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Abstract: Mechanisms for Al uptake and accumulation in Al-excluders and Al-hyperaccumulators namely
Camellia sinensis, Melastoma affine, Sterculia lanceolata, Ardisia crenata, Acacia formosa and Machilus
thunbergii were investigated in the natural ecosystem of a tea plantation in Hong Kong. The pH values of
the fresh stems and roots of 6 plant species varied from 3 to 6 and total Al concentrations in different parts
of the 6 plant species ranged from 13~12810 mg/kg. It is apparent that pH of fresh plant tissues was the
most important factor controlling Al uptake, translocation and accumulation in plants. The Al
concentrations in plants were significantly increased with the decrease of pH. Based on the obtained
results, the plants could be classified into 2 groups: Al excluders with pH around 6 and Al contents 17~
151 mg/kg in leaves including S. lanceolata, A. crenata, A. formosa and M. thunbergii, and Al
hyperaccumulators with pH about 3 and 4.5 and Al contents 7820~ 12810 mg/kg in leaves including C.
sinensis and M. affine. The ratio of water-soluble Al to total Al in fresh roots was much higher in Al

hyperaccumulators (0. 11~ 0. 88) than Al excluders (0.04~0.07). A similar trend was found in fresh
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leaves and stems. especially in the case of M. affine. The results indicated that a higher ratio of water-
soluble Al to total Al in fresh roots, leaves and stems seemed to increase Al translocation rate within the
soil-plant system, leading to a higher Al uptake and accumulation. pH values between rhizosphere soil and
non-rhizosphere soil were statistically significant. In general, Al hyperaccumulators, such as M. affine,
had low pH values in plant tissues and decreased rhizosphere pH and rendered Al more available for
uptake. Al excluders increased pH values in the rhizosphere soil to avoid higher Al uptake by roots.
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Table 1 pH and Al concentrations (mg/kg, DW) in fresh tissue of stems and roots of six plant species
pH pH
Plant species Al in leaves Al in stems Al in roots pH in stems pH in roots
Camellia sinensis 7820~8136" * 906~949 1363~2082 4.5 B 4.5C
Melastoma affine 9099~12810 3499~3633 2072~3826 3C 3D
Sterculia lanceolata 17~22 13~38 575~803 6 A 5.7B
Ardisia crenata 42~97 33~168 633~672 6 A 6 A
Acacia formosa 55~64 23~43 452~1765 6 A 6 A
Machilus thunbergii 44~151 30~185 1217~1457 6 A 6 A
* (p=<< 0.01, n=3), Duncan’s Multiple Range Test (SAS). Same letters in the

same column indicate no significant difference at p <C0. 01 level (n=3), according to Duncan’s Multiple Range Test

(SAS); * x Old leaves
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Table 2 Water-soluble Al and total Al (mg/kg, DW) in fresh leaves. stems and roots of six plant species

H,0O-Al H,0O-Al
Plant species Part of plant H,0O-Al in plant Total-Al in plant Ratio® H,0O-Al in soil

Camellia sinensis New leaves 7242 f** 928412 g 0.08 274+0.4 b
Old leaves 443+3d 7978+130 b 0. 06
Roots 191+2e 1723+21 e 0.11

Melastoma affine Leaves 3605445 a 10955+103 a 0.33 264+0.5b
Stems 1323+20 ¢ 356655 ¢ 0. 37
Roots 2593+21Db 2949+45d 0. 88

Sterculia lanceolata Leaves 5.34+0.51 20+4.51 0. 27 2540.1b
Stems 3.9£0.51 254+5.51 0.16
Roots 47+3 fgh 68946 h 0.07

Ardisia crenata  Leaves 1.440.31 70461 0.02 2540.4b

Stems BDL”** " i 101+3.51 ~0

Roots 23+1.6 ghi 65349 h 0. 04

Acacia formosa Leaves BDL i 554+7.51 ~0 284+0.9b
Stems 0.540.41 3348.51 0.02
Roots 2740.7 ghi 609+6 h 0. 04

Machilus thunbergii Leaves 1640.4 hi 98+3.51 0.16 35+0.3a
Stems 15+1.4 hi 108+71 0.14
Roots 60+1.6 {g 1337413 f 0. 04

* Ratio of H,O-Al to Total-Al in plants; * + (n=4),

(p << 0.05), Duncan’s Multiple Range Test (SAS). Means + Standard deviation (n=4) and same

letters in each column indicate no significant difference at p< 0. 05, according to Duncan’s Multiple Range Test. * x x

BDL Below detection limit
2.4
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3 pH. (mg/kg) (g/kg)
Table 3 Differences of pH. water soluble Al (mg/kg) and organic carbon (g/kg) between rhizosphere soil and non-

rhizosphere soil

pH
H,0O-Al Organic carbon
Species Sites
R* N+ R N R N
C. sinensis 1 4.68 A"~ 4.33B 33.18 ax * 35.88 a 30.78 A 27.82 B
2 4.16 A 3.92 B 18.97 b 26.44 a 46.70 A 44.09 B
3 4.54 A 4.49B 20.78 b 38.95 a 41.53 A 38.71B
M. affine 1 3.96 A 4.06 B 15.78 b 20.41 a 30.93 A 27.79 B
2 4.00 A 4.19 B 14.62 b 23.15a 39.77 A 36.68 B
3 3.98 A 4.09 B 13.60 b 19.69 a 35.94 a 35.15a
S. lanceolata 1 4.29 A 4.13 B 23.42 a 15.84 b 50.41 A 42.56 B
2 4.30 a 4.25b 30.53 a 28.11b 42.73 a 39.18 b
3 4.44 a 4.33 b 49.54 a 31.29 b 44.58 A 36.69 B
A. crenata 1 4.50 A 4.24 B 29.03 a 28.26 a 43.71 A 39.71 B
2 4.54 A 4.25B 28.99 a 24.34 b 47.88 A 40.11 B
3 4.54 A 4.34 B 28.51 a 24.03 b 46.32 A 38.98 B
A. formosa 1 4.26 A 3.92 B 13.20 a 11.40 a 45.62 A 42.70 B
2 4.21 A 3.84B 45.53 a 13.68 b 65.40 A 50.53 B
3 4.38 A 3.90 B 40.33 a 15.13 b 53.33 a 45.76 a
M. thunbergii 1 4.57 A 4.21B 37.32 a 21.39b 35.52 A 26.85 B
2 4.90 A 4.64 B 35.18 a 33.81 a 58.59 A 53.51 B
3 4.87 A 4.67 B 34.00 a 32.83b 57.47 A 52.32 B
* R Rhizosphere, N Non-rhizosphere; * * »<<0.05, »<<0.01,
s Duncan’s Multiple Range Test (SAS). Lower case is significantly

different (p<C0. 05) and upper case (p<C0. 01) between rhizosphere soil and non-rhizosphere soil at the same site,

according to Duncan’s Multiple Range Test (SAS)
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