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Studies on the Turfing Work for the Protection
of Cutting Slope (III)

On the mechanism of surface erosion and

the protection effects by vegetation

Tsugio EZAKI

Summary: The purpose of this serial study is to investigate the actual conditions of the surface erosion
and the turfing work on the cutting slope in more detail. Also, the final purpose of this study is to inves-
tigate the actual differences of the surface erosion and the turfing work between on the cutting slope and
the banking slope. In order to attain the purpose of this study, the author observed the rainfall runoff,
the vegetation growth, the sediment yield and the surface ruﬁoff depth on the experimental cutting slope
during the period from the end of June to the beginning of December in 1980. This observation has been
carrying out with the cutting slope on the forest road opened in the Komenono University Forest of Ehime
University. The soil of experimental site is granite into decomposed coarse grains and the soil class belongs
to the sandy loam. The experimental site on cutting slope were divided into two kinds with divisions by
the difference of soil hardness index. Each plot has a length of 2.20 meters, a width of 2.00 meters and an
inclination angle of 30 degrees. The materials used in this experiment were Yomogi and Kentucky 31 fescue
(K-31-F) as the species of vegetation. The soil hardnesses of experimental site were divided into two degrees,
about 15 millimeters of hardness index and about 25 millimeters of hardness index with the Yamanaka’s
soil hardness tester. Number of expectation of grasses per square meter of each vegetation plot was five
thousand. The seeds of vegetation were sowed in grooves of 3 centimeters depth and 20 centimeters width
at an interval of 50 centifneters on the cutting slope.

The results may be summarized as follows:

1. The vegetation growth was considerably influenced of the soil hardness.
2. The sediment yield of the control plots increased proportionally to the approximate square of the

maximum 10-minute rainfall intensity.
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3. The difference of the soil hardness had direct effects upon the sediment yield.
4. The vegetation work showed fairly to have the effects on controlling the sediment yield and the surface

flow.
5. The K-31-F plots showed the highest rate of control of the sediment yield by the vegetation among

all vegetation plots.
6. The correlation between the rate of control of the sediment yield by the vegetation and the growth

index of vegetation was significant.

7. The following empirical equation of the sediment yield holds accurately presumptive formula of the
sediment yield of erosion on the general bare slope the protection effects of the vegetation on the
turfing work for the protection of the general slope.

A () e

Where : E =sediment yield (gr/cm?)

o =density of sediment (gr/cm?)

d =grain-size of sediment (cm)

7 =maximum 10-minute rainfall intensity (cm/sec.)

g =acceleration of gravity (cm/sec?.)

A, B and C =constant; the experimental values were

A =107°~10%*°, B=1.01~0.61 and C =3.0x107*~4.0 x 10~* respectively.
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Table 1 The conditions of seeds for seedings and the germination rate of the seeds

Rate of Rate of [Number of |Number of Seed quantity [Realizable |Rate of
Snecies germination |purity |seed grains |expectation of |gram per one |number per |realization
P % % per one gram|grasses per one |rank(per m?) one rank %
rank(per m?)
Yomogi 28.4 84.3 11,120 2.000 0.75 210~400 | 10.5~20.0
(5,000) (1.88)
K-31-F 92.5 90.7 365 2,000 6.53 250 ~460 12.5~23.0
(5,000) (16.33)

FEERO DT, RIERK R R, ERBEE250~80cmHl DEL), &R L7z, S LAERD ) EIE, TIEEE
DIEICE ST, FB1IBLIUE 2 KB L ICX 5 L7z, 81 R BRthod LI (E, (LA 3N 135808 BE 31 T4 25mn T
HY, E2RBMoIBHEL, HI5mTH S, KRB L OHKBXIE, Fig 1IRT &9 IChE L, AT
KO BRI, 5,000,/ m& L, #HEIC, 20cemlE T, 30cmfEIfEIC, RS 3cmDflEE RITCEREL, 20,
kL% NOMETLI0 g,/ mE L7z,

REBXOBEBL VW EESE L, Fig 21087, TH %, EHXBRXNAKE I, IK2.0m, FHEHEK2.20m
KEEL.9Im)TH b, EROTHIZZR (b2 ) 2HD)FHTF, 2008 R ) B ICES, FELWE SRR
TARZIE L7z, T2, REBXAD 5DOFKIRAKEENICAN L L) EFOE=—LVTEHNE L,

— 127 —



Ridge

The 1st experimental site D The 2nd experimental site
Recording rain
gauge
Foot
The 1st experimental site
1 2 3 4
Yomogi + Control K-31-F Yomogi
K—31—F plot plot plot plot
T The 2nd experimental site
2.20m 1 2 3 4
Yomogi Control Yomogi + K-31-F
\l, plot plot K—-31-F plot plot
K— 2.00m —
Kk———— 8.00m
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Table 2 The observed values of rainfall

Rainfall Date Total Rainfall 1 il
rainfall duration rainfall intensity rainfall intensity

No. 1980 mm min. mm  hour mm_10min.
1 June 21 8.0 720 3.5 2.0
2 June 30 27.0 230 20.0 7.0
3 July 1 23.0 800 8.0 4.0
4 July 2 44.0 900 7.0 3.4
5 July 9 72.5 1,240 16.5 6.0
6 July 11 68.0 1,170 32.5 9.5
7 July 12 24.5 720 16.5 3.0
8 July 19 22.5 190 13.5 7.0
9 July 24 13.0 240 8.0 4.0
10 July 26 9.0 120 5.0 2.5
11 July 29 35.0 480 17.5 7.0
12 July 31 30.0 890 5.0 4.0
13 Aug. 5 47.0 1,380 4.0 2.5
14 Aug. 8 16.0 1,660 8.0 3.5
15 Aug. 12 21.0 340 8.0 3.0
16 Aug. 13 8.5 20 8.5 6.5
17 Aug. 15 8.5 90 5.5 3.0
18 Aug. 19 21.5 1,000- 6.5 5.5
19 Aug. 20 19.5 220 9.5 2.5
20 Aug. 21 22.5 540 9.5 4.0
21 Aug. 22 14.0 490 6.0 3.0
22 Aug. 23 10.5 170 6.5 3.0
23 Aug. 27 47.5 630 23.5 7.0
24 Aug. 29 23.0 900 6,0 3.0
25 Oct. 16 93.0 1,680 10.5 4.0
26 Oct. 21 17.0 1,000 5.6 2.0
27 Oct. 25 B.5 860 3.0 2.5
28 Oct. 30 .5 390 3.5 3.5
29 Nov. 25 25.0 640 5.0 5.0
30 Dec. &.U 610 1.0 1.0
31 Dec. 3 10.0 420 2.5 2.5
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Table 3 —1 The correlation coefficient between the

sediment yield and the maximum 10—
minute rainfall intensity at the 1st ex-
perimental site

Plot No.

Correlation
coefficient

0.879*** | 0.924*** | 0.885*** | 0.952***

Number
of data

24 27 23 27

*** Significance at the 0.19% level

Table 3—2 The correlation coefficient between the

sediment yield and the maximum 10—
minute rainfall intensity at the 2nd ex-
perimental site

Plot No.

Correlation
coefficient

0.737*** | 0.950*** | 0.883*** | 0.756***

Number
of data

18 31 23 16

**  Significance at the 1% level
*** Significance at the 0.1%; level
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Fig. 6 The relation between the sediment yield and
the soil hardness index
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Fig. 10 The non—dimensinal expressions of the sediment yield at the lst experimental site
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Table 6 The values of fixed ngrznber A,B and C, and the correlation coefficient between the

__E it
o * dso and the &g+ dso
Plot Fixed numder Correlation Number
No. A B C coefficient of data
ot ot 10°° 0.88 2.0%10°* 0.937*** 27
4 10*7 0.82 4.0x107* 0.957*** 27
1 10%%° 0.70 4.0x107* 0.867*** 24
3 10249 0.61 4.0x107* 0.905*** 23

*** Gignificance at the 0.1% level

(5), (6), (7), ORNEIFEERRL2A, Fig. 10T, EE LD T Lrd2ERIL, Table 6 ITRTEITHS, T
NTORBXIZBEWT, OROBRIZ, HEKHE.1%THY, —EDEEI+FTRILL TV ELDLEALEN 5,
E5IC, WROBMEZE 2 REEMOKRICOLBHALT, KA, BBLUC:2KkH2E, kDL Thod,

2 E = 7.00 i’ 101 4
X (8 # X) 7 T 10 ( m) —4.0X107* ceeeeee- (9)
e B _qgses( 7 ) g 5x10 e

3K (K—31—F[Z.> o * dso =2 < g+ dso ) 5.0x107 10
. E _ Jr i? 1.00 B

1X (2 = ¥ X) m—lo <m> —2.3X107* ceeeeeeen a)

E e iz 0.95
4X (K—31—-F[X) m=10 . <m> — 50X 10 ceeeeeeen 19

Table 7 The values of fixed number A, B and C, and the correlation coefficient between the

6—7—5—? and the g_—;;
Plot Fixed number Correlation Number’
No. A B c coeffieient of data
e 10700 1.02 4.0%10™* 0.953%** 31
3 1058 0.90 5.0x107* 0.930*** 29
1 10837 1,00 2.3%1073 0.857*** 26
4 10°78 0,96 5.0x107* 0.874*** 25

i Sigﬁificance at the 0.1% level

9), 0, ), OROBFEZRIRLAzDH, Fig. 11T, Bz L) Lo ERIE, Table 710RT L9 TH 5,
1 REHERE, TRNTORBRRIZENT, OROBRIE, AEA%0.I1ITH), —EDBEFEAS+FRILL TS D
NDEAZLEIND,

72, F1REMEE 2 KRR L ICBI 2BXOBR 2R L, ORXOBFRZEALT, E8A, BBLUC
2RDZE, KDL TH D,

E _ 6-31( ;2 )0.92
o"dso 10 g'dso

(r =0.799*** n =58)
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Fig. 11 The non—dimensinal expressions of the sediment yield at the 2nd experimental site
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Fig. 12 The non—dimensinal expressions of the sediment yield of the control plots

at the 1st and 2nd experimental site
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SRS L TV 5, 2512, H1RBMICBIT2ERAB LUBOKE SOENLIE, 67 AROBLIRRERE.
WL b—FK LT 5, CoOMfri, BtonEeoEBmEES 1V comRsnTws, 22, BORICBIIDE
iR OB Eo D EICH T2 E KO 3, Table 812RT L5 Tho. YMVDNEICB T2 EKAB &
UBOffild, Lo NEICBIF2EROMEE D LN 4fli%, EHCIE, BISKELEERLTW2, YRHDY

Table 8 The comparison of fixed number in the cutting slope and the banking slope

Fi .
. ixed number Correlation Number
Species ..
A B c coefficient of data
Cutting slope 1083 0.97 2.0%x107* 0.799*** 58
Banking slope 10724 1.03 1.0x107° 0.895*** 168

*** Significance at the 0.1% level
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