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ABSTRACT

An economic study of vegetation control to increase production of Songyi (Korean name for pine
mushroom, matsutake, Tricholoma matsutake (S. Ito & Imai) Sing.) in red pine (Pinus densiflora)
stands in Korea was undertaken. In Korea, Songyi grows only in red pine stands. Harvest of this
mushroom provides a significant income source to rural people in Korea yielding exports of US$20
million to US$80 million per year. However, hypogeous Songyi colonies and the mushroom production
are declining, partly because shade tolerant species are succeeding the shade intolerant red pine. Past
research says that it is possible to keep Songyi production increasing by controlling under-story vege-
tation. But few people are willing to invest in the necessary control, Our analysis found that the eco-
nomics of vegetation control appear to be quite favorable, showing an internal rate of return (IRR) of
20.7 percent in 15 vears. However, positive returns do not occur for at least eight years and even
then, the returns may not appéar to the landowner to be a result of vegetation control efforts only
because the mushroom production has been greatly variable depending on weather conditions. In a sen-
sitivity analysis, it was found that the number of circular mushroom colonies was critically important
for the cash flow. Results of this analysis are also sensitive to assumptions about annual growth
length(0.16m radial growth=1.0m/circular length growth) of Songyi colony. However, the primary
goal of vegetation control should be to keep the young colonies growing. Further research in the be-
havior of hypogeous Songyi colonies after vegetation control would help to improve our confidence in
the results.

Key words : Songvi, Tricholoma matsutake, vegetation control, financial analysis, internal rate of re-
turn (IRR), project balance
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INTRODUCTION

Recently, wild mushroom production in forests
has been of great interest worldwide. Songyi
(pine mushroom, matsutake, Trickoloma matsu~-
take (S. Ito & Imai) Sing.) is a significant
income source to rural people in Korea. The
mushroom has been exported to Japan earning
US$20 million to US$80 million per year (Kim,
1996) and its price is often US$110 to US$1,100/
kg in Japan (Hall et al., 1994). The Pacific
Northwest region of Canada and the USA is
increasingly producing American matsutake (77i-
choloma magnivelare) and 70 percent of the pro-
duction is exported to Japan (Hosford et al.,
1997). In Korea this mushroom fruits only in red
pine (Pinus densiflora) stands (Lee et al.,
1983), whereas American matsutake fruits under
Douglas-fir, pines, hemlock and tanocak in Pa-
cific Northwest America (Hosford et al., 1997).

The pine forests in Korea are currently declin-
ing because a variety of deciduous shade tolerant
species are succeeding the highly shade-intolerant
tree species (Ma, 1993). Korean Songyi produc-
tion is also declining. Mycorrhizal fungal colo-
nies of the invading species replace hypogeous
Songyi fungal colonies which depend on pine
roots (Ogawa, 1991). The underground Songyi
colonies also disappear due to highly accumulated
soil organic matter from deciduous trees (Ogawa,

1991). Fur-ther, artificial regeneration or trans-
planting of the fungal colonies has been unsuc-
cessful in both Korea (Koo et al., 1993) and Ja-
pan (Hosford et al., 1997). Kvoto Forestry Re-
search Institute (1982) argued that decreased
Songyi production was related to reduction in
charcoal production from under-story vegetation.
These factors together may mean that without
controlling the vegetation and soil organic matter,
Songyi may disappear in the forest forever.
While red pine forests and Songyi production are
declining, research has shown that vegetation
control increased the number of Songyi colonies
and the resulting mushroom production (Ito and
Ogawa, 1979).

Despite these implications, many forest owners
are not willing to invest in vegetation manage-
ment, Some owners who have controlled vegeta-
tion in the Songyi production forest have said
that vegetation control did not seem to increase
the mushroom fruitingl). At least some of the
reasons may be due to the highly variable annual
production of Songyi. Much wild mushroom pro-
duction, including Songyi, has been extremely
unpredictable (Ogawa, 1991 ; Hosford et al.,
1997). For example, annual Songyi production in
Korea has greatly varied from about 140 tons to
1300 tons since 1980. Some of the variability is
related to temperature

rainfall patterns and

1) Personal communication with Songyi harvesters
in Kangwon and Kyungnam provinces, Korea
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change (Park et al., 1995), and also to damage
by forest pests like pine gall midge in Korea
(Korean Farestry Research Institute, 1993) and
pine wood nematode in Japan (Ogawa, 1991). In
addition, Somgyi colonies, radially growing out,
die back when they reach an area that a previ-
ous colony passes by (Ogawa, 1991). Because of
this behaviour, Songyi colonies may naturally
dieback without any relation with vegetation,
where many colonies are close together.

Finally, owners may not have noticed an in-
crease in fruiting because the control operation
should be done continuously at least for five
years (Ogawa, 1991). The length of this invest-
ment suggests a financial analysis of the pro-
blem. But to date, no such analysis has taken
place. To understand why the owners hesitate to
invest in vegetation control as well as to help
their decision-making, we did a financial analy-
sis based on some assumptions of Songyi fungal
growth, mushroom production and vegetation
control costs.

METHODOLOGY

In order to undértake a financial analysis of the
impact of vegetation control, we needed a Songyi
production model. Important studies have been
done by Ito and Ogawa (1979), Ogawa (1991),
and Park et al. (1997). Unfortunately, none pro-
duced a model satisfactory for this analysis.

1. Ito and Ogawa’s model of vegetation
control effects on Songyi production in
Japan

One of the first studies into the interaction of

vegetation control and the Songyi production was
done by Ito and Ogawa (1979) in Japan. Over 13
years they measured the changes of the number
of fungal colonies after controlling vegetation in
25 year old pine stands which were producing
the mushroom. They did this over four treat-
ments : 1) no treatment ; 2) litter removal only ; 3)
vegetation control only ; and 4) both litter remo-
val and vegetation control,

While there was some useful information pro-

duced from the study, we are suspicious of the

conclusions. They said the litter removal treat-
ment was not effective even though it increased
the number of fungal colonies by over 200 per-
cent at the second vear. This increase in itself
is' questionable given Ogawa's (1991) conclusion
that new colony formation takes three to five
vears. In addition, there were some conditions
in Ito and Ogawa’s study (1979) which limited
its usefulness to us. They did not define the
fungal colony in terms of size and mushroom
production potential and did not count the mush~
room production separately on each treatment, In
North America, vegetation control effects on
American matsutake (Tricholoma wmagnivelare)
of which hypogeous colony is very similar to
Songyi (T- matsutake) are not yet available?),

2. Park et al.’s (1997) environmental con-
trol study for Songyi production in Korea
Park et al. (1997) argued that environmental
control effect on Songyi production was short-
term only. In their ten year study, vegetation
control treatment effect on Songyi production
started from the next year by increasing produc-
tion from 200 percent to 400 percent of the pre-
treatment level and lasted three years. We did
not directly incorporate their results into a mo-
del, however, because they did not supply the
data of actual Songyi production itself as well as
the number and size of Songyi colonies at the
study site.

3. A model for this analysis
A) Basic assumptions

Ito and Ogawa's study (1979) showed the pre-
sence of a fungal colony before vegetation control
is critical for vegetation control to increase Songyi
production in pine forests. However, they did
not explain the relationships between the size of
a fungal colony and mushroom production. For
this analysis, we assumed that length of fungal
colony is absolutely related to the amount of the
mushroom production and that fungal colony

2) Personal communication with Dr. Randy Molina,
U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station, Corvallis,
Oregon, USA.
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growth is seriously hindered by dense vegeta-

tion. Songyi can be produced on a stand aged

from 20 years to 90 years, and good yields can
be obtained from stands 30 vears to 60 years old

(Ogawa, 1991). Thus, we also assumed vegeta-

tion control started when the stand is 30 years

old. We calculated the revenues for 15 years
after the operation although the mushroom pro-
duction may continue further 40 years. While we
recognize the variability of Songyi production,
we believe that given the conservatism of our
assumptions and the improved habitat provided
by vegetation control, our results are meaning-
ful.
B) Input assumptions

Our input assumptions are shown on Table
1A.

(1) Number of circular colonies : according to
Ogawa (1991), typical underground Songyi
colonies are circular. We assumed one full
circular colony per hectare. Presence of a
number of colonies in a stand may mean that
vegetation may not be a problem. In addition,
Ito and Ogawa (1979) mentioned that vegeta-
tion control did not induce fungal colonies to
grow at the site where there had been no pre-
existing fungal colonies.

(2) Radial growth of Songyi colony : Songyi starts
to fruit in pine forests when trees are about
20 years and the colony radially grows out

PP s =1+ 0.16m
297140+ 1.0m

Fig. 1. A hypogeous circular Songyi (Tricholoma
matsutake) colony radially grows out by 0.15m
to 0.20m per year (See Appendix 1). If we as-
sume the growth is about (.16m, then it equals
to about 1.0m long circumferential length growth.
This length growth is the same regardless of
the size of a circular colony.

circumnference = 2*1.14%r + 2*3.14*0.16.m

about 0.15m to 0.20m per vear (Ogawa, 1991).
After fruiting, the inside of the colony is in
the process of dieback. If the fungal colony
is fully circular and its radial growth is 0.16m
per year, then its circumference growth is
calculated into about 1.0m (Fig. 1). And
thus, the length growth of 1.0m is constant
every vear, regardless of the colony size.

(3) Initial colony length : we started with a 10m.
This is based on our assumptions that the
colonies begin growing when the pine trees
are about age 20 (Ogawa, 1991), that the co-
lonies grow about lm/year (see above) and
that the stand to be treated is now age 30.
Therefore, in 10 years, in a 30-year-old red
pine stand, the circumference of the colony
will be about 10m long.

(4) Colony dieback rate : the growth of Songyi
colonies can be hindered or partly killed by
the dense roots or organic litter of vegetation
other than red pine and the colony dieback is
also due to the decline of red pine forests in-
fested with diseases or pests (Ogawa, 1991).
Further, Songyi production has varied with
weather conditions in Korea (Park et al.,
1995). However, to simplify, we assumed
that decrease in mushroom production abso-
lutely depends on fungal colony dieback. We
calculated a dieback rate of the mushroom
production based on a smoothed production
decline (from about 400 tons in 1958 to about
140 tons in 1973) in Kyoto Japan (Kyoto FRI,
1982). The dieback rate was calculated to
about 7 percent per year for 15 years. From
the Songyi production data (Korean Forestry
Administration, 1996) we could also calculate
a similar dieback rate in Korea during 1985
(1,313 tons, the maximum record) to 1995
(654 tons, the recent maximum),

(5) Songyvi production per unit length of colony :
the productivity of a fungal colony was esti-
mated from the study on Songyi circular col-
ony of Kyoto FRI (1982) and Ito and Ogawa
(1979). From their 10 vears of observations
(Appendix 1 ; yearly fruiting greatly varied in
the colony), we estimated that a one-meter-
long Songyi colony produced an average 5.8
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mushrooms. Ito and Ogawa (1979) also showed
that there are about twelve Songyi mush-
rooms in one kilogram. Thus, we assumed
1.0m of Songyi colony produces about (,5kg
mushrooms.

(6) Songyi price : in Korea, Songyi export prices
varied from US$101/kg to US$189/kg (Kim,
1996) and were highly negatively correlated
with production (r=0.93) for last 10 vyears
(Koo's unpublished data). That is, the price
was high when the production was low.
From Kim's data (1996) the average export
price of Songyi of last 5 years was calculated
into US$125/kg. Because this price includes
a commission for exporting of about 23 per-
cent (Jeong, 1993), we assumed US$100/kg
as Songyi price for the harvesters,

(7) Number of labourers : Kim (1996) recommended
40 people per hectare for controlling vegeta-
tion in Songyi producing stands. So, we as-
sumed 40 labourers were needed for the first
vear. The next vear 10 people were needed
for removing new shoots and more specific
work like root extracting. After that we as-
sumed two people are needed every vear for
routine work to maintain the normal colony
growth,

(8) Labour charge : we assumed the labour charge
is US$30 per worker per day that is generally
accepted in rural areas in Korea, Because the
operation required only simple tools like scy-
the, spade, rake etc, the cost for the tools
was included in the personal labour charge.

(9) ARR : we applied a pre-tax nominal rate of
10 percent as the alternative rate of return
(ARR). The percentage is close to the inter-
est for savings accounts in Korea before its
economic crisis in 1997.

(10) Finance : we assumed that the owners who
received loans for the first year vegetation
control had to pay back the loan annually for
15 years at 12 percent annual interest rate.

Formulae used to calculate the changes of
colony length, Songyi mushroom production and
revenue are on Table 1B,

C) Analysis
Net present value (NPV), intemnal rate of re-

turn (IRR) and break-evens for the input as-
sumptions were calculated with the Microsoft
Excel (Microsoft, 1993). Net revenues of the ve-
getation control were calculated by subtracting
both the controlling costs and revenue for no-
control from revenue for the wvegetation control,
Project balance each year was calculated by add-
ing the current net revenue to the compounded
net revenues or costs of previous vears. Because
the first year cost for the control was a great
burden to the forest owners, we also analysed
NPV, IRR and break-evens for the assumption
variables in case of loaning the first year labour
cost for 40 people.

Kaen (1995) said that sensitivity analysis can-
not be used for decision-making but may be used
for understanding the importance of some factors.
To understand how the changes of the assump-
tion values affect the IRR of vegetation control
project for sustainable Songyi production, sensi-
tivity analysis was used. Sensitivity of IRR was
calculated for combination changes of both initial
colony length and the number of circular colonies
under different colony dieback rates, However,
we did not include the Songyi price because it
is highly negatively correlated with the mush-
room production.

RESULTS

1. NPV, IRR and project balance

With the input assumptions and without fi-
nance (Table 1A) NPV was US$1,724/ha in 15
vears and IRR was 20.7 percent (Table 1C), but
the project balance was not positive for eight
years (Table 1D and Fig. 2). Whereas the reve-
nue of the vegetation control site was US$1,249/
ha at the 15th year, the value of the uncontrolled
was only US$168/ha. The difference of these
revenues, US$1,081, could be calculated into
US$1,021/ha after the control cost. With the
finance of the first year cost, NPV was US$1,584
and IRR was 31.5 percent but the project bal-
ance was not positive for seven years (Table
1C). However, this high IRR value decreases as
a finance interest rate increases (data are not
shown).
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2. Break-even

Without finance, the break-evens were 0.27kg/
m for Songyi production rate and US$57/worker/
day for labour (Table 1C)., The negative break-
even of colony dieback rate, -1.7 percent, means
that if the Songyi in the nocontrolled stands is
growing at the rate of less than 1,7 percent per
year, the NPV of vegetation control is positive.
If the fungal colonies are growing faster than
this rate, no vegetation control is warranted.
The break-even Songyi price was US#53/kg.

The break-even values with finance were
slightly lower than the values without finance in
production wvariables, such as mushroom produc-
tion rate and Songyi price, but higher for cost
such as labour charge. This means that, al-
though IRR (31.5 percent) is much higher than
the interest of the loan (12 percent) the owners
have some burden for repaying the loan.

8000

~&~ Without finance
-8~ With finance

6000

4000

2000

Project balance ($/ha)

0

-2000

0 1 2 3 4 5§ 6 7 8 9 10 111213 141§

Year

Fig. 2. Project balance of a vegetation control pro-
ject in a pine stand for Sangyi (Tricholoma mat-
sutake) production, The value is based on input
assumptions in Table 1A.
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3. Sensitivity of IRR

IRR increased as the number of circular colo-
nies, colony length or colony dieback rate in-
creased (Table 2). The IRR change was greater
with the change in the number of circular colo-
nies than with the change in initial colony
length. For example, at 7.0 percent dieback rate,
IRR of 20.7 percent for one circular colany with
10m initial colony length changed to 26.2 percent
for 1.5 circular colonies without changing colony
length, while it changed to 24.0 percent for 15m
colony length with one circular colony. Further,
as the colony dieback rate increased from 3.5
percent to 10.5 percent, the effect of changes in
initial colony length on IRR increased. That is,
at 3.5 percent dieback rate with one colony per
hectare, IRR increase due to colony length change
from 10m to 15m was 2 percent (from 17.6 per-
cent to 19.6 percent), while it was 4.3 percent
(from 23.1 percent to 27.4 percent) at 10.5 per-
cent dieback rate. At first this ‘latter result may
seem counterintuitive, however, -as dieback is
related to competing vegetation, the higher the
initial dieback rate, the greater the potential
impact of vegetation control.

DISCUSSION

Through this financial analysis, we could un-
derstand biologically and financially why the ow-
ners of Songyi production forests are hesitating
to invest in controlling vegetation in their for-
ests, First, in the biology of Songyi, the radial
fungal colony extension, (}.15m to 0.20m per year
(Ito and Ogawa, 1979) increase fungal length
only by about 1m per year, which can directly
contribute to the increase in Songyi production.

Table 2. Sensitivity of IRR (%) of a 15-year-long vegetation control project for Songyi production with
combination changes of assumption variables : colony dieback rate, initial colony length and the num-

ber of circular colonies.

Colony dieback rate

3.5% 7.0% 10.5%
Initial colony length/ha 5m 10m 1bm 5m 10m 15m 5m 10m 15m
0.5 6.7 9.8 12.5 9.1 13.9 17.9 10.8 16.8 21.8
Number of circular 1.0 154 17.6 19.6 17.1  20.7 24.0 18.5 23.1 274
colonies/ha 1.5 21.8 23.5 25.2 23.2° 26.2 23.0 24.3 284 322
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This slow length growth is probably not widely
known to Songyi growers. And this growth
increase may not be easily recognised as a vege-
tation control effect, when comparing a very large
natural yearly variation in Songyi production. In
addition to this small annual increment in the
colony length, the vegetation control could in-
crease the number of fungal colonies only in 7
vears (Ito and Ogawa, 1979), although it could
significantly affect NPV and IRR values.

Second, the project balance from the vegetation
control was negative for eight years with our
input assumptions, This long period of time may
not justify the first year investment because
most of the rural people may not have accumu-
lated financial resources. If a harvester has to
pay tax on the income from Songyi, the wait for
a positive project balance will be even longer.
Because of these factors, the vegetation control
may not be expected to be done by the harvester
even in state forests in which a Songyi harvest-
ing right has been conceded at no charge to the
local people, on the condition that they should
protect the forest from fire and pest3.

Further, there are some other reasons why the
owners are not willing to invest in the vegeta-
tion control. In this study we basically assumed
that Songyi production is absolutely related to its
fungal colony length and that the colony dieback
is due to dense under-vegetation. In nature,
Songyi colony growth itself can be affected by
various soil conditions like depth and moisture,
weather patterns, various pests, and relationship
with near Songyi colonies. However, the hypo-
geous fungal colony growth may be less affected
by the weather, because soil environment is less
changeable. In contrast, the continuing growth
of Songyi primordia formed in soil is fully ex-
posed to unpredictable weather conditions such
as air temperatures during the fruiting season
(Ito and Iwase, 1997). Thus, the weather varia-
bles, e.g., minimum temperature in September
can significantly affect Korea's annual Songyi
production (Park et al., 1995). Due to these fac-
tors the owners may not consider the dense ve-

3) Personal communication with Korean Forestry
Administration

getation as a unique factor of declining Songyi
production and Songyi colony dieback.
Nevertheless, vegetation control in Songyi pro-
duction forests may be very profitable. Even with
one circular colony, vegetation control promises a
positive project balance in eight years and its
benefits increase when the fungal dieback rate
due to heavy vegetation increases. Our study
showed that it is extremely important not to lose
any fungal colony in Songyi producing forests
and that vegetation control cost in the first year
is the biggest burden to the owners of Songyi
producing forests. Therefore, we suggest that
one of the economical and efficient ways to ma-
naging the Songyi colonies is to survey the lo-
cation of colonies and partially control the vegeta-
tion near the existing colonies every year. This
partial control may dramatically reduce labour
costs for the first two years, While our analysis
suggests vegetation control efforts would be cost-
effective, further research on the behavior of
belowground Songyi colonies after vegetation con-
trol would improve our confidence in our model.
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Appendix 1. Annual Songyi mushroom (Tricho-
loma matsutake (S. Ito & Imai) Sing.) colony

growth recorded in Kyoto, Japan for ten years

since 1970 (Kyoto Forest Research Institute, 1982).
The innermost circle is the colony of 1970 and
the outermost is of 1979. This figure shows that
Songyi colony radially grows out 0.15m to 0.20m
annually, The small open circles in each circular
colony are the positions of Songyi fruiting. From

this record we could calculate a 1-m-long Songyi

colony produces an average of 5.8 mushrooms
per vear,



