23 7 Vol. 23,No. 7

2003 7 ACTA ECOLOGICA SINICA Jul.,2003
1 1 2 1%
M ° M
(1. s . 5102755 2.
. )
2a N
. . , 60%
1 mm, . s S5mm 50% »3
, 0.74 ~1.43mg » kg!  0.032 ~ 0.053 mg *+ kg ', 3
s s s (
1 , 33 +m ?); .
, . 100% ,
s 13 30 31 , 193446 +m %, 6 ;
, 10%, , 4 9 9 s 1390 /
mz, 15 0 ~ )

Early natural vegetation and soil seed banks in an abandoned

quarry
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Abstract : Due to the rapid economic development during the past twenty years, many quarries surrounding
Guangzhou City are excavated to provide large quantities of building materials of various sizes. Most
quarries were simply abandoned upon cessation of work and left disused. They could be grouped into three

types: A. spoil mound, B. worked-out area and C. terrace for crushing stones and storage of the
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products. The knowledge of vegetation and soil seed bank of these disused lands should be acquired for the
purpose of reclamation or nature conservation.

The edaphic conditions, vegetation and soil seed bank of a representative quarry which had been
abandoned for 2 years at Guangzhou were investigated for revegetation purpose. The physico-chemical
properties of the three types of the disused lands of the quarry were poor, the substrates mainly composed
of weathered fine overburden and subsoil for the spoil mound (over 60% particles with diameter less than
Imm); and gravels and fragments for the terrace (over 50% particles with diameter more than 5mm).
These substrates were deficient of major nutrients, especially nitrogen and phosphorous, with the water
soluble nitrogen and phosphorous contents ranged from 0. 74 to 1.43 mg kg™, and 0.032 to 0.053 mg
kg ', respectively.

Because the surface of spoil mound was very loose and unstable, various sizes of gully caused by wind
and water erosion spread over the spoil slope, became almost impossible for plant establish. Therefore,
there was not vegetation on the surface and seed in the soil. It seemed that slope establishment and erosion
control for the spoil mound were the key problems for revegetation.

The worked-out area was a large deep pool with a slope side for removing the excavated stones to
terrace for crushing. The surrounding runoff containing soil, sand, fragments and some seeds and
propagula of plants was loaded into the disused pool. The bottom of the pool with a higher moisture
content had 100% vegetation cover. It composed of totally 31 species, and dominated by hygrophytes such
as Equisetum debile at the bottom and grasses such as Imperata cylindrical var. major and Pogonatherum
crinitum on the slope side. The number of seeds in the soil of the worked-out area amounted to 193+ 46
seeds m ' with 6 species.

The surface of the terrace was very hard due to the compression caused by trucks, and the terrace
surface of terrace was almost completely devoid of vegetation, with only a few plants occurring on the
border and cracks of the terrace. The vegetation cover was less than 10% and composed of 9 species.
However, the number of seeds in the soil (substrate) of the terrace was the highest among all disused
lands of the quarry and amounted to 13904312 seeds m ' with 15 species. The accumulation of the seeds
in the soil might be due to water runoff and also dust falls containing seeds. Results presented here
indicated that the natural colonization of plants on the abandoned quarry was slow and limited, due to the
unfavorable edaphic conditions and limited plant propagates. Therefore, improvement of physico-chemical
properties of the substrates., and inputting seed source were necessary for restoration of these quarries.
Key words :abandoned quarry; natural colonization; soil seed bank
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Table 1 The selected physico-chemical properties of three types of disused lands of quarry

Item Spoil mound Worked-out area Terrace for crush
(> 5 mm) (%) 5.4 25.4 50. 6
Particle size (2~5 mm) (%) 17. 4 13.3 10. 6
(1~2 mm) (%) 14.2 12.8 9.6
(<1 mm) (%) 63.0 48.9 29.1
pH 5.15 40. 04 5.88 +0.05 6.29 £0.05
EC(pS+cm™ 1) 438 +17.7 240 +£14.1 350 +42.4
Organic matter (%) 1.15 +0.03 1.61 +0.04 0.78 4+0.08
Total N(mg « kg™ ") 1.096 +0.016 1.43 +0.03 0.74 +0.10
Total P(mg » kg™ 1) 0.039 +0.003 0. 053 £0.003 0.032 +0.005
Total K(mg * kg™ 1) 2.60 £0.12 23.41 £0.05 1.77 £0.06
3.2
o b b b
9 b o
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Table 2 The species composition and characteristics of vegetation on the terrace of the quarry
Family Species Life form Height (cm) RF* AC* %
20~40 24.14 5
Gramineae Eragrostia pilosa Beauv. Annual herb
10~35 24. 14 2
Eleusine indica Gaerth. Annual herb ’
35~60 17. 24 1
Arundinella nepalensis Trin. Perennial herb
30~90 10. 35 1
Neyraudia reynaudiana Keng. Perennial herb ’
10~15 3.45 <1
Cynodon dactylon Pers. Perennial herb 0
20~40 3.45 1
Eragrostia unioloides Nees ex Steud. Annual herb v =
10~35 3. 45 <1
Compositae Ageratum conyzoidas L. Annual herb ° °
10~30 10. 35 1
Gesneriaceae Scoparia dulcis 1. Perennial herb 7 =
15~60 3.45 <1
Cyperaceae Cyperus rotundus L. Perennial herb 7 7

* RF: Relative frequency ; # AC: Average coverage
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Table 3 The species composition and characteristics of vegetation on the worked-out area
Family Species Life form Height (cm) RF AC (%)
Imperata cylindrica B . var. jor C. E.
] ' mperata cylindrica Beauv. var. major ® 4560 8. 90 15
Gramineae Hubb. ex Hubb. et Vaughan
Miscanthus floridulus Warb. 60~150 2.92 9
Pogonatherum crinitum Kunth. 15~30 7.44 6
Neyraudia reynaudiana Keng. 50~120 2.92 5
Eragrostia unioloides Nees ex Steud. @ 20~35 4. 38 1
Cyrtococcum patens A. Camus 20~45 1. 46 <1
Paspalum acrobiculatum L. 20~45 1. 46 <1
Rhynchelytrum repens C. E. Hubb. 25~50 1.46 <1
. Cyperus globosus All. 20~40 2.92 7
Cyperaceae .. . .
Fimbristylis annua Roem. et Schult. 25~45 8. 96 5
Seleria terrestris Fassett. 40~60 2.92 1
Kyllinga brevifolia Rottb. 10~20 1.46 1
K. monocephala Rottb. 10~20 2.92 <1
L. Equisetum debile Roxb. 20~60 4. 38 26
Equisetaceae
. Eriocaulon buergerianum Koern. 5~15 1.46 <1
Eriocaulaceae
Juncus effuses L. 20~50 1. 46 <1
Juncaceae
Compositae Erigeron crispus Fourr. 30~60 7.44 6
Ageratum conyzoidas L. 15~45 8.90 1
Vernonia cinerea Less. 15~35 4.38 <1
Emilia sonchifolia DC. 15~35 2.92 <1
Sonchus arvensis 1. 20~50 1. 46 <1
Eclipta prostrata L. 15~45 1. 46 <1
Senecio scandens Buch. -Ham. 1.46 <1
. . Phyllanthus urinaria L. 15225 1. 46 <1
Euphorbiaceae
Lantana camara L. ® 25~60 1. 46 <1
Verbenaceae
Vitex negundo L. 35~50 1.46 <1
Alternanthera sessilis DC. 10~25 1.46 <1
Amaranthaceae
Oleaceae Ligustrum sinense Lour. 30~50 1. 46 <1
i Desmodium reticulatum Champ. @ 25~40 1.46 <1
Leguminosae
Ludwigia prostrata Roxb. 25~40 1.46 <1
Onagraceae
Portulaca grandiflora Hook. 10~20 1. 46 <1
Portulacaceae
(DPerennial herb; @ Annual herb ;@ Shrub; @Subshrub
b ’
100% . P
9 9’
’ b ) b 13
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Table 4 The species composition and seed content (seed « m~2) of soil seed bank in the spoil mound
0~2 2~5 %
Species Family Life form (cm) (cm) Total Percentage
. . 25 0 25 75.8
Conyza canadensis Cronq. Compositae Annual herb 7 ° 7
. . 0 8 8 24.2
Ozxalis corniculata 1. Oxalidaceae Perennial herb
Total 25 8 33 100
5 ( +m 2
Table 5 The species composition and seed content (seed * m—2) of soil seed bank in the terrace
0~2 %
Species Family Life form Surface  (cm) Total Percentage
Scoparia dulcis L. Scrophulariaceae  Perennial herb 0 390 390 281
Phyllanthus urinaria 1. Euphorbiaceae Annual herb 185 $0 275 19.8
. 5 5 0 .
Buddleja asiatica Lour. Loganiaceae Shrub \ %3 24 17.3
. 0 5 58 .
Digitaria saguinalis Scop. Gramineous Annual herb L 85 155 1.2
C
Eleusine indica Gaertn. Gramineous Perennial herb 20 20 40 2.9
Pogonatherum crinitum Kunth.  Gramineous Perennial herb 20 0 20 1.4
Fimbristylis sp. Cyperaceae Perennial herb 60 20 80 5.8
. . 5 0 5
Bothriospernense chinense Fisch ~ Boraginaceae Annual herb » ! 8 6-1
[~ i~ 1~
Ageratum conyzoides L. Compositae Annual herb 0 3 3 2:5
Conyza canadensis Cronq. Compositae Annual herb o 25 30 2.2
Ageratum hougtonianum Compositae Annual herb 0 ° 0 0-4
0 0 0 .
Jussiaea linifolia Vahl Onagraceae Annual herb 2 2 1.4
0 5 B 0
Fatoua pilosa Gaud. Moraceae Annual herb > g 4
I 4
Ficus harlandii Benth. Moraceae tree 0 ? ° 0-4
. . . 0 5 5 0.4
Oldenlandia diffusa Roxb. Rubiaceae Annual herb
Total 4404214 950£278 13904312 100
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Table 6 The species composition and seed content (seed * m~?) of soil seed bank in the worked-out area

0~2 2~5 %
Species Family Life form (cm) (cm) Total  Percentage
. 73 0 73 38. 0
Fimbristylis annua Roem. et Schult. Cyperaceae Perennial herb
13 33 47 24.1
Pogonatherum crinitum Kunth. Gramineous Perennial herb
. 7 0 7 3.4
Digitaria saguinalis Scop. Gramineous Annual herb
27 13 40 20.7
Buddleja asiatica Lour. Loganiaceae Shrub
. . 13 0 13 6.9
Bothriospernense chinense Fisch. Boraginaceae Annual herb
. . 13 0 13 6.9
Scoparia dulcis 1. Scrophulariaceae  Perennial herb
Total 147+46 47426 193446 100
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