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Photo 1. BIXOMKEE DIKEE
Condition of forest floor coverage in each plot.
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Hinoki plot Akamatsu plot Sasa plot
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Fig. 1. b/ *H~D7H <y ORRE (FH2vX)
Spatial distribution of akamatsu in a hinoki plantation
(akamatsu plot).

® t/* O Th=v
Hinoki Akamatsu
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Inclination angle 40° Inclination angle 30°
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Table 1. HXOIHEEZEMH
Physical properties of soil layer in each plot.
HEX F4 5 K BHEE L R £ (%)
Plot Sampling |Permiability|Bulk density Porosity
depth
HRFLBR FHFLEE A
(em) (cc/min) (g/ce) Fine Coarse Total
/X 0~4 5.5 0.698 24.9 35.7 60.6
Hinoki plot
Th=vKX 0~4 22.3 0.613 25.6 32.6 58.2
Akamatsu plot
+H# X 0~4 48.0 0.850 27.4 24.6 52.0
Sasa plot
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Fig. 2. ABMrOMELHB 70 + ORE

Location of the study forest and ar-

rangement of the experimental plots.
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Hinoki plot Akamatsu plot Sasa plot
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RABKE BRNESE R S KR
Max. water Min. air Water content
- holding cap. cap. by volume
(%) (%) (%)
35.1 25.5 22.9
35.0 23.2 24.9
35.4 16.6 24.2

THEH
Collecting trough

#ff < 2 Bkt
Tipping bucket type flowmeter

Fig. 3. RELHEHEESE
Dimension of a experimental plot, and device to collect
eroded soil and litter, and surface runoff.
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10, RUN 2-20, RUN 2-40 &[XRBIL Tédubd 5,

Table 2. REBEBRLOMHFENE

Physical properties of experimental sand.

B E FLBER BRBEKE | RINERE B g 8 R (%) |twmEkER
Specific| Porosity | Max. water | Min. air Particle size distribution | Saturated
it holdi . . ductivit

gravity olding cap cap s SN ” conductivity
(%) (%) (%) Clay Silt Sand (em/s)

2.65 50.0 36.4 13.6 3.3 7.7 89.0 2x1073
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Table 3. RUN2 THABXRLEER (To FEMYLD)

Mixing rate and leaf weight given in the experiments (per plot area).

B RUN2-10 RUN2-20 RUN2-40
Mixi t
R el g 7h= £/ % Ty L/ Ty
Hinoki Akamatsu Hinoki Akamatsu Hinoki Akamatsu

(%) (g) (g) (g) (g) (g) (g)

5 20.0 1.1 40.0 2.1
10 106.0 1.1 20.0 2.2 40.0 4.4
20 10.0 2.5 20.0 5.0 40.0 10.0
30 10.0 4,3 20.0 8.6 40.0 17.1
50 10.0 10.0 20.0 20.0 40.0 40.0

RUN2-10i3, £/ #&TH=YO 2 BROEEBR LAERT, Lbrbe / +EHBN10g THEHL EEEK
35,

RUNZ2-10 means the soil erosion experiment which has the litter layer mixed hinoki leaf (10g) with akama-
tsu leaf.
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Seasonal variation of eroded soil and litter.
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Regression analysis between soil loss and five rainfall factors after the removal
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Distribution of diameter of raindrop in rainfall simulator.
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FRTY 9 —-BI/NE VW, TOTER, VI-oBBEINET S0, BANCBREEEDRITAR
BOBWI EERT, 721, RUN2-40 Dk Siz, "—2 LU ZHFRHELH S E, BREOH
RicE-THE Y 9 —BOBDRIFTDICN S, 20k, BRICXDBZEEHBEESSBHELL IS
LHEBEELEAL L, TRLLEEERERENLTL, UV -0BEBH L >BABDIT W,

4.9 7HIVRZEREKOHYHOBARIEZHE

k) FHADT H Y RY Y ORAN, TBE Y ¥ — BB RITTIEIRE 2 RN ICEE
T3, TORY, £7, £/ +REBIIRAIVREIKRTY 5y -BOEELXBES 2,

BHO L/ + MR TCERESNARATHWEBERTY ¥ —8B% Tabled K Lo, BRETVWER,
RICHEMSEWIRE, BBGh 1~16t/ha/Foffich v, W, KR, IHEHEFBMLT, #4
DIgE b2, —H, WIKICHEEPEEF LD, REKLOLHOREEEPA-LE/ FHTR, BR
TREHY 0.1~6t/ha/FE~EED B, COBEEL, MEKRMHFKLY, BRIVDBEIMBVEH TS
LDRD B, UHRSOREMEI, TNTEEOEMRKICA->TV S, #-T, EROE(LED S AFD
b AHORATHEOBMMEMNS C &M TE 5 LRI, HEPL) I — It L AHERESERIDE
ORI REHZ L bHETE S, '

Table 4 > BZBEROEEBELHTTEILRTELVS, o, 7Yoo MEEEERT
WEROMIC—EDOHFELBEARND, 7o v rEEPKE( NS L, BEIDBIANHEINIME
PHb, coT iR, HEFSoy r TORATIWEEZTOE FHRA — ¥ —~HEAT 2 L, BAKRICH
MEnBafEENH B ARLTVWE, £2071®, EAHEIRKBIAEBRA 1 =X L0RBL, HilF
HoDRATHET -5 OlAs LIFNLETH B,

B/ #RANOT Ay RS ORAR, ERRATHEE 1/4~1/8 icBb S €1, Thi Table
4 OREREMA %, £/ FRITBU IREHBEOEKIE, b/ FHKORATWESE 1/2~1/10 8K F
TERT S EAEEShE, BREIACESETIO0R, BHIHKKD ) & —BEE L ERICIKE
TREEZOND, 2L, Y5 -HEECHEROMMHVRATHRIERNICELT 0T,
HHEERAHI 5L, BAPIEIROMBIC LMD W, £D7%, K5y, I, [REHICR
Ao BRI 5 —HEECPHEBERERTL T S4END B, ThERDBITE, MRKSO
HEMARATHRBROEESET L IRFRISHL SN,

WC YU 7 —BIZ, HEKHBESEET 38411 0.3~1. Tt/ha/FEicd 505, WMEREMNHERT 2 &,
OB 0.5~4.0t/ha/F It R 5, MKBEOERICL SR ¥ —ROZ(LROBRVW I, A
THBiIc~<B NSV, EEF (1988) 2t/ * ALHKOHEMA 15~30 BOME T, HAHEEY
REVWEE A) BEERINFEOLEERHLTVS, COBRMRT XS, HEMEEORERY) ¥~
HRE(RET L LABEEDT, LEHELAZREY 5 —BoZ(bRo& i, WKEEOALE ST, V¥
—HEIC HERT 5 LHES L B,

FHROE s FX, 7HVX, +HXOEMBE ) & -8B, TTLEOEMKICA S, Lhd,
IXDORLEY ¥ —BICKELFEEMNE Ao & VIR, Table 4 PORKEAEOHRMIC & 5ELH
DEMPSVELEBELTVE, T, b/ +lM~OTH <Y DEZPHENDOH Y DREAR,
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Table 4. b/ +HKOREITWREIRT VS —&
Soil and litter losses in hinoki stands.
5 1 fifiE = W &H B ook & kA
Location Period Area Forest Precipitation Inclination
condition (mm/year) angle
=¥: =S T ) 1929-1935 | 4.9 ha | 40-50 years 1650.5
Tottori Pref.
Chizu-cho
=& LT 1958-1959 [50m? | 26 years
Mie Pref. TD : 5200 no/ha 5551.8" 35° 45°
Miyama-cho
IR 1962-1963 20 years 3250.1 36°
FISERH®
Shizuoka Pref.
Amagi Nat. For,
T2/ ET 1972 1m? |58years Upper : 15°
Chiba Pref. D:22.4cm Middle : 23°
Kominato-cho H:16.5m Lower :41°
TD : 1700 no/ha
L NEY ST ] 1974-1977 | 15m? |45 years 35°
Tochigi Pref.
Yaita city
AR R T 1980-1981 |1 m? |55years 30°
Kouchi Pref. D:23.3cm
Ino-cho H:17.1m
TD : 980 no/ha
LA i BT 1982-1985 (3m? |23 years 1367.3% 35°8
Hyogo Pref. D:12.2cm
Yamazaki—cho H:11.3m
TD : 2500 no/ha
D:E#% H:#& TD:VTAEE
Diameter  Height Tree density

3) 3 oY KE

Average precipitation

2) 9 ABROFEHM

Average amount in 9 plots

1) 1959 EOFRKE
Annual precipitation in the year 1959

)y —OREHIECHRSPH 25, TOBRBRRATRE~vIswWEERENS,
BEISNAFEBRRERIVDRBEMIET AR, HEKCBIIZ Y y-DBE THbSL, A BER
7o+ ROBREBLETH S, Thicd, KUY 5 —BOFRAMKRARTE D, 5%, 7HwrEP
$HEDFEAD, Y ¥ -HERRETHBOER(LEEDTFNAENOL L, 208, WK ) 5y —0
SRR, THEAOBABRBERSVTLHOETHEL, Vs —ONXERHT ILENS 5,

5 E/FRONBRABRIVRELEL S —HRRORN

51 E/FHONBRAMALIWE
MR TRER2OHEAD S b/ FHOKEPHIKREEET 5L &, RATHPHTY 5 -2 L0R
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. " R £il) fatpE AP ~ { X #R
Geology Soil type Soil loss Litter loss Reference
(ton/ha/year) (ton/ha/year)
0.011 mm B2 (1938)
Katsutani
HiH X : 0.64 N4 5 (1963)
Wickerwork plot Kawana et al.
HEIX:1.13
Vegetative cover
plot
B 1 1.54
Bare plot
ERMZE WHEEL 401.6g? 91.4g? FIEF 5 (1964)
AEZILE Sandy loam Kohno et al.
Propylite
W4E :0.1-6.4 fE4EH £ 0.33-0.73 | BINC19TT)
Undergrowth Undergrowth Oikawa
A4 £ 0.9-2.7 A 4% £ 0.53-0.72
No undergrowth | No undergrowth
0.233 Z# 5 (1979)
Yanase et al.
wEE (H8) Bo (d) 4R :3.84.5 AR :1.5-1.7 FH 501987
Palaeozoic Undergrowth Undergrowth Inoue et al.
sys. (shale) FEAESE : 10.7-16.3 | A : 2.54.0
No undergrowth | No undergrowth
s BpBp (d) HREX :5.3 #FEX : 0.5 ik (1985)
Andesite -Bp Tending plot Tending plot Furuike
®ERX :10.8 WERX 0.9
No tending plot | No tending plot
for 3 years

BRIAZ200%25 50 LDRET ILENS S, COBPRESABTNE, BEN,>AENEEK
BEOHEFBPEITTERVTHES D, JITH, HIMRERELCEVRARCS 2EATDREHFER
REATHREL, 2X0LSICEEL
FAMARAETDRI, DEERFEFLO N Y ATREZLORBICESVT, MHERID A B
HEGHRE & EEREIC S 2 RANE (TWB) Lok, TEERGER TR, WE MR, Al
CELDERE KRS N 20T, FARABATHRIMIEC L CRDTFNEL SV, FkT O
HREHMETH AT Eh0, SSHROLRED A BREBREEY» >, FARRRATVEEZREESL -

1o

BE (1990) 3fEMELMTH 2 H EINRUAPIIc B 2 TEFBICESE, REBEO TR



— 30 — BB OUIARTIERE %3625

BEEo ABOES KL, A BEREELRE L, toRickss, A BEREREIR0.10
~0.53 mm/EDEE o, KL 0.1~0.3mm/FOFFIc B3, VWE, THOREES
1t/m? 438, ARMEER 1~3t/ha KEAWMIONE, TOREITE, W O>rDEENZEH
3%, TOMOHIKTORINHUETH B, IhEFERARELIHRESA L,

5.2 WERABETHWREMBFTIOICHELRY S —HikRk

BB 3/ + « THAT VY BERXHRORATHEFABTR AL IKAN LDV, 20728, Hi
ML AHARARBINBEMHET 0K EL Y & —HEEE, FAF-s/DSHWETLLMTE
M, 23T, WK OhDRED b &I, T0) ¥y —HBBEREL 7,

b/ & THARVBRKCBY 3REIWEL ) 5 - HEBOMRIL, Fig. 16 iR L 75k
(E=aEXP (~b+L)) TERTEBEL, THLE, biRIQADEERALL, —4, a 3,
MERIC ) & —HREBSEELROIRETORATIWERTH I, TOF-sRBLANVOT, 2¥0X
HSEHELR, e/ £ THZVERKOERBLIWRIZ0.7t/ha T, 20 L EZD Y ¥ -HiRE
(LEL FRBO—E) $7.5t/ha THhot, HElE%E b &L bic ERicRAL, §HET B Licky,
aid 4 0t/ha/FEEBEESNI, H-T, £/ % THTVESHKORATBBRIRRCI DTS
h5,

E=24.0EXP (—0.47xL) 14

Eé& Lo#dEn®h t/ha/tE, t/ha TH %, L OBEIELERTH, BEID~OLEBE
poT5E, EELOSEERICHI TORYENRYEELSN S, FlidL 7.5t/ha i3, 4 AKSA
TOY Y —HEETH 5,

zI7T, EREEOL ) FROFABRBZEIWEL L THE L2 1~3t/ha £iifcd Y 5 -4
HEE2 WAL SRDZE, 4.4~6.Tt/ha 15, BREMTHIEL TEA S L, HERARBIDE
R T A DICHER Y ¥ — R 5~Tt/ha TH 5,

M DR BB IEICHER Y & —HEBECT 2 BHRRDE VW, 2odTR, NHS (1975 OF
EHREES NS, HHSIATHRNEBLZHVT, 8 - KEROAEHEBRCRNEESERCRIET
PELRIALf, EREREBREL, RREMHIET 2 ICEIKMEZRETU OB IHET 5 EBRYIT,
TR MHERAZEMBERIIZEST 1.5em, JEERT 4t/ha LR L, DBiC, COBEHMIR
2 FORRIGELTEAL, MRS (1977 S ATBRREEI LD, UMD A, BORA LSRR
ERIE Lo £ OER, A, BHERRY 3t/ha 22 2L, FATVREERTIC L0 S, BER
B ZoBED A, BHEREBOLETH I I LEERHL I,

AR THES LY ¥ —HERE, HHSPMOOREEI Y REWV, CoBEHD—IK, B
HECHNTERY A ) OEEMEOBVAER SN D, b/ FEEBTRICERT 2 -0BHLYTV I,
BfYEBRY: ) OEEESNS VW EHEEBLT, ) 5B ALL LRSS, Tk, O
e}, b/ FRRT ATV UAOKRBERRT 5L, HABRRATUREMKT IOISLENRY S
—HERBIRENT 3 EERT,

CCTRRLEBAIVRE ) ¥ -HEROMRIR, AWK LSRR, HREAEUL o /
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F o7 ARVERMRICERSRESNETHS 5, FiT, MKEEOREBEMIACC LBBESNIE
BRUFETHELEZ D, TOID, MREHORE DI L/ 4T, RBIURE, V5 —HER HE
MEgEEZREL, T ooHEMREERBNICRITTAI Sicky, WRoO—BHER LSRN

FR S0,
6 & H» Y I

AEEHBEN O BEREHREROK 20% it / F ATRTH LD, TITOTARTYD
BHOoBOEFENREO D> TV3, b/ MR TH =Y MERT B L, —HIC 2 RO
Ah, #-HoEBMSTES, ToRY, RKRERE (1986) T}, b/ * - 7H <y HEREED
e, 7HZYORMDPVWAES>EDOLSICIEELTVWA, THYORKEBEHICI>VWTR, Bk
Bk 150 A /ha, BHEIFIC 100 A/ha B SEFICHFCEET I LE2AKIELTWE, TOR
DV, b/ *ORERESREERSIETELZO 2 SO TR S 2 St o bRk ELIT o %3t
RicL T3, Zol¥ARCd, HIHEPTIRELBEEOR LLEEshTH3, LaL, HiEdLL
THYOAHMEEEHE, £/ FOTHATVOEEDOHILY 24 FEBLRTVE, Z00H, D
AREREVEORTTAPTErORIBUETHEEEL S,

COWMETE, BEMGILCELEL) ¥ -HEBOBLRE LT, 5~Tt/ha 25471, BELAK%:
RuligETiedE oAb -1, JOMRE, REMLELSAIKDEED STHIE, BEEERD
DTHb, Ll, BEFILCHKEL) §-HEROERBNAKOV L EORRE L b, HHROWY
Fick? Ay BOHKIEEOBEENEETH B LHND -1, £01, SHROFEOHEELT,
BHERRPHIEEAEOEEH, A BP A BOFR RECRETHEBOBALLETSHZ, hb
OWHEDEMICE, £EECLEYONFLORINEEND,

51 B X &
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Effect of Forest Floor Coverage on Reduction of Soil
Erosion in Hinoki Plantations

n @

HaTtToRI, Shigeaki®”’, ABE, Toshio®, KoBayasui, Chuichi

and Tamar, Kohji®

Summary

It has been pointed out that forest productivity degrades due to soil erosion in closed
Hinoki (Chamaecyparis obtusa) plantations. Some silvicultural practices like the intro-
duction of undergrowth and increase of litter on the forest floor are suggested so
far. The effects, however, are not made clear quantitatively, and forest management has
not been established from the view of soil conservation in Hinoki plantations.

The purposes of the study are to analyze the effect of forest floor coverage by litter or
undergrowth upon soil erosion in a Hinoki plantation and to estimate the amount of
litter suitable for soil erosion control. The experiment forest is located in Shiga
Prefecture and is a 26-year-old man-made Hinoki plantation. The plantation divided
into three portions : pure plantation with no undergrowth, mixed plantation with Hinoki
and Akamatsu (Pinus densiflora) and pure plantation with the forest floor covered with
sasa (Sasa nipponica). Two plots, sized 2m long by 1m wide, in each portion were
installed to measure eroded soil and litter and surface runoff. An automatic raingage
was placed in the clearing adjacent to the plantation. In addition to the field measure-
ment, the effect of litter amount on soil erosion was experimented and numerized using a
rainfall simulater. In this paper, pure plantation was named Hinoki plot for short,
Akamatsu plot for mixed plantation and sasa plot for pure plantation with sasa. The
results are summarized as followed.

(1) The amount of eroded soil shows seasonal variation depending on precipitation.
Annual soil losses were 3.0t/ha for Hinoki plot, 0.7t/ha for Akamatsu plot and 0.4t/ha
for sasa plot respectively. Removal of litter from the floor on Akamatsu and sasa plots
accelerated soil erosion and soil loss to a level of about 10 times that before treatment.

(2) The differences of litter loss among the three plots were small compared with
soil loss, 1.1t/ha for Hinoki plot, 0.6 t/ha for Akamatsu plot and 1.0 t/ha for sasa plot
on a yearly base, respectively.

(3) The relationship between soil loss and five rainfall factors was analyzed
applying the regression method to find the most suitable one. As a rule maximum
10-minute rainfall intensity and R factor used in the universal soil loss equation have
better correlations to soil loss than the other factors. The result would suggest that
short time rainfall intensity played a important role in erosion process in the hinoki

plantation.

Received December 6, 1990
{1)(3)(4) Kansai Research Center
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— 34 — HHRAUIZAMTIARE ®362 5

(4) The relationships between litter loss and the rainfall factors in Hinoki plots
were rather scattered due to the influence of wind in winter and litter coverage. Fresh
leaves which fell late autumn could be easily carried away by wind in winter. In Hinoki
plantations, it is well known that litter loss shows a distinctive seasonal variation.
These mean that prediction of litter loss should be done taking both movement by wind
and the degree of litter coverage into consideration.

(5) It is testified from the rainfall simulator experiment that the amount of eroded
soil decreases exponentially according to increase of litter covering the slope surface. If
the slope surface is covered with the same amount of litter, it is more effective to place
mixed Hinoki and Akamatsu leaves than Hinoki leaves alone from the standpoint of
lightening soil erosion.

(6) The amount of soil eroded from pure Hinoki plantations would be reduced by a
factor in the range of 1/2 to 1/10 by covering the forest floor with litter or undergrowth.
Enrichment of litter coverage through forming mixed plantation and introducing under-
growth is confirmed to be effective to suppress litter movement, but the degree of
reduction is lower than that of soil loss.

() It may be necessary to set the tolerance level on the amount of soil loss
previously in controlling the forest floor from the viewpoint of site-quality maintenance
and soil conservation. The tolerance level of soil erosion is defined as the amount of soil
eroded in an equilibrium state with A horizon formation and could be estimated to be in
the order of 1-3 t/ha/year, based on the date reported on the A horizon formation in the
studied granite region.

(8) A trial calculation was carried out to meet the amount of iitter for maintaining
soil loss with in the tolerance level mentioned above. On the assumption that the results
obtained in the rainfall simulator experiment on the relation of soil loss and litter
coverage would be applicable to the field, the amount of litter necessary in controlling
soil loss might be approximately from 5 to 7t/ha in the Hinoki/Akamatsu mixed

plantations in the studied granite region.



