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The eco-functions of ecological protection techniques of riverbank

CHEN Xiao-Hua LI Xiao-Ping”
Shanghai Academy of Environmental Science Shanghai 200233  China
Acta Ecologica Sinica 2007 27 3 1168 ~ 1176.

Abstract The erosion of riverbank and the disappearance of riparian buffering strips are among the concerns in river
ecosystem. This study investigated the application of three ecological slope protection techniques including soil
bioengineering all-series vegetated protection and combined biostabilization at four demonstration sites of ecological
rivers in Shanghai. In order to assess the ecological functions of the slope protection project the ecological slope protection
project at the demonstration site of Airport Town was conducted continuous ecological monitoring from 2004 to 2006 after
the reconstruction was finished. The results indicated that the pioneer species such as Salix suchowensis Salix babylonica

Zoysia Sinica are growing very well with strong root system and flourished branches which help control soil erosion
effectively. As an indicator of soil anti-erodibility the soil strength and compaction of the subsurface soil with a mean
deepness of 15 c¢m are going up and much more than the un-covered control slopes which made the soil erosion mitigated
sharply and the structural stability of riverbanks enhanced. Along with the riverbank being reinforced the habitats of the
riparian zone are under self-improvement and native plants have been in rapid restoration. The ecological stability of eco-

riverbanks is being enhanced due to a high species diversity and complex plant community structure.
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Fig. 1 Location map of the demonstration sites of ecological rivers
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Table 1 The environmental features and eco-protection techniques in the four eco-rivers demonstration zones

Ecological rivers Land utilization Environmental problem Restoration goals Eco-protection techniques
5 6
1 2 3 4 7
Rivers of Airport Town
Zhongheng Creek 8 K 10 i 6
12 5 6
Jinmu Creek 2 10 4
14
zhongjing Creek 13 0 1 6

1-Modern agricultural zone 2-Riverbank erosion 3-Vegetation destruction 4-Ecological river 5-Soil bioengineering 6-All-series vegetated
protection 7-Combined biostabilization 8- Hi-tech industrial zone 9- Incompatible with surrounding landscape 10-Degradation of water quality 11-

Scenic river 12- A mixed zone of commercial residential and industrial uses 13-Residential zone 14-Channelized river with concrete bank

2 4 m?

Table 2 The implementation area of eco-protection projects at the four demonstration sites

Soil bioengineering

Project sites All-series vegetated protection ) ) . Combined biostabilization
Live stakes Live fascines Brush mattress
Rivers of Airport Town 28714 2437 300 315 80
Zhongheng Creek 12400 180 150 132 0
Jinmu Creek 310 10 210 870 0
Zhongjing Creek 6500 0 40 180 0
3
2004 3
3.1
3.1.1
2 3 1m
3.1.2
2004 1 2005 2006
2
3.1.3
3.1.4
15 5
Delta-T W.E.T 3

Eijkelkamp Field inspection vane borer
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Spectrum Technologies 15cm
3.1.5
3.2
3.2.1
6~9
3
Salix suchowensis Salix babylonica 2004
3
2 3 5 5 10cm 5 10
30 ~40cm 10 12 Scm
2004 12 14
10
Im 1.5m 3m 90%
10 2.18
kg/m’ 3
3 10
Table 3 Biomass change ten months after live materials grew
Species of cuttings
Metrics of plant growth S. babylonica S. suchowensis
Length of cuttings cm 52 +3 122 +8
Density of cuttings ind. /m? 6 17
Density of new branches ind. /m? 20 50
Length of new taproot c¢m 93.33 £10.41 93.67 £7.09
Dry weight of new roots g 10.13 £3.29 13.67 £7.06
Height of new branches ¢m 150 £32.79 188.33 +18.93
Dry weight of new branches g 32+7.84 114.47 £82.27
Total dry weight of new materials per unit
, 0.25 2.18
area kg/m
Zoysia Sinica Pyracantha fortuneana 2004 3
2 3cm 10
18cm 12 14 0.5m x0.5m
0.8kg/m’ 13cm

3.2.2
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Table

4

4  shear strength of subsurface soil

kPa

15¢m deep on different types of riverbanks

15¢m

kPa

Type of slope protection

Time Slope position . + o . X
Control slope Live stakes + Live fascines Brush mattress All-series vegetated protection
Upper of slope 39.80 £6.90 49.80 +8.40 23.00 +7.48 —
2005 2
Feb. 2005 Middle of slope 30.60 +11.41 44.00 +£6.36 33.86 +8.38 —
eb.
Splash zone 2.80+1.10 37.60 =8.88 32.85 +4.30 —
Upper of slope 62.00 +9.12 55.00 +4.50 53.00 +2.83 83.00 +£10.94
2005 7
Tul. 2005 Middle of slope 32.00 +3.45 47.33 £9.29 81.67 +7.64 113.00 +£9.90
ul.
Splash zone 8.00 £2.34 25.50 £3.54 72.00 +37.59 54.00 +7.77
Upper of slope 74.67 +14.05 57.00 +£7.55 96.60 +21.22 87.33 £11.24
2006 8
A 2006 Middle of slope 39.67 £5.51 42.00 +13.44 132.17 +48.58 131.67 £16.56
ug.
Splash zone 14.00 £4.55 19.25 +£10.75 112.4 £55.73 34.67 £13.87
— Not determined
140 —
* o
P = z 120 |
R?=0.623
0.004 <0.01 2005 2 =T 100 |-
=5 A
ﬁ S 80
S22
B2 oo
[}
4 2005 7 2006 }‘g € 4l
-2
=)
8 V:) 20
0 ! I |
0 10 30 40
W2 AR
Subsurface soil moisture (%)
3 8 4 3
P =0.015 < Fig.3 Correlation between subsurface soil shear and soil moisture
0.05
11% ~39.4% 30 ~600psi
p
2006 8
R*=0.623 P =0.001 <0.01 3
R* = 0.805 P =0.001<0.01

3.2.3
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Fig. 4  Total number of plant species present on the
streambanks from April to October 2004
Al A2 Bl
Cl Cc2 D1
A1&A2 Control riverbank Bl  Brush
mattress Cl&C2  Eco-banks of live stakes and live
. . . . . fascines DI All-series vegetated protecti
Allomyrina dichotoma Linnaeus Rana limnocharis asemes senies vegeldled profection

Bufo gargarizans

Eriocheir sinensis

3.2.4
2006 155¢m
2004 70%
2004 2006 12 10 13 5
3a 90%
10%
5
Table 5 Annual change of plant community on the slope of soil bioengineering
* New branches of salix Herbage
Types of eco- protection Time Nmuber of Species
Height ¢cm Canopy % Height cm Canopy %
A 12 120 70 9.5 92
+

B 1 1 4 12.

Live stakes + Live fascines 0 50 > > 95
C 13 155 60 22.5 100
A 13 110 80.0 22.0 40.0
B 12 208 70.0 15.6 32.5

Brush mattress )
C 9 190 90.0 68.0 12.6

* A 2004 Summer 2004 B 2005 Summer 2005 C 2006 Summer 2006
2004 80%
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12 40% 2006

3a

2005

2006 95%

3a

Echinochloa crusgallii var. mitis

4.1

4.2

4.3

Solidago canadensis

17%

3a

8 12.6%
50%
15cm 2006

2006

3a

37%

75%

2004

46cm
2004

2006

1/3

3a

90%
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