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Evaluation of management practices in forest soil environments using a multi-frequency

electromagnetic sounding system
Tamami MIYAMOTO !, Madoka KAWAHARA?Z, Yasushi MORI!, Hiroaki SOMURAZ, Jun’ichiro IDE?,
Erina TAKAHASHI?, Yasumichi YONEZ, and Atsushi SUETSUGU!

Abstract: A multi-frequency electromagnetic sounding
system (MFEM) enables non-destructive and instanta-
neous measurements of soil electrical conductivity (EC)
profiles. Because agricultural and forest lands are possi-
ble sources of pollutant loads transported to aquatic envi-
ronments, we applied MFEM to develop a procedure for
conducting efficient soil environmental surveys for evalu-
ation of management practices on forested lands. We in-
vestigated two types of forested sites: thinning sites (TS)
and delayed thinning sites (DTS). The MFEM-EC data col-
lected from surface soils were well correlated with the EC
data collected by a conventional sensor. MFEM-EC map-
ping revealed higher EC values in surface soils of DTS.
Delayed thinning had reduced understory vegetation and
hydraulic conductivity of surface soils. Therefore, low
plant uptake and shallow infiltration of soluble salts would
have allowed them to remain in the surface soils of DTS.
Forest sites that had been fertilized as farmlands could also
be distinguished with an MFEM system. The proposed
MFEM system would be a useful tool for screening sur-
veys of forested sites prior to detailed analysis of a wider
area.

Key Words : multi-frequency electromagnetic sounding,
electrical conductivity, infiltration, soil environment

1. XL ®HIZ

UTEE, BARTIIBIHED IR & Husf: RO Fin o &
FTTLTRY, ZhiCE by, FHBEESN S BRI
W2 IR TWD (BHOKER, 2012; KJE, 2007). KHES
DB SN D &, ERHREEIC K > THEPICER
L7 BER R BMEM T IR SRV EE, R EE D
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WIS A AR S 5. T2, B LRER
EEtetWNMTTA2ENPEE SN TRY, ERE
HOH 0 FREm I TS (KED, 2004a, 2004b) .
BRI T, FEEHNICIT b Tz BRI EN
BREBRRBILD L IICRRY, MRA~DIDOEW O TE
HAPETFLL TWAHIRHREEN TS (BFE, 1988;
B, 2008; &I, 1977; H)1 &, 1995) .

T OF AR E I N D ERATTICOWTIE, &
NETHBOKRELZPOLMCHES W TE 2 (L5
BN R, 2006) . FEIEAEOREICBW T, FIKE
B - 045 2 L&k o T, FIOEEAR &L S
L, BEATREHTE T2 ENE<ITbTRY, K
ERBEEHF TS (RH, 2002; FHES, 2004). L»
L, KA HRLETHKEROT — & I dERAR A
DORERTHD720, HHRCHM)DORAEDIRER L B
THZEEELY., F, KBRFEETHHEITTCRITIUT
HEBIOBBAKNTERY. Z0k), HiEA < ke
EERETDZ L RIRETHS.

IGBARTRAEDBRAZF~DLHEE LT, — KIS
TERENTORL TS (E5,2002). LaL, B
WMTOLEABIFERBENER TH LD, KRER
FHEBENVETHD. T, THRETT /7 EAT
XHOIRHMENSENE N+ cm ETTHD (FHb,
2010a). X5, FAHIOBIEZ 82 DA 1Tk
HEOBMMPFIZSWEELH Y, LR TOMELEIT
EhnWZEnbs.

ZZT, HFAMORTHE LHEBEHEORELZ, £
JE W BB RAEEE (McNeil, 1980; Ward and Hohmann,
1987) Z AT, JAFEFH A 2R N-OERRICIT Y 2 &
BEZ. ZOBEEETE, BRIEHROBREKILIC
BRAREE & # R (Won et al., 1996; Y64 5, 2005) 23
Boh, ZhooMEPoFRIE, HEIZShD 2R
SHEMEEERICEL ZENTX D, IBIL, ZNHLOHE
R EAL THE LN A - Rl 88 - MR 2 R &S
5Z ENTRETHS (Huang and Won, 2000) . ELIRBTE
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TIHBEERE S D 2O K WEREIEREA L ETH 5
(Keller and Frischknecht, 1966) 23, % & ERIEL 1L
TIXAEEEE 25 Z & CHERBIERE DERNES
N5, PABTRENERTE S, BRI EZE
ASHIZHBECRIFHCT — X Z B L0520, RA
YV MNBILATOT— 2 NEMTHE LN, WK NS5
T4 =D XD RWEfELEL LRV,

INETIZ, NTHEBN~DIRKE WS KSEDKE
IRENE IS 2 72 DI BEREEER 100 mS m~! D%
{baBRET 5 LR Gl s, 2005), F7iERTE T,
WK EBKRE WS T2 AEMEEOBRE DR & RENER
H % 7= DICERLEER 1000 mS m™! &z >
TR (Mitsuhata et al., 2006) Tt T\ 5. AuFgE
TG & T 2 BHCHEMIIBEREEE S+ mS m—! UL
TTC, ZTNETCHRESNTEERAG LV EEENEL,
F DR OEBIE /NS, Fiz, HEZ2SEHETHbh
BEAMEE M EVI LT —F LV b 1 mREDER
DOFTEZFEETHLERH L. FHE (2008) 1%, EE
DEEGBREHETH S 48 kHz IZHEBT 5 &, KHATIIA
FOEBMPBETE, F MO R E IR O
LRONDBRECEEDEWVESNRBEMTICBLEZ I
HIEEHRELTHND, F, &S (2010a) 13, FEW
FOBRCEE & U< AL D HEAKCHK O B ARE R
KEWVEBERH D Z L2 WE LTS, #ERHER LI
N 2 BHBEE CIIARKR -V 7R itk s
B DT —H OIRFER R DRV, FAHTH 5 Bk
TIIFERICEE LV, & Z AR R & o 72 AR
BT D AR OB EM®B L Z AITBESh
HIEPHALNI o TER., fE-C, HIBEREHAETIC
RETHIE, BOWEIZERT 3R IZE O CIEREEN
BORSZ I, BRIEEIC X 5 HEREFE O TaEME
L INSESY (R

AWFFETIE, BAOEBOKE & 58, Fmickir
L EREER T AFMICEB L. Bk L& 512,
TWORECRLTEHEADEF LARES L TRY, 1
REORKEEZZROICHHL, BERTENIEIREEYT
bb. Fle, WEHPREEEZ 5D EHMTRI ) —=
VNI CIREN TE L, TOBOFEMPEED
ZhEEDS EAA.

ABEO BRI, FELOR B B HMICBNT,
() ZAFEHEMEEEE AT, HEREOEHEE
BRI, 2) THOREETRTMOT — 2 05 FRR & #
D, (3) HMROBEEN TBBERICG 2 5 HEE M 5
TETHD.

2. BHIEEDRIERE

EM #8% & 13, Electro-Magnetic-methods (BRHE) &
XN 2 BREEEO—FET, HMHPICBT 2 FEERE D
ISE DG, HUE O HIRBUE O W TH B 58 R (conduc-
tivity) 3 KX O3 (magnetic susceptibility) % &3 2%
FETHD. EM BEIL, BRECEEKOE ML -
TRARENRRDZEEFAL, BEFMORERD

FALEFARD ZENRTES. — I, BEEETEE DR
fR1E, BB EER X EE S oMk g, 8
W FDME N BRI IR 70 D MU DR 2 K9 2%
R LHEORELFRIC KB IhD Z & &, BPTES
KREWBEITIIEOELE L S 2 WD EBENMNE
ThhH. '

TR I B HUERA R A 1A (McNeil, 1980; Ward and
Hohmann, 1987) % A\ /=, Z VT ERERPERNE 2 21k S
®FHROVIZ, 1 BUNIZHRKR 5 DOEREEHE ikl =
ASHD. FAEBECEREOBBERENL 25720,
FOHBNOLDOBETCHDLIBLREEEZ L > CTHEED
+3 . MR A EET A LD TH D (Huang and Won,
2000; S &, 2005). 7235, FHEICILREIRICHREEN G
DALD BRI TIIEA L TR0,

EMMEZEZ5FMEROTIC, HEFEMCEEEDNE
WEBDZENTE B0, AR &R EN, &
FEOICKERIEN Y 2 HFOLFOREICITE LR
ThobEWVWZD O, 2006; 25, 2010b) . AWFZETH
WL B BRI AL, K E Geophex #D GEM-2
broadband EMI sensor ThH 5. Z D AT AL, /ME
EEIANVEZEFEaANVERANT, BRGEE L HHER
FHETREIZLTWS. 2F 0, BEAL—T L E%
REFESED L, 18- HEPICL Y OB LY
BEANFEAEL, LBEOMBIUIIS U THEEER RE
) BEETDH. FLT, TOFHEBEIMICL - THZIZ
A4 U5 Z kY Hy & — RIS Hy &35V — 712 Tl
PHDE Y —EmE h THRIL, BaTh L —KkiEE Hy
EHBE~DOANEESE L, RS H, 2 2EEEE L
THEMT 5. EOENPD I - 8 o K FE 0w
ThHIBAMBEEBLOHMELZNET 2BEEILETHS
(Fig. 1). ZOWEEY AT 2L, — KL —F  L—TF
£ (Won et al., 1996; Mitsuhata et al., 2006) & T 5
BEEEZFIRALTWD. #=E - ZEL—TORIRI 1.66
m C, [F—OHIZEESITEY, 330 Hz ~ 47970 Hz
DER 15 OREROEZENFRETHS. — KT, 3
~ S5 ODEEHERWTRIEST S, mido X oI, A
B REOBRIL, BB EWVERRILERBE 0 1
BRI, FREEMER VBRI X RE SR 4 o ik ok
M+ % (Won et al., 1996; Huang, 2005). 492 T

r: Coil separation
1

Hy: Primary field T 10/

h: Sensor height

Hs: Secondary field

I
—
e N ——

Induced electric field

Fig. 1 ZREEBEMRELEONERE.

Theory for multi-frequency electromagnetic sounding method.
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Fig. 2 FH25H « B AR RIS ERREIL O 5.

Location of investigated sites: Oki-island in Shimane, Japan.

I, FAENSRETHRIEIBEZ05~10m THDHZ &
L0, BHHEEICK T HRERE Th D REIRE (Spies,
1989) #EE LT, AP SE%E 47970 Hz, 24510 Hz,
7950 Hz, 3870 Hz, 2310 Hz |[ZRXE L7-.

3. AEMDBES & URERTIE

3.1 HihiliR L ABHOETE

AT 1T BAR R R AR R 0 B AT (Fig. 2) TiTo72. R
e D By 1AL BRI AT 19 % B bR JE & Ta T & IR < 7B
SREIET AL ) kLEEEREE L, TOMICIEHE=
WENELS AL TEY (MED,2002), HAEAIZHESS
BRBFIBNNL S5 (RHED, 1997). ROHIE Y HiE
ELTHEBESN TV MG T, fafni oKz
DOFERPEFR EN T W, ZOFHEMIL 2007 4 8 A
31 BICEERIRBERM & ozl ¢ 5 (RGBT, 2007,
B 5, 2000). F ORISR TR KEPFEE LK
%, BOEHED 8 %% LD HMROIREE & 2 0 HEERE
IZOWT, BERELRITO 2L Lot BANCEEH
%47 o 72 2008 4TI E EEE COBIBIEENMTDR
TV, 2009 RSN OB E A L, RAHEH, =
EEE, BRI LT 15 ROFEEXN S AEBE L
7=, DWW 2009 4E9 A, 2010 £ 8 Bz, Mtk FEmED
BEOEWCHEY A ME2BEL, A4 T —1,
6, 7, 8, 10, 11, 12, 13, 0D 9 B &G & Li- 11
FEEITV, EARHOSEN HEERBEIC S 2 2B
WTET L=, BB amktEch D, £, #
FIIAXTHSD. B, VA4 Mo AA—BRERTHD
0, BAEHER X OHBEROFEY A TN —LD
BAWMEZRD 2D, KRN TOESOHFEZITLT
WV, E72, BHMITIER ICEASR L WET B SN2,
HitEE DORE O L bt T, AEMICHENTAD
B LTV A FERELE.

3.2 L AIFMEWIEE R ERAV-BHIRE

B MEMEEELAVWEEREEEOWER, &
WD 9 A k (Fig. 2) KBV TITo7. BEIRAERKIC
1% GPS (BR-355, SiRFstar III, GlobalSat, CSR plc., Cam-

bridge, UK) Z## L, MEF®REHFETT —F 2HUS
L. AT, KECOBREESMHET, FH
5 (2008) DX HITEVA b OSRERTE OREEST S
BRMB LT HID, ERRICHEYS A PEREL, 2, 3
m EE T OB FETHREH K O IchEE A otz
fTotz. 7ok, AWML T, HEPLEOBERSHARAE
DEZEEE (bulk EC) E/2idRA T OBRREE 231
BLTHWD., BMELET—ZIXCSV 77 A E LT
fit&Ensizw, USBL U 7T —7 @B L T8y ay
WY AT, T—2 5B LIk, 77T AT
I (Surfer8, Golden software, USA) TR DEZISE
FEOERERMEZER L, BHERENS TRERICEAS
WBATME L. X5z, 19— (Hydra ProbeII,
Stevens Water Monitoring Systems, Portland, OR, USA)
ZRAVCCEBREBEE L TEEREOHE LT, LY
VY —IZ KD BERCGEEN & CEREFRIZEY A b
WD 3 HE TV, FHEEE -7

3.3 LERAREEA, FAKMESER

Fim, £ A MW T 3 #ED 10, 30, 50 cm DR
E D HEREATY, BB L HEO2KRFEREEZ CN
2—4 (MACRO CORDER JM1000CN, ¥ = A - ¥ =
VAT, W) &AW TRANK.

B CIXE YA MW T 3 #aA» s 100 ml =27 3
V7T — Mo THBRI ATV, BARMKIC L > TE
JB OB KL TN, BRICEDKSCBEE R EDTT
RIB~OFRBEER Uiz, Ipl, BARMERBREE 2RI
L722009 FE03 A N1 & OWBIETERPoT12729,
BAKMEICDWTIE L, 0 ZBRVWTEBEL

4. FEREBRE

4.1 J[iniER

R LR IcL-oTYH A M1, 8 12, 13, 0
W10 ELNICBEgR M T4 FTHY, 6, 7, 10,
11 1 10 FLL EBEB T CniRnt A FThDH T &
MRhrotz (Table 1). BEDEWIC & D FAOHNED
B% Fig. 31ZR L7z, JAEYA FOMEPFESND Z
CIHMEE OBERE LN WEENHBHDT, B2TD
HFIZ DWW T OB IE RSB ES OBEHIIEHE L.

MEEOITbN T D P4 T, KIS0 )8
SO TREENBRI NG D, MENLNBRLND &
HERDIEEICHE 220, TEEEPEHTHL ZLHD
B, 2B, WATH/EOBILE, BVICOWTHET
B =a T AVREEITV, ABOBHIGENEERE 22
LWL, LT, HEDOH L JXHBRICITN
BEER L o> TINA.

PA BT, QIEMET AHMTH o T BIEFITHE
<, SITHEMHS <, MEEDIHZ XIZE WS H 72,
A4 110, 1L IFEAERV Ik > CRIENBITHLZ &
BbhnoTEY, PTH 11 B MROENE > T
7o FEiz, A B 12, 13 FUTEIEWETT, A b 12
T3 21k BFIFELT, 25tk T2) &I FIRH
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Table 1 FH&EVA b O,
General characteristics of the survey sites.
HEY Ak EOEORMAET  FREME B (D) 27

0 2008 IHER% 19 w2 A NER A
1 2009 Y 8 e, Je, EHWRERUVKILR
6 > 10 b 18 HeERY A VRS B
7 > 10 L 39 LI EE
8 1999 Y 34 LIERAE
10 > 10 L 21 B, U, SRR OKILR
11 > 10 Fr 21 ZRAWE
12 2007 RERE 13 e, Ve, SRR OVKILER
13 2008 RS 18 1, e, BRI OUKILER

> 10 IEMMERERE RS, 10 B ERkEh Th RN b o).

O > AV > & > EL, ORI kS,
NS (2009) LY

TR E R sz, ¥4 12, 13, 02>
T, WRPIEFIZHD VORRETh T, 28, &
A b LIZDWTERMEE © ORICHEINTH S, #
ESM bRV LR LTEL.

4.2 ZERMEIFE

LW BHRIFEEREZ AT, 1, 6, 7, 8, 10, 11, 12,
13, 009 %A MIBWTERBEELZRE Lz, &1
12, SO0BEKRETHEL-ERGEENOESL, YHH
(2008) IZHE- T, T4 Tx U CEEISERR - $E ST
MEER L, ¥4 k6 & 13 Ofl% Fig. 4 12w L=,
BRLHE, TRICHKATRBOIFNERGEERE VT
Lon 5. BRORNE, 8% - A%, BE skl :
EBxE, RBOHFPEOLENICER, HEREOEN
FERER < ICRMIcEN D LR TE 5. Fig. 4 %[
TRDH DR LOENLLEET S L, BEKELORLN
550, Bk &Nz LY RBICKBT 2 ELKEEEN
BN ERbMNE. FZTHEIZH - & bEVWTF—4& &
E 2 bz 47970 Hz DREEHARICOWT, #EskA+
By o —CEOKIEZITo 7. £, 47970 Hz THIE
L7 BRIGEEOREEZ A MEICEHLL, BEME
(GEMEIRE 25 °C) &7V, TORREIERB O 1w
Y— LB L, Fig. 5 R, ZOREE, 47970 Hz ©
B L s EHREEOBERLEE L LB L —0F
SUREE O RNZIXRELRER DS 0.891 & 53R\ IE DR 28 A
LN - TO0S5~1mDBRSEEZZR LTV
LEZ OGN BEHEEOMEITER LHOHNZ T2 1
T —OEIZENE RS D Ebhotn. BREEEIT
M ChH DM, fEkD LA - ' I — L
L7efia TR &mb, Ry A MIBWTITRE LR
BOHAICAWTE LIz hnweEZ BN, B, &
HIT¥EH S (2008) & FREORKEETH DA, HTHER
MEBEICELEIND LD T A P Tl BRI RN
HHREMERDH Y, KV A MBI AWML FITITH LE
BHD.
KELFERBEOWNEL»ZE 2L &, BEv—TIF
FOEWEHIDEORIZIR D5 23, BRAEE CIdIEEmn

TR O T2 RETE 5. R —Tidkk Y
NHREMEBME L OADZENTE DD, HOBRFE
WCEERETOILERDH DD, ZRFHEVI AT, &L
AEF & ST

Fig. 3
(No. 0). H:MENDY A (No. 7).
Appearance of soil environment. Left: The thinning site (No. 0).
Right: The delayed thinning site (No. 7).

Frequency (Hz)

20 40 60 80 100 120 (m)

6
¥ 47970
3 24510 A2
£ 7950 4
> 3870
2 2310
012345678 81011121314 151617181920 (mS m™)
Fig. 4 MB{XOE N & 5 R OBSAREE OSRE A O

V. No. 13 itk s/, No.6 MfENA R S5 1,
Vertical profiles of electric conductivity differed by thinning. No.
13 The thinning site, No. 6 The delayed thinning site.



R AN EREARIC L D BROEHE ) HRREIC 5 X 5Bl 21

100
~ EC‘EM = %.41563033 -4.26
£ 80 - R2 = 0.891
n
E ®
O
LL
g
._g
:
=
L

0 20 40 60 80 100
Soil sensor EC (mS m-")

Fig. 5 EWMEE s HHE VY —0OANTOBEICEEDL

L2

Relationship between electromagnetic sounding EC and soil sen-

sor EC.

0123456789101 1314151617 181920 (mS m'")

Fig. 6 RIEOTFPN TV A FORNTOBLIEEEDK
oA (JEH# 47973 Hz) .

Horizontal distribution of electrical conductivity data at the thin-
ning sites (Frequency 47970 Hz).

WUNT, 47970 Hz O EH I 15 b N IAREEIZ O
T, KESHREER L, BREHE L BERENPS, T
BIADOHEIZSOWTHLNPENRH -T2, MT
310 ELLNICEItR S =4 b (kb v) (Fig. 6),
10 FELINICERIR OV 4 b (BfkiEh) (Fig. 7) &0
THREFELE. ARBEWZESREENEL, ARRWIEE
FEEIROREER L TS, SRMICERIEEED
B M6, 10, 11 ThY, BREEENERNY A
MZ1, 7, 8 12, 13, 0 TH5H. MtkofThbhTWVD
#4 + (Fig. 6) OHFTE, ¥+ k12, 133 LERE
EENEDTH LN, HEOBRLTHEY A~ (Fig. 7)

D6, 10, 11 LT 5 L BLREE D EVEWES D3
bEVRORBENZ ENbMD. Fig. 6 & 7 OERIC &
D, BROITENTHEY A bOFR, HESENL T
B4 b &V bEREIEOBLUREE LRV ME M AR
ZEWNgnoi.

EbiZ, BEEHAE LTHASh TWEY A R T,
WERIZEME LTRSS CWYA b 10, 11 TiE, &
SUCBENEL RBHEEBH Y, 10 FAr—VEEXR
i bWz EmWEEE LR L. BEDRKIED
FENG < B OV TIEA L TRV, BIEDEH
REELAMC bR E O B LEERRICHEE L TV D
RSB,

BB, YA b TN 39 ELIEFIZATHY, BE
DERCREPIEAIEAERNED T 21T EH AV
BHolzlzh, oA FO LD efEEnERNIz 7o
T-FREMENH B

4.3 HEDFEKE

FB HBEOMEKEEE 3 KETEHAIL, £20EE
w5 e (Fig. 8), 4 ~6, 8 10, 11 1 E@&EAKMEN
R <, 7, 12, I3 IEEmHTHAZ LN bhrolz.
6, 10, 11 IC@fkENAR B4, 12, 1313 10 F£LIRIZ
MEAENTWAZ L 2ELD L, HOLMBEEHORI
IIBKMEDBEWNCERNLTWA LRI, £ 2 CH

012345678 91011121314151617181920 (MS m'")

(m 10 | |

10~%\%¥ -

0-:1'"2'5\,«'% '| I
20 40

60(m)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 (MS m™)

Fig. 7 BEOBNTWEH A FO RN OESLEEDKFE
Sfi (A% 47973 Hz). No. 10 @ EC 13BIA 7 — /L THR.
Horizontal distribution of electrical conductivity data at the de-
layed thinning sites (Frequency 47970 Hz). EC scale was sepa-
rately added to No. 10. .
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Site number
6 7 8 10 11 12 13

10-1

1071

102

Hydraulic conductivity (cm s)

103
Fig. 8 ¥ MMaEDOFBERIRE.

Average hydraulic conductivity at each site.

m10cm
E30cm
O050cm

Y
N
T

s
o

A O @

TC in soil (102 kg kg™)

N

1 6

7 8 10 111213 0
Site number

Fig. 9 HEx&wo2kFE (TC).
Vertical profiles of total carbon contents.

TC in soil (102 kg kg™")

0 | ! ! ! ' !
0 10 20 30 40 50 60 70
EM sounding EC (mS m-1)

Fig. 10 ERHREOESBZEE & FHYEO k.

Relationship between electromagnetic sounding EC and total car-

bon contents.

HEHEMTON TS YA b EMERBRARR LDV A
MIBAKER R D LW IR ELTT, tREETT-

7. 7, 8 ZBR< ERMYEE - RIENIC L D WH OBk
PEIIERE 1 % CRRDELEEZDT ENDIL-TNRN, T,
8 DFAMEIL, MKEHE T/IEL, MEKBRTREH
DEMERLTZT20, FET A NEERE LU TEKERE
BICRRDEIIE 2 b o7, 1, SIIBET /M TH
B0, MOV A MCHATHRED 7 1% 39 B, 81134 &
CHEFIZATHY, RO X S ICRENEREIZL Ao
e, MOV A b XD REHEBRNICL 2o - HBE
PERDHD.

4.4 +tHEDLERFE

Fig. 9 {244 +® 10, 30, 50 cm DEEEH HERH L
- tH¥ED2RFEE (Total Carbon, TC) Z/RL7=. Wi
DY A MZBWTHOEREFRBIIREED 10cm 15K H %
<, HWT30cm, 50cm DNEIZD 2L o TV, F
72, BtxofTbhTWBEYA k12, 13 TiE, FiES L
BIZERBENMOY A P L VA LNZEL, BOFTE
THBYNEET 2ERBRED LN, 7L, 1, 81
BRENRRONE YA NIV EMMENEDL R
VL IR, BREB LS DNBE TH D
Z L, SIIATON I BR OB 10 FR1T, ROBKE
HEHZTNDEYA P THDLZ ERLIroTND (EE
5,2012). 1 ZMEE LMLV ELH Y, FUMK
TH 12, 13, 0 DL S IEHIRDBH L < 251 Lok %
Thirne, BELLLEFhICE LR 5 MAEDOEE &, &
SHHMOBHEOBERZEVIZ WEEZ BN, fho
BIGENR R ON5 & 2 BI3EM D W MEBE SRS
niz.

FERRIZ K DK DR BB B & 72 10 L B0k7 1 0 ik
DFERTIE, WTHIZEWETE EAEYIEI380E i &
KRY2TWVEHTESNER, A4 b 12, 13D0L51T
IHTEIZ WA R THERE T R~DOF D OLEFEN R
b, Mkl EDANBRHEREEOBEBNMERICEN:
LEZNE. —F, BROBEALTHD YA T,
B A~DOEHEDEOZREBPDIVME R 5B Z L 234y
Moz (Fig. 9). BRI X 2% A - 7, 8IFEHEICA
RETHo20, BEOFEZEDL L TEEY 1L
SN LK BoTWn b L HRINT-. )

kB, ZIZTYA MEIZHES 10, 30, 50 cm 2 HELE
Li-tHoeRFEEZDV A MBI D EMIEEDE
SUEMEDOMHEEEZMAE L, Fig. 101R L. XX v iEE
RO LT, BRREIIEEYOFELZ T TR
ZEBGND.

4.5 RBLIERIE L KIRE~DEE

I THROEBEEDHEDORK/NIOWTCEHMHETE 2
bNDZEHEBELCARE. BMEXOBENTWAS YA |k
(Fig. 7) TiZ, Fig. 3ICbRLZBY ARG, /&
FEAERBE Y RO T-. ATH? D OEEE Iz
TIHMEHE - BRENTERS L& X, GHMBHF
ENDIBETHEL D AEEEEICOVWTEZ S, HER
ENED S, BERBENEWVI &b EEY RO
ERRCLTHD EEETIVE, TREADS WIS H
PTHONTVDERRBELE LTCORIFIZLRBITTT
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BHa. LnLARRE, EEFUOER Chorm. MIKE
NOF B CEEERSBRE L RIERBH D &F
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