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Natural vegetation and edaphic conditions on the cliff of abandoned quarries in

early restoration
YUAN Jian-Gang',ZHOU Xian-Ye?, CHEN Yan',FAN Ling', YANG Zhong-Yi'" (1. School of Life Science,

Zhongshan University . Guangzhou 510275 ,China; 2. Collage of Life Science, South China Normal University, Guangzhou 510631, China). Acta
Ecologica Sinica,2005,25(6) : 1517~1522.

Abstract:Due to the rapid economic development of China since 1980s., a large number of quarries have been exploited around
the country to provide large quantities of construction materials for meeting various demands. Quarry cliff face represents a
specific and extreme habitat that is often unsuitable for plants growth. Attentions have been paid to their restoration all over
the world. In terms of restoration, the knowledge of natural vegetation and edaphic conditions is valuable information.
However, previous studies of quarry restoration were mainly focused on the quarry floor, and only very few on the quarrying
cliff.

Three representative quarry cliffs at Guangzhou, Dongguan and Zhuhai in the Pear River Delta region, were selected. The
quarries had been closed from 3 years to 6 years. The edaphic conditions and natural vegetation at these three quarries were
investigated. The three quarries are composed of gneissic granite whose surface was weathered to some extent. All the three
cliffs have southern aspects. The slope height ranges from 15 meters to 100 meters. The bottom of slope is in the length of
between 250 and 320 meters. The average slope is from 70 degrees to 76 degrees. Because the cliffs were caved irregularly,
some hollows and cracks were formed during the progress of exploitation. There were some soils, which were able to gather in
these kinds of micro-topographies. This provided the possibility for vegetation to establish. The physical, chemical and
biological properties on the cliffs are poor. The soils are mainly composed of gravels and sands (coarse and fine sands), which

accounted for 94 % of total particles. Gravels and coarse sands are about 35% of total particles. Clay content is very low only
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representing 6% to 7.5% of total particles. These kinds of soils have the features of low water-holding capacity and high air
permeability. The organic matter content in these soils varies from 1.14% to 1. 28%. Total nitrogen content varies from 0. 89
to 1. 02 g « kg™ ', of which, 28.5 to 35. 2 mg * kg~ ' is available. Total phosphorous content is in the range between 0. 407 and
0.454 g + kg™ ', of which 2.3 to 2.9 mg * kg™ ' is available. Total potassium content ranges from 4.53 to 5.21 g » kg™', of
which 44. 2 to 50. 9 mg « kg ! is available.

Sparse and clumped herbaceous vegetation colonized on the cliffs at the early stage of restoration. The vegetation coverage
and plant species increased as the processes of natural restoration went on. For the cliff with three years restoration, the
vegetation coverage is 10. 6% and composed of 8 species belonging to 8 genera and 3 families. For the quarry of five years
restoration, the vegetation coverage is 18. 6% and composed of 11 species belonging to 11 genera and 6 families. For the quarry
of six-year restoration, the vegetation coverage is 23. 4% and composed of 11 species which belong to 12 genera and 7 families.
The plants of early establishment were mainly annual or perennial herbaceous species of Gramineae and Compositae, and
dominated by Neyraudia reynaudiana and Phynchelytrum repens. As time elapses, some drought tolerant and heliophilous
shrubs, such as Lantana camara, Melastoma candidum and Baeckea frutescens gradually emerged on the cliff surface.

Results presented here indicated that the natural colonization of plants on the cliff surface of the abandoned quarries was
difficult and slow, due to the unfavorable edaphic conditions and steep slope. In the long run, it may only develop into
herbaceous shrub community with simple structure in such cliffs. In this regard., some actions on these quarrying cliffs should
be made for ecological restoration. Great attention should be paid to the cracks and concaves in the cliffs when restoration
measures are being implemented.
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Table 1 Primary conditions of the sampling cliffs
Slope (m)
Cliff No. Age (a) orientation Gradient Height Size (m?) Bed rock
1 3 SE &° 73° 15~100 15000 .
2 5 SE 10° 75° 20~80 11000 :
3 6 S 76° 20~85 18000 .
% Gneissic granite
1.3
3 Im X 1m s 10m, 20m,
. . 1.2.3 75.52 80 o N N
= /
= /
= /
= /
/
= /
= - -
1.4
1.3 N s 30 cm X 30 cm s
o 5 mm . s s N
H 105C s ° .pH.
. N, N, P, P, K K1
Excel  SPSS .
2
2.1
s s H s 50 m, 100 m
; , 70°, , ;
2.2
2.2.1 s N s s
N s 1 cm, 2cm, 1.2.3 N
( ) 5%~6%.5.9~7.1lmm  3.6~4.5kg + m~2( 2), 3 (p=>
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Table 2 Properties of the soil on the sample quarrying cliffs
P ) 1 2 3
arameter
Quarry No. 1 Quarry No. 2 Quarry No. 3
( )Number of sample quadrats 75 52 80
( )Quadrats bore soil 31 23 34
Soil coverage (%) 5 5 6
Average soil depth(mm) 6.0+4.1 5.9+4.6 7.14+5.8
Soil weight(DW ., kg/m?) 3.8£1.1 3.64+1.7 4.5+2.3
Gravel (>2mm)(g « kg™ 1) 345431 360429 367438
Coarse sand (0. 2~2mm) (g » kg™ 1) 352+23 37619 36130
Fine sand (0.002~0. 2mm) (g « kg™ ") 228+16 205426 209421
Clay (<£0.002mm) (g * kg™ 1) 75+10 5948 63+7
pH 5.394-0. 05 5.1040. 06 5.2340.04
Organic matter (%) 1.1440.19 1.2540. 28 1.28+0.17
N Total N(g « kg=") 0.89+0.13 0.97+0. 14 1.0240. 21
N Available N(mg * kg™ 1) 28.54+4.7 31.64+3.6 35.2+4.3
P Total P(g+ kg™ D 0.40740. 081 0.45440. 092 0.42640.083
P Available P(mg » kg™ 1) 2.34+0.4 2.940.5 2.8+0.5
K Total K(g » kg™ D 4.53+0.63 5.2140.99 4.8740.49
K Exchangeable N(mg « kg 1) 44.244.6 50.9+2.2 48.4+3.1
Texture Sandy Sandy Sandy
2.3
2’ 3' 1 b o b b
b b b o 1 Y 2 Y 3
10.6%.18.6%  23.4%(  3), .
2.3.2 3 3
s Table 3 Vegetation coverage (VC) of the sample quarrying cliffs
P . 1 2 3
b . aramete
arameter Quarry 1 Quarry 2 Quarry 3
(Rhynchelytrum repens) . (Neyraudia )
. < . .. 5 5 B (
reynaudiana ) (Eleusine indica) . (Cynodon Number of sample quadrats 7 o2 80
) Cimbristvlis sericea) . ¢ )
dactylon) , (Fimbristylis sericea) Quadrate b . 24 21 34
uadrats bore vegetation
(Ageratum conyzoides ) . (Conyza &

) i ) VC of the 33 16 -
canadensis) . (Bidens pilosa) quadrats bore vegetation (%) o
(Dicranopteris dichotoma) . (Cyclosorus parasiticus) .

A VC of the oliffs (%) 10.6 18 6 23.4
(Nephrolepis auriculata) verage of the cliffs ()6
b

(Lantana camara) . (Melastoma candidum) (Baeckea [frutescens) , s

1 (90~150 cm), 2 + + (30~80 cm) (<20 ecm)

3 .
4 3 o s s N
s »3 51 , 3 8 8
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Table 4 The species composition and characteristics of vegetations on the cliff of quarry No. 1. No. 2 and No. 3

i} Relative Relative Relative Important
Species Life form Height density (%) dominance (%) frequency (%) value
(em) No.1 No.2 No.3 No.1 No.2 No.3 No.1 No.2 No.3 No.l No.2 No.3
Neyraudia reynaudiana PH 80~150 14.6 17.0 20.8 21.8 39.5 35.5 15.8 16.5 16.6 52.2 73.0 72.9
Rhynchelytrum repens PH 45~100 41.3 19.8 18.5 23.2 21.8 15.7 22.4 16.5 15.3 86.9 58.1 49.5
Cynodon dactylon PH 10~20 7.3 9.3 7.2 10.9 15.6 8.6 7.9 11.0 7.6 26.1 35.9 27.4
Eleusine indica AH 20~50 7.8 6.5 8.2 10.0 8.8 8.1 10.5 8.8 10.2 28.3 24.1 26.5
Fimbristylis sericea PH 40~100 3.2 2.3 3.3 3.4 5.5 6.4 12.0 12.1
Ageratum conyzoides AH 30~80 11.7 5.2 10.3 10.9 5.3 6.2 15.8 8.8 11.5 38.4 19.3 28.0
Conyza canadensis AH 25~175 8.8 3.9 8.0 12.7 5.3 5.5 15.8 8.8 9.6 37.3 18.0 23.1
Bidens pilosa AH 30~80 3.5 2.0 2.3 5.9 2.6 3.4 6.6 6.6 6.4 16.0 11.2 12.1
Cyelosorus parasiticus  F 15~30 49 9.7 13.7 4.5 88 6.8 53 11.0 9.6 147 29.5 30.1
Dicranopteris dichotoma F 10~30 8.1 6.6 5.5 20. 2
Nephrolepis auriculata F 15~30 8.0 4.6 6. 4 19.0
Lantana Camara SH 60~150 0.1 2.2 1.1 3.4
Baeckea frutescens SH 50~140 0.4 1.4 0.6 2.4
Melastoma candidum SH 45~90 0.1 0.9 0.0 1.0
* PH Perennial herb; AH 1 Annual herb;F Fern;SH Shrub
s 60° s 70°, .
40C . IN s N s
s o s
s s s s s o
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