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1. ICBIC

HHAARERS TEEFICK D HERIEN D THERICES
AN PEMOMEMRN R E B FELZT, Jaxy
(Pinus thunbergii) W& ULIeMRE & A EHK LT
LE- it £ AN, — ) CilfEMI xR L
DOREREHRY T EZ D20 RARDS 2012), FHEOH
WaEhTz b Ul (EHED 2012) /& &, % O{ETH,
R ENOHPE O H 2RI L T FH B mE S T»
%o fEde. MEEEMERL O HIE KR, BiE & v o 7z
RONBEHEINTE D, BEHFOREE WS BN D
EIFFROREDEFEEH T NURD TS (5HD 2009,
FH i 2011, FREED 2012),

BEMTIRIEFEL S —DOMBEE LT, 7y o
MM EREN TS (FH 2006, F5E 2011), 20
7, raxy OHAIMD S ILEER R U EREO
BN EHTITD N0 (BT 2005, MR EIFZETZ
EEFRMBLZR 2014), HIRITIEA LU T E T2 ILHER 25 K
THTENMThbNIEO LTWD (HE - FHiF 2016, 2018),
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MFEANORARICHE U NEMMEOEES TN,
EIWE WA T (Quercus dentata) (FF7K 2005) . T
IR OWEMRONBERNC IZERRNICEZE LT ZT /) F
(Machilus thunbergii) (N 2010) OENENRESINT
Wb, IRZEBOMHEEMEAICHTZD, TNEO/REICE
7 1Y [RIRROEIC N S 5 B RE DA S IR & 1
BT L EizBN,. ZORDITITHIRICHZ 5 ZHEFRDFE
ENREICR B EEZBND,

TR CREAR 217 5 BSOS & U TR
W2R SR 2D ENMThNTE 2 (N 2000, /)
H 2001, ¥FJi kG 2007, <FIS 2012)0 RHARER TK
bNEMRZTZBHETHRICBBREZLODEIELSE S
Jedic, Lzl Uz LIchEZITS 22wy Ok
A 2015), FRARER G IC EIKIC K B D E OB ITD N,
Wk U7 BIchiak E N7z mARIZEKEOE T & nb -
TREMNHEEINZ CeNERENE (K L2015, #i
OflDzE NI E TR IR HEENT 5% EDE
KIS TETHENUET SR HRE SN UNFS
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2016) MEOFE & FEEOB XIS S LTINS (E
BID 1984) . WEMZREK T 2 JAZEMIC DN T, IR
RIEE R R I TS R T B 2 R T Ll U 7= 45
FiEEAERBENZV,

HH L BRI S NIZILEBORED OV 1 X,
IAEHR E RS NS B T LR HMCHEZTT > T2,
WREMICEA TN T ERIAEREZSRE LT, 21D
DORRIOM D, ROEES, KE. JEH > TV 2 HiH
EREEBET 5 T LIT X - ThHEC & DR ORISR
PziiE Ulee 7 MIEMEAEZ1T> T Bk O
B2 AT U Tes & BTN EE T IABER & AR IS RiAR
ENFeruxYORREFERZ R Uz, THERICBN,
TR BT E NTERUAZERNC DWW THFIS  (2021)
L BRI BRI BT REAR & N7 O ¥& 42 5 T dg
WICDWTHIHS (2021) BRELTW5, BIAROEN L
BHLEEEINBZBEOF ZREWPUNIROER (K
Bw5 2019, KOMERER (BT 1991, LS 2015) &
DOHERH D KOS E O FEE D HIT IS 0T % PSR
RERRMTZ2DOICEETHD T L EHRING, A
TlEM&ADERZEE 2 T, RIS N7 v,
YT BT TR EIRES 7 EORRFEEICDONT,
TRV EDBNY TEIEEORERIASMNCT ST L
ZHWE Lz,

2. AR HE &R

FRAT S TR LT Mg (DUR. /M), THEIR
BT EEERE (CUF. 28 R E T mEE (XL
omE) . RS B LEkER (LUR. D o4
G CH 5. SHEHIOZETTE Table 1 1S5

IR EERIZ 7 0y EEERIAEB N ISR SN T
BO (EHETEELEBOT AT R /M
WA 10 L, SR 30 L TH - o IMRTIEHE
TS 18 MIEEDEHIETHELET->TED, -
7 30cm (X D T LICHEEZ Uiz & TAICHRDITD
Niz, BT &8 EHITTRNDE LS, Za YD
HEICKXOMENEIT LA I mDELER LT
W Z1T> 7z (F)IDS 2021),

[l AT IR AR D 16 4, I Lid pRiED 43 4F TRAHIR N
TRREHWVIBRILEBFRKE SN TED. WIng
MiOBEOHRE DI TN TWAEWERDETHS G
5 2021),

MO X S ICEMINT NS E T AT 10 mPUs, ¥t
DK S ICHARDILHEFIC LTS & T A TR 3
ha OFIFANOREAAR DM EELE, BfEOWE 21TV, 6
BT licznNs O Z kDI, TNEDRIEZITH T2
DL THUEAR] LT %,

BRDFEGEZ AT S Tz DITHIFRARDH ) S BRI
BARTOEEL, Tho 2L, BEHOEC Uk,
bz THOEDOAKR] £9%, #HOED AROREPHD L
g, SH ARE AR (XA b7y /Y —
M) ZHWT, 3kg DFEEZ 50 cm DEIH S H
HE FERL TR EDHEAR (HEICA-> TR
) DEMEZHEZRELE, CORETHLNS 1 {TE
CTLOEABBMONESHEMENG, HAGER S
TALEREE TR & E 2 (20000 12K D, SHEAY 0.7 LLIF
T2 ORMEAREE] EENTWD, KIFFETIES
EAY 0.7 LT L2 B)EEM 5em DL i 7272 TR E
ERERC L, B THOREE Uz, &, 0 H
DARICDOVWTIEIWRRZHH O WA BRI EEHBBET S T &
MWTEED, AR ONEZERIFEAERL, §XT
DFEH BN THEO LENENE TAE ThHil T
Wiz,

PEO IO ARG BEF, MiRER e L EE (GRER) O
MWEZITo Tz BOIMOED EY A ZAD/NE VL, /N
WTIEATIT, YA XDOKEREL, EFTIE Ny 7K
TR ARSI K B HREIE 2 DT T, ABOEEE . Al
FINOWEDOEZTDREZIT-> T2 0 HD RiZmiE Tl
Y F (Zelkova serrata) 3 A, 7127 24, > F / F (Tilia
Jjaponica) 2K, 7Y 2A, EUTETYFIA A
IR, yuaxy 2K IIMRTIETNAH Y (Quercus
phillyraeoides) 4 2, ¥ < T (Morella rubra) 3 2, k
~N'Z (Pittosporum tobira) 1A%, 7OV 3K, FHE#T
WFGRT/F 2K ZuvRV2ERTHD, BRICBVTIE
7y d M FE O E L 30 ~ 40 kg, Hi EESOHE R

Tablel. # il AL DRI & RRAE, SRRt
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GG (PR (CGEED) (FFER
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TR BERS DO RER A e VA 27 /)% VA UIRAHY

TYF TYE Y&t

YA/ v/ F rRS
JETERS DR ARAS 11.8m 10.4m 5.0 m 3.1m
(et rv$) CoVED) F /%) (IINAH)
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100 kg fiffe L x D X7/ FidH E56 150 kg, HiFE6 80
kg ZHZ BRI S NIz, 10 HD KOHRRDKEH|
DR/ i 75 EOFENE TS (2021), HHAS (2021)
EBBEI NI,

ML, MEATIIIBORSHE TIHOWME N TERE
DEH M, L, EEORKEGARTREETH - 72,
Z T TAHE TIIMOFR/NER | em FEORDR KRG,
oD T EI T T Lz, 7222 L, Loy
oYy, B0y, 27 FRERNMKE N0,
BIHSNDEDEZIZ OV TEEDOKIH 1 em IZFE B il
WS OFFEEN 1.5 mEETHRZUIN L, HOlR-72%
DEH B,

Bt el EgOEEREZHE L, Y2 TV R
BCRBIRO ., wIREEOREZTT> T, S OHEE
HezrzHWHH Uk, L, \EBUTHOED Z1ir>/z7 1
VI N THEORIE (2018 ) 1T Hl L2 fRm UL
HEINZEDEMH LUz, ZDkD, mhorax it
i EF oY A X, ERIFAHTH %,
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75 7R 2 1 OO REAR AR DY g = LR & YR 2 Fig. |
WM, WINOHFEXICENTE 7 Oy Ok
NREEI-> T, MEERICBWTIRER GoFEE) O
27 /FNIOYE LRloTEO, FEEEE 7T
VEREEBVWEIRONGEN STz, /MR, MiEE VS T2
Wl D LB WA (ZNZ N, bRiG 10 £, 16 )
TRHTE TR Y EE, BETEIT /FHBE T
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OIS > 7, WINEMEERETIES > T\,
LMD EOVIRILITIR 7B <Y OFEERE I 11.2 m,
SXFT99m, AYY 85 m THo e FEMEEET
7o <xY242cem. 2 XS T 133 cem. AT 7T 148 cm
ERERBEBODH SN,

IREERA L2 T B L, LT AT Y. 2 XF T,
TYEMEERUCY A X TH->TZDIH L, A1 X2V AT
THMEELE, BEltnbicd> T, METE
VI FENRE YA ZINKEL, ROTHY T L%
D, FYFEMEERE, BELtdh>T0aE0 IR
ol IMRTEVYSETEUNALTDEIE. M5
EEEBRKETEBODR NGNS T,

321V ENY RO TER, 1 EERDEEL

0 BLO RO FER T & (W), Hi IR gz &
(Wa) ZLH#Ed 2 L i Tl 7 o<y DS O ILERHE K b
D Wa=Wu OERR FAHEICERLTE D, i B LR
HOHEBEMMIFELNM > (Fig. 2a), THUH L, 71
VI RO E RIS B O ERENKED > T,
Fio, 7axY O FEOERIGILER TiRE /NS o
e YFEZERUTHD., EFYHNCIE ETH LSO
BEICERZETLTWAZ LN THRENS, AT
i BB, HRERE &1 4 kg FEEOESEDNH 2 DITH L.
FYFid2ALd 2kg & Rlo Tz,

T FEA R 2 1Y 13 Fig. 2b lREN T
RO, Z O N O RS IIHEE 110.8 kg & 93.8 kg
THO., tOLEEBOW O E O KD 2 5L EOETH -
7zo 7YV FIXIZIE Wa = 2Wu (i EESOE I RO 2
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) O EicTay hEnzdoicil, hyvikZEng
D Licymy FENTz, DD, ELCBW T Y FIE
71T KO FERICEIRZ 2 WV R TR LT Wz (Fig.
2b)o MHETIE AT T &Y FOERITITHS D EEWVD
Aok, \EUTETVYFTEATT ERFICKEL
TWa ke Hbhiz,

IINBTIE TN R H 2D Wa=2Wu DR FICHEF 2 DITH
L. VBT ZDOMHMED FICkAHENZEAETH S
Too YREEBRZINXFTUITH U, HITREBICHT % M |
HORPEWEADNEE IR 5N (Fig. 20), Z7HY
WVIEUNAFTH U, MBS, MR e E EENAE
Moleh, YRETDORED BUVMER & G BB, R
MEBIFEFECERERTEEH o, (Fig. 2d), 7
oy Ex7 )/ Folh F et R oTEEITVITNE
2 LTV EZ /R Uz,

33MMUEY RDOHFBERSIBOER

RO & & MERE R DORRIC DWW T Fig. 3IC/R LTz,
ELO o<y TRNEERMESNEh Tz 8, W
IEDILER TIREBOBNHEEL TOREEDPZ -7
s, FAROEEME U THIBRERZ IR U 72,
THE, HOHERI log A7 —ILTEL TV,

I 4 DOFRER THE—IGE LU TR S N 2 kil
THb. EINTIIEOERD 100 kg ZHZ B HEKSES
NZPEETIZIEOE RN 30 ~40 kg & 755, HIFRE R,
WOEE T O DOMBHIIIAEIC 2N D H, /ML,
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Fig. 2. $fit O LY ROHITER & b B di L
X DE I TS Wa =Wu, SHRHY Wa = 2Wu 7#
RY
@ /uxy OFrvVFOhsU AVF/F
OUNRAHY /Y EEBM RS OXT /) F

M TR & & ICHIBRIEREDY 5-10 em, IROFERIE 1-3kg &
EIFE CEOHIEIC A - 72,

TR Tl M, Lo 2 DO T Y+ &
HTINHRENG, EUTEHIBRERTRCIKTTWS
FYEREENTEN, HWOBEBRTREMEICKERENV
RonGEhoTee —/, WIERDT VY F AT T TN
ML TED, K&, BREL VYR VYF LD KE
WZ bbb, £z, v/ FRAVTIGEWT AR
Th-oTz,

TZER O 2 &P Tl AL IR Tld w9 % fitfd 1d 7%
WA, 2T FIFHIRIER, Ee e &AM O K E
L EF5 72, YREEE TN AFNVIZIFIEFE CHIEZC A -
T\,

WIND T T 7BV TERUIRIFIFER LICIA T
%o 7T 7 mAEUR O CHIBRERE OB Z IS L, ]
OFEEIFFRBNCHEMT 2 L E2F®RLTWS, HlZiE
70y TIEHBREZED 10 cm D5 40 ecm 1755 D
FHEMN 2 kg MD 100 kg ITHIML TS, 7axy (§X
TOTry b)) TEHEIRER Qb ) HE R AER (8
HL ML) THIBRERE (Do, HAL cm) EHERESEZE (Wu,
B kg) ONEEEFXZIEK LIz A

JTaRY  Wu=0.0046 * D, ¥ R*=0.997, P=0.047

TREEILTER Wu =0.0869 * D, " R>=0.973. P=0.010
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HWHEVAER Wu=0.0127 * D, >¥ R*=0.950, P=0.043
ERENT, WIENEFWHEBME SN, BOERIT Y
XY T RRIATERS TR HERE R DR 3 I, IEHELIE
R HIBRIER O 2 FITLEHI L TN L TV < BARDVR
Nz,

3ABRDAS & TANDEBE

O LIERENEDX S ITIEN> TS, I
5 (2021, HHS (021) MHEREAKZR LUz, KRiffZET
R O LR 2175 726, B 1 em DL EOROMT D
PR e RSOV T IAE T AT 72 (Fig. 4).
U OWE LT ANOMT 7 4 DOF A T Lhig
T2, BLDOHEEIN 2K E 3ImZEATED, Th
DA OFHER T 1m ML EDESITEL TV A AR
SNn7Zah oz (Fig 4 £ B LTk 7 a~y O
DIRER (v T, 7YvF) Ko 1midFEnE A%
TRERMIC TV, MIETRFEERESmD 7Oy o
FEEDN S em GDICKH L, BEEHTEM&EERE 22 cm DY
OXYHHEE 70 ecm £ TUNHRNEEL TN o Tz,
7TV, R E OB TR L ALD
THANDOMERAZ EDRVDA, LD K 5 IEHD
ROLINERI D BHESETET R ENTES LHER
INB, K, 7axV Ol NIT AR EILTIE
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100 cm, 150 cm THIWI SN TV 2D, TD L ZDHDE
RIFRAKTZENEFN 142 cm, 88 em THoTo oo &
HO 7 a< Y & EEOM G NORDEEHFH I 150 cm,
300 cm TZD & ZDOWOWHIDOER L 4.2 em, 3.0 cm T
Hote, DEVHEEOZTOS Y ORDOMITANOMTIZ Y
FT7 XKD BIEFBMITRKE,

R LTERHE I L & i TR O FE R g U7z (Fig.
4R EILTIEESIE 50 cm FEZD, MAIKIE8m &
TV B T VFEHBIZE Nz, TANDHTIEZ DT
YR IARERRLS YR, AV UM E BICHES TR
RKoemZHMA 22 ERKRETEVIIRSNE Y, 72721,
CORIIBOREL R AMEZRLIZEDTH O, EHEE
T YRS KROIRZ MG IZ5E > T B DI
U, ATTEFHCRMBZMIE L TV 2 Em D S
ThHolz GHrHS 202D, METIET VHREMGIC 1 m
DLERZHIE LU TR EEIZ VD, AvTidving
I mZ#A T\, il FERIC FTA\OR AL
M TREGZEWVITIRONEN>TD, IBOERTIE
AT v F2RKEL EE-7 (Fig 2).

I L BT RILER ORROFER L LIz L
TA, IMRTIERMANDHTIETINAH E IANTT1
AKTDO I mZEZWMAZEDONH -7, THLUND 6 Kid
18 ~ 60 cm, F/TN\DOMHUIEIBIEs1 30 ~ 50 cm FEET
EElE-TWV (Fig 4 40, B TCIRILERIZX T/
FREFTHD, MHFNODHTIERSNTZNEZIE 70 cm
BETEEE>TW, BB, 27/ F2ARF7u0<Y
E RIS R Z Z N2 150 e, 250 em TYIMFL T D,
WOYIWE DE R 3.8 cm, 2.6 cm TH > Tz,

INRTIIHERRD S 10 LD Tz TV EVWT EEH D,
PFAENREEZERE 1 eom ULEOREDNEDZ UL, &iF
TIRROIEDZIFKEICTEEL T (F115 2021),

35 IRRDIEREEREBDREE

WORANKEEE TN, Sl=<0.7 £7x2 EEOHE
TEREORS &L, BIOEO KD FFNDRDE|
EURES EOMGREFINTZ, Fig. 5 1I2HB0 T, RO
KXOENCHEDPH-TEAITE. B CRE Tem L) B
BfEIOE FICEELECEEEKL T, FHC
BOTIEIKEORRENHIKEDES 2R LTV 5,

M TIEES 140 cm TX 5 < S =<0.7 &7 5 &t
MEERRE . Hi 0 HL O R 9 ARz DIkt U T KA 4
JEDEM 3 DUMNEVDIE, OO 6 RIFEET 2mTE
SN 0.7 IGELTWED -T2 TH B, LTI,
FEOERETANTOHO IO ARTIFIEFALCTHD, 100 ~
25em < HWVICRONS, IMITIETNATTTI1A,
[EIFS B OEEE A 100em B2 TV 2 DISHE S g 01 &
F50em ARG THH, BV ETAZEHNERDH S T LM
HEMC R o Tz, BHEIZ4AD S B 1 ARIXEHSEO G
EHHY 150 cm 7203, 3 AKUE 50 ~ 70 em i TH > Tz
Fiz, HKEIZ 80 ~100cm D& T AICA BN,
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ROFLEHICDONWTIE, METIEROBNERIF T
70 cmFEETH o7z, £ < OO HLD KA ARG ICEL
TRV, BERSEO R DOTEE IEH 200 cm 1IC725 & DN
Rohn, thoABEMICHERTHMD TRLMTIETH S
TEMHEMTIZS T,

FIITE 1 RZBROTHRREEREDN 1 m 2R THD.
ORIV TE2ARKEE 3m U EORWSETRAEL T
7oo WOBEEHN 1T m U EOE DRI NG [EFSE XL D%
CHBBELTW, I DV TIZARDFEZER 30 ~
50cm ThH O, ZuxVFEMEZEHL T, £h
DN DIRZERNT DWW TR RS & AR DRERMIFIE—IK
LTWe, BEICOWVWTR sy, 27 /3 L81E0
HREFIFEFRCEE 70 cm @i TH - Tz BE TIEHIRR
BT LER TR 5 725 DD, FHNDMHEZFHHEE
EHKBOXDEWIESI T EEEE LA,

4. B5¢
4.1 IBRRDEZED S H e iBFORERICHE L [LERTE
AWFZE TR [ & R H IR & N A3
e r/uYORROFAEEZEM Lz, ThHME, S
fili0.7 % FlE % X 5 v+ I BRI D S TR
ADIZ W & (Fig. 5) 0.7V FHIEIKEARDIENZ W,
7O VIIERIFEET S5 EOBRT L IO DD
RN BRE TS SR 5 72 (Fig. 4),
SEFHE NS E LBRIC DV T, HOEE JTHAD
HEDRMZNE (2010) ICX>THHET B L.
TR raxy, hvT, XTI UNRAHY
IR 2T R PR EE

P NEEL) a1

BIRME v+, v/ F AXZYVAHTT. IS
Eixolz, TOREIZNBEORMA TN S NIzE DN
ZVH, RO LETES UGS T8 RO
MR T EARZEN SIS MR S T,

ERIR AR (2012) eI B Bk
KETSNEBEE LT ryaxyY, hvY, 27 /%,
RS EHIF TS, A VREINITE 7 VIcRkE
BEERENH O (Fig. 1D, S 0.7 LLFOLEFETEIKE
L9 5WREHES (Fig. 4) BETH S ENHSMIC
o Tz, JLHEEICIE A > T DORIRMD IR VICILA D
(EAN1984), FKHTHICIE A>T D 40 F4ED NTHD
A7 9 7% EHABROMERICE LB THE LI
HENTH %,

TXFITOWTIBARICE Tz L ZDIROER (Fig. 2.
Fig. 3). HROFERE (Fig. 4) AT L KETEWVITR
SNV, UL L, EIRMETH 0 IKFREDFE LIRD K
ERERBICRENE AL 2021) &8 MHEIREERES )
EWREARY, 2L, 5lEREEBETE I/ axy, X
7/ R EBBEOP TRERED E— X FAvEW
15 2014) EREESN, BIRLICKWEIITH 2 L 5 X
%, Fie. WOKEIHz0 D5 EHREEH11EZ L O
FMOP TR TREVEVLSWEN I N TS
i 2010)s T D K 5 HEURIKTTIT DK E W BT I RARE
TH> THBFMRORERIEINTRERBEE S 25725
Do

27 FICDOWTIEM EER, T E & yasxy el
FEREOEEFZ LTV (Fig. 1. Fig. 2). SHIOMET
W R DEHIK NS - T e DITHRD 27k S ITE L

a)AliE b)iELL
@) -50F O
.507. @400—:@-5)_-___
eo © © “150F o
—~-100F
§ -200F
~ © (@]
&_1507 250)
ﬂi = -300F
i °
42 -200 = 12350 L
&l
A
Bk Or c)/]\m Or .
) - HEE
m et S8, ¥YV
K¢ -501 ° - = -50- O
L & - o
-100[- -100[-
-150/- 1500 <
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0

Fig. 5. [l#iME. HKEOEE EHEROFRENR
WINEER [ em DL EORZHHRELTVS

S — wKE (EHOH)
@/ uxY OFrYFOAvT AT /FOUNRAAY VYREEBMIRNT OXT/+
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TWiah -7 W (Fig. 5). AT HAWEIN 5 SN E T
IR BRI WVICHMT 28 TH D, M#tet s e
MHIREREOMchNIEREARE LTHELIZED
AL, IMRTRYIETEINAT YOV A X1F1Z
ERUCTH-o7h (Fig. D, M EHERTEVYIEED
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Trunk and root growth of planted broadleaf trees and Pinus thunbergii
in coastal forests in relation to soil properties

Takayuki OTA"", Kyohei NITTA?, Yuichi UGAWA”, Kenji ONO", Hiroaki HAGINO",
Toko TANIKAWA®", Tatsuya OTANI”, Yasuhiro HIRANO®, Akane KOMORIYA” and
Hironori NOGUCHI”

Abstract

Broadleaf trees in coastal forests are expected to reduce tsunami damage, act as windbreaks, and reduce soil
erosion. Trees with strong and deep root systems are desirable for providing these ecosystem services, but root
development can be affected by soil properties, especially when trees are planted on consolidated soils. We assessed
the trunk and root growth of planted broadleaf trees in relation to soil properties in four plots in Akita and Chiba
Prefectures, Japan. Two plots in Akita prefecture, Mukaihama and Hamayama, contained deciduous broadleaf
trees (including Quercus dentata and Zelkova serrata) planted on sand dunes. The remaining two plots in Chiba
prefecture, Futtsu and Komatsu, contained evergreen broadleaf trees (including Machilus thunbergii and Quercus
phillyraeoides) planted on embankments of consolidated soil. Pinus thunbergii was planted in all plots. Diameter
at breast height, tree height, and soil hardness were assessed and the roots of two to four trees of each species were
excavated in each plot. The lengths of vertical and lateral roots >1 cm in diameter were measured and we compared
the depth of the consolidated soil layer to root length. In Hamayama, the vertical roots of P. thunbergii and some
roots of Q. dentata and Z. serrata extended below the consolidated soil layer, which was 1 m in depth. Although
the soil was extremely soft at Mukaihama, tree growth was poor due to oligotrophic conditions and strong winds.
In Komatsu, where trees had been planted a decade previously, the consolidated soil layer was found at a depth of
approximately 30 cm, whereas at Futtsu it was found at depth of 70 cm because of aquifer was found at 80 to 100
cm in depth. We therefore concluded that root growth in coastal forests is affected by soil hardness as well as tree
attributes and other soil properties.

Key words : aquifer, banking, consolidated soil layer, sand dunes
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