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Abstract: Wave erosion is one of the main ecological and environmental problems in the water-level fluctuation zone
of the Three Gorges Reservoir area. As single factors, the presence of plants and gravel can effectively control wave
erosion. However, it i1s unknown how the combination of these control measures affects wave erosion. Therefore,
wave experiments were conducted under three levels of Cynodon dactylon cover (20% —30%, 40% —50%,
60% —70% ) and nine different gravel conditions (three thicknesses of gravel cover, 20, 40 and 60 mm; and three
gravel particle sizes, 5—10, 10— 15, and 15—20 mm). The bare slope without gravel and plant cover served as the

control check (CK). The effects of plant cover and gravel as single and combined factors on wave erosion were
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explored by measuring the wave pressure and wave erosion rate in each treatment. The results indicated that gravel
decreased the wave pressure by 26.49% —86.52% and the wave erosion rate by 8. 70% —73.91% , compared with
values for the CK. The wave pressure and wave erosion rate decreased as the gravel particle size decreased and as the
gravel cover increased. The presence of C. dactylon decreased the wave pressure by 4.10% —46.36% and the
wave erosion rate by 19.56% —77.17% , compared with values for the CK. The wave pressure and wave erosion
rate decreased with increasing cover of C. dactylon. The wave pressure and wave erosion rate decreased by
28.95% —94.74% and 28.20% —80.43%, respectively, under the combined effects of gravel and C. dactylon.
Also, under the combined effects, the wave pressure and wave erosion rate increased with increasing gravel particle
size, and decreased with increasing gravel thickness and cover of C. dactylon. Compared with the single effect,
further reductions of wave pressure and wave erosion rate under the combined effects were attributed to the
synergistic effects of plant and gravel cover. The largest reductions in wave pressure and wave erosion rate were
obtained with a gravel particle size of 5—10 mm, gravel cover thickness of 60 mm, and C. dactylon cover of
60% —70%. Multivariate analysis of variance showed that the combined effect of gravel and C. dactylon cover
synergistically reduced the wave pressure and wave erosion rate. The factors were ranked, from highest degree of
influence on wave pressure to lowest, as follows: gravel cover thickness™gravel particle size>plant cover; and from
highest degree of influence on wave erosion rate to lowest, as follows: plant cover=>gravel cover thickness™>gravel
particle size. Our results show that gravel and vegetation work synergistically to reduce wave energy and erosion,
and can be used as a sustainable and ecologically friendly treatment to control wave erosion on sloping banks. These
findings provide guidance and reference data for the ecological management and ecological reconstruction of the water-
level fluctuation zone in water reservoirs.
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I H Ttem 1845 Indicators T S C TXS TXC CXS TXCXS
189 5 F{H F value 554.09 383. 14 313. 38 5.58 1.38 1.35 6.06
1# wave pressure  pw pyajye 0.00 0.00 0.00 0.00 0.27 0. 89 0.75
1k K Contribution rate ( % ) 43.77 30. 26 24.75 0. 44 0.11 0.11 0.48
28 T T FAHF value 314.61 223.68 177.43 7.44 2.69 1.04 1.08
2% wave pressure  p s p yajye 0.00 0.00 0.03 0.00 0.05 0. 40 0.41
BTk 2 Contribution rate (%) 43.16 30. 68 24. 34 1.02 0.37 0.14 0.15
3HUEE T FAE F value 529.75 433.11 353. 24 5.90 8.74 1.47 0.67
3% wave pressure g p yape 0. 00 0. 00 0.02 0. 00 0.42 0.97 0.71
1Hk % Contribution rate (%) 39.71 32.47 26.48 0.44 0.66 0.11 0.05
2R FAHF value 233.98 43.97 252.98 1.14 10. 00 8.75 3.02
Erosion rate P{E P value 0.00 0.00 0. 00 0.35 0.00 0.00 0.01
1k K Contribution rate (% ) 42.17 7.92 45.59 0.21 1. 80 1.58 0.54

T: W41 R Gravel thickness; S: 41 #i4% Gravel particle size; C:

FH B 7 35 B Vegetation coverage.
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