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

On growth of vegetation, sediment yield and rainfall
runoff on the experimental banking slope

Tsugio EzAKI and Shoji INOUE

Summary : In order to investigate the actual conditions of surface erosion on the banking slope, the
authors observed the rainfall runoff and the sediment yield on the experimental banking slope during the
period from the end of June to the end of December in 1977. This research has been carrying out with the
lysimeter settled in the Kasuya University Forest of Kyushu University. Each plot has a length of 2. 20m,
a width of 2. 00m and an inclination angle of 30°. The materials used in this experiment were Yomogi and
Kentucky 31 fescue (K-31-F) as the species of vegetation, and red soil and decomposed granite as the type of
soil. The soil hardness based on compaction was divided into three degrees, @ : about 15mm of hardness
index, @: about 20mm of hardness index, @ : about 25mm of hardness index with the Yamanaka’s soil
hardness tester. Number of expectation of grasses per square meter of each vegetation plot was five thou-
sand. The seeds of vegetation were sowed in grooves of 3cm depth and 20cm width at an interval of 50cm
on the slope. The results may be summarized as follows:

1. There was no significant relation between the growth height of K-31-F and the soil hardness. How-
ever, in the case of Yomogi plots, some relationship was found between them.

2. The vegetation work showed fairly to have the effect on controlling the sediment yield and the surface
flow.

3. On all experimental plots, strong relations were found between the soil hardness and the sediment
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yield, the surface runoff depth and the infiltration water depth.

4. The rainfall intensity had direct effects upon the grain-size distribution of the sediment.

5. In the case of red soil plot, median diameter of the grain-size on the soil surface became smaller every
time of rainfall. In the case of decomposed granite plot, however, the constant tendency could not be
found.

6. The correlation between the grain-size distribution measured by the photogrammetry on the soil
surface and the grain-size distribution measured by the mechanical analysis of sediment was not signifi-

- cant.

7. Yomogi plots showed most copious evapo-transpiration among all experimental plots.

8. The sediment yield of the control plots increased proportionally to the approximate square of the
maximum 10-minutes rainfall intensity.

9. The following formula is empirical equation obtained by dimensional analysis of the experimental
results.

E 2 B
d_A(g d) -C

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

o= density of sediment (gr/cm?)
d = grain-size of sediment (cm)
i = maximum 10-minutes rainfall intensity (cm/sec.)
g = acceleration of gravity (cm/sec?.)
A, B and C = constants ; the experimental values were
A= 10%%°, B=1.00 and C=0.043.
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Fig. 1 The grain-size accumulation curve of used soils

Table 1 The conditions of seeds for seedings and the germination rate of the seeds

. Rate of Rate of | Number of | Number of Seed Number of | Germ-
Species germination purity seed grains | expectation quantity germination |.ination
% % per one of grasses gram per per onerow | rate %
gram per m? m?
Yomogi 32 81 11,080 5,000 15.00 300~400 24~32
Kentucky
31 fescue 87 96 399 5,000 1.74 300~400 24~32
1 2 3 4 5 6 7 8 9 10 11 12
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Fig. 2 Arragement of experimental plots
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Fig. 3 The structure of the experimental apparatus
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Fig. 4 The grid system on surface grain-size analysis
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Fig. 5 The growth curve of each grass
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Table 2 The observed values of rainfall
Rainfall Date Total Rainfall Maximum 10-minutes
No. (1977) rainfall duration rainfall intensity
mm min. mm/10min.

1 July 9~10 13.0 70 5.0
2 July 13 5.0 10 5.0
3 July 13 3.5 10 3.5
4 July 14 8.5 30 6.5
5 July 17 14.7 150 2.0
6 July 19 22.9 290 2.0
7 July 20 1.9 10 1.9
8 Aug. 8 41.1 140 10.0
9 Aug. 23~24 53.5 550 4.0
10 Sep. 2 8.3 20 5.0
11 Sep. 11 22.8 50 17.0
12 Oct. 3~ 4 38.4 580 2.0
13 Nov. 1~ 2 51.6 600 2.5
14 Nov. 8 20.5 120 11.5
15 Nov. 16~17 59.3 570 3.0
16 Nov. 21~22 8.5 130 2.0
17 Nov. 29 5.4 70 2.0
18 Dec. 1 9.0 140 1.5

Table 3 Analysis of variance of the sediment yield in each plot

plot No. 1 2 3 4 5 6 7 8 9 10 11 12

1 6.84 110.19** | 53.28 2.27 37.82 37.55 44.87 74.33 48.48 41.77 105.95*

2 103.35* | 60.12 9.61 44.66 44.39 51.70 67.49 55.32 48.61 99.11*

3 163.48***| 112.97** | 140.02*** | 147.75*** [ 155.06*** | 35.86 |158.68***|151.97***| 4.23
4 50.50 15.45 15.72 8.41 127.61** | 4.79 11.50 159.24***
5 35.04 34.77 42.08 77.10 45.70 38.99 108.73**
6 0.27 7.03 112.15** | 10.65 3.94 143.78***
7 7.31 111.88** | 10.93 4.22 143.51***
o 8 119.19** | 3.62 3.09 150.82***

: ?g"f?cance at ::e l::f :e"e: 9 122.81** |116.10** | 31.62

** Significance at the evel
i Sigificance at the 1 "/: level 10 6.71 154447
11 147.73***
12
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Fig. 6 The relation between the sediment yield and the
soil hardness based on compaction
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Fig. 7-1 The grain-size accumulation curve of sediment
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Fig. 7-2 The grain-size accumulation curve of sediment
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Table 4 The median diameter and the standard deviation of sediment grain-size on
the banking slope surface

Photographing point | Photographing date Median diameter Standard deviation

(site) (1977) mm
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ki bec. 1 210 Los
sRe Dec. 1 e s
ks bec 1 U3 L
R Dec. 1 L s
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IOMBEERE L b, —BHLAERL, BLALRDLREV, Zhit, EECL > THRTEIHNFORE IR
1, BAERH Y, SEDHE, KEH0.2mm TR T, HHTE A ldiEsd EE2BhD, DI,
TWrDhEEHD L XL, B, FLOBE, Ntk TkY, TONBREYEEYAGTHAIL TV
DIEHL, HHEHORERBRTIE, x0T I HBIRLRETE o> T 5100, BE o B
HroB Izl o1,

5) =EMTAE

EHEHTA L LW HEREE, ARERD, 18 EEED b, FREOERER FAKEDOHEDIcHIZE I g7
SRRy Table5 1, FER FAE & LBORDED & DBFR%, Fig 81Rrd,

BEERTAER, BHEHEAVRAUSE, BAETROXKER FARG, #HRKel, REET, 3ETFK
FIOK—31—FRX & {12, 65%Hith, <+ +HET, 2 € FX 43.5%~73.0% 75 b 1w K—31—F X 64.1% ~87.5%

Table 5 Analysis of variance of the surface runoff depth in each plot

plot No. 1 2 3 4 5 6 7 8 9 10 11 12
1 0.07 1.58*** | 1.16** 0.15 0.91 1.03* 0.44 0.92 1.54*** | 0.78 2.02***
2 1.50** 1.23* 0.23 0.98* 0.96 0.36 0.84 1.62*** | 0.86 1.94***
3 2.74*** | 1.73*** | 2.49*** | 0.54 1.13* 0.65 3.12*** | 2.36*** | 0.44
4 1.00* 0.25 2.19*** | 1.60*** | 2.08*** | 0.38 0.37 3.18***
5 0.75 1.19** 0.59 1.08 1.39** 0.63 2.18**
6 1.94*** | 1.35** 1.83*** | 0.63 0.12 2.93***
7 0.59 0.11 2.58%** | 1.82*** | 0.98*
8 0.48 1.98*** | 1.22** 1.58***
* Significance at the 10% level . R I
** Significance at the 5% level g : ’ v
*** Significance at the 1% level 10 0.7 3.57
0 1 2.81°
12
Decomposed granite Red soil
_ @—8—@ Control plots ® Control plots
E ©—O0—0@ K-31-F plots ® K-31-F plots
- O—O0O—O Yomogi plots O Yomogi plots
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Hardness index (mm)

Fig. 8 The relation between the surface runoff depth
and the soil hardness based on compaction
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wiz, FEXE =+ KT HERER TKER, BHKE =z FKLETIE, LDEHFERAE LT 5,
Lil, K—31—FKTit, #ig, fERoHrdictoTw b, Zhit, FERKTOK—31—F o®ifER
LRI, BETH DD, B 5 Y F0BDbRICh, COLFREOHELE L LIS, Titbb,
HCAZELERASRDOVECHEETLRT LD, ZT0die, #ERK TR, REKTKEVIBALLILLDESE
zZbhb,

6) BER ki

FERRBE, S 12 AR ECOMEIT, 5H, 2RBROBEMHAKIZEAE 0Ll cDT, 2% VilicX
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EORBHED L DBAfR% Fig. 9 iR T,
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Table 6 Analysis of variance of the infiltration water depth in each plot

plot No| 1 2 3 4 | 5 6 7 8 9 10 11 12
1 7.50 14.85** | 12.27** | 17.53*** |* 1.09 2.06 6.09 14.58** 2.62 3.82 12.20**
2 7.35 4.76 10.02 8.60 5.44 3.36 7.08 10.12 11.32* 4.70
3 2.58 2.67 15.95** 12.79** | 10.70* 0.27 17.48*** | 18.67*** | 2.64
4 5.26 13.36** | 10.21* 8.12 2.31 14.89** | 16.09** 0.06
5 18.63*** | 15.47** | 13.38** 2.94 20.15*** | 21.35*** 5.32
6 3.15 5.24 15.68** 1.52 2.72 13.30**
7 2.08 12.52** 4.68 5.88 10.14*
*  Significance at the 10% level 8 10.47 1 6.76 7.9 8.06
** Significance at the 5% level S 17,277 | 18,4070 | 2,37
*** Significance at the 1% level 10 1.19 14.88%
11 16.03**
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Fig. 9 The relation between the infiltration water depth
and the soil hardness based on compaction
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Fig. 10 The relation between the evapo-transpiration +
soil water and the soil hardness based on com-
paction
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Fig. 11-1 The relation between the sediment yield
and the maximum 10-minutes rainfall
intensity in No. 3-plot (control plot)

Fig. 11-2 The relation between the sediment yield
and the maximum 10-minutes rainfall
intensity in No. 5-plot(control plot)
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Sediment yield, E,
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Fig. 11-4 The relation between the sediment yield
and the maximum 10 -minutes rainfall
intensity in No. 12-plot (control plot)

Fig. 11-3 The relation between the sediment yield
and the maximum 10-minutes rainfall
intensity in No. 9-plot (control plot)
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Fig. 12 Non-dimensional expressions of sediment yield
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