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Abstract: Many studies have showed that the effect of lead(Pb) on soil—plant system is determined by Pb chemical forms, not by total Ph
content. Therefore, studying the Pb characteristics in soils could be used to evaluate Pb pollution in tea garden soils. Exogenous Pb was added
to study the distribution of Pb forms and their bioavailability to tea plants in four kinds of different parent material tea garden soils using pot
experiments and the sequential extraction method. The results showed that, the forms and total lead content in different kinds of tea garden
soils varied in different parent material soils. In case of no Pb pollution soil, the residual-Pb was the dominant one in soils with parent materi—
als of quaternary red soil and porphyry. However, the Fe—Mn oxide—Pb was the dominant form in soils with parent materials of basalt and tuff.
And the exchangeable—Pb in all those soils was low and accounted for less than 10% of total Pb content. When exogenous Pb was added into
those soils, the contents of all Pb forms increased significantly, and the Fe—Mn oxide—Pbh became the dominant form. When the added exoge—
nous Pb was less than 500 mg-kg ™ soil, the exchangeable—Pb was the highest in the soils with the parent materials of basalt and tuff , and the
lowest in red soil. When the exogenous Pb was added to 2 500 mg kg™ soil, the exchangeable—Pb in soils derived from basalt and quaternary
red soil were the highest. The low concentration of exogenous Pb could improve the biomass of tea plants, but the high concentration of ex—

ogenous Pb restrained the growth of tea plants. The carbonate—Pb and exchangeable—Pb had the higher bioavailability but larger negative im—
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pact on the biomass of tea plants when high amount of Pb added to the soils. The organic—Pb and carbonate—Pb were the greatest contribution

form to the tea shoots in the red soil and other three soils, respectively. The greatest contribution form was the organic—Pb to the lead content

in the mature leaves and stalks in the basalt soil. It was Fe—Mn oxide—Pb for other three parent material soils. The organic—Pb was the great—

est contribution form to the lead content in the absorption roots for porphyry soil, but for other three parent material tea garden soils, it was the

Fe—Mn oxide—Pb.

Keywords: tea garden soils; exogenous lead; formation distribution; bioavailability
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Table 1 The properties and contents of Pb in the supplied soils

AEEF IR S 4,67 8.32 8.07 586 33.99 531 583 26.91
Mg LB 4.06 13.58 153 4353 457.7 3322, 328 7448
IR Z A 433 10.03 9.35 1581 284.2 1786 602 95.57
W e R 5.03 6.45 7.66 1515 69.26 2765 319 61.32




F29EH 6

LR S 1119

HPOHRECSR T /G, SeREE &, A B kK.
ZEMBK MR AIK & YRR PIIR , THUE T RZR A
IR TR REAKRT REEMEY P RE,IFE
80 CHYBLAE TP T S5 T 8, Mg, 1T 0.8 mm Ffi )5
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(1) 7T AR #2540 (TR R3S #e A Pb) : FRHR 1.00 g -
BEAEGT 10 mL B0, A 10 mL 1 mol L MgCl,
FHEBE P ESEYED 45 min, L) 10 000 r-min™ $53# 5
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Urw %{7, 13-14] .

1.5 A%
+ 3% 4% F§ HNO,—HClO,-HF 8 3 J4 L -ICP-

AES Billi5E ; 13 pH EWERA 1:1 7K - HerL Ak
TR s P AR B 2R AT TR FE B 2 & B R T
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Table 2 The contents of various forms of Pb in different of tea garden soils with different parent materials(mg-kg™)

AN R A b 1 EXE cA oM REX TOTAL
SHEITHE 2.97+0.31 5.30£1.27 7.934£2.503 3.427+1.551 16.16+3.76 35.7924.55
BREELTEE 3.94+2,71 17.4+1.8 30.20+5.21 22.58+2.01 1.480+0.332 75.54+6.15
BRI Z A 2.44+0.92 5.50+1.81 42.96+2.44 29.00+2.73 17.16+1.58 97.08+5.89
e B 3.44£0.97 7.28+1.20 23.3423.05 6.98+2.10 27.85:3.41 68.92+5.15

T EXE Jy o] 32454 s CA HIRARELAS B354 OX Bkt Sk

B OM HANIG A REX HEESW, T,

Note : EXE : the exchangeable lead; CA:the carbonate lead; OX:the Fe—Mn oxides lead; OM:the organic matter lead; REX : the residual lead. The same

below.
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WIESAER T 95 E 6 1%, YA T 5 /5,18
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2 500 mg-kg™ B, BRERHEA HN T 11 540, HAb
FRETEAIIE I T 40 504 L, AL T 108 15,

Y EREESRAT I, AN R BT ( 45 e - S A IEAR
OE U AR S NP =8 s A R B S AR S0P N/
B 2% b2 /N HA 3 -3, AN FIEEE A -
BHZPEI BB RNESR . RE R 5 RIFIRDF
FREERM—H
2.3 FETEMNEENEREREZEHZM

7= 4 BASFEEE 2R b MR S A &
BISE . 3R 5 AR A E A R A RS
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Table 3 The contents of various forms of Pb in different tea garden soils with different parent materials after the extra Pb was put into(mg-kg™)

ENES e e SNEHT R R EXE 0X OM REX

ST 0 2.97+0.31 5.30£0.26 7.93£2.50 3.4210.55 16.16+0.76
100 10.34£1.81 23.96+1.76 78.75+5.86 59.87+6.18 28.3424.92
500 34.6243.53 50.5127.67 217.45£9.22 139.78£13.71 81.33+4.87

2 500 299.12+5.92 639.60+13.77 886.67+14.51 531.42+14.27 298.54x4.24
M ZIL g LB 0 3.94+2.71 17.35+3.83 30.20+5.21 22.58+2.01 1.48+0.33
100 25224477 71.05+4.71 116.09+5.49 47.16+2.02 67.27+6.06

500 59.632.95 201.67+4.64 200.66+5.82 142.73£7.35 78.18+3.44

2 500 249.05+6.66 566.85+9.44 1 072.5£94.65 896.92175.30 106.24£14.42
B X s 0 2.46+0.93 5.50+1.81 42.96+2.44 29.00+2.73 17.16:1.58
100 36.32+1.79 77.69+5.49 92.99+4.66 65.09+3.26 76.18+7.32

500 84.22+3.39 104.21+5.84 182.66+8.87 143.88+0.01 189.75+4.88

2 500 314.3123.13 423.99+13.23 888.60+15.44 576.70£11.35 435.7915.70
e B 0 3.46+0.97 7.28+1.20 23.3421.05 6.98+2.10 27.85£3.41
100 34.98+1.52 53.5943.94 43.23+1.92 38.60+6.63 46.66+5.28

500 85.314.01 185.82+6.61 171.93+4.54 164.06+5.38 125.87+7.97

2 500 259.53+7.11 360.54+8.09 964.17+12.55 761.40+10.39 320.88+13.36
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Figure 1 The percentage of various forms of Pb in different soils of tea gardens with different parent materials after the extra Pb was put in
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Table 4 The effect of the Pb contents added into different tea garden soils with different parent materials on

the dry weight biomass about different organs of tea plants(g-plant™)

AL AL /mg kg™

AR 1 FHARSE
0 100 500 2 500
ST HE AR 10.04+3.53a 25.56+9.68b 22.37+5.44b 2.54+1.57¢
i} 18.64+6.96a 33.28+9.23b 28.33+11.31ab 7.9622.11c
267 19.68+7.61a 37.87+10.16b 37.43+10.33b 13.89+4.74a
Y 7.63+1.01a 12.63+3.31b 11.26+2.83b 3.45+1.13¢
PRy 3.108+0.363a 4.783+0.982b 3.618+0.505a 1.233£0.625¢
M e LB 2 HAR 10.98+1.91a 18.8443.43b 9.460+2.096a 3.71822.210c
FiR 18.95+2.62ab 22.3825.31a 14.77+3.24b 7.570£2.397¢c
267 20.04+4.77ab 24.37+5.73b 15.48+3.15ac 10.65+2.91c
A 8.265+1.379% 13.203+3.169b 6.280+2.118a 2.440+0.966¢
PRy 3.458+0.925a 6.210+1.395b 2.958+0.847ac 1.498+0.516¢
IR Z A TR 11.35£2.37a 10.70+3.23a 8.603x1.695a 1.110£0.613b
FiR 15.21£2.95a 15.57+4.36a 11.96+3.45a 2.760+1.182b
267 18.84+5.65a 18.28+5.45a 12.21+4.79ab 8.625+2.244b
- B 8.308+1.071a 9.013+2.431a 6.903+2.474a 2.438+0.842b
PRy 4.145+0.804ab 4.470+1.668a 2.788+0.828b 0.803+0.447¢
ey HAR 13.54+3.54a 13.75+3.85a 9.840+3.380a 2.605£0.671b
i 19.17+3.94a 19.94:4.48a 11.16£2.81b 5.3652.121c
Yo 20.97+7.21a 20.0321.35a 14.09+3.21ab 9.32313.938b
- B 8.985+1.370a 12.91+4.18b 4.953+1.469¢ 2.935+1.403¢
BiAl 4.330+0.896a 6.308+2.043b 2.468+0.740ac 1.450+0.638c¢

IR Z B B E R ¢ 8%, I— 08 E T AR R B LR,

Note : Values in the same row are compared using g—test and different letiers indicate significant differences among different treatments.
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e, HILSEETA A R BN, #2208 LAg4R
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Table 5 The results of step regression analysis of the
concentrations of the Pb forms in different tea garden soils to the

dry weight biomass of different organs of tea plants

*® 6 AEBRFZFELRPFRRAESIRESERERERR
RENZRSOFSHTER
Table 6 The results of step regression analysis of the concentrations
of the Pb forms in different tea garden soils to the Pb uptake by

different organs of tea plants

AREEARE LS S BBEBEFE RE RHE

ARGFRZETE FREE BEPMEFE RE RH

=T AR: i y=3.976-0.009x, 0.877 0.769
2t y=10.76-0.01x,  0.837 0.701
Evas y=20.22-0.07x,  0.830 0.689

R y=27.42-0.03x, 0819 0671
ZAR y=10.87-0.03x,  0.869 0.755
E y=60.37-0.09x,  0.879 0.772
R s y=4.170-0.021x, 0.859 0.738
i y=10.74-0.015x, 0.823 0.677
ey y=22.15-0.021x, 0.884 0.781
FH y=21.11-0.024x, 0.940 0.884
it y=11.15-0.027x, 0.890 0.792
A7 S y=73.81-0.086x, 0.862 0.743
WEH XA s y=4.630-0.009x, 0.976 0.952
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