| AAFL 2
& 310l3, That yield = hat yield, & #8¢ F&x 93 a2 23R ANS 23S
Fol YAFo T 2T Aolg oY £AL <EE 2>9 IYZeE YHUynz Fm
st7] wheteh,

2%
=]

: §EWsgtd we aze WMELS QU3 2HZE FE F{AE, MAPE ¥

o

MSPE 25 () 20| 713 Zd A EYoz Yelydt. HEEY oldd uld 4%
ne R o] FAHAULY A9 ¥z

HE - 8833d e JQ=9 ¥3e AY U3, aWZ FolM 7HF Hge Ao
2 qdAAE 2¥S ¥FH Q¥ 2doltt. ¥, MAPESF MSPEE A#Ed (1)®¥o] 7}
A e #e T dey I Aok 2X ¥onz AR2A Gt ¥ £ A A
o] e MAPE ¢ MSPEXE 79 22 & 71Xz o HA A xzo|zt W=z
ot FEEY oldY aHZe A vlRHAHAL o] AT AA).

04 g ZeAy} MAPES MSPE 25 A9 vlxdtn eat5o] the& A e u]s
€ @& 7AYol & 2FE AU gD, BEEY ojd9 ¢H meERE ol
g FEEY ol Flx A HYstA Rt glo} & AHFHe & ZFAE Yedo
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U FEY W3 wE Tz WM3le 12 3A Fou AX Fo2 HYS U
= @ 3 23] A 23y 2Ad. a2y MAPES MSPEE I eistdA o
Al ASEd (DE 230 AA AAEFH o vxEE & & Utk AAge) g AAG
% o|&X9] MAPES} MSPEE AHEW dFAE #3HA 22 ZAE AL JFalA
o A&yt o FA U FEY AV|ME Hoe dEgS FA @RS wsk Yat
ZFo| &AM Hots o of AAgA e dE YAFE S F AU FEEY 9
Aol vl&] FZ € FEY oAt AY A4¥EA AAHA FE:Y At FE Y F
At

Ul oz Aoy MAPES MSPE 2% (39 23l 713 F& 2yolats A
S BAEoh au HA ol dig MAPES MSPEE (W 23 o] 713 &2gg 71X
T do] HA AAFeR Bow QW 2ol 71 AA AAF stk 2ol £
G588 EYFoEN AR nYRES AANA dF THZIF AA Y= Yo 7
o] 77t A&t

22 : 21, MAPE, MSPE ZE EAM (¥ E3Yo] I F& 530z ge »
P g zlolE HA o AYL tdE AQEY Y v FEo] dis JF S o] @
of B&Eol w& Hggol FoF Agolth HAl i SUNA B G 2ol A
A A St 2HS AE YT FEEY 2ol =] A =y vlE AA
AEF g Aol EFAIAE AFAE S¥sA AAFo=H FEEQ A EL
BoFEd.

BE : o] Ao Fgol wE aHE By Wst F35 Aok HAAEY oS
ool 28 7F M vl RPL (6)H LYol MAPES MSPEE A3 2W o]4x)9
4d3%& g e MAPEE H|2d (1)~B)E Hx3tt ol 44X d&F& @o| ¥e MSPE
7t 333 aA Jdeld AL oA ESAE YASA gt @ o] FA 7} E At
o5& AAF ¥ RYPAY S t}A] FUH MAPEV 323 o5 Aotk AA Arkgkol

zudd 2ow @s G¥ 2ol /MY Agsth FEEY oWF oF FAREe
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ael7t ot ¢ nYREL F AAHUG.

25t - 8ol & = W Atk 2RH= JolAM b fittingo] RE BF
& (3 2¥Polm MAPES} MSPE FFdA Bd (D )W =3o] 713 e #te
7R3 glevt Q) @ Aolzt YAl &) wWiEd 2dZ AN s F& 2Y (3)
W 2gg dYgg. dA YAFe] FUAA 299d )9 G)H 2o 7t Ao
gE8xe] ST AA g A 2R FL dFAE AAY +# Uerzz g =4
ol #& Hg AFAE AT & F o

oty : BEo mE Y= WU G 2HZ YoM JHF Hio) Y AL
¥ myolch HA YiAFe SWM HHEUS o= Q)N Yol AA A s}
F 23 435 F31 o 23y MAPES MSPEE HHES @ 38 23 nu
2 2ol WY F2 & Holn o] U 2L HH zyolzt A& rlde
*é%z‘& Hol Q1A 2t FEE TUEE U ASEFPo] 43 AAZY} nsaA
3 gH melFEo] AAHJUD.

UY : aHZ FAAM T JEIER O] MAPES Hl&] MSPEZF 4933 714 oj4xle o
ol A vAES & F U2 HAZ AAGRYG dFgho] 43d] 22 WA Exstn 9
of drjME H& WS ol&dtd ASFsfor & A Zo adZ FoHEe YA 2Y9
g E7r AAg M stk £ Stk ¥ o] (Y S A AYarE SHAMNE AA A
AFa S Aolg Uz o #EEQ] A Hld & H mREo] xHIHAULY,
olz] ©] B2 A& siof & A2 YZEY. oldFd o] YElE ol YFAHY
FolFe AA FEAGY BAFTe] oty FH AQoA 1 & 74 EEF o
ol fYHZ led 7ddte ReR gAY

a4y : A @M EF L vwdd 2YPZE FHEE QP RYL dEAyg A
Al gtol A8 BE FRAA 2 #E B N 6)W BYL A9 &¥sA A dAY
dqE&X7t ol & %S RYLEZN QLAE UrE gto] AA #ds T W Yz A

Ae @ 23] v] ZE dF2o=2 Holy MAPES MSPE &4 & wWe Q¥ =
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Yol o 28 Yoz ueht ok AA A4Fe WA Eod (W EPugE (1)
Wk Q¥ 2¥ol H Fe gg AN ey T2l 2 Folst Ux FEth MAPES
MSPES] #tol7t ¥48 A vt AL o4x Fgo| Actn B 4 Yot BF =4
Fo Ade =9 Anth 45 wARRY AAd EH7} AR

A% : B wE 2L WHE 2 aX Yo AR dE@e) o)t
Yool aohA AAY F Qe AYARE AN ge PPoz HPS AL §&
A @tk o] AHNE 8 MSPE’F MAPES uls| 498 2 oae dss Aze

Fol FEA X349(93 '94d A7 US) el @Yoz A &g

tlo

DY 4 gt

YA : AAgtel s dZgke] 4P At AL AZoIMU MAPE golME &
% 9tk 1 3 Aol Y 2YL TAZ Aoy MAPESH MSPE 4ZolAu (34
2ok AL ¢ 4 Utk o] BYL EF AA PP ZunE Ixstn Yo
g SU9% 99 maREo] Bol AAH 2EE 2ol HYuh.

#AF : 2=z g AMud Aol 7bg 8 Aol (W ®YPolu MAPEY MSPES A
B (DY ZHNA 7Hg e g kA QW 2H9 o227 o7 Wold gto] YolE
adzel Pest visstne (W 2y A9 4 AW Totaldl e gy o=
gkl MAPE®H MSPEE ZHZ AoN: o7t o] Y oz Esd @ A7}
A4 A e A ol RERIYL 2 wx Yoy Aidsd A4Bol ANFL 7|

o2 @9y (4 2ol A YAFel A AL dHAE Fu U #ES =Y

AN

aRx7E =948ty Aol Wl F mEFEo] AASH Y o AA oo e A

3g 9 + Ak
23 : 242 g4 73 F& A3E 69 AHA £ s MAPES MSPES] 3ol

7t € AT vlsl o 22 53] MSPEZ d&5ZE8 F3A d& Aauo 4933 8
ol #4 A2 MAPEY MSPE #&22 2 o Q¥ Eyo| 7b3 Hiel F8 =yl
AT AAg] i AAgH 53kl MAPESH MSPES A¥EA (6)R 230l 7}

S %E AT o] A BAFH dF BAFDY Zolst A HE RFYPo|r
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oM : ax Gl MY MAPES MSPEROAY &8 g4 7& A7t 28X
%S ARG o dAZI v ASZIAE vEHl o] AYQoME 889 A7) W3
Boes dFAE ¢ A 23A @S A3 Aot @ Bolm HA Y4 WoMe
AF2E F3tA &2 AH}7L o AA A4 JhgA deElgey 3 zole 18 aA
2t 25 F FH99 olFAI Bol o159 o] ANYE dFsuz & e Y=
ol Hasirt

HM - ARG dSge 2dz 2gS (D] 713 Zd X sy AA FExd )
8 A&7 4Fs e g A= Rez HAg a3y HA MAPES MSPE &%
o2 HYE ()Y 2ol 7bF AL @S 7HAL o ol F& Ryog Mol &t
aYPZ FosgE 48 B 2AolE Holm o (VY B¥o| of §L& 2yolat AE Y
dck =& AA Bige £Eo2 Eod HAGd did Y4 YA Fn o & %ol MAPE
MSPEQ] gtol 714 2& (9 2go] A3t & =9 o)d9 ¢ oS N
o2 AY3 FL& EHXE YEEG

HAE - AAFHeoz H4uid AAZETD d&ge] Aty oz 37 Yt MAPEd
3l MSPEZF 4oz & Zo] o] AHe EAoln 1= Hej= BF<] zfold wle}
2 g7t gle=2 MAPES MSPEZF 7H3 e ¥ 23] 7k Fd1 A oA
< =% ol i MAPES MSPE @ = 7Y 22 @g 713 A4 A% deMz o
A3t Utk FEEYl FFEY oA E Eo| AMAANALY.

H: 23T 4o=2 Hu MAPES MSPES=E By )W 23 =y 74 2
Sk ol e WAz )23 el MAPES MSPE: 2 g aolz} a2 oo} =A|
ANAR22 ggote € A Ao FET Y oldH & zteol7} i

X3 o Ao Zo] AAHoE HA grRO dF ol AA Ugr] @
MAPE] H|3 MSPE gto] 23 o] A HollX= &&ES 7| A 9L BA g+ A
2 qAHoR dE5Fo] & Ao HlE FAol d HU FE Wil wE 3
xol Wt USdE e MFELE BF A Ue F& E¥ S U Alvdgg. 88
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EY ojdEg L% 4FA7 Bo] FAHUSY F ©] B2 FAHAY WL F A Fo)
gt 2ok QW =yol HA AAFH 7MY izt

e 1 gz YoMy MAPESH MSPEAIAY 2% (29 Q)He wlaxrt 713 2
dalste Aoz YEistn AAGA o @ MAPESH MSPE#E o] R¥oA 714 e gt
S 7HAEZ o AFdME WAFE dEFd SlojA FES 05 & 0628 31 o=

e Foel Az AZXE TR AR e AEAT AL F YA F

0 ]

EQFY AAE =4 o)dF vas] B%E o 4FHY Hudx T gEo] Bol 4
Hol AAEY o] W& JHZE AUt

X o] AYL FE9 Wty diF JF¥S 4P Bol e NdeoesgH ¥g9 A
7ol w& Zefze] RYge] 493 B WHE iy 1o g eAWER At a9
Z gellM F HEgE 2L 2ol o] ¥ L MAPES MSPEE 7} & gg 71
Aol 2 YL Mesd F& X Aok 28y HAFY MAPESE MSPEE (1)¥o] 7t
G AL gg vetd dA gaEe 9o 2w (DY 2Yo] M3 £ 2¥oj &
F Atk FEEY oMol AAgl vl dZgo]l WA WA HA Y EsEE wx
dod vl &g TUFY &5 X7 F HAU

<A1 28> £A9 A4S FEEQ olHoly o] Wast F3 AU A
2 OHZ 2¥Y3} MAPESH MSPEZF A9 Z2 A#AE Pdth ¥d, <Al 2 25> 43
AAEL Fvae A dAstY & H nYF ol ERAYY RYE2 FEEY oA
of Hlsl olFo AREL o] nYRE AA BE JIHE Hoy AW dAME :E
FEo] oA gol ol Unk mAHoZ FEERY A JM AA Yehd gL
<A 3 2F>02 o] AHEL FEESY ojHd HH aYZ 2Yo] 43 A Y=
gt ARt AR adZe Axe HF AF LAV dASA ¥ o AR
2y o3t EEHE AMFH d5F vae <EEF >0 2y dEo A
=3
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. $o] A EA A A E

A 7IA] Fo| AiAFe B &F FA LY disAd =dA2 AAE FAHF A
Btk ARG Fo| AAF A& A FoltA JAGEY, F BAHE] FA 9
w3 gk olAo] Hojof FolviAl o F YArF ov|rt JeAE AAsoF . <Table
2-7>L 7+ Ao o F i AL FHAY, 283 fF A AFHE AGE >
Hzoltt, & FAHAYYPLE O & 71FdF uigd Yol A=A YeAd did EF 2
¥ (classification model)2 @ CART(Classification And Regression Tree)ol] 28l =& &
F, 0 9%d A YA AFLY FHALE dFdd @ 2 R HIFHE Tt &
g FHX 5 2 GRS 88 AR AAAANEY & EX). 2 43, <A1 2
>4 &3t N9 A I JASE gl e Fol dF AUFe] FFHAL, <A 2
aE>9 AL ol AAF dFe Yo Y 2VAHY ECGE FHIRE) TS A
e AFgsca & ¢ Aok 28y <A 3,4 2E§8>9 A FAZ dARE g *
& A A 9ulE e ol Y.

o]

Table 2-7. Critical probabilities for revising autoregressive model for prediction of

pine-mushroom yield at each county.

Region date of initiation date of ceasing probability

(county) prediction real prediction real prediction real remarks
Kangneung 9/2 9/12 10/7 10/9 0.1530 | 0.6480 | Group I
Keochang 9/11 9/11 10/9 10/1 0.6994 02614 | Group I
Koseong 9/21 9/9 10/20 10/23 0.7634 0.9091 | Group 1O
Namwon 9/1 9/16 10/15 10/14 0.2979 0.3521 | Group O
Munkyeong 9/9 9/10 10/18 9/30 0.3988 03244 | Group I
Ponghwa 9/10 9/14 10/9 10/4 0.0168 | 0.2464 | Group I
Yangyang 9/1 911 10/14 10/7 0.4427 | 0.7946 | Group I
Wonju 9/1 9/16 10/14 10/24 0.2113 0.1170 | Group I
Euiseong 9/13 9/16 10/18 10/1 0.1186 0.0000 | Group 1
Cheongdo 9/7 9/12 10/9 10/9 0.0119 0.4131 | Group 1
Hongcheon 9/2 9/11 10/9 9/23 0.0000 0.0334 | Group I




Ao FollAM oA AYAAHo] AYd olfE AFAEI B 2ol HAHHX
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‘96 Azl ZIFAEIE AH gled, '96d grtol AL AQ(HH, ¢F F)L 96
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£ 18 Folel AN HAEE BT £EH BE2H

1. 4 &

Fol(Tricholoma matsutake)= BA7tA Aui7t A== F24 wAL2A, AbgdA
AF ke wiMolnt webr, Folo] QA Aol BEPAE 48] Folo BYFH
olvt MejstHed &R AT 3 AMH Joh & ATl mEd, $ayele
Fole 2UF(Pinus densiflora)@ol A £8SAT ZE AUE YA Bt Aol ofy
B, Fo] ZAYPUAME A FRB(Fo] FIA )AL Fo] FAA} BAYFHFHA
T, 1980). 2B B2, Folo AestHQl 9o i ATFE Fo] VAP AW 7y
S W@ nFAM 2wEd FAHAH W wE Folo wGoly thE uYE
o #Hgel dig A7 HA= o Yolrtel i)

ol #AHE vAES dF AdFE Song@ Min(1991)o olste] e AAY
Fol TAYH v ERY EGU 4F viAEY £HHA 22X U@ ATE ulRA A
g BESAHA ARAME $AHez APdAd e dE FRAFY A dso
o] 2o UFATH FAH(1992) Fol LAP WY WAEXd disld ARHer
AR L, o|BE T(1986)L Fol HAYH nLAYHe FHsE nFTHALL vl
& ub glok SR, EEA1989)7E A g AANY 2UF e P GRE)ol wel wAAgol
Hol(EB)3lH, Fol LAFNAME EF#H Y Ael7t d7lol o] #3 & wAFY
o BAE Tyl AdME Bt FAHA AF7 LT T, $o] SAHFUAME
Fold o] AEHFe wet @zt vMol WS I (I, 1991), Fol AP 2d
e BAGE T3t Fol FE] Yol v g ST SteY Rog gAY,

¥ AdFE Fo| ZEFE FALE FolFH UF ¢ R el F2A4 wAF
E AL BHE RozA, o] F3td FolT @ AFAAC A 24 WAL T
AY Fol AP WAL Holo dd 712AEE AFsnA FYPSHAL
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2. 48 2 ¥y

7b =AAR AR
AT dHEAE ZH9E THT T8 =M FHY2Z Folrt vmH ol LAY
e Rold, ZAIA YL AN AXNT FAMAECZAN FR(EEEF)E F 450moln A
e 3009 ol 43 £AEEE)S % 70989 A2UT(Pinus densiflora)7t 70% W)
A& zAE Yo A 30%E 2FYF(Quercus variabilis)7t Rz AU FEA A
o2& ArAZF(Rhododendron yedoense var. poukhanense)ol $XHFolnl ZFuygR
(Styrax shiraiana), 3733 (Lindera obtusiloba) S-°l A& YU}t EXL 2¢A 3

2Ee BAZ @G FAANEZA EUZ 4] F3A JagE MM HESIUAL

g, 2AEY
% 04hasl A7 WAAWANA Fol7t wAsE NHE FHL2 20m 2o Wy

g AR ge WL wet AFsR $ol8 HES 2F 72 WAL BAYAE
EASAT. dA %, oz Huol BE ZATFAM LFsA vehdA @sirlel, 4
Aol 2AHE FPTE 0m Eo2 o} 150mol Gele ZATOI|RAD, folF@o] v @
EgstA deite 4719 0mx20m $HFHE ZATE ASSHAT

7 A7 9% 9 BEL /|HoT Q8% WYoT xI oky $Poz yHe ¥
$1 72 24 Wilol $das AHe AEE x y3ol g BASATU, 24 24T
ol 5m FHOE FANL EAS WAL AXNE FA5Y] LolHES FYT
@ ot A% Fol AUA FAAANE 195G RE 19074744 3d 2Abskg o,
te Fo4 MAY FEANE 19969 7T99E 19979 99X 24T 4F % shgel
A ANE J1S8AD. F MAe AL oA A(1988), HR s} o £E(1991), 22
T ANEH AFH1995)Y) £7He B
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o 4 24

H

3d7H(1995~1997) 9] Fol BAAXN ZAIREE 2t HE e} 2L vpebdof
ZALFW FolZd Y AAE MFHRE gofsiut. AR, Fo] AAdAe BRI
Hetd zgtogze AMF FolFEE Fofstr] olf Yo old wel, Y= Jebd
712 A8 S Ed2 1998d 349, XA g 23 2 AFUS F& Yoz &
 Ad(Em)s Fdstn Z89 g 2 JAE J 3] FHsA
Z ZAANZIEE F24 Al 2AYHA ZAREE 78F dEsd 78 YR, 78
¥, T8 A3 R a8 qFoz FEHA Hsdvh T WFEE Solst TN HA
g FAHLE AFo AT A, FRHEE Fol7t LA} JAA 0cm €@ FE7A,
78 Qe T@FAM vZFo 2 Im oW, 21 FE JFE FEFNA 1Im o
ol wgREo g FAHIACD ol HANAMY slzzAl Ax, g AAH A
& Fol7t AT AA KT oF 30cm ¥pg FEoIULH, FolF L A 5~20cm B2
2, ZAHE Z8FdA Im o2 AFE FE2 Fol7t LA AL stdx o 54
ol aoHE L& EFde otk F, FEFE Fol TA AFHom EAs:
FES ouisin, $ojTE AFoz FEF FEL Fo| AV ATl wet AAsHA
g dAAE ouldch AL, ofd WAL AFF AdAT el @1 G BE
M gASIE stdeng 7 BAe] 2@AA UF BHLS X-HAAL T3 AN

A THOL, 1988).

3. ZA 85

7b. Fol F B (W)
ZARA Y FolFEY F7lE Aol 2m~10mo] oj22, A% YIFEEE
10cm/d Wel2 7A3E o, 2 dele o 10d~50da o2& Aoz Ayzt= Ark(Figure
3-D. F, @7 dAAY FolddEL A €9 FHFA 24T/ A 158480 IAE
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Figure 3-1. The occurrences of the basidiocarps of Tricholoma matsutake which give
the outlines of several fairy rings at the experimental site. Each points
indicate the occurring location of pine-mushroom fruit bodies, and the

dotted line shows the physiologically active mycorrhizal zone.

FAEN AFE AAY, $olFR AVEE Fol FUA} FEE ARG o
0cm AE A b AATG. F, Solr e AFSEE 0em/d W2 FHEBTHY,
Fol AUAZ PAHE et UM 33Mel FE AU AAAGQ ¥l @t
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ek, YelHoz #4E Wi g $ol F#F(physiologically active mycorrhizal
zone)E 30cm Wigf e EY& & & AR W, Fo] AAAY YRt FolFE
< B85 Hot3tA R AL, FoldFHE ESASAW 3EL & 14 Fo] AAAE A
A5z Fe FEET YUY WEoln),

4. Fo] 2AgA 2EE APF Y WA

FAA R L 247 =B EHEAM GHFPo HolHEe @AZ AARH, old
g2t o2 FF 39 EHIES vRE R GFEA EXsn Ay AP THAA
26zte] 483} 7Hgol BHY 40| (Tricholoma matsutake) o9l 24 BAL 3 960
MolRes, FAFIH A (Russula bella), B ZNFTINR(R. sororia), FEFEFIHA
(R. delica), W71 B B2 A (Cantharellus minor)®] £ 24 ZAZ|2F 288 324 o
Rl Zkz 16.0%, 12.8%, 12.4%, 7.0%& ATk o5& v E3te ZAFTHAN 2@
¥ 43 424 A E <Table 3-1>o Yeluidch &, 8% Fo]l UE HAY ¥-HH
AN FAzE 7] oYY FHE dSH 2ok nF ML A (Amanita vaginata var.
fulva), BUHHRN(A muscaria), =L2ZWA(A hemibapha subsp. javanica), % %o]%th
HA(A inaurata), el 3NN (A spreta), B7FAB UM AN (A virgineoides), Ex @1
E9 N (Boletellus obscurecoccineus), BZ%® A (Boletopsis leucomelas), QAWA
(Calostoma japonicum), 7t 71¥ A (Cantharellus infundibuliformis), YA (Clavaria
vermicularis), W21 ¥ A (Clavicorona pyxidata), 270 A (Gomphidius roseus), 8
Ed 288 A (Gyroporus aastaneus), 1.2] 247271 ¥ A (Hydnellum concrescens), 324
N (Hygrophorus russula), RWRotA Y] (Lactarius hatsutake), =@ FE 3 M (Lepiota
subcirtrophylla), DAF 3018 N (Lepista nuda), 5% A (Psathyrella velutina), 9t
W A (Rhodophyllus  crassipes), HMT WA (Russula emetica), >%3FZHA(R.
flavida), BTHA(R. nigricans), FEAMNH N (Stereopsis burtianum), GFAIe}AHA

(Thelephora palmata), 418 ¥ X (Xerocomus subtomentosus) $°] AA}.
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Table 3-1. The ectomycorrhizal mushrooms (except for Tricholoma matsutake) occurred
at the surveyed sites from July of 1996 to September of 1997. Only the

mushrooms with significance of x*-test at the 5% level were listed here.

Location from the fairy ring of

Korean name Species name Tricholoma matsutake Total
Inside On Front | Far

A58 Russula bella 7 6 3 138 154
2T I A Russula_sororia 2 0 6 115 123
FEFETIHAM  |Russula delica 8 0 1 110 119
of 7] = 3] W A Cantharellus minor 0 1 3 63 67
vl Fd Al Amanita pantherina 5 4 0 40 49
A2 dI B |Suillus bovinus 13 5 0 27 45
IEWA Boletus edulis 23 5 1 10 41
H amE Al Cantharellus cibarius 2 0 4 29 35
o} kA 2] Bl Al Ramaria flaccida 12 2 7 13 34
FAELTIEWA | Pulveroboltus ravenelii 0 0 2 27 29

aFIHA Russula aurata 1 0 0 23 24
FauAF Russula sp.” 0 0 0 23 23
7| FFHA Russula densifolia 2 1 5 12 20
sl o i A Rhodophyllus clypeatus 0 0 0 13 13
H gy A Inocybe lacera 0 0 0 12 12
o 2 A Lepiota clypeolaria 0 0 0 11 11
At 7 2] of ¥ A Rhodophyllus rhodopolius 0 0 0 10 10
o] FgHAM Russula rosacea 0 0 1 6 7
AFEATENA | Tylopilus neofelleus 0 0 0 7 7
Fu G I EHA Suillus granulatus 1 0 1 5 7
B G2 EHA Suillus luteus 0 0 0 7 7
FEZIHA Russula alboareolata 2 0 0 4 6
FTAHAEHYA Cortinarius purpurascens 0 0 0 6 6
TYASHoIHA | Coltricia cinnamomea 2 0 0 4 6
g5l olAlY] | Russula pseudodelica 0 0 1 4 5
7| FEFH A Russula virescens 0 0 1 4 5
A+ EGH A Laccaria amethystea 0 3 0 2 5
AT ARG HA Ramaria sanguinea 0 1 0 4 5
Seta Al Lactarius laeticolorus 0 0 0 4 4
2uEuAl Craterellus cornucopioides 0 0 0 4 4
HoHmegu Al Cantharellus cinnabarinus 0 0 0 4 4
vl 31 8] Al Lactarius chrysorrheus 0 0 0 4 4
£ AN EY A |Strobilomyces confusus 0 0 0 3 3
Z}a] v} 7] 8} Al Gomphidius subroseus 0 0 0 3 3
g Al Amanita hemibapha 0 0 0 3 3
€9 Lactarius piperatus 0 0 0 3 3

* Russula sp. includes the mushrooms of Russula couldn’t be identified since the

mushroom was too young to be identified at the surveying time.
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ol 712 nuAgstE da 02 ZAdott tEA3 FH(1992)9 ZAME Tw
A F(Russula spp.)Y B A F(Amanita spp.)d B37F AF A1, ol3F 5(1986)9
BaoME FIWAF(Russula spp)t BAHANF(Amanita spp.)e %ol EAE Hus
ol wa YA F2 UBUE A2 Bado gou B ZAINE 9 T 255}
=) 112) ¥ A F (Cantharellus spp) 2 22¥ A F(Boletus spp. & Suillus spp.)% tiEo] %
o] HAY 2FE A WAL AY QL AARALG F, AQelYt FHA
29, ®E Fo] HAYY vold wat o] o]9] vlAo] FHstE &L UEL & £
A .

AMAYDS Hoo] mEd, Folie e ZF WALES Fol WYY Yolgt
Bl Q& Aoz AARAEH, FolwAol AFse Asde FHA(Tricholoma
flavovirens), T4 =59 A (Sarcodon scabrosus), ¥ 2 E 8 A (Boletopsis leucomelas) 5
o] 2dgch WR, Fo| TP ZolmE Ayl wtAF N A (Amanita pantherina),
AW A F(Lactarius spp) 2 T2 A F(Russula spp.) $9 Fa7F BolAn, $ol7t A9
Uzl e A7I7E HW 224 walel A9 glojAm ¥34 viAo] Wopznh I, B
ZA oM AZH M (Boletopsis leucomelas)e & shibytel giglon), FEMAS
(Russula spp)7t HE32< AAstn At e, 2A dAAE $o) LA Fo] JuZ
d ZaAcrt Eol 7] AlFstE WNPAM Folarel vjAAe] AYHA mHos AYzHY

ohooleld ARE EUZ 24 wAlY F $WANE PAMCE BRH u9 oeH 2o

o FolFE Ui 28I y A
ZAd HAFANA FoldE HFdH 2N & F Je #HAL AU 4,
A9 Eaxg Fol7t A BASA He FoldAde %7 233es I5H
A (Boletopsis leucomelas)©l Folad & WA TAHJEY, 2 BFAE & sl £
Bt} Fold @ Wi Edste BAolZn sl oAU

AT I A (Russula bella), FEF 5 F 3 A (Russula delica), °+# %t AR (Amanita
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pantherina), %4891 EW A (Suillus bovinus), TEVI N F(Boletus sp.), T8 A
(Rarmaria flaccida)®l Z$-ole 289 Wi oFd 2% 231 Y=, 53] 2
&8G28 A (Suillus  bovinus), LEWAF(Boletus sp) R A2 ¥ A(Ramaria
flaccida)& &S] WiAA 22 1370(F2u DI SEF 29%), M2 EHAF
289 6% R 120G BN 2EFY 35%)7 BFH & WA Hgo F
o &o] Azt Rol 2837 HE FLE q4AAY.

2. Fol FFFA £ddE= wA

Aoz 4E& w3 Y Fol 2@FAAN BHE AL B AN(Amanita
muscaria)? 29t B A(Gomphidius roseus)ol Ao, AT, o] X © AT LA
71l Fold & AAAAN Ux viNelgtn Fatrle oAt FATFIHAN (Russula
bella), »}# 4N R (Amanita pantherina), 828122 EW A (Suillus bovinus), TEHA F
(Boletus sp.) R AFZZW A(Laccaria amethystea)S Tg5-o 33] ol &&H3I viAF
F2A Folet A v HE#AAd de Aoz FEHHUY 2FAY, o3 yil F
Fob Folo @A dig FEGF @A FHLS JAKE, X & ZAAIL Fo] AAF
o] Zoj=& WA Folitds HAVTY, o|E0] Fo| ALFo] o=t AR S
& F UL Ao AU,

ut. Fold @ AF{d F= 23} ¥
AA zAHE 960709 BiAlFl 799787 2@ Fel Yetked, §3 & X
E 2AsA 1 789 FMt 2R FFEAM FAAY FAHE AT F AN
d AL @2 N (Amanita jemibapha), ¥-< ¥ 112N (Cantharellus cinnabarinus), &
AW A (Cortinarius purpurascens), BB WA (Craterellus cornucopioides), “vlv}7H
W R (Gomphidius subroseus), BlE5EW A (Inocybe lacera), &9 °|(Lactarius piperatus),

W AW A (L chrysorrheus), 3R XN (L. laeticolorus), 372t A (Lepiota clypeolaria),
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At 7t o) th ¥ Al (Rhodophyllus rhodopolius), ¥ 9] ¥ A (R. clypeatus), €& AA 22 Al
(Strobilomyces confusus), BlYLEW A (Suillus luteus), AHNFLXIEW M (Tylopilus
neofelleus) SolAtt. &, oL FojitollA LAHAQ, Folitey HEHY #xe} P&

o] e AFEE AME37|e TEF HAoE ARG

v Fojd g A AgFAN 2HF WA
Fx@ &N (Boletellus obscurecoccineus)< Fold @ AdFdw 23§ n
Aol s, 2dNeEe & 138 azen, FvFIHAN(Russula rosacea), T34
Aob ¥} (Russula pseudodelica), 719+F 3¥ X (Russula virescens) & & A3 ARA
o 1314 £¥3x TdF F2 @ol el X, TALF 203 ol JEdE
HEEe A2 ZFHDRAE IF SHIAAT T AHF Y WEA o @ol ¥

e Ao AR

4 1%

- Frankland(1998)¢} XA X, A &4 Hold dig A7 vlzd de A"
A, FHANNE TFHY Holo] dstd H2AA 2@ & o] Aot FHAHY
MgelM ZH Mol ‘dAY #AMA & FHY ¢/ Ex T/ T ARAHY
Aol g ztn dehudE Bgoldtn Hod F Utk FolAAAE olHF FH Holdd
o] ety Fol9 d@o]l dd ety HE d2dAM FAdHe FYEEY 8o
248 228 HAYUE ATold R AFE dA A4d I9E FFETUMI,
191). E&, Alzke] Adel wtet Fold @ Adste FH7L Jetun ol met Fgol
Az A HAL, g¥o] x& FEFAME EYF & FFY AFHe] Aol
o He Aoz AAAD Aok

2 AFE $ol9 ATl FH 2Tt Fol=e A7 Folids ddoz BAl

& AR Folg Hiate FFH, 53 AAF2YH ERE FE 7 USs Ae=
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M S AlF32 FI8AG. ol & BE3] HAst] A Fol AU Fol TEY A

s

el
2
o
ofy
Y
o

02 ZE3te BAS Folodt . AW, F§ A Fo vz FEFY
T8 Ad¥d F2 deyde BAe 37 o3, @A, & HFdd gol veur #
g x zAF e MAE THLR Fo|FEY HEHEE FEF F AN o= /I
A9 e “FolE o] AFY wWe ©E Aoy FFo7t AU + U=E YA4ER
S AAsA T, 8L goigdd wa g& /7 IYE AojEA Rde o0& d 2
AHste Aoz A, vt BN RN(Amanita panthering), 228 FIEW A (Swllus bovinus), 1 &
WA F(Boletus sp.), A2l ¥ A (Ramaria flaccida)S #0179 2o} #do] P& R
2 AAHY. £ AFEAY A(Lacaaria amethystea)S THE A Ho vldtod o] A

of Jehte A97t o Bold FolF@e AW YAE Bl Y& Aoz FEHUT

£ 2 8 Fo] ERISY LESWS BT 4£EN KEZHE

1. A4 &

Fole Uy YUETFT 93 HSEo] M S AT vNold. F 14
Zlol @3t 48 Fo] AFAFJCHII, 191)E EdZ, 1970d W o]F Syety 4ol
ATE VAR THE TP ANY P4 WA BE AFs £y5o friolHS
%, 1984; Park &, 1997). 2dlc AU FANGE B3 AFF4H 77 F2H #
ojFE ATHIA A RetA &3, viFAdE AYFRe AF HFdle 72 TAHD
AA T, otz Fuy ey T2 AT $& g Ao ch(Ad A, 1995).

o7l B v FFES 12Y o, FoltYe ZAHA FFo] EY 2H o
g wWol ¥gg 1Y, o] 7Y EYATE W T4 078 EY
o] o|#sHd EA4R 2 & v EF ESUIAENHA S EFdAclnz FEo o
 AFE EGANHAE FHA 2 zF A7V Hojof )
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Fol4t EFel olghatd SA(FHY F, 1980; olHl+ 5, 1983)0]1t 1A E A (Song
3 Min, 199)e] @ AFRIE JAAW, ARHA Ede) ojshety BAolu Eopu] 4
B4 ZAZE o] FEY EFAYAS] SHE AYss) oYY B3, polwe @
zo] FAFE Ro] okl A% oEHDZ FolFHe] Lo wE =FAYAL T
9 WaE dopob $oldte] HEAHA Y A5 Aotk Y, EFYAAE EF
W ORE BET 24F 2E W8} ol FolNT Ak RASA, ojgd @A} SeiA
T ©rl7 Wol £Re o] Yehix @onz e PriE 8] olgn, BE E
FoldEol BHE AN EFFU Blss Hol ooz EFEHE Totsad
AAHA $5¢ AW NAEY Folu AL HIY 4 YE s¥ol Wash

EgRat BY 444y Edu4Ee A YAF2 A6, A =
#5382 59ede ¥34 A7%E woeE s1Foz ¥EHIE FrH(Tate, 1995).
53 @42 E2(dehydrogenase)’s EYUIMEY HWHY YT AET FEHUE &

2 (Burns, 1978; Serrwittling ¥, 1995) #7112 Esie 24F #4771 AUk vy, #2324

=t
o
[0,

Fole #71EE BHsE 580 A9 Ax, /712 Bl Bod o3 Fo
7o Bo] Yol Aoz HuHy Joeug(M, 191) BFrarEr9 FLLE Fad
FoldE Fe S PHHIRT & AL Aoz AR

olo wat, B AFE AT A Folo A8 dde wat o oty EA
grafis 4% A3E gopsto Folit #AMAY JEE HSE JIZAEE AT

izt R

2. 48 284y

b 47A A%
A7 dAAE ZEE FHT T xHY 2% FHEo2A o] AYL Zd
E FHAGY APHA Fol GAHoIUG ZAAY L AR A GAAEe R,
EIEEE oF 40moll DA oF 70848 AR 4% +8E SHsD AAG
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@9 0%c 2U4F(Pinus densiflora)?t AR s Uiz 30%E 2345 (Quercus
varigbilis)7t Af3tn AUen HFAPo 2 ArHFZH(Rhododendron yedoense var.
poukhanense)ol -3 Feolv % FW(Styrax shiraiana), 7% (Lindera obtusiloba) % °]
AAstn gt A FAA Wetrlel FHE S8 FBAFI FFE ol¥ He
7t w4 WFez wdHo glo] FiALol F43 doju: Ao dAMed, xYR
344e A2 239 FEAEI FFE 931 de ZAGANFERB)INU

. Alg A4 2 &4
EFANBE $o138E TR 78 AdAX, 84 FER, 7& TAELEZ U9

224 BAHAE 23, sty BAAE 1348 Ao AFHAZE 1993 997
1997d 980l e, HHA F718F S AAS}L 0~20cme EZEIS Ao

B9 294L A, 7HHF, BEA, 87148 Ao, E4Y 384 e pHY A
B4 Fol&(Ca”, Mg”, K', Na’), FEAZP0s), A2 ¥ @28 AFENFAL(ASF
4=, 1988).

graast e 4% £4& 235-triphenyltetrazolium chloride(TTC)e] #9032 A4
¥ triphenyl formazan(TPF)e ¥& %73t tH(Tabatabai, 1982). o}&7tx] TTCE ol
€3l W3 2-p-iodophenyl-3-p-nitrophenyl-5-phenyl tetrazolium chloride (INT)& o]
€3t W W@ o2 kA 7ol A WH(Chanderst Brookes, 1991; Gong, 1997;
Trevors, 1984), TTCS #yo] Ad&AME 2 Hae & Ao|7t gle=2(Gong, 1997)

& @7dXE TTC o9& AHg3t4r.

. SAEY
ZALE a9 FAEANE A AFVEALS AASFYDT, EAENS AA 8y
5% FAFEAA ztol7t AAE Aol 4 ZAA PF 3L Duncan’s multiple range

test& &8 HlWATH (SAS, 1985).
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3. 45 4 n¥

7t B39 olgsty 54
TER EYe EAHL UEE AMFAYECAT. HES uAte] ggo] 48 T3
oA HAATL, o7t AX FAAD FoAAte UAHTable 3-2). EF A=)
F AH(EHE)S] v gol F 45% WARA dvrH oz 30~35%e 1 HE&ES AYE
AAAHEG vEte] Y vl go] Wi ERCHAYIIT Y, 1989). wrd, Ao u]
&2 10% "wo g vettt Al ZAANPEG] AF ¥ & 10~20%°0 Bl W
sttt 7HF L 1.04~1.34(g/cmP)ol AT F714 L 008~0.49(m/sec)?] 2 WolE UEh

AA R F@gdo] e W3t TAAA FAAIE AU

Table 3-2. Soil physical properties around fairy ring of Tricholoma matsutake at the

experimental sites (mean = standard error).”

bulk density
(g/cm’)
in front of fairy ring 7131366 2261%3.15 6.08=0.72 1.16:0.033 "

sand (%) silt (%) clay (%)

zone of physiologically g 431603 jas4+t544 603177 1.19+0.031
active mycorrhizae

zone of decayed

. 82:01+248 14.05*x2.84 394094 1.18+0.034
mycorrhizae

solid-phase gas-phase liquid-phase air permeability
(%) (%) (%) (m/sec)

in front of fairy ring 4363%*127 4960+138  6.77x0.32 0.33%£0.12

zone of physiologically 074919 47094139  7.83+037 0.20+0.056
active mycorrhizae

zone of decayed

) 4442+1.32 49.00x1.55 6.58£0.76 0.19+0.034
mycorrhizae

* None of the physical properties were significantly different among the treatments
at the 5% level.
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E¢ pHE Aty oz AP (pH 456~462) olcd, $ola@e FHo & Aole
AAHA ¥k (Table 3-3). ¥, F@F7L 28 FARY @ Ao vl FaAL
o] FgFol A UK F, EFIEY ¥} U EFSR HFEAAY FFo)
ZEFAN A detd A FolFId 93t A9 7HRHs £3E RS F5A 3

Fh(Allen, 1991).

Table 3-3. Soil chemical properties around fairy ring of Tricholoma matsutake at

the experimental sites (mean = standard error).

ilable P
py valable P o0 N e on
(ppm)

in front of fairy ring 4.56%0.06" 6.60+£099° 2.77+£023° 0.15+0.01" 18.76%2.08"

zone of physiologically o916 062 13464185 1712017 0.10£004® 21.97+6.23°
active mycorrhizae
zone of decayed

. 4601+0.06° 4.39%£0.71° 1.47+£020° 0.07%£0.01° 2158+2.36°
mycorrhizae

exchangeable cation(me/100g)

Ca*’ Mg* K’ Na*

in front of fairy ring 1.42£0.21° 0.48+0.08° 0.22+£0.03*  0.08%0.004*

zone of physiologically g5+ 0902 0414012 017£001°  0.09+0.01°
active mycorrhizae

zone  of  decaved ;91008 034+009° 024004  008+001°
mycorrhizae

* The same letters within each column indicate that the values were not

significantly different for each treatments at the 5% level.

¥, FEFY A8 THYI 48 Agel vt ESUY @i AArY FFo
A vEkd. F§, Fold¥ ol v R vigdoq {7189 FFo] WS A
cdl, $olgd o] F718 #FFo] ¥ EFd e Yo He AUAA FolFHY FA 9
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3t 7189 #Fol FobAA HE AAAE 7987 Y. £8, EFU FEY
vlAbe] gt A Ee Al 4 ABAAV U= Ao B oY (Hassink,
1997), & A7AME 2 ZARAVE F3ER o

ob&d, Fold2e ¢ FF7ITd st EGUY ZF, FEoly vtavE 5 @
o] 29 I WMt 42 F UL Aoz A AA Y (Stucki F, 1992), ¥ AT A7

A Wol Fo] AN Z& wdel W& F Aol 2 £ YU

Y grirfise $4C
At o2 %3 MHEFY Hr2id FAHEE 9 150~200zg TPF/g soill

2 23ekn AT, 1998). 22, ¥ ATFAME SolF@el e 50ug TPF/g soi

i

Moz A Ede o Kol APsE +AE UGN, FUY L FB ERRs

AEHGHF Y 10%A = A Rate R £3& Jeb A cH(Figure 3-2).

(#q9 TPF{ g soil )
8

60
SO
40
30
20
10 b E"
U i
zone of zone of
In front of physiologically decayed

fairy ring active mycorrhizae mycorrhizae

Figure 3-2. Dehydrogenase activity in soil around the fairy ring of Tricholoma
matsutake at the experimental sites. The bars above each stem indicate
standard error and the same letters above each bar indicate that the

values were not significantly different at the 5% level.

F, FolF o] AHE NG Song Min(191)9] AHAH AwkHA vy Ee]
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ol AAY AT vl R EFORA, {78 a7 =¥ A2 FEF £ AT
ol ¥Fafiad AT @L¥Fel F FAAA(=0791, p<OONE B F7E(EE
718 Ba) §Fol 225F €r2E4Y €A EA e AL FAAME &Y

nﬁ‘-

F A F, HEAAM AFAHURCl, F2FL #712L Edse TYol F3] 2o
o (Allen, 1991), ¥l #7128 27 ZHABA suiste Aol = Z(MI, 1991),
Fol7e go] ¥& XL BFLHEAY AT/ ¥ A4 + Ao

9. T 2 F
Fole 3L AT TREA, FAZHHRY 2L 24 7Y Fol9
ddol FANEL vt wWetA, FoldEe LEL Ut F24Y FFRIF UEdE
Edo] g 234 € ez 44 £ deH, 2 dEHY A=2A4 Stucki 3(1992)
o] AAY HEFE W3t Allen(199D)e] AAE {718 LHaHR ZYAA 4 &
S EE F At B AdFdAE Fol2 FF WY ENY WU T EY THEAY
AL FEA YA FAW, FEAMN] FFold &, FA9 FFol TN
T8 AR Alold] xol7t Y-S I F AN E£F, dF2ELY BHLS I A
KEGA vztd P4 @2 F£3E Yo, FolTd 8L d5ET7 Ron {IEe] HE
EQ 34, ¥2ds AR & AU
F, $oldge 224 TF 5A4E FHol ALS €AY + AU%UeH, o] FEHF
o] griLEL BATE UKW EFYS VIR dE AHEYA vt I3 RE5E %o
g & A ole Folite @t AFHozE FolFEY T AE ALY H,
Fol4t #ElY JELz Folo F2HA 5L ol €L EL T EYELE A
EZ 84 F USE AAEY 53], FolddA dgsHe 4957 §9 AHE AN
M F718 BEllxze AHER] S5iLEL BHYEE FHA HIE AV FEE AY
S A2 AAYY,
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£ 3 Fo] THES AR

1. A &

Fol(Tricholoma matsutake)= 71T 5oldo] & ATIA v, FHolAlo}
Ax BAate o] WAL F2 LAY F(Pinus densiflora)E FA7IFE 3t Yok & F
A7N\FE ol&3t= FolF(T. magnivelare, T. nauseoum, etc)= =, Frd FAOA &
Ada AU, 1991). FHFotrlotellA Fo(T. matsutake)7t ¥4 (Pinus thunbergii),
&5UF(Tsuga sieboldii), 7V &85 7 (Picea glehnii) 59 &AAMxE BRaud v AT
(Ogawa, 1976; 1977), 128 A9 wl$ =% Holn, R 2UFHA Fol7t B
A3t Aok

YEAME AFH Fol Fad vt Fo] AirFol =g ue gt Folg
BT Y3ty FE3n ged, 4 Fol FHHQ EAdd= v Aol glon 4%
71%E g Aoz AAZAY. old w wIdXe uFdFedAM AasHE FolT
magnivelare)2} A 544 Tl thatd A48 A3t Y29 (Hosford %-; 1997), <
gt e Fojo A - AeHA S distd H=JA A7E "eAol Uttn o
AR

dEAME MIA9B)7L okdellA FolFd @] B A S MYsA BRI, K
(1963)= AT 2%7F 19T ©l3t2 Hojxok Fo] AHA7} ABHeZ £deA dEvhn ¢
E o Aok =g, FEHA953)E Fol AAM Aol AYAHA Sx FHE addz B
aat@ed, o] AAAZE AP A2 Yoyl 7~10d Aol 7 FoixN A/NEE)L nE
oY, AE A2 =2d 5 10¥ A= AHASE AAAMY o] F Y S ZFA oz
B3t

SEvele] $ole BT o5 R} vhRIAZ AR £ YA, vt
o 7} Az Fo) WA & F(ME F, 1996 #AAddH Aol Z @
011. et LR AY 7 Fe = 2}elrt & Ao dAXY. old mwa, E AFE Sy
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2t Fo] AdA 9 A7t 2AsE AN 4FAHE 2AEZ 2 FHE ES HRE
71 A+ vlm, n@sax AAsA

2. 45 2 ¥4y

ZEE FTH AEANA 199585 E 199737k 3dRE Fo| TAF F YA E
ZAE ARG, WA AT 713Utk dBd wds dME WBIILY JFYEE
gLz nASUT Fol EAF % LRAAA FHFA dE 1997ddE Folo A7)
e SAsed, 98 2 H 108 4e7tA 26709 Fol AAAE HFeg AW
=2E £5E o] Aol WA B wold 2 AHE oid 134 FHsA.
o2, zto] &M HFAY F vAL AHAEA vANAF THAY AXE FAHHA
o, AEWS 71Fe2 AT 2R} A2 29 EAR $A39 FAE FF

stk Fol9l WA ANE WAY Yeel ANE Fo2 FHSHAL

3. 4% ¢ 23

7. &ol By

2 Q7o gAAE 98 1958 1089 54744 $o] AAA7F SR, 1995
Woll 38174, 199619 3870, 1997d¢ 242707F ZAFE ok 1995d 3 19963 o= 949 16Y
~20d o 2tz 20170 2770, 199730l = 9¥ 219 ~25¥Yd 9702 71 Wo| APz,
a2 ol FolE: FASA FAsAHFigure 3-3). & WAl 7Y Bol WASE e 99
169 ~259 oI, 3z B Mo 7bg ol WAEE 71 tha Aot AATH WA
ol 714 ol wAsE Avls dmAst @ A7t AN st Aol %, I b
3,96 ol Hoh AL ol fe] WA 2 A7IZF vebdch Atk WAL A7
o dmAE '95EH gTdelE 17C WPoIQ T, 'l 13C W ATF (1 AH 7144
B, 1995-97). $olwAolA 99 BT HAs 23 99 FFF(LH 5, 199), 88 HF A
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A712(FLH T, 1989), 999 HA7123 8¥97 999 FrYF(2HEF} o|FF, 1995)
ol 7H¢ Z 9L vAE Aez Busn Jou, Fol AR duAzt FAE

5
A 97 Bk uE o] AT Fo BARTY @AY A¥H 2AAFE @

[r

o}, Fol Ao TAAZIS dRAY] AL 95 IndEe] YEhd oz Hel of
L

A= BAZ A& A2 A, oz Fo| LAFH v FA dFM

3

Ae EAE DAY Wart Ae Ao BUHAG. ofgd, B A7 A8d sEA
25 FA AYAY o4 Aolt Agom Astod, 95, gTIEe] B4 ‘%6
o Azl Aolst WAFAL HSHE donz vslgxze ZHel o A AA
o) 27N,

R
o

200

e . et ke L
O NN A O
i A i A
A

P -2 T -]
s 88
1

Number of mushroom

20-

1-5. Sept. 11-15. Sept. 21-25. Sept. 1-5. Oct.
6-10. Sept. 16-20. Sept. 26-30. Sept.

Days

—®— 1995 —&— 1996 —&— 1997

Figure 3-3. Number of fruit bodies of Tricholoma matsutake appeared during fall of

1995 through 1997 at the experimental site.
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g9z 9gUe F4FL Y, '65dEE 8225 805mm, '96EEE 1305 7.5mm, '9TIE
£ 1195, 1180mmelUtt. '959 '97dE = 9Y 49 2 11Y Aol Y4B F7|20] 20T ols2
ol i Tele 98 16U7HA 4H 77|20 20TE A 437t & 71L&
o] FAEL2EA, 1996d %9 Fo] BAo] Bdd Ao| ZFBFRes & 7|2 HFEL

E #GHAGCIEE 713 EE, 1995-97).

. ol A A%

FolZAlel AA ol 3cm~8cm¥AE HT 57cm °lUth Fo] RAAY
717 @A HE FEL EA 15cm~65cm Y92 7 3lem FEOIRT, GEEF L 10c
m~45cm B2 HF 26cmolAH(Table 3-4). G359 T HAAT TR} 94X
e EA Atoldle whuld @AV AFAHr = 042, p=0.006). Fol'TYAl HHFol
EA EAs=1tol] we} BiAlo WAt FFS oy, AVIFAEF AL Holvt FE
TE FFolY AFHo|AAM S+ FAY Fo| A AAE 4 & =g Y
718 T3 Fo] HARF DR AX/ P& EAC ol2xF e o] uig3

dE FEH & U

Table 3-4. Depth of the mushroom bottom and the difference in depth of fruit body by

the litter thickness.

. 1
litter layer depth of stipe bottom(cm) : number of observed
(cm) total depth depth of stipe mushroom
into soil layer
0~2 51 £ 15 35 £ 15 15
2~4 61 £ 10 30 £ 11 16
4~6 68 = 05 20 £ 04 4

! Mean * Standard deviation
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Length{cm) ¢ >
12
111
101
9-
8
7
6-
5_
4_.
3 —=— ca i
oy BTG p.diameter |
21 !fffijmm”mm"mmmmm:fr:hgishlugtmmnﬁhzgqm .......
0

0 1 2 3 4 6 6 7 8 O 10 11 12 13 14
Days

Figure 3-4. Growth of Tricholoma matsutake in mushroom height and cap diameter
on the surface(n=26; The thick line across the fruit bodies indicates soil

surface).

G FollA Fol7t ogA wAsD APt F 2 YeEstE F¥E <7 AAA

rir

S AA FolA dAEE TAIE ¥ F UAT, st AFRM &A1 83

S RIANIIA ez 4FHA A7t ofYch olol wel A FA] 2AF AN Y

=]

HE ZASHA Hed, 2 dFAZRAAM Adel Bolr] ARG BAL 5~6Y Atole) 1
TEF FHY Zgol sHol MHAHIA =2 AcHFigure 3-4). AWl x=FHA TIAREH
ztol Moz 7] Algstal 8~10¥olE Eitolst $hAS] AN WojA AMAAL, o W
A9 2Fdo] 4FL #438] HolA AU 11~1390] A 2L AT} £
< o|F WM Zto] HAAZ ARe gt @A, o9 Hx 2HYo] Ro|HAFE o]
AREEIL weAE Aol AU

€ Ad7AME HAlo] g 2AE AFozRE 2Y Aol oln] 977t @EelA W
g9 AeAE ¢ 7 dNed, REUI)7E Fol AdMe] YAZHYL ERZ F&
A 717 AR dAE FFE R vk Aoz dddd. a2y, do2 4 Y

& zAe W yo] gt HAle]l AE &dsle 5~69cl 15F AU FEFo2 HY
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£, o] 3 KBEAB3)7E AW Mol AF 2EF H 7108 Fo F Y9 b
Aoz ARZPdE BIRGE 93 I F£AE Uetlld. o2 Ad:s Bie a3
H, 71F Sl AY dF2g A9 Ao|7t HAHUD o2 AvdY.

4. 3 €

A Fol APAAAM Folg Ho BAHAZIE 99 169 ~269 Ale]o|Ri HAYFe
BrFH 7129 IFS B2 U3, duzZE E AV Fol Ao LTS AN F
gatA = AT FAY ool UY. @A, 7|&EY AT duAe EAE 9F
A F3n Jley Fo Fol FAFAM duzte FAE FEY Ha4ol ANH. F, F
A7) el 9t Fo] o] MAH Lo W& WHIL BAYEA A A 3
7} 8 7€,

E, Fol9 AZIFA A= G5 H vl FAV AYMAALEE Folid #e
A HRF R FASE AAGY Fol 2AAXNE WD F Je=ng FH FolrF
< 718 F AL FHeolth Folo AU AP v FAZ g2 F 5~6Yq 15
F EYol HALER Fol9 AHAAREL RFAY FolFHE iAo Fo] AAM AF

< 1% 84l AN

£ 48 EKRS} BESINA KT Fol £E FIRETA ik

1.A &

2 A7 FEE $o] AU E Az, Fol PG diIo dFS F= A
€ Tetatn, $o] AAA dAQ71AE 2R e Fol ALM YUVAPE Fole AHeldh
2 9 183 2" Fo] IS IDddte Yoz A Y AE 8 duzd
7I}(Park 5, 1998)% EYAEL BAFS 58 AL/ UGHE F, 1998)& AAAL
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o, o] AN E A#se A9 dHeobg AT x=d 5, 1996 1998)8 Tt &
Aqdz 7} A@dae dFHL fan, FE JPAAE FHE F5-Fd S g

&, ol2d Ao dig A7 7]&Ee] Bol Z:Alg vl Jdeni(Fk, 1967, 24
3 ol FF, 1995), ¥ F(19%)2 AFEKE T3t 4dHez FEY £+ 3UsL ¥
3 ouk ok 2y, id 2R AW S YA @ 1dste olad d7 A A
Ao tiF GES AVIEHA &H, 2 Folate URAFA Hole HHFVIE BET 4F
878zx4 A 443 ady 3 &30 ASA] dF JF(Park T, 199N)% H &
s 878 ok old wel, £ HeMe 4F Agaze F%d AL Ao 7
HEE dAE TS dAeE Hesin AEsd JH3 gg Uy Buz AxE 2
#E AA LA T

2. 48 29y

b HE9H7IA A8 444 ¥t =4
E BolA dFd FHAFETAA 5mx20me ZAME 2278 dgoz AAEHY
O BE ZATAAM Fol AAA LTAAR], HFE '95~'977]7 F AHIZALE A4
gtden, '97d Xe§ ‘98l MENE AU
Zt ZATE WAEERILR dhve] AT E YEEIE AAsta A} G E ZAF
£ 49E TASAD. Sga7ie 97d FodAe] FAAE Ao HdAEAeH, RESF
o] #43 =2d A2 HEE I AT AA" $9F L 25508ml g3y,
dF ¥4 ZF(humus layer)2 €43 AAHA &3 FRAAT 2 FAE lem Heloldh
W, ZALA Y] Fo] BAFL vid JAEA ¥ HolE YehliRomR, Fo] LA
FE Jlgez dgF7 A8 AR A dz2Fo AT F7 '9%5~'97 H
T ALFE div) 98d A vgs AN HeARE ANOVAE T3t AR

T}HSAS, 1985).
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Y. @A g JAY wst x4}

AA AAed e A AHME g BPL ALY F Ao 284,
488 AdAde AFFA GAAFAE BED YFE FT TE F4E U7 A%d
ol F-Eol H|EdE AUtk olFA FH|E AR 28viH e AU} PZE o] §3to
Ex ¢ 200m AolE Ad Ao M 20008619 ¥ F=o 50mme] polyethylene
(PE) &#& ©l83t9 & THFUY. °l& T3t ZA(EES) oF 50~100me] A¥AE A
d zZt #@5] 20mme PE #2o2 AP 4tg 2ZPIeg o8, dFE FA

53], AU &L LA oFAAEE EL vFL Fo] AAAT HA F=F F

d

7] 9stel AR Fol By 2Fo BEAASHe] AU Fdo] WoiAA RES
#olataint.

TH, A2FAA FolAdd JHE E IS vAE AX

fr

THE FrEdes sobH
des, 53 HAY ZeFL old 5mm W2 FEZHA7|A HY 5mme] FFFol FA
g 7 UES MIYstoq FFaRE HANAG 53, &Y w2 E A5t 39 Fol
HAAAANE T3 sotd 6719 FEE AR FLT FEE SR HHFY d=x
7o Fo] BHAFE ZAMSI paired t-testd] o3t MaARE AAHAC ohge, 671
o] FEAA AAd F 96789 Fol AMA A8E HFLz Fold AFF, 2 AA, A
FHE S5 t-test® T HRm, FFAY} FolF A WA= 4% S HA
st

Fol AFLE AA S B st on, 15F =8¢ AHALE F&3oq 4F
Fao AFHo], 2 APE FAHAL. FFL g G2 ZHIHPH, AFH R 7 F

A7 SH&HUY. ¥H, S0CAA 484 A=F FHY AFFE T3 A

)
o
5

a!)

A48 BTF dH FFEe FF YT dz27Y AAAT EF 86~8%E YEUUE
d, A2 &S FAA FAX0 A}V AFFE FHALE A A2 FA
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3.3 ¢ 2%

7t 3da71 &4
'97d stRkyl A2 F '95~97 dibl ‘98 AJAbEe] H| &S vlEE Az <Table
3-5>¢ vebd uioh Zoh F GYFIIE AP R djx2TFol vlste] Aatgo] tha B
< ALR AqAZoY AR T A A Fo] BAFo] gl F WolZo]l YR Fo
2 dstd BAAHA fdXe 27 o &, Al 1d Fo AngRe & ¥o%o
2 Aste] A&E PHo] o2 YA Y, Park (1997)9 AFRDE 1T o 2~3d9 F

F718 AA& FAHE 2 AFE FE3 JAY 5 AL Aoz AAHUG.

Table 3-5. Effects of litter removal on pine-mushroom yield observed from 6 fairy

rings of Tricholoma matsutake at Hongcheon experimental site.

treatments yield in 1998 contrast to that of average in 1995~ 1997
litter removed 217% * 91%

control 131% * 46%

Y. #4-Ae a9

Bre Fo] BAY, TAANY F 2T AL E JFS vAA G kcHTable
3-6). drArt A200E)S] BH@ETIE #2884 Aon dritel A} zdor
Addte] AAE FEFFAM Zted ZE o AAAE YA @ A2 F2F F+ ¢
o &, #eAge o] AAAY HAF B ol Fo] UMY P4 ANG 2 A
AA Ao FEYAAE ¥ £ ¢ Aoz F2E9. 28y, Fd9 AFdNE $
of ALl didel vlsted HH wH WA olo] oiF AT o Eo] oy AA
2 ANV 2o AAE Ao gAZY o)dF AP EAHL sddre A

A 22 e siFely, ol2 Qlste] A4 wA%s} #dd Hre HAAE o
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2 A7 AR HoeF ARG gelA, Fo] ARAAAIE dwtH oz WAL A EE
Aoz dAAE A& 19T ol2+ A H(Kinugawa, 1963)S A &3] sotsies Ax &

Ao JEoFe 23 d-do] e Aoz 44do

Table 3-6. Effects of irngation on yield, initiation and ceasing date of

pine-mushroom in 1998 at Hongcheon experimental site.

treatments mushroom yield(ea) initiation date ceasing date
irrigated 137x45 September 3*1 September 11%2
control 77x24 September 3*1 September 10+2

—_—

ob&2, 8d9 FFAMet HA Fol 2AZ Z ¥ FA &2 AL Fd Fo

FHsA Folw

ffo
K
)

¥ 5}

rir

L7 FeFLE dde v FEFE FolUd W,
Aol @7ol B Z|dste ez Adn. 99 dFAYAMN A FFFS 7
TLE dFeme FrEgol BUY 2(I0mm ol FeH)e dgdde BFE A
@oted, AA Fol 2AZF BFE A FAD &2 A Fo| £ % 8d 7t
<t 49 ol27d.

aYd= E7stn, dFMde o]l AHA FF R ATl FhE fEsHE A
22 YUestH(Table 3-7). &, P8 R BY,0A T3] AF3HAR0l, BFAN &+
€9 TUE 39 FF FUME FEsE Aol opde} AFHoR Fo| AAA Y Lo
Ao FHEEE FozM AHA FFol solvde AFE FAY F UAH. F, #F
Hele A2AA Fo] ERF 2 IFE vAA ¥ed AR FAELFHTL ASE A
Abstes A2 A, Fol ALAY AFHo FF o FolFA R 7HFHc] AAEH
T Ae AAT d, B 7Eo] A @& AdeE I AFHIL USE GAAA
FAt.
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Table 3-7. Effects of irnigation on weight, diameter and length of the fruit bodies of

pine-mushroom in 1998 at Hongcheon experimental site.

treatments fresh weight(g) pileus diameter(cm) stem length (cm)
irmgated 83241 6.20+0.23 9.26x0.27
control 68.5+34 6.17%0.15 7.66%0.27

ged, Fol AFE ATt JFARY FBS A5 BLE NG AL Fule
T, oAl BAHOR AN o & SHYH BFE ABTY, 32E FAaH

€ =2 5 UL Aoz wddn

£ 5 i 2FEK
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B3UuEA, F40-1992. Fo] AR AT F2 ol BN BE zAL F33%3 A
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%1 8 Fol BmENK Kok

1.4 &

FolATE st ®©e AE AU BY, ofd AUFHME Foij7t #AE A

olgte 7ol =& Y, & 2UFYeAe Fol BAZol I3 HAY A & A
olghe Az A dd. HAY, old] Wt A& A2 T PFaA ds
AL w2, ole Fol 2AHF TP JETXE U8 2R T+

Qe FehH g AP st R golzt & 4 QU

H, Folate] EAFE FFH dojobdt ofd adol 93ty Fo] WA Fo] AAHEA
F3E & Ao FHA FUBOS FolFAE AT 722ARM Fo] YA A7 ¢
YA 2AHE AANSAAT, d&3 viastq FHE AolE =2 AL + gRan, o
By S8 T Fo] BAY TALE 539 Fol A E Hostaxt =H3}AA
o A o] ot 53], olE2 Folo FAAGR F F UE FY, &3 T L
Ao SA4E dHHoz uFgsio Fol YAYE FAFoeH JdFHoz & AY
o] Fo] Yol Ad ANAL Fo] BAFY 5L FRFA AAHA ZE o}HAES
AU YA

ojd] we}, B ddiAe Fol EAFd 4FE viAE dETRAHY .U S HEn
A 7IE Fol BAYY dETE B FAARE HUHOZE AL F, oJA7A 49 H
AR FMALHR WEAWY Fol BAY A8E EdE Fo] Y JE¥ETE A

< Md9s] Rz s

2. 45 %34

7b. AT A

M ZoA dAFEARC] FelE FAALH} WSA LA AFAHY Fol TAHS
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dAste] JIE ABS FFHoE v UG o w}, Fd: FHF T x=HI%
FTAEE AFA FTE FAdAM Fol EAZo]l FH =EAAAY L Fo| T4
Fol EolEn e Rez2 AAAE Fol YAYES HPAt

HAY Fol TAYY HABE Astoq ¥ AT VHEFAE BT FERAE T
of 4 AH9 Fo] BAFo] BE & AU, AN AHAE TUAY & A
€ dAz FHF dAe d8xAE F8a Fol TAAYS FdHAUH. ol F, dA=
ARE ZAAGAME 19959 Fol 270 Folo A LAAAS AFozH o
Y] HAE Aaden, AL ZAAAME HL 20mxX20me] ZALFE 57 o4
A F Je TESE WY HeA FEFAUG

. Fo] 28EXE ¢ JEFY =4}
2 479 £38 Hstd UA, Fold P EEXE FAEIHUT. 19950 o6 =
At Fo] BAAAE THLE HAE 20m Fo WYFE THANFY £ FAEE w
AARsta Fol ZAAAE EABAT. o€ fAstd & A7 AF S &8 7| e
&% WFo2 xF, ofd Y2 yHE AL Fo] ALAI 23t AH AR
€ x, y5° 42 BAsHE, &4 ZAT Adolle 5Sm AALE FAANE BAS HA
o] AAE FAst7] &ol3EF . FolTE HotE AT Fo| AAAY dAAE

1995 -8 1996\ 7hA] 23t EAME o
dETEY ZAE g0l UF EHHA &L FHlBME 5L BET F Qe A
HA 1996 d 3 1997 d 9] FAHo AT dEFE ZAYELS 4 459 FFH YA,
3, g, Fu373, 48499 FAELE FAHAG. ofL2, 4 JE] ZATER 4
~5708 HHE AHa F 2079 FHE A% & JEY d¥ L FHIAAAG. &
Tx2 &Y ALS fEo #dFAM EXd didoq zABIRLH, EE ALY AR
T 10mXx10me] &FAFE 7|22 BAHAG. 84, 9 434S A48 340 E

FTHAGTAA 24T 62, 2HUTF 48 S d¥dez dAAG.
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9. $o) AR ATz BAY A
ARTFZS} $ol AT 54 Fotaly] Astel FANATAN zAY Az
g Edz gRFE B4 Z2I3e B8 £3 RS Fol AN (R WG @

A4 BARAL ohgd, ol BAYS] YRFEAS, VEAF L FBFIUAL A

S

R, FEYolY YT wE FEEE JHUE EMAAG. TELY 4 4
E7& A8 U £AFH FEEo2A d4E $83o AxERAU

7 R YA 54
4% SRS 2YF(Pinus densiflora)7t 70% W& AA stz voix] 30%
g %Y (Quercus variabilis)7t ARt JARew, 342 4 Z(Rhododendron
yedoense var. poukhanense)°] ¥ Foln ZHFZHAUF(Styrax shiraiana), YT
(Lindera obtusiloba)7t A8t YUt
AUErt ASES A, 9y § RE "M $H4E AAsn Jen FHYFE7
dsg B2n Y[ FEEY A9, 24U 8 FFEY Imold HE A2 uE
won 4L 90% o4& AAFL AUk 2T dExA A, 4B FuAP

Zg 7lger BI~68dez YEY FEA0I7F 30 o]FLeE YERT. FA 59

4

od

¢ FEL B~71E4, FIE 4~20mEA AATE 82 ALHINLH, 203& AF
2 AFE] 50% WA 10%2 48] F23RL, H2Y PFELS 1-2%2 T3] @
< U2 veiddd, #d, FJ3UF A5 Fe, o8 E 6~-60348012 FuE 13~
16mE el B AR S dAAZ gd =P AP ot PAHE ¥l okt AA
A Aol ot PFAHAD, HIoE Holdl 2dte fof AABHTA 247 A
e A ARG 221 ASE & F AN
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AUS A73Y 2EXE A% 2~10cms 30~40cmel 7HE Bol EEse Semt W
£ AE 24 Y= Ao uygen haP L0708 YEE Yshin ANtk ABEF
Fol vlal MZH F& HolYku, 24T £k Ao 206mold, 23

UFE dpEel HFF 2~15cmel dehin Utk 2uge £uFE EXE 29 B
& 47 6m olstolAW, $£1F 16~18me] YZol 7% Wkth YRPH| UFES

245 A% 4FY B0l Wy WEel FRvPH Aol A Jeho

L)
a2

EE24E 2100~51508 024 JZEFIE B <FAF 1> FFol ?e 24Tt
AE2S AL Jdon, Fo] HAFL F3] AJUAD. FIFEL 25~60m= 28] |49
ol & B AT JF AFFL Aol7t Bol e RS HAFIEd, o &
e Fol TAFAME HFH HEYT QAT FH, <FALTF 2>E ©E AT ¥

sl JEE4s} 0l AQed, AAZE 28 ZATIN Fol WAl Y Wttt

Y. AH ZAFY JETFZ
AR ZAITFY A Lddx 2UF(Pinus densiflora)?t F $£Folvl, d4dFF o g A

£ A ZYF(Quercus mongolica)?t 2 YElR D ol9olx 7Y F(Rhus trichocarpa),

ofl

@3 (Acer pseudo-sieboldianum), %-& R (Styrax shiraiana)?t 243t A, A
WA dFe FAZATIMG shAIAE, $Y ZATUAMNE o7t 3n, 53] g
2@ 459 sol7} @it

AUTe] AgZA A, YR JHe FuA4 AE8EE JFoE £Y~T9d0E
Fdol Hlate] tha xHPolon, Y2 £ o7} 30d ooz yehch A
A YBESFE BI0E~52002 024 FHo ulsta WolZo| Fon, JBEFI BE
ZATE 5 o)1 Sl ALY (Quercus mongolica), &5 AR F(Fraxinus spp.)
7t Bol2 e YA te gdF AfEo YFES AAsn AUD FREL 20~
50m= 28] o]} zo|E Ho] AT JF BTN Aolrt Bl e AL BHY

Fom, 2U4%st e £FHT Imol¥ HE FBEL AU YT FHE 8% o4
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& AT AATH AT HFFE LEE A4 5~%emol 74 Bol REsH 3em7t
ME AE UL, ha® 777RLE dehy AT G FHA Hate] WA AT @
B, AT 1He OE 2ATo Hlstedl YBESIE WA HUAY, FARE @Y $ol
B4FE e AT Hsd S¥E BA Wtk F, U AUF JRRSS AL
ol fo| WAFE 48L& 4 UAAT

AM NGAL 4 5w, FLVVAL 16w Yol vs) 2 Woldedl, ¥

o Blste] HA= Han EYY YSERE HobAd AYA$rt Fe ez AARHG 24

4o

ol FuEE £XE& MY ¥ £ 10meld, £IF 4~6m7t ¥ ol}& A=A n
AL, F1F 8~10molAM 718 & 38 HEd 24T FuE Hof 94mE ol
vl dids] e Holgow, ABURE AAF 2~10cmo] H¥-E Yeudz loid A
ol 2 &L Aoz AZAHJUY AZURE £1F 4~6moll Bo] EX&n, FHE 7}
S Aow eyt

0. Fo] 2R} JEFx #EAY
Fo] BAYAA zALE 5 % '96dY Fo] HAYXHE AL FdEoz dAH
T 28AGE 45U 4Yd d¥o2NE 78 AFAAEE neldld F@UH 2
Z@HE It 2@l dZAHE dFd G A=(FEI4Y 4x)E &F
& F, ol 4dxE AR ¥ ¥y 4 Hojg 2Tk ol FHUAY F F@Ao
€ AddE FE g3 FoldAHANA xAE AFAALY FAA S BAY A, 7@

fr

FE FuPug, GEA @A, AH A SH e 4BYL 2: oz vy
(Table 4-1). W, F8EH L Pol= FF FARH S & FBBAE vy, 3
# 4BE, QU 2 AY $HE Fudol e Aoz usyd 5 2ATY o] 2

BHE A Fol BUAF HHE AU Yol HAHsE NozA, #¥e sy &E

1

Fol TP =¥} tEo] F7HEASE AlAetn Qo &, 3G vl go] F
of &9 o IdHE #ol ASE FHY o FEo] thh Bl Y-S AAE
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Table 4-1. Correlation coefficienst between fairy rings of Tricholoma matsutake and

various stand growth factors.

growth factors no. of fairy rings | area of fairy ring |length of fairy ring
tree height 0.62375(0.2608)" 0.60219(0.2825) 0.54498(0.3422)
average diameter 0.80657(0.0991) 0.97400(0.0050) 0.93217(0.0210)
tree density 0.36501(0.5458) -0.23121(0.7083) -0.21538(0.7279)
clear length 0.20015(0.7469) 0.31269(0.6085) 0.20821(0.7368)
height/diameter -0.63857(0.2462) -0.41237(0.4902) -0.47292(0.4211)
crown depth ratio 0.92480(0.0245) 0.44137(0.4569) 0.55533(0.3312)
crown area 0.62391(0.2607) 0.44927(0.4478) 0.42952(0.4704)
crown width 0.65644(0.2289) 0.63963(0.2452) 0.60072(0.2840)
basal area 0.90476(0.0348) 0.63903(0.2458) 0.62452(0.2601)
volume 0.91476(0.0295) 0.67298(0.2131) 0.6555(0.2298)

* The numbers in the parentheses indicate p-values of each correlation coefficient.

o AAJAAZ F&, BH R Holo] YHPF FFE vA=rtE sty fE A
FAAZLY FEHALY Y StepwiseH S T p=015 FIFETAA FFIAE AAHA
=d, g@&Foe A (volume)o]l, B E4, HD 2 FnAHe|, d@Holdde
H/DS FaxFel 714 & 48S viAe Aoz veygon, 4{EAF sfstA 2 &
¢ H/DE Z83AH 3 dold A9 A= Aoz yend F, $19 AR ¥
&o] F89 FAF} #¥o] USE YEdo] FHFIL Fold P FFE v A=
et Bop Aoz AFHort & Aoz AAHUD

¥, o] vRAYRY Hm, EHE T3 Fol UAHY EHE TES2A A

& Fol v JEFA L A, AT AFF HRFELE 2UFH F
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Fold, dgrFozAe SFUTYL AAUR ¥4Fo2 eyt &34 ABuR,
BZAYT, ZBFYUYF Fo| A e BES $o] YA A thE uirl Ut
Fol A AR, 4 ZAFE 4F L Y ZATUHAANE B Aozt un,
53] 45E79 Aozt ol vetyn on, dZEFI B ZATE 338 oF
I e TRYTS AZ2YUYT ooz od AU ¥ v &L AAdn oM A
Aol & olFoAAE RoE AR

FAATY FFLEE 2U4F7E EES, FuA, @9y F ZE WA 98 A
A8t e, FFAYE, AAYF oz eAHsn JAh 2UF HAHIFE B¥XE A
HEE, A AZFAA vz FL3A Batgo] oy, AA Bemol e £Ast 3t
F2E 80 AZQF 5~10cm] HHAM 7t B A7 JAM A-E Fo) FYFo
Hlgte] ga oduFEo] Be Ao AAZYt E&, o] €% F1HH0] 40cmely =
T 2UF7E 50 8ol Hu, AA YEEFE 612808 £ 168me g vl $FF
2R oAt @H, Fu ol 50cmold HiE AUFY F17t 145mE BB &
a7t ke, ole fdVIREH Sde gz 5] Qi FuAFFol ¥ 4y
T £url e Aoz AU

ZAYRG AT AFFE FEE 24T st HAHAHo] Fon oF A
2UuRe Ay HHFol B~30ecm2 7Y FRAT YZRIE FPFol e (AP
15cmolshel v EH WEH o, o]F AFF 5~10cmil 7Y &L e 2d A
A NemPEE BT 58, AR} 2802 YEht, FUTRE QAR 2759
£ ¢ F ANeH, F YBESE FHYTE 40B, AZYTE 1B6RoE 2U4T £
o vate ¥4E AU YES¥Ee ZFUTLI 8w, VA UYTI 5wE AXse A
F 15~36cme) A7 YSEHY gRr2e AAsn AAS FHGRS VAGRE

F 5~12mol ol BEsY FHE JbY ge oz Usgon, TAURY A4

+

1 20m7t de gEe] 1580 Sy AZUyFE Ad #1271 156m uHd Aoz ey

L
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AYyRel gy E¥XE HW g2 Eo] #1317 5~8mS FIF 12~16md & @
€ Yellin o] FAFel AAMESF ule]lPe] &3 1 20molde 2Tt 57TES

Axsn gled, old@ REE 24T YR Fo| FRYAGE R HAZG 247

My

3 AF 12cmol 39 24T/t 90%013E AAqL YoM AWAHA FAHE T

!

Fol BAPF AojHE F3A BAE F YA

£ 2 & MERES sl BE

1.4 &

%ol (Tricholoma matsutake)e $-uvet AFEFT H319 FI7HAE AZse F5F
o224, $vgaNE F2 AYUF(Pinus densiflora)st TAJAGHERKIE P45t
AMEd AFolu 7Hedd FelA LA WAt YA 24 MR Fole AA7A

13 Auf7t B7bs e defoln Ao HFste Wlol FEE Aigdolng, Fo| ¥
AYe $Fx3E wgsn olsidte e FoALE A3ty w4 T3 ol 3
o Fol AP EXY AAFA o AL v Bol o]FoHoB(FHY T,
1980; olEl4 &, 1983), & LAY 7| €A AAYY SA4LS &9 AT E FTAHAE
del g3 A e Aeola(/hMIl, 1991).

Fol LAFS YAERFAH EA4F v 715 4T FAV e Ae2 HaHR
Aed(Hd F, 1995 1998; =HAH o] FF, 19%), o|RALS Fo|7l FFEREN &
ZHAY =9 §59 F¥S A wede AL gudg. FH, £9 72 W
et K 2= R Fx2de] wHA € F USE FAUGYH, Fo] BP9
PETZ W Fol LAY AN IFE VA Aoz B4 5 Ao ol w}
A=A BRAT S Aol i@ no] Axd ¥ JUAWME F, 1997), FAHo=
ETFZHoREE) S AT g Frhd dETZE AL Ao dE 2@ ofF A =g
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oo weh, B AFolME SolgAd 9B HAE FAHY JEFEE Fonz
£B59 542 FH02 Fol ANt AAYS PASAG. 53, AAHY 5@

al

59 549 99E skl AF L AZAL 298 FA 2T o] F T
Foldgel 4% F& JETZE BAAAE Hoatm, $o] 444 FUE 9T JBT
Z Adel APAAE ST £ A= B3 2AE AT 295U,

2. 45 28y

7t =AM A%
AT dAAE F9s FHT T8 MY IRHELR Fol7t v Wol LA
e Folth, AP L AF Ko AR FAMAAEoEA EAWEZ)E o 450molA 7
AARE 30°0 o2 A4F FRAEHDS ¥ 70949 24 (Pinus densiflora)7t 0%
Weolg Axstn vz 30%E FHYF(Quercus variabilis)7t AH3tn AUt 334
Ao gy A ZE(Rhododendron yedoense var. poukhanense)o] $HFolnd ZFHuR
(Styrax shiraiana), 7\}5(Lindera obtusiloba) o] AtA3t AU EFE =Y3F 3}

Zge BAR 29 FAANEZA gAYl GA JPP FALHEGFIUT

4. g0 2494 2 JETFE =4
o 04ha) @7 GAAIA o7t WASE AWE FHLZ Wm Fo| YYTE

or

AR e AAAE wat MAPsa(l, 29 FAF  20mX20m; 3, 49 ZAFF  40mX
20m; 58 ZAFF : 30mX20m), $ol TAXE 19953 F-E 1997 d 7] 3d 7 ZASHS

EA g obgel, AAE AT JEFR e A8k, & HF T B FA
X, AldSE 5§ 7Igsen, & 2ATU RE Jd59 fA, £1, AGLEKTE) 2
FHL(BERS FAHAT
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9. AEHoA 7Y < o]8d YW FAFIEY =&
PBETZY ZAF Y59AA 2 FE8Fd e £ FAFIES Fo] ALA 2
Ao ete] FAE BT A} FII AFBAE 27 oA old we}, AAAHA
TE5Y FE Hotarl s 4 & AEFS HAE AT AE FAFIEE
=&37] A8t AFE A Sl /1Y E ol &3

o

HAAE Nol¥ SRTISHERYES S22 A5 EFAY B9 2 FAF
2 248 ABE JAstd FVFEAARANA olo] Fot YRS PUsATh AHZ
AEZTH £LE EU2 HY Fol AAZEY FUEH)IE WD, olge] AW
ASDETE S Ax0) F7t2 899lel AH 24 TUEWTE AT Artste] T
DHEPNN 9As ¥9E 2e ANSEL ATHsAAG. ohgd, ArAA) JFL
esr] A duFel SAYS AFeRe H5F SANVE FBFYG Ao 4
sheict.

ARE £BFG Adol W BPAN Y FTUREE FaL, PN G
AN dFAAe FHAE FHAT o AHL AMZoIG 22y % P9 FUE
o AAH BWAYEES Yol Fan o HMY AFMFe EEZAE vehi: BES B
Ase AWeL HEAY

Ageoldel 4AE Aol YPWFZ AH FT L ABARESES <Table 4-2>0
Gebd kst 2 Z7e gEussel AL + Ux MrIge FUHoRE BUR(H
40 ~ 90°), E1E Om old, AAl=E 00 ~ 89°, WAL 0° ~ 359°9 HHAZ A¢
stgod, Yyl YU AY EFAE BPoE ABUIAHES GAsRAG AT
o2E #ddl % AFUSe Fue wAsel 19¢ 36YZ FASES ndstgt
8, AFF9 ATRAL ¢4 AYE GRol got YA} YBARE Foe o] T
AZHE 1¥ VAR o] MUY & A= WAL
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Table 4-2. List of items used for simulating crown projection.

category items(units) descriptions
latitude of the sample plot
altitude(m) of the sample plot
common
slope(®) of the sample plot
. aspect(’) in the direction with maximum slope
sz::;r XY location(m) of each individual trees within every plot
DBH(cm) of each individual trees
individual | height(m) of each individual trees
clear-length(m) from the ground
crown width(m) at the height of the crown base

date(MM/DD)
time(HH:MM)

shading time(month and date)

temporal factor . . .
shading time(hour and minute)

ol Wyoz AEd EEA HW 49 MAEE FIHES Fd3k(smoothing) 71
Moz dZdso AFRHYHE Ad FAFIEE AAYAASG. FAFIAY ddF A

Ao & g zeis ¥ fso 4958 10871 7HErig jdE 1dE 7

r:J-

595 £2AMo2 Fagen, dFF Azl wse] B2 FRFIU WS

2]
&

do], @A 9A] 308, 114 30%, &F 14 30%, 3A] 0% 4AAE FHAFIEY =5
ANdez AUk 2 AF Ao Aol w2t 5749 ZAMFoin 28709 Al RYEE
=&

3. o] BAUA G AT 54 BAY BN
£ 1407k £29 +BFIE Folo] TAAXNE YFs, Fo| HUA @
A £ F9We FUNSY BAYL BN o|F SAsed, & Fol AU
FAA Y 4% F9V FUREE F 1079 ABO~92 ol FsAh ol
He & 3 £99Y FRAF

O

W foleo WAUEEE AYY 4 Agod, olg BaR
g AxNstel olm $BRYY FAASI Fol AUMY BAAASL WYY DA
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=2 BEsgo. ok, A3 ANIAVE AV A% ZAS ATes] s $ol
WG] Iusd & Y= ZAOE AARE MY SAST(1~3% FTYE)VE 4o
2 $8 5459 Ad R ABH R8s Fol AP nAE GF Aolg BAEA

A2

He

t} 25 EA AR LS SAS packaged] GLME £3o EAEAL Ao,
A3 HaZt JAoj7t AAFY A Qo= LSD testE AL S HAY BT E AAFIAI(SAS,

1985).

7. ol @4FH FHEAES] B
U8 WAL VFo2 BAY Fol AdAe BAFS 2ATUD A2 egE
d, 53 $@ WS dsn b3 He Fo Folrt AT 1M AT ¥ TAE

b

b on sbd we ol £o18 LA 28 TATRAE 64 sHFe AolE neT

)

(Table 4-3). &, ZA}77bo] $o] AAM] BAYNCNH 2 Aol & Hol: A 27
2A77F AHE Ao AHHT YSAAE A2 e JRF2E AW el AdE A
oz gAA L, MEs} AP Rl ol TAFo He Aoz Yehoh

olgd, $BEFH FAAEE Fo AUAMe FYUE 2 FFL WAL oz
debtth. 1~38 $@59Wol UL ROME BAF B Re 28 FHY RN
)M Fol wAF] S8 Be Ao JEhEou(Table 4-3), 4304 $BFFHo]
2 AEAY $HE UAGHAAE o] BAFo] o] == Ao0Z BUE & U
9. % 42 25 EFLEY 450 FHL WA £ 3k adol: e FIw
W, 43 £dde FYASO @ Fol AUAe] FFUES A GANE R Folrt
eE 3 $Eo uzsthe & ATARGE FYHE ARG @ 5 Uk 59, uAE
eEst Be wu $Eo TAV LAY + gdon, AU eHE EFEEY BAL o

49 + 99 YAGE LEst UE woldt EAE oplstd Folo Agely AAA
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Wago] GFdgs uAA He Ao F5H 53, Agdolde o3ty ANE FHF
dre S50 v FHAE FFo] AFH nHA ¥& Aojmzg HAAZE 334FH ol
o] 24L& FAsH Wol PHs] SojeAE FEEF dof Fo| WAF] Bold F UL
S AAgY getd, g43ge2E AAAA AMd 8 Fgdel 2xFHel ol FolAe

Y& JFEF FAdstE Ao| iy s

Table 4-3. Freguencies of pine-mushroom occurrences on 20mX20m quadrats of each

survey plot by shading intensities.

plot f;'equencies of pif}e—mushroom occurrences by shading intensity total

mo. | T T TS T s e s Ty

1| 010 129, 576 767 633 376 148 062 000 000 | 27.01"
2 | 1579 | 4375 4136 3161 | 1875 825 429 021 000 000 |16401°
3 11048 | 1429 | 1300 1093 | 1050 | 2130 057 002 | 000 000 | 6201°
4| 39 1698 2091 2125 1504 839 43 | 075 029 007 | 9400°
5 | 748 1314 1457 1321 610 231 081 | 014 014 010 5800°
avg | 756°117.80" 1954° | 1693° | 1134° 497 230 0.35° | 009 003°| 81.01

= The same letters indicate that the values are not significantly different within each

column or row at 5% level by LSD test.

. Al ot o] - Al AHEAG nE A HZ
Ad} sFFe At & F3 FFAF Fo] WAYAX G BAY EXF
A ¥sle Fol HAFN Z Pl gle A2 yEEn.
He o] WA THE #BHES Ve W Foly kS

e FEFYGL Fol EAAAGY BdAgo] FuHer A e Tables 4-4 &

ro

4-5).
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Table 4-4. Analysis of variance for time-related variation of pine-mushroom occurrences

on 20mX20m quadrats of each survey plot by shading intensities.

Source df SS MS F-value Pr>F
Shading intensity(SI) 2 537.71 268.86 10.73 0.0001
Month(M) 6 500.64 83.44 3.33 0.0033
Plot(P) 4 51617.23 12904.31 514.86 0.0001
SI*P 8 2952.04 369.00 14.72 0.0001
SI*M 12 781.86 65.16 2.60 0.0025

Table 4-5. Frequencies of pine-mushroom occurrences on 20mX20m quadrats of each

survey plot by each month.

shade inte;r:i):vth 4 S 6 ’ 8 9 10
mono shading 1808 | 2220 | 2076 | 2219 | 1828 | 1515 | 1468
double shading 20.17 | 1964 | 2252 | 2004 | 2010 | 1928 | 20.11
triple shading 1635 | 1796 | 1798 | 1704 | 1688 | 1825 | 1747
average 1820 |19.94% | 20.42° [19.76 |[1842° | 1756° | 17.42°

* The same letters indicate that the values are not significantly different within each

row at 5% level by LSD test.

23, £ 2HE So] BP0 s BE Ro YuY Y £5I1~33 FH)
el AEE gAoZ PAY AYL FIAT, A AF AAY 245He Yoz
Ade AT A9 Fo BAANE Y F&AA A E 5 A= AvE 6903
42 % Ut ole J1& AGAPel &l EH3 LAA] olHoln YR FFE A
"al7) gold 5~64% APHANZ ANGAD A% AN ATRZA, Folae B}
Folduo] ol W4 o WHE Agsjojo} §& s otk
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£ 3 E Fol BEK MHBE Kk

1A &

FeUeolA Folt S9E YNV S4olU JRTZE AW AUR £NT @
At 2oy, 4ddoz 24e YARFolY ARTEZE ASA fAsta ol
AsHoz 4ud £ YES FEH] AAME FAYA NGl 27T 2T
3, olol e FGE 71EL ok Aol AX %L YHol},

$elE 28elA $o) THYY YRTE S4E Hotaly] Aot £BRIEES Y§
e, 2 A 234eWst b PR AL % 4 AT olol W, B oA
FARLZ 23gAe FehE FA%7) Asted o AJAWE 2T YRS hstelot
=4 4vrnA $oh 53, G JETFZE AU Y= og R 245dE o
shelA oW 71Ed Izsted AR destelof s AAH BuA o,

2. 32wy
AAAJA JETE 247199 A S st E AolbE T4 2 0N de ge
T3t F# 239 =HE AT AAAL L vtFE] A WAL AP $o)
FAY 78 FRAFITYS Fo] AdAte] FABAS BAS A, Au@A} e A
L2 YRR AME £9Ee Fo] AAAE £AFIH] 1~33] FHHE RoA 7}

F ol AL BPNEst 5 Aoz dERD olF 28] FHHE Ro| 7Y wguE

-, A FREIEE TS ¥ TASLE A2 Y% B3P Hg T
THE FHSA He 2ad JFEG add, B YYse 925 FIHo2 Y=
g HA, 73, Astnd FHEZE Fitd AN, B VYL AW A2URI 9B
g dFES FAETE AAl A2 X9} 3o st FAEYH FAHA Hu
2 A JEUEY 2o AWAA AW AFIEL YAsE F8 82| €
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&E, dBEFxEe Sl @] JTTA 24ZH, I AFL=E FBBA 2
g ®A 2% gEd, FULEAY AP FAE vFAHA 5S¢ 5 U4
dusd, ded dBUeRe AL 9A dBEFS P FnAHRE FFBAA 9

st AAel =yl A dE FHAH AAVL WA HI ol

3. AA g
ol wa}, $-ar FTUAH sidol X¥E RSIKRelative Spacing Index)& ol &3t =

dl, RSI9] A& & <A 41>3% 4.

RSI = — X 100(%)
25 <4 41>

FH NIAAA Fol HAFol JMF BUE 48 AT & AT 99 RSIE H|
23 A3 4 AT E 4%E JdERn 8 zATY RSIE olEd Oa AW 3%

tH(Table 4-6).

Table 4-6. Relative spacing indices of productive or non-productive stands for

pine-mushroom

plots productive stands non-productive stands
1 30 -
2 41 35
3 35 33
4 34 26
5 29 23
average 34 29

Fol WYl 2ATE BURAE Fol B AT 24, 44, 34, 54, 14 24}
7 ¢olm RSI g& 5¥, 19, 4% 39, 289 £42 dehgeh 28 2AFE J¥727}
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O AL dlE ATl ZRHoz AUR 43 Eo] WRFHo UAY FAF)
dAHY o} AE Fol P22 B 71 QU] Ao, 4AZATE 7JEAHQA Fol
TP 2 JHygstd A RSI @& HBE & 5 e 28 AT FAeole dvd W
Fkol B7] wiEol 28 AT RSI &8 HuiAz2 2¥ 4 Aok Fol HALF} $o
o3 -zbe] RSI HAEFHE SHE Aol7t AT Fo] vEAdye] RSI g2 3508z
gxten, O £ 30013 oA

Ao 2 vjwad Fol GAH HA RSI g2 30, ML 35, A 4022 &
At FL& RSI gellMe 18 dFE57E £3271 ¥ & Wes B4/ g3 #327 8

W 27} #o(Table 4-7).

Table 4-7. Number of trees by relative spacing index(RSI; unit : trees/ha).

tree height(m) RSI 30 RSI 35 RSI 40 RSI 50
4 6,944 5,102 3,906 2,500
6 3,086 2,268 1,736 1,111
8 1,736 1,276 977 625
10 1,111 816 625 400
12 772 567 434 278
14 567 416 319 204
16 434 319 244 156
18 343 252 193 123
20 278 204 156 100

£RR(AFAS 10) 4 448 RSIZ ANeE, 2LE 2U4FE $127} dmol gat
W RSI7F 300132 Wolx|e W, 8% 2U%E +3 6mel o2& A RS 30 of
s2 Uehdth &, Aoz wd FEAW AUP RSUF 2YEAY 2U4F RSIHG

A YEbso
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RSI 359149 dEE2FE 3 10molA ha® 1,0008 olstojxe FAexst FHAG
AYFE 47 38008, 1,600 oldez U, o £ FEE} ZAYLE Y
T 7122 39 ZAHNAY] HEoly Fol THYF Zo] IFR WS FUo] e

# 54242 2t 24F £uGE ¥ @ Rt

Table 4-8. Number of trees and relative spacing index{RSI) by tree height

Pinus densiflora in Pinus densiflora in nothem

tree height | RS 30 Kangwondo province (SI 10) | part of South Korea (SI 10)
(m) no. of trees | no. of trees RSI no. of trees RSI
4 5,102 8,459 2712 3,561 417
6 2,268 8,459 18.1 3,299 290
8 1276 6,182 159 2,325 259
10 816 3,805 16.2 1,667 245
12 567 2,177 179 1,235 237
14 416 1,373 193 911 237
15 363 1,146 19.7 802 235
16 319 968 20.1 697 237
17 282 835 20.4 - -

g RSI 358 722 HANINA. & AIBFIEH} Fo] SR A" 713
LS A7E 5~T7YolEE 2 {V|EE 699 T8 AUFYH 2YFHHAESF s HE
71222 3tk RSI 352 &L Ast &1 IB%E vz T84 519
Ael7b 19 1/30]4olu| YEEFE £3 5molA 22688, 10molA 816E, 15mollA

363%, 20mollA 2048 o2 7A@ oh(Table 4-9).
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Table 4-9. Number of trees by tree heights to fit RSI 35(unit : trees/ha)

heighttm) | 4 | 5 | 6 | 7 | 8 | 9 [10|11(12|13|14|15|16{17|18| 19|20

no. of trees|5102|2268|2268|1666{1276/1008|816 |675|567|483 |416 |363|319|282 (252|226 | 204

oo,
I
rlo
+
rir
oo
2
5
i
N,
[N
lo
fu
o
Is!
e
o,
J
)
N
AU
rir
4
J]
lo,
B @
X
iy
o
N,
o
8]
i
i

7t AEFoz ARE AL A2UFE FAHo=2 35moldld e YFL AARY. -,
ol A2ldlel £UFI gla e FFol AL Afole FFo @Al #FEAUG

TH AIEFIURAHY FE, o] AAA AN} M 5L 23 FHE R 3
o, $3F7t &A% 2AHAY 430y FHHE AE Folof Ik F YEUEI ¥
& 2ME stdol a8 AUF YEUEIL R X P E EAAMUYG. FEATIE

T8 AREGEAHY o] AMA SN FABA HE 5~7Y Foll A}

ol
2
o
10
i
of
i)
o}
Al
off
o
K

et 6U Tl dAae Aol Ad A3t
Fo] BAYL F2 2UF2 FAHY doud Ao dEaxe 457 2ol e

Fo] gt o8& A4 RSI HBE 7T 2 39 A2UFIt Qe S §H4E

g
<
Yo

shejof @},

2.9 @ JRE PEs, UWE 1096 A2 690 A Sol TATF BAlo] o

g Fol FAA AQ FE. A H=EF 53 163-172.
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e E, ey, FAY. 1995 A 98 9] 7 4AATE Fo] B4 niAe FFH
3 FEUA. YA 84(4) 1 479-488.

Lo AR, Fug 1997 99 424 2UFEY 83238 st dol dAF
v e 4% @Y A 86(3) - 399-404.

Cdb @, A7, BEE 1998, A7IEA 2P o] £F Fol AAt AR JFAA ot
Aga=8F 57 213-221

olele, AYH, ZAY, o1, /Ml K. 1983. =59 Fo] LA £ Ao B
ZAMAT. @7 EE A 11 ¢ 39-49.

olelar, WE, ALA, HAE, F9E, 249, 2AY. 1984. o] AFF
O~ 2 E5 B % Folo FAFY € F+. GAGE 31 124-132
NI B 1991 ey R AR BETR. BN, FEEeE. 333pp.

. ZYE, o] FE. 1995 2970 A H] 10687 Fo] TAEY J13ARS Fol BAFH
o] FudA. FxPsrslA 84(3) : 277-285.

10. SAS Institute Inc. 1985. SAS/STAT Guide for Personal Computers, Ver. 6edit.

Cary NC, USA. 378pp.
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£ 55 FolEe HERE X TN HREE

CULTURAL CHARACTERISTICS & IDENTIFICATION OF

Tricholoma matsutake IN ROOTS

At B F

SRR EH R

qF A YA
dEAFAYA
SIDICIE G
a  F o
4 7 o2
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£ 1E FolFe o8 R SRS HR

1.4 &
Fole AZAuIL obF olg & Aefolrlel & A7 2HE ol LYY FAB
TE BEAN AAY THoly AN Fdd FFolx AYHJUT Y, $o)

e o
Ll

T FFHA FEE AFZAN AAL FHoln, olF AF 4L FolF UG AY
@ olsita & £ Aok EE, B AFAS st Fol9 A2, YA S4& ol
87] A% ko] FFHAow, 53], Fold M S did oS dste] T B
2 R OGS A A7 dFAez g Joh ¢yt Fo)(Tricholoma
matsutake) T W g B 7= WHI F(1973)0] Mg A3 o] F wEds wgo
(1980), AZ2(1984), F<¢Y F(1987), Lee F(1997)¢] th¥d wixl 2 H7IE & ol &3l
Folzel wWiFe AEG w vk add, FolFAY #Fe UHo] Jre Hamada
(1930)ell jste] 7125 Q0 Eol FYHAR, Fo] Aol i o] 2% Tominaga(1963)°l
g3t o= Fx= Held ut gk

a2y, FolE AdANA EEsto FAE Fxdtn JAFuUIHE RS A,
AHAA EA dEsdtte BaE obA7A Ut ole] wat, AFAMES AT BYUE
e dPoz FolFAY SIS H¥ A7t wol IYHAEd, Kawaidh
Abe(1976), Kawai®} Terada(1976), Ogawa®} Kawai(1976), Kawai%} Ogéwa(1976),
Ohta(1990) Tl st HFF Fo] Mix2AE 2V AT A=/t A&H oz AMNHUA
Bt dEHoE AFFde AT ¥AE 2 & AAUTH Wang(1995) £33, € H} F
o Fo|FFE ol&de FolTd wFEAE AYEFAoY WYSZANN 71EY Q
T & Aolg AY F YUt

olel =2}, & AoMe £ A7l st g FolFde il L wWAEH B3
ATATE At 2ok HAAA AT (AFTAN AR F5)8 AT 24 oido] vl
stnzt ok 53], fEve Foldd £ % wgelH 71& d7AT} oo vRE T
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o FF FolF g dAeE ZF ATE FYIA st ATFASAA Hdel € F Y=

AeE ATsnA @
2. A% 2 Wy

7h Fold 9 £4
Foldo 22E Hst A4dAl(basidiocarp)E AHEEHAR. AlRE THF o3
A A Fol ALAE ol &stRey, AdAAAY & AaMe 2t &% AF F
%, AR 2R #2474 5mme 222 10704 wlo] MMN® Hamada ®jAlo] &7

23T A 2483t wekshE cH(Table 5-1).

. Fol &2 wjFEYd AT
1) A4 wIFx=
FRIOI009(FFA, 94-10-15)F ol&sla] 69Alel =896, 20, 24, 28, 32
36C)ANA 3HET AR DANE S AT QA g I ¥ FH S 9
& wjAE ol &3t ZZ S5WEoz P vin, TAMEL YL Abzlel FAuX
(Corn meal agar 10g, PDA 20g, Malt extract 2g, Yeast extract 2g, 7% 1¢, pH 53)
€ o83 quirnoz YA JAML AFF AL FAAME AgFold A=
A 65TAIA 48217 ARAAR, nAvfFo] 3t FFFL A 2 zHdoz v
I £ 22U 2718 mm @dAA 2HsHoh
2) 34 pH
A pH 2d& F937] dsiA= FRII009(F YA, 94-10-15)F o] &3t}
MMN <Az & 7|2 &1, pH ¥H= 2 3, 4,5 6, 7, 82 IN-HCI¥} NaOH=Z
ZA3t SRtEog ZAHFH wIFEAL 2T AAuiIsan, AFF PP
A DS LA} YA A
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3) WA FFA 4& AP
DAGE st ALR3F wiA|E Difco "9 Malt extract agar 34g/ ¢,
Czapek-doxbroth 35g/ #, Lactose broth 13g/ £, Soytone 20g/ 2, Nutrient broth 8g/ £,

Corn meal agar 17g/ £, CMP(PDA 20g/ ¢, Malt extract 3g/ ¢, Corn meal agar 10g/ 1),

Hamada(Glucose

Potatose-dextrose agar 40g/ ¢, MMN ¥ ojgien, &

109528 ARSI

94-10-15) <l

10g/ 2,

Yeast

AFEETe

extract

FRISI001('F €4,

2g/0),

Corn

meal agar

10g/ ¢,

WlxlE pHE H322 zASA

92-2-10%  FRISI009( % &AL,

A GE AMME <Table 5-1>° Yetd 871x] F/F wiAE o] &3 20, 300m

HESG LA 74 A E Omed ¥
2

4}, 94-10-15) oI 71E wjgFE

SwtEo g ZAEdn, YFFFLE FRIGINF S

2 EATELS D, 2% BAF 2dth

Table 5-1. Medial components for liquid culture of Tricholoma matsutake

Component MMN | PDM | Hamada | YMM | TMM |PDMPSY| PDMP | MMN(s)
Potato dextrose B 20 20 24
Malt extract 3 5 3 3 3 3
Peptone 5 1 1
Soytone 15 1 1
Yeast extract 2 3 1.5 1
Glucose 10 10 10 10 20 10 10
(NH4)2HPO, 0.25 0.25
KHPO4 0.5 1 0.5
MgSO47H20 0.15 0.15
CaClz 0.05 0.05
FeCls 1.2ml 1.2ml
NaCl 0.025 0.025
pH 55 55 5.5 55 55 55 55 55
distilled water 1000ml | 1000ml | 1000ml | 1000ml | 1000m! | 1000m! | 1000ml | 1000m!
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4) WA g & $o] FAIAY JF
MMN gz (pH 55 300m¢ AztEZelx3d wjz]FE 50, 100, 150, 200,
250m 2 91 #FE FRISI009(¥ A4, 94-10-15)2 HEsld ot oz 2359, 7|E

Bgzd R SAYHES DI B F 2ud.

3.43% & &
7b. Fol FALY #8

AAA =ZoA st Bigs A, F FFH wAFoA Hamada six ol ]
3] MMN ®lA7F o] $£& A2 YElRri<Table 5-2>. X ¥o waMd & zto]7t et
won, Ao fIMe B FTEA Aolrt AUt FHAA RF Folde F
7FA] B R RF 10%9] &S JdetlOoY dAd Y AAdAE MMN #ix| A2t 67%
o 28 HTES UeRlY =2 FAHTELS 2 RV HdE B vdd FL£ A
o2 ey, AF FHAME 27t A AT olXY R wE RPYFES
ol & dAFASd AL AFHE violA T, £3& AR VAHTY APz

SUE7 7MY 2 #3e2 AN

Table 5-2. Isolation of Tricholoma matsutake from various compartments of fruit body.

Collections Compartments Medium of isolation ratio(%)
Hamada MMN
pileus 1/10 3/10 20
Hongcheon stem 0/10 0/10 0
bottom 2/10 0/10 10
total(%) 10 10
pileus 0/10 2/10 10
stem 0/10 /10 0
Yechoen
bottom 0/10 0/10 0
total(%) 0 6.7
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. ol WIS

1) A3 wF2x

o] A4 HAHX2: s 18~23CE BIEHUYR, 32TAME $oldo] 4%
82 oot AXBOE 387 1o 3 Aoz H#IHUhHFigure 5-1). FE(1974)E
FolZe AAZE7F 30T A%, HAI(19)E 29T BudAon, od Axde &
AEZAAG vz on, E FAXTE 0ToIsE BEHALY. dAFIH HHL
& WHE 30T olstoly Rhizopogon vulgaris, Sphaerosporella brunnea, Tricholoma
pessundatum T 30TCoHAME Aol 435d A2 ¢4 AtH(Dennis, 1985). $ol%
AAF T stuE INHA AAAZTY EAHE 7HAL de AR AAAH, gt
Folze HFL2 30CH oA FPgtofopdt AHE oz ATHUD, ety
AE71FE 0T He do] Bosz Folde] AIFHT o3t oAz 2%

7d FArt 98 F AR AGHAUt

’—'é\ 0.2 6
o La.6
Ye)
2 E
}o 0.1 3]
2 =
g Ed
@ 917 2
* 3
™ a
£
O 0.06] 2
3 S
4]
2 o . . .
= 12 18 20 24 28 32
Temperature(C)
~—&— Dry weight —8— Colonlial length J

Figure 5-1. Growth of mycelium by temperature ranges of Tricholoma matsutake

FRIS1009.
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2) 4733 pH W3
Fold e A4%4e pH WA FRIJI008, FRISI0099] F #F 3ol o)zt gl ovt
A7l A FRISI0097F 0.14g/150m¢ © 2 FRISI0089] 0.11g/150m¢ Bk AFo] IF334
o #iA e Hx pH 5.1°] 378¥Fol pH 3022 pH 2.1°] Bl L & + Yoy, 1~2
MY Atoldl pH7t A3 HAXHAM 3/ReA] pH Doldol WHHYL el UcH(Figure
5-2). BB FL 1~270Q Ateldl 23] F7tsitizt MR YFEET Fold S & F
ANew, #ol YFFol Frtdel et pHF RolA= & F Ut

160

140

120 1>

24/ SRR N

80 - —---em oo

60 -

40

Mycelia! dry weight(mg/150ml)

20 {----

Month

—a— Yangyang —e—Samchug
—— Yangyang(pH) —¢— Samchug(pH)

Figure 5-2. Growth curves and pH changes in the culture of Tricholoma matsutake

FAFo] STl wetA o pH7F FolAerte obd WEstA sfiXo] A Fe
ofvti, FolFo] HH}HA oW UAEA(acidic compounds)& WESEA Fo]Fol
ABgstEA WAL JFE Fod g AP S JeEE oo Frtsle Aoz o
ARG obFE, ATd FIHANA pH7L ool et FolFde] Aol odgFe] @ A

o2 AZtEY, ol W} EFL FolF olFHE AT WAV UL Aor Z2

Jp

fth Hung® Trappe(1983)t Hx pHold #ol A%% pHl Holhg ZAbl <& 77]
el a4z MEHQ o] &ES9 Atole] FdstE Aoz AztAATh B, Iwase(1992)
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= gol@e gAY 239 gleonate Y4 S BusAEd, 4 AFS FAA 7

4 WA= dgtn ¥ 4 Aok

3) A4 pH ¥

Folde 4% HA pH ¥oe 4~622 e oen, pH 3 £& 40|38t E A
Zol 243 EolA L pH 7ol oA E o] A3 Holx A pH 8 ol 7o A
32 @ toH(Figure 5-3). Hamada(1950)& °l9 #A pHE 52, 47339 < pH 50~
54, Kuraishi(1953)= 48, 43+ pH 41~55 #HZ3(1984)c pH 40~558 B 1
uh Ao ol el HA pHel dist b ztel7t gloyt dial2 pH 4~552 ¥l
31, Wang(1995)2 Foldel #A pHE pH 622 Husct & AFA74x pH HAZL
4~622 Uex 3, FRISI001L pH 6°] HZ pHE Yetd 21 Wang(1995)9] ZAze}t o
st @etA, Folito] A2AAM pHE "ol FAES At d(Figure 5-2), &
of & ¥ S AT WA 7] pHE 52 HFo] AHE3tE R Eu pH 552 %Fo] A&

g Aol & Aoz BunUL.

160
140 -
g 120
v
D
g 100 4-- -
z o
2 w0 - s
2 ©
= I
° 60
S
g 40
=
20 7
0 r v - - !
2 3 4 5 6 7 8
pH
| _Yén_gyé'ﬁg- T _e—Namwon }

—A— Yangyang(pH) —— Namwon(pH) !

Figure 5-3. pH change and dry weight(g/150m¢) of mycelium in nutrient solution of

Tricoloma matsutake grown 90 days in MMN liquid medium.
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Fold & pH 7~89 BFAA AFol 2 YBUJAT BHo] APsdr €2 2
Aoz ¥ttt 22y pH 8l 9 ML Fo Aol QoiAMAA] A9 WststA F.

pH 6 ol3talA &= wix[4e] #Maprl Ao Fetes 2FS BW, pHIL 2&55 A%s

Ir

= 2249 377 A3, pHIL ¥€4F 7igd F2YE BEUY pH 49 594 &

it

H E22Yrt qesz gA Yo 2aw 2242 He Zge] Aded, pH &
S5E goladrt & YA gt MFAAE pH 70142 sfA Ao Az A= of ¢
B ZHe Z2UE TEAG. Fol 71 pH 3~694 vere, pH 794 ¥
A3 pH 8olME A YN Folde] Aol A9 dE pH 7~8 HHdA= pH 7t ¥
ojFol iy, pH 4~6 oA HFTHLZ pH 307E7HA Bolzz, 2 3 pH
Al A= pH¥ 87 Rt (Figure 5-3).

Hung# Trappe(1983) Tricholoma® 9 #2 pHE 4.0~50 AtelT. pardinum&
de)Ye& Hn3A R, Dennis(1980)F ABF 2T AAoA AFol dzsn pH 7014
AN Aol =d Aoz Bud v Ut Suillus lakei A-163%} Thelephora americana
A-142F pH 6914 A% siAle] pHYE 300140 HolHn d& FEE EF o9 vk
& A%E dehiAHHung? Trappe, 1983). ol2i¢ ZAzes & dF2FHe dj&d 2

ZA, & dFoME 40] w9 pH7} 694 pH 2.8471x wWol o,

4) WX wWFEA
Folgdd #dFd AFS vxdt CMPS PDAsjzIOAM  zbol7t YEpton
FRIS1009F 4.9cm, 43cm A& Aol H]dto] FRISI001L 6.0cm, 58cme] A3 F& ety
of 2Fte AZEA 27t USES AT F AT 2 AFE 2 wiAA EH
Folo BFL e 2cmAE Aol Jted Aoz Yetwth(Table 5-2). ol &4 &
S B3I Shimazono(1979)E #old o] 25~28cm/34daysZ B2 1% v ed, ¥ AF
Ao ZAFet vlxd dojrt. §¥, WiFE AAAA 3HYo] AAF Fole A Aol

AAHE @S dedded, 2 olfEe WA FEZPF FAY BHARE oAAA
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ot ##, Hamada WA dlA o] FoldAt 4F& s CMPU PDA wix|of ulste] wgix| gl

4 29EE Folxt @42 Yeidth

Table 5-2. Colony length of Tricholoma matshutake grown for three months(mean=

standard deviation, unit : cm).

Collections Yangyang Namwon Mycelium morphology
Malt extract agar | 19 *= 045° 1.8 * 0.61° compact, white
Czapek-doxbroth | 45 * 0.32° 40 * 0.44° very loose, white
Lactose broth 1.3 = 0.30° 14 = 067° compact, white
Soytone 15 = 0.31¢ 1.3 = 0.16° compact, pale yellow
Nutrient broth 1.2 = 0.28° 13 * 0.23° compact, white
CMP 49 = 0.79° 60 * 0.36° compact, white
Hamada 61 *+ 0.81° 62 = 063 compact, white
Corn meal agar 31 = 040° 3.0 = 047 loose compact, white
PDA 43 + 030° | 58 + 045° compact, white
MMN 32 = 017 31 = 0.19° compact, white

* The same letters indicate that each values within each column was not significantly

different at the 5% significant level by Tukey test.

W2 d Folde A3LE Hamada, CMP, PDA A ¢o2 Aol J3 At FoldF

o 22Y9 Rgd w2t 2FE UFol BE, O FAF BBl =" vt of$ xdEa

4

ASH, 22U vyl FEFU} Getn, bRl $2 E3l ¥4,

W ore 48 FEMS m©= YoM, Lactose, MEA, Nutrient, Soytone W7} 43}

:10

o @ FAV 2Ustn, $HT, 22 v @ EWe] FRHRRe FEFHS volw,
HAes $23, $4% CMP, Hamada, PDA A7} 9ich. @ #Abel 2UE9t 434
£t FuAEcn, 22Ue HgAed FE0 9n @ w4 wWAE Com meal

agar W27} Qldh. @ TAE 2Estn, 24U sHgARed FEo] iz, AxA MFd
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A7t Wae] EEFOE Mot HEHE MMN ol W, ® @At ZUEI} ¢
w1 @AYl mavl, 22U sbgRtest ¥FAeA dehd A Crapek-dox broth
olgiet.

Shimazono(1979)+ $ol#d 9 wiYdA TG HAuiAdA FEL 717 228 ¥

K

stqen, of 2Fe PDA wiAolAs] 22Us #4180, Hamada #WxloldE ol nch

FEL 71 22UE UEUW. uiAd "eA I F2YE Y Ao Hol

(i)

Fo1FE MIzA e 4213 4L AT F& PRI dud s g £ 9
2 Zoz BUHYL NAFAMNE 22U YUE AN T FEAE e 4

23 gA2 AL H7|IE FHChu-Chou?t Grace, 1984).

Table 5-3. pH change and growth of mycelium in nutrient solution of Tricholoma
matsutake(FRI91009) grown for 50 days (meanz*standard deviation, unit :

g/50mé for weight, cm for diameter).

MMN |MMN(S)| PDM PDMP [PDMPSY| Hamada{ YMM | TMM
final pH| 32 3.4 6.0 59 5.1 58 4.9 50
weight | 70£11% [113+10|134+16™| 293+£31% | 184+29° | 52%3° | 78+13% [229+43°
diameter| 21+0.0° | 24£0.1° | 42%0.1° | 41+0.1° | 43+0.1° | 40£0.2° | 34+0.2° | 42%+0.1°

* The same letters indicate that each values within each column was not significantly

different at the 5% significant level by Tukey test.(initial pH = 5.5)

PGl 434S PDM, PDMP, PDMPSY, Hamada, TMM =¥ 509 §¢t 4cmeol4
o2 v AL Ugded, diFA F2F 28€ A2 AHEEHE MMN s A
o] AL 2cmE 7MWtk 8F /o AAMuiAF PDMPHi Rl ol A 293mg/50m o2 F o]
Aol 7MY Ed v, FoulA oM E FL& AFF S 29 Hamada o A6l =] ol A 2]
Fold AT 52mg/S0mE 7HE 23Ut Lee 5(1997)0) Rnd Fo] HHuix¢ TMM

sjx B} PDMP wWiA7F 64mg A= AFFol o Bdoh Axw gt 4wt PDMP
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W x] 7t Aol ¥z e, Hamada WA LA Gl A Aol o Axujgole
e R AFE detdol zAuFs AFMupFA] wWAE desto] ALEE ool gl
At

Lee 5(1997)& YMM siA|7} 7b3 & $o] AFujA 2 Busgonv, & dddxe
8mg/50me 2 ol 2 B o, Al TMM wiAl7b 238 o & Y& ¢
gick 23 Fol HHujE Eug TMM A Btk PDMP siA]9] AFo] Fu3tA
Btstrh ol 2 Aol AAMFES AL Lee (19972 ARuFE 37 HEL
2 AZtE ojMd Ze wiAgte Gz meA Folo] e F Aoyt vEHE

AL Hamada #iz]¢] F4oid dEHez 2E 4 AAeH, Foldo] AR dA At

rle

B AR dF%E A WA Aoz AAHIE FAW, o|AF 2 Aojst v
3 Aol distede oba] & dystr] oy

HEE ARl G5 WiASL B €53 ED malt extract®E EFE A oA}, of
e A B o, Foldol AFIAA e B o @49S 8782 U= o=
el Wang(1995)2 PDMA(potato dextrose malt agar)?t 7v4 $£& wiA2 H 13y

3, o] A3e B AR vxstA e

5) A wiAFd e FolF A%

it

o] 4¥E 300m AAZRAAE ARt AAufR] o] ¥y o] Aol }E Fol
T AREEE dobry] st AA A Agd 33

A

oAA W o] e

A

8%
o] & AL oluNen &719 1/3~1/2 Fo 9 s o] M AHYF Aoz YAHA
THTable 5-4). WiA &o] HE&F& FolFL 7IFFA FHE wix FH fjo Y] &
RYo AFstded, WAlFo] AL R AFFe] BE AL 4 Y Folt F
71¢b F3te "A ol @Wold AFd #d 2Mg Z7] WEY AeE BIHAY A
o, WA Fol GEFE SAES Rdoy, WAFE Foln NEFE s ARG WA

ol 100~150m AEE ¥l A&t Aol Hegd Aoz #dH
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Table 5-4. Growth of Tricholoma matsutake (FRIS1008) by differnt volumes of MMN

liquid culture for three months(n=5).

Medium amount | dry weight final pH Efficiency | Growth on water surface
50 0.044+0.011° | 261%0.15 100 5
100 0.074=0.012° | 2.78%0.06 84 2
150 0.092+0.011° | 2.87+0.07 70 1
200 0.090£0.020° | 2.93+0.07 51 0
250 0.083+£0.004° | 3.18%0.06 39 0

* The same letters indicate that each values within each column was not significantly

different at the 5% significant level by Tukey test.(initial pH = 5.5}

@H, 7] pH 5594 37§ 4% 9] wjz] pHO| Wt wiA] o] BEFF Fgon, o3

< A gE SHEEC] MAS FHHE F2U W] W pHESZE WA e
g ez AdHUG

28 S2uet $o]9 18S ribosomal DNA F3i

1.4 &

Fol(Tricholoma matsutake)= 2718 ¥A o2, fEuvdddde F4 HF2 HId
THLee, 1991). Fole YA FAEAAAM & ¥/ 25402 43 & ¥ugdn, vy AT
T AAF BE ARl MY e o2 A Ao fuEt AX A Fo)rt
AgEda Badan A, AdHer gydde £718 gt FdE, F4E, dgx
Ao BHA Folrt LA UHKFR, 198la; 1981b; 1984; 1986). 7FE ®ol 4ol7}

Aase AYL ZAE% ZAdEAGo2 AA e 9% oFE AAsn Uk 2

- 158 -



gy, EuEe] Fol8dR o FaAA v & Folol dig 71 dol &
AT 25 AgHoln ujRE Aot

BAL Folgite YR FEEHOZ AYHI AFHULY, HI2d4E Fusad
et 233 Fo] A HIE FAHoR A7 AxH Jth 53, A2 AFdME
FoliA] FALE Folo AMH AUFY TS FHE TFULAHL 47 dd4d
T4& FHE AdgHD Aot FolFAIE 2UF(Pinus densiflora) HEldA FFFHIL
2 g3 #BAGME AT Iectomycorthizae) 28 A3t  UrHOgawa®t Ohara,
1978, Ogawa 5, 1978; 1980; Ohara®t Ogawa, 1982). $o| AAMEZHE %L FAE]
EdEo] AFH2 AT, ok Fold dig AFuMG 7l&e2 A Ak £, IFHY
HARY A7 Be ARdE E7832 ol3: B FAHE ¢ AHHall F, 1992
Wang &, 1995; 1996). #Ioll, dEAAE o3 Ugedr Folwddst AT Foldde
sl e A3yt AP Je Aoy @Hus s g o (Ogawa, 1976, 1977a; 1977b;
1977c; 1977d; 1978; 1979a; 1979b), LAY Fol LS o1& ¥ uxn YA ek

2, T FA-EF B2 ATER @A 185 ¢ 28S ribosomal DNAC] tfd |+
7 A5 Qo (O Donnell 5, 1997), FHAo M A 2ol 0@ ATF2E 185 L 58S 9}
ITSE X3t ribosomal DNAO #§ A7 @23 Ag=lzn AviKo &, 1997). 18S
IDNAS MEe AFHAgdoR & HEAH o, £ FHE A A & £
Ag Axo gL A de Hol #a A iL(Jasalavich F, 1995), o1€9 dFEL

Ad&ed de O AME2E T EARFEECA dFE AFERIFHY dTFE

IDNASl MEE BXFoaN oA ok Fo|k JAFITTLE deidy 24T e
A BHEALE ZAMSIY tHTerashima®t Nakai, 1996). £ U3 wioz A 2o yel

#  Fusariume] d§ A F(Peterson, 1991)¢F 4olol oig <A+ (Hwang, 1995,
Terashima®}t Nakai, 1996)7} Qlch. olejgt R dAFZ ol i 5459 oA
SgREZTE FL H4TY AEd dE APAL FAE FEHr] A4 dPojo. B A7
E v okdFolE AFsA, Fold AAL Hoste dFE IAFPHULH, 18
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rr

rDNA®] g714ES ¥Rtk $0l9 18S 1DNA MES 288 FAld 2uF #eld 3l
€ weotstz]l & 718 primer AL 9% 2AEL FPH

2. 4= 2 3y

7h Fol AR
Fol AAAME 19969 FEE 4HO)F FHANA AFE A 2 FFABAN
T FF4 $01(B)E AL ob&E, 19979 BE BTY FEAM FolL)E A
A5t A8 cH(Imazeki®t Hongo, 1984; Singer, 1986; Smith, 1973). M€ Folt A

Rol ARE Fo| YFud EAFAH.

Y. DNA 2

FE GAAEe] dF BEE Fold FAANE ¥ JAFLE K& F Ho}
2gdz wtE23n 1g9 3mel extraction buffer(25 mM Tris-HCl pH 80, 25 mM EDTA,
S0mM NaCl, 1% SDS)E ¥3 & &t dA42UT 45 1/6¥ 92 2-propanol&
Wi -20To A 30EEL AAAAG. o] AHEA S5mee TE buffer(10mM Tris-HCI,
ImM EDTA, pH80)& #H7}8l R, proteinase K9 RNase AE 35Cd] 5023 A= ¥,
<Y ¥yl PCl(phenol: chloroform: iscamylalcohol=25:24:1)) 13}, CI & 9(chloroform:
isoamylalcohol = 24:1)o 33 Azl F, 1/10 39 3M sodium acetate®} 2%5-3]9
ethanol & 73t -20ColA 30E FAARHAD. o1& dALHsd E2 JAEE 70%9
ethanolZ A stz AXAIZN £ 50042 TE bufferg ¥o] DNAE £8lA]A -20TCo] X
At P_d wojr} o] &3t} olgA WEZ genomic DNAE Spectrophotometer 2
260nm# 280nmellA FEE AT Fol, 4 1.0% agarose H7|FF S T3] @Udi=
g gt
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o. PCR #-§

Taq™ DNA polymerase, dNTF, 185 rDNA PCR primerg! UF5(5'-CGCCAGGG
TTTTCCCAGTCACGACGGTGGTGCATGGCCG-3")9%t URG(5'-AGCGGATAACAATTT
CACACAGGACCGCAGGTTCACCTAC-3)e (F)vpelYolol A F3te o2
(Terashima$} Nakai, 1996). PCR 4t§& kA<l wh¥(Williams ¥, 1990)& 71&38to of
re] Ay g st e £330l 5042 PCR w89 & 10x reaction buffer 5uf,
dNTP 250nM, Taq™ DNA polymerase 1 unit, primer 20pM, DNA 100ng $& &35t
A Z3t4 3, mineral oil& &L FIE H7IAd V&2 94ToA 587 AEgd F,
94Tl A 1E-55THA 1E-72CHA 187 &A1zl AL 1 cycle23ld £ 30 cycles
AP AT, HFAH L2 T2CoAA 587 AN F 4ToA B#3AHCook F, 1996a;
1996b). 4714 Y PCR product 548 F 3t 0.8% agarose gelolA] ©@d w=g 39l

st

2}. DNA sequencing

¢l &dols PCR WtgAjol A}83 mineral oil® AAE ¥ PCR #H$E8 DNA
PrepMate™ ((F)wtol@ oz A ste] DNA sequencing® #.om, A€ pellets
template DNAE o] €3t} template DNA 2 & ¥ %3l= PCR #9898 10x reaction
buffer 444, TaqTM DNA polymerase 5 unit, primer 30 pM, d/ddNTP mixture 42 8
(GATC tube 104 53 ER3A A 23AUT} mineral oile ZE ¥y H7igh
Fo 94ToNA 3B Mg F, 94Tl 30x-55TCANA 302-72TCAA 127 g2z
AL 1 cycle23dtd % 40 cycles A At PCRol Y9 4409 stop solutiond 7}t
94CoA 285< 79 & th-g 6% polyacrylamide gelol d7lg5&n, A719E5% falg
< HEHo2 Silverstar ¥ staining Kit ((F)ufo]2Uoh& A}&38to] FAston, A

@ Age (F)uto)evolel AHg HYAE wstth
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o A 24

Tricholoma matsutake®| 18S rDNA sequence® NCBI® GenBankel $2d 11%F,
16704 9] sequences® Hlm&F Yt FAIE 18S rDNA sequences® NCBI®! BLAST
search& %39 GenBank®} EMBL¢ DDBJ$} PDBel S2€ AEE oj&3gon, T
matsutake?t 8l FE9 DNA sequencesol @ AT E 72 AFEFE s9d. A}
€% DNA H< base pair(bp)2 E &3 tH(Altschul 5, 1990). ¢4, DNA alignmentS
3 Foll, DNA sequenceE o83t A2 t& DNA bpAleld] FAIEES vlmsagc.
CLUSTAL _X(window interface}E& ©|€3l9 multiple alignment analysis® &%tk
(Thompson &, 1997). f+Al=+ PHYLIP 35c9 DNADISTE o|&3t9 EAsgod,

Treeview328 ©] 839 FAl%(dendrogram)E 4 8% oh(Felsenstein, 1993).

3. 3% 9 @

7t Fol

Fole EA 16%4A AJE A A (Basidiocarp)’t ou, FHHQA A3 ¥
H(AF AH(CO)A 1996 7Heel AFE A& AHEstdd =8, T ZFAA 1997
d 10873 APFE Fol(L)% I Fol(B)E FUsted dHol ol &std RA AT
ojAE Fold AL RE Fo] AUME o]&3te] 18S IDNAS 4 & ol 3
o2 47/1E Yzt d¥sHt. UFSS UR6 primerE o]l &3l 18S rDNAS ZZ &9
o $%¥ 185 rDNAS 514 bpE EBAsIev, 2 ZAdE <Figure 5-4>9 Zt}
<Figure 5-4>+ 185 rDNAE sequencing® RO Z ol EdZ sequenceE g%len, o
A3E AFF Aol <Figure 5-5>°|t}. DNA sequencesl A 514 bpE& @& S oz 713
FREA 1 RS JYZEIAZ AEAAT. BRF 49 dE AdoM AFE Folg
DNA sequenceE & plated A83t49 double checking 3t} <Figure 5-4>914 Hol
Az Zol UFse 2A4MYE ¢ 5145 ¥ 507 Aloldl UR-6 primers EAXE 1H R
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Figure 5-4.185 rDNA 514 base pairs sequences using PCR synthesized by the primers,
UF5(5'-CGCCAGGGTTTTCCCAGTCACGACGGTGGTGCATGGCCG-3') and
UR6(5'-AGCGGATAACAATTTCACACAGGACCGCAGGTTCACCTAC-3').
The basidocarps were collected from the areas of Samcheok (marked, C),
and Hongcheon (marked, A) in Kangwon-do province, Mt. Palgongsan
(marked, L) and purchased from China (marked, B). The base pairs of a;
adenine, c; cytosine, g; guanine, and t; thymine in the analysis of DNA

sequence.
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Number i — 11 21 31 41
Sequence 3° TCAAGTGGAT GCCTTIGGAA CAATGCCGAA AATGAAGGAG ATTTAGTGGT

5’ Primer (TMF) 3
AAGGTGC CGTTTCCGGC TCCTCAAAGC
TCAAACTAGT CGAAGAGTCG TTATTCCACG GCAAAGGCCG AGGAGTTTCG

CAATCCGGAG ACCTCACTAA GCCATTCAAT CGGTAGTAGC GACGGGCGGT
GTTAGGCCTG TGGAGTGATT CGGTAAGTTA GCCATCATCG CTGCCCGCCA

GTGTACAAAG GGCAGGGACG TAATCAACGC GAGCTTGATG ACTCACGCTT
CACATGTTTC CCGTCCCTGC ATTAGTTGCG CTCGAACTAC TGAGTGCGAA

ACTAGGTATT CCTCGTTGAA GAGCAATAAT TGCAATGCTC TATCCCCAGC
TGATCCATAA GGAGCAACTT CTCGTTATTA ACGTTACGAG ATAGGGGTCG

ACGACAGAGT TTCACAAGAT TACCCAGACC TTCCGGCCAA GGTGAAAAAC
TGCTGTCTCA AAGTGTTCTA ATGGGTCTGG AAGGCCGGTT CCACTTTTIG

TCGCTGGCTC TGTCAGTGTA CGCGCGCGTG CGGCCCAGAA CATCTAAGGG
AGCGACCGAG ACAGTCACAT GCGCGCGCAC GCCGGGTCTT GTAGATTCCC

CATCACAGAC CTGTTATTGC CTCAAACTTIC CGTCAGCTAG ACGCTGACAG
GTAGTGTCTG GACAATAACG GAGTTTGAAG GCAGTCGATC TGCGACTGTC

TCCTGTAAGA AGCCAGCGGC CAGCAAAAGC CGGCCTGGCT ATTTAGCAGG
AGGACATTCT TCGGTCGCCG GTCGITTTCG
3 Primer (TMR) 5

TTAAGGTCTC GTCCGTTATC GGAATTAACC AGACAAATCA CTCCACCAAC
451 461 471 481 491

AAAGAACGGC CATC 3’
501 507 =<— 514
Figure 5-5. The 514 nucleotides of the 185 rDNA sequence of Tricholoma matsutake
mushrooms collected in Korea.. Underlines indicated the forward (UF5 « )
and reverse (UR6 —) primers employed for this work. The sequences
marked ‘Primer(TMR)’ were newly synthesized for the unique primers of

Korean pine-mushrooms.
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EMATE AIRE ZE $0]9 18S rDNAVF S9&A Uelgton gZx oz AA§
<Figure 5-4>= 428 A2 Yetd ZHoln, B viol o] FYF ZAZ <Figure
5-5>¢ Zt} ol 85 E EWiZ BLAST searchd ©]83to] $AM% sequenceS e}
He F& BA3gch old A8 ¥ Databaset NCBI® GenBank$t EMBL$ DDBJ<}
PDBZ F45o Aot & AdoA £4 € 18S rDNA sequence®t 7. matsutake?t 7}3
AR Aoz detgon, ol thE dFolA 514bpollA @A) 4bp7t ©hE zo 2 e
oo ZHA AEATGRAAN A=d FIFNAA £AF $0l(gb/U62538/TMUE2538 :
T. matsutake)?t 4bp7t ©E& RoZ  ueldm,  olelol  Agaricus  bisporus
(qb/L36658/AEDRGDA) % Lepiota procera(ab/L36659/LPORRDA) So| AA =AUt 2
2iu}, BLAST searcholAl d& 2ARE 2ds] 243 Ag= o|Fol score: 40|
gb/U62538/TMU62538 : T. matsutake)7t 743 fAsE R ey o529 F#dA 7}
F ANEL 3 B4l He Fol #etd FAEE 243idd 2y @A ALgE ®
#, 185 rDNA sequencedl A& 717 7t7b& ol T. matstuakeZ ERtTE

185 rDNA sequence®] £4¢ 98] A28 st FAES Lolugich $H, Bzte
e £4& 9135t 18S rDNA sequenceE #3to] 7z} DNA sequencedl ™3 alingment
analysis& 8t olo] W@ Aol @& <Figure 5-6>¢] eIt 18S rDNA sequenced]
A <Figure 5-5>9 A d(olst “A Q") 27bpal7t T2 PadFo ¢ds ggon Mo
71-80bpA Abolol A the &o WATH Folst Wk oFIME HAH 2bprt AolE Y
Bhlon, 3bp7t THERE T E Foldn dE WAL FHE TG 29

Y, 22 A Lepiotad e frAIE RS2 $ol&o] did EFE D 73-80bp7t & B

FE 748 7 Axe W& Aoz #AHIY
ATTCCACG GCAAAGGCCG AGG (73-93)  eveeeeeeene. oD
CATTCT TCGGTCGCCG GTCGTTTTCG (405-430)  --eereervieees (B
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No 12 18 25 38

45

58 61 73 84 94 107

111 181 195 22

1 CC-GAA GCCGAA GAG
2 CC-GAA GCTGAA GAG
3 CC-GAA GCTGAA GAG
4 CC-GAA GCTGAA GAG
5 YC-GAA GCTGAA GAG
6 CC-GAA GCTGAA GAG
7 CC-GAA GCTGAA GAG
8 CC-GNA GCTGAA GAN
9 CC-GAA GCTGAA GAG
1C CC-GAA GCTGAA GAG
11 CC-GAA GCTGAA GAG
12 CC-GAA CCTGAA GAG
12 CC-GAA GCTGAA GAG
14 CC-GAA GCTGAA GAG
18 CC-GAA GCTGAA NAG
1€ CC-GAA GCTGAA GAG
17 CC-GAA GCTNAA GAN

ZOPPP>PP>>P>P>PP>>P> P>

A CG ATTCCACG AAGGCCG AGTTTCG CCTC
A CG ATTCCACG AAGGCCG AGTTTCG CCTC
A CG ATTCCACG AAGGCCG AGTTTCG CCTC
A CG ATTCCACG ACGGCCG GGTTTCG CCTC
A CG ATCCCGCG ACGGCCA GGTTTCG CCTC
A CG AGTTCACG ACGGCCG GTTTTCG CCTC
A CG ATTCCACG ACGGCCG GGTTTCG CCTC
A CG ATCCCACG ACGGCCG GGTTTCG CCTC
G CG ATCCCACA ACGGCTG GGTTTCG CCTC
A CG ATCCCACG GCGGCCG GGTTTCG CCTC
A CG GTCCCACG GCGGCCG GGCTTCG CCTC
A CG ATCTCATG ACGGCCG GGTTTCG CCTC
A CG ATTCCACG ACGGCCG GGTTTCG CCTC
G TC GTCCCACG ACGGCCG GGCTTCG GTTC
A TC GTCCTACG ACGGCCG GGCTTCG GTTC
A CG ATCTCACG AAGGCCG GGTTTCG CCTC
A TC GTCCCACG ACGGCCG GGCTTCG GTTC

TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
TG GATCCATAA
CA GATCCTTAA
TG NATCCATAA
TG GATCCTTAA
TG GATCCATAA
TG GATCCTTAA
cc GATCCATAA
TG GATCCATAA
TG GATCCTTAA
TG GATCCTTAA

OO0 A14A00O00000
A A A AAA4A4 4 A 40 A~~~
DOOOORO»PO>»POO000 00

No 257 287 293

308 344 377 385

33 40¢ 413 423

436 444 45€ 462 501

1 CTCA
CTCA
CTCA
CTCA
CTCA
CTCA
CTCA
CTCA
9 CTCA
iC CTCA
11 CTCA
12 CCCA
18 TTCA
14 CTCA
1€ CTNA
1€ TTCA
17 CTCA

O ~NOOWUEWN

oRoNoNoNoNoRsNoNoNoNoNoNoR RoNN N9

ACTTTTTG GAG
ACTTTTTG GAG
ACTTTTTG GAG
ACTTTTTG GAG
ACTTTTTG GAG
TITTTITG GAG
ACTTTTTG GAG
TITTTITTG GAG
TTTTTTTG GAG
TTTTTTTG NAG
TTITTCTTG GAG
TTTTCTTG GGG
ACTCTTTG GAG
TITITTTG GAG
TTTTTATG GAG
ACTCTTTG GAG
TITITITG GAG

G TCGATC CGACTGTC
G TCGATC CGACTGTC
G TCGATC CGACTGTC
G TCGATC CGACTGTC
G TCGATC CGACTGTC
G TCAATC TGACTGTC
G TCGATC CGACTGTC
N TCNATC CGACTGTC
G TCGATC CGACTGTC
G TCGATC CGACTGTC
G CCGATC CGGCTGTC
G TCAATC TGACTGTC
G TCGATC CGACTGTC
G ACGATC CGTCTGTC
G TCGATC CGACTGTC
G TCGATC CGACTGTC
G TCAATC TGACTGTC

[oNoNoNoNoNoNocRoNaNoNoIb-_oNoNoNoN

C GGTCGCCG CGTTTTCG ACCGA
G GGTCGCTG CGTTTTCG ACCGA
G GGTCGCCG CGTTTTCG ACCGA
G GGCCGCTG TGTCTTCA ACCGA
G GGACGCTG CGTTTTCG ACCGA
G GGACGCTG CGTTTTCG ACCGA
G GGACGCTG CGTTTTCG ACCGA
G GGCCGCTG CGCTTTCG ACCGA
G GGACGCTG CGTTTTCG TCCGA
G GGCCGCTG CGCTTTCG ACCGA
G GGCTTCTG CGTTTTCG ACCGA
G GGCCGCTG CGCTTTCG ACCGA
G AGACGCTG CGTTTTCG ACTGA
G GGCCGCTG CGTTTTCG ACCGA
G GGCCGCTG CGTTTTCG ACCGA
G AGACGCTG CGTTTTCG ACTGA
G GGCCGCTG CGTTITTCG ACCGA

P AP>P>PP>P>P>PPPPP>>
DOOOOOZOOOOODOOD K
PP P>2>PP>Z2Z>PD>PP>P>>O
P> PP>>>P>PP>PDPD>PP>A

Figure 5-6. The DNA sequences of 185 rDNA(18S ribosomal RNA gene, partial
sequence, Length= 514)) in Tricholoma matsutake compared with those of
the other mushroom species (A; adenine, C; cytosine, G; guanine, T;
thymine in DNA(uracil in RNA), Y; Cor T, N; A or C or G or T, and
-; not known or null).

1. knue gb/UF-5: T. matsutake

2. gb/U62538/TMU62538: T. matsutake

3. dbj/D84309/TM518s rDNA: T.matsutake 4. qb/L36659/LPORRDA: L. procera

5. qb/L36658/AEDRGDA: A. bisporus

7. dbj/AB002085/AB002085: T. bakamatsutake
8. qb/AF026635/AF026635: S. rugosoannulata 9. qb/AF026605/AF026605: L. bicolor

10. gb/U59091/PTUS59091: P. tuberregium
12. qb/AF026622/AF026622: C. gigantea

6. ab/AF026619: Lycoperdon .sp.

11. qb/M94337/BLSRGEA B. santana
13. dbj/D85630/RHZ0017B: R. solani

14. gb/AF026593/AF026693: P. chrysosporium 15. qb/AF026600/AF026600: D. quercina

16. dbj/D85639/RHZHAMI11K: R. solani
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Fole 2 9 M 101bp% 290bp7tAl = Z A AelE YeldA] o, ME 292-
300bpoli A HAF 270 &2 3709 bp7t Aol7t vetwt. 2y Fol F3} £ FEAA
& Agaricus?d e Aol& UEIA $dd. alingment® A F<] 405bpet 430bp M E
2 FH23% 2-3bp7t Aol7t wrow|, ME 405bp P 418bp7t ThE Fo] 49 wAlm P
At ). ol dt AMEY AolHE ol&3td, Mol Wy {FAEE ¥ ZI}, PHYLIP
35ce] o7 7bx BNl M F& ATEE HAF 1 Adk(Figure 5-7). 971A
Rhizoctonia% 8] ZEL U FF F0159 FLF T2 U Fola ¥A
o &8 Lepiotad = Fol¢t #4 FAou, & FolFel £38= Pleurotus & A
& aF9 &3tk " &, v Foe Had gl AHHIL Fol&H AE ¥
T Rhizocting% & 22 HF&ol FAHJLY, ThE FE2 AW 2Fo FAHJUT
——— 4 Lepiota procera

—— 5 Agaricus bisporus
—— 6 Lycoperdon sp

—— 13 Rhizoctonia solani
L

L 12 Calvatia gigantea

8 Stropharia rugosoannulata
—‘: 10 Pleurotus tuberregium
9 Laxitextum bicolor

11 Boletus santanas

I 14 Phanerochaete chrysosporium
[

16 Rhizoctornia solani

15 Daedalea quercina
L— 17 Panus rudis

[— 1 Tricholoma matsutake

3 Tricholoma ponderosum

2 Tricholoma matsutake in Pal Gon San
\— 7 Tricholoma bakamatsutake

Figure 5-7. Dendrogram using the analysis of the 18S rDNA(18S ribosomal RNA gene,
partial sequence, Length= 514)) sequences in Tricholoma matsutake
compared with those of the other mushroom species.
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4. 3 3

AR E4E $ol9 18S IDNA Mol BF FU4F Aoz Yeggonz 433
BEXH< DNA MY 7HAZ Y& RoE Y. ol3d BEA] 185 (DNA MEL F
o] BFol A1gss A oY Heolth(Jasalavich &, 1995). ¥ AR M E 4749 ©&
A ge] $ol& 7 vjmaly o, BF 185 rDNAZE $Y& ez d& Ao 47
¥ AT 514bpoll A 4bp7t ThE FoE Hol, AYFY o|FE Yede RoE AAL
o M, Age YA S /KA A5, B AFAME L AT FHA BIAAA
Y Fol(marked L)E AHE3tHTH (Hwang, 1996), 22y, B3AdelA A= o] A7
® $0)(gb/U62538/TMU62538: T. matsutake)®] 18S rDNA ML E 4bpel zlo]& et
Uz o & $ol&e 3% (T pondrosum @ T. bakamatsutake)™ 4°]7} ®]aLg ]
g e F5& old $EHA Fe Aoz vad 7 Ut 18S rDNA A F vl
e e F3 4 4 bprt Aolrt oy, FARAAME zto]E YEAG olid A
& Mde dedt Aojrtte ME Fo A48t AE9 M3 & DNA Mg W3l
e Ao ¥Wsa4AE FAW Ao AZdd a8y, FAE EA0A $ol&e FEo|
¥ a2Feg g, 4284 FQ Rhizoctoina®l 2§& B 9 185 rDNA AEEH S

B F AN FL Ao FHY F AL Aoz ARHJYY,
olg]d rDNA A E & ol &3td FAEAY ATHA £HE AN=sdt & g ¢
T olgg Axrt 43 ITAHQL FAAE dUd Aoz HuHu kKo F,
1997). 28iv & fFAE BN oM Tricholomadiol & R&& olFxn oy, Folzd &
3t Lepiota & Pleurotusol W@t £4& AT A#} I3A et 44 F ¢
%ol FANA 185 rDNAS MEE FTF FALE 4L w28 A7 Ugod, £
ol oA #9 AFTAHA EFAME F& st deux &g A Fol9 18S
rDNAd] oI 514bpe} MEE ¥R I, the AFA(F ST gb/U62538/ TMUE2538 :
T. matsutake)9t 4bpel #olH& YE R Utk Fo|FAE HAY + Yt AYPodMEe

E% primer AlZo] €Wad FHolgtn AZec} oldi9l 22 sequenceE 7} primers
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TALA S motell o] F Fojgt Azt itk H2d AUF Me) T EQG o Y= &
OJZALE doAAM Folo HY T AHAQ] BXo dF AFSL Y% |z AP A
B2 $8% a7t € Ao Azdd.

(Primer design)- Specific for T. matsutake

Forward Primer - 5 AAGGTGCCGTTTCCGGCTCC 3

Reverse Primer - 5 GCTTTTGCTGGCCGCTGGCTTCTTAC 3“

&£ 3E WA Fold WKL W

1.4 &

2 B9 FHE FolY ATAME AY 7IZAEE FRI|A Folo BHY AN&H
A TEHAS vtdFel At olddl wat 1-AME Fol IS ] Auugro
B, 2ol e A 7IME ol &t Fojde 54 A v Utk a9, o
@ A 71xAsY SdEE FFHoR Fo| AFAME st FolFo] AFH AYF
S AEAs 9 FFE Fol Fol(Tricholoma matsutake) QA AR S A4¥d ¢ Qe

2AE vhass] 9% Rl

i

ol mz}, & HolME Fol FHFAAM 2UF ReE Al FolF 9 FeAHA
£

E4¢ Aetgozd $ol YFREL 44aAUS W AU WE Fabo] AR
= A2F ANSDA doh doprt EAATHAA slPez 44T Ry so|FE

44 #4E F AE NI-E 2N Fol AFAME AT x4 & A FsnA @t
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2. 4v|Z 3 aFA 49 FolF29 g
2uF Bee] PR e e dAHA FHIA, FdHA T 2w
€AY & EgS YHEidg. 2uF FeRde] FAE AAT JHoA dmudy,
AP ZE FAHA ¥L 2uF B g FolFA} e XL HeMeoz ¥y
He Z¥el Yo, FAHEMK)E 245 28 FHd Bo] gMn oy, dE ¢
Z A7 Fes g g2, i AT 2FE olF 2 Y2, FHA BE B
A3 2L AAHAE HAYsta AU
AAEnZ @AM FolFAte Held BHAMREA JAYstd AYAAE YHPFeo=
A g dRBE2Y TARA FAHFEH exen, 23l JAEH Te A4S BT
A E dAz 245 $Eo 4AME T3 Idde Aoz 4AHn, $e: feeder
root®] 715& 3o FAS HE g Aoz AZET Fold JE(FH)de e
27t 223 ol YAH S Hd 24T FFEE FFEE Aoz F3Ed AR
dnld @FAA FolF@Abe AU 5AY clamp connection® TEAHZ ghgron

g5 FAZE ARAA flo] BHAES Be @l e Aoz veiud.

3. PCR-RAPD %'l Probe 4
274AA ¥Rl uvpe} 2o, Fol TAMA F& Folo HESAQI BAE Yo
TEY 7 de WES ARI}AYG Fo] FAAL &1 F& v FF A G £3
& AAAe Jlgt WA 1753 W22 185 rDNA sequences® Hlma Ao Z F
(species)®] ®lm2A 2dolA vebd ve} o] <Figure 5-6>9 DNA sequences® 3}

o <Figure 5-7>¢] dendrogram® ¥4& 4 YA od, o] 71& 6l Tricholoma &9 £8+=

rie

Z4FL @ 2FoR Pl E Ui, g

I

of

3

e F& e IF2E TEY + 4

At o] FHE T Fojd 54 DNA ¥=

it

o] &3t 2709 primerE MWy,
forwarding ¥ reversing2 ¢33 2719 primer, & TMF(AAGGTGCCGTTTCCGGCTCC)

¢t TMR(GCTTTTGCTGGCCGCTGGCTTCTTAC)E A&AE & glon, o5& $0]9
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18S rDNA¢9] 357bp ¥+ E flanking® % 0+ primer©] t}.

PCR ¥+&& 94TCelA 5& ¥ 30&2% 35 cycles, 70T A 30%, 72TCoA 302 2 5%

% Agdhe

BN

AE T3 HEE ¥ F Ut olF 2789 primerE o] €3l 375bp

R 714bpe] M A& Ad DNA band’t A=, o1& F3td 10702 FHAL o

ZFe FIA Fol FF, 2EWANE HIE® 637 oE

A 5

% 3135 <Table

5-5>8 vlug Az Fo] #3 & F& FEH 2 &+ AUG<Figures 5-8 & 5-9>.

Table-5-5. List of mushrooms and its isolates used in this study.

ID. Isolates marked Localities® Remarks Collector

1 A (Basidiocarps) Hongcheon Tricholoma matsutake F. R I°

2 B (Basidiocarps) China Tricholoma matsutake F. R 1

3 D (Basidiocarps) Uljin Tricholoma matsutake F. R I

4 E (Basidiocarps) Youngduck Tricholoma matsutake F. R 1

5 F (Basidiocarps) Goseong Tricholoma matsutake F. R I

6 G (Basidiocarps) Yangyang Tricholoma matsutake F. R I

7 H (Basidiocarps) Yecheon Tricholoma matsutake F. R I

8 I (Basidiocarps) Chongdo Tricholoma matsutake F. R I

9 L (Basidiocarps) Phalgong Mt. Tricholoma matsutake  Sang-Sun Lee
10 K (Basidiocarps) Chongdo Tricholoma matsutake  Sang-Sun Lee
11 O (Basidiocarps) Yecheon Tricholoma matsutake Sang-Sun Lee
12 Agaricus bisporus saprophitic mushroom Markets

13 Flammulina velutipes saprophitic mushroom Markets

14  Pleurotus ostreatus saprophitic mushroom Markets

15  Lentinus edodes saprophitic mushroom Markets

16 Lepista nuda Joryvong Mt. purple edible mushroom Sang-Sun Lee
17  Boletus edulis ectomycorrhizae Sang-Sun Lee
18  Russula emetica Sokni Mt. ectomycorrhizae Sang-Sun Lee
19  Russula aurata Sokn Mt. ectomycorrhizae Sang-Sun Lee
20  Boletus edulis Joryong Mt.  ectomycorrhizae Sang-Sun Lee
21  Russula foetnes Hongcheon ectomycorrhizae Sang-Sun Lee
22  Amanita vaginata JirRi Mt. ectomycorrhizae Sang-Sun Lee
23  Amanita pantherina Hongcheon ectomycorrhizae Sang-Sun Lee
24  Amanita subjunqguillea Hongcheon ectomycorrhizae Sang-Sun Lee
25  Pholiota squarrosa Sokri Mt. wood rot fungi Sang-Sun Lee
26  Suillus bovinus Hongcheon ectomycorrhizae Sang-Sun Lee
27  Russula rosacea Jin Mt. ectomycorrhizae Sang-Sun Lee
28  Trametes suaveolens Jorvong Mt.  wood rot fungi Sang-Sun Lee
29  Armullariella tabescens pathogenic fungi F.R.L

30  Armillariella sp. pathogenic fungi F.R1

31 C (Basidiocarps Samcheok Tricholoma matsutake F. R .1

? Localities indicated the forestry areas near the city in Korea.
® The basidiocarps or mycelia stored at Korea Forestry Research Institute.
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M1234567831011121314151617 M 123 456 7 8B91011121314151617

- "?.:”--“
— BT L1185 '

X S
<B> : Southern blot hybridized 0.75 Kb probe from PCR product using OPO-2 primer

Isolate marks

<19

Dilution —>

<C> : Dot blot hybridized 0.75 Kb probe from PCR product
<D> : Dot blot hybridized 1.6 Kb probe from PCR product using OPO-2 primer
Figure 5-9. The polymorphisms of RAPD-PCR reacted with OPO-2 primer(A; the
consistent bands from lane 2 to 11 were 1.6 and 0.75 kbp at glance),
Southern hybridizations of RAPD bands(A) with 0.75 Kb bands(B), and

dot blotting with 0.75 Kb bands(C), and with 1.6 Kb(D) bands.
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0.0 0.2 04 0.6 0.8 1.0
—— 1 Tricholoma matsutake (Hongcheon)

Tricholoma matsutake (Palgongsan)

Tricholoma matsutake (Uljin)

Tricholoma matsutake (Koseong)

Tricholoma matsutake (Yeongduck)

Tricholoma matsutake (Yechoen)

Tricholoma matsutake (Cheongdo)

R

Tricholoma matsutake (Yangyang)

10 Tricholoma matsutake (Cheongdo)

11 Tricholoma matsutake (Yecheon)

2 Tricholoma matsutake (China)

17 Boletus sp.

14 Pleurotus sp.

16 Lepista sp.

12 Agaricus sp.

13 Flammulina sp.

15 Lentinus sp.

Figure 5-10. Dendrogram based on RAPD-polymorphisc pattern analyzed by NTSYS
program using UPGMA method from dice’s formula. The basidiocarps

marked like the same shown in Table 5-5.

DNA probe& ol &3 £uF Wl Fold &Q1E 18S rDNAS P7IMd EA A
©E°1% probeZ thE 18~20bpE ol 83t Fo] FALAE Fetste Hhyoltt. o 23
ol dgg upe} Zo] agarosedol W7GE L Tt FAHY, ANagE EY T 9y
M HHA AL DNA #2343 AAHM PCR wg& Tt wEoAY odd AL
o] 8% A9 MMt 9o Hd9d 4P PCR-RAPD Byt o HE FxoA

8 4 9= pWH Roz Az
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Figure 6-1. A schematic diagram to illustrate various factors interacting with

pine-mushroom production
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B3| XX Xu | 36|  LCUX629 08403 | 20 | 05172 | 0.8047
X% | X, X X0, 3 13 C2X79 07688 | 12 | 05175 | 0.8314
FF| X X X | 42 C2X814 08643 | 18 | 03523 | 08527
9 | X Xp.X5.3 28 | LCUXII8 | 09176 | 25 | 08030 | 0.8884
QY| Xo X X | 2 | LCUX922 0.7095 2 | 0709 | 0.7095

z ﬁ:‘;x)‘(‘“ X o9 | Lcuxs 09506 | 22 | 09225 | 0.9225
Sk 2::);’1;){” 16 C2X918 0.5915 8 | 01825 | 0.9207
24| X, Xy, X5, 3 34 C2X822 0.8399 8 | 01994 | 08986
A% | Xy Xu. Xu | 17 C2X813 08631 | 13 | 07591 | 0.8968
2] & | 27| Lcuxe 08944 | 19 | 07991 | 08365
AA | X X, X | 28 C2X810 09547 | 23 | 09563 | 0.9563
Fa s |19 C2X118 06939 | 17 | 08174 | 08174
A4 | X X, X | 14 C2X810 09484 | 10 | 0933 | 09336
AA | XpXs. X | 19|  LCUXE7 0.8336 8 | 03172 | 08343
AE s |=0 C2X510 09438 | 22 | 05643 | 09156
28| Xy Xu, X | 20 C2X926 05624 | 17 | 05071 | 05071
¥ | X Xs.Xu | 35 C2X8 09314 | 18 | 06380 | 0.8047
£9| Xo.X5. Xy | 18|  LCUXT76 0.8194 5 | 02640 | 07870
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3. A94¥ =9

7t. 3%

@ regression 2%

bk Al Mg A

CUX6 -0.011820649 LCUX1330 -0.133506112
CUX9 0.008613119 LCUX148 -0.027812253
CUX12 -0.004368818 LCUX1430 0.1343432345
C2X7 0.0000181049 C2X519 -0.000019876
C2X9 -5.58814E-6 C2X520 -0.000022834
LCUX52 0.0114163785 C2X64 0.0000209136
LCUX61 -0.00503041 C2X610 -0.000084537
LCUX610 0.0230892875 C2X614 -0.000017068
LCUX619 -0.01147322 C2X630 -0.000238105
LCUX625 -0.002213045 C2X75 -0.000058245
LCUX630 0.0956405628 C2X710 0.0000345338
LCUX75 0.0282332991 C2X82 9.0671276E-7
LCUX719 0.0452428399 c2xX&4 1.1337681E-6
LCUX810 -0.001126167 C2X810 3.2639798E-6
LCUX823 0.0003149658 C2X92 0.0000130884
LCUX830 0.0003451516 C2X916 6.1321972E-7
LCUX92 -0.006567863 C2X930 6.1623692E-6
LCUX9% 0.0010189942 C2X105 -0.000096114
LCUX918 0.0016579967 C2X1010 0.0001654081
LCUX930 -0.009288012 C2X119 -0.000075702
LCUX1010 -0.024886503 C2X1130 -0.000019037
LCUX116 0.0054375457 C2X1219 0.0000317489
LCUX119 0.0139232994 C2X1230 0.0000911999
LCUX1113 0.0045202727 C2X138 0.0000224376
LCUX1120 0.0081676029 C2X1317 0.0000109717
LCUX1219 -0.02615723 C2X1330 0.0002078953
LCUX1230 -0.037331781 C2X1430 -0.000216007
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@ autoregression 28 :

W A5
INTERCEP 143.622753099
CUX9 1.2578424899
LCUX514 -4.293467827
LCUX68 -9.10001876
LCUX727 4.436031465
LCUX113 4.3081053484
C2X813 0.0006900726
C2X1020 -0.103829692
C2X1022 -0.151173023
C2X1320 0.0175292288
Al -0.855855515

# 7} %L Wol wxE= WS 1 C2X927, K2 = 0.1516

® Lol % 2 A2H vm

Yiel

1200

300
200
100

1400 4
1300 §

1100 §
10003
9007
8001
7004
6001
5003
400

0-

dikg)

3

Real yield

Predicted

8N
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Y. A%
@ regression 29 :

B A%
CUX5 -0.034741044
CUX7 0.0118252753
C2X5 0.0000775456
C2X7 -0.00007882

C2X9 -1.429745E-6
LCUX61 -0.009588925
LCUX616 -0.021152003
LCUX630 0.0107226708
LCUX71 0.0194634175
LCUX716 0.0400721184
LCUX724 0.0106397687
LCUX810 0.0031190715
LCUX&30 0.0025845238
LCUX9 0.032098437

LCUX1130 0.0105430526
LCUX1219 -0.007315037
LCUX1230 0.0107809371
C2X516 -0.000032098
C2X528 -5.154444E-6
C2X730 -0.000035001
C2X82 -6.002265E-6
C2X84 -4.389448E-6
C2X810 -0.000015769
C2X825 -2.011806E-6
C2X3830 -4.981169E-6
C2X95 -0.000026526
C2X916. 8.8301285E-7
C2X921 1.2595861E-6
C2X111 -0.000336474
C2X113 -0.000189659
C2X116 -0.000045024
C2X123 0.0000475984
C2X1227 -7.862594E-6

EolAM g 1 Xy, X5, X Al A, 19943 A 9
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@ autoregression &%

ke A%
INTERCEP 44998060901
C2X8 0.0089938733
LCUX62 -2.12604573
C2X628 0.0208838434
C2X827 -0.001905625
C2X95 ~0.000882699
C2X1120 -0.024691654
AL -0.698008557
-A4 -0.174606062
A6 0.1475775703

g JE ol TN W
%0}/\}3& M Xm,Xm,Xuxﬂ}i, 1994

@ Zde g &} HZX9 vjR

C2X630, R2 = 0.2798

Yield{ig)
4004

300

2064

100

Real yield

Predicted

1044

it
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o}, 4
@ regression 29 :

e A W A
CUX6 -0.010861553 LCUX1419 0.0257235044
CUX8 -0.000563242 C2X512 -0.000011876
CUX10 -0.051439819 C2X518 -8.408753E-6
CUX11 0.0294417517 C2X524 0.0000136819
C2X10 0.0005230001 C2X66 -0.000053874
Cc2xX11 -0.000226028 C2X621 0.0000397456
LCUX51 0.0047390206 C2X76 0.0000536547
LCUX521 -0.011372517 C2X717 -0.000014002
LCUX523 -0.012773023 C2X723 0.0000106395
LCUX611 -0.008372272 C2X819 1.210239E-6
LCUX628 0.0083546175 C2X820 1.2883951E-6
LCUX73 0.0075229232 C2X826 6.9022551E-7
LCUX712 0.0142828759 C2X94 ~7.830447E-6
LCUX719 0.0132797098 C2X910 -7.950592E-6
LCUX88 0.0005336419 C2X924 0.0000100975
LCUX818 -0.000711639 C2X930 6.0939029E-6
LCUX820 -0.001017223 C2X106 -0.000260565
LCUX92 -0.001284487 C2X1024 0.0003303795
LCUX%4 0.0069875381 C2X1028 0.0003067211
LCUX910 0.0124064224 C2X111 -0.000266982
LCUX916 0.0033434494 C2X113 -0.000158248
LCUX924 -0.013215371 C2X116 -0.000060432
LCUX930 -0.012974985 C2X119 -0.000044424
LCUX103 0.0117660018 C2X1111 -0.000023196
LCUX106 0.0204869747 C2X1114 -0.000091293
LCUX109 0.0178185137 C2X1121 0.0000550111
LCUX1024 -0.032430193 C2X1123 -0.000077535
LCUX1028 -0.020099711 C2X1130 0.0001224221
LCUX1114 0.0065716602 C2X121 0.0000542404
LCUX1116 0.0063802001 C2X1223 -0.000011567
LCUX1123 0.0230214715 C2X1230 -0.000060177
LCUX1130 -0.010163298 C2X135 0.000038333
LCUX1230 0.0235448033 C2X1312 -0.000031542
LCUX131 0.0345339337 C2X1319 -0.000034508
LCUX145 -0.026654559 C2X141 -0.00026618
LCUX1412 0.0250243167 C2X1418 -0.000022885

solAlg : gle
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@ autoregression 28 :

W4 A%
INTERCEP -666.3135043
LCUX513 4.7375497843
LCUX9% -1.475159601
LCUXS8 0.7251327508
LCUX1121 7.5815792218
LCUX123 -6.524718328
LCUX1215 9.0113180366
C2X512 -0.018511126
C2X521 -0.019037383
C2X527 0.0113020284
C2X613 -0.009876904
C2X621 : 0.0337083448
C2X723 0.007158646
C2X816 0.0004821311
C2X91 0.0043885504
C2X113 0.0412094785
C2X1116 0.0078712074
C2X1212 0.0197681325
C2X1226 -0.020805264
C2X1315 -0.022092149
_ALl 0.2822499903
A2 0.375576362
A3 0.2391059928

b 43S ol nlxE W4 C2X817, R2 = 0.2014
SolAtg : g
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2. ad
@ regression 23 :

Hey A
CUX6 0.0135566486
C2X6 -0.000058715
LCUXS53 -0.040097873
LCUX629 0.0259594435
LCUX715 0.0033971238
LCUX723 0.0085893947
LCUX730 0.0090149589
LCUX921 0.0263288435
LCUX113 0.0110794339
LCUX123 -0.007253324
C2X53 0.0001555643
C2X522 -0.000011307
C2X613 -0.000016538
C2X629 -0.000063285
C2X89 -2.289361E-6
C2X816 2.7819609E-6
C2X921 -0.000017255
C2X113 -0.000183737
C2X1130 0.0000340831
C2X1229 -0.00001573

Eo|AL 1 Xy, X3, Xy Al A, 19943 A 9
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@ autoregression 23 :

Rl A<
INTERCEP 5706.1752485
LCUX822 0.3847406459
LCUXS19 ~16.09694861
C2X814 -0.004057961
C2X825 0.0021986625
C2X826 ~0.002633859
C2X828 -0.0009959
C2X81 0.003010952
C2X919 0.0109585944
C2X1212 -0.009221238
C2X1220 0.0048804991
C2X1227 0.0052214066
Al -0.42171128
A3 -0.268526932

b4 4 Wol ulXE W4 L C2X1211 L, R? = 0.2289
EolAbgl 1 Xy, Xy, XAl A, 19843 A Y

Yield(kg)
1201
113
1081

801
49 Real yield
10
5@
56
401
33
28
18]
s

Predicted

811 9/t e 101 1
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vi. &

@ regression 2.8 :

A A
CUX6 0.0141620495
CUX8 -0.003028714
C2X6 -0.000033135
C2X12 -0.00002295
LCUX510 0.0227308586
LCUX630 0.0226543335
LCUX719 -0.029234371
LCUX&4 -0.001545714
LCUX89 -0.002407384
LCUX812 -0.001649276
LCUX1110 -0.012028278
LCUX1228 0.0299736983
C2X630 -0.000077372
C2X719 0.0000701225
C2Xx87 -0.00001138
C2X1126 0.0000214179
C2X1128 ~0.000045928
C2X123 0.0000207692
C2X129 -0.000026296
C2X1228 -0.000047368

SolA g

.X]O,X]:;,XM}“}], 19931?1_ 19941{;’_ }“9‘]
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@ autoregression =3 :

Wy A
INTERCEP -97.99376155
LCUX&9 -0.680899443
LCUX813 -0.855250735
LCUX119 -1.417762657
LCUX1229 0.9921175211
C2X86 -0.004866069
C2X814 0.0039545731
ALl -0.475259409
A3 -0.192132708

b4 43S ®ol & W4 LCUXS9 ,R? = 0.1760

SolAtg

: XIU'XlJ'XM}ﬂ?.]: 1%3, 1994‘{:‘_ 1-“_9,]

Yietd{kg)
160 4

150 1
140 1
130
1204
“| 1104
1001
901
80
78 1
601
50
40
301
201
101

0

Predicted

T Trr T T

Real yield— |

81

T
1

T 7T

i
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w73

@ regression 2% :

Wy Al g Al
CUX8 0.0004184351 LCUX1125 0.0064413183
C2X11 -0.000011565 C2X54 0.0000256639
LCUX54 -0.012837113 C2X57 0.0000286271
LCUX510 0.0035808378 C2X512 -0.000073558
LCUX512 0.0421143584 C2X524 9.9763632E-6
LCUX520 0.0030472039 C2X66 0.0000457713
LCUX69 -0.005514907 C2X626 0.0000190995
LCUX611 0.004567331 C2X76 -0.000025769
LCUX618 0.0187582736 C2X725 -0.000050417
LCUX625 0.0160106247 C2X726 -0.000019847
LCUX630 0.0037750576 C2X85 -5.32558E-6
LCUX77 -0.018423492 C2X86 -2.297464E-6
LCUX718 -0.020966692 C2X87 -7.577851E-6
LCUX& 0.0020172679 C2X89 -6.12945E-6
LCUX87 0.0033122448 C2X810 -2.540388E-6
LCUX&9 0.0019664234 C2X812 3.0459833E-6
LCUX820 0.0007866267 C2X817 -2.878884E-6
LCUX827 0.0023944363 C2X824 -9.952304E-7
LCUX94 0.0204790575 C2X827 -3.76512E-6
LCUX95 0.0230248573 C2X94 -0.000020977
LCUX98 0.0510612887 C2X9% -0.000019643
LCUX916 0.0013709309 C2X9% -2.564117E-6
LCUX921 -0.012493374 C2X98 -0.000034236
LCUX926 -0.032709017 C2X921 0.0000101776
LCUX114 0.0043809717 C2X926 0.0000200063
LCUX117 -0.007559978 C2X1118 -0.000012589
LCUX1118 0.0090278647 C2X1124 -7.910497E-6

EolALg 1 X, Xy, X3, Xh A A, 1990, 1991, 19943 A 9}




@ autoregression =3 :

il A
INTERCEP 57.088472081
LCUX116 -0.914561678
C2X622 0.0029111912
C2X91 0.0016596673
AT -0.277012091

7t 48 Bel mXE W4 C2X622 , R = 0.1765

EoJAVY 1 Xy, X2, X3, X1 AA, 1990, 1991, 19943 A ¢
Yield(kg}
50",
40
30
20 Prodicted
Real yield
10i A/[\/\,\ / A
LA i T T T T T T T
871 g/1 101 1171
Date

- 207 -




Ab. B S

@ regression 28 :

Ha Al
C2X5 0.0000129766
C2X6 -0.000019158
LCUX33 -0.006556919
LCUX528 -0.006550742
LCUX65 -0.003157288
LCUX610 0.0051275224
LCUX617 0.0064121054
LCUX624 0.0051213107
LCUX630 0.0055114063
LCUX816 ~0.000600298
LCUX97 0.0370606059
LCUX921 -0.022083097
C2X516 -0.000013108
C2X77 -0.000012012
C2X8s -1.725616E-6
C2X823 -1.489803E-6
C2X97 -0.000023864
C2X921 0.0000146698
C2X930 -1.593417E-6
C2X111 -0.00009792
C2X1115 3.6648628E-6

SolAbg

XlUleZ-vade}“}]) 1994‘5- }“2]
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@ autoregression 2.

Ll A+
INTERCEP -12101.02521
CUX6 6.1228985492
CUX9 36.369125048
C2X9 -0.023874069
LCUX512 -3.352314193
LCUX910 -1.752042183
C2X63 -0.051072848
C2x622 0.0090857268
C2X819 0.001389902
C2X826 0.0014055701
Al -0.324276159

71% 4gS Bol uRE WS C2X9 L, R® = 03950

EOJAY 1 Xy, Xy, Xia, XA A, 19949 A 9)
Yiatd{kg})
7001
600
500
400

300

2604

1004

Real vyield

Predicted

8
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oh. 449 - OLS

@ regression 23

kil al: As
LCUX817 -0.001581369
LCUX8&23 0.0016606797
LCUX&30 0.0022320924
LCUX921 -0.002574819
LCUX118 0.0022189611
LCUX1220 0.0365895218
C2X516 -7.677608E-6
C2X61 -0.000119436
C2X88 -8.441288E-7
C2X812 -7.074721E-7
C2X815 -2.397739E-6
C2Xx817 6.4122699E-6
C2X821 2.9206009E-6
C2X829 -1.047416E-6
C2X1114 -0.000021621
C2X1220 -0.000064659

—E—OIA}‘ESJ : X]O’XIS»XMZ;”H’ 19951;:‘—‘1}'

@ autoregression 2§ :

WEq A%
INTERCEP -1604.283842
LCUX922 21184199395
LCUX111 -4.150606695

744 4L wol ulxE WS LCUX922 , R? = 07095
Eo|A M ¢ X0, X5, Xu A A, 19953 7
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A, 4F - OLS
@ regression =3 :

ey AT

CUX8 -0.001098269
CUX9 0.0018825872
C2X5 0.0000106487
C2X7 -0.000019248
LCUX517 -0.00658405

LCUX518 -0.004128065
LCUX524 ~0.016905355
LCUX530 -0.077556659
LCUX67 0.0355166284
LCUX630 -0.013864694
LCUX77 -0.072993384
LCUX724 0.0353650571
LCUX730 0.1377942893
LCUX89 0.0003961621
LCUX910 0.0007062317
LCUX918 0.0149540447
LCUX928 0.0086026901

C2X57 0.0000332395
C2X530 0.0001136575
C2X67 -0.000061542
C2X617 -0.000040815
C2X624 -0.000052669
C2X77 0.0000842531

C2X717 0.0000476373
C2X730 -0.000234729
C2X86 9.7341326E-7
C2X818 1.4748633E-6
C2X823 -3.083428E-6
C2X830 -3.881143E-6
C2X94 -8.159827E-7
C2X918 -9.483342E-6
C2X928 -5.890741E-6

EolALg ¢ X, Xy X X, X A A, 1993 199433 A €]
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@ autoregression 2% :

A AT
INTERCEP -31720.84978
LCUX519 -8.754509596
LCUX63 -9.411845425
LCUX612 14.384955792
LCUX87 -2.489373375
LCUX814 2.1932768892
LCUX817 -0.584963985
LCUX819 1.3240987482
LCUX822 9.6584814843
LCUX8&29 2.5856300723
LCUX910 69.626745828
LCUX913 52.793112477
LCUX927 -76.82186215
LCUX928 43.403080461
C2X524 -0.029765983
C2X620 0.0218497921
C2X86 0.0085644034
C2X87 0.0180216304
C2X813 0.0056402803
C2X820 -0.005162682
C2X822 -0.024300311
C2X910 -0.042394265
C2X913 -0.03690006
C2X927 0.0529329875
C2X928 -0.033535292
C2X930 0.0019650446

743 4L ®Wol wlx= W4 : LCUX82 ,R? =
X, X1, X2, X3, X AV A, 19933 19943 A 9}

Eo]A}E} ¢

- 212 -
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Yield(kg)

300
200
Pradicted

100 4 Real visld

~

0 o
1 T T T T T T T ;
8/ an 10/1 1 /1
Date
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Z. 94
@ regression =.3:

e Al
CUX6 0.014229014
C2X6 -0.000068819
LCUX52 -0.002800447
LCUX519 -0.018738379
LCUX623 0.0203959524
LCUX630 0.0048826233
LCUX74 -0.019735948
LCUX730 0.0315941163
LCUX82 -0.001030245
LCUX825 -0.000836456
LCUX99 0.036340522
LCUX930 -0.029726512
C2X512 -0.000015534
C2X529 -6.732557E-6
C2X619 -0.000043621
C2X623 -0.000044101
C2X73 0.0000363546
C2X74 0.0000456311
C2X712 0.000017708
C2X719 0.0000679284
C2X730 -0.000063996
C2X85 -6.338795E-6
C2X86 -2.683415E-6
C2X819 -3.467378E-6
C2X91 -4.956306E-6
C2X99 -0.000024576
C2X912 -1.362725E-6
C2X919 1.5460056E-6
C2X930 0.0000191347

EolAtd} 1 Xy, Xu, Xz, X3, X0 A A, 19940 Al

- 214 -



@ autoregression =3 :

wE A%

INTERCEP 2124.5746658
LCUX722 -23.16498905
LCUXS1 9.0121091313
C2X511 -0.043597072
C2X65 -0.055771401
C2X617 0.0654440827
C2X623 0.0689891865
C2X630 -0.043505716
C2X918 0.0053097863
ZAZL -1.114826901
A2 0.1869172686
A4 0.1922228652
_AS -0.360080232
AT 0.1960093063

74 4% Bol vl WS4 C2X918 |, R?
X0, X1 X1z, X3, X A A, 19943 A &)

SolA1g

0.1965

Yieid{kg)
400

3004

200

1004

Predicted

Real vyield

I
8/1

9N

t

1/

—rT
1
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7t 9F
@ regression 28

il AT
Cuxil 0.0187222883
C2X11 -0.000101347
C2X12 -0.000021674
LCUX523 -0.010080992
LCUX530 0.0386061505
LCUX63 0.0056846301
LCUX614 0.0136656372
LCUX628 0.0045042206
LCUX114 0.0192060192
LCUX118 0.0126743813
LCUX1121 0.0112594009
LCUX1128 0.0129774993
LCUX1216 -0.007773014
LCUX1223 0.0087419973
C2X511 0.0000142546
C2X530 -0.00009886
C2X614 -0.000043689
C2X716 0.0000205495
C2X82 1.3860438E-6
C2X85 8.6853646E-7
C2X89 5.2414639E-7
C2X820 1.0566557E-6
C2X98 -1.541819E-6
C2X924 8.7362312E-7
C2X927 1.598746E-6
C2X114 -0.000181371
C2X118 -0.000122094
C2X1111 -0.000046137
C2X1121 -0.000125164
C2X1128 -0.000061962
C2X1211 -0.000010185
C2X1230 0.0000311644
BOlAE 1 Xig, Xy, X0 A A
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@ autoregression =3 :

e A5
INTERCEP -2445.7114784
C2X8 -0.000520322
LCUX518 25290566009
LCUX75 -5.757476256
LCUX722 21.675527967
LCUXS1 0.9942994239
LCUX1130 1.6718585238
C2X65 0.018132812
C2X710 -0.011640435
C2X722 -0.049850017
C2X88 0.0005014338
C2X813 0.000291555
C2X816 0.0003907418
C2X95 -0.002155947
AL -0.409575384

b4 ge Wol nAE WS4 C2X813 , RZ = 0.2645
EOIA}%}‘: XIOtXIS-XM}ﬂﬂ

Yietd{kg)
1504
1401
1301
1204
1167
1004

801
801
707
60
E
407
3813
201
101

Pradicted

Real vield
-

//V\M

FE=
8/1

L

8/1

L
1071

Date

AN A I S BN S B SR S Bt
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€. 94
@ regression 28 :

bl A e A
CUX6 0.0237411251 LCUX1130 -0.006115724
CUX12 -0.016838565 LCUX1320 0.0078952152
CUX13 -0.028810929 LCUX1327 0.0987135344
C2X5 0.000030143 LCUX1410 0.0103181167
C2X6 -0.000123591 LCUX1426 0.0148494351
C2X10 -0.000188827 C2X528 0.0000595664
C2X12 0.0000284183 C2X61 0.0001197482
C2X13 0.000031818 C2X63 0.0000791193
LCUX515 0.0038128897 C2X815 2.5577628E-6
LCUX520 -0.016227648 C2X819 3.291659E-6
LCUX528 -0.04254189 C2X823 2.3987959E-6
LCUX718 0.0092547723 C2X97 7.1107113E-6
LCUX726 -0.007856559 C2X104 0.0001265052
LCUX8&2 -0.001424114 C2X108 0.0004666739
LCUX85 -0.001372779 C2X114 -0.000061626
LCUX86 -0.001173174 C2X1130 0.0000758306
LCUXB8I19 -0.001980861 C2X1213 0.0000141875
LCUX830 0.0017104125 C2X1219 -0.000018119
LCUX94 -0.00355321 C2X1220 0.0000269988
LCUX97 -0.008358074 C2X1228 0.0000295041
LCUX109 -0.04359587 C2X1313 -0.000046688
LCUX1019 -0.016961256 C2X1327 -0.000217349
LCUXI1119 0.007817574

SolAg : 19944 A9
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@ autoregression =38 :

W A
INTERCEP -1733.109992
LCUX57 16.272010152
LCUX518 -29.22505224
LCUX617 17.853357788
LCUX826 -1.80277035
LCUX1030 14.662133159
LCUX1430 12.745741725
C2X613 -0.04604342
C2X618 0.040836596
C2X821 0.0085938729
C2X825 0.0056586094
C2X829 0.0074524228
C2X91 0.0128413038
C2X1013 -0.656510329
C2X1113 0.1818935128
C2X1118 0.280374115
C2X1129 -0.074093348
C2X1230 -0.011755261
C2X136 -0.070047216
C2X1314 0.0410801324
JAd -0.308539383

718 %€ ®eol nA = HF

SolAtg @ 19949 A9

: LCUX620 , R? = 02274

Yietd{kg)
5004

400

300

2001

100

Real yield

Predicted

T
o
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3. A4
@ regression 29 :

P Al

Coxs 5.3673901E-7
LCUX813 0.0011570885
LCUX820 0.0015444356
LCUX830 0.0002885129
LOUX103 ~0.011784729
LCUX1428 0.0142528551
LCUX1430 0.0153805044
C2X53 ~9.593001E-6
C2X730 ~0.000058503
C2X86 9.4728769E-7
C2X87 1.6689268E-6
CoX118 0.0000319494

EoJAE ¢ Xy, Xy3, Xy Al A
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@ autoregression &3 :

By A
INTERCEP -5293.466321
CUX8 -1.73227936
LCUX612 -10.45510013
LCUX616 5.9657944003
LCUX626 62.657055756
LCUX812 -0.657032482
LCUX814 29064172116
LCUX817 0.6163509887
LCUX926 -1.36066957
LCUX1112 -11.38260368
LCUX1119 -6.303672986
LCUX1130 15.869934988
C2X514 0.0124353307
C2X65 -0.011580511
C2X626 -0.167218003
C2X81 0.0040206161
C2X85 0.0028134846
C2X88 0.00329127
C2X810 0.0060956111
C2X813 0.0057485475
C2X814 -0.008006114
C2X93 0.0046900983
C2X1118 0.0556841418
C2X1130 -0.103352563

7b4 98e ®ol nAE W4 C2X810 , RZ = 0.6561
EolAd} 1 X0, X3, X Al A
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Yield(kg)
2801

Rea! vield
1001

Predicted
N - mm—S==SSSSSSS S
8/1 an 10/1 111
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[
@D regression 23 :

W A
CUX6 0.0275241506
CUX7 -0.019529733
CUX14 -0.046801315
C2X5 0.0000110992
C2X6 -0.000041411
C2X11 0.0000318824
C2X14 0.0000644106
LCUX623 0.0021961086
LCUXT79 -0.024873162
LCUX82 -0.002032772
LCUX85 -0.001478593
LCUX827 0.0009958822
LCUX93 0.0357428766
LCUX927 -0.02035133
LCUX1015 -0.008097839
LCUX1110 0.0123527312
LCUX1130 0.0041969292
LCUX139 0.0077934148
LCUX1323 0.0594971983
LCUX1329 0.1335693412
LCUX1428 -0.085811033
C2X59 -0.000012253
C2X69 -0.000033546
C2X79 0.0001084284
C2X81 6.11850%4E-6
C2X82 0.0000109765
C2X83 3.1664763E-6
C2X810 -4.241767E-6
C2X819 -2.525992E-6
C2X827 -4.362698E-6
C2X93 -0.000037712
C2X927 0.0000131557
C2X1010 -0.000243452
C2X114 0.0000283645
C2X1110 -0.000075281
C2X1119 -0.000018477
C2X1129 -0.000038929
C2X1230 -0.000034038
C2X1323 -0.000126792
C2X1325 0.0000195983
C2X1329 -0.000201798
C2X1428 0.0001469131
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@ autoregression &Y :

W Ax
INTERCEP -450.2364842
C2X10 0.0534437256
c2X11 -0.006499742
LCUX510 -0.860813028
LCUX512 0.9919649549
LCUX820 -0.101772144
LCUX91 13.007762349
LCUX1010 -1.288334178
LCUX1029 -2.93119006
LCUX1423 -9.521049403
C2X65 -0.002942789
C2x727 0.0030969955
C2X91 -0.02686664
C2X118 0.0070815944
C2X1129 0.0091827147
C2X1223 0.0175066143
C2X1314 -0.001985998
C2X1329 0.0034452705

A4 dge Wol wX: WS : C2X118 , R = 0.1302

1404
130
1201
1104
1004
90
804
70
60
501
401
30
20
104

Yield(kg)

I

Predicted

Real yisld

4

0
8/1

9/1

10/1
Date
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A.AA - OLS
‘@D regression 23 :

¥Fa A%
CUX6 -0.00611468
CUX8 0.0009107788
CUX9 0.000611505
C2X6 0.0000254293
C2X8 -1.981296E-6
LCUX524 -0.003422964
LCUX623 0.0049393695
LCUX714 0.0170368217
LCUX83 -0.001741059
LCUX87 -0.001635922
LCUX812 -0.001533261
LCUX819 -0.000686376
LCUX825 0.0013967118
LCUX926 0.0081417862
LCUX117 0.0041565016
LCUX1113 (0.0089033017
LCUX1117 0.0057172582
LCUX1126 0.0033771203
LCUX1227 0.0116960232
LCUX1230 0.0032163221
C2X613 -0.000023774
C2X714 -0.000036409
C2X83 4.3254308E-6
C2X87 3.7023465E-6
C2X812 3.2639787E-6
C2X819 2.0287107E-6
C2X825 -2.359267E-6
C2X910 -1.217118E-6
C2X926 -4.411303E-6
C2X117 ~-0.000063679
C2X1110 -0.00004405
C2X1113 -0.000104827
C2X1117 -0.000075948
C2X1227 -0.0000265

EolAlg ¢ Xy, X1, XAl A
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@ autoregression 2%

e A
INTERCEP -3.844579766
LCUX93 -0.594636365
C2X623 0.0082602027
C2X630 0.0033397969
C2X82 -0.000208721
C2X88 0.0002709519
C2X810 0.000219197
C2X813 0.0003726223
C2X826 0.0002440193
C2X1121 -0.007560222
C2X121 0.0174513104

744 43%L ®ol ulXE W4 : C2X810 , RZ = 05093
EolAMgt 1 Xy, X5, Xu Al A

90
80-
704
60
501

Predicted Real yield
40 -~

30

20

10'/\ \
0_"" T v rr T T

8/ an 101 "N
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AR

@ regression 23 :

"y A
CUX9 0.0138386035
C2X6 -0.000016385
C2X8 1.6413707E-6
C2X9 -9.982187E-6
LCUX521 -(.008845407
LCUXe6 0.0036311182
LCUX630 0.0092297359
LCUXT719 0.0288925945
LCUX729 -0.004167334
LCUX821 -0.000392233
LCUX917 0.0147752329
C2X67 ~-0.000019612
C2X719 -0.000065381
C2X721 0.0000171376
C2X830 -1.133523E-6
C2X917 -8.526641E-6

BolAME 1 Xy, Xip, X3, Xu Al A
autoregression 2% :

Uy A
INTERCEP -820.5893462
LCUX63 -3.912541436
LCUX67 -4.7778042273
LCUX721 9.0795827212
LCUX115 5.3204323899
LCUXi1113 -4.541922085
C2X520 -0.006124325
C2X623 0.0080264443
C2X628 0.006406966
~All -0.594324291
JA3 -0.143102804

71 4FE ®ol WX = W4 LCUX6T |, R?

SoA G -

XlOsz,Xla!XM}ﬂﬂ

0.2173



Yietd(kg)

4004
3004
Predicted
200
1004 Real vield
0-'Vlv!!lr1"1lllvll'lll!l'1lll]ll"'lllv‘!llv'l|
8/1 an 10/1 1N

Datse
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q. %%
@ regression 2% :

ke Rl A5

CUX11 0.0129476311
C2X6 -0.000052763
C2X8 -2.43753E-6
C2X9 -1.187574E-6
C2X11 -0.000139554
LCUXS58 0.0052470155
LCUX513 -0.014963891
LCUX520 -0.02496185

LCUX63 -0.012026272
LCUX614 -0.007772592
LCUX713 0.0338449021
LCUX720 0.0140452348
LCUX730 0.0272139383
LCUX818 0.0007510941
LCUX827 0.0022166873
LCUX830 0.0024742666
LCUX912 0.0035156438
LCUX923 0.044608435

LCUX930 -0.03356922

LCUX1112 0.0206963738
LCUX125 -0.008743736
LCUX1212 -0.022599397
LCUX1216 0.0061179228
LCUX1226 0.0452558456
C2X520 0.0000238451
C2X526 -0.000011577
C2X61 0.000105088

C2X63 0.0001179558
C2X65 -0.000059433
C2X67 -0.000024371
C2X614 -0.000025745
C2X75 0.0000858957
C2X730 -0.000057685
C2X827 -6.4706E-6

C2X830 -6.800244E-6
C2X9%5 2.2017403E-6
C2X923 -0.000028517
C2X930 0.0000203001
C2X117 -0.000037731
C2X1112 -0.00014022

C2X1130 0.0000255788
C2X1212 0.0000289373
C2X1226 -0.00006967

FOlAME 1 Xy, X, XA A, 19943 A 9
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@ autoregression 2§

Wy Al
INTERCEP ~7524.174848
C2X8 0.0031019601
LCUX629 19609355276
LCUX72 4.7594792906
LCUX721 9.1549365004
LCUX87 0.4686468909
LCUX% 15.457043358
C2X62 -0.047654242
C2X610 -0.009767156
C2X82 -0.0019943
C2X86 0.002042405
C2X91 0.0019889659
C2X9% -0.00992965
C2X98 -0.000752033
C2X920 0.0010999658
C2X923 -0.000493787
C2X1110 -0.022001882
C2X1121 0.0174550857
C2X1221 -0.01154384
Al -0.393334681
_A2 -0.283723638
b4 d8e ol F= W4 0 C2X8  R? = 02318
EO|AFE 1 Xy, X3, X Al A, 19943 A9

Yield(kg)

140 4

1304

1204

1101

1004

90 Predicted Real yield

80

70

604

504

‘0.

304

20

104

0.‘1 T vV v T Tvvvy v 1 v LR B4 T LN B SEn S S i S ¢

8/1 81 Date 10/4 1174
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2. 34

@ regression 28 :

Had AT
C2X7 -0.00003836
C2X12 0.0000225976
LCUX630 0.0244868943
LCUX829 0.000704591
LCUX94 -0.019529441
LCUX917 0.0199657371
LCUX923 0.0019719173
LCUX114 0.019607916
LCUX1117 -0.006834708
C2X69 -7.91467E-6
C2X630 -0.000048948
C2X83 8.7513591E-7
C2X818 4.7850268E~7
C2X829 -1.742327E-6
C2X94 0.0000196336
C2X917 -0.000013749
C2X929 -5.800918E-7
C2X114 —0.000207081

EOlA S ¢ Xy, Xy, X A A

® autoregression 238 :

B AT
INTERCEP 143.87855434
LCUX76 -5.536316649
LCUX88 0.3280625056
LCUX1130 2.8089271065
C2X813 0.0007004582
C2X1217 0.0158831008
Al -0.658812762

744 4 8g @ol mx&= W4 LCUXT6 ,R? = 02694
EolA g ¢ X0, X3, Xu A A
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Yield(kg)

3007
200+
Predicted
Real vield
1001
0 4 / /\A/\/\/\

T T ¥y T [ 3 Fr r v [ r v r Ty Y r T vy [ r Yy r [y vy rr[rvrry 7 vr v vy 3 vy vt

8/1 g/t 10/1 11/1
Date
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o.

4
@ regression 2§ :
ey A%

CUX5 -0.017245897
CUX7 -0.025013579
CUX12 0.0192092384
C2X5 0.0000779317
C2X8 1.632283E-6
C2X11 -0.000075004
C2X12 -0.00003239
LCUX530 -0.015499733
LCUX618 0.0289575854
LCUX630 0.0454995353
LCUX817 0.0006030746
LCUX822 0.0006272949
LCUX917 0.0178704223
LCUX930 -0.011893173
LCUX115 0.0129401048
LCUX117 0.0051969843
LCUX112 -0.010043771
LCUX113 -0.008259754
C2X510 -0.000011573
C2X517 -9.102654E-6
C2X65 -0.000013021
C2X618 -0.000106123
C2X630 -0.000153861
C2X718 0.0000293925
C2X730 0.0000722506
C2X98 4.4943542E-7
C2X917 -0.000011054
C2X922 -5.948792E-7
C2X930 7.9362181E-6
C2X115 -0.000162821
C2X117 -0.000055298
C2X1120 0.0000997537
C2X1130 0.0000611831

SolAHg

X0 X3, X1 A A
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@ autoregression 2%

R A+
INTERCEP 3337.6530018
LCUX621 3.9391507381
LCUX730 43.748473343
LCUX827 0.5365723697
LCUX918 -21.32835255
LCUX1118 -5.543730207
LCUX1122 -4.096857772
C2X67 -0.036508467
C2X630 0.0306183337
C2X730 -0.104866104
C2X810 0.0020003443
C2X918 0.0138147017
C2X1120 0.0455861086
Al -0.473049722
A2 -0.201621246

SOlAME 1 X, Xip, X M A
Yietd(kg)
0001
2001
—~——_Real vyield
7004
500 Predicted
500 4
4001

300

200

1004

8/t

T
841

Date
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H. &3
@D regression 23 :

¥ A
CUX12 -0.013794388
C2X5 0.0000327822
C2X6 -0.000025088
LCUX521 -0.032783525
LCUX530 -0.019581056
LCUX618 0.0267157761
LCUX630 0.0230269853
LCUX730 0.0187987457
LCUX822 0.0023613691
LCUX829 0.0008724332
LCUX930 -0.001204162
LCUX1214 0.0062618333
LCUX1226 0.0169480166
C2X514 -0.000014492
C2X518 -0.000021821
C2X521 0.0000521784
C2X618 -0.000101055
C2X630 -0.000065969
C2X718 0.000053442
C2X822 -7.330331E-6
C2X111 -0.000181525
C2X113 -0.000069508
C2X114 -0.000024968
C2X1130 0.0000306309
C2X1226 —0.000025053

EolAlE ¢ Xy, Xy, X A A
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@ autoregression 29 :

w5 A

INTERCEP 1687.6679093
LCUX511 -9.768134382
LCUX622 7.2852356898
A1 -0.856553336

EoJALg 1 Xy, Xis, X AA

Yield(kg)
500
4004
Real yieid
Predicted
3001
2004
1001
0 A= \
T T T T T T T f ! '
o1 an 10/1 /i
Date
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A. %3
@ regression 23 :

g AT Hrd A
CUX8 0.000845674 LCUX1123 0.0025661371
C2X6 -0.000026325 LCUX1218 -0.007594331
LCUX52 0.0046567467 LCUX1221 -0.059120901
LCUX514 -0.003587673 C2X57 7.1613307E-6
LCUX519 -0.004990964 C2X526 0.0000982762
LCUX526 -0.049335921 C2X614 -0.000012953
LCUX65 0.0027149849 C2X618 -0.000034415
LCUX618 0.0216822386 C2X711 -0.000053793
LCUX623 0.0062808725 C2X724 -0.000075162
LCUX630 0.0114994798 C2X729 -0.000135596
LCUX77 -0.015522844 C2X82 4.8042725E-6
LCUXT711 0.0299034084 C2X34 2.3264737E-6
LCUX724 0.0255712969 C2X830 1.7126459E-6
LCUX729 0.0440244912 C2X9%5 -0.000016789
LCUX8&7 0.0011426695 C2X930 7.3016058E-6
LCUX816 0.0005306445 C2X112 -0.000288086
LCUX92 0.0025542102 C2X117 -0.000099387
LCUX9% 0.0247848952 C2X1126 -0.000028352
LCUX930 -0.014443401 C2X127 0.0000157385
LCUX112 0.0160778301 C2X1221 0.0001065997
LCUX117 0.0098919476 C2X1229 9.173676E-6
LCUX1118 0.0078823227

EolAld ¢ X0, X1, XA A
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@ autoregression

2y .

Hey A
INTERCEP 3997.3316865
CUX12 34.232189652
LCUX530 39.516827805
LCUX67 -18.50740345
LCUX722 -39.13056469
LCUX82 4.429342447
LCUX823 3.1050924928
LCUX830 3.6579912159
LCUX924 -4.100890019
LCUX930 -5.477751531
LCUX114 52.889224977
C2X515 -0.028578093
C2X62 -0.467831656
C2X617 0.0637403507
C2X622 0.1311399437
C2X630 0.209479376
C2X730 -0.224824691
C2X813 0.0108838905
C2X92 0.0113721546
C2X114 -0.754005297
C2X124 -0.107983155
Al -0.304468789
_A 3 -0.127173472
A8 -(.190765656

EolAL} 1 Xy, X3, Xu A A
Yield(kg)

1200
1100
1000
1001
840
7003
503
500
4004
300
200
100

Predicted

Real vyield ///f\\\vj/\[\
T T —

8/

T
g/1

T
10/1
Date

T
1/1




@ regression 2% :

W A
CUX5 0.0055854078
CUXS 0.0019904525
C2X6 -0.000024911
C2X8 -4.334983E-6
LCUX52 0.0030453473
LCUX57 0.0097411797
LCUX515 0.0324070841
LCUX630 0.0327334915
LCUX86 0.0005043212
LCUX823 -0.000569032
LCUX912 ~0.000113253
LCUX916 0.0019018231
LCUX923 0.0273115428
LCUX111 -0.008353313
LCUX114 -0.002975289
LCUX1116 0.0097152306
LCUX1118 ~-0.000394258
C2X515 -0.000067755
C2X68 0.0000161043
C2X630 ~0.000066713
C2X77 -0.000033465
C2X86 -3.673919E-6
C2X816 3.4506634E-6
C2X823 -4.862868E-7
C2X9% 6.7513939E-7
C2X912 ~3.32539E-7
C2X916 -4.887322E-7
C2X923 -0.000016233
C2X114 5.8116683E-6
C2X1117 -0.000011651
C2X1127 -6.441652E-6

EolAld 1 X, Xp, X, XA A, 19043 A9
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@ autoregression 2% :

b A s
INTERCEP 2742.7591166
CUX9 -2.877064663
LCUX51 -14.41733053
LCUX510 -12.45612892
LCUX811 ~1.581208534
LCUX814 -4.577452819
LCUX1113 11.534716825
C2X630 0.0437709995
C2X723 0.020497711
C2X87 -0.018483741
C2X814 0.0139522057
C2X912 0.001399652
C2X1114 -0.033758278
_ALL -0.506670919
S0l A 1 Xy, Xy, X3, X A A, 19943 A 9
Yield(kg)

4004

3004

2001

1001

Pradicted

Real

vield

Ty ——— —— T
8/1 9/1 IAVA
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A. 4949
@ regression 28 :

¥ A4

CUX6 0.0262395971
CUX7 -0.038314089
C2X6 -0.000094438
C2X7 0.0000993399
C2X11 -0.000012586
LCUX511 -0.011926588
LCUX615 0.003301178

LCUX626 0.0145369755
LCUX630 0.0268886526
LCUX&9 0.0013207395
LCUX917 0.0132752832
LCUX924 0.0197880641
LCUX119 0.0039753637
LCUX1130 -0.003184019
C2X610 -0.000022571
C2X612 -0.000027925
C2X626 -0.000053396
C2X630 -0.000051359
C2X711 0.0000528821
C2X719 -6.89983E-6
C2X89 -7.626678E-6
C2X825 -4.065037E-6
C2X830 ~1.517848E-6
C2X912 1.0638796E-6
C2X917 -'7.893835E-6
C2X924 -0.0000123

C2X1117 6.4131078E-6
C2X1124 5.0334001E-6

EolAtal Xy, Xyg, Xz, Xu Al A
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@ autoregression %% :

W AT
INTERCEP -768.7271071
LCUX617 30.660302059
LCUX1123 -28.89638495
LCUX1130 20414301811
C2X67 -0.069523349
_ALL -0.81583005
A7 0.0888052727

oA ¢ Xy, Xip, Xi3, X A A

Yield{kg)
50004
40001

3 Reel yield
30001
2000

Predicted

1000 4

0 N\

8[11 T ' O‘II' n ‘ '1101'1' 'Il”"
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A. 4y
@ regression 23 :

B A
CUX6 0.0048054753
C2X6 -0.000066078
Cex7 0.0000256049
C2X8 9.2901349E-7
C2Xx11 -0.000060316
C2X12 0.0000125179
LCUX522 -0.016976875
LCUX620 -0.002526789
LCUX623 0.0257293698
LCUX630 0.0594937265
LCUX&30 0.0001950583
LCUX91 0.0011624303
LCUX917 0.020684584
C2X522 0.0000231252
C2X66 -0.000016469
C2X623 -0.000054601
C2X630 -0.000144385
C2X87 5.908105E-7
C2X810 7.197033E-7
C2X816 9.3550613E-7
C2X96 -8.406145E-7
C2X9517 -0.000013269
C2X116 -0.000049852
C2X1129 0.000045176
C2X1228 -0.000011227

EolAMg 1 X, X, Xy AA
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@ autoregression 3

Hrd AT
INTERCEP -15466.5271
CUXS 4.1519641285
LCUX66 35.562628888
LCUX615 84.376153675
LCUX617 19737257129
LCUX724 42.317354244
LCUX730 21.166568533
LCUX810 25701120405
LCUX814 1.2002547153
LCUX911 -4.974064825
LCUX127 -120.9175719
LCUX1230 104.44384609
C2X524 -0.059734542
C2X66 -0.155861273
C2X615 -0.304789417
C2X810 -0.003886867
C2X817 0.0020689609
C2X927 -0.001586586
C2X1111 -0.057185404
C2x127 0.2311526476
C2X1230 -0.209214718
AL -0.64996886
A2 0.2043851025
A3 -0.215419696

Eo|Alst 1 X1, Xy X AA

Yield(kg)
1 6004
15007
1400~
1300+
1200
1100
10007
9007
8004
7004
600+
500+
4003
3009
2004
1004
0-
R L B T —————— T
8/1 9/1 10/1 IRV

Real vieid

Predicted
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A ¥4
@ regression 28

W5 A%
CUX6 0.0413753982
CUX7 -0.038655051
C2X5 0.0000499841
C2X6 -0.000087568
C2X8 1.7861371E-6
C2X11 -0.00002803
LCUX517 0.0241902295
LCUX68 0.0070063781
LCUX69 0.0132618155
LCUX718 0.0123544688
LCUX730 0.0259373116
LCUX817 0.0007400958
LCUX114 0.01051805
LCUX1117 -0.005166828
LCUX1130 -0.002923645
LCUX1219 -0.008976546
C2X517 -0.000064364
C2X530 -0.000027995
C2X69 -0.000059623
C2X618 ~0.000029495
C2X629 -0.000013891
C2X717 0.0000245632
C2X114 -0.000136344
C2X1117 0.0000627619
C2X1121 0.0000353935

—E—O]/\]-%J' : X]o,Xw,XM}ﬂ?-]
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@ autoregression 23:

Hry A
INTERCEP 29913.875256
CUX5 -15.53132345
LCUX520 -17.04018984
LCUX63 38.789084074
LCUX73 -40.57706938
LCUX77 -25.87513412
LCUX726 17.855698886
LCUX814 -4.530987543
LCUX918 -"70.26334104
LCUX117 11.557772432
LCUX1121 -7.103928812
LCUX1220 22.958598351
C2X88 0.003483089
C2X814 0.0126560281
C2X815 0.0055875632
C2X918 0.0448655897
C2X923 0.0031871428
C2X113 0.3676966559
C2X1127 -0.088007035
Al -0.581000176
A2 -0.120323627
_A6 0.1148157225
AT -0.309743366
A8 0.1697946075

So|Abat :

XlO’XH-XMX“H
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Yieid(kg)
1600
15003
14007
13003
12007
11007
10007
90071
8001
7007
6007
5007
4007
3007
2004
1004

0] —

BN S S S S e S e S S N 55 F i B B S S S B S S S S S Su e S S SES S Sae S ane et St EeE A L S S

8/1 a/1 10/1 111
Date

Predicted Real vield
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H.&d

@ regression 28 :

W AT
CUX9 0.0194592335
C2X6 -0.000056711
C2X7 0.0000428816
C2X9 -0.000012551
LCUX516 0.0333852479
LCUX530 -0.023408935
LCUX630 0.0396727647
LCUX74 -0.012666263
LCUX730 0.0334151264
LCUX83 0.0020426404
LCUX85 0.0012312723
LCUX87 0.0009060445
LCUX814 0.0020794298
LCUX822 0.0022428317
LCUX830 0.0013365588
LCUX922 -0.007798121
LCUX930 -0.001657323
LCUX114 -0.004392836
LCUXI1111 0.0078613335
LCUXI1116 0.0012802579
LCUX1130 -0.00125617
C2X516 -0.00006646
C2X64 -0.000043536
C2X630 -0.000121256
C2X74 0.0000790411
C2X83 -2.704245E-6
C2X85 -3.274013E-6
C2X814 -1.953279E-6
C2X822 -2.787793E-6
C2X830 -1.567555E-6
C2X922 4.5825669E-6
C2X1111 -(.000011698

SolAbg

X0, X1z, X3, X1 AA
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@autoregression 23 :
ey A5

INTERCEP -4579.92567
C2X11 -0.067154195
LCUX65 -27.81275262
LCUXR817 3.2334932328
LCUX95 10.132061459
C2X628 0.0855727313
C2X820 0.0074356187
C2X824 0.0140093955
C2X1118 0.043760189%
_Al -0.936687251
A3 0.1730659956
_A 4 -0.158981972
_A 8 0.1241749818

EOJAE 1 Xy, Xyp, X3, Xy AA

Yield{kg)

5000

4000

Real yield

90063

20004 Predicted

1000

e S —
81 /1 1041 O
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H. 3

@ regression 29 :

g A% Hady AT 4 A&
CUX5 -0.015900656 | LCUX97 -0.000724554 | C2X71 0.0000770456
CUX7 0.0051992343 | LCUX911 -0.011237112 | C2X712 | -0.000029125
CUXS8 0.0016087032 { LCUXS24 0.001330932 C2X727 | -0.000049475
CUX11 0.0080013053 | LCUX930 -0.000578844 | C2X729 | -0.0000892

C2X5 0.0000355758 | LCUX101 | -0.009430508 | C2X86 | -2.632928E-6
C2X6 -0.00002864 | LCUX104 | 0.0167990876 | C2X811 | -7.421264E-6
C2X8 -8.262063E-6| LCUX1012 | -0.023299281 | C2X814 | -4.308055E-6
C2X11 -0.000105946 | LCUX1022 | 0.0385594892 | C2X819 | -0.000010537

LCUX54 | -0.094698858 | LCUX114 | -0.007831597 | C2X830 | 0.0000106547
LCUX58 | -0.028324784 | LCUX1115 | 0.004430113 | C2X91 | -6.176395E-6
LCUX510 | -0.029584859 | LCUX1118 | -0.012488957 | C2X911 | 6.5271616E-6
LCUX512 | -0.005554093 | LCUX1122 | -0.010870228 | C2X104 | -0.000480048
LCUX519 | -0.011076858 | LCUX124 | 0.0320673258 | C2X108 | -0.000188192
LCUX619 | -0.014268905| LCUX1213 | -0.00400449 | C2X1012| 0.0001116494
LCUX620 | -0.006324974 | LCUX1216 | -0.034697308 | C2X1022| -0.000412036
LCUX630 | 0.0270798806 | LCUX131 | 0.0351202864 | C2X114 | 0.0001496177
LCUX74 | 0.0092699458 | LCUX1316 | 0.06032866 C2X118 | 0.0000518444
LCUX712 | 0.0204305604 | LCUX1323 | -0.286103696 | C2X1112| 0.0000620544
LCUX719 | 0.0222503251 | LCUX1327 | -0.016661094 | C2X1118| 0.0000589777
LCUX723 | 0.0074251053 | LCUX141 -0.045817123 | C2X1122| 0.0000623697
LCUX727 | 0.0294603106 | LCUX146 | -0.010122404 | C2X124 | -0.000110339
LCUX729 | 0.0346642841 | LCUX1410 | 0.0613754998 | C2X1216| 0.0000390513
LCUXB810 | 0.000557815 | LCUX1416 | 0.0326989167 | C2X1228| 0.0000126549
LCUX811 | 0.0017593853 | LCUX1423 | 0.3495479747| C2X1318| 0.000018224

LCUX814| 0.0009293535 | C2X54 0.000230661 | C2X1323| 0.0004836105
LCUXB819 | 0.0038420711 | C2X58 0.0000611517 | C2X1410| -0.000134804
LCUX823| 0.0005853742 | C2X510 0.0000631707 | C2X1416| -0.000148365
LCUX824! 0.0006072425 | C2X624 -0.000014035 | C2X1423| -0.000588465
LCUX830| -0.002742438 | C2X630 -0.000051681

SolAlg : 9g
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@ autoregression 2§ :

il Al
INTERCEP ~'7228.347645
LCUX52 8.2393974059
LCUX511 -7.618156979
LCUX526 4.4614932287
LCUX722 -34.95051957
LCUX813 -1.763845921
LCUX91 4.0825949608
LCUX1022 9.9407599947
LCUX1120 -6.825073852
LCUX1320 78.740291849
LCUX1328 8.4692280919
C2X512 -0.008984363
C2X516 -0.006476423
C2X65 -0.0244703
C2X617 0.0174827057
C2X622 0.0646959452
C2X813 0.0068348832
C2X108 0.169377169
C2X1026 -0.12720727
C2X1028 -0.205179814
C2X121 -0.072456515
C2X132 -0.099517649
C2X1320 -0.111689949
_ALL -0.610609868
A3 -0.165550381
A6 0.1156810051

Solale @ gle
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Yield{kg)

400 4
30901 Real yield
2001
Predicted
100
o] FAN o8 N N

ABELIND SN SN SN SR San Gt un B SN St S n BN SER SEn Shn S SN Anh Sun S Su S S aen e 0 LASLANLAL AN L S S S S SN SEn BN Sh S Bt Sun S Sun aue

8/ 1041 1111

Date

- 252 -



3.

¥
@ regression 23 :

e A5
CUX5 -0.01480496
CUX7 0.0339969309
CUX8 -0.000629004
C2X6 -0.000034568
LCUX511 ~-0.017984811
LCUX518 -0.028689571
LCUX65 0.0283819883
LCUX617 0.0486612744
LCUX630 0.0520177418
LCUXT711 0.0237016052
LCUX730 -0.009633872
LCUX&7 -0.000828951
LCUX821 -0.00032783
LCUX828 -0.001574039
LCUX&30 -0.000451642
LCUX9% 0.0037809594
LCUX919 0.0015306084
LCUX1111 0.0173651087
LCUX1114 0.013525473
LCUX1118 0.0164021113
LCUX1121 0.0019946439
LCUX126 -0.004495632
LCUX1210 -0.038777726
LCUX1230 0.0221009674
C2X518 0.0000479294
C2X65 -0.000102919
C2X617 -0.000120299
C2X625 -9.257967E-6
C2X630 -0.000086115
C2X810 8.2718622E~7
C2X828 2.2639697E-6
C2X95 -3.817616E-6
C2X1111 -0.000076379
C2X1114 -0.000083675
C2X1118 -0.000113627
C2X1210 0.0000612171
C2X1230 -0.000042981

EolAE 1 Xy, X5, Xy ANA
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@ autoregression 23 :

e A%

INTERCEP 2507.8423118
LCUX72 ~764.130294
LCUX79 27.318464844
LCUX713 266.26648833
LCUX723 38.050610412
LCUX817 -3.853591956
LCUX126 -32.534%9737
LCUX1228 13.045333273
C2X513 -(.135813162
C2X523 -0.073065177
C2X72 4.2508658138
C2X713 -0.498382336
C2X810 -0.005000168
C2X911 ~0.004707058
C2X925 -0.011343119
C2X926 0.0180694629
C2X1120 -(0.164691604
C2X1126 0.1408065547

EOJAME 1 Xy, X3, X A A

T

18007

17007

16004

15004

:;gg: Predicted

1200;

11007

10004

900 4

800

7001 Rea! vield

6004

5001

400

3004

2001 /\

1004

qu""v T T T T T Ty T
8/1 9/t 1071
Date
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B 28 AERS R KESRE BEX BAJ K WEX

1. 2%
prob=0.4 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.8100194 1.9106875 0.0944244 10. 4559703
MSPE 28 4.1764748 20.6104725 0.0089160 109.3273142
X5 28 392.2878571  406.1933284 4, 3100000 1349.48
X11 28  325.9314255  349.0106703 7.2323859 1181.97
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.8100194 1.9106875 0.0944244 10. 4559703
MSPE 28 4.1764748 20.6104725 0.0089160 109.3273142
X5 28 392.2878571  406.1933284 4,.3100000 1349.48
X11 28  325.9314255  349.0106703 7.2323859 1181.97
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.8463610 1.9088887 0.0944244 10. 4559703
MSPE 28 4.2300455 20. 6008101 0.0089160 109.3273142
X5 28 392.2878571 406, 1933284 4.3100000 1349.48
X11 28 317.3058119 354.2984339 0 1181.97
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 1.1134630 3.3570782 0. 0383611 18. 0187935
MSPE 28 12.1072750 61.2709418 0.0014716  324.6769193
X5 28 392.2878571 406, 1933284 4.3100000 1349.48
X7 28  366.3969286 373.5494630 10. 6660000 1181.97
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 1.1134630 3.3570782 0.0383611 18. 0187935
MSPE 28 12.1072750 61.2709418 0.0014716 324.6769193
X5 28 392.2878571 406.i933284 4.3100000 1349.48
X7 28 366.3969286  373.5494630 10. 6660000 1181.97
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 1.1134630 3.3570782 0.0383611 18. 0187935
MSPE 28 12.1072750 61, 2709418 0.0014716 324.6769193
X5 28 392,2878571  406.1933284 4.3100000 1349, 48
X7 28 351.2402143 380.1559928 0 1181.97
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prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 18 0.6292867 0.9620884 0.0042158 4, 2005109
MSPE 18 1.2702055 4.1202296 0,000017773 17. 6442918
X5 18 157.0527778 109.9777417 13.8500000  356. 7000000
X11 18  149.0283369 94. 2355853 0 335.5164529
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 0.6659780 0. 9629855 0.0042158 4, 2005109
MSPE 18 1.3193488 4.1109107  0.000017773 17. 6442918
X5 18 157.0527778 109.9777417 13.8500000  356. 7000000
X11 18  148.5203010 95. 0551625 0 335.5164529
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 0. 6659780 0. 9629855 0.0042158 4.2005109
MSPE 18 1.3193488 4.1109107 0,000017773 17. 6442918
X5 18 157.0527778 108.9777417 13.8500000  356. 7000000
X11 18  148.5203010 95. 0551625 0  335.5164529
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 0.7905906 1.4855127 0.0062218 6.4361000
MSPE 18 2.7091842 9.7094406 0,000038710 41.4233832
XS 18 157.0527778 109.9777417 13.8500000 356, 7000000
X7 18  165.9988889  106.5948217 0 372,6470000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 0.8253078 1. 4825302 0.0062218 6. 4361000
MSPE 18 2.7569235 9.6981749 0. 000038710 41.4233832
X5 18 157.0527778 109.9777417 13.8500000 356, 7000000
X7 18 164.9408333 108.2213927 0 372,6470000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 0.8528066 1.5178975 0, 0062218 6. 4361000
MSPE 18 2.9032913 9.7081858  0,000038710 41,4233832
X5 18  157.0527778 109.9777417 13.8500000  356. 7000000
X7 18 164.9408333  108.2213927 0 372.6470000
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prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.7123100 6.6314802 0.0179877 29.2233100
MSPE 45 56.7805189 168.8827159 0.000323556 854.0018487
X5 45 170.3002222 262.5533465 3.5300000 892. 4400000
X11 45 180.8194845 222.5969846 0  731.0180000
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.7123100 6.6314802 0.0179877 29.2233100
MSPE 45 56.7805189 168.8827159 0.000323556 854.0018487
X5 45 170.3002222 262.5533465 3.5300000 892. 4400000
X11 45 180.8194845 222.5969846 0 731,0180000
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.7123100 6.6314802 0.0179877 29.2233100
MSPE 45 56.7805189 168.8827159 0.000323556 854.0018487
X5 45 170.3002222 262.5533465 3.5300000 892. 4400000
X1i1 45 180.8194845 222.5969846 0  731.0180000
prob=04 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.8903375 6. 7535471 0.0179877 29.2233100
MSPE 45 59.7315606 171.1811790 0.000323556 854.0018487
X5 45 170.3002222 262.5533465 3.5300000 892. 4400000
X7 45 191.4217556  226. 6653194 0  731.0180000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.8903375 6. 7535471 0.0179877 29.2233100
MSPE 45 59.7315606 171.1811790 0.000323556 8540018487
X5 45 170.3002222 262.5533465 3.5300000 892. 4400000
X7 45 191.4217556  226.6653194 0 731.0180000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 45 3.8903375 6. 7535471 0.0179877 29.2233100
MSPE 45 59.7315606 171.1811790 0.000323556 854.0018487
X5 45 170.3002222  262.5533465 3.5300000 892. 4400000
X7 45 191.4217556 226.6653194 0  731.0180000
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AR

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 14 0.5074870 0.3879869 0.0164820 1. 0000000
MSPE 14 0.3973245 0.4432771  0.000271656 1. 0000000
X5 14 58.3928571 25, 3175969 19. 5000000 91, 9000000
X11 14 42.2371488 37.0115713 0 104.9226231
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAP 14 0.5152453 0.3972297 0.0164820 1. 0000000
MSPE 14 0.4119983 0.4605040 0,000271656 1. 0000000
X5 14 58,3928571 25, 3175969 19, 5000000 91.9000000
11 14 41,9881089 37.3029514 0 104.9226231
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 14 0.5152453 0. 3972297 0.0164820 1. 0000000
MSPE 14 0.4119983 0.4605040 0.000271656 1. 0000000
X5 14 58.3928571 25. 3175969 19. 5000000 91.9000000
X11 14 41.9881099 37.3029514 0 104.9226231
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 14 0.5563479 0.3894208 0.0092989 1.00000C0
MSPE 14 0. 4503395 0.4442170  0.000086470 1. 0000000
X5 14 58, 3928571 25. 3175969 19. 5000000 91. 9000000
X7 14 58. 2852143 50.3974037 0 152, 4430000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 14 0.5745478 0.4045848 0. 0092989 1. 0000000
MSPE 14 0.4821019 0.4675841  0.000086470 1. 0000000
X5 14 58.3928571 25.3175969 19. 5000000 91. 9000000
X7 14 57. 7010000 51. 0658949 0 152. 4430000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 14 0.5563479 0.3894208 0. 0092989 1. 0000000
MSPE 14 0. 4503395 0. 4442170  0,000086470 1.0000000
X5 14 58. 3928571 25.3175969 19, 5000000 91.9000000
X7 14 57. 7010000 51. 0658949 0 152, 4430000
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5. ¢4¢

prob=0.4 | hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 29 0.8396446 0.9618687 0.0059115 3.5113454
MSPE 29 1.5982913 3.3325459  0.000034946 12. 3295467
X5 29 49, 7586207 40.3718543 4.8000000 150. 7000000
X11 29 41.7399762 24.1053460 0 106,1038703
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 29 0.8647203 0.9560247 0.0059115 3.5113454
MSPE 29 1.6302077 3.3218493  0.000034946 123295467
X5 29 49, 7586207 40, 3718543 4.8000000 150. 7000000
X11 29 41.3813941 24, 6591972 0 106.1038703
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 29 0.7876516 0.8413296 0.0059115 3.5113454
MSPE 29 1.3038224 2.8549604 0.000034946 12, 3295467
XS 29 49, 7586207 40.3718543 4.8000000 150, 7000000
X11 29 40.5709043 25.6347310 0 106.1038703
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 29 1.1308537 1.5734135 0. 0136635 6.5614054
MSPE 29 3.6690935 9.1924254 0.000186691 43. 0520409
X5 29 49. 7586207 40.3718543 4,8000000 150, 7000000
X7 29 48.7683448 26, 0809625 0 106.3570000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 29 1.1469772 1.5694528 0.0136635 6.5614054
MSPE 29 3.6938014 9.1839594 0. 000186691 43. 0520409
X5 29 49. 7586207 40.3718543 4,8000000 150. 7000000
X7 29 48.0127034 27.1810598 0 106.3570000
prob=06 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 29 1.1947513 1.6073277 0.0136635 6.5614054
MSPE 29 3.9218466 9.2199542 0. 000186691 43. 0520409
X5 29 49, 7586207 40, 3718543 4.8000000 150. 7000000
X7 29 46. 5656069 28. 5948337 0  106.3570000
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Sl

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.2713189 4.1701771 0.0214164 19. 4347976
MSPE 21 18.1785155 82.3796812 0.000458662 377.7113596
X5 21 154.6142857 118.2023658 22,0000000 383, 8000000
X11 21  160.5514509  125.9743264 17.2919113  449.5655482
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.2713189 4.1701771 0.0214164 19. 4347976
MSPE 21 18.1785155 82.3796812 0.000458662 377.7113596
X5 21  154.6142857 118.2023658 22,0000000 383. 8000000
X11 21  160.5514509 125 9743264 17.2919113  449.5655482
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.3934714 0.2988522 0.0214164 1. 0000000
MSPE 21 0.2398793 0.2987482  0.000458662 1. 0000000
X5 21 154.6142857 118.2023658 22.0000000 383.8000000
X11 21  139.1435677 111.8065274 0 333.2771970
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 2.3016259 8. 4066803 0.0214164 38.9280909
MSPE 21 72,6044094 330.5862471 0.000458662 1515, 40
X5 21 154.6142857 118.2023658 22,0000000 383. 8000000
X7 21 196.2408095  195. 6065931 17.3570000  878. 4180000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 2.3016259 8. 4066803 0.0214164 38, 9280909
MSPE 21 72.6044094 330.5862471 0.000458662 1515. 40
XS 21 154,6142857 118.2023658 22.0000000  383. 8000000
X7 21 196.2408095  195. 6065931 17.3570000  878. 4180000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 2.3016259 8. 4066803 0.0214164 38. 9280909
MSPE 21 72.6044094  330,5862471  0.000458662 1515, 40
X5 21 154.6142857 118.2023658 22.0000000  383. 8000000
X7 21 154.4113810 122, 8087534 0 404.7830000
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flo

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.5209895 0.4110190 0.0051988 1,.7513528
MSPE 21 0.4323221 0.6782278  0.000027027 3.0672365
X5 21 154.6142857 118.2023658 22.0000000 383, 8000000
X11 21  100.5513100 74.2440189 0 244,0368193
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.5209895 0.4110190 0. 0051988 1.7513528
MSPE 21 0.4323221 0.6782278 0.000027027 3. 0672365
X5 21 154.6142857 118.2023658 22.0000000 383. 8000000
X11 21 100,5513100 74.2440189 0 244.0368193
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.6239741 0. 4308025 0.0510837 1.7513528
MSPE 21 0. 5660968 0.7010013 0. 0026095 3.0672365
X5 21 154.6142857 118,2023658 22,0000000 383.8000000
X11 21 87. 6555558 83. 1793542 0  244,0368193
prob=04 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.6276426 0.6521296 0. 0561929 2.9978390
MSPE 21 0.7989572 1.9210292 0.0031576 8.9870386
X5 21 154.6142857 118.2023658 22.0000000  383.8000000
X7 21  137.8289524 88. 0671983 0  307.3860000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.6276426 0.6521296 0. 0561929 2.9978390
MSPE 21 0. 7989572 1,.9210292 0.0031576 8.9870386
X5 21 154.6142857 118.2023658 22.0000000 383.8000000
X7 21 137.8289524 88.0671983 0  307.3860000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.7708467 1.1155475 0.0561929 4, 7455909
MSPE 21 1.7793913 5.1278882 0.0031576 22.5206331
X5 21 154.6142857 118.2023658 22.0000000  383.8000000
X7 21 114.0841429 100, 7816911 0 307.3860000
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8. &%

prob=0.4 | hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.0663798 1.3461771 0.0115063 6.4917824
MSPE 21 2.8630639 9.09805765 0.000132394 42.1432390
X5 21  334.2309524 234.9862116 21.9000000  706. 6000000
X11 21  228.4406541  327.7940056 0 1199.81
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1, 0663798 1.3461771 0.0115063 6.4917824
MSPE 21 2.8630639 9.0905765 0.000132394 421432390
X5 21 334.2300524 234.9862116 21.9000000 706. 6000000
X11 21  228.4406541  327. 7940056 0 1199, 81
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.0961676 1.3397319 0.0115063 6.4917824
MSPE 21 2.9109945 9.0784744 0.000132394 42,1432390
X5 21 334.2309524 234.9862116 21.9000000  706. 6000000
X11 21  227.2759348  328.6166853 0 1199.81
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.1427881 1. 6400735 0.0737207 7.7341243
MSPE 21 3.8677181 12. 9622792 0.0054347 59. 8166780
X5 21  334.2309524 234.9862116 21.9000000 706. 6000000
X7 21  262.4847619  386. 0001530 0 1398. 77
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.1427881 1. 6400735 0.0737207 7.7341243
MSPE 21 3.8677181 12. 9622792 0.0054347 59. 8166780
X5 21  334.2309524 234.9862116 21.9000000 706, 6000000
X7 21  262.4847619  386.0001530 0 1398. 77
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.1104767 1.6496831 0.0737207 7.7341243
MSPE 21 3.8250199 12, 9736697 0.0054347 59, 8166780
X5 21  334.2309524 234,9862116 21,9000000 706, 6000000
X7 21  260.2861905 387.4797680 0 1398. 77
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9. ¢+F

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.9393376 0.6290159 0.1707144 3.1943301
MSPE 21 1.2591750 2.1452148 0.0291434 10.2037446
X5 21 107.0238095 80.9760622 23.0000000 330, 3000000
X11 21 79.8076121  103.3952548 0 302.3287837
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.8348457 0. 3607366 0.1707144 1.7422134
MSPE 21 0.8209015 0.6350993 0.0291434 3.035307%
X5 21 107.0238095 80. 9760622 23.0000000  330.3000000
X11 21 69.9010039  100.4182854 0 302.3287837
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.3060596 1.8155635 0.0882014 8.9311694
MSPE 21 48450973 17.2081669 0.0077795 79. 7657860
x5 21 107.0238095 80.9760622 23.0000000  330.3000000
X7 21  109.2691905 150.0968218 0 492.5860000
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.3060596 1.8155635 0.0882014 8.9311694
MSPE 21 4.8450973 17.2081669 0.0077795 79, 7657860
X5 21 107.0238095 80.9760622 23.0000000 330, 3000000
X7 21 109.2691905 150. 0968218 0 492.5860000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 0.9283849 0.4940338 0.0882014 2.2340095
MSPE 21 1,0943456 1.1971724 0.0077795 4,9907986
X5 21 107.0238095 80.9760622 23.0000000  330. 3000000
X7 21 85.8127143  123.2953296 0 339.5710000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 21 1.3060596 1.8155635 0.0882014 8.9311694
MSPE 21 4,8450973 17.2081669 0.0077795 79. 7657860
X5 21 107.0238095 80. 9760622 23.0000000 330, 3000000
X7 21 69. 6426667 109, 8895904 0 328.3470000
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10. ¥

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 27 4,3749584 5.9026528 0. 1496950 21.5683260
MSPE 27 52.6911527 105, 0789555 0.0224086  465. 1926883
X5 27 188,8788883 206. 7156599 11.7800000 643, 3600000
X11 27 331.0057258  314.6599725 0 1500, 40
prob=0.5 , hat vield = p* hat vield
Variable N Mean Std Dev Minimum Maximum
MAPE 27 4.3749584 5.9026528 0. 1496950 21.5683260
MSPE 27 52.6911527 105, 0789555 0.0224086 465, 1926883
X5 27 188.8788883 206. 7156599 11.7800000 643, 3600000
X1i1 27  331.0057259  314,6599725 0 1500. 40
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 27 4,3749584 5.6026528 0. 1496950 21, 5683260
MSPE 27 52.6911527 105, 0789555 0.0224086 465.1926883
X5 27 188,8788889 206. 7156599 11.7800000 643, 3600000
X11 27 331.0057259 314.6589725 0 1500, 40
prob=04 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 27 5.0765374 7.0612972 0. 1496950 27.5432937
MSPE 27 73.7864123 161, 3703582 0.0224086  758.6330288
X5 27 188,8788889 206, 7156599 11.7800000 643, 3600000
X7 27  363.3996296  349.9323533 0 1747.64
prob=05 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 27 5.0765374 7.0612972 0. 1496950 27.5432937
MSPE 27 73.7864123  161.3703582 0.0224086 7586330288
X5 27 188.8788889  206. 7156599 11.7800000  643.3600000
X7 27 363.3996296  349.9323533 4] 1747, 64
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 27 5.0765374 7.0612972 0.1496950 27.5432937
MSPE 27 73.7864123 161, 3703582 0.0224086  758,6330288
X5 27 188,.8788889  206. 7156599 11,7800000 643, 3600000
X7 27  363,3996296  349.9323533 0 1747, 64
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11. 94

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 28 1.7541379 6.2276568 0.0014343 33.3801785
MSPE 28 40.4755760  210. 4415135 2, 0571581E-6 1114.24
X5 28 1331.83 1194.02 15. 3500000 4040. 60
X11 28 1274.88 962.2140992 0 3366. 50
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 1,7541379 6. 2276568 0.0014343 33,3801785
MSPE 28 40.4755760 210.4415135 2. 0571581E-6 1114.24
X5 28 1331.83 1194.02 15. 3500000 4040. 60
X11 28 1274.88 962.2140992 0 3366. 50
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 1.6663953 6.2289619 0.0014343 33.3801785
MSPE 28 40.1911270 210.4937932 2.0571581E-6 1114 .24
X5 28 1331.83 1194. 02 15, 3500000 4040. 60
X11 28 1261.04 979.3807530 0 3366. 50
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 2.6583068 9.7427801 0.0205470 51. 9700000
MSPE 28 98.5982962 510.0349687 0.000422179 2700. 88
X5 28 1331.83 1194, 02 15. 3500000 4040, 60
X7 28 1550.83 1165.59 0 3953.57
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 2. 6583068 9. 7427801 0.0205470 51, 9700000
MSPE 28 08.5982062 510.0349687 0.000422179 2700.88
XS 28 1331.83 1194. 02 15. 3500000 4040. 60
X7 28 1550. 83 1165.59 0 3953. 57
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 2.6583068 9. 7427801 0.0205470 51.9700000
MSPE 28 98.5982962 510.0349687 0.000422179 2700.88
X5 28 1331.83 1194. 02 15. 3500000 4040, 60
X7 28 1526.21 1194.86 0 3953.57
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12. 4%

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 3 2.0003139 2.0692707 0.6212663 4.3796756
MSPE 3 6.8558433 10. 6787963 0.3859718 19, 1815580
XS 3 65. 5000000 10. 5957539 53. 3000000 72. 4000000
X11 3 104.7190097  158.2270527 0 286.7367074
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 3 2.1265585 1.9512566 1. 0000000 4.3796756
MSPE 3 7.0605193 10. 4971274 1.0000000 19, 1815580
X5 3 65. 5000000 10. 5957539 53. 3000000 72. 4000000
X11 3 95.5789025  165. 5475152 0 286.7367074
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 3 2.1265585 1.9512566 1. 0000000 4.3796756
MSPE 3 7.0605193 10. 4971274 1.0000000 19, 1815580
X5 3 65. 5000000 10.5957539 53. 3000000 72. 4000000
X11 3 95.5789025 165.5475152 0  286.7367074
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 3 2.8771785 4.0314246 0. 1266575 7.5048780
MSPE 3 19.1130789 32, 2286607 0.0160421 56. 3231945
X5 3 65. 5000000 10. 5957539 53. 3000000 72. 4000000
X7 3 172.1800000 245.5098082 0  453.3100000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 3 3.1682927 3. 7555931 1. 0000000 7.5048780
MSPE 3 19. 4410648 31.9408613 1. 0000000 56.3231945
X5 3 ©5. 5000000 10. 5957539 53. 3000000 72. 4000000
X7 3 151.1033333 261. 7186505 0  453. 3100000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 3 2.8771785 4.0314246 0.1266575 7.5048780
MSPE 3 19.1130789 32. 2286607 0.0160421 56. 3231945
X5 3 65. 5000000 10. 5957539 53. 3000000 72. 4000000
X7 3 151.1033333 261, 7186505 0  453.3100000
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13. 94

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 18 3.0342998 3.3614443 0.4384194 14, 4877415
MSPE 18 19.8785437 48.7481744 0.1922115 209.8946546
X5 18 63. 7305556 33.9472304 14.2500000 111.1000000
X11 18 128.7334779  131.5249022 0 364.1980182
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 3.0342998 3.3614443 0.4384194 144877415
MSPE 18 19. 8785437 48.7481744 0.1922115 209, 8946546
X5 18 63. 7305556 33.9472304 14.2500000 111.1000000
X11 18 128.7334779  131.5249022 0 364.1980182
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 2.1342279 1.7845735 0.4384194 5.9091423
MSPE 18 7.5627035 11, 4735242 0.1922115 34.9179625
X5 18 63. 7305556 33.9472304 14,2500000 111.1000000
X11 18 105.8723348 127.7398210 0 364.1980182
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 4.5947784 6.0804752 0.2694696 26.5176190
MSPE 18 56.0301572  163. 0996532 0.0726139 703.1841200
X5 18 63. 7305556 33.9472304 14.2500000 111.1000000
X7 18 180.8077778  188.2887802 0 577.8700000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 4.5947784 6.0804752 0. 2694696 26.5176190
MSPE 18 56.0301572 163. 0996532 0.0726139  703.1841200
X5 18 63. 7305556 33.9472304 14.2500000 111.1000000
X7 18 180.8077778  188.2887802 0 577.8700000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 4,5947784 6.0804752 0. 2694696 26.5176190
MSPE 18 56.0301572  163. 0996532 0.0726139  703.1841200
X5 18 63. 7305556 33.9472304 14.2500000 111,1000000
X7 18  139.8900000 167.9972108 0 503.1600000
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14. £

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 28 2.4407640 9.1079928 0.0083513 .2174071
MSPE 28 85.9501641 439.0012678 0.000069744 2324.92
X5 28 1331.83 1194, 02 15. 3500000 4040. 60
X11 28 1187.71 1008.58 26.4852778 3250.91
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 2.4407640 9.1079928 0.0083513 . 2174071
MSPE 28 85.9501641 439.0012678 0.000069744 2324.92
X5 28 1331.83 1194.02 15, 3500000 4040.60
X11 28 1187.711 1008.58 26.4852778 3250.91
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 2.1585578 9. 0350098 0.0083513 . 2174071
MSPE 28 83.3753668 439.3015075 0.000069744 2324.92
XS 28 1331.83 1194, 02 15. 3500000 4040. 60
X11 28 1143.83 1042,.92 0 3250.91
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 3.3220179 123443584 0.0120330 . 5725000
MSPE 28 157.9767304 787.4016563 0.000144794 416961
X5 28 1331.83 1194, 02 15. 3500000 4040. 60
X7 28 1417.79 1180. 42 33. 7900000 3970.14
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 3.3220179 12, 3443584 0.0120330 . 5725000
MSPE 28 157.9767304 787.4016563 0.000144794 4169. 61
X5 28 1331.83 1194.02 15. 3500000 4040.60
X7 28 1417.79 1180. 42 33. 7900000 3970.14
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 3.3220179 12, 3443584 0.0120330 . 5725000
MSPE 28 157.9767304 787.4016563 0.000144794 4169. 61
X5 28 1331.83 1194. 02 15. 3500000 4040. 60
X7 28 1334.83 1223 71 0 3970.14
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prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.7852706 0. 3032527 0.2112867 1. 0000000
MSPE 9 0.6983941 0.4009434 0.0446421 1, 0000000
X5 9 47.8744444 21,9148820 21. 7900000 80. 8800000
X11 9 16, 0945873 25. 6822525 0 76. 4510502

prob=0.5 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.8012953 0.3111519 0.2112867 1, 0000000
MSPE 9 0.7281323 0. 4135060 0.0446421 1, 0000000
X5 9 47.8744444 21.9148820 21.7900000 80. 8800000
X11 9 14.7985139 26.2224093 0 76. 4510502

prob=0.6 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.8639353 0.2840397 0.2112867 1. 0000000
MSPE 9 0.8180984 0.3673736 0.0446421 1. 06000000
X5 9 47.8744444 21.9148820 21. 7900000 80. 8800000
X11 9 6.3039528 12.5969274 0 31.3390074

prob=04 , hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.8769699 0.4871803 0.0746584 1.8068007
MSPE 9 0.9800492 0.9489494 0. 0055739 3.2645287
X5 9 47.8744444 21.9148820 21.7900000 80. 8800000
X7 9 28.6983333 48. 7447212 0 149.4060000

prob=0.5 , hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.9163822 0.4803954 0.0746584 1.8068007
MSPE 9 1.0448938 0.9252629 0. 0055739 3. 2645287
X5 9 47.8744444 21.9148820 21. 7900000 80. 8800000
X7 9 25.5106667 49. 6745987 0  149. 4060000

prob=0.6 , hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.7669370 0. 5620059 0.0097045 1.8068007
MSPE 9 0.8689485 1,0032985 0.000094178 3.2645287
X5 9 47.8744444 21.9148820 21. 7900000 80. 8800000
X7 9 8. 9100000 17.8921327 0 45, 5860000
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16. 214

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 16 0.9464270 1.1112444 0.0407863 4. 7790099
MSPE 16 2. 0534092 5,5757396 0, 0016635 22.8389353
X5 16 137.1500000 108.8045832 13.5000000 456, 8000000
X11 16 98.4833634  107,2521685 0 321.2889365
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 16 0.9464270 1,1112444 0. 0407863 4.7790099
MSPE 16 2. 0534092 5.5757396 0, 0016635 22.8389353
X5 16 137.1500000 108, 8045832 13.5000000 456, 8000000
X11 16 98.4833634  107.2521685 0 3212889365
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 16 0.9464270 1.1112444 0.0407863 4, 7750099
MSPE 16 2.0534092 5.5757396 0.0016635 22,8389353
X5 16  137.1500000 108,8045832 13.5000000  456. 8000000
X11 16 98.4833634  107.2521685 0 321.2889365
prob=04 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 16 1,0304117 1.1299869 0.0835719 4,9644444
MSPE 16 2.2588142 6. 0062086 0.0069843 24, 6457086
X5 16  137.1500000 108, 8045832 13.5000000 456, 8000000
X7 16 114,3728125 126, 8420650 0 331.0960000
prob=05 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 16 1.0304117 1.1299869 0.0835719 4,9644444
MSPE 16 2.2588142 6. 0062086 0.0069843 24.6457086
X5 16 137.1500000 108,8045832 13.5000000 456, 8000000
X7 16 114.3728125 126.8420650 0 331.0960000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 16 1,0304117 1,.1299869 0.0835719 4.9644444
MSPE 16 2.2588142 6. 0062086 0.0069843 24. 6457086
x5 16 137,1500000 108.8045832 13.5000000 456, 8000000
X7 16 114.3728125 126.8420650 0 331.0960000
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17. A4

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.5845216 0.3360763 0.2174240 1. 0000000
MSPE 9 0.4420631 0. 4306504 0.0472732 1. 0000000
X5 9 39. 8600000 25.9426406 5. 5900000 82, 7400000
X11 9 12.9556113 11.5644813 0 31.2475471
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.7559913 0.3021385 0.2737163 1. 0000000
MSPE 9 0.6526674 0.4188029 0.0749206 1. 0000000
X5 9 39. 8600000 25. 9426406 5. 5900000 82. 7400000
X11 9 8.4097934 10. 4534034 0 26. 4423526
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.8892954 0.2247827 0. 4065155 1. 0000000
MSPE 9 0.8357594 0. 3293961 0.1652549 1. 0000000
X5 9 39. 8600000 25. 9426406 5. 5900000 82. 7400000
X11 9 3.7964599 7.5370693 0 17. 5565093
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.5826434 0.3821891 0.0573776 1. 0000000
MSPE 9 0.4693119 0. 4407785 0.0032922 1. 0000000
X5 9 39. 8600000 25.9426406 5.53900000 82. 7400000
X7 9 24.6842778 24.1862842 0 72, 5860000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.6482822 0.4243552 0.0573776 1. 0000000
MSPE 9 0.5803386 0.4986541 0.0032922 1. 0000000
XS 9 39.8600000 25. 9426406 5. 5900000 82. 7400000
X7 9 14. 3655556 18.1183712 0 47.3470000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 9 0.3664424 0. 2577655 0.0573776 0.7669426
MSPE 9 0.1933405 0.2170087 0.0032922 0.5882009
X5 9 39. 8600000 25. 9426406 5. 5900000 82, 7400000
X7 9 6. 1365556 12.1923831 0 28. 8450000
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18. A3

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 18 5.7543171 19, 4105388 0. 0016925 83.2784230
MSPE 18 388.9495686 1633.78 2.8645027E-6 6935. 30
X5 18 26.6211111 13.4415571 3. 6200000 61. 3000000
X11 18 57. 9844059 65. 9044941 13.2912280  305,0878912
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 5.7543171 19. 4105388 0. 0016925 83, 2784230
MSPE 18 388, 9495686 1633.78 2.8645027E-6 6935. 30
XS 18 26.6211111 13. 4415571 3. 6200000 61. 3000000
X11 18 57.9844059 65. 9044941 13,2912280  305.0878912
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 5. 6486505 19, 4258569 0. 0016925 83.2784230
MSPE 18  388.3065047 1633.94 2.8645027E-6 6935, 30
X5 18 26.6211111 13. 4415571 3.6200000 61, 3000000
X11 18 49.1816677 69. 9316816 0 305.0878912
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 8.7790888 28.9662764 0.1460135 124 3602210
MSPE 18 869.5039466 3642.75 0.0213199 15465. 46
X5 18 26.6211111 13. 4415571 3.6200000 61. 3000000
X7 18 82.0092778 98. 9563184 16.9190000  453. 8040000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 8.7790888 28. 9662764 0.1460135 124.3602210
MSPE 18  869,5039466 3642. 75 0.0213199 15465, 46
X5 18 26.6211111 13. 4415571 3. 6200000 61. 3000000
X7 18 82.0092778 98. 9563184 16.9190000  453. 8040000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 18 8.7790888 28. 9662764 0.1460135 124.3602210
MSPE 18  869,5039466 3642, 75 0.0213199 15465. 46
X5 18 26.6211111 13.4415571 3. 6200000 61. 3000000
X7 18 65.6682778  103. 8663241 0 453.8040000
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19. 3=

prob=0.5 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 28 0. 7705165 0.9616092 0.0042692 3.9211025
MSPE 28 1.4853633 3.9459390  0,000018226 15. 3750450
X5 28 261.8803571 187.5033320 18.0500000 674. 4000000
X11 28  217.3792715 170.6719777 0 562.6890000
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.6661915 0. 7400805 0.0042692 3.9164764
MSPE 28 0.9719688 2.8566620 0.000018226 15.3387871
X5 28 261.8803571  187.5033320 18.0500000 674.4000000
X11 28 213.5742047 174.3819102 0 562. 6890000
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.9289441 1.5441839 0.0122815 7. 6465589
MSPE 28 3.1622803 11.3708965 0.000150836 58. 4698629
X5 28 261.8803571 187.5033320 18.0500000 674.4000000
X7 28  227.9466786  173.5282955 0 562.6890000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.9382931 1.5437789 0.0122815 7. 6465589
MSPE 28 3.1785310 11.3673420 0. 000150836 58. 4698629
X5 28 261.8803571 187.5033320 18.0500000 674. 4000000
X7 28 227.7779286 173, 7555589 0 562, 6890000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 28 0.9289441 1.5441839 0.0122815 7. 6465589
MSPE 28 3.1622803 11.3708965 0.000150836 58. 4698629
X5 28 261.8803571 187.5033320 18.0500000 674. 4000000
X7 28  221.0922857 178.9000714 0 562, 6890000
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2. 2%

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 20 3.4958008 10.1074889 0.0398962 46.1976912
MSPE 20 109.2738881 476.6478704 0.0015917 2134.23
X5 20 259.9450000 202.2563264 S.3000000 614. 2000000
X11 20 337.5819876 517.5719285 0 1734.24
prob=0.5 | hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 20 3.4958008 10. 1074889 0.0398962 46.1976912
MSPE 20 109.2738881 476 6478704 0.0015917 2134.23
X5 20 259.9450000 202.2563264 9.3000000 614.2000000
X11 20 337.5819876 517.5719285 0 1734.24
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 20 3.4958008 10.1074889 0.0398962 46,1976912
MSPE 20 109.2738881 476.6478704 0.0015917 2134.23
X5 20 259.9450000 202. 2563264 9.3000000 614. 2000000
X11 20 337.5819876 517.5719285 0 1734.24
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 20 4.3017244 13. 1499218 0.0398962 59.8892473
MSPE 20 182.7792546 801.2331553 0.0015917 3586. 72
XS 20 259.9450000 202.2563264 9.3000000 614. 2000000
X7 20 382.0805000 604.6804153 0 2199. 69
prob=0.5 , hat yield
Variable N Mean * Std Dev Minimum Maximum
MAPE 20 4.3017244 13.1499218 0.0398362 59.8892473
MSPE 20 182.7792546 801, 2331553 0.0015917 3586.72
X5 20 259.9450000 202.2563264 9.3000000 614.2000000
X7 20 382.0805000 604.6804153 0 2199.69
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 20 4.3017244 13, 1499218 0.0398962 59.8892473
MSPE 20 182.7792546 801.2331553 0.0015917 3586, 72
X5 20  259.9450000 202.2563264 9.3000000 614.2000000
X7 20  382.0805000 604.6804153 0 2199.69
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21.

T

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 19 1.1653467 1.1003787 0. 0026590 4,1569929
MSPE 19 2.5051381 4.1926874 7.0703142E-6 17.2805899
X5 19 34.1736842 18, 7852067 6. 5500000 60. 7000000
X11 19 58. 5521071 40.1182398 0  137.7430000
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 19 0.9991891 0. 8282456 0. 0026590 2.6581491
MSPE 19 1.6482649 2.1910976 7.0703142E-6 7. 0657566
X5 19 34.1736842 18, 7852067 6. 5500000 60, 7000000
X11 19 56. 7743017 41.9821878 0 137.7430000
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 19 0.9991891 0. 8282456 0.0026590 2.6581491
MSPE 19 1.6482649 2.1910976 7.0703142E-6 7. 0657566
X5 19 34.1736842 18, 7852067 6. 5500000 60. 7000000
X11 19 56. 7743017 41.9821878 0 137.7430000
prob=0.4 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 19 1. 7752655 2. 6415599 0.1032537 11.5227481
MSPE 19 9. 7621517 30. 2248505 0.0106613 132.7737236
X5 19 34.1736842 18, 7852067 6. 5500000 60. 7000000
X7 19 67.3998947 39.1462340 0 142.9390000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 19 1.2214366 1.1869877 0.1032537 4. 4490260
MSPE 19 2.8266925 5.1357449 0.0106613 19, 7938321
X5 19 34.1736842 18. 7852067 6. 5500000 60. 7000000
X7 19 63. 0828421 41.8718129 0 142.9390000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 19 1. 7752655 2. 6415599 0.1032537 11.5227481
MSPE 19 9.7621517 30. 2248505 0.0106613 132, 7737236
X5 19 34.1736842 18, 7852067 6. 5500000 60. 7000000
X7 19 63. 0828421 41.8718129 0 142,9390000
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. ¥ 3

prob=0.4 , hat yield = p* hat yield

Variable N Mean Std Dev Minimum Maximum
MAPE 13 1.7513275 3. 8882663 0.1209387 14.6438161
MSPE 13 17.0227924 59. 3183662 0.0146262 2144413512
X5 13 43. 4961538 23. 0504832 11, 4000000 81, 6000000
X11 13 31.8295334 48. 7970205 0 178.3395040
prob=0.5 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 13 0. 7018032 0.3478612 0. 1209387 1. 0000000
MSPE 13 0.6042269 0. 4344062 0.0146262 1. 0000000
X5 13 43.4961538 23. 0504832 11. 4000000 81. 6000000
X11 13 18.1111100 21. 7470331 0 59.1125343
prob=0.6 , hat yield = p* hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 13 0.8307466 0.2625799 0.2991576 1. 0000000
MSPE 13 0.7537844 0.3676832 0. 0894953 1. 0000000
X5 13 43. 4961538 23, 0504832 11. 4000000 81. 6000000
X11 13 9.9125065 15. 5841342 0 40. 0634497
prob=04 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 13 3.1120798 8.2291701 0. 0858547 30.4764912
MSPE 13 72.1951079  257.3832258 0.0073710 928.8165176
X5 13 43.4961538 23.0504832 11, 4000000 81. 6000000
X7 13 58. 4312308 97. 6271402 0 358.8320000
prob=0.5 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 13 0.8446574 0. 3470215 0.0858547 1. 4035946
MSPE 13 0. 8246066 0.5222422 0.0073710 1. 9700779
X5 13 43.4961538 23. 0504832 11. 4000000 81. 6000000
X7 13 30. 8287692 38. 3423635 0 109.4170000
prob=0.6 , hat yield
Variable N Mean Std Dev Minimum Maximum
MAPE 13 3.1120798 8.2291701 0.0858547 30.4764912
MSPE 13 72.1851079  257.3832258 0.0073710 928.8165176
X5 13 43.4961538 23. 0504832 11. 4000000 81. 6000000
X7 13 16. 0180769 25. 4626200 0 66. 0470000
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% 3 8 CARTOl K3 Fo] LEHR RE

71 gte] w2 FolHA A #F AFANHHA FHEAEE 47 ds 89dRE 95
dztA el A5 g ol &, YA { Fo U & fF(classification) ¥ g AUt PG |
= vith 8UNFE 10874319 AEE ol &AL Fo] AuFo] e B ], e EL 0
o2 EAE ¥ CART(Classification And Regression Tree)Z o] §3te] B4t A&
g 715Adxe 4% Hil(max), HA(min), B (avg)7| L3 FH&E(surface)) X%
(radiat), %% (prec)§ 282289 W3] st HUFE AL§sid. FAHe= Ay
B 5 7,10, 15 209%e] A% diE HAALE (ZZ min5 min7, minl0, minl5,
min20), 222 5 7, 10, 15, 204zt9 Huexd W H1E&:Z (ZF max5 max7,
miax10, max15, max20)& A&ttt yniA 715z disMe HE ¢e A E
dl dlE& Eol, surfacel5 15978 HEEWH &%, radiat7S 747 HF 9z,
prec102 109929 HF Zr23E ou| gt

3ee AHE FAH2E CARTY #4#4A % ZAE sfAuyo] diste dvuad o
<3 2o CARTE °l&F%F UFE¥(binary tree)d 7722 319 Z xc=vig g
8 74l Fo ¢+ AEE (purer) €2 (split)7t ol drt.

CARTY 7bg 2 vigde £F9 2A#7 #HA(ule) o2 FRAGEE Atk 9o Azt
A BRE 20979 B AE-LE(surface20)0] 258.65 o] 4R 7t QEF)o|d Fo| A
Aol fltta EiEch 22y Fo¥ HS CART #4 #AAlzh & 4L WAsta glo

dFex7t AgE Aotk a9 e BAFE A48 A8 Udd 73S @3sio H

ol(bias)t FolWA EALE Folud FAE3tY HAUIV[FEE 10-fold cross-validationol

AN

o3 ARE Y4FFxoM AFREE Pelroot) ==, 7 € ¥ E& FE(terminal) =
=2t dted o] F8xE 7t HoW 7 dgg oujdd o] FRRES S
WA 7| A cross-validationell 91& 2 &F ¥l &S A, AH HAFxE 5 AR
W HYE EREYEE 528 & AUk
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Classification tree:

snip.tree(tree = kangrng.tree, nodes = ¢(2790, 175, 345, 1394, 349))
Variables actually used in tree construction:

[1] “surface20” "minl5" “prec20” “min5” ‘“radiatl0)” "avgl5”
[7] "radiat20” “surfacel0” "max20” “min20” “surface7”
Number of terminal nodes: 15

Residual mean deviance: 0.2871 = 180.6 / 629

Misclassification error rate: 0.04193 = 27 / 644

4% 29¢ 19oz Edsd ged B
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surface20<258.65

minl5< |55 0
0 min20< {170
pre20< 47 (l)
mind< [108.5 radiat10 [<22.7
] [
0 1 0 avg15< [160.367
radiat20 |<55.5 max20<|335
surfacel0< |137 (I) radiat20 |<49.1 ([)
0 1 max20<274.5 l
(l) min20< [164.5
l surface7< |251.929
0 1

05 4 Aqd CARTEAZFo|g. 75, B & ¢hE, 449 A¢ AELE A8

slen AHe B¢ dxF A8V e volHE ¥ 2P0

2
Classification tree:
snip.tree(tree = kangmg.tree, nodes = (2790, 175, 345, 1394, 349))
Variables actually used in tree construction:
(1] "surface20” "minl5" “prec20” "minS5” ‘“radiatl)” “avgl5”
[7] "radiat20” “surfacel0” “max20” "min20” “surface7”
Number of terminal nodes: 15

Residual mean deviance: 0.2871 = 180.6 / 629
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Misclassification error rate: 0.04193 = 27 / 644

A%

Classification tree:

snip.tree(tree = guchang.tree, nodes = c(11, 80, 3))

Variables actually used in tree construction:

[1] "max15” "minl5" "avg20” “prec20” “precld” “radiatl5
[7] "max7" "min5" ‘“radiatl0” “precl0” “prec5”

Number of terminal nodes: 13

Residual mean deviance: 02095 = 132.2 / 631

Misclassification error rate: 0.03106 = 20 / 644

Al

Classification tree:

snip.tree{tree = kosung.tree, nodes = c(8, 3, 88, 45, 9, 10))
Variables actually used in tree construction:

[1] "max20” "avg20" “"radiat20” "min20” "prec20”
Number of terminal nodes: 8

Residual mean deviance: 05641 = 358.7 / 636

Misclassification error rate: 0.1134 = 73 / 644

it
Classification tree:

c(40, 166, 82, 11, 4, 3))

it

snip.tree(tree = koesan.tree, nodes

Variables actually used in tree construction:
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1] "avgl0” ”"avg20” “"min7” “max10” ”“max7” “max20
Number of terminal nodes: 8
Residual mean deviance: 0.3562 = 2265 / 636

Misclassification error rate: 0.04969 = 32 / 644

M

Classification tree:

snip.tree(tree = kimchun.tree, nodes = c(11, 3, 21, 41, 4))
Variables actually used in tree construction:

(1] "min20” "prec20” “precl5” ‘“radiatl5” “radiat20”
Number of terminal nodes: 6

Residual mean deviance: 0.374 = 2386 / 638

Misclassification error rate: 0.05801 = 38 / 644

=9

Classification tree:

snip.tree(tree = namwon.tree, nodes = c(21, 20))
Variables actually used in tree construction:

(1] "surfacel5” "max20” "prec20” “radiat20”
Number of terminal nodes: 5

Residual mean deviance: 0.3788 = 1959 / 517

Misclassification error rate: 0.09004 = 47 / 522

\= 3

Classification tree:
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snip.tree(tree = muju.tree, nodes = c(870, 216, 55))

Variables actually used in tree construction:

(1] "radiat20” "minl5” “min7” “"max20” "max10” “avg5” "max5
[8] "min5" "avgl5”

Number of terminal nodes: 11

Residual mean deviance: 0.1269 = 80.35 / 633

Misclassification error rate: 0.02329 = 15 / 644

27
Classification tree:

snip.tree(tree = munkyng.tree, nodes = c(368, 21, 738, 3, 47, 22))
Variables actually used in tree construction:

(1] "max20” "avg?" “min20” “radiatl5” "avgl5” “prec20”
{71 "min5" “precl5” “radiat20” “precl0”

Number of terminal nodes: 13

Residual mean deviance: 0.2856 = 180.2 / 631

Misclassification error rate: 0.04037 = 26 / 644

e

Classification tree:

snip.tree(tree = boeun.tree, nodes = c(45, 23, 21, 44))
Variables actually used in tree construction:

(1] "avgl0” "minl5" "max20” “"min7" “precl5”
Number of terminal nodes: 7

Residual mean deviance: 0.1938 = 1235 / 637
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Misclassification error rate: 0.04348 = 28 / 644

23

Classification tree:

snip.tree(tree = bongwha.tree, nodes = c(161, 87, 89, 41, 86))

Variables actually used in tree construction:

(1] "max20” “avg20” "min20" “prec20” "minl0” ‘“radiatl5” “radiat7”
(8] “min15”

Number of terminal nodes: 13

Residual mean deviance: 0.3191 = 201.4 / 631

Misclassification error rate: 0.06211 = 40 / 644

23

Classification tree:

snip.tree(tree = samchk.tree, nodes = c(20, 43, 45, 8, 3, 44, 84, 85, 9))
Variables actually used in tree construction:

[1] "radiat20” ”"min20” “min5” “prec5” “prec20” "precl5” “radiat?”
Number of terminal nodes: 10

Residual mean deviance: 0.4129 = 261.8 / 634

Misclassification error rate: 0.07143 = 46 / 644

HE
Classification tree:
snip.tree(tree = andong.tree, nodes = c(1429, 45, 12, 13, 10, 2856, 95, 5714))

Variables actually used in tree construction:
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[1] "max10” “"minl0” “prec20” "min5” “"radiat20” “max5"
[7] "precl0” “precl>” "minl5” "max20”

Number of terminal nodes: 17

Residual mean deviance: 0.2041 = 128 / 627

Misclassification error rate: 0.03106 = 20 / 644

iy

Classification tree:

snip.tree(tree = yangyang.tree, nodes = c(7, 13, 18, 8, 83, 25, 11))
Variables actually used in tree construction:

(1] “minl5” "avg20” “radiatl>” "max20” “surfacel5” “surface20”
[7] "avgl5” "radiatl0” “radiat20”

Number of terminal nodes: 15

Residual mean deviance: 0.2228 = 140.1 / 629

Misclassification error rate: 0.03571 = 23 / 644

24
Classification tree:
snip.tree(tree = yungduck.tree, nodes = c(327, 41, 4, 172, 6, 87, 692, 11))
Variables actually used in tree construction:
[1] "min10” "avgl0” “max15" “prec20” “prec?” "min7”
[7] "radiats” "min5” “radiat20” “max10” “precl5”
Number of terminal nodes: 15
Residual mean deviance: 0.3467 = 218.1 / 629

Misclassification error rate: 0.06988 = 45 / 644
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o) &

T
Classification tree:

snip.tree(tree = wonju.tree, nodes = c(94, 44, 380, 12, 10))
Variables actually used in tree construction:

[1] "avgh” “avg20” "max20” “prec20” “min7" “max1(’
(7] "precl0” "min20" “surface20” "avglQ”
Number of terminal nodes: 12
Residual mean deviance: 0.2637 = 166.6 / 632

Misclassification error rate: 0.0559 = 36 / 644

%I:&i

Classification tree:

snip.tree(tree = euisung.tree, nodes = c(43, 88, 20, 19, 356))
Variables actually used in tree construction:
(1] "max20” "minl5” "avg7’ "minl0Q” “radiat20” "avg5
[7] "radiatl>” "prec20” “radiatl0” “max7”

Number of terminal nodes: 14

Residual mean deviance: 0.1484 = 93.48 / 630

Misclassification error rate: 0.02018 = 13 / 644

A
Classification tree:
snip.tree(tree = injae.tree, nodes = c(42, 41, 4, 22, 43, 23))

Variables actually used in tree construction:
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(1] "avg20” "min20" "max15” “avgl(®”
Number of terminal nodes: 8
Residual mean deviance: 0421 = 267.8 / 636

Misclassification error rate: 0.09472 = 61 / 644

! ted

Classification tree:

snip.tree(tree = jangsu.tree, nodes = c(341,"87, 46, 40, 83, 4, 168))
Variables actually used in tree construction:

[1] "max20” "max15” "avgl0” "min20” “surfacel(0” “precl5”
[7] "radiatl0” "avgh” "max7” “prec?” ‘“radiatl5” "surface5”

Number of terminal nodes: 17

Residual mean deviance: 0.1935 = 121.3 / 627

Misclassification error rate: 0.03416 = 22 / 644
AM

Classification tree:

snip.tree(tree = jungsun.tree, nodes = c(41, 21))

Variables actually used in tree construction:

[1] "max15” "max20” “surface20” “prec?” “surface5”
Number of terminal nodes: 6

Residual mean deviance: 0.2639 = 1684 / 638

Misclassification error rate: 0.0559 = 36 / 644
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Classification tree:

snip.tree(tree = jaechun.tree, nodes = c(25, 20, 24, 21, 22, 13, 4, 23))
Variables actually used in tree construction:

(1] "max7” "prec20” “min5” “prec5” “avg20” "min20” “minl5”
[8] "surface5”

Number of terminal nodes: 9

Residual mean deviance: 0.3242 = 2059 / 635

Misclassification error rate: 0.0528 = 34 / 644

A=

Classification tree:

snip.tree(tree = chungdo.tree, nodes = c(85, 187, 161))

Variables actually used in tree construction:
(11 "surfacel5” ”"minl5" "max20” “surface7” "precl(0” “avg7”
{7] "surface20” “radiat20” “min20” "min7" “prec?”

Number of terminal nodes: 17

Residual mean deviance: 0.1447 = 90.74 / 627

Misclassification error rate: 0.02174 = 14 / 644

A1

Classification tree:

snip.tree(tree = hamyang.tree, nodes = c(1491, 190, 22, 185))
Variables actually used in tree construction:

(1] "surface20” ”avg20” “radiat20” "prec20” "avg7” "maxl5"

(7] "min5” “surfacel5” “min7”
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Number of terminal nodes: 14
Residual mean deviance: 0.1964 = 123.8 / 630

Misclassification error rate: 0.03261 = 21 / 644

x3

Classification tree:

snip.tree(tree = hongchun.tree, nodes = c(4, 174, 42, 22, 23, 88))
Variables actually used in tree construction:

(1] "surface20” "minl5" "avglQ)” "max20" “radiat” “radiat7
[7] "prec20” "max15"

Number of terminal nodes: 10

Residual mean deviance: 0.2902 = 184 / 634

Misclassification error rate: 0.04814 = 31 / 644
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