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The map of Miyagi Pref.
Fig. 1.
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The topographical map of “Onikoube”, Naruko town
Location of the study area.
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Notes
Bare ground
Patch of Jungermannia thermarun
Patch of Carex angustisquama
Community of C. angustisquama - J. thermarun
Patch of C. angustisquama - Cladonia theiophila
Community of C. angustisquama - C. theiophila
Community of Miscanthus sinensis - shrub (Ericaceae)
Community of Pinus parvifiora
Patches mentioned profile of soil
The area distributed seedlings of C. angustisquama

The map of vegetation in the study area.
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Boiuid (Photo. 6) -+ Z DM TIE, ADiig
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Notes
T site of valley
[ site of ridge, siope and plain

Fig. 3. The map of classification of geographical features in the study area.

6. AAX - {KAREE W, BADEE Th - 72,77 PROARZEIL 50 cm
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BroEREs LTI yeaviy, 53917 DY) a7 T, eI LEFL Tw,

T, ) S XPREIN, XS XEXTY 7. X7 TavEE
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Jungermannia F 522 m?

thermarun
Total 6.64 m’

Carex

2 2
Total 19.16 m?
i
*Cladonia .
theiophil 1856 m
Total 2146 m* o |
0% 20% 40% 60% 80% 100%
N Frequency of vegetation areas
O Valley - Ridge! Slop

Fig. 4. The ratio of area of each patches, separ-
ated geographical features.

(“* Cladonia theiophila” means patch of Carex
angustisquama-Cladonia theiophila)

Wiz, ECHE3~mNXZTIVHESLL,
ImidEnysyuansrs, Y5945k
Vis 2 RERZAX QEFL T,

Bt T, EicKOFENHH 5448y~
ZRAXTUBENDY, FOmMBIERAREE YT
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AL NI HIES B - 72 (Fig. 1) OT, T OHIROH
TEMATH & AR 2 Rk L 72 (Fig. 7). B BRI
3, ¥eIXXTLEF oV RI TTEFHL T
fzo WEMOMRIZIE, BET0cm i3 &Yy U
DERDEFL Tz, ZH3512Mllic 3 &,
el T, 30 cm i3 & DIERNEE OV Y U RIOEKR
PHEL, AXVTrLE{5/HL Tz, BT
2, BE3midlnxsTavreEFELCEY, &
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72,

BLIZ, ¥oIRXTNEENEDL S e
FRCHFE L 72de, E ) S EIC O AB L, BB %1T-
2o TORER, YefXXT 0EEZEICF Y
Ry FICEREL TSI gD -2 —F T,
Fig. 2 DB THA ZB oI i3, FRoazro
LT CLEEDPHFEL Tz, £niTricid,

Altitude (m)
i

2 3
Coverage (%)

NPV . ¥, . B o
a Jungarmanfua thermarun @ Carex angustisquama O Cladomia theiophila .

Fig. 6. Coverage of each patches, separated
geographical features and altitude.

(“* Cladonia theiophila” means patch of Carex
angustisquama-Cladonia theiophila)

~537
~536
~535
~534
~533

Altitude (m)
l
o
8

Total Area
Valley: 370 m’
Ridge, Slope: 750 m?

100 150 200

Area of the A-region (m?

[ DValley

M Ridge, Slope ]

Fig. 5. The gross area of the A-region respective, separated geographical features and altitude.
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AN

South-site %

Notes

auuu.  Jungermannia thermarun

Séé Carex angustisquama

L¥s  Cladonia theiophila

%_ shrub (Encaceae)

fﬁ i Pinus parviflora

North-site

-0.75
-1m

Fig. 7. Profile view of landform and vegetation.
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Carex angustisquama

Jungermannia thermarun

C. angustisquama-

B5TH H2T

C. angustisquama- ~20
Cladonia theiophila

Notes

I layer : Color is Yellow-Brown, contained organic matter.

Il fayer : Color is Grey-White, contained white gravel.

Fig. 8. Soil profiles under each patches.
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53 a’ 9%

bR 528

Fig. 9. Sampled points (numbers enclosed with square) in the study area.

XXSy - A ATTHy FDAODRERILE -
TR FRHET 5728, 6 2D T E)LL
RICERLZ (b 701~ 6ickY), ZoPg,
pH fE-FREEA A4 > WEE- TV 3 =77 LB FKE-
AREZBN S DOEBEZ2 77 7R (Fig
10).

pHfEIX, ¥ > TN IDYeIXXTv -4 47
Ty FHH 3.0 L RLBEERL, —HY
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A ERBLT, TN I XX T8y
FTH10mg ##BZ 2 BELRHL 7208, £0fh
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= LBER, H 7N 35200mg IEVWEWE
RIS, FOMOY > A TIHEWEL 8
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BERLI, FDEIOY Y TANTIZERAHED S
kb o, BRRERI, V7 N35710.00g %
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Table 1. Chemical analysis of soil of the study site
Composed H 80,2 Al Soil Soil Moisture C
Plant species P (mg-kg™") (mg-kg™) type color (g-kg™) (g kg™
1 Ca ] 2.65 21 56.1 C 5Y7/2 345 3.24
§ 2 B 2.27 640 112 C 10Y6/1 296 1.08
;i_.'f 3 Ca CLE] 3.15 0 190 C 2.5Y5/2 403 12.23
< 4 ] 3.03 2.0 49.7 C 5Y17/2 373 5.99
5 B 2.65 30 77.1 C 5Y7/2 322 1.26
(A) 6 Ca ) 2.55 102 133 C 2.5Y5/4 350 7.46
7 Ca,J 2.77 60 140 C 2.5Y6/3 338 9.25
§ 8 M 3.40 3.0 212 CL  25Y6/4 235 8.33
@" 9 B 3.32 0.5 225 CL 2.5Y7/6 227 2.76
m 10 Ca, CLE 2.85 22 191 C 2.5Y5/2 247 6.36
11 Ca, M 2.95 38 134 CL 2.5Y6/4 240 3.98
B) 12 B 2.34 120 72.8 C N 3/0 241 0.89
13 Ca, CLE 3.28 2.0 140 C 2.5Y5/2 221 9.07
L2 U ECaCl 3.32 1.0 126 C 2.5Y3/2 331 4.62
“é 15 Ca,J 2.80 34 128 C 2.5Y5/2 365 9.69
&~ 16 E, Ca, Cl 3.52 2.3 248 C 2.5Y5/2 244 8.39
(C) 17 E,P,Ca,Cl 3.39 20 218 C 10 YR 5/4 268 13.71
D 18 River water 2.62 3,850 211 —_— —_— _ —_—
E 19 B (sulfur) 1.32 710 — S 7.5Y8/3 —_— —_—
F 20 +] 2.56 500 — C 2.5Y7/4 400 5.55
21 —] 2.08 475 —_— C 2.5Y7/1 332 n.d.
G 22 Ca seedling 2.12 105 —_— Cc 2.5Y6/3 266 3.26
Composed plants Soil type
B---Bare ground
Ca---Carex angustisquama C--Crey
Jeo: Jungermannia thermarun CL---Crey-Loam
Cl+++Cladonia theiophila S--Sand

E---shrub (Ericaceae)
M-+ Mischanthus sinensts
P---Pinus parviflora

B2 DENEERL IS, BEZRL R,
B-BOMBICHLT R T, i Yo X ¥
FoHE eI IXT, AFATTHEEE - R
X, BABED 4 DORBOILE - LERS % RET
T B2, 6 DDF > 7 B WEE,
PRl MMER D £ L FNARE T BEE S HIREL
72 (BTN T ~121CH%),

pH#EIZ, ¥> 7N 8ICHLT XXX LEH
THEAR, 9ICHE%T 52 EMNERTI.3LE
DENEERL 72, —F, 712 1L T 5 M
AR DR TIE pH 14 2.3 LIEWEEZRL 2, B
BAAVBER, Y7012 TR 100mg 282 5%
BEZRE LY, EDEIHDY > 7L TIIEBE
FRLIZ, TAI=TLBER, 7189 T
200mg M2 2V EERB L 7288, H 712

MEWEZRL 72, THEEFALCLZS, 70
8, 9, 1oty sz, 2R LEFTNL T
(40~50%) EETh » 72, THLSNDY > 7
WAHIicHS L2, 8KEER, Y7 Tored X
X7 - FVRITrBENAHI0g ML D

CBWERRLZY, F0IEBOY LTI 250 g

ToOEWEEZRLZ, ABERRR, Y 7LTR
YT NTHELEE, RRFHNMEEL -
o Z NN TN TIE, REBBIEWETH -
720

C---MrmEX % ER L 723 (Fig. 1) o 5 EOHS
NHFERELZ KT 2720, FNFNS5D2DH 7
NEREL 22 (> 7 13~171c4H%), ZO%T,
Fig. 10 t RN 5 SHOREEE %2 77 7ok L 12
(Fig. 11).
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Fig. 10. Sampled points in the A-region, and graphs of chemical constituent of soil.

pHEIZ, ¥ 7N 15D dXIXT e F %
VR I TS L T A HEOANMEL, okl
TR pHA 3L EE V) B EEZRL 72, HRERA
T UIBETIX, Y7015 DAREREB I
OB TR EA EBRBEI NG T2, TLIZ
v LIBE T, WERIOBMICcS2 59> 70 16-
17 C200mg 282 2S5 BELXRBL 72, £HI3
TRV FuhEICHS L2, SKEE, ¥
PTG ARLECEERL L, ABRERR, 5
WMoY 7ned 8.00g B2 TEN, £ 7N
THET 3 L RRF VB ERL T, Bty 7

N1 DYy SHOBERIBES T B T3I% T &
ZrEERREL .

D RAEHMHNDN DILERS 2R/AD oI, Y
TERBL 2 (718 I1cHY), FORE,
pH 2 2.6 13X DRRENEEZRL 2, 72, 4,000
mg ISEWIEEICHBENHEA A &, 200mg %
Bz HRRHWRENT LI = k&L,
E---BEoHic & D EE(LL T 2H8MpH LD
 LWEREL RV RRIET B2, U TNER
L7227 19 i), 2okR, pHiZl.5
2 FHBEFIBEAMEZRL 72, B4+ BED



TLiERYREREREARTRRE $£57E B2F

150
so,2 100 |
(mg-kg') 50 |
_
300
Al 200
-1 - ——
(mg-kg ')100
0 L 1 S
400 F
Moisture 390 i
|
(ke ) 950 T
200 L 1 L
30
C—I 20 l_
(gkg™) 10 T
0 L I 1
17 16 15 14 13

Fig. 11.

00mg # 2 2EVIBEZRB L2, 72, L%
FATHER, MERTEIZEAES T (5%
™), Bt ThHo7,

ForF Y RITHEDIEBAGHL T B8 F
DEBEL, Ty FOTENBD DAL T
Wi WIRHLO HETEY) & DILER S OBV E BT B
oo, ENEFENTTAERBRLE (70200

Sampled points in the area of profile, and graphs of chemical constituent of soil.

21 iIcHHY), ZORR, Fr K I Ty ey F R
i3 ) 5%, pH - SAEHFH, FREERDL W
b ol, BiERA AV IBEICIRKELERA
bl otz, 1R EE bMELICHEL L 72,

G- EEHIEET 3200y - HBEMALBET
2728, Fig. 2OEBTHANL YIS XX T DE
DT HHIE S, T EBERRLE (P
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T 2212 HEL), RR, S, pHEIZN 2.1 227
BEEZRLL, REB4 A>3 100mglIrnE%
L7, TOMIBRIZEITHN - Twizds, Hffid
WICHEL L2, 2KES, EREERIE, LD
FETLIEE WD LENELZTRL 2,

I, YOI XXTBEEHE YIS XXT
v A F T TH B, A AKX - ABRREEOESAT
WROTHELZ L), BEBOT—ZIINL TR
E%4T-7 (Table.2). ZN#R, LTHIZ L%
otz

pHIETIZ, 3EWEOBERICHAREELIRBOL
Nz, ¥ XX - Fo VR ITrHENTIE
Tid, pH »F# 2.7 L\ b EEE L T2, P 2
XX F-AXTTrEERTE, LYV ETES,
pHIRFH I 1B ETHo72, AAX - EREET
I3, ZOHRTRELECFH3AE -7

B A A BETIE, Yof XX T7EBEEE
XTI XXTY AT THR, YOI XXT
CELEE L AR - BABEOM TEREENZD
Lz, YefXXT ELBEETIE, FHbimg
13 EDWBOEEA &> 2B L. LarL, 2D
3P DOBEETIE, 1TEACHERA A 2HHEL T
TnEWwIiRRE -7

THUI=7LBELEETEE, Y<IXXT
CELEEBELCCIRIXT L A X TR, X
I XX T BLEEE L RAZAX - BRABREORMTE
BEFBOLNL, ¥YoI XX T EBABHEOTE
i1, ¥ 110 mg {3 & D HERAEBE TH > Iz, —
H, ¥es XXy - A AT TrEENOTE (P
170 mg), AR % - EABEOLTE (F 200 mg)
D HRRRHBENT LI =T L ERBL 2,

Z i3, I L TEERT DR A
LNBLTNI, 29, N1 ~12 ZERBL 2
MEE, X3NMBSERE 2NEEE2, ki,
PN I BR-SERBIcES T A TN,
BEIAHLT B> T uic Lz, £L T, pH
- BRERA A B - T =7 ARED 3 DODIH
B2EHL, tBRELIT-72 (Table.3), ZO&HER
b, ADHES, LIz, BWBICHT TS NER
ZI3FTHLNL» -7, B, 12907
NetkE B 2RER TR, 3 2NHEBICHEEEY
BH LNz (SR THEL 72 & 205+~ BRE
2. BENIT ) pH EHEWEZRL, Bk
A4 BERENMELRLZ, —F, BR - #EH
DIZIFTNI=TLBEIRWEZRL .

vV % 5"

V—i BSR4 HEDRR
1. 3 LAl & oxtis

FEHOP T, ANHBICHL T 5 S TIE,
FVRITH Ny F, ¥eIXIXTUN0F, ¥
CIXXTL A XTI TH Ny FDIEEN Y F
FEA LTz, TSNy FOMTLEAL THE
LTABE, FryRITys ¢y F, ¥2IXX%75
Yoty FiE, FICHPICHL T AHBICOHL, Y
2 ZXXTL A X TH oy FIE, FiCHEHES
DR - BE LI/ L ThBZ g b, B
IZBEARBEORAKDERICERT 29, Lizh - T,
Fr VPRI TRy F, FoZXIXT%9F,
FICAKNERL 2TV, BRI 4 MR B L,
XLIXXTy A F 7Ty FIE, FICEEL

Table 2. Average of chemical constituent of each communities.

Communities Sum of H SO.* Al
samples P (mg-kg™) (mg-kg™)
Carex angustisquama-
Jungermannia thermarun (A) 5 2.74 51 118
Carex angustisquama-
Cladonia theiophila (®) 3 8.09 8.0 174
Mischanthus sinensis-
Shurb (Ericaceae) ©) 4 3.41 6.6 201
Significant test A—-B * % * *
(T-test) A—-C * sk %k k * % * %
’ B—-C * % NS NS

Significant level % :--p<0.1 * %--p<0.05 % % %--p<0.01 * * * %---p<0.001
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Table 3. Average of chemical constituent for geographical features.

Classification of Sample no pH S0, Al
geographical features ) (mg-kg™") (mg-kg™)
A-region Valley 1, 2, 4, 6 2.63 191 87.7
Ridge-Slope 3, 5 2.90 15 136
Significant test NS NS NS
B-region Valley 7, 12 2.56 90 106
Ridge- Slope 8, 9, 10, 11 3.13 16 191
Significant test * * % *
Total Valley 1, 2, 4, 6, 7, 12 2.60 158 93.9
Ridge- Slope 3, 5, 8, 9, 10, 11 3.05 16 172
Significant test * * NS * %k %

Significant level #* - p<0.1 * *--p<0.05 % % *--p<0.01

DT HIRICRYET 5 EEZ LN,

2. MHEAEY X MR X O

WREBWOMEDORETIE, YoIXXT70DA
DIy FR, X2 IXIXTLETRBIZFy YR T
TEEI N FEHNT, ¥oFXXT2ETRBIC
AF 7T EHEI Ry FDAFBRENEL ALILD
IBHECHBEL Tz, ZHZEdh b, ¥od X
X T ETFIRAAT T2 20y Fid, ¥=F
XXTIDAHEDIXyF, LI IXTEF VR
TNy FEN BRI N RS, R
PRETHD, LT, REMERT I ZLicd -
TEL D) 7 —-HEBEINEEZ LIS,

3. pH EHE4E & DELR

FUBEBROREAE & 1+ pH ORdiE % #RET L 72,
XYLIXXTFY - FoVRI THEBEVFHL T
SHURDBMER, FH2.7 ThoR. LAL, B
WMTL 252825 pHNERRTEZIALHEEL
2o BbIZ, YRIXXTLDEEHGHL Tz
Mg T b pH fEIZR 2.1 HIEEEZRLZ, $E- T
B e =2 X X7 8% LB pH 7217 T
STED LB H,

oI XXTy - AT TTBETIE, v
2X52  FoVYRITrEERERRTETFEY
pH T® -7z, pH BHEORNLERICOWT, EBE
AT T 2 EEL, BWRORERZTHET S
ZETPHOEBHRERIGHL P IZI N TW
30, ZOWRICEB L, 447 Tk, pHIED 4
NEEERDLICEFREEZTL, pHED 2 T3
BEAFEBTEL WI L RBAIN, 272, &

* % % % ---p<0.001

HOKIMFIZEETT 24 A7 Tr0TFTHIED
pHZ2EHRAL 72225, BRLE 2.7 TH B
ZEdb, AXTTrBEET LN, Sk
L pHEHD 2.7 LETHEUENDY), ZhLTD
FoVRITHYRX2I XX T HEETTE LEHR
TREBTELVENI ZEHFTESL, DF), ¥
RIXAXRTY AFTTTIHRIIpH IC L > THA
PREZINDLEZ LNS,
ZFDRPDAZXZRVY PROBEARSBET B
B, X2 TaTnEFL Ty 58T, pH i
3.3~3.6 DfEERL T3, ZoMBIIHAILOE
B2HFTNZIT Tl E ENd 20, pHIE
LEWEEZRLTWE EEZ L3,

4. BRERA 4 LA X DBI%

B A o IMEORERE, H, ADMBOR
HoBihh o BRENTHRA 4> E2RBLZ £/,
WEEOAERS, BPICHFETIXYIXXT
e F ey RITHTEE»L L, BELH LIRS
FrhRHEENL, Ehic, REBADINISL L S
BOWERA 4 o & s, K, BoMig%s
TR L T b AAXREARDHEEE T, 1ZEAY
Bl A A AR I NLh -7z, THZ EIE, HE
&M EHEICEbo TR EEILND, DY,
TERA & > BEEHE oo 2 A ERICHE S T B ARMR
XYeIXXTF  FoVRITHBETE, AVD
BT S T BB KR IZ eV 3
BN, ZOWNWE NS SBICEBLL L E
Zbihb, ZHZ ki, Table.3DEREILIHEL
»Th3, —F, BR-HEWICHLTLAZX -
AR Tl BRERIIEKERICRVWRS Lz oo
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3, 351, Fig. 12 TpH tHilg 4 + >~ MENH
B&#FEA L2 5, pHH» 2.5 L DB 7
VTS, HERA A REFBEICE Lo Tz,
2% 1, pH & 2.5 LT O#MEW T, RO
Iz & - TiEv pH 2R LTV B £ 2 L b,

5. TIV:=7LEHEENBR
BEICAHLT 5 DBRHOF TR LI XX T
BELETREINEBETALI =V LBERE L

Polz, —H, BiR - fEHICHL T 5 XXX
VOB OEARSEL T LB, X2 TITOLFE
LT BB TR LY TLI =T A0REIRES
Lolze TNHNDFERE T LTz Table. 2 2 L HIM
THE, pHPESC L dE, TLI=TLABELER
CELE>TwBIEFhd, 2D EbH, T
NI ARER, pHEEBERCBEEID S EH
Zbohd, ZOBEREERTH2HIC, pH ET LS
=7 ABE MBI EERL 72 (Fig. 12). 27
780, pHAPEWIE, TLI =7 ABELES
LT3 Z Wk b, 2t YOSHIOKA et al.??,
{5 - IR DR LEMTH D, 2% D, TSI
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g 8
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Fig. 12. The relationship between pH and Sulfuric acid (upper figure) or Al (lower figure).
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FVRITrOFETHELEIAHIE, LT
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72, BERTIY, KPHEEL T 2225, BB
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HWEDHET, FoVERITH 2y FDIT) HE
EERLI, —HT, ABRRELFYRI TS
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IR BRI AL s, pHERTF v
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WA FA L 2RETLIETLER L2 D EEZ
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HTFHFAY, BAKRICETFIEIUCSVWEEESR
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Summary

Solfatara is usually found in volcanic regions, where the poisonous gases hydrogen sulfide and sulfur
dioxide seep from vents. The vegetation at such sites suffers from the severe environmental conditions, such
as low pH and a high concentration of aluminum, and the vegetation tends to be of a specific type. We
analyzed solfatara vegetation with reference to geographical features, root condition of plants, and chemical
characteristics of the soil at a site in northern Japan.

The study area was the solfatara of “Katayama-jigoku” (N38°49’, E140°41’), located in Naruko, Miyagi
Prefecture, Japan. To prepare a map of the vegetation, we first drew a contour map by triangulation. A soil
profile was made to monitor root conditions of Carex angustisquama. We analyzed the chemical properties of
soil in each plant community, focusing on pH, moisture content, and concentrations of sulfuric acid, Al, and C.

According to a preliminary survey, the study field could be divided two vegetational conditions. Bare
ground and patches dotted with vegetation (A-region) were distributed among a plant community dominated by
perennial plants (B-region). Plants in the A-region were classified in terms of three types of patch: (1) patches
of Jungermannia thermarun; (2) patches of Carex angustisquama; and (3) patches of Carex angustisquama and
Cladonia theiophila. These species were endemic to the solfatara region. Patches designated (1) and (2) were
distributed in the valley. By contrast, patches designated (3) were distributed on the ridge and the slope.
From the soil profile, the layer of organic matter was thicker under patches of Carex angustisquama and
Cladonia theiophila than under patches of only Carex angustisquama. In the B-region, there were plant commu-
nities of Carex angustisquama or of Miscanthus sinensis and shrub (Evicaceae). The communities of Carex
angustisquama were located in the valley while Miscanthus sinensts and shrub were distributed on the ridge and
the slope. The soil on which Carex angustisquama grew had the lowest pH and the highest concentration of
sulfuric acid among the plant communities. The pH and concentration of Al in the valley site were lower than
on the ridge or the slope.

Jungermannia theymarun and Carex angustisquama might be the only plant species that could grow in the
valley where the pH was low level below 2.7 due to sulfuric acid. By contrast, on the ridge and the slope,
sulfuric acid might have been was leached away and the pH might have increased, with the accumulation of
organic derived from Carex angustisquama. Acid soil might be improved by the presence of Carex angustis-
quama, which allows further invasion by other species.

Key words: solfatara vegetation, pH, aluminum, sulfuric acid, geographical features
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