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Necessity Assessment for Pine Mushroom (7richoloma matsutake) Habitat
Management Using the Normalized Difference Soil Enzyme Index
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2 o SelueioA Sol Aol g B A7 49T ~68TFoE AelA dlrt. Tae Seluet 4o BF A
5ol ol=e] Ho] IS ZolE Juifel gl Aldolch ARy 4
ok & oAk M) Aol ZRakA] R, ol 637 ool wHTE Fol WA OR A5t 913 A
Axpio] vkl #25b7] tRolth. ZURF 6% o9 ol S AT ABUS AN W) 71E ABE 4
WA F21& Z7]3Hs Z1zelehn & 4 glrk B ATl Solrh AMElE ey HelS Slak B4 o} A4S
71Ee o AESHATh EGEA B AEE Sol WAHe] o] nlle] Hof ojdvt wsat AgoR H)
RS sopstede. Folis F24 wAS mejstol, F F40) A\ QW et 478 Bajo] Al
Gafiad] 2P B AT ERA ASNDEE WEYLE F /K] EGEA) BA MBS 93k 24 AV)E Zel
Bo] AT A0 FRHIT. $o| PR EFRA BAS B3 ol AAHYe] &L & NDEIH 0.5 o4& §4
SHAIg, 0.5 o] 2 453ke] fo] AYkAo] Woli A0 Brhugltt. o] WAY £ NDEIZH 0.5 ofs} Wolx|
W A3H0R Soldk Hel she Alo| HidAls Ao ek

Abstract: In Korea, the period of highest pine-mushroom (7richoloma matsutake) productivity is generally associated
with forest age classes 4 to 6. However, because the national average forest age has now reached class 5, a decline
in productivity is increasingly likely. According to the Korea Forest Service (KFS) Guidelines for the Management
of Pine-Mushroom Forests, stands older than 55 years are excluded from management projects. This exclusion is based
on the assumption that interventions in older forests (class 6 or higher) do not effectively sustain 7. matsutake
production. As forests beyond class 6 are expected to become predominant, the current guidelines risk abandoning
the objective of maintaining or enhancing pine-mushroom yields. In this study, we evaluated criteria for determining
whether management investments remain beneficial in aging pine-mushroom forests. Using soil enzyme dynamics as
an indicator, we identified when soil conditions in productive stands begin to resemble those in non-productive stands.
Because pine-mushroom is an ectomycorrhizal fungus, we developed a Normalized Difference Enzyme Index (NDEI)
that integrates phosphatase activity (representing mycorrhizal functioning) and dehydrogenase activity (representing
saprophytic processes). Early summer was identified as the optimal period for measuring these enzymes. Analyses of
T. matsutake mycelial zones showed that highly productive areas consistently maintained an NDEI of 0.75 or higher,
whereas an NDEI approaching 0.5 signaled declining production. When soil NDEI values in pine-mushroom forests
fell below 0.5, proactive habitat management was considered necessary to sustain future productivity.
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Table 1. Categories of NDEI (normalized difference soil enzyme index) calculated from phosphatase activity (PA) and dehydrogenase
activity (DHA)
Range Feature Example (PA : DHA)
NDEI =1 No dehydrogenase activity 100 : 0
0.75 < NDEI < 1 Much higher phosphatase activity 100 : 0~31
0.5 < NDEI < 0.75 Higher phosphatase activity 100 : 31~72
0.25 < NDEI < 0.5 A little higher phosphatase activity 100 : 72~130
0 < NDEI < 0.25 A little higher dehydrogenase activity 100 : 130~215
-0.5 < NDEI < 0 Higher dehydrogenase activity 100 : 215~650
NDEI < -0.5 Much higher dehydrogenase activity 100 : more than 650
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Figure 1. Dehydrogenase activity (A) and phosphatase activity (B) by mycorrhizal zone in early summer. ** indicates statistically
significant differences between two observations at the 1% level.
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Figure 2. Dehydrogenase activity (A) and phosphatase activity (B) by mycorrhizal zone in late autumn. * and ** indicate
statistically significant differences between two observations at the 5% and 1% levels, respectively.
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Table 2. Normalized difference soil enzyme indices (NDEI) of soils collected from pine-mushroom productive site at Hongcheon,
Korea (mean + standard error)
Normalized difference soil enzyme index
Region of Tricholoma matsutake
Early summer Late autumn
Zone of decayed mycorrhizae 0.959 £+ 0.009 0.910 = 0.021
Zone of mycorrhizae for fruiting 0.971 + 0.002 0.943 + 0.007
Zone of physiologically active mycorrhizae 0.976 + 0.002 0.979 + 0.003
Zone free from mycorrhizal infection 0.974 £+ 0.007 0.954 + 0.013
Table 3. Normalized difference soil enzyme indices (NDEI) of soils collected from various forest stands in Korea.
Site NDEI References
Pine-mushroom productive Pinus densiflora stand 0.51~0.99 Hur and Park(2001)
Pine-mushroom unproductive P. densiflora stand 0.38~0.70 Lee et al.(1998)
Quercus mongolica stand with some pines 0.35~0.37 Lee et al.(1998)
Mixed stand with deciduous tree species -0.73~0.36 Kang et al.(2009)
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