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Abstract Animal manures contain higher As Cu and Zn since organoarsenicals copper and zinc additives are widely used in modern intensive
animal production. A pot experiment in water spinach was conducted to investigate As Cu and Zn bioavailability in a paddy soil PS and a
lateritic red soil LRS applied with 2% and 4% mass fraction chicken manure CM and pig manure PM  respectively. Soils without
any fertilizer were included as the checks CK . The results show that nearly all treatments with manures significantly increase the biomass of
the above-ground part of water spinach compared to the CK. The biomass in PS is significantly greater than that in LRS. The As concentrations
and uptake rates of water spinach are significantly enhanced by manure application showing the rule of higher rates > lower rates PM > CM
and in PS> in LRS. Except for the Cu concentrations in PS  manure application significantly increases the Cu Zn concentrations and uptake
rates as well. Soil total As in all treatments slightly reduce available As and percents of available As over total As PAs considerably
decrease after the harvest of water spinach but total Cu Zn and available Cu Zn and percents of available Cu and Zn over total Cu and Zn
PCu and PZn nearly in all manure-amended treatments increase. Soil total As increases by 0.3-3.0 mg kg™' available As by 0.011-0.034
mg kg™ the PAs by 0.033-0.178 percentage points in all treatments with manures as compared to the CK. Soil total Cu available Cu and
the PCu increases by 3.1-30.4 mg kg™' 5.2-19.4 mg kg™ and 1.2-34.1 percentage points respectively. Those of Zn increase by — 10.6-
79.6 mg kg™' 4.0-65.9 mg kg™ and 1.0-64.2 percentage points. We assume that the bioavailability of soil heavy metals be evaluated by
the increment of available concentration and percent available concentration over total concentration higher rate manure application improves
the bioavailability of soil As Cu and Zn than lower rate one and in LRS than in PS.
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Table 1 Selected properties of two soils used
CEC oM N P N
ke lgke fgke P oo ke g kg /g kg /g kg /mg kg™
36 380 294 6.77 13.71 23.9 1.53 1.24 74.2
726 220 54 6.4 8.42 20.2 1.25 0.83 67.2
P K As Cu n As Cu n
/mg kg~ /mg kg™ /mg kg~ /mg kg™ /mg kg~ /mg kg™ /mg k™' /mg kg™
63.2 161.7 33.1 51.7 154.0 0.607 8.5 8.5
41.3 113.3 23.9 34.3 70.2 0.546 4.0 7.6
1.2
70% 10 d
. 7
pH 6.17 1.5
63.56% 19.0 5.9 49 d
8.1g kg™’ 36.5 g kg™ As Cu  7n
32.0 108.7 170.2 mg kg™’ As 1 mm
Cu Zn 10.3 61.5 160.8 mg kg . 0.149 mm . -
pH 6.23 59.34% GB/T 5009.11-2003
24.0 59 8.5¢gkg - )
2.1gkg' As Cu  Zn 31.8 94.5 GBWO07602 GSV-1  GBW-
171.0 mg kg™ As Cu Zn 07408
10.5 94.0 155.3 mg kg™'. AFS930 . As
GB/T 5009.116-2003 - Cu Zn
GB/T 17138-1997
As Szakova "
1.3 -
Ipomoea Cu 7Zn 0.1 mot L™"HCI
aquatica Forsk 2
1.6
1.4 Excel SAS 1989
7 kg ~ 1996 by SAS Institute Inc. Cary NC USA
2% 4% CM1 CM2 PM1 PM2 LSD SPSS 1989 ~
CK . 4 1999 by SPSS Inc. Chicago USA t
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Spearman
CM2
2
2
2.1
p <0.0002 2 2 2 g -
CM2 Table 2 Biomass of the above-ground part of water spinach in various
> treatments in two soils Fresh weight /g pot~!
CM2 CM1
) CK 55.4+4.1d' 45.5+2.6¢
CM1 94.0+10.0c 93.2+5.7b
CM2 93.9+15.9¢ 38.4+8.4c
PM1 114.8 £8.7b 103.2+7.7b
2 pPM2 139.9+18.1a 130.3+16.7a
0 99.6+31.1 82.1+35.7
t=3.274""
1 4
B 1 p<0.05
9
2.2 As Cu  7Zn
As Cu
8 14 /n 2
15 3 2 CK
2 As As
4 As
CM2 As CM2
As
CM1 .t As
As
32 As Cu  Zn !
Table 3 As Cu and Zn concentrations and uptake rates of water spinach in various treatments in two soils
As /mg kg™! Cu /mg kg™ Zn /mg kg™!
CK 0.074 +0.006¢ 0.052 +0.006¢ 2.528+0.097a 2.063+0.147¢c 15.1+0.6a 15.0+1.1b
CM1 0.100 + 0.006b 0.085+0.011b 2.521+0.216a 2.558 +0.102a 13.4+1.8ab 17.8£0.9a
CMm2 0.119 £ 0.007ab 0.122+0.014a 2.085+0.111b 2.548 +0.123a 12.1+£0.7b 17.4+1.6a
PM1 0.105+0.014b 0.101 +0.018b 2.622+0.048a 2.237+0.282bc 13.5+0.3ab 15.9+1.6ab
pPM2 0.127+0.022a 0.100 + 0.006b 2.152+0.129b 2.332+0.093ab 13.4+1.6ab 15.1+0.3b
0.105+0.022 0.092 +0.026 2.382+0.253 2.347+0.253 13.5+1.4 16.2+1.6
t=2.534" t=0.379 t= -4.754" "
As /pg pot™! Cu /pg pot~! 7n /ug pot~!
CK 4.10+0.6l1c 2.38+0.24d 140.5+15.5d 93.6+3.0d 840.9+94.7¢ 678.8 +35.8¢
CM1 9.43 +1.40b 7.95+0.91be 236.3+26.2b 238.1+9.6b 1251.6+161.2b 1659.7 +185.6b
cM2 12.10 £ 2.68b 5.43+1.43¢ 188.1+17.8¢ 124.5+18.1c 1149.4 + 140.0b 743.9 49 .4c
PM1 11.96 +1.85b 10.48 +2.43b 313.4+24.6a 242.1+14.3b 1670.5+119.6a 1644.3 +102.9b
pm2 19.16 £ 4.05a 13.13+2.37a 296.0+19.7a 304.8+14.2a 1848.8+89.2a 1960.8 + 131.0a
11.35+5.43 7.87+4.14 234.9+69.1 200.6+81.9 1352.3+388.8 1337.5+547.2
t=3.976"" t=3.866"" 1=0.197
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