SREEE Bull. Gov. For. Exp. Sta. No. 295, 1977 107~174
PROHBE o R &K R A
R o2 OF 5T BE®

Forest Conservation Research Team : Grazing Grassland Converted

from Forest Land and Soil and Water Conservation

E B A OGRS EM « (REREO BAREHE X OB 1 B B stiRIRE, ®
B, KREBICERTBICRIZTRENET, AR T OB S & OME R &
LU, BHOFETHREFMA SN TOAIRETHE N, T OWEEMTET 2 OEFE TR
B e S, RBICHMA i LT E U, MR, FHEER X OHEGREAEE LT ER
DEFCOWTREEMThbNIce 5 PEDOHEOREDE O FHLEIZ Shice (1) MHiEA%KE
HCIHFOBE, HHEEOHOHERKOEREICK D, BELOVEMIZLEL, »OFHE, K
B, REBFORMBLRTET 2o BRHOFEEIZHETREE L & IR HFICE > THED B0 4
EOBHIIBRNIIZ 20° DL LTRAEL, ABEMNMTRERE 20~30% Kk B8 8B b, (2) it
i!MHJfSL I TREBEIBETL, U UITBEMMO 1/3~1/4 L1730, LI BEOHHTEL

Yo (3) AhHR A E TR MM N TR HK BB KO BRE R & 55, FEHITIIM
m&“éﬁ&MM$DA%uo@)mmiu@éwhﬁmﬁﬁmfi%wwm&békéw BERA
LCHREROFNE C O OORMM DS —RICE LT &, EHERRFOMFIC X 2 KEF A
EEREVT EDBER SN, L LR KEEHIC I 1 2 KLV QI INE I3 UL « SRR
HIRX > THEL TN IO TOEE—BINICIZO AT,

= r

) O = R R s S T R R R P L LRI R R P PR PR PP PP 107
2. [l;[&}ﬁ(%du BT B B v e e e 109

A B TR IR B D 109

B AR AR TEL B IR e 126
3. )jﬁ#ﬁ{;{:\:.%ﬁﬂ’ﬂ&(’_i 51&%\ ....................................................................................... 147
4. JETE DBFZEEEIL b DS e crerre e 167
5. & L LT TR R TR P PR TEPRRRP PP 168
e LR R T R D P P PR PP PP T PP TSP YPRTRTTPREPR ST PTI PR 170
Summary ............................................................................................................ 172

1. 1 U & [

WA D720, (LIS U 2 MO BEBA TR A OO RN DI UE S & LT 50 HE
FFT b BB O W) & D MARTT SR OB D 70 PR A2 b SRR 3% WA 42 B 5
LT 5o

Ut L—F GO © D& 5 1 SIEMFIMIC R AKLIRA OB EE S1L5 C & EHAEO MDD
DEDWIHIICE D 5 FERUOEELED bTAELBNED. LinsIc C ORBOBRIIZIER S DY TR

19764E12 H 20 @ 328 # ‘&r—10 For. Manage.—10
(1) FRES » PSR « BULE « NS, B $%--8 For Influences—8



— 108 — MERBIGI RIS #2955

FTHTH 720 CORDBEDLDTHIIHENTIREFINSG LI - TE o T THRERRE

TREIEEZAE L, OHOWIMERBRIE 0 Y 27 M O 1 D& LTS5 p4E (1971 454 B ~1976 &
3H) Kbz COMBEARNT 2 L& -7,

ZOHMIEZ2EOL SICEESI NIz NIMIC BT 2N B K U hlatkry (BFER) Kk, Mitn o
XN ATEHTORIC K 214, MEBIUORBELOBLE CnICE) 1ER AL X ORI
DOEALOREMNEEEL 2, 3 ORENHIRTREA, L8, WE, K% BEGRED K448 O B s
MEIC BT 2 26 EORETH ST, CACEMNTR SN2 WEILANRORE, MO REE N
~OIRHE, BRI B 3 T BIK AR RO B RS U TORERER 2 5

REMHRE UCHTR, BREMRARY, FELARKES X CBREED & 5 TRER SR
B, 30O B S ERBER SN AR A TR, BB RE B X OB R A R T, &
DICEA OZHMHIC FEMAZE LT, LEENICROBTELT - fco SLICINOHEBEEMTT 5
FedEFE T OEARICGREBRIVERE L, BACRE, Mg, BEMERLIEOFBERMELa Y b~k
Wl d S T - oo LA TRIRELMCARABZES RSB D, REICKTARESET
DT, TNEFHIILDTH S,

WL EDERFITIT - 720

ABERB (E B b OF F E

oW & L@ #ED B B F — BHERIES
VTR | - NP O M N N/ I O =S =
NS H L — W
HALSIG R IS G = (R 2D H OB OB O/ A B g =
e M| OE E Mg R
moR | R B & R\ B, E R R A
TN IBBE IR WO R OB GE & oF EN - G PN

B OKE OB
AREHE RIS HRIE S VTR S, EHEESHE, RROETEEL L, AEH
HEP— NI LIz, 88, L0FLDEBERZARALDI S L, MENEEROFEEICHK -
120
1546 ¢ DWERIC R FEREMEME, RREMRNLEETRERLRY, SFENE, BFRAL4E
otk REFEGS, (EMIE 2 805, EREREGE, STRSERRS, FLas, EREVNENES, B
Iy RS, SISO BRESRICE RO CEE VIO, CTICRUTEERET 5,



PR T O R &k - R4 (R A5 — 109 —

2. BEERMcHbic BT 2 EEE

%n

A EFRBE
BEOE s U T fe LT, N E & VTR
LR P SR R = A B
D OWEO R
W W
HFETOI LA LITR~ 3 6 5
B BER R T A & LTt Lo
CNEDBBETOMEE Fig. 11CRT, SO W ANE
SRR D $ICE~ 5 o S8 N~
a. WEHTER <\ e A
BT RN TR Mooy

1y ,,\J
EREIE T, BFEAETHELMNBRIC /L>
0 <)
5o : \3/“‘
C TN T 7Y S S R TR NP
g
A4 AR BHEE S ke IBIHGRBRIT & - \;
~
<, IEHE (1,125 m) OBCLERILIEIC g
AL L, B 600~1,000 m OHIPHTH % &30 Field research site
-xperimental  site
s, 0Lk K]#E%Mﬁ%)\n 5;/1\ iiiNG ) 10 20km
Boo RRFMLDVTRAS &, AN Fig. 1 #FIUIR QMRS BRI
12 7.3°C, BEKE O 10. 8°C, K Location of the field research site and

experimental site in Iwate district.
LUBOFH 2.0°C, 4PKEKE 1,363 mm, P

FREEERL 1.2m TH b, 4N 1,000ha T, 205 b X2 ooMBTcHZINMN (5 ~11)1)
149 160 BHO BN (AARKIMAEED 4 1 I3 50 BE U CHE DRI THhN TS, Biskio B
3 7 =Y RIS TH B PW—IPICERAEND & UTRBEMRAMD S 2 o IR EALEGTH 03, RHIC
KR Z s> Te D, RiRad B ) TEshsd. ARENTIECOMOREEKKE €D
HUCERAE AP B e S gt & LTI & % M bod (R TEADIRDL, Mk o Bederk, Bk - gt o

Ao LB BEIC S A e A T oo RN A D IBAIT K - THERAT T 5 2 27T D (53R
ADIPNRPEEFOWB LN SEHIC DL LI - TETN S,

b, /NAFEAEHL

AU A RS AR NN GREL T, BFRE TR LN NI & B

IUE ORI ILE Y & UCBld s, LIRE NATORAG, RMATITE NS 02887 5 CHE

KA - TG o ERPKAILDEITS - e psiiieidrhul &9, 3 a#ipeh & LT O IL5E O Bk
IV X N tew, 7 7 HE TR E T IR RMRICIEAT Uicds, LIR AR U TATLEE
LT3 o KREHITDOVTIR~AS & 6. 4°C, Ba&Uil o FH 11.0°C, mIBESIE O 2.0°C,
EREKE 1,349 mm, THREE 1.0m TOHW 2 DHEMNMTTTH L, B 700~1,000m T, HIEZ




-—110 — MEABIGTTARE $295 5

N
4 & ¢ Rkl

78 L TR .

/ B B8 o i deposit tank

% A FF -
S E——— Forest land

Fig. 2 /NAJIFEEMRO 5 FET
Five research basins in Koishikawa
research site.

Photo. 1 /A JIBH A ML B8 MR
(AKX
Non-grazing forest basin
(Koishikawa).

Photo. 2 /N IFRZAML D PR R
(EX)

Grazing clear cut area
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Photo. 3 R ATEMAORE (LMD
Gully and rill erosion on graz-
ing tame grassland (Sumita).

Photo. 4 FARIEFERMEHR L TERS
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Cultivated grassland developed
after the clearing of natural
broad leaved forest (Sumita).
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Ground sinking occurred at a
depth of about 60 cm owing to
the removal of stump with the
development of grassland after
the forest clearing (Sumita).
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Land conditions of research site (Iwate district)
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Fig. 3 & K ONEJID
Gauging weir (Koishikawa).
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Infiltration test F. E. S. type
infiltrometer (Sumita).
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Photo. 7 EEF O 7o v <
SRR =R Py B A U
NN L
Plot frames of R. M.
(left) and F. E.S. infiltro-
meters (right).

Photo. 8 A& MICE T 20 v+ —=
Y VT v RIREINC K 5 RE RN
=
Infiltration test with Rocky
Mountain type infiltrometer
(Himekami).

2 BREOHER

(1) TR HE & AR D Fii

(1) MEHEHOER

T DK (R BAEIITETE - WIKED 2 &0 WRRHBI B E AN AkE, Table 2 [ZiEMTHAR

(VXD T, 3AERIEA U 7c e O MR AR EY D RILA SR & I U s SR Lcf s T B0 T D
B3R 31 ha THXHNIZ 10m X 10m, F7:013 10m X 20 m OFIEOFBMR N D ikiE &
NTWVZ, ZORKICEEN—THMERETRICE D 1EHY 50 O AR SN T 558, TEMRIC

% & BRI BB RIC A THER R O WD B S 51 5 o & BB R IR

BEOIE DY UREH) TREENWDERIZEBHREKD 1/3LIFEML - T 5,

TREIT & o THEMRHIA O MR AR O HIPRAEAE h3 58 &R, FNERHFOHE LS LT
PlSRocETchy, —HERAOMBELRIEI LN ETHD, BRIEEOE L% 2 BB
EONBNTEH b, L LEEMBYE THAI®SCERIMEAIEE LN, I5CHIFLY
DG Lo &k D1 VAR IC B Y 2R R TS, H T v ViR T 4 B Uc & C AR
W B AR 100 & Lot BREERSORIK 70%, HERIOKIX 50%, REM30% TH -7

(i) #o FEA R

AR O XEREKICE T, BRI 1 5 o S8R A A Lice & ORI D gt
B OIVAIX & 2R EEET S 2 AR 2 DETH 5 o BXKOZIZ IR A FRIRIEIC L » THAHE
B Fig. 4 [ORENTV B0 7o UBABIRKIEHERICZ - THRIRICERE SN TO RN DT, BEKRK




—116 — RGBT e

% 295

JE

Table 2. fF # 38 & M o M ¢ Ik f#E
Vegetal cover condition in Himekami research site
Vegetal cover cond1 tion forest lan d forest land Bed ground
éﬁercentagé&of Veget% cover &2 100 92 2. )
TH‘ df}?y w;eﬁj gh(t%)??ggetdtmn (g/m?) 169 88 82
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Table 3. {Af}, HEOAES & CHENO LB-LHEDWEE (D
Hardness of surface soil by slope, grazing
and ground cover (Himekami)

e + s i 3
WU, s & O 13
3 ; o oil hardness
Slope, grazing and ground cover (kg /cm?)
— :
G N ] 95
Non-grazing forest land ’
AR )/ N
A}*:latlﬁaretgl Grazing forest land 4.4
1 - S 6. 4
(0~5° Bed ground .
4 iz ;
Cow trail 7.7
e 7 3.0
WO Non-grazing forest land ’
™ Slope HOBH A E 7.7
Grazmg native grassland :
s IEO NN s
(207259 (JraAmg ta[me grassland L6

Table 4. @R, FOETES X ORI ORBRE (R
Infiltration rate by slope, grazing and ground cover (Himekami)

, i 7% fid B
AL, ook & O 1S9 SR S Infiltration rdtc <mm hr)
' ’ ! Mqan ru_lntall R 112,2#30 [ — | AT
Slope, grazing and ground cover Intensity ist. ’% LH Hourly
L T £ ‘ (mm;‘hQ 30 mir;gwlwof) mmﬁ.. Final mean
IO N _ . .
Non-grazing forest land 306 71 173 226
o S  GE TN ] - . .
P:[l'étl%rléﬁa Grazing forest land L1 52 o1 83
N . 52 6 5 41
(0~5) Grazing tame grassland .
wo A : — 74 22 20 48
Bed ground o - ’
i i _ : :
Cow frail } 37 15 12 25
Lo N 1 5 1 1 4
@Sl’ﬂ m Non-grazing forest land 138 ;7 129 124 124 t24
ope -
HCHC R T 145 ‘ 40 20 20 30
(20~25°%) Grazing natlve grassland l
T LA LG 52 | 34 9 8 14
Grazing tame grassland - l N
TR L p A B A I K 2 M TR BL LTV A48, AORIK o i LTI K D 2 g 1.7
5, HCBCE AR COHRARIX) 13 2.6 %,  BUBRA LIS RO IR D458 78 & T 2. 6~~3. 8 5 & 72
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Lo COFEHEL LT
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%o Table 4 ZHMFHAH D IV 4K T 3 R T TN 72 BB K A S LIghs
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B A 100% & L= B4 ik B AR (Shlbkib) 12 24~37%, MU TEHIRIE 11~18%, Bk
[EHIE 11~21% T E 1500,

(2)  ATLHEHE - HARE « RO i

(i) HEBIUCERBELE
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Table 5. £FAE O MR O LIEYHMED CEFRMK)
Physical properties of soil by the land category in
each research site (Iwate)

oA R EP | A& A KR EY | EEEILMEY B oK EY | M e
Research | #§# XV | Compactness |Total porosity| Non-capillary| Percolation |Soil hardness
site (%) (%) porosity (%) |rate (cc/min) (kgfcm3)

— s Research e -
R plot
Soil depth 0~5 [20~25] 0~5 |20~25| 0~ 5 |20~25| 0~ 5 |20~25| 0~ 5 | 20~25
(cm)
|
1 68 74 76 73 13 7 | 54 64 2.3 4,4
2 87 76 67 59 6 6 17 21 5.6 6.7
N 1
_ 3 84 91 61 50 | 5 5 1 13 10 6.5| 39.3
Ono | |
4 74 79, 69 69 | 6 8 | 18 42 9.5 | 66.0
5 79 81 63 65 | 6 7 029 | 26 | 2.1 111
- | 1
6 73 65 79 1 81 | 10 9 23 38 1.4 4,4
N i 7 75 | 66 77 83 13 10 17 3.9 4,7
Sotoyama 8 85 65 74 72 4 7 14 12.6 5.8
9 80 61 | 75 82 5 8 18 15.8] 6.5
| - |
10 71 71 | 68 72 | 18 5 | 172 30 8] 4
= i =
== 11 72 69 71 73 13 3 75 26 3.7 7.3
Murone 12 74 71 67 70 5 5 45 12 | 11.6] 5.7
13 61 61 74 73 13 8 117 45 1.1 5.8
& i 14 70 66 73 75 4 5 46 21 1.6 7.8
Sumita 15 64 73 63 55 8 6 28 37 2.8 12.3
16 | 73 74 63 | 59 5 6 6 | 26 6.7 5.6

1) Table 1 M, See Table 1.
2) ={(HRREOEFE)/(REFREDARE)} X100
== {(Bulk density at natural condition)/(Bulk density at the most thick condition)} X100

3), 4 HEOBEROEHE, Percentage of volume of fine soil.
5) B EKRE S THIE, Measured by simple percoration meter.
6) LR A T RIE, Measured by YAMANAKA’s soil hardness meter.

7 BRREOLFETHE. Measured with natural soil.
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ATEWORLPERICEE LT BT L RBHEMT, O ERERICEMAZ RO & =0/ -
STHHEMTEDo COEDALATEMIMIRICRIZ LS BL o T 3700, &IHEMOHIKR
ICRBIMOLEE 0~5cm & 20~25cm OHFET, +IEREATE3E0 HAKRED T THRL, 2o
YVEWEW T, ZORKRIT Table 5 WRLEEBVTH LA, ek sEAT R L L D B TF
REBEDSEG <D, FEEAMBIEDO L, BAEGEFLTO 2, 0L 5 BEMIZ 0~5cm OEXT
WETH B,

Fig. 5 @ALLBEEMSHRINCHIEDN S 0.5 m FTORPFIC DV T FESBIO LB £ 0 L i
ThHoo THUTK S E NTEMODMFE IS RV IANTE LCELRL -THED, T O 5~
10em fHEETICRATNEE S ICH LN

(i) @EHEteOER

Fig. 6 ZEM - A9 - M - 4L O FAERICHE N THRNO BBERE T LR Th s, iz
FEREOR B2 1 3E—E (CF 160 mmjhr) 12 LT 1 ITEOK L7 B4 0% o 458 L BERETH 2,
T L B &AM & S a0 bk

0 [ ARBCHIC T A T B o135
BRSNS L, MR @ 20% 18
BB ET O 72K A O R
HERGE P O T < b s e : ; ens tgv;ass‘and
BFTE D b1 LAKE AR LT * 30 b CLlfivates racaiand (only for cutting)

Bo L UHIRGGEHHE - 72 <ol - éi‘hvglz\dﬁ'g)rasé;;cfﬂof\ g?a;ng )and cutting )
72D RBFEROBICE B D L5 (13
ton/ha/hr) ZHHIHTNG, 2 B

Fig. 5 lbhl, o MEE GhdD

i D BRES 1L
e Soil hardness of soil by depth and cover type
DARVEZR U8, OB 5 (Sotoyama).

+ & MR E Soil hardness
10 B 5
L

-

FORIRE M AR
Natural broad leaved forest land

I
o 3
P

Native grassland
b Bare fallow

B2 Cultivated grassland
. Cuitivated grassland

( for grazing)
Uncultivated grassland

%10 ( for grazing)

Fig. 6 3BuiBl IRz B O il
Comparisons in final infiltration rate by cover type
for 4 research sites.
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7 2 EMICK DMERSEREICETILEN, EBESNIORBICS - o

DX DITEREHOE SIS & - TEEIC 5 72 £35S LREWICEAKR TR 2idh 287 i
XBFLHEOBSEODRA « BRI - FIC X 2RI X o CTLEBSER I N TILENEL T 26D E 52
5Nbe ZOBABE/NSEABOLBMIKICE >TEHDLNTED, WEMND - THE(EFTITL
{, BENBEEZT2ORFIEEELRESON D LHORBEORNE C OELEILERICKER S
N5 EBREL, ZOENMERKOWILICIEF P DERENISEE LD b HEROPORAEICL ST
A BT B C LIk » TEBLEOIKESSLT B EAICH 2 C LW S PIC SN, BED
BEAEDORESVEZOEENKED T ENREINTV 5,

(3)  ZEMCRMIMIR & SRS B D T

(1) HEgs X OEERR

IR D K S I/NA BRI TIR/NTBEALICHEZE Uic, IS/ Table 6 1C/RT &5 D 2B
(A) 1 Ro@E»id Lo (AR5 2K (B, E), ALEH CREHE&ER) 2K (C, D)
A XTH-T, ATHME BEI (HAREM) &1 KICKLRAEZ BN E T 24E (8 30m) %
WRIRD PRIBICHERRITH > TRM LT 50 HEMFRERTOzME 20 F IFREFESELbOT, B
BORHDWME L RN F 78, Y7 78R ELTI2RELEHORBKRTH 5. BMBEWERROERIZ
5~8ha OFEIATH YD, /B, CHRKOWHEFOHERIT 13~1U4% BEELL-TNE,

1978, 1974 ORI BAHBERBRIE O 7o DIC MR T b, 1974 SFRKICHESR AT b ice AL
1975 SEFIP SR SN/ b DT, Lo TRFIRIC B 2 HEMBE S 1 £B XY Th 2, HE
DORHIE 5 ~11 BOWT, £OMAERT Table 7 K RLEEBDTH B, Chick - Thhd sk
IICHERKITH T 2 MR OBEICENS SN, B, D KEEARST 150§k, C, E X320 1/6~1/3
WKBER, WINICUTHBHEGREII PR DR BEOH B DIKAB EEL SN 5, '

O X CEHERATO W B X ORIKIEEIC D0 Tl 5. BRIl 3 X 75 F & T 5 RRLIEBKT,
Frifh 41~45 4F, 3135 4ED 2 rich i S s, Einta i3 LROBMAMIC S D, DI EEEK
ELUTHEEEN, BHRTH L. & DBIRORRILALIE 600 A jha, #lE 14~15 m, REER 17~18cm T
B Do HOFOMSZWALAL ha 272D 3,000~5,000 A&, MEHEE7~10cm, #EH7~10m THb,
MORFEA 1S EARDBRILARE DL 010D, S 30% WA & IR T H 60 B & IMIMBIEYHEL b

Table 6. HIHEWROEEL & RS ONGID
Area and experimental conditions for each
research basin (Koishikawa)

Research Areé # Ex rszl ntal co%ditions M‘
basin (ha) perimental
A - IEEERR AN, B '
[ ’ Natural broad leaved forest land and non-grazing
B - Sekphi, (RERREE, B ‘
’ Clear cut area, shelter belt and grazing
c - NTEH, (REhEE, ik ,
: Tame grassland, shelter belt and grazing
5 - AT, .
: Tame grassland and grazing
B - B, T ‘
) Clear cut area and grazing
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Table 7. %IEEFIRO AT ONEID Table 8. ATLEHFIBMOE DO E & 4D
Results of grazing for each research BaRA=R NI
basin (Koishikawa) Grass yield of tame grassland basing
% 7 OB R R i W and its use factor (Koishikawa)
Research basin Days of |  Head 1% = G
e | _grazing | (Cow day/ha) ”ﬂ ﬁ it 18 Yield Use factor
B 50 ‘ 146 Research basin|  (xg10a)* (%)
C 19 53 C 4,718 89
D 59 154 D 5,580 88
E 19 | ‘26‘ o x W H  Fresh weight

Table 9. HRME & SFEEREE OB DI E S O AFIER ONGID
Grass yield of clear cut area and shelter belt and its

use factor (Koishikawa)

\ T =

LY B i
Yield I—— Yield R
TIEEC Geglioays PR Ggrioay | FUIE
. * e M I
Research basin Hebeni | SR T ,U,SL Secix T IX ,Use
Non- | factor |Non- factor
Before Grazing : (zrazmg
grazing grazing = "o | grazingl . rea .
- area | 7 | (%) area ERCO
b Al Jun,, |
Bt 19, | Jul, 30, 1975 Sept., 22, 1975
| Fae 1975 | ~
B | &% 2 & : : . e
| Two years after cutting 81 186 ; 6 ol 957 ol 83
S - s | - o
| Shelter belt 51 | 46 | 69 0 45 10 78
— N S ’u, S , - May L
f ,
4 H 28, | Jul, 30, 1975 Oct., 1, 1975
Date 1975
N [ P
C LA S D az 3 p =
One year after cutting o 262 46 82 4l 59 83
o M W . 2g
Shelter belt 21 25 36 0 | 46 4 91
- Jun,, | )
L H 4, Jul,, 30, 1975 Oct., 2, 1975
Date 1975 1
D - ,),:; ,;(‘77"( S — - S B S USRS —_—
Loy i | IF § . - o . . ,
Ons, year aftcr Luttmg ot 238 ot 72 952 o8 84
TV | Jun., ) 1T
W ” 12, | Aug., 1, 1975 Sept 1975
Date 1975 |
E 7 T T | T T
N SR \ z ‘ L
= = 9 | | 6 | 333 ] 3
One year after cutting | L4 199 48 ‘ 76 ‘ 33 i 46 86
| i ) ~ I

Fresh weight

NIBERETIR Y w4 PV, Y=AEY Y, W7 AY, I¥=ea YRy, 77ERET, ARETHE
FU SR, LRFT, AZYHIT, BIVAFD, NYANIRETHL. 7 wA WA LT
L, JRMIcBEELT0EEABHD
AT HEHOMAICE LTI Wﬁ4wa,Mmf,/A°&ﬁ%%&b;&ﬂbﬁOWMTSTV>§
7 2, EEERHICEEERAE B L, ADICE - THE L, FHEEER 10a XD CaCOs 150
@,Nlm@;EmZWg,Kﬁ7kgfﬁéo%§ﬁﬁ&V:TW§4f§1,K — K5,
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JN)—EVITARIT 2RI, FVEF—~T ) o=V TR, FTEY—, FVRyF—31T A7, Ly
Fbho?, 59/ 70—n"—08%% 5.2ke BIE Ui, MEWMFEOEREL N 12kg, PO 6kg, KO
6kg, Mg 3kg Th s

TEBEE OREHRBUZ DO THAEREABENT 2L Table 8, 9 DEBEDTH 5, T70HHATLEIH
KON TH S EWEROEBIIRIFT, 1975 %2R 100% IGEOEHEE o720 £ 6 ENID
WO AAEHEEER 102 M2 D TFEH 5.3ton Th -7 6 B OTLEIRAFIFRIT 88% £75 -
oo BARBMLOBTEICDNTA B ERIEFEPRBABEMNZMICTHE LT o /o, BRRRICEBWTIE8 Al
TR DS T0~80% T H - 78, MUK TR ORA L AT IC & D REHERT 20~40% LAKH
OEANA LN, & IRV OEFM T RELBEDOMAMTICE D FHICEEL, A DIEHSHE
XN, BBEATHRBOFBNERER 2 F YR v, TARY, FVYIT7H¥I, =H#F, 2vH#
R, ANYETFTIRETH 5o 774 PP OREKHZOMERFONTNGIE, MERIC>EO>ELR
BIN, 70~90% &I EHORERARIREN T,

(ii) Wik k&

Mok B ¥ & R R O BINARBULIEETO 1973 FED» OFH Ueds, AFEMET BKEIEET 2 0HR
B Lo BKEDOKAREMHEROMEICEEFRFBRYLOHELR, AHLEEOMNES TENREE
BRATT, BB 2 ChIcitk Ui, ZO#R, Fig. 7 1ORTRARE G & REBKE 5117,

BT 4 ATHITHESSD, RIL~ORZD

ool RIS 3TN, B s AR
o P SNTOBOT, HilAROER 6 ~103
o R 4OF D5 P AMICONTITOI L E L,
§§ Table 10 B (197546 ~10H) K@l
g§29 B S N7 RIS & © ORI QRN RS X Ol
@; FERLIEDT H5. ThIC X5 & B
06} (A) & DB 4 K (B~E) OFhsfii
04 78 10% RItA & VB A 5N 5o JIHEHEIC
02t DVTHIELTHSE, DIFNSEEMIED b
B FEHOFRKE LT, COEKRE
oSt amozsen ™| | RL7co# Fig. 8 TH 5. ik bERON
006 — MEAE <15 BEED 1 21301 D RIRCE 1
oo4r SAERIRR R E O, RMIEEDHK T X
BRBEOET b HERTIREV LR SN 5,
OO 5 6810 20 v o BREREAAE L e Rk ORI
warer Mevel” b5 A TR, ZOMCE - THIEE L
Fig. 7 /NGIEEHLO BAYED KA — CHE - EESNTO 5o
thif?ff}evel—discharge rating P CRBHRCE 2N e 7RSS e
equation for V-notch weir at BORHNEDREFRER LD Fig. 9 Tk b,

Koishikawa research basin. B TR DX, W R E R 05 —
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Table 10. KIFEHRBOBFELEEFHH
Total runoff and coefficient of runoff for each
research basin (Koishikawa)

mE CNAID

I A " o
| Research basin | 7
1 A ’ B c D B Remarks
owmow & f FFIAR]  Observation term
Total runoff (mm) i 328 | 86z 875 370 | 420 Jun.~Oct. 1975
1 S—
(
o H bod o \ ) # F & Total rainfall
Coefficient of runoff % ‘ 53 60 62 ol 70 604 mm
(TYsec/Km?)
100
N
Non-grazing forest land ®
o MEATE
Grazing tame grass land ° e
o MBI
Grazing native grasslard  » .
(clear cut drPa) . e
%E 1.0 — o SO AN N
(mm ) o | e r
150} e ? ',"'
o TR } /" A
EE 5= R
Lfoﬂz o o
?rf OO" /’
5 a00F (:o. .
= ] - LT S—
el /"T* 0. AM
e A
= QA-A
E 50 IAA
g
001
0 } . . 0 i0 20 30 (mm/hry
A 150 () BRI AE
Monthly runcff for graz ng forest land Max. hourly rainfall
Fig. 8 Zohkt & oo A i & D Fig. 9 ZAHCbR & BB o ek 1 IRE

20T, Thic

Bt CNEID
Relation between the monthly
runoffs for grazing grassland and
non-grazing forest land basins
(Koishikawa).

WELE—sREOKMGH UNEID
Relations between Max. hourly
rainfall and peak discharge for
grazing grassland and non-graz-
ing forest basins (Koishikawa).

HEC—UfiREE -7 EOBRE S OMICHE R HBIBEGRRA O, F 7288k

HEDHHEHOTBRENCEBHONE, L LbTboBHETcHh, F—2 05, ik
E— 7 REBERZFDOL XOBFEDIEDETHE
BUENE Do

1B ATEI & il & b AR
APEBRERIA GNP 5T,

P, HEAANDEORADTRSNLP - C

SR OO F IR

LS HRT 20T,

L HICT — 2 DERZER - THETZMA

LRIKEOENOEFRAKRE LcBBEEITOE T

CNRTAKOREE DBETHT LOBUREEIEINLEr -/ &

EREPHEBLTVEEDEEZ SN S,
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SBT3 2955

(Kg/ha)

il [

.
term

of deposit

each cbservation term

S

§{§ Fig. 10 ﬂg‘wuj_LL/JIL B3 o ZndR A
LA & CNEID

E Accumulated oven dry weight
J°}

g

of deposit by research basins
(Koishikawa).

Sepbe, Octyg Noyy
Fl B Date

(i) WM tpE & RO FEAE IR
£ o O AR BERBABEICHR SR BHIc X - THE < L, BIZEBNcBO B LTHREL
foo BRI D 1975 4F 5 ~10 A OEIMIESIRIE Fig. 10 0 & B D TH 2 BN LW ERRENETRENT
W W& B BRI (A ICHAT FEBIREO T R LW EsE <720, KB K (K
#e, BEH, ERIREE) BEUNPTE R T D, BEITOLLABREGHERED 0.1~
0.3ton/ha QN TH D, BNEENCHE LSd 2B ESVEMERETIZINN, CohiciziE
W F 7 RBPRIE D T RF- D UD D & TMICRER L e B E Tz,
COXIUNFENIWOBFEL S 2w, B L7 1975 £ HE T DEWNH & MK TR O 1976 EHFIC
BIHIREAIT - fco 2BMIKNZ 2 2 BTV OERIMITES & QICRBROWEMAE LN &TH D,
MDA EDITERNC K 5 THRE LIS DT, & BB ELIPPE S NPT, REAK

Y

et

WIZATHEHMXTH » THHIEDTEAITHE - 1o 7o & RIER LT 0S8 LT3, BK
& TR EPZ VO RBREBSBEDOTINCE - THEL, COLRMEERRICRALTNS
R TH S (Photo. 9o F/z b 77 K EMOIEEESTUCEEL TV S EX TR Z DM AR Ak &7
DM EBRTCHA LTV S, REHHIICREDRIEEMBIN TN ERATL D I BT 572
OERBARITBEREIRL - TR0 L ULCRICBW TR R0 5 0REHAMIELTVWE X
DHER S 720 MM < IHBEFHE TIPSR RE LT 2 iERRERKBI T2 L5 1
IREEDS A ST,

Photo. 9 4z & % FEDUEE CINAEID
Breakmg of brook side by cattle
trampling (Koishikawa).
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Table 11. Ji # i £ 2 # # © Fg 4 R w CNEID
Outbreak of bare area after grazing (Koishikawa)

s F TS IOy g “Cover | Cover | Per-
gradient | of survey  degree | degree | centage

Land category Grazing jof plant of litter| of bare

| fine | base (%)| (%) |area (%)
FJ;—ES{%Q géalr ?ft%r clear cutting | 2 2 Non- énlfa?mg \ 29 | 42 29
” 21 7 Grf:lng \ 18 13 70
I%]}:jr%%\earfgf?er clear cutting 21 Z Graémg ] 16 26 o8
g?)el%r %{ilt " 19 2 Non- grazmg \ > 92 J
- ” o = ° (zraamg ‘ ! i o
{‘\amé» gligssli;ti]rld 2 4 (zr'jjmg [ 76 N ‘

T BN D BB F8/ IR BB TR T 4 7o dic BRI THEARTT - 720 310D SEIXAT
10 m By OREFRA MATRE U, AP JE Ui R Table 11 1R EBDTH L. [k
PR & AT IS <, F BRSBTS R EAT B SRS <85
EDBDIPD,

3 % E B

a. IR GREH) TORERRICE 2 & BRI A THRERI O BEE R I U] S 2 1T &L
F iz E L (O~5cm) o HEYEYE, & ICERE, Sk, FEEARBICEE L TIoZa
PEEHDD T EBR LN,

b Akl KB, R, BROSHEEL WEREEH) TOBEMRICE 5 &, R0 M T
A TEMOREREIIEL, MEIHECZ-TED, HEYPHRELRL TV S, COB&IRRRIE
%, MO, MRS E OFHIMCEA IS R BERIICE 2 REDLOEICL A bDEFEZ LN
7o

F 7B ORRE TR O BN AT TR E LBEZ OO TR LRI KRR C 52 &
LI O,

c. FNORMIRT S HALD DR UERIC X O AQITENCS &5 CHRMO BRI LT <
DOHRE—IEITH LS. L LFELOSOOTESIENEOIESNE LI TH 5. TN TIIRMD

S OPERIT—RICBETH Y, HERRICTIPRAT 50 THES KE,

d. INANEBRIC BT A REO LB RIC R 2 &, SRR (-7, 7 8D ik Tho
4 ROBBEIRR(HRER, ATER O —7RBSNE DT L ENbh ol TBRTUKE
R L TH D SR E D ST S MIC K E WD FE B AL D BT T % 0
TBIMD A ST, & T TE I - 72 QIR L R O M F3B T, [TEEOREDFE LOKTH - 7o

e. KbRAeERANE UTALERE [RTHIO BHEIX NICH 30 m OGRS S cd, €D
WL O TELOHMBRBS Sl ns, KRN O TIREEELEMSA LD ONEP T, T
DR OREMERLT LABY TED - T & EMNICHEDOEAET LI EICE A bDEFEA SN
7o
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MRS MO kR
BORE W
D BEOFE

~ O #W F o
L ‘ A“, ; )
R5§%W c T — TR 3 R A A O BT NI
X J{im i ) ane .
i - i H oan et res e B 910 3 2 /N L B
° s / / A B
;ﬁ;wgf ; - R WA O SIEE (EE 75 ha)
{ n R \, Mt Kujt -
WA N . 55X UELNNEES v 4 — (T
Prefecture\ N \~\.'/. ’
QR A N £ 42 ha) pLcEE s (Fig. 11),
T —\ THRER 650~800m T, [0
ﬂﬂégh . WA 7km (LB RO HEE
Fig. 11 MNEWBE R O LB (1,500 m), ik 4 B 5 km i

Location of Oguni research site. FEL (1L 140m) 2B D, Z DD

LB 2 D AMIRES LTV 5o REMOERNE 20~35°, RBIMEEHERLE, MIIGRILE

ERAEE UTKIUBEHSSHER LS OTHY, L (BH) KEBEAEBS O, 1EIEELELTER
108 30~100cm BBEWHE L, TOTHICERANE LD BELNS 208 RINVEINTH 5,

R —ic v T, 7AFREETHK G 3~8m) TH5D, MANWRICIEAF ALk
HEPHLTN S, ATEMBELLTA—F +—FI IR, A2YVTVYIAT TR, ¥y F-31
TR, RTA DB N EORETH Do HRER (FEH) BIUIK
Ly, ZFY, 778, FIRBEEABEELTHHLTNS

SHIBRIERE LTRE S, Yo —Y—BRERT, 759 VAL 28 ETREEIN TS,
mkvﬁ~mm¢®%@ﬁmﬁEMT,%%m@@@m7m?4v7vﬁx@,«v7¢~F@%ﬁﬁ3
NTW Do BHUETHES & b ALREME FRICT - Th 0, BEMEHEOEBRICE LRI F]
AEINTO5, MEERREEHEEGIEI TS UCEIIMch 2554, FBiivy 2 —3 746 X U5
B 1B E U BT RE & - T 5o BB MASEc IO & 0 & UCaE, i, K

BRAI5, WiES, BRE, HE, B0AZE, BNWSREE, BEe, HL&TET, coEsrZigdhT
IS, BAH, NV —H A R ELERINTO S,

@ W & K

ANEAER A B EHESR 10X 5 BB LLE M (Photo. 10), bk (Photo. 11), M EARER
(¥FEH) (Photo. 12), T &L LTI XF » 51 ¥ 7 LB JLIEMMHL (Photo. 13) D 4 HEXAZE L
foo IRFERMMIZ B OEEL LTOKTH 5, SHEROEE L Fig. 12 IKREN TS
a. AT ER
TEREEBMERI UL 7 X F « AV THRITH o 7205, A 43~44 SR o T i, R
45 BT KIS D ILARDMEIR « RE SN THPHEIC L D ALEME UCER SN, BRI 46 5 5 sty
DNTV S COEMBIIETHABREADIC LT RKIKAEINTEY, £2HEEL11.6ha TH D, —f
TR 10° WADEMEAITH 5 55, —WOLHMIZIBIL 26~30° OEMAEE TN 5o WE EHE

RN TIE A2+, b



R e

&
)
iﬁ‘
=
=
M
S
~
[
=
BN

Photo. 10 Jie ATLEEH OINED
Grazing tame grassland
(Oguni).

Photo, 11 i # #k Hi CNED
Grazing forest land
(Oguni).

Photo. 12 Jith (AR%LHE (VINED
Grazing native grassland
(Oguni).

Photo. 13 84 2R bk GINED
Non-grazing broad leaved
forest land (Oguni).
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JUISAL

mp
Granr\g tamc grass\aﬁd

AT B
Non-grazing
forest land

BOAR ARE
Grazing for es!

land

Jr?ﬁdm eme <
g ¢ B

N

(=1=] %
= AR
Ranch office

e B B
. Road

I K Bty
Grazing native grassland

TR - RERAY

Orchard-weeds
type

- il = ; TS E \__«L\____
o Fence == Ochard t;pe Ej bracken- v»eeds
ype
O | E2-090 %*""
Trait L\ Talf grass- bracken
5 ~weeds type
=y ;‘\_; ’gT\ 1 ,7 1 7R 1’ TH
Y Water site L J Quercus rerraf
type
1 ILRZ No.

Grazing section

Fig. 12 Jf % ¥ &% & W % & OhED

Grazing facilities and vegetation types (Oguni).

80— 807
D D
| Boulder | \
Brown
100 - 100
(em) 2R (A) (cm) & | (B)
Steep slope Gentle slope

Fig. 13 JCAA TH00 L SITH (NED

Soil profile in grazing tame grassland (Oguni).

0°HIROABMLTHS Y, —Hic@Easd s, LT Bim B LIETEE LT H#E 30~100 cm 72

TH5H (Fig. 18) 73, AR T 30~50cm BBETHEL, HAE TIE 80~100 cm TE,
TEEREROER, KBTI el AvT—REN, JXFUOLAMTHL, WEEPLEKEOFIA

T, A—=F+— VI TR, V29 Fx—317 A7, HI1 74T T ADPOKED, BHhThEA—F»—F
77 AHMBET, WL 75~100% TH 5o FE THO—PICHE —7 7 e RnsHLN5, TOHOHRT
VRS, Tl AMERNERTHE L, V3 EDEPICAFY, XAV ad Y, N=NFRaF iy
H oD PHE EBO—HICh v T —LEMBA NS, B 1 mBEOHY 7 EAXFEFEL, £

VatV, TIVAFITREEATUZ D, HHERKICEBARE L TEENICY X FREINI. BiEld
4~5m THb,
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b B

7 RF SV TRIT, R A3 AR BBODSBIAG S fco THIRRIZ 6.92ha TH B BIRNIILIE R T 10
~20° 2R, LiBTIE 20~35° BEETH b0 1T D Bt SR TR 30~60 cm BEOR ST

b (Fig. 14), FEEORERBUTIE R O Rt & N O fE & OIICKADH ST 03H 5 o JREER
PR ML ANZF T T - BT > T B0 MEEE dom UL, fiF 3m 2LEOIYAAREIEHK 3,100
Afha, SEHEEE 5 cm, TG 3.6 m, M 23miha TH L. FEADAIIZH 2,100 A/ha T

B0 ML -PHEIR 3/4 TH B (Fig. 15),

Brownish black \)/ / N O
80 8 80{ £ QQ PR, .
B | Sbf\\ Q O
1004 M“ Bouider Brown
(cm) A% fem) R (B
;te@p si ore Gentle siope

Fig. 14 Jefobkdo LHelim ChED
Soil profile in grazing forest land (Oguni).

Fig. 15 JBokab o ChED

Projection chart of tree crown for grazing
forest (Oguni).
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c. JUHESREH

ZIHOGBAR AT O T 36 4520 D HABON E 72 3RS E UC FIA ST X7z, BEREERICHIH T
BNTO 5o HRKIZK 4.0ha TH o AHCIMODIDNTFEHET, HERHL 256~80° Th 5. 1HIZ
Bim BT, (WE FB&ME TR ETEEAEOBIC BE KUK EaEE LT3 (Fig. 16). (Ll
IREaHETEIREsRAY:, TREREBELTH S, MERAHK O T EE—7 5 ©—HER T
Ho AAFIIBEMICIT 140cm WADESLETDERTHD, 754 50cm HATRRE EDNT
B RETRARTOEN MLV, 23T 7T 72AR5HH0N, HETRA a3 s, v5ved
7, TE/IFYVVIIBERBENG, AV TORE L5mBEDLDONANT %,

d. B Mk
WEHR~FREAFALERBBATON TS, 72, BV I%2EETIHRKS PROEBEL
THED, BEOHKBHMKSANZ S XF « # Y UKRMTH 5700 &5 5 RRTEORMEL LT ¢ OBEH
WA ZSAT WIBHURM & 21 ZRBET, BN LIETET 10~20°, LT 20~25° BETH 5,0

1OOJ/\ 100 1

(cm) (cm)

2R @A) %4 @ (B8)
Steep slope Gentle slope

Fig. 16 Jcl BRSO sk CNED
Soil profile in grazing native grassland (Oguni).
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Fig. 17 Z:frskis o 13 W m ChED

Soil profile in non-grazing broad leaved forest land (Oguni).
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Fig. 18 ki wii X
CINED
Projection chart of tree crown

in non-grazing forest land
(Oguni).

AR X 40~70cm O BT, BT BB Bk o B Bt b8 20 cm BERET S
(Fig. 17), FEARDIAKKIZR 2,900 A/ha, R 4m, SPEETEE 6 cm, MiHd 34 m¥/ha
Thbo FTEADKBITHN 2,400 A/ha TH B, ) -HEIX 3/4TH % (Fig. 18),

(3 WEF*k
Kicamlis (28~30°, A) &HEflH (20~21°, B) O&Mb, F8HUET, oy d—=
HBRE Lice COMBEBUKEEICE > TH 2m
o OMBICHOK S 2O TEBES X OB BOAENR & 73 5 KBIIERFIIC 80 cm, %

SBFIC 30cm DEFHTEE 15em Ol 7 L— oA HWHI LCATKRE &SNS JEICETL - TH
100 mm/hr 1275 % X 5 I A TN H 559 30 4 Mok U TRz U, £ 0% 1 IHRNZE MR
EUte, BKBEIMERIKBEDEEL S - TRBKEE Ui, WEBRICK 2HUKDENZHLILT 57290
B LV EFIZY — Mok » THEAD INTo BUKEER 100 mm/hr TH D7z,

oy F—wy YT YERBEFOBKRER LROBEICEEFE DT, v RS V—THRES
&@ﬁwﬁwt%ﬁcho?@@g%m&&f¢wmuwm&mymmmgA&zm@a X D% 2 Wi

K OFHED BRI 35 1F B L EE O G I A A & BUE S A B DT 8 M T Lice B

MEEAMPIcE LCATRELTH S K3 AMME Lcd &0 1973479 il 1], 184ERE LK
1975 4E@ 3 J1ITH 2 27T - 720 BIGERRENZ 60 43[H, EAKEZNE L CEE/KEE Ui,

BT HEOHB M EKRAIEIR g v F— < VT VIEBEINCE DREKE & BRI - 723, &R

KicHiFRHEHX (Fay 1) 2RELTHD, FRMTRBRERE LT - ny+—2vvF vl

BBIICE AW T D O THIRICIIEG 2 ERR KO LB EH D0, I LU TR LI, 77 v
Mk ZRER, BRI 40 m, SEESFIC 10m oEFIES 0 v FEEY, ey FTRECT
v ) — FPEUFRGE 18 cm X PEX 18 cm) W THMLWZT & LTIT - 72 (Photo. 12 1) o Hilld]

Mo 4 B4

r

Y vF vEEHC R Y Baie B LU BE L

kB
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WRSESRAE 4 205 B

Fig. 19 U TEALOREFIE CNED
A research basin with grazing tame
grassland (Oguni).

0 20 40p

Fig. 21 EBWHuofiERZ ChNED
A research basin with non-grazing
forest (Oguni).

Fig. 20 mAkkbodiziim ChNED
A research basin with grazing
forest (Oguni).

Photo. 14 7 B # (N
A deposit tank (Oguni).
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D BHMPOWMA L% H O U TR Lice 470 v b OBESHIHELEHX 27°,  Hclihk
29%  JRBUCEAREMIX 30°, BREEASMOBRMIK 29° THARE BB LNEDOTEH o o HKEREED T

e

HIZE - TITDN B DT, ZOMEDLBIE MW ESND € &3 D - o KHERD S B T
Hl, BRSSO REX E LT OBSHRID 3 #C i/ ik (Fig. 19~21) 0T KT % 70T ¥

BN HNRIC Photo. 14 1C7R 9 & A M BKMRABRE L, “OHICEA LictWoREE >, oy bk
I B LR ERS I & ) U A Lo DRIRIERS 12 WO T35 3. 908 ha, il bih 2. 364
ha, FEMskil 3.730ha TH 5o 7035 U HAREH X I3 HIE O BIE TSI ET X755 - 70

oy F—wy VT vRREIC L 55

0

BRI SRR K B E S e, P m oy Mk B
PR A BB O BIE & R RS20 10 & O R KRS SRR MG % Bk BEIc (Fig. 22) & - THlE
Utco BUER QUEDRD BRMLBEO ZnicE U TH 5, HiliHEb&EE E U &R e i ik h ok
BOWELU/e 370D BHRDOEKIERERDWAMD—IRIC AT YV V2L » YDEI 7 v F 550 TRIKHE

- (Fig. 23, Photo. 15), <4< 36 HA&ME B /KA F A E LTI - 700 HBEILD 720 DIKELH
BRI BN ERBICBHBREO b O LR LIRS 5 %, FRICK > THRE L. Bonict
BoEDEBDTHS

log @ = 2.3041 log H — 0.4424

S, Q@ URHKE, cefs, H:RgKE, mm,

§
CORNTRFIREE IR LT 5o TITREHICRIET 2 C S ICBhd 345, SR L%

& & el 2 180 e I —
Side Cross Sec*von

= “—ﬁ T | !
N . %0 R At | dow

3 Inflow
Deposit tank channel

. . dedmmedeed L
i3
Rlan
_ ——
- l S —
it | 05 0, s
]
.| vy7/'"//
Eml i b7 &
Section

Fig. 22 #pfl 3 37208k CNAD
Tipping bucket type water meter
(Oguni).

R
" Stilling well

90

.. . . — R AL
Fig. 23 & /& 1 ChED Intake hole
Gauging weir (Oguni).
#1
:%rm*. scm
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Photo. 15 & /K 1 ChED
A gauging weir (Oguni).

ARV H S 2955

T E DIIDEAERIZFEKT £5% DNICB X E -72DT, it
BEHEICIZZORER N,

@) s & O ORE

ATEHTIZ 4 AR Bt L, 10 A TAICKE L TH D,
DR 6 XA 4~ 7 HERBIL LT 50 1 HOEHR B
5 BHENATE S, 7 L1975 R £ =0 ARFECED 8 A
Do Ik S e, HAREMTIES ~6 A5 U08~9
ACARM S EH, 1972, 1973413 1 [H72, 1974, 1975
fFTiEelgElshiz, WRAEIZ 1EE TR 12~17 B,
2B TIING BRITH B, MTIR7 ABXT9~1071CH
s, BkEE 2 ~ 3, ERERE 18 HIEWATH
B0, ANLHEHIERERIC £ =384 Do 1975 HEIC s
&Nt

HHTREAREHRNTH 5 &, Table 12 0L 5 TH b, 72
LI AWML LD DA 1.0, 6~18»AMODOHD% 0.7,

6 AP TOEDA 0.3 & LTEHEI Nz, ALEHIC BT 8 ARIBM A dik U/ 1975 4 i
i3 ha Y720 369~423, 34ENFY 398 AL MHAR Shrze 1975 FIE 264 1€ & & F o e o A D
SEETIE 862 BT & 18 - 7o FIAREIMITIZ 77208, 4 E[HSEY 148 D3e &, MHLTIL 86~131, 3

FRYEIE 102 BUALAS B S iz,

L72d8 - T 1972~1974 .0 3 EFIT DO T AN,  HHLO B 100

Table 12. & # & K o 4 4 i & £ & CNED

Results of grazing on each research plot (Oguni)

1 - T # Iml B ¥ Head (Cow day/ba)
Land category Grazing [ ]
egory time 1972 1973 1974 | 1975
1 57 57 65 | 61
2 72 112 77 53
3 71 75 35 82
T A T 4 68 78 72 58
. 5 45 6
Grazing tame grassland &3 z
6 56 49
7 54 45
| 1
Zf Total 423 | 405 369 | 254
1 85 30 80
DG G N 2 26 56 10
s 3 2 ?
Grazing forest land © ‘
2 Total 131 | 86 ‘ 90
1 142 77 51 55
HoH R E H
OB H R . 66 100 o
Grazing native grassland B ‘ ‘ ) _
# Total ‘ 208 77 | 151 154




MRHBIE D AR &K A GRIRER 42T 5EHE) 135 —

L Ufed & HARBIHICIE 142, ATLHOICIE 390 &7, HEARTHUIMAMO 1.4 £, ATTEIIEK 4 5 &
85

ATTEEHL 13 1970 4FIT S 7ehs, 19714ELIRIEBIEE LT 10a M7z » SH0ALRIE % 2045
kg, YERBETE 10kg ML, BEETOEES 1971412 10a H7208 1kg A3 L, 77 20
HEDOR DN EFEEE LT 5.

&) S REM

HHEELEEO—BE LTMERBERS T 5 &L, BA A%, N0 &IRKICH
WERIMNEHBRICET 20 SOICAMETENRE L, SBEERD S bA, MkE, AHEEED, K
31 BOEEER 6°C, MKEIZENBEKE 2,000 mm, B RIS 150 2R & LT N & &0k

X35 &, DAEN, WS, P, AR, FENA, lndl, MEACGHRO 7 3UChY oh, AR

AR T 50 C ORI RGO LD 20T, SR 15°C LIT
BZEEIENTH S, LA S A AT TERBBY S E8HD, <12 Hin o 3 Bk TE»kE
HCEbH B, MIZFHIE D —ficE CERKEIT 2,000 mm %2 A 50 WA R
BXORMAE Table 13, 14 2N ENIR L

(.

SN 5. W

Table 13. FHFHHEF O/NEOHFES L CRRKANE
Monthly rainfall and the max. daily rainfall during
research period at Ogum (mm)

T ‘ i
‘ ]an Feb ‘Mar ‘Apr May Jun. ‘ Jul. lAug, Sept. | Oct. | Nov. | Dec.

174 404 296 147 97 57 90 72
1972
36 189 83 30 35 21 32 25

39 432 236 258 230 95 168 101 23 12
1973
14 133 84 110 130 37 40 37 17 3

26 64 136 214 65 214 490 135 | 252 185 (38) 73

26 23 26 80 15 75 96 85 83| 48 (25) 23

65 1211 48 294 86 702 253% 146 130 129 124% 54%

19%

N
i
ol
cn

%

26% 39 19 49 14 137% 66*] 33

22%  259%  129%

\
i ‘ |
8% 100% 24 ‘ 3

| i

1976

#: B/NEOMIME Data for Minami-Oguni
M. r.: Monthly rainfall
M. d. r. : Max. daily rainfall
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Table 4. I AZ MW o /NE O H 0 &K &

Monthly temperature during research period at Oguni [§(®)

4 Year Apr. | May | Jun. | Jul. | Aug. l Sept. i Oct. | Nov. | Dec. | Jan. : Feb. | Mar.
fg.max 26.4 26,5 22.6] 18.1] 12.0 8. 1} 4, 8: 5.0 9.3
Eg.min 18.7| 15.9 14.0 8.3 4.2— 1.0— 2.2— 4.5 0.5
19727y Tm 22.6 22.5| 18.4 13.2 8.0 3.6 1.3 0.6 4.9
Tmax 29.5/ 31.4 29.0] 23.0 18.8 15.6 10,5 13.6 16.9
Tmin ! | 15,3 13,00 8.0 20— 3.1— 7.3~ 7.3—10.8~ 4.0
fomax | 17.1 18.9 2L.5| 27.4 27.9 21.5 17.8 10.6 3.5 8.7 4.7 12.2
f g.min 7.1 9.4 12,8 19.1] 19.6 14,3 8.6 1.2— 4. 1|— 4,4~ 2.5 2.6
973 T 12.3 14.2 17.2 23.3 23.8 18.0| 13.0] 6.0— 0.8— 0.3 2.0 7.5
Tmax | 25.6 23.0 25.8 381.0 30.2 25,9 24,5 18.8 9.9 9.1 12.5 22.2

Toin | 0 30 81 168 17.3 55 38— 50— 9.9 7.8~ 9.0~ 5.1
fomax | 17.4 22,0 22.4] 255 265 22,9 17.20 11.3 4.7 2.9 1.8 8.0
fg.min 8.3‘ 13.2 16,4 18,6 18.2 13.9, 9.8 4.1;— 1.2/— 2.0— 5.4— 2.2
974 T 12,9 17.7) 19.5 22,1 22.4] 18.3 13.5 7.7 1.8 0.5— 1.8 2.9
Tmax | 24.5 27.8] 27.2 29.6 31.3 29.0 21.8 9.5 12.9 10.0 11.3 12.5
Trmin 2.5 7.1 12.0 150 15.8 8.0 0.2— 2.0— 5.5— 8.0|— 9.9— 8.9
fg.max 14,6/ 17.7) 24.2| 24.6 24.8 7.1 8.0
fg.min 6.0 8.5 16.0 18,1 16,9 — 1.4— 1.8

1975“Z76 T 10.3 13.1 20.1 21.4 20.9 2.9 3.1
Tmax | 23.8 23.5 28.1 26.9 27,9 14.7 16.0

Tmin  |— 2.6| 5.0 10.0 15,5 12.5 — 6.2— 7.

past fa.max @ HEEKIRO B ¥HEE Monthly mean of daily max. temperature
Note  7g.min @ HE{EEE O AEEE Monthly mean of daily min. temperature
Tm : HEHSE Monthly mean temperature
Tmax : AEEEE Monthly max. temperature
Tmin : JBIESR  Monthly min. temperature

2) BEOHER
T AN TEM, RO AREH, Rk O X R S T A BB R TR, WRBIUERREL
RERE, B E, WHKBIC OO THE L IcERA DI TIZ~ S,
(1) T & AR
WEMMICS Y BENEERIIATREMTIE 102 H7 D 2,300~3,000 kg, FiJ2,660ke, HULH
REHLTIE 430~810 kg, g 645 kg, MU HHITIZ 430 kg WA TH -0 3FOWEAESH L &L, W

1% 100 & 30U BARFIAIZ 150, A THHIL 618 £755, D HEICFICL AREFARE AL EBHRAL
BHITIZ 53~66% (CEH60%), M ERE T3 42~57% (FH50%), IR cld 30~35% (F
#133%) T, ATEM, HREH, MO RARRZEL B ->TV S,

1B AT RS A B A% 200 m RICEH KT, CRVE FEAER MR, R & BRI T d

D, KEAHBZTHOBAMICET ST, T 0 TREOME S FDOMATIARE DKL HE M
FE LTI, Fick - TR A, 44~57%, HIBTIE 52~66%, FiTIE59~75% T FikEE40
REBEE P -1,
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Table 15. % 1 &% K i€ B U 5 # 2 0 FE UNED

Hardnes% of surface soil for each research plot (Oguni) (kg/cm3)
7 ’u /\ = Tﬁé LA N »t.‘ i )J)((}%C PR NM\ B bk
~ N (] razing native razing on-grazing
V(Jmnn% mmi graqslagﬁd o grassland forest land | forest land
| r R N ’
O L i KAE | CFH ’ SRV FYEAE T T 5
t m“gﬂgUﬂ | kas | KED VPG e | bk kan | B ke b
‘ } t
... area DY\ ! path area area - . g
(frztss mep_ | (,ovv1 W dt;r with in| (Down | (Upper Cow |Forest Water F’orest Water
area )‘ trai at cow |part of | part of trail | area | path | area | path
o | trail | slope) | slope)
‘ 1ope) | slo —
2.2 3.8 ‘ 4,2 4.4 44.8 2.5 1.0 4,0 1.1 3.0 1.7 3.0

(2) WEBLUZ
Table 15 13 ljeh= -+

TRFEM (kg/rd) Soil hardness
SEREENA O T AR 0 2 4 6 .8 10

s v e S A BAWALIEE | po—e
I3 D MR A U LIRS T % o —fICHE o Gz Tame | 157
FEI ML, ROk s STk 5 TES B s, ggﬁzi‘%e{“——'
i grassland ( BB~ —0
T TRRA KL AR E L, W BT (paea
Grazing F‘orejt Boa-a
ELTNBDT, RS 3 WEEOLES TP R Avo
Ly Non-grazing B v
TEE Do PO & BB I & DRI AR a forest land |
—(‘)"7_:‘
e LTRASERRD SNROM, BRRA 27
&=
OB IV e GE Uk B, REM, K @
BB D RED T 2 & C A TIIMR S
P TENMESRE T 50 © OETIRKHR "
B K OTAHRH DTEEE DS HCR N LMD Z 4
LU /NSO, HIENT OB ATEH T %0
422 C.d/ha TH - fe DIz LT HARTIHIT I 208 Fig. 24 ZMEROLHEE ONE)
C.d/ha, JitHchb Tz 1831 C. d/ha SHREFCH - Soil hardness for each research plot
(Oguni).

P EMBEBLTONE EHEZ ST,
Fig. 24 B#hikow v £ —<v v 7 Vil

S 2

WEitC & B iiE

AEHA (BEREKCEIC 204D T
ERT o AR T 10em LN 20em T EDRET, WIS 6 ~10 HFIEDKIETH

Bo ZORNCEAE 10 cm PEOME TR A HREHNCE R T, BRI/ NTH D,  [ho B s
INoDINC D ENBEDOLNL, WEEORELEL NS, UL 30em EILEO LETIE
CTOR DI ER A LD oI, Frofii (30° ) & Bt (20° 1) TRELOWE
T 5 EATH DO ZNBBREDZNI D /NI T E0ED S, TS ARMIZERIX D 4k
%

s B OBEE DS I T SCBART A L EZ S,

Table 16 1C &

SEVE DRI AR Utz o FUEIR 1 AR

D&

T (20° REE) OFM B EE 20cm O HEO M
I, RUKOIRIET OMEE, MBI, Aokl BRGE, &
ARFOREL, BB, NRREL, POFE, BKRE, ERE, pH, A, BUKEO 14 HE IS0 TTbhR
7o s, WA

P I MHEIC dh S dit, Table 16 WRINTWV D 6THEATH 72 TOERTLUTFD
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Table 16, &£HEEXICEY 3 Loy mEE ONED

Physical properties of soil in each research plos (Oguni)

g B TERS | T B3 SR | B AR
Soif\ Grazing tame Grazing Non~grazmg Grazing native
depth grassland forest land | forest land grassland
em) | A | B | A | B | A | B | A | B
A (glem® = JZ 0.6 0.4 0.4 0.5 0.3 0.4 0.4 0.6
Dry density £ 20 0.5| 05| 04| 06| 04| 04| 04| o8
w B ® @ % B 59 41 41 49 34 38 43 63
Bulk density ° 20 54 46 42 63 42 40 43 81
B W # B| 27, 41| 35| 32| 47| 41| 39 26
Void ratio 20 3.3| 3.9 | 87| 26 | 87| 38 43 21
= K R OE % B | a2 40 | 75 14 | 77 141 1 17
Percoration (cc/mm) | 3
rate 0 | 42 51, 28 25 | 40 22 9o, 18
x B 5.4 52 56 53, 48| 49 50| 5.1
H i | |
P 20 5.5 5.2 57, 55 4.8 4.8, 50 5.1
‘ I S _
mwok . E 1 E B 141 754 553 363 989 952 301 604
Water resisting (sec) [
quality .20 101 90 176 122 146 126 157 | 299
pas A& f B &
Note Steep slope Gentle slope

CEBHEDLNG, BELTOVREE, RREREEMMOZN O 0EFM, BRMESENTHS
20cm EICDOVTHIEFRERDOC EDHLEDOND . FMMt, FKEEE., WKEI DWW TREMH
MoRBELOZh AN, BEHMEEERTHS, LrL 20m EOLETIE DX SITNATIE,
INEDT EDLBTEORENLEOTERDD 2HO DI ODNWTIRERLT, FfhobDic20T
2 20em BEFITRELOEEBZ SN/, Lk L SBREXOMETOBEOZED RX/NBERIABICIIR
B NI DI,

PH 20T MM & D KUK ICIE 3 A SN HOPHOEBEEZ bhvice L UK
KOMD#EEAB TN,

L Sute 257
C’:’%;Zi:gj‘f?m};grassland {g : ;" :jF fLAJFa?KFQ H”;g/ﬂ‘%l{—* '5 Ok
BE h 2 '
sondiie o825 icol T L E Fig. 25 10
Grazi ng forest land 18 & I
R Ry Y RlLi. CORDSABHRYESET
on-grazing forest land i v %
tHond
® B B
EWERTD » F—v Y VT VIR
Bt RO TRBESAEI N, £
N DFERI Fig. 26 DL BV TH B
S o
0 S?ﬁ 100 NIC X NIRRT DRERR MDD
. ) e X D 2, B Bir k& <,
Fig. 25 4§ [ ONED WEXOZNLXDBEICKE L, &

Triangle of soil textural classes (Oguni). HWDRBUHENT SNTVD T & &k
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1000
100 800!
— 1 . BUSAISIO [po
600 Grazing tame {
M asim grassland Bo—o
" Steep slope BAEEKEI (A a-a
e 400 oy Grazing nat lveiBD‘—U
£ 80 7 gm 5 e Sveiuly
ju 7 Gentle siope - / - ’Cf”“*’,‘? ,[A Ao
R [} razing fores
c "= =z X fand (B &b
S A < R R g [av—v
5 = ”} o 2001 T Non-grazine oo o
= iz o - e forest land |
= & 601 ) .-
T ® H T B e |
% £ 5 5 »
E B ﬁ =N 00— >
c S B
(M o7 Bo¥ A
c, A z
40O 8vmm)60~ > G
7 % A/ ////'
20—
R g
20 2 e |
3 -~
(@] P
20— =
/,l‘/
e 4
0 ,,:" /,4"4
JURATEN AT BRI ARERE - 4
Grazing  Grazing Non-gra-Grazing 10—==4-" .
tame forest zing  native % 15 20 ) 30 40 5060
grassland land  forest grassland %@ 85 8 (min)
land The time elapsed
Fig. 26 ZIEXOEWRE®RE CNED Fig. 27 FFHEXORERE MR
Final infiltration rate for each reserch (=27 v—T7RRFER, 197349 FHlE)

plot (Oguni). Process of infiltration for each research
plot (Oguni).

(Musgrave’s infiltrometer, Sept. 1973)

Table 17. <27 v— 7 HEENC K 22:FEWE (197349 ARE) CNED
Infiltration rate by Muscrave’s infiltrometer (Sept., 1973) (Oguni)

(mm/hr)

BATEH | %K POl AR B | BB E R
Grazing tame | Grazing ‘ Non -grazing | Grazing native
o grassland ' forest land ‘ forest land | grassland

A | ’ A } B A ‘ B

¥ w B W | | N | |
Initijz;l in)ﬁltratio;% ra}% 441 233 315 \ 136 | 1,202 \\ 602 1,108 325
Kol inﬁltrationj e } 285 185 | 222 | 82 879 | 791 ; 883 516

e A E*EEC’)/J fa\lﬂiﬂ)ﬁ Less trampling spot
Note L BEIE DA LA, More trampling spot

KL BBEBEEOEBETEHLPITRLTO Do MMIT UK 5 TRBEVNET 5 C &0k S 7225
U LEFHLTRENMIIE DERIZ LA RV, BRMTIIFEORBESBEMMI D D cn s
Z N5 HBEEMHTITERT LA E TIT LA EEDIT D - LD —BITIIHH T IZBETE O 1%
BEDBBENSEDENVDNTO S MOMMIX T RAFHBO H L D RBIICED R L T
WBY, TP BRHIEEEORBTEOHENKENENIFRIFATI2DEEION L, BH
DI LoRERENECST s v F—=y V7 VERE ORUKMER 100 mm/hr TH S, LAd-T
T IR L7e BB IR OO W 2 K IEGEARIE, b BRBME T,

ZLTHRKBEDS SICRENTA S V—TRIREFICL 5 WESFER Lice 1005 19734 BR T
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1975 i) Ut & LIRS D5 L,

19734 9 A DRIFERR % Fig. 27 & Table 17 IT7R 7o ThIC K % & 60 SOK R BRENZRE
KESBEODIBOHR (A) EHEEDOEZVHE (B) LTELDBELKRBEOZNMLHELIVNESL,
reENZNHEORE S v— 7, HBBEDANE S v — FRHC DN TO 2T Hobk i, A TES,
SRELH, FEHRMOIHICRBRENREN T EBMON S,

Oy F—< 9 VT VRREHICK SBABIERR & BT 2 & ok & U TR o JEAL 23
LT 5D, CHIBREHET ORERSSEEREOBEWIBAICR - eREEL DN, WTFRICL
THRBEXTRERARIE D DRV ENEEEELZRLTN S,

< 27 v~ T BBEKE & BKBRER D b OB & OBBRERATR L,

I=pe

T, It RINE#EKE, t: RBKE, 6 b .

FRTa3EMEOIFEE UCREERE RN, B Sicknid, ¢ DEMNKEV T &I3FKER
BBRORHEE & DITRBKEIFDS LT IBORUHANE L, MKDOBKICH UTRE®RDS 2 T &
R o FHEXDA, BEHATO ¢ DfEiZ Table 18 0 &LBVTH 5,

T D a OEITHERM, B TTER, B EREH, SHHROIRIC kX135

PIETHER SO TN S BB E D BEBENSE - T B ERBMP EVA X DD, BNX 3 HED=E
RIIHHEUVTHEMICDOTR B ZDOE DKL S EZOZF . T ORE T IR O J5E
ROBEEEOBOTSICR - L EMEL SN, TRBBALERTRBBTRESKE > DIk L
T B R T I BER RO TR I DB LT HICIE o 7co © DRl 2 HICK LTHREDS
KREVBBREIC I EBEIONEINLTH S0

Table 18. £FEXTO a (FEFRE) O UNED

Value of a, coefficient of stability, for each research plot (Oguni)

| B AT RS | Bk HCMR ML BCM M BB R
Grazing tame | Grazing Non-grazing | Grazing native
grassland | forest land forest land |  grassland
A | B | A | B | A | B | A |B
—_— , — —
Sept., 1973 0.88 0.90 | 0.88 0.86 0.91 | 1.16 0.92 1.10
Mar., 1975 0. 65 0.28 [ 0.88 0.81 0.96 % 0. 69 0.79 0.79

et A BEEDDIS OIS Less trampling spot
Note B : BEDL OHLA More trampling spot

Table 19. & # T ® a (ZEFRK O HE
Value of a, coefficient of stability for various area

| RUERER o | ZREMR | EREAR | HEE RS
| Volcanic GRED | (5D ‘ (EHD (R
rock area Roam area = Tertiary area = Granitic area | Paleozoic area
(Iwate) 1 (Tokyo) | (Aichi) | g(flchl) (Okayama)
Forest land | 0.72 ! 0.68 0.75 | 0. 24 0.84
w o 1
Bare land | 0.65 } 0.55 0. 49 0. 38 0.79
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19734 9 AETO/NRICE T 4 ¢ D EZHTO 2hE% igd %720 Table 19 %55 Lss, /h
HOZUERTO e OERMHFTOZNLDAE L, BEKTHEMOKMD Zh bX DR EBMEN
ST E o ZHI/DNEMF ORBALBABEICEL D TREVLEEZ ONEH, Lr LAEHEEE
ARELTH S 3 HBE TSP A AICIERIC SN CERICIE SN T &b BBOICHFRNH
590 Uil TWNED Z O & MO SO A 7272 BIC K 5 € EICIZEINS 5 hHANEN. E
P SEARTH R T O PUIEIC JA IS I ST R B DS M A LB 58, B AR TEHE 2051, ARMAk I 124~
172 mm/hr SV S ERIDH 57208, R UEKREBENCE > TE NEOELHITHDKELB TS
TNd B0 & ERRBHAICLE2HDTHA D,

DI ERAGER 3 AD 197349 Bic w2/ L — T HEEH T ME LT H 508, &

SICE URIEME A BV T 1975 4F 3 B I EER)

- . 1000y %
EAETot. ZORH% Fig. 28, Table 20 i 800l

. _ 7 4 1 BIAISI
R UTco OO 60 43I BB B 600 7 ‘?ﬁﬁf{

FINES &0 B
WEMED BNTNENSOEDER 5 T20 THL &

400 ; Gy B o o
[ S I B St

RBEMEEEARE LCH oM 14E9 D AERE . ;/, e
. . N - ] Ot (A
BT IO - e BT b i S m/;/ 1 e, {5
SfelFAONET L, WEZEETE - et A Ry .

PN Vi v

& ’

FEEHIRTHERDICER D Tt EEZ DN T
EBECEEZEDTHA D 60471 O KRIARE
TREE I A MR IC K & < BHUS T/ T & 3RE
EFE S HLTHEH, A, BEMAIS v—7

Cumnuiative amount of infiltrated water

TIRRLZ 5 % & JCBON TSR, 5 B AR, 6/
0o NN I A B
MebkHl, BEMHLOIHICKRE <180, HFXiEn»
TN BHRI L D BB AEN T 2 AR ENT IR
" 10 200 30 40 5060
%o A5 TCHCIX D MENT T I3 Bk B A S A T # OB B @ (min)
The time elapsed
B, BUKEHAREM L DS S 5 2hs, ST e emg
L BRI DR o e, S Fig. 28 &WHEXOREES (NED
RIBAE & 278 D A [BJIE T i Bk LT O JIlE o8 (w27 Vv—7 B2, 197545 3 A EIE)
WHOR TG 6 S HARTHbnT ¢ &0 & Process of infiltration for each research
N ' plot (Oguni).
WHLEEDEEZOND (Musgrave’s infiltrometer, Mar. 1975)

Table 20. <27 L —7ERERHC X 2 RBMmE (19754 3 AI0E) CNE)
Infiltration rate by Muscerave’s infiltrometer (Mar., 1975), (Oguni)

(mm/hr)
N BT EEHL | M % R HE | AR Bk Bk HE | BRCEIAATHE
Grazing tame Grazing Non-grazing : Grazing native
~ grassland fore%t land forest land | grassland
A | B A B A B A | B
oM o8 B . T .
lnltlz}l 11]ﬁ1t1’a1.101’1 rate 198 ‘ 54 182 “ 174 972 | 498 1 354 ‘ 72
oW oR B o B 50 | | ‘ |
Final infiltration rate 108 12 150 | 96 870 ‘ 228 ‘ 180 | 12
,,,,,,,,,, — |
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1975 4 3 AREIC X % a Ofix Table 18 KPR LTH 545, TN HIBHRHOMEIE Mo zh
I 5 85T, MDBEEDZNG EDREVEZRLTN S, KRB REZ Table 20 IR L7
2, CNHBEEHHOERBOBEXDZNG LD REVEEZRLTO S, OO T & HHHMAIT
IR T R R EIARIC R BRENEE T 2 A H 5 LA 300 b MNEN,

@ WhHERE

FIROw v F—=v v 7 YEEETICK 2 RBRIEDK, HERRNTFOIVEZAEL, FRERT

EICER OB ERNTER A £ L) D Fig. 29 Th 3, BEXNTREBEMBOR R LR ELH T
MNDHDHIE T Do FREREIMMIC S SNTRIBEBENZ VLN 20 DANT . HIFERR

i, BT IR AR I D B THRIE AW ESDITON, R K TR AL b B O S 0
HABERE . CNERREEOTHSEAMIC BN THENERTH L L ETATEEEL LN S,
Fig. 30 FHERBKZERDIVELOBRFRERLLDDOTH 5, MBEOHBRRERATHLbIND,

log 7 = 0.0052 Sy + 0.6289
T, v MRINKE (mm/br), S, LR (kgha/hr),
COMTETRENT L ARBEARMOBELMTORETH 24, LURENALEREIVAVAELD
N3 BRED ZNICIRET 12,
Table 21 ¥ RFARNIKHRD HEFHK (FPr v b)) »oOFEMKENLRE, £lo C.ddib
OHMEWEERT . WM 1972~1976 E£D 4 HETH 5o ZWEHFIOW M LB I EE T
LS, WE, B, B, DHRARREEPEHLTCO L CLEFAT D LEEALN

CIR#M® r
Steep slope 100 .
7 5 @ 7
Gentle slope
*E
it
Q
0.1 Z P %
i
Z 3
ok
n 0.054 % se
n —
0 t‘H mm
2+ —
hr
= 7 s
n g
@ 3
ha 0,014 ] .
b 7 i : -
I 50 100 150 200 250,
0005- S L& (kg/ha/hr) '
' Soil loss
Fig. 30 HiEFLKE LWL LY EE OBRK
ChED
) Relation between surface run-off
0001 L and soil loss (Oguni).

éﬁlﬂ/\lﬁib gﬁ(mﬂﬂﬁ M ﬁéﬁ&fﬁ%ﬁ
razing razing Non-gra-Grazing
tame (orestg zing native Fig. 29 #HAEXOWNLDE ChED

grassland  land igredsf grassland Soil loss for each research plot (Oguni).
n
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%o AEMHIFR a0 A B AL I3 X R

700k
BEFIC R - TRIZY, —EURW0DS, WICHHbk o LA T 80
) /\ Grazing fame grassland
HTRBOTH 2o 27 Fig. 31 5 SBLTH 600 |
/ \ (Jrazmg {oresf land
TREMID SHRLTBESDTOEOZ Z 0 // | Ol e rassiand
hE R AR
MmNz T ORITHEBEREH O KL §;{ 500r / \\ Nonfgrazmg forest land
PR LD 2150 ZOORKO Er Y Y
T 400}
BOEDEEAANE T > TS L0 S FESE 2w
v &g
BTHEBEALNG, LRELIAFOWIENK T

(78)

WD o EREDIMETH 2 D3 C DERZT K
ANEHB UL > e AT L EEZ LN 200¢

o HHEROFIN M E D & EE oW il 4
WEAZLIVKEES, »DIKEOEBICXD
wilitE &L T Cdhadicb @Rl LpE

\
100} o A/~_~A

SEo o

0977 1973 O% 1975

(kg/C. d/ha) # Table 21 IZffii L 1o CHBD " eur
B2 i 5 &AL T/, DT Fig. 31 ZIIEXKOERB L8 N
ORI, BWUSERERE 2 S TH D, flkik Yearly soil loss for each research

plot (Oguni).
BB LTI A T R B £ 0 2

LHHMNIL . ERE L, 2 4B OB ENE R ITE O BAGHR T % b MAF OB E T OHIRICH S 5
DT, MHUX GEEBMN) JEHRI D & A - THHIRES N & & 8d 0, —JFHH TR
LTI, Z Dbl R EId ok, SMobkit, B A T, B RSN s {8
LVIBABECHEDEEL OGNS, LI EORED SHIRTM XA S Ol A8 4R & UTIREMK
FRELASEIC DTS, BIRE R TRV ENA Do 7o U B REI OB & KANSTHN A T & b lithd
WEEAZSTIARSNRRNEN > TODEBZ N L. T ERMBIHINICET - 2 Ba il £
BENELIKZ BT E, BROFBIREK TReNEERMIChmn T Ebmbirc,
BT, Ok, AR O & HE KT RIKPICNBRE R L, T oM LR EAEL
720 ZOF5H%E Table 22 IR Lico TOREES T o v PULEDOBE & EBSIMCE Y 21 -1 Ei
BMMHTRDTH S50 L LEBHRMOMER B ATERDOZN LD KREL, oy b O ERR
o MW ERME, & ACPREMOKRE STHEBICELGESN S, fo& AR A SO LR E 72
BRBOBRPTUM T 2BONE L RECEBELONE. TDIRDERO/NE O FCRCAR IR O 3 i -
WESEEOREVBBEATERO ZNIDEL b EEL NS, McbIhnd 3 EBbh s
M CTRYPLPITTEI D - T,

(&) HERLIKE

oy F vy VT YEEGENC X B HERIIUKE R MR Fig. 26 O &AM (REKE) LEOl
RiICh 205, EEBREOREVHEXTREEKERDSID,

WRBIMX (Fa v ) TS & REICE LA O AL B o2 Table 23 (CRLT
VWao ZORIKINE, —MICHIFRIVKERZ EHDDTDE L, ZORBIBEATERD 1 fIEROT,
BWED1%iIcdb BT, RILTHIRALORBESEOOTRIFIEC EIRENTO S, —HIT KD

Ak
%
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Table 21. £ E KX » & 0 W &1 &+ B & ChED
Soil loss for each research plot (Oguni)
(kg/ha)b
|
A = oW JEATH | g BB S| S b | Bk ERER
Term razing tame Grazing Non-grazing  Grazing native
grassland forest land | forest land grassland
May 13~Jun. 12, 1972 | 41 7 ‘ 5 ‘ 10
Jun. 13~Jul. 12 42 52 | 36 | 314
Jul.  13~Sept. 12 14 21 13 76
Oct. 7~Nov. 20 7 15 ‘ 4 5
Nov. 21~Apr. 6, 1973 ‘i 69 130 | 70 43
&t Total 173 225 128 448
C. d/ha 274 111 208
kg/C. d/ha® 0.17 0.87 | 1.53
Apr. 7~May 23, 1973 39 54 ‘ 50 516
May 24~Jul. 20 115 8 : 8 123
Jul. 21~Sept. 17 48 33 4 16
Sept. 18~Nov. 15 103 40 6 9
Nov., 16~Mar. 29, 1974 | 22 75 51 11
il Total 327 210 119 675
C. d/ha 405 86 77
kg/C. d/ha 0.51 1.08 7.23
Mar. 30~May 29, 1974 5 \ 13 | 18 15
May 30~Jun. 10 32 I 20 4 11
Jun. 1i~Jun. 28 5 / 3 2 3
Jun. 29~Jul. 29 90 15 2 13
Jul. 30~Sept. 6 144 13 4 6
Sept. 7~Oct. 4 38 6 6 5
Oct. 5~Nov. 12 12 5 4 \ 3
Nov. 13~Feb. 6, 1975 18 3 7 6
Feb. 7~Mar. 7 11 8 8 5
Mar. 8~Apr. 10 11 12 i2 12
=t Total 366 98 67 79
C. d/ha 323 89 { 151
kg/C. d/ha 0.93 0.36 0.08
Apr. 11~May 8, 1975 5 3 ! 4 9
May 9~Jun. 10 8 10 4 11
Jun. 11~Jul 14 4 17 3 144
Jul. 15~Aug. 6 13 11 3 8
Aug. 7~Sept. 3 3 9 2 3
Sept. 4~QOct. 7 3 7 | 2 3
Oct. 8~Nov. 7 16 ‘ 7 1 1
Nov. 8~Dec. 11 27 | 4 1 0
Dec. 12~Jan. 16, 1976 10 8 9 1
Jan. 17~Feb. 12 11 13 9 | 0
Feb., 13~Mar. 23 | 38 10 13 ‘ 3
B Total | 138 99 | 51 183
C. d/ha (254) — 145
kg/C. d/ha (0.34) — ‘ 0. 90
1) fusrEs Oven dry weight
2) (SR O 10 B — gkt o R i L 8) + C. d/ha

(Yearly soil loss for each grazing plot—Yearly soil loss for non-grazing plot)-+C. d/ha
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Table 22. & §J§ & i B © & i L B 8 CNED

Soil loss for each research basin (Oguni) (l/ha)*

- 4 Term H Grazing tame Grazing Non-grazing

grassland ‘ forest land forest land
Mar. 30~May 29, 1974 3 28 4
May 30~Jun. 10 27 30 1
Jun. 11~Jun. 28 22 31 1
Jun., 29~Jul. 29 16 213 0
Jul. 30~Sept. 6 35 108 0
Sept. 7~Oct. 4 2 10 0
b Total 1 105 | 420 | 6

Vofume of wet soil

Table 23. £ A X o # R R /K& & W& OMED
Surface runoff and rainfall for each research plot (Oguni)

e = - : e
W o m | ERATER| s | sk BERESR
; ? Grazing tame| Grazing |Non-grazing native Rainfall
grassland | forest land | forest land .
Term (m3/ha) (m3/ha) (m3/ha) grassland
- / | (m?¥ha) (mm)
May 24~Jul. 20, 1973 10,2 9.3 \ 7.4 2.4 300
Jul. 21~Sept. 17 31.8 26.4 9.3 20. 1 390
Sept. 18~Nov, 15 8.5 10.8 5.0 | 12,0 166
Nov. 16~Mar. 29, 1974 6.6 12,0 2.8 | 3.4 239
2f  Total j 57.1 58.5 \ 31.5 ‘ 47,9 1,095
- S S ! —
Mar. 30~May 29, 1974 20.8 21.2 17.1 26. 1 279
May 30~Jun. 10 9.9 5.2 2.2 | 2.7 73
Jun. 11~Jun. 28 8.3 9.5 2.5 ‘ 5.4 | 156
Jun. 29~Jul. 29 45.3 38.2 21.3 26. 1 468
Jul. 30~Sept. 6 6.8 19.6 | 9.6 8.1 210
Sept. 7~Oct. 4 , 11.1 — 5.9 8.4 | 244
Oct.  5~Nov. 12 8.2 | - | 4.9 6.0 175
Nov. 13~Feb. 6, 1975 8.8 5.5 | .8 8.2 221
Feb. 7~Mar. 7 2.1 1.2 0.6 Lo | 59
Mar. 8~Apr. 10 5.6 5.7 2.9 5.1 130
5 Total | 1269 | (06.1) | 68. 8 97.1 2,015
Apr. 11~May 8, 1975 7.2 10.0 7.3 7.8 208
May 9~Jun. 10 5.1 7.2 4,3 | 6.1 143
Jun. 11~Jul 14 29.2 31.7 2.5 | 55.3 | 784
Jul. 15~Aug. 6 0.7 0.4 0.3 0.5 104
Aug. 7~Sept. 3 5.2 4.4 2.5 4.4 | 136
Sept. 4~Qct. 7 5.1 6.8 | 2.8 5.9 | 178
Oct. 8~Nov. 7 4.1 4.6 | 0.5 4,9 91
Nov. 8~Dec. 11 4.4 7.3 0.3 6.1 153
Dec. 12~Jan. 16, 1976 0.4 0.7 0.2 0.5 15
Jan., 17~Feb. 12 0.3 0.6 0 0.3 5
Feb, 13~Mar, 23 7.2 7.7 4.3 8.5 338
£t Total 5 68.9 8l.4 | 52.0 100.3 | 2,155
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Table 24. HFWEFRBO €~ 7 KB LHHE CMNE)
Peak discharge and correlated hourly rainfall for
each research basin (Oguni)

A i W B | T -7 W&  Usiha)
No. Jloury | Antecedent "mBCATEM | RA K M | % A A
Month (mm/hr) | (mm) Grazing tame| Grazing Non-grazing
| | grassland forest land | forest land
1 Jul. 1974 18 ‘ 6 3.57 | 591 | 0. 04
2 ” 12 ; 29 2,11 3.49 0.04
3 ” 10 10 3.74 3. 49
4 " 9 | 2 0. 69 2,90
5 " ! 14 ‘ 15 12, 48 8.7 . 0.06
6 ” 37 3 1 39.52 33. 49 0.53
7 ” 23 11 62.86 | 34.23 0. 02
8 | ” 25 3 29.82 ¢ 22,19
9 ” 12 1 3.09 | 2.37
10 ” 16 13 12,72 4,61
1 " 8 17 16,84 | 3,70
12 ” 9 25 19,37 ! 6,48
13 | ” 22 12 .99 3, 49
14 " 16 0 24,53 24,62 0.04
15| Aug. 1974 32 0 25, 54 48.37 0,01
16 | ” 22 16 23, 54 11,33 0. 02
17 T ” 9 20 3.24 1.62
18 | Sept. 1974 16 | 1 0.01 4,61
19 " 10 10 1. 43 25 |
20 | p i | 12 1,87 4,14
21 " | 11 19 3.57 2.05
22 ! y 9 | 23 2,24 2.05 ‘ 0.04
23 | ” 10 24 2,50 3 0.93
24 ” 7 | 7 0.05 | 0.66
25 ” 4 2 0. 04 0.01

* B EH 3 BN OWE
Total rainfall within 3 hours before peak flow.
B THARBETEEON, ZEORKLKEOMEXMIEA I BB A TR, Bk, BRERE
H, BBHRMOET, BEMMTEDEL TS, 2R UEAORIERHC LKA ERATLE—ET
B50e & QICAFRTRHERENRIMI D ERO T BREFTH - TtBAbS - icd B 5N 5.
AR O/NERTHEE LEON e~ B & T ORBONES Table 24 /R Uiz T DBMICHARAL
EH, RHHOTRR T 25 [, BRI TIZ IO — 7 HMBSRE SN, ORI K IUIHK
MO FERERICHE I N0 2 RO ZN 5 XV BINSOVEEZR LTV S0 DT &b DRI
Bov— 7 KEREEMRMIKIM LTI D RELBEIDOEEZEZONK Do KX LIRBOME, R&3D
BOBHEN0, CACORELENINENES S,
T AT BRI & AR IR0 ¥ — 7 IRB AR KT 5 &, BIRALERD 2 S BER O 2 &
DARSVEBAIZ13H], FOBAIT8HF, B AMIZIZEALENRD, LA LIOERBECIADY B
THHICHRSTBEES DD, FHMBONEEL &2 EMUATER 11.9/stha, Kbk 9. 5 //s/ha T



PR T D BRI &R L O g CRMR A DTS 147 —

HREELZRBYL NGB -7 LdH 0, L7 LS BIMATERO L » &~ 7 R

RELIBEBERDABVESTH B, CDTERTHE— 7 HBEAOEBINFOATHL D Fi O ID
FWRRENC EEARLTOL D EMNEN,
DOEI NS SHHROELMOWICE 3 ©— 7 HBIC OOV THNE & OMFRIZENTND X OEG R

Thbbaiic,
Qag = 1.616 Py — 8.734 (UM AL EHY)
Qg7 = 1.147 Py — 5. 917 CHobkih)
Qr = 0.016 Py — 0.203 (ZEHcHkH)
T, Q@ ¥—I7HE, P FHE,
Fho - 7 BB 3 B OSSR EL & BRI ON CERBEEEIAN I L 2 BRANTH L HE
e
Qag = 1.501 Py + 0. 265 Ps — 13.189 (B A UEIHD
Qqgr = 1.067 Py — 0.004 Ps — 7.621  (iedcbkib)
Qr =0.017 Py + 0.001 P5 — 0.235 (ZBHchpH)
TTC, Py ©— 7B 3 BN ONITIRE . 7272 Uil 2 3d 1 %4 Bk, Mo 13 6 2 E
IKELITTH » 7o
EROC Ep D, WhB D BEALTEM, SRR O Tl e — 7 R L D I D K&

{BHDEVEE I,
3. MGBRMDIC & B FER

R & SBT e dom s, JbmiE s g
i T L1 < = M2 N | R
D KB 0FE
(1 R o
R ETRATIOEAN LY, B LEAAH 526 BREENICHERY S, € i Fig. 82 10RdT & D
CEF (2,040m) DILFEICH B, KEDOH
b LT, FTLFEDNCE, D EICHE-A
FRT B 7o W AT & 75 A PR HIIR SR s
1 CHIRDSEL 95720 0.2m PILEd 48D 5l
WT b EMBHToND . AP ORREMN
R BB 3 2 MBI (5 ~10H) DR
650 mm [j#4, FHRE X 1,300 mm §iET H -
720 SURIZ 8 A0SEE T B AR 26. 2°C,
BARIE 1 HiCdh 5hi, FPEREKRE —7.9°C 25T
TH Ao BHREREIL 0.56~1.0m T3 SahreaeEss S|
EEL 500~550 m, JbEEANE T, @EANES Fig. 32 TAssEHio g
~40° I h I DEILICED s HERM AT LT Location of Hirakasa experimental site.
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Kick 23 Lo, 2380 Bo(d) TRESN, RASDEELTH 5, BBET, B0
BEIME S, BRI A DE N, REBICHERT 522 ) 7 RIBATERINTO 5,

R BRENOTMIL, BT OB LSO RENEHTMBEELONET I~ Y —aF 5 ~7 VB
BICBT A2HERLZNRTH e TH Y OBED 17~19m, FEBADEESHIT 10m 5B TH - 2o
WREMZ 7 <A FHBEEL, 41 X32F, AX5Y, TH/ %) VY IREBL LN, BEAREICIZY
UEY, TALE, NYNIRERB LN, COFME—RIGEBEMEERE LTHBESNTELH0
T, WEICHEIN/IT &0,

BRI TE D 70 D LA 1971 FORKICEE S e, TOBRKRKROEMT T+ 5 7 2 BHV
NI —MOMIRITE U BA T 2B EBINIc, THRBROKEE RO RITICE & ThE
HUTetod, ZOBFOEER LU SR MEE L, MBEREE I E Ults C O ABBILEARICS
NWTEEDTHBE TNV F—=HFILL DD 18001, #9910 m?, PeHIC K 2 & D51 2, 9 460 m?
LD, ARPHEED 18.5% IKEL T,

(2) REBOET

(i) REXSB X UEER

FERE DK T0 LT 5 = v kil & 2 O {RERIC Fig. 33 (Photo. 16~21) 1R T & 5 LRBX AR
B L, Table 25 @& 5 WEBMIHEIT - /2, RRK E BIHIERL SIIMIROET Uk 197148 S35
B ARG U 1972 BRI THRIE Lk, TROBEHRBRKICHERNK BHE 40m, {8 20m
TR Z1IRTOBRELRY, ZOMBRHIBO Fig. 33 oitRsnT 2, MEKHERKO TR
Fa v ) — PUFREEE UTRBL, RBEBEHZ < Ul WK 7 4 vz — BB L TARE
KcEA S, BRELZERKME TR S NI, FMBick 2HERET# RT3 D& KIC5
~10m MR T 3cm MOANAEITEC %, FHNICZO[MSZIEL, ok X 2BHEE0R
#EE LT,

(i) ZHBREXOREE X UZOBHHn

B bk M

TARBEIE ha U/c 07 H =y 530 K, [REER 150 &, 31680 £ T, MEL 318 md Th 3, WLADS
713 Fig. 34 1GR3 T3

Ji B bR M

SARARBIZT S =y 330 A, [EEEM 20 A, L 350 ATHRIZ 205 m® TH D, HMHkib & Rk
RER AR —THREDEEMSSD 5. 7H =Y ORE 17~19m, JEIEWHIL6~10m TH 2. WERRAE
BREEhd, 2oEEsshi,

BACERER A

T H = VRIRRICORK, BRIEER, Wi, L UHEOREE, yvidhkasnd, zox
TRBISEIT S i,

N T EEH

AR TIRARREAEX DI, THA<YDRAK, HELEbICADTERL, BRIL, BT v
—F F—9" (49 13 ton) IR O RIRDSHMIKOARARE, KK, ik & EHIRMGETR SN, 20
TEORLEFBEB SNTHRODLERICIRD, £0HE v—F F~F KX BHE S LIET D TN
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Photo. 16

A bird’s-eye view of Hirakasa experimental site.
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Photo. 17 4 « ¥k « 25X CE5) Photo. 18 7 « #k » tiX (it 4 T H) (FAE
S« F N plot (Hirakasa). S+ F .M plot (Fourth year with

grazing) (Hirakasa).
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Photo. 19 % - & - EX (B 4 £ H)
G
S+ C-H plot (Fourth year
with grazing) (Hirakasa).

Photo. 20 1+ A s X &« A - EX
B4 FH) G
S.T+M plot and S T--H
plot (Fourth year with graz-
ing) (Hirakasa).

Photo. 21 #E « A«
CE)
G- T-H plot (Fourth year
with grazing) (Hirakasa).

X (i 4 48 HD

AZEAIA
® Weat her staton

0 500 1000™ 8

Fig. 33 R X &
B (P

Experimental
R pIOt.S and
Runof oot equipment

(Hirakasa).

Gauging tank
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Table 25. 3k Bk X & ik B dn om0 CEAD)
Experimental plots and treatments (Hirakasa)

® OB OK | o o | g | . - e [T
’:n e | it 5t it o ! il A | i e | o
Experimental) <0 qient Ground cover Vegetation Grazing Ar;&a

plot | s (m%

N o " W

BokeR THevERRK P g, 1,200

| ZL\KI:' WK l ({ﬁl Akamatsu ) o

- | orest lan (P. densiflora) .

S dkerh " SO0 s i 5

<. F\ M natural forest Moderatg 2, 800
— o — I — _

S -2 % i ;

§<C+*N | Non 2,700
T - e e e RIERME AR | =

Lefkerp [ S A Broad leaved o fE 1 5 800
St C M Sieepslope | Clear eutarea | G " Moderate T

S-C+H Heavy 5,800

. A« th | h o, 00

ST M | AT 7*5*7‘ e ¥rIR | Mademtg N
o i . Tame grassland | rchard grass N

LA-E - Tame grasslan, g & » i 5 700

S.T-H ! Heavy ’

5 o o o w | LEEEAE | o
AR E %ok B i 5 500
7(}7() . H , oE s Clear cut area | m:(»)z?lrs]?ve | = i ° o
B A-E | Gentleslope | A T & i | #—F4—Fr 72 Heavy 5 700
G-T-H | Tame grassland Orchard grass ‘ B

Fig. 34 MM (G- b - 28K, 2 - B OAST (R
Distribution of trees in two forest plots;
S+F«Nand S«F M (Hirakasa).

foo —RRICEMENFE TRAMMIC B O TIRPHLERE, e B TPt E R E e b @
T, ZORBTHRROFES L 7o LBREFE UTRBI vy Y 4% 10a Hch 100 kg B L,
FREIE & UTEM LRI & B AR & AR T 10a e N 8.2kg, P05 10.4kg, K0 8.2
kg OEIAGTHEAE Uiz FHEE 9 T, FTHIZITY, 10adidAdA—F+—~F/ 32 1.5kg, rva2 v+
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—317 A7 1.5kg, ¥ VA v F—T ) 2~ 52 1.0kg, Rv=TNVF4 75 %0.5kg, it 4.5kg
RV,
(i)  HHh X OhHrE R
OB
BRI NES ORI A S &I UCTARIE 10a $70D 5ton Z2EEE L, 95 1 ton Sk
DOERICEEBDEL, Adton OWNEE Uiz, 47205 19724813 2 [, 1973~1975 4R 3 [HIC 43 E]
MR L, 5t N 20kg, PiOs 8kg, KO 16 kg #FMHE5 Lo

MR &

BEMBOBEEAE L TRAER Y, MBS RS SR & bk 23 2 [, ATHMIE 5 ~6[H

& Uiz JRERE DR & BERRARHRICX » TEE DT I, T8b B EREH TR FHR 50~60

% HHEEK, 80~90% #HEEX &L, ALEMTIE 60~70% dsthEFEX, 70~80% NAZEEIX &
L7z,

BRI 2R LTS, ok Uice OB, WAORERIIC DV T E CERER
DILIr 5T,

2) RBRoKR

CON— %

Ao bio s (BE 548 m) KRS ENHREFRE L, 1971 FELOKE, BE, &AM, FE,
FE, AROCAREMADERERICID 1976 HE T THEER L, THAFORBRRABRET
fodfEeE 3 A R (BERE BER, MEEE, DHEUERL EEME L,

Table 26 ZEHIMMN b MFEDORLKFEROFHBEERLILODTH 5, CDRERERLO BTG,
db bR, SEEO S O EMBKRE L TA e CALRITRBSRMENC &, 4~5 FOEAINP P
c &, FROARBEMIPRDILNT LI ENBEREER SN,

KD CHEADEBICESL UTHETARKRBERIIEETHHE (6~108) 0K EEETHD, Kot
BoHBEOBEETEINE S CICHFREMNEEE T2, RIEDS5~10 A OVHKEE Z01%EL Fig.

Table 26, 3 4% ) & I

Climate at Hirakasa (1971~1975)
Jan. Feb Mar‘Apr {May jun i‘ Jul. | Aug. Sept.é Oct. |Nov.| Dec. D\I/'I“ 5
o | ean
=R \ |
%a; 1—1.7—1 6\ 0. 71 11. 21 17. 6‘ 20, 2‘ 25.1‘ 26. 2| 20. Si 13.9 6.2Iv0‘5 11,5
= it B ‘ R A
Temperature Min 4,9—8_4]—6“% 1.4 d,bl 11,4 16,41 18,0 12. 7] bu4§—1.6’~6_8 3.3
C) T yj ‘ l | i *

- I:/Ieaﬂ -—468—0.O!~3. 1 6.9 116 19.8597./%272‘.”1‘ }6 6t %7 ,Z,T,sif?f ] 7:;
s 54 “f\‘/héj\ 28 2 19‘l o 11 24 20| 31’;i zal 1319 261
Humidit — : ]

(%) Y 5 49| 54 55 sd 60 76 78| 78 76 73‘ 66| 56 65

Mean | 7| 7 | | | 1 [

i\%erfl ﬁnéﬁvel(o?@ | 3.9 a8 a7 57 54 3.6‘ 3, 3' 2.5 3.7 8,61‘ 5.8 3. 5‘ 3.8
Dﬁufﬁigf g'fﬁsunégge 138 152 180 181\ 258 184 201] 708“ 148? 1601 139‘ 87‘
5l & | : (I ‘ ‘ A i
B infan (mm) XX KX 95 125 133& i 76? 196 135 152 X

X HEET Non-observation
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(‘c)
30§
" 20k
é Fig. 35 GRERJURTH O AR D&,
Zé L RESE C:I:,\zi)
20k Monthly max. and min.
- temperature during the
experimental period
(Hirakasa).
O_ T = a0 Y a P LY P & P L Lo Ton i
1970 73 75 3971 73 75 1971 *73 75 1971 730 °7S 1871 ‘73’75 197t 73 75
May Jun. Jul. Aug Sept. Oct
Table 27. HEHRM B & CU - PE R OB GEAD
Rainfall during the soil and water runoff observation term (Hirakasa)
oo W M | Jun. 10~Dec. 6 | Jun, 8~Nov. 13 | Jun. 5~Nov. 29 [May 22~Nov. 18
Term 1972 1973 \ 1974 1975
[N - B | -
oy W W = | -
B il raeall (mm) 1,260 529 :\ 870 848
& K H W = (mm) 06 215 120 99

Max. daily rainfall

& K B W & (mmjhr)
Max, hourly rainfall

0mm P Folswes | 1 1
Frequency of 38 19 26 26
rainfall >10 mm

23 45 21

35 1C, T-AMBEONEEZDAEELES Table 27 KR Lo CHHICE > THH LML D ICELE
LB 8 HRRREEL, WEs2VY, HINELABKBRFICE - TORODETNA SN L, 128
REBSED O M HOR BN S EEREEFIE L E CAMER 69°C, %#1d 30°C L0 S ENES
i,

DELLDHBIRWICDONTH Do MM —PORBRK 2 & EH M & 4E T, LDMHEROREHEE

BIcHBESRIRIC WE T 2WMBH D, FICk - TH TR L0 BERHEIT 100 cm §ijik T

b0 BUETHIC & > 7o bk s S e 7o (NI MO BB SIEIR S 2 o T T 4 — WX
THENREEOONLDT, BREBFIL S0~60cm TH-T, AHond Kl TETRES 0.1
~0.3m BELENHHT 5, LA LB OHMBOBI O BN REE 12 - THRSEEIN L X D
TORIALEI O D PSMCIZED S h - o

(@) oIk m

TR & [

Bk &k TIiZ 6 AT H~7 A L& 9 HO 2 Bl Uico ATLHMIZ 5 A FA~10H haolilic
HIHA 2 4EFHI3 5 B, &I 2 4FENE 6 @RHGEOR T - 7o hs, BERH T @R ASRIBIC X D TIHIE 3 ~4 [T
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Table 28. £ & Bt X © 4 3] o Cow day. (FA%)
Cow day by year for each experimental plot (Hirakasa)

®OBR K ot o
Experimental plot 1972 1973 1974 1975 Total Average

2 o Moo . |

R é‘; ; l\q/jl 67 79 67 58 | 68

= ¥ e _ i

S . /g‘ : % 95 145 83 114 437 109

s oe e B

E : & : % 83 108 107 96 394 99

/‘ZL o AR . H

G- c- % 99 107 96 84 386 97

2o A 5

S }i : %@ 353 507 510 505 1,875 469

a e e HL

5 - ;l‘ : % 532 775 767 661 2,735 684

M. Nn° 5

A 379 719 763 677 2,538 635
2‘5’)7‘10

Cow day (C.4d) :

BXD4FEMO ha %7 Cow day % Table 28 DE BV TH %, b HHMICBVTIZEFRS ha
Wiz 68, BKPRMITIL 97~109 TRELEERLL, UhSPpHERKMN 109 TROAEVY, hidc
OROTHALEBSMOR (EEHE) LDEEETH-7edTH D, BAFNBARICONTOBKIIRIC
BB, ATEEMITIZ LR - B R S 469, AfEAl - BEIKMIXAS 684, FRERL « il
TR A2 635 & 750, HEERKIEN 470, FEEXIL 640~680 &78 5. VR &SRS NI B
2 1.4~1.6 65, ATEMEKT7~10{EE025. BEFOBAERERZ AEHEZ LB LTHNETHHRERT

H, EERTECPHOBERNA SN,

B ERMICE T 3B OTEIE M B oI 1973 £ & 1975 40 2 [iCh e » TREIN L/ HETH
HETolco BMBIUSHRBEICID, ZOMOKBHTRATE—Va VI A FIKE - THE L,
Bl ORISR B L ORMAR, KBEIPRERRZOMOERICE > TR, COWHEDCRY T
TR & ATERON TN T HRE LcEHOBE X % 0% 2ERIOBIL 1, 20MATHEIL, 60
BRAETRA » BENCHTTV BT S o T, CORDEETH ) TRKEBFRNELICE
il U TR NETE L A3 IREBIC IS - foo ATLEHNIC B W T & MBRIGRERBICIKE T 5 72 O HIDS
g AN E SREHOAEE I SBR D EE U THHERSHEDT 288 H - o,

(3) Mo

(1) MEecxs 5%

EENES XUEER

RO ARG DEERE B OGN » TEROERIHER % S413 Table 20 D LB TH 5, Ml

BOTRPHEH 10a ¥7: 0% 680kg AR LIcds, KDL, 4FBEIKIEIHN 500kg £ 57, T
NMREELTI AV IOFRICEZ 6O E BN S, D FICHERBMTREAMKXE SHFEBICHE~NTA
ERFEINUAD, DEEXD 66% OMIcH LT BERI M, SRS 20% BOMNcs &%
b, MEMICENBA NI, ALEHTIIAXES IFEETTIREML, 4ERIETED L, 7
HFEAEFOHETR 4AFEENAFILO HEEX DK 90% OIICH LT, BERIZ 0% Th-7o UE
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Table 29. &HEX DER,

B C & OBHOBER (F)

Standing crop at every grazing time by year for

each experimental plot (Hirakasa) (kg)*
Experimental 1972 1973 1974 1975 X raﬁj
plot verage
| [
= NCee
5. 1152 : hﬁ 679 536 530 497 561
Ao ke
/2 . & . 1\1/[ 578 611 704 960 713
5. gz : % 479 366 496 610 488
W o 4R o T
g . Si . IFI 4853 482 495 558 497
= « If P i
5. /T . %I 2,875 4,424 5,751 | 5, 509 4,640
B A ;
5. /T\ : g 3,331 4,684 5,710 | 4,979 4,676
e AE
A 1,840 3,843 4,595 } 4,116 3, 599
* HFH  Fresh weight
Table 30. #% X B X o 4F Bl % £ B 8 (E¥%
Grass yield by year for each experimental plot
(Hirakasa) (kg)*
A B K | T
Experimental 1972 | 1973 1974 1975 Avera ’e
plot \ g
TRE R I ,
s 41; : %1 I 329 323 283 344
= o [ e T |
? . /gc . hi/l 367 390 415 575 437
5- éi : % 341 283 322 369 329
/\ﬁ - A% . B
[ /C : 1?1 418 370 307 362 364
B AT .
s~ )r\ : “i? 1,979 3,715 3, 501 4,276 | 3,368
g o A o - |
s ;F : I% 2,491 4,185 4,402 4,222 3,825
Tl&é e Ao HE IS -
T H 1,567 3,371 3,566 3,458 2,991
* HEE Fresh weight
Table 31. HEBXOHBE ORERMAAER CFE)
Use factor by cattle for each experimental plot
(Hirakasa) B (%)
WOBROK | S ¥
Experimental 1972 1973 1974 1975 1 A era /e
plot i 8
=W/ N 3
A | 1
s~ /& : Ilf 36 32 30 26 3
= . e ]
. & M 2 | % 27 31 35
Zoe ke H |
,S, . {(i . E 61 59 58 36 ! 54
wee - HE . s
9 .. g 79 62 43 45 57
e e ]
= 67
s ;r : I\E/I 60 79 57 73
a2 AN H | -
é ST . % ‘ 67 85 73 82 77
e AN E = 2
G-T-H 84 86 75 82 8

— 155 —



— 156 — WERBREUIRSE $295 5

BAHOEE X THVEOEERENEQICRBTH »eh b, NICHETIE 4 EBI13H 100% 08
EHLTWVWD, 2FEEAERERBLTHOETORERL TV S, CORICERELTOIRDDER XIC
BOTHRMTIZ 27%, HREBHI T 78% OWTH - 7,

LB OB D GETTH 50, FRRDEERICOVWTANIL Table 30 DL 5 Th b, LER
= (B 1EAKEIRE) + CE2EARKER -5 1 BEIRAREEERE) + (B3 AKEER 8 2 ERIL
KRR E) o+ CENRIAKRME S — BN — 1 ERREIFERE) 1< X - TR o, HHIIKBO TR
10a Y7 D 280~440 kg, 44EFIOTEET 344 kg THET LICHiE LTV 3, B O @ER T
TR B KA 437 kg, EEEXA 320kg T, PHERKIEEHE, SEREBBIOGRETHD, BRMERE
K& apBEERIiIcpEmEnRLic,. ALTERMOZFAM T BEOERIBETIE /AL, 10a B
[l 3. 4~8. 8 ton DAFERE B, BFMERERIIN 3.0ton Th - 7o, LB K 5 MO FEHIR
KA LTOWADT, WETe v MEIINERNT2 8 X 0.5m ODEFEE L,

FM SR & R EE

A EBEOFEAT SRISEEEOESI OBGRDL S 4 ORAFIHERD FZH%RdNIE Table 31
DEBDTH B, TIHHBWRHTIE 26~36%, FH31% AR L, HEMHOERH T b E XYY
359, TIEXIL54%, BRMEEXIZ % Tobhico NLEHMTRAMEEFERXITY 67%, BEKX
D 77%, FERMERERXIZ 82% TH »7ce L7cdS - THRIFHEEL D SRR FIHRIESEL, AL
EHTRPHER, EEXEGHEELEDTH -7,

W TR A RET B DI D EORAE AN T AT,

WKM7 D R X BERIE
WIZ\Ilf“O%C d X 1 C.d O)ﬁ\ﬁi

1B EIER RIS R 0.5, ATEMO0.7EL, 1C d OBRABIIEHARTH 40ke, ATLEH 60
kg & Uiz, #LCHUTERLIEHD LOARAOE 3P EE, 1.2 20 LIdEE, 0.8 INREEE L,
LEROFEE T 1 1, HERBBOZAMPEEXD 0.9, EEXLM0.6, BAMBHERN0.7 &2
D, ATEMOLMPERRY 1.2, BEEXNSO0.8, BEMIEEEXMS0.7 £78 -7,

Lapl AT R O R ENAL BRI HEE

ERMPEEX, BERESICHE LESRHAOGRTEEREBL L > TN E, Lich > T—HEC
REMARESICTE L, #HEH 0 RBE 0TI > TRAEHEE LS TY s, MEEXTE LR LEZHE
DT 5 m BABNAEVEIN T, ZCTHEO L, i, THo 3uisgicsy, FAREOH
B4 AHto DA Table 32 TH 2, 4FMOEEICE 2 EhHERICB T R 78%, 1hi#73%, T
57% T, FBBPOTHANERBIETNL, #£021% L1 -T05E, EEXTIEE 7%, hif8ly,
T 70% T, EMEALTHABPEERIEVINGEEEZRL, PRIEBNTH 0% L7 -T0H5
FTHHLLEDTHHRESTBICKE I LEBNMEL B -THnEdDE0Z LD,

(i) MEE DO

RRHFEAARDL

RGP DI T U7 BRI IC BB THRAE L BIOERME LT - 720 TTTOOHMET B X

Z0.5miRllDE LT o, HIVTEELLEOSOT, ZRIUTO/NMIBE S DEEATOEN,

FREHEOTEH L ZNLSD 7 F—3 RERHHL) PRERRORAPEL DR EiIci b0 L%
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Table 32. 2 ALEHMX OREMBENORSR PR CFE)
Use factor by cattle by location on slope of S« T+« M and S+ T - H plots
(Hirakasa) (%)
ik iy X 5 = 2 ¥
iixpenmenta] plot | 1972 1973 1974 ' 1975 Average
| = W - “
o e o7 | 77 87 8 7
OB K E | bpper part & 0 ’
Moderate grazing | Mlddle part 71 83 67 ‘ 72 73
(5T M) P i 49 74 w0 | e 57
§ Lower part i
e a I i 87 | 88 85 86 87
CE [ A G4 Ug)per par%
Heavy grazing Middle pal’t 78 86 75 83 81
(s-T-H) T ki 64 85 | 59 74 70
Lower part |
Table 33. FilBRXKICk T BEREMTEAE CEAE)
Outbreak of bare area in each research plot by year (Hirakasa)
1972 1973 1974 1975
W L m 2R | BORGHEE | ke
First vear with erazine Second year | Third vyear | Fourth year
) Y w - g g with grazingwith grazingwith grazing
B K | FoirEic | £ oflEA ) f
Experimental §‘E % e (%J: Z)th Tﬁ; .
plot y cattle’s y other ota < .
| behavior causes N.BS. i;; 1N.B.S. 122)5 ) NAB.SMIZ';?)b )
PB.S. [PRS, P.BS.
N.B.S. %) N.B.S.| (%) | N.B.S. %)
<. E{ ; qN 0 0 0 | 0 0 0 0 0 0 0 0 0
= 7 A
A N | - P P
/S 'f . %I 39 6 0 0 39 6 210 7 325 21 471 40
oo fk -2t | ;
E . C N 0 0 0 | ¢} f 0 0 0 0 0 0 0 0
‘SJ X %; : li"z[ 57 3 ‘ 41 ¢ 13 98 | 16 | 347 | 13 | 388 27 | 429 | 16
% ° /T\ « L 1 “ 245 21 ;
2R }é 07110 2| 17 |13 365 | 22 | 814 23 | 304 27
B Aoy 1 | | - A .
ST, 1% 144 7 \ 0 0 144 i 7 307 12 [ 307 23 163 18
e A H y ‘ | oy e .
{LS% : gz Tq | 226 1 12 0 | 0 226 | 12 | 348 23 | 522 | 40 | 300 | 38
whoo AR e H | | | :
G - C'g szl 76 | 11| 1ez 1| 202 ) 15 |7 |15
/';‘l' ® ° 4 - - £ |
% : /T\ | 222 [ 6 0 0 | 222 6 . 352 | 6 152 5 | 167 4
N.B.S.: Wi rwﬂ;)( Number of bare spot per ha 7
P.B.S.: %3{ HooER Percentage of bare spot
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ha

Usg
B
Q
(o]

:

I

)

(=]

je]
T

N

jwl

O
1

Number of bare spot per
R

¢
He

N
o
T

Percentage of bare area
=
)
(=]
T

<
T

Photo. 22

Y 1972
EmEg

31974
R 1975

e Ao BIXORRISEHLN
DEREHONEM (AT B
G
A cattle’s bed ground
(“A” type bare area) on
ridge flat areaon ST - H
plot (Hirakasa).

Fig. 36 &3RRIKICH 1 BAEREMTE (P
Outbreak of bare spot in each research
plot by year (Hirakasa).

Photo. 23 Z - A » ERDZAFTHOMEE
W (Cn) i CEAD
Bare berm (“C” type bare
spot) on steep slope on S-
T - H plot (Hirakasa).



Lk
Percentage
of bare area
0

———1100 %,

F AR It SRR
Frequency of
bare spot m
BRI R (%) LD AR R
Percentage of Breaking
bare area
BRIX DR DAL
HERAE O 1T HE,
Qutbreak of bare area by location on
slope of each experimental plot (First
year with grazing, 1972) (Hirakasa).

o

)

sH o /N i
(DR sl GED
Breaking (“D” type bare spot)
on steep slope on S+ T« H plot
(Hirakasa).

| Photo. 24 1« A« HiX D

ot &
Percentage of
bare e?reeam

=100 %o

T 8:

F R 1t 5 &%) RRE

Frequency of State of | ¢+l BE R
bare spot bare land Berm

Co 31t 3 (%) D: N FA IR
Percentage of Breaking
bare -area

Fig. 38 £

R X D RHE DAL O ER LTS
Atk i 4 A& T T, 1975) (B4
Outbreak of bare area by location on
slope of each experimental plot
(Fourth year with grazing, 1975)
(Hirakasa).
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XA L s, EREREL DA SN A P>NTHIRIEBER LTS - T o7 T OFERKRIL Table
3BICHRE L EBDTHY, ThFEKFOFTETRELES SN AZHBOFRARREFERNCIR LicD
2 Fig. 36 Th b, chlckdE, FEERKICEPREDOBMBLENHD LN, POEOKBEESIC
Sk E UTHEMOBRINA 515, Lis LR O A TIPS L5 L & O DAERORER & &
BRBULABMP LT B ENERHEN D, BB X TIIEMOREZ L -7,

O FICTATA D ALE B & CERH BN R AR IVA IR T 5 o ic FRIC BN I - T BADRER
D, FRREICE O EMR B REAEEKICHEE Lic. COFERBEREEESL, 2m TLIKS
LTS AP OB I AR L2 b D TH 5, CORBRICE - THRHEDOMBINC ED & 5124
BRB BN BPERI L TAI, THLLRMERROME LB L Z 545 L, SWABNCHE LcRHOT
RE, FEAMIEE, MRMIR 7L AT i Fig. 37, 38 (Photo. 22~24) Th 2, &L THIHDIHE
EAEFORKEORRALIE LR LY, WEORI»IEDDERBEDON S,

ATEHOER, EERERE, KERHEICHATAFERARMCGEEESENL TV 5 2 &3
THbo ATEHHOER, BEERKIZE - HOBEAT, 4FB0HNEL CERENHD LTS, X
7oA R E SPERFT OB OPHIRICE T O AR S, AFHENRZEHTDERMTL
TRER DS R S 7z BUBTEBEIC DT A B S BICHATARICE UL, B0 ALEH
FEXKERE, KXES 1009 IOEOERETS - T b, ATEHORR, BERXIZHY 100% 10O R
MRS AR Lz DIC 4 4E BITIE 34~T4%, SPHI59% 1 & EFE 5T 5o

HHIZREIC OV T A B &, A8HORRKTHAMEICHRE (B), F/NEET (C) BER LI,
LEERITIL D & 2N AN (D) KWBITL T2, chiod LBRILTRYE, 4FHLOEIDH
FOBOHBEE (A) O&OBERT, WEOHICEERELISD ShnTHWE, MBABEFO K
CHENTHAETESOEATICIRNT (A) OHHLAHLTED, COBRIIKEREL TS,

EROBREEIC L AHRAE KRE-FELT 2 m &0 HEFANO B HEMRES BUE

w7 sNe: BR EmmofBR ok

Exfoliation Sinking

(%) 1972 75 1972 75 1972 ‘751972 °75 1912 ‘75 1972 ‘75 1972 75 1972 ‘75 1972 75 1872 75
- — —

100 - — R M
o
& & I
g9l B
%% 0 I
=85
g5
g o7
S a8 g0k
g0 mR
FEF
25
(o]
(&) |
i » . ’ ‘ ]
oL & . Nl E I NN '
10~14 2024 25-29 3034 3539 4044 45

1519
B A4 BE #R
Class of gradient (o)
Fig. 39 AAIBEEAIOHIZRERKERE CE5)
Composition percentage of the state of bare land by class
of gradient (Hirakasa).
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(1972 48) & AFBEARIL U TR UAZDH Fig. 39 Th b, Chick s & 15° KifFOMBERHI T RBLL
(A) BRITHEED, ERPEICEBICONTNERE (C) 05D 2EE0HED, 30°2HA 5L
AN (D) AHER LTV B, 7o, M (197245) & 4421 (1975 4F) QTR YR E
(B) 70 L/NBSERT (C) Th-cb Db, HED DA LEESI/NIEE (D) PAELTHD
CEBWPSIPTE o

FrRRAEOBICH O BN & D MBRETBRA T, CORIEAER 20 m RIFEIC S A8 MR
EELL sem &L, SFERKICEMEEO LR SARB U SROEROMEFERIT Table 34 10%
LD EBOTH D, © CTEBELBHOKEIEGD O OBBOKHEDEEER L, HBIE & IZEH
FOFHEERL TN S, CRIE 2 &R E SERICHERDENRD S, BEHER TN LEOHEIC
NTEME, BEEESHOPICAESBHARL TN S,

oL S AR A SRR A B LA REILEEY B, ARHLO MR R O 4 KO A A TE
HOAKED bRED, 2O EFATHMOBEAKEHSHIELITIIRSICEEBL, TOMRICK - TE
FAEECEEL TV CEDBT bN D, 20K EREMTIIHRRAERZ UL, FOREICL
THEMAPTNENA LD BB TR I BERERELSBEAINICESORPICAICE » TS
NTIFLEeadBEN TV S,

e L UK BRI O @I

CCTHEEND DRI ED L DA UBHICE > T @S 7/NE (Trail) O &% D Skt
DA EEHVHL AT UIBES OB A RO BITICk o THET 2— Lz LA L TSR
7%, AR TREERAETR R ICONTHTO-DDBYENER SN, HiEadhb. T UT—RICAHE
EENCE o THET B 72 0RHIIZ BEAR &0 D BRI & 78 2 0 F 2B E WV D DR FHCEIES
LT R F 723 REA O IRAE TR E 9 2 M08 (Bed ground) @ &, ZOBhbBD03 D 5EES
N2 DEERAONTHEAT 285, 20D DOATHRARME D &MV UIZERBHICE 0,
FBCEAT = 72 T IR D 5 BAEN A G D2 AFHED 5 BUX THEA: (AT, Sl Lo

Table 34. AHRXDEFDMBE DL LB CVAF
Changed and lost depths of ground surface in each

experimental plot by year (Hirakasa) (mm)
S B OR i %%gﬁi Z 1t B = * pEN
E;lilpermimen#tal ‘ of Chdnng depth Lost depth
plot gauge N o . 7 e | T o
| etick 1972 1973 1974 f 1975 1972 } 1973 t 1974 ‘ 1975
| S
ALy K e 1 |
S 1?, X 1E\EI 24 66 39 20 ‘ 28 60 | 29 | 28 11
stk o h 3 1 ‘
§%§& 3 33 54 18 5 | 18 54 13 18 8
! i
= 36 65 39 9 | 16 61 | 35 16 6
S-C-H ‘ i
Bk E | |
G.C-H 38 L2921 11 18 26 16 18 16
PR NE:: | | |
. ZL\ ; ﬁ/} a2 | 8 |2 14 25 30 | 13 25 8
YU ; | ‘ | o
A 28 51 | 29 8 15 48 24 | 15 3
6 CTH 35 56 27 4 11 53 | 20 11 7
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AL ORERE & FEARIE CRAEL, BRMO 2 BKICEA DR, FEOIR L, FoRENA
R, EREEOBRREETIEINL, FHLTB~49m Tho7e bodd CORBRTIRIIKIZ 448
TRk -TEY, POICCACHEBICO > THREBSRETENS L TNEERMTIRIBERIES 257
BELZELONL, FHEOBREFICIBXEDEIED 5N, ALEHICBNTIE 102 M7 D370
~430 m, I 350 m, ERIFHIIZH 175~230m T, HEAOARLATERORERE QICEL, %
Fe NLBH & B R O MIAEA: & BEGRESER ORI EEEOERIEH SR OEHANA SNl

FBIE - THEME S - 2BIEO K FEERIC OV TANE, ATEHR TR 10a %720 210~236 m2,
R 98~126 m2, MR 164 m2 & 75D, L7cds - TR OKFERICK S 2 4 BHmERIIAL
BT 24% (BEER)~21% (hEERX), HRETIE 13% (BER)~10% (PHEEX), WKL 16%
L1, ATEMIZHEEHO 2 FSIOEEIEREER LT 5,

FREBOERICED, MTFEBLCLEREOLE UalEmER 102 %o D ATEHIZ 257~308 m2,
HPFH 116~163 m?, ML 207 m? L7320, C OEEO HRFEREIC G35 HEE ATEHTIE 31%
(EE)~26% (hEE), Hikphiild 169 (BE)~12% (PIEED), MM 21% 705, Lichi- TIEK
OEMERIIATEROLSREERIZLERED 69%, MEERX TS 74% SELIHES L, EBRITHIK
EpFIH LB LERMZHMIC SR -T2 E0IEREE S, Chick LTk 84~88% T
Hoteds, ML 79% TATERDPHERBMOPHTS -7, D EFRBERANICC OEEEANITAT
EMTIZ20° ETIRZOWBEIR 2B 1CEETE - TV B, 20~34° TIT 11~26% 8N L, 34~40°T
13 39~41% %R L, EEMETRERAHEOR 60~65% 109 X100, SRR TIE 27° $ T 3~13
%, 27~40° TIX 20~25% TH - 7o
FOREHE UTHE LBRARRTAH LN, ALEHOREMEER, 2@ HER, a8
BEEXODOIXTII2~3%, HEMoafizl BE)~6 (BEF) % THEMMIZ %, £ L THi
TR3BTH 7o LI TEEMHMOAMNMBEEREZBRIIE 1 ~3%T, #lHELBOBEHICESL
THRAELTW S,

(i) BEtes L O LmyE kDt
BB ICIRATAREBT GukaRD) 2RV, ZOMBIRIE O 5m, #HE L.0m, HX5
cm OREET, LO0m HEHAIIC 58 1.5m QMBI OREBY—ICHUKSE, &N TED, R
BCB DT BT (1971 48) & Tk (1975 4F) IKERIKBNT 2Oz AnT2~3 87D
SR AR T B TRBRONE ST - 720 C OBAHUKEEZ 150 mm/hr Aitk & L, Bk
Refi3 1R & Lo C OBIEREEIE Table 35 1Z7R&NT 5,

AROER DO RIBX 3 K CERBM X C AT RE L h » 7208, RO 4 pEEEBL
TN TH - 7o SRBRTIRADEE S > THRIMOEE AT L TOREZBNEEZEZ OND, P
OHIPEBBEEORMEIC L 5o TEX LR T 5 &, SR SRR & & IR O RSB0 i &
STHED 0L LIFIETLTN S E8MONG, ChICH LTHIIBPEE SR WA 0 ORE
DEBIC S b b T HRRMHE SICEFCET LT L RERIET 5,

D EF IR LR T RICE X O T HERE S E LR AR 5 . BT D Uie REEURHRE
NEBREXOFMEE, |, TO3HMATHS, Table 36 1Z-LEZAMICHET AHRTFERLELZDDOTH
5708, LIRS IEMB I TMEIC LD, BT, S8R, BIhEERBEREERZICH DX
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Table 35. 57 1 [0l BUBBHIETT B & CEAREHE T H O SRR K OERERE O g (GEAZ
Comparison between infiltration rate in each experimental plot
just before the first grazing and one after the last grazing

(Hirakasa) (mm/hr)
1971 \ 1975
2B X E ARl & aiE i) | R OBk T R
®e Before the first grazing After the last grazing
Experi- |[WFROAOEERAD T HIBE [0S OME0S 0 EIRE
erl | CPERRE \VERAE | KEIRE | DR PERE LRRE | KIRE Ok
lot Mean rateMean rate| Relative Mean rate Mean ratel Relative
b for first |for secondFinal rate value of | for first |for secondFinal rate value of
| 30 mins. | 30 mins. ‘ﬁnal rate| 30 mins. ‘ 30 mins. I | final rate
£ dkoe B ‘ ; ‘
5. ﬁi X - | - — — 126 119 w09 | —
2 ke . | ? ,
f% ,éi. ﬁ} 136 134 135 100 103 | 95 2 68
Lo fy . Bk !
3. % N — — — — 1 99 98 —
£ e fR e o ‘
2 .£§ .;% 120 119 114 0 | — — R
o . T i
= .E§' %%; 145 | 143 142 | 100 | 38 24 23 17
e ko th | ‘
oaldl w00 — — - | -
e A - B i i w 1
é? G{} ‘H 125 | 130 136 100 | 76 55 54 40
e T }
%.%.Hﬁ | 139 | 142 138 | 100 : 37 21 19 14
B | i ‘
% . /T\ : % ‘ 94 l 89 %0 100 | 67 56 49 | 55

DARULIKERTH L, chicd 2, SHMIXEBRBRIIEINC S O NTRTRICIIMR R HICEETS
BE R TE M B RRIBICEDS LT B2 &b b, CNREELTHFOTHES LERICL S
MBI EEEDEEZ OND, FREBEEL KRR EHICFOREICL > THEDEMLLTED, &
QICHIFBIC B O THE TH b0 MTER EMORF IR RICB O THELERENS LN,

Table 37 {2 RIS O D T BN A T~ IR TH 5, TN 5T T 400 cc DIRLPIRICK
S THRIRETRML, ERETHELLLDTH S, CNICK D ELBINCEHIREK & & ICABRBETT
ICHARTHRTHO S DICHEICEZ 1o ORESRI LTS, & QICHBKBEICZNPHINICH 5
1, 0~5cm ORMBTRS EDOMHED 1/2~14 B LTVE, CORPHRMOARE, EHELSRK
BgicEA L, RIEESABBRELS LT3, 2OMDRTIC DWW T AIC B THEE 22 mH
H LD ST,

(iv) HiFERRLKER L ORTEDE

X NICHE L2 BRI CRBINI T B R ILK BB X ORI BEHIE Ui, BB L 4 04
FIQ B R I3 Table 38 CEH I NI, CNICE 2 EMERNER FXEOMET, HIIAKRED

3% DTFICd £700, HEBEAIRO L S KBED UKD S1kD, REKICRBES & DY TRITEC
EOSBRIER I IR D 2 7 2 &, COEIERICE - BHEEZONS. L LI
FBROWIAE L AAEBOWIMRE LK T 2 &, BROH D FHEERICONTHHRIIMRRE 4 FBICRE
(I >TNBEBBRDENG, COBRBHEUTHREKTREE DO DR LOBBIBEL oMb, Lip

LEZKIC 20 TSR UERTH D, £OHEHABHLPICTEBNOT, ToRBROREET TR
S AHIRRBROBEINEVFICIRTER D, CATORBICEDIENTT,




Table 36.

51 ARG S & R T ROZEBRR O I EZ AR O K (E)

Comparison between the erodibility of soil in each experimental plot just before
the first grazing and one after the last grazing (Hirakasa)

WA L EERART (1971)
Note B : BB T % (1975)

After the last grazing

Just before the first grazing

‘ + # ¥ Soil depth 0~5cm 1 + # E Soil depth  20~25cm
N - D | DEE | oL | BB | e o e | O EE [, | ®E B
= W X ' Ere iy 3 DispFelrsim e " Soil e L M Djispgrs%n I Soil
' Erodibility : Clay ratio Litter Erodibility : Clay ratio
. P ratio ° hardness ko/m?) | o ratio o hardness
Experimental plot (%) (%) (%) (kg/cm?) (kg/m?) | (%) (%) (%) (kg/cm?®)
— - o . - /§ A : [ —
Als|a|BslalB|la| Bl Aa|B a|B|Aa|B|a|B|Al|B
TR 3 B _ I A _ N e | 12
S«F-N Al area 70 27 o 0.4 s 100 35 1 2.5
2 I . N
= 2 | I 2
s bk e Al area 77 63 28 30 9 13 0.4 2.0 2,6 0.5 | 100 100 42 35 7 13 1.7 3.0
S-F-M | /& B il 84 | 32 13 6.4 ‘ 100 L35 11 4.4
Bed ground 1
etk £ & I _ 5 _ . B P , .
S.ON Al ares 76 28 | u 0.9 L4 100 I 1 1.7
A 1K . | ‘ i | |
P [ X1l aren 94 91| 33 | 35 8 | i1 | L1, 36 9.3, 02 100 100, 29 @ 28 | 10 | 13 | 2.1 2.1
S.C-M | Kk B . .
Bed ground 100 36 11 28,0 100 ‘ 23 11 5.3
& i , |
P [ X1 aren 66| 100 82 | &7 | 10 | 11 | 0.9 L4| L9 0.1 100 100] 22 | 27 7 010 0.9 17
«cC<H woOE i
Bed ‘ground 100 40 7 22,1 i 100 | 43 6 17,7
4 b4 i A
20 o th All area 94 92 34 38 10 12 1.1 3.6 0.3 | 0,1 100 i 100 36 31 7 12 0.7 | 3.6
STeM ok B 100 | 49 11 14.2 L 100 43 13 5.3
Bed ground |
4 i 2y 4
. .= All area 97 100 37 34 10 4 1.4 9.4 0.4 0.1 100 100 39 41 10 11 1.7 4,4
ST-H |k B M 100 | 31 9 46, 4 100 31 10 7.7
Bed ground ‘
A& S - -
ek .\ All area 95 100 | 39 35 10 10 2.1 6.4 1.8 0.3 100 100 40 33 5 12 2.5 4.4
G-C-H |k B #l 100 | 39 12 1.6 100 25 7 4.4
Bed ground | | |
& 15 | Iz ]
e A @ All area 100 100 | 60 46 8 13 1.4 14.2 0.0 0.0 100 100 50 42 6 13 3.6 | 11.6
G+T-H | & & A& 100 55 10 122,01 100 29 12 28.0
Bed ground | | ‘

— V91 —
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=
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Table 37. 5 1 [BURAERRAH1E & CEMEGE T RO Z B X O LBt it ()
Comparison between the physical properties of soil in each experimental plot just
before the first grazing and one after the last grazing (Hirakasa)

+ H % Soil depth 0O~5cm | 4 # P Soil depth  20~25cm
”‘ X B 3 B Ok g B o | ) N T ,,,_,,,77; EM— :FLE) =N 7{ SR
O Ho R A B 2R EIH\IEH— o %{Vﬁeiﬁ }Ple—rjcjzgjljal?z E - S ? CO e %I\PIonb— i %\}Nﬁcr 11’@?0'&}-
AR Con- Bul}( Total capillary, holding tion/COm- | Bulk | Total capillary| holding | tion
E . tal plot pactness denglty polosity polosity | capacity rate pactness density | polosity | polosity | capacity | rate
Xpermmental plo (%) (%> (%) p o o @&+ @ (B | T, N Cemim
Y | (%) (%) (cc/min) N | (%) (% (ce/min)
' ~ | i | & 1 | :
A B AéB:A\BABgA!B‘A‘B A|B A B A|B|A B|A BiA‘B
| . | S A . 1 ! 3 i ! ' X o
Dbt 4 W | . , el . | ; =
S Al ares 62 57 72 13 = 149 s 83 | 63 13 56 116 =
A . . : i B} } } | a
= 4 € 3 9 67 | 50 ( 4 3 : 4 i 11 4 =
P All;rea 19 711 38| 61 82 72| 1 72 | 70 16 w 50 70 84| 76 73 67| 69 1 8 62 65 1 9 :
StF-M &du\grjéund 97 85 61 L5 62 20 76 88 | 63 8 61 33 =
o A8 o AR | | | I
2 {é“ S ?‘31 qr?é ‘ 68 59 73 8 64 | 118 73 75 70 11 67 L1221 i
R OR | ] i ! =
4 gEY - o - 5 -0 E : = 5 [
: B ~ S 5 5 70 § 2 71 68 12 14 6 £ 168 13 ]
Syt A'llrarea 5 81| 47 69| 78 69| 18 5 65 69 200 65 7 76 81 65 66 1 59 5 £
S-C-M i%]\eddéri&i;nd 92 101 59 6 . 54 13 80 85 65 20 61 68 ‘;
| B s1 0 72 45 75 76 63| 12| 9, 63 61|151 54 75 72| 8 81 57| 63| 14| 16| 53| 60 145 136 »
;;;‘1"&' i) All area | i —~
S-C-H %"G(;érﬁnd 89 111 57 8 52 16 78 89 64 11 68 69 g
é ) L@\Z 4 - - 1 5 = &7 el S : 27 0O S 5 5 { 167 E:
fae At Al area 44 70 45 68 78| 70| 15| 7 67 671103 28 ICICA I 60| 59| 16 16! 55 53 108 161 H>
S-T-M %taéfir%%md 82 | 87 62 4 54 15 73 92 57 12 53 2 =
! | o
i | =
KR fn Mleﬁ 44 80 39| 68, 81| 69 13| 7 70 5|112 43 77 74| 81| 82 65, 64| 20| 12| 58| 60 109 | 118 =
A= | | f |
T-H @ed qround 92 | 102 I 62 4 59 4 78 96 | 55 11 52 84
& B 56 | ! 1 i 7 34 3. 7 55 2 120 50 53 135 145
Gty Al aron 82 75 561 75 67, 64 11| 8 63 56 171 34 83 74 90| 98 55| 62 16| 12 50 53 135 145
G-C-H g(e&uqfound 82 98 57 3 53 18 | 83 82 51 9 65 70
I
F T Xn ari;i 68 8 82 104! 60| 520 9| 9| 59 54 128 34 83| 68 9 71| 55 64| 8 5| 57 66 78, 25
PPN f | : : i | | |
G-T-H|k £ ?L 100 106 51§ 6 | I 55 .10 | 65 60 | .75 4 70 | |21
Bed ground | i | i ; | | ! | | 3
I ] i 3 i L 7“ . I o o L . . . . i i

—G9T —

HOAH T ARG (197D Just before the first grazing
Note B : Hx?"kfx‘%’ W®TH% (1975) fter the last grazing
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Table 38. XWX ORI TKELRBEDE (B

Surface runcff and soil loss for each experimental plot (Hirakasa)

Jun. IOwDec 6,1972|]Jun. 8~Nov, 13, 1973/Jun. S\JNov 29, 1974May 22~Nov.18,1975
= =

W N OB N = N B
Boingan Lzeomm | B & soomm |, R sromm |[[ B ssemm
. H’L&ﬁfﬁﬂ(m’ W KR MW hok & N HFRHE K E]
OB K Surface | ﬁ Surface |Ji | Surface |Ji | Surface |F B
. runoff S+ e runoff L& | runoff ‘ +E runoff +wE
Experimental [T fE i ) e B ) 7% ) i TR i
plot Coef- | Soil ‘ Coef- | Soil [Coef- | Soil Coef- | Soil
ficient| loss ficient| loss ficient| loss ficient| loss
(mm)| of (mm)| of f(mm) of ((mm)| of
runoff n \ runoff i runoff ! runoff
(%) |(kg/ha) | (%) |(kg/ha)| (%) |(kg/ba)| (%) |(kg/ha)
R S | | | |
%? .ﬁﬁ _%% 1.2 010 58 0.3 0.06 163% 1.4 0,16 25 2.8 0.27 7
‘ ; | |
=R N i | ! | ‘
g . g{l . % 0.2/ 0,02 798 0. 11 0. 00, 227 0. 4‘ 0. OO‘ 26 1.2 0, 14‘ 22
2 f - gk |
2 . /g’l . g i 1.1} 0,00 292 0. 41 0.08 58 0.2 0. 02‘ 4 1,0/ 0.18 6
,/E:; : /& : 1\@/{ 1.7, 0. 09; 328 0. Ol 0. 00 87} 0.3/ 0,00, 24 2.1 0,28 35
S §i° 5§ 1.2 0.10 648 0.5i 0.09 397 L1 0.13 12 1ﬂ7} 0.20 17
B Ao ) | . | |
ESq °{'% 1.2 O.IO; 278 0.6} 0.11 ;07; 0.9/ 0.01 10% 2.1:i 0. 28 15
é./};‘_% 0.0/ 0.00 971 O.Si 0, 09, 47| 1.0 0,11 9 1.9, 0.22 10
ﬁ(é' C - % 0.8/ 0.06 292 0.6/ 0,11 337{ 1.0/ 0.11 13 2.3 0,27 15
e N o H ! |
G-T-H 2.0 0.16i 10,792 0. 9‘\ 0. 17i 917; 1,4 0,16 49 2.1 0.28 8

* §uszE Oven dry weight

DERBLVBEICDOTH S, FTERESERVFOBPMOED ZIICL 5RTEDLHTRED
TEDRB LMD, CHNIIHERBKXEPREHEMOMEHR L L OCEHERESOHMFEEIVSEBORE &1
PEL, INPHEBRBKICEDBERICHER Uitk EZEL oMb, Lo T OREEIWDHS &
FERICEIDABR 2 EEBLUSFEHICIIRIEERIRIZ 2 Pz o7, BIRO L S ICEV RSO+
BTH DD RMBRR KBS S DD TLEL, COLYKEBIRELELOTHRBVRTTHEEE
ZoNb. L LA SRR AFERICIBBEX TREHR®D {0 hZ LICk DFRRO X 5 icigabssn L,
HWERBREKES K E - THBER S 3EHLD BERAHAE D phbE . £ LTARIKKT
BN e LB THREOHES 2 VR FBICHRERT 2 5004 50, CACHNT 2 HEESTAELLN
720 T CERBEROEOREELDORPICT EQKEBEET L LB RPOITES D,

C)I- S )

a. BEXTRFOITHICL DS FAET L. BERFBEHDIBEET 2ICoNTEL 50, Zh
BHARHEREL D S L DR MERHORNITE 5 TR ENT, T0bDAEFBILBEBE D & BEH
MIZ AT X D & MEmMORIAE Lo,

b, BUMOEEIIERICE - THED A 5N, T NBBEOBRY »2 LItk s TELL TV, T
O BAERMICIT Y TEBARM AR SN D 13, CNBB 4 KRN TERERICHIT LT 572, F
WIEMEIZFDIE DB L5 DO TR CHIDBOEHINBFE Lic,

c BHATEMOZEMTOEORAN ARG, EEHRRKTRAEO L, h, THETERMBDHEL
DI UCTHHFEEX TR L S FBAE LIS 18D, ETFDED 20% BEA LN,
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Ao ARRIIRHAPICECGREE S MBI & LTRERMIC 27T 54, O 45~50cm TH D,
10a Y7z ) AL 370~430 m, H5{RMkH 75~230 m, kML 350 m HiRICHE Uiz,

e. MREROPRATERTIERSEOMNTIWENLZE (W Lton/ha) Th-7cdy, 2FHPKEIC
125 EEERBICE Db b TREOFREIC K » T -EBEEZAR L, hoSBK & E Rk R
st

£ RERBHIATT &M T RICEEEBR X TREREMEST O 038, R (R0 21013 i © 20% L
TICET Utco L UMMIETEEBBICE b 5T 2B EF LIET Lich - 7o RIBRIC LT
PSR SN, B OEEBIHEKE, FRE, EEHLRET s Kb obh, £72&IK0
~5cm BESDAJEDRKFEEMSEFID 1/2~1/4 18D Uico

4. BETEOIZERER & Oxft

(1) Hic X 2EOTRN

BRI B O TRBAF QR B F 3BT L 2 HMBE U, chbBaidoRlRIici s < &k

DORMEPCVSPIOTH D, £ U THHFSEIZEM PRI 213 E, BERENIONEE,  FBuE
BPRBRMENEEE, RHDPOIEBANEIERKENEEIT, COFERRBCOPETERHD SNz, &I
ARVE, EMRBRHL, A TIEHLO 3 MBI T U7 B SER R L ARAE A O [0 28 TR O Fo b BT &
HEWEPNHETH L 2 EBmoice HTMTR A BORIB SN T LD B £ » THEEOTHER IC
o TEBICEE SN G L, ALEMTREEOLEESE YRS O S CRIELTHREE LS T
o

(i) ik 2 & L&

BT & - TRIE ISR T UCd B0 ZAEMEL, RAEIWNSTNRTIKREZ NS
NFRH IR S D0, 7072 L2 OBFRASHEE U i BATHL CIIAIC X - THMUE Lic & & A0 S s
FAEL, 0T RANTHIULTEOBR, MMRRICE > THHBIERT 2 & EN TV 3D

E R HEBRIC & TIERARML U e it 3 O MBI E LB LT B KB B 75D

YN, TOMICE B, ANATE M S R T A St A%, BCEMIERR O 72 @ AR ER D
IO, + 77 ZEMBIME SISO IC & - TR &SI, HOLERAA B L - TN,

PR FEA AL & il b & OB RGR A A Dl F oA oM/ NTE & 3 frds X OV
BEDHEBROGEHETH -7 72 & ARTR 5919 12 & o THHIE DA BRI E 550 ¢ e s N T
W5, COMERT S AHOUETORERIE BR ) BHEOKKS R EOITHICEK - THES 1P T
s POMBLIRSEETEREARRSNPTOC E8ED 6N,

(i) e & 2 Lo B

BEICE > THEEHEEREE 2 EBHMOENTVEY, BEDHEESFEHTEAD 6 ~8FE0HNT
WA EEHBEANTURTH A O, FOMICE 2TRITERT, EHORICHIT MO ET1b b 2
CEICIEBDT, LEBEEONERRIIEM TN, Bk - T—IC L BOfHENEZ D, &
MBI T 25190, & QICTEERBOEAICE LD, S DIC L HOESEEDY B X U5
K2 AUET U, TIEOIEBEALBED L2, Zalk bk l, cnodE, Kk & Tz®
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THDHCERMBENT NS, CNEOBLEEZIDOPETEIWODICIE 7208, TOEBTHEMIICENT
B, ATERIREXD/NINC EBMBNTI, DX ) REEZAEANS & DEERI,
VEEETE UL, $htBOCREL (0~5cm EE) TREWD,

FHEATLERIC OV TR S ICHEOYBEIEDBLSDHE DT ENFONTNE A, OB EHER
WAL LB, G EOEBEED D ORBEBERNICE 2IEEEBELONE, COPETHE
AT O HEHBEO S LIPS IC &, T ICRE - TERYI O LR AMERE T & H0F
BB THI D SN TN S,

(v) M o FE AR SN /o C it X 2K o £t

PR KRB IC AL L, B UG SRR IR (LT 2 © 3B SN 2 AN L
T BNIRIEIr - T2o AT X B BEED 72D DR LT L, BEEORRIC K 2RO, VLW Er— b
<y MIESHBRRINCEIEL S DL LIIBEBICHER SN B0, JTEICE 5 TEND, AP LICE
- TR LR IE L o R BRFE T X 2 I O BRI S TV 5908, #ic
HATATERORBESKE S, BEREENZVCENLEVIKADONTETN S, CORRICE
DT A/ NANHERTHRMATZR U CATE S U, 1TEMESEFER L& C ABBMHIE D SR
BREL, pOE—7RBBSKRE ISR EBHD SN,

e

w1
e
o

B F R, LB—E N R AHRE

(i) #5 Ei

MR BRI U O T b 3 LB 5 e ic i RIREE & RB L OYBIOHEEDIZENT 5, Tabb
YRIADBEECE DD, WMERLEELE SEEIEFORE, BATRD LICE > TR T 32kt
KOBID, pOBALHORMAET S, bHAARMDIA R STHNERS X UIHMEM T
DIFIT 2 CEBTELBBMTITERY, FOREH (AFREELOIVERM), KEEzED
B AT AL, SR osES LIELIEA L, amsit (ki< 20° L) THESEHRFAOLE
BHMBE LS, N0 OMMOERITHX O 20~30% I b K3 &b 5, HRIT & HEMITONE &
EE LU Db v s

IR T b BRI T S LE OB Z O i X 2 IR & 9 — IR LS E(L L, = DFLBRE DD

BRESEL, BREBSENT S0 CEICERATEMTIIEOBEDZ» KA HERBIC X 2EE
YEHBFEREL D, 1 UAEROEE ST EELIOERIT 10cm BEZTTHS

FLOWPUNBH T 2700, TORBEBETL, LEUIBEKIOD 1/3~1/4 £125, &K
B, JKERE, S E OB TIRET RS LV,

BIEEOE T SRR, Bk S OHIFR KB A MO 2N I D K& LT3
RE— 7 REH 5O IEBUKIREEZRS (L, T OISR TIZMHIER T O BURE S BRI O © — 7 &
ORI D Z N DA B IS0 UE R OB s nic, HERFTIKEOEING, WEs—E0 & &t
HFKEMBORBDEZER L, KEMHELZEE LAV TELEBS, LML CTIRCOHEIEIIER LI
moatio

BHSE , HMRREKESZ O C ERMAMBERECE CEsIEAETREL L, B, AN
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TRHEMEERE LT D, C ORENTIIEHERHL, MO Z 1S BRI O B E O S E S o
CCTELICIEERAEET 2 DREMGER TS 2 0I3ERE 5 OMICHERDSS - fo & & DIKEFRIL A

LILEELNCETH S

L LRI K E, Wl L8 o R OHsd Bl v B LU B OEHERMNE &5 A A o
¥, T3, S8 L ICBRAIICE o TERBEDT—RNICH S CERRNEETH 2, £ LT Tk
SAHIT 1T E ORENEER T TH S C L IBMRTH B, LOBKKEO 3 v b o — oAb L
T, KIXAOIHHMN C LI RIER I EOITE 8k K3tk &, B 5 WDIBREND KBS k13 & 0 I
LNETH, BLVRBEE~DIKDELSSECAILH B & S FHRB~OWIL LD ENE L 20,

BTN, BRI O BARTEMITIE < XD HEBHEGTICKANT 28RS D, 20RIETHANA
MERDOHLECATHLN, COMETIHAANRBEWDRNEEINT 28208556 EH 01T,

(i) B~ O MR 9 2 MO =
ORGSR HAC L, &5 0IE AR U &4 2 54, I eIk ERLS 5

MIKERE LA SOLORENDE 2 EBMONTH 5, Uil THILOZRENFAMRICH Iz - T
K LR A EORED S SNARR LD, CRICRBELZD2EDCENELZ LN,
FEPAFHOBEA B OBV EVERETH 5. TROHBMIE, 18, [SREOHKEED T RO
S DI UKL I SO RO IR IS E O, B A WDKK R EOBEBEW O IEEICE,
MR T OBRFEMIIRRIZ B E TR UL 5100 & S ICPIFSFTHIR DS, BT OEE AR L hidig
ISV S HBRITEICH LT h KEWEE, & 20 IRBIRTE KBS RSN O &% £ 0ol
KD EEEL T A XS BMEAREEAY S TR T, COL 2 BEATOBRHIROWES
BB Z IO ENBEITILS D,

HRABEHOBREICH T2 o THE Y EIHE U EEBHLETH %,

M A U TR SR L, $ 2 OISR IR 2 Bl 6 3 9 R B E B IR L IR DR IR,

i, & ICEMIE OV TRMERER LT C LODROFEEZRY, »oHELER BRENB Do

7L A 7 7 2K B ELNEM TR OMMNLE L, RAETCNNLTEEARLELE8H50
TEREET L, DXCBBICL 2 EERTR L2402 E, MEFHHRERTHE S LRI OK
DT & BT DIEVTTEFZA LBLEDND 5o T 780 HRHER TKEM A BE S B O [k dkh
TENICERINLEGOR S IO RBERIL TS 50 T QIR T IO R O R L 78IRS T 15

TAEMDFITIE B 2 5N 5o TIPSR @A 16° IR OIIIC & &,  16~20° Btk O HIRIZ R
B E U, 30° MRS Tl ¥R & L, 51T 30° LILko 24T BRI A T & 2RO Bt 2
i CTLEMREELY, BN IREBHBOERZEZRAT
LENCIE LT, BHOKLRAMEEHSET 5 0 nlih, ks 0T &SRB TIEHONRD
FBZONBENETH D,

W B - TR & 72 2 e DR B, KEEHEDOAIA T & 2RO RERD SEE T 2 K 5
L, Tz TFHRIMNCIEZ oA s 2 DIZIEARERZEM L, b0 AKRIDEN LY
HEVED B ARNR B IBICII M A TRIE T 5 C & BRI~ O LW IMBIICHS S E 2 o b by

URBUMIZAE U223, C OBWTHRICELL, »2PT Uiz g LSRN EMB2 00
TEBREZET 3, —MICBEEICTE & 180 QTR I IR S B AT L D A5 5 3K AR b & RS

By RBEGEOEAT
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[
N

BYURTH B0, CLIKFHNTERDS, BEERRE BA%HES LA TERMEO LT TR
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Grazing Grassland Converted from Forest Land

and Soil and Water Conservation

Forest Conservation Research Team®

Summary

In recent years the strong need for a production increase of beef cattle require the ex-
pansion and development of grazing grassland in mountaneous forest areas and the giazing
in forest land. But fears are entertained for the effects it will have on the environment,
especially the soil and water conservation problem.

Consequently, the necessity has been brought about to clear the change in soil and water
runoffs after the clear cutting of the forest, subsequently developing the grassland and graz-
ing, in forest land in order to get the basic materials on rationalizations of grazing grassland
development from forest land and forest grazing.

To realize this, studies were carried out during the 1971~1975 period by field researches
in the existing grazing grassland converted from forest land, and the experiment on the ex-
perimental site specially provided to supply a deficiency in field researches by the cooperation
of researchers at Tdéhoku and KyfshG Branch Stations. Forest Influences and Forest Manage-
ment Division of Central Station, Government Forest Experiment Station under team leader,

Hidenori Nakawo.
1. Research in the existing grazing grassland

Hiroshi Murar, Ylsaku Iwasaki, Kenji Kirana, Masanori Kirapa and Kenjiro Karaoka.,

Tsuneo Kammvaca, Kinji Kawasax: and Sumiru Ocawa,

Yoshiharu Kévno, Miyuki Taxesuita and Toshio Szimizu.

JGro Kuroki
Five grazing grasslands converted from forest land in Iwate prefecture were selected as
the research sites. They are Koishikawa, Ono, Sotoyama, Murone and Sumita research sites
(Fig. 1, Photos, 3~5). Their conditions in land and climate are elevation of 160~1,000 m,
slope of 13~22°, black soil or forest brown soil, mean annual temperature of 6~11°C, mean
annual precipitation of 1,060~1,510 mm, and maximum depth of snow pack of 0.3~1.2m. The
grazing grasslands contain the hoof-cultivated one and the cultivated one. Grazing of beef

Received December 20, 1976
(1) Forest Management Division, Forest Influences Division, Tohoku and Ky@ishli Branch Stations
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cattle was carried out mainly during the summer season in a rotation method with a group
of 50~60 head. Vegetal condition and past landuse of research sites are shown in Table 1.

Himekami research site (Fig. 1) has a young forest of Karamatsu, Larix leptolepis, an
elevation of 600~1,000m, a slope of 20~25° black soil, mean annual temperature of 7°C. the
maximum depth of snow pack of 1.2m. Vegetal cover are shown in Table 2,

In the said six research sites, research plots were provided for forest land, clear cut area,
cultivated grassland, non-cultivated grassland, native grassland to make a comparative research
of the condition of ground cover, outbreak of bare land, physical properties of surface soil,
infiltration capacity to each other. The survey line method was applied for the research of
ground cover and bare land, Yamanaka’s method, putting the small metal cone into soil, for the
soil hardness research, and Rocky Mountain type and Government Forest Experiment Station,
Tohoku Branch Station type infiltrometers for the infiltration research (Photos, 6~8).

Small research basins as shown in Fig. 2, Table 6 and Photos. 1, 2 were arranged in
Koishikawa research site. In each basin the grazing was applied as shown in Table 7. Tables
8 and 9 show the use of grass by cattle. Surface runoff and amount of soil loss from each
basin were measured with the simple gauging weir and deposit tank as shown in Fig. 3 and
Photo. 2. A water level—discharge rating equation for the said gauging weir is shown in
Fig. 7.

A research site, Oguni, was selected in Kumamoto prefecture (Fig. 11). Four research
plots by land category were arranged in Oguni research site as shown in Fig. 12, Photos. 10
~13. Land and weather conditions of the research plots were elevation of 650~800m, slope
of 20~-35°, black soil, mean annual temperature of 11°C, mean annual precipitation of 2,000
mm, no snow (Figs. 13, 14, 16, 17, 25, Tables 13, 14). Fig. 12 shows the ground cover condi-
tion of each research plot, Figs. 15 and 18 the projection chart of tree crown for forest plot.
Tame grassland plot is one converted from forest land. Grazing was carried out on three
plots except one forest plot with the result as shown in Table 12,

Each plot was used for comparative research of ground cover condition, physical properties
of surface soil and infiltration capacity. Rocky Mountain type and Musgrave type infiltro-
meters were used for the infiltration test. Surface runoff and soil loss were measured for the
runoff plot provided in each research plot (Fig. 22). Moreover, three small research basins
were set up in grazing tame grassland, grazing forest land and non-grazing forest land as
shown Fig. 19~21, and their surface runoff and amount of sediment were measured (Fig. 23,
Photos. 14, 15).

2. Research in the experimental site

Hiroshi Murai, Yhsaku Iwasaxi, Kenji Kiranpa, Masanori Kirapa and Kenjird Karaoka,

Tsuneo Kammwaca, Kinji Kawasakr and Sumiru Ocawa.
An experimental site was provided in Hirakasa National Forest in Iwate prefecture (Fig.
32). The land and weather conditions of Hirakasa experimental site are elevation of 500~550
m, slope of 5~40°, black soil, mean annual temperature of 9°C, mean annual precipitation of
1,300 mm, the maximum depth of snow pack of 1 m (Fig. 35, Tables 26, 27). Part of Akamatsu
(Pinus densiflora) natural forest was cut and converted into grassland, and nine experimental
plots were set up by slope, vegetal cover condition and intensity of grazing as shown Fig. 33,
Table 25, Photos. 16~21, Results of beef cattle grazing are shown in Table 28. The projec-
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tion charts of tree crown in forest plot are shown in Fig. 34.

In each experimental plot, physical properties and erodibility of soil and infiltration capacity
were researched just before the first experimental grazing and after the last one. And grass
vield, use by cattle and outbreak of bare land were measured every year (Tables 29~32).
Small runoff plots were provided in every plot as shown in Fig. 33 in order to get measure-

ments of surface runoff and soil loss.
3. Findings

Hidenori Nakano, Ydichiro Inoue, Hiroshi Murar and Yoshiharu Kowo.

(1) When the forest land is converted into grassland and grazed, the ground cover natural-
ly changes into grass from trees, and then its amount decreases compared with that of forest
land by grazing and trampling by cattle. Furthermore, the bare land always outbreaks on
parts of the land as the trail, bed ground, drinking site for cattle and others (Figs. 4, 36~39,
Tables 11, 33, 34, Photos. 22~24). Contour cow trail outbreaks in steep slope with over 20°.
The state of bare spots was different by location and gradient of slope, and area of bare land
often formed 20 to 30% of plot area.

Grazing in forest land was attended with conditions that correspond to the above mentioned.

(2) In grazing grassland and forest land, trampling made the soil hard, decreased the
porosity and the permeability of soil (Figs. 5, 24, Tables 3, 5, 15, 16, 36, 37).

(3) The infiltration capacities of grazing grassland and forest land were lower, often at
1/4~1/3, than that of non-grazing forest land, extreme in its bare area, such as cow trail,
bed ground, and others (Figs. 6, 26~28, Tables 4, 17~20, 35).

(4) Surface runoffs from grazing grassland and forest land were more than that of non-
grazing land. Peak discharges of grazing lands were tens to one hundred times the size of
that from non-grazing forest land (Figs. &, 9, 30, Tables 10, 23, 24, 38).

(5) Soil losses of grazing grassland and forest land were more than that of non-grazing
forest land (Figs 10, 29~31, Tables 21, 22, 38).

But as the amount of soil and water runoffs were influenced by land and weather condi-
tions and control of grass as well as grazing intensity, it is difficult to state in generalized
figures the difference between the runoffs of grazing land and those of non-grazing land.

There were two facts to be noted : one of them was the fact that the severe soil and
water runoff were caused by heavy rain in the course of developing grassland and for some
time after development; and another is that more sediment ran out into stream with the
shore and the head trampled down by cattle (Photo. 9).



