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Needle discoloration of Japanese cedar (Cryptomeria japonica) along the
Pacific coastline of Sanriku, Japan, after the Heisei Sanriku Massive Tsunami
with the 2011 off the Pacific coast of Tohoku Earthquake

Kenji ONO"" and Keizo HIRAI Y2

Abstract

The Heisei Sanriku Massive Tsunami caused by the earthquake in 2011 ruined many forests along the Tohoku Pacific
coast. Cedar (Cryptomeria japonica) forests along this remote coastline began to show damage over time, although they
seemed to be healthy and thriving immediately after the tsunami. Specifically, their needles became discolored turning from
green to reddish-brown starting in mid-May 2011, probably being caused by sea salt injury resulting from seawater inundation.
We explored the distribution of the salt injury in cedar forests along the Sanriku coastline and tried to determine the cause of
the damage. The extent of cedar needle discoloration seen in the forests was fundamentally consistent with seawater-inundated
areas. In the seawater-inundated cedar forest at Kamaishi-City, Iwate-Pref., the tsunami wave carried in and deposited sea sand
onto the forest floor and washed away the A, layers and surface soils. Seawater inundation caused incremental changes to the
pH(H,0), EC, and concentration of water-soluble and exchangeable Na" in these forest soils. We assumed the dissolution of
superfluous Na” in soil water and the related changes in soil chemistry caused the sea salt injury seen in planted trees in these
seawater-inundated cedar forests. In general, the causes of salt injury to soil were excessive absorption and accumulation of
Na' in the plant body, competitive inhibition of nutrient uptake by Na, and a decrease in the suction potential caused by low
osmotic pressure between the soil matrix and plant roots. Consequently, cedar needles in seawater-inundated forests turned
brownish after fresh needle expansion. It is difficult to remove sea salt from these forested lands because most Japanese forests
grow in steeply sloped mountainous areas. However, high levels of precipitation in Japan may remove sea salt from tsunami-
created saline soils. Therefore, reforestation efforts in seawater-inundated forests along the Sanriku coastal areas will require
continued soil chemistry monitoring.
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Figure 1. Studying sites and dates in the present study.
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Photo 1. Japanese cedar (Cryptomeria japonica) forests changed needle color being due to the sea salt injury with the Heisei Sanriku Massive Tsunami.
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Photo 2. Discoloration of young needles in Japanese cedar (Cryptomeria japonica).
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Table 1. The states of forest floor. surface soil, and needle discoloration in the seawater-inundated cedar forest at Kamaishi City, Iwate Prefecture.

R 3h 21 No. 1 2 3 4 5 6 7 8
FE 34° 42° 38° 48° 38° 30° 30° 0°
IR EE i3 ® HER) " =) " o) 5
HENER 3 i3 m —IORk X5 X5 EX57 -
KELE~ADBWEA i3 i3 ) " =) " " =)
TREEE " ) i i i i3 i3 -
AJE " ¥) 2] Fh Fh Fh Fh -
MEROHEE" >80% >80% 70% 10% 10% 10% 5% -
#HE (cm) 0 0 0 0 0 0.5 4
AB L E+ £ ®E+ E+ E+ b B+ w
&

HEFDE 75Y2/1  7.5Y3/2  7.5Y3/1

AB 7.5YR2/1 7.5YR2/1 7.5YR2/2 7.5YR2/1 10YR1.7/1 10YR2/1 10YR2/1

HROBEE" BRICEIMREES SVHBEERYEAOET-HEE
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Table 2. The values of pH(H,0) and the concentrations of water-soluble cations in the soil suspension of each sampling
point of seawater-inundated cedar forest.

B 25 No. 1 2 3 4 5 6 7 8 mk*

EIREE i3 ® AR A A Eo) ) A

pH(H,0) 8
HEFD B 6.37 6.68 7.94
ARE 474 525 528 5.70 5.44 5.95 6.21

Ca (mg L™ HH 3% %) 40
HERE 1.1 0.2 25.1
AE 5.2 40 0.3 0.0 0.1 0.1 0.1

Mg (mg L™ 4 H 38 ) 127
p: 3N 17 0.5 16.1
A 1.8 15 0.9 0.3 0.6 0.6 05

Na (mg L™ $ H 3% i) 1056
HEFD B 38.9 19.7 232.3
AE 42 8.8 33.3 26.0 434 55.7 312

K (mg L™ 8 5%) 38
HERE 255 7.0 334
AE 4.7 6.0 6.6 6.7 7.3 8.6 5.4
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Photo 3. Forest conditions after seawater inundation with
the Heisei Sanriku Massive Tsunami.
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Photo 4. Conditions of forest floor and soil surface at the sampling points (No. 3 & 7) with seawater inundation.
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Table 2. The values of EC, CEC, exchangable cation concentration, and cation saturation percentage in each sampling

point of seawater-inundated cedar forest.

£ B ih 1 No. 1 2 3 4 5 6 7 8
IR EE i & BER) ) A ¥) ) A
EC (dSm™y*
HRE 0.22 0.93 0.56
AE 0.14 0.16 0.15 0.10 0.19 0.33 0.25
EREZMAE (cmol, kg '8z 1)+
# 'JE 23 12 7
0-10¢ 52 64 48 45 50 44 55
ZitECa® B E (cmol, kg '8z 1)+
R E 5.1 2.6 48
0-10 cm 7.2 9.7 3.0 1.2 2.1 16 6.8
R EM® B (cmol, kg 8z 1)+
HR B 5.1 25 3.0
0-10 cm 1.9 3.8 1.8 14 2.2 2.2 6.5
ZMENa* 2 E (cmol, kg'8z £ )
R E 1.7 1.0 34
0-10 cm 0.1 0.4 1.7 1.8 2.8 34 6.8
RHMEKEE (cmol, kg '8 1)+
HRE 0.67 0.40 0.55
0-10 cm 0.32 0.53 0.46 0.47 0.55 0.59 0.65
Z R Ca S F0 E (%) (=3 #2 1£ Ca®* /ICEC*100)
HER 23 22 68
0-10 cm 13.9 15.2 6.3 2.8 43 35 13
4R 1 Mg® 82 50 (%) (=3 #2 1 Mg®* /ICEC*100)
HERE 22 21 43
0-10 cm 37 5.9 37 32 45 5.0 12
Rt Na 80 E (%) (=X #:14ENa*/CEC*100)
R E 76 9 48
0-10 cm 0.2 0.7 37 4.0 56 7.6 12
R KRR E (%) (=X #: 4K /CEC*100)
R E 3.0 34 7.8
0-10 cm 0.6 0.8 1.0 1.1 1.1 1.3 1.2
15 HE I (%) (=3 #1ECa?*, Mg?*, Na*, K'/CEC)
R E 55 55 167
0-10 cm 18 23 15 11 15 17 38
*1:5KEHE
**peech;k

fEAT T 17 ~ 38% (MERDIX 69 ~ 209%) & & D1l
5 UTc (Table 3), HEEEERE RO LEICHIT 2E
FLEIRIE I3 A Ca® &S Na IEER L THD
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EMNHS MM E TR T2,
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BGH , 1999 5 A TFIRERENIE L > 2 —E R EIH - 15
YREITOY 2V b F— L - BICEETSET (BRET)
2011 5 W, 2011 5 JA K2, 2011), % DR IEHEE(E
. HESREIKO EC T, 0.7 dS m" (HEA I 22 B
,1999), 0.6 dS m" (S TFREXMITL Y X —EKHE
HegE ST 0y o7 bF— L - RN (5%
KHT) L, 2011) ,0.5dS m” (HHE, 2011, 0.3~ 0.6
dSm' JARE,2011) TN TWV3, AMFICE
FBETEREAHO AT, HilE5E & AT o 1 1
D EC IEARBERBATICLEXR, FRIEFHEDENTZEDD,
RATERHR FHBOEE HHICHNT03dS m' T
HO (Table 2). i HHEORE T, EVMOLESE I
MO NMEZ R LTz, BARDMEE O 5 EET
e, AFRFHEPOEH M ITH LT TH N E TN
TWVW3 (KR, 1976) T &h b, B HEORYET
FHESEEE L LTRIEMOLEE EREOHEN LX)V T
&, CFENFEOHRENIELIZAFKTIREOE M
VI THENHEELLEZEDEEZENS,

T B B R R ORER LT A1, CEC
K BEREAHE. B 0RTNTNOEIRKS D
BIFIEIC K > TIRIET 3 2 N2V, —fRICIE. 5
MR OM TR FTEAELTH S Ca™ & Mg” #H
WTZORAE TEET 25502 (H, 1989),
HAOZWKLBICH T % Ca> A tr. ~ 60%.
Mg™ BRI S W& tr. ~20% FEETH S (GH - /N,
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RO Z R LTz,
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Na'" B KRB AR LTz 7z dic, BARIRNAD
R 7 SR RN - SRR, FEBUE IS & % 2= RN R
NS OB EZRNC K B KRT V¥ v VOKT
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TS BRM O, - Pt SOLRTER O M T, JEK-
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