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Soil conditions in coastal pine forests damaged by
the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake
along the eastern Pacific coast of Japan 2011
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Abstract

We analyzed the seawater-inundated forest soils that are typically dominated by Japanese black and red pine
along the eastern Pacific coastline of Japan to evaluate the influence of seawater inundation from the 2011 Heisei-
Sanriku Mega-tsunami on coastal forest soils. Seawater inundation from the tsunami brought the following
distinctive changes to the morphology of coastal forest soils: 1) complete washout of the litter layer and understory
vegetation from forest floors, 2) deposited sea sand on forest floors, and 3) buried A (2A) horizons under sea sand
deposits. Also, seawater inundation caused extreme incremental changes to the soil pH(H,O) in 2A horizons
with a large amount of humic substrates. Original values of the soil pH(H,O) in surface A horizons are primarily
acidic because of an abundance of humified organic acids in soil. Thus, soil pH(H,O) in upper layers is generally
acidic and that in lower layers is neutral or basic. Seawater inundation and the sea sand deposits on coastal forest
soils carried a large influx of strong base cations, which neutralized organic acids in the humus-rich A horizons
and eventually caused an increase in the soil pH(H,0). Before the Mega-tsunami, surface A horizons contained
rhizospheres, which are areas of active symbiosis between mycorrhiza and roots. Therefore, the incremental
changes of soil pH(H,0) in the 2A horizons caused by the tsunami may strongly affect the microenvironments of
the rhizospheres and in turn cause severe damages, including needle discoloration, debilitation, droop, and finally
death, to broad areas of pine forests along the eastern Pacific coastline. Other measures of soil chemistry (e.g.,
electric conductivity, exchangeable cation content) were little changed after seawater inundation because coastal
forest soils are classified as sand-rich immature soils. In conclusion, reforestation efforts in seawater-inundated
forest along the Pacific coastal areas affected by the tsunami will require continued soil chemistry monitoring
and rehabilitation.
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Figure 1. Studying sites in the present study.
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Photo 1. Coastal pine forests affected by the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake along the eastern Pacific coast

of Japan 2011.
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Photo 2. Soil profiles of the coastal pine forests affected by the Heisei-Sanriku Mega-tsunami
following Tohoku Earthquake along the eastern Pacific coast of Japan 2011
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Photo 3. Forest floor of the coastal pine forests affected by the Heisei-Sanriku Mega-tsunami following Tohoku Earthquake
along the eastern Pacific coast of Japan 2011.
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HERDJE K D RREVMETH o 7z (Table 1), £ hg 118
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CHER LTz k. 3) bbb HERBEEMKLT
Wi ABEMEDEO IR Lz, O3 Mz
KL DR ETEL L THETFZTENTES
(Table 1),

THEEOAMICE LT HER RICHR L7z AEQA
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B, EiRICE L, 100% ZBA 2 THELFELE
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ENd, —/H. REHEESRICET S0 TETRE
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TETHO, pH (H,0) EHEE. ERMAMERE
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TR L, UMD Z L BEMN Wl EEZT, Bk
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WERENFT AR EZ R LTS, TTTHLMTL
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Soil conditions in coastal pine forests damaged by the Heisei-Sanriku Mega-tsunami
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