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Abstract: Rhizobox was used to study the distribution of copper species in maize rhizosphere and
transformation kinetics of copper speciation under controlled condition. Copper speciation was
characterized using Tessier’s procedure. Exchangeable, carbonate bound, Fe-Mn oxide bound, organic
bound, and residuals in maize rhizosphere and control (as bulk soil) were extracted sequentially after
various growth period from 20 to 100 days. pH, Eh, dissolved organic carbon, and microbial mass were
detected at the same time. The copper accumulated in the maize was also measured for the plant grew for
various days.

The results of the experiment revealed that transformation among copper species occurred during the
growth period. The exchangeable copper in the rhizosphere increased at the beginning and reached its
climax after 20 days or so, after which the exchangeable copper decreased gradually and hit its original
lever around the 40th day. The trend of decrease continued for rest of time to a very low level. For the
carbonate bound copper, the level of the species showed a very similar pattern of the transformation but
much slower than that of the exchangeable copper. It did not reach the maximum value till about 40 days
and dropped to the starting value at the 80th day or so.

As for Fe-Mn oxides, it also followed a similar pattern of the exchangeable and the carbonate bound
copper and increased in the early period and decreased late. However, Fe-Mn oxides bound copper in the
rhizosphere remained elevated in comparing to the bulk soil.

Organic bound copper, however, varied in an opposite direction. It decreased at the beginning and
increased slightly during the later stage.

If the change in fractionation after certain days were examined, the change in various species are

similar to those reported in the literature. For instance, after 30 days of incubation, the exchangeable, the
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carbonate bound, and the Fe-Mn oxide bound copper increased to 0.21, 0.48 and 1.57mg/kg,
respectively. Significant differences in the exchangeable and the carbonate bound copper between the
rhizosphere and the bulk soil were confirmed by the results of ¢-test at this time.

By average., amount of the exchangeable, the carbonate bound, the Fe-Mn oxides bound, and the
organic bound copper transformed in the rhizosphere were 0.4, 1.0, 1.4, and 2.4 mg/kg respectively,
which approximately accounted for 50%, 10%, 6.0%, and 4. 0% of the corresponding copper species in
the rhizosphere. In other words, the intensity of copper species transformation in the rhizosphere
decreased in following order. the exchangeable > the carbonate bound > the Fe-Mn oxides bound > the
organic bound. Results of the measurement of other parameters including pH, Eh, DOC. and microbial
mass indicate that rhizosphere pH steadily increased about 0. 25 pH unit while Eh decreased about 60mV
during the incubation. DOC in the rhizosphere remained higher than that in non-rhizosphere soil during the
entire experimental period. DOC reached its climax, e.g. 29.2 mg/kg, after 15 days of incubation and
decreased afterwards. After 100 days, the difference in DOC between the rhizosphere and the non-
rhizosphere was only 2.5 mg/kg. Microbial mass in rhizosphere rapidly increased in the late period. The
difference in the microbial mass carbon between the rhizosphere and the non-rhizosphere reached 220. 6
mg/kg after 100 days. The results of correlation analysis suggested that variation in the exchangeable
copper negatively correlated with the change in rhizosphere pH significantly. And there was a significantly
positive correlation between the changes in the exchangeable copper and Eh. It is clear that the change in
the exchangeable copper in the rhizosphere was markedly influenced by pH and Eh. On the other hand,
the increase in DOC in the rhizosphere increased the level of the exchangeable copper. Since changes in
both pH and DOC in the rhizosphere are at least partially the results of root exudation. It is believe that
root exudates from the plant affected the transformation of copper species in the rhizosphere. The
significantly negative correlation between Eh and the Fe-Mn oxides bound copper suggested that reduced
Eh caused the increase in the Fe-Mn oxides bound copper in the rhizosphere. There was also a negative
correlation between the exchangeable and the carbonate bound copper. A direct transformation from the
later to the former is expected.

Change in the biomass and copper accumulation in maize were calculated and compared with the
variation in copper speciation at various period of the experiment. The result suggested that uptake of
copper by the plant increased with the biomass

Nevertheless, the amount of accumulation was far exceeded variation in the exchangeable copper,
indicating that other species including the carbonate bound, the Fe-Mn oxide bound, as well as the organic
bound copper were potential supplier to the plant accumulation, through speciation transformation of
course.
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Fig. 2 Copper speciation changed in rhizosphere of maize at various period of the experiment
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Table 1 Variation of pH,.Eh.DOC and microbial mass in different maize growth period
Different maize growth period (d)
Item 0 15 36 42 53 57 100
pH 0. 00 0. 08 0.17 0.24 0.22 0. 25 0.17
Eh (mV) 0.0 —30.0 —40.0 —40.0 —40.0 —43.0 —60.0
DOC (mg/kg) 0.0 29.2 14.1 8.6 6.1 4.0 2.5
Microbial mass (mg/kg) 0.0 25.2 33.7 36.6 59.4 65. 2 220. 6
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Table 2 Correlation between copper speciation variable and soil characterization

Copper speciation variation (mg/kg)

Ttem Exchangeable Carbonate Fe-Mn oxides Organic bound
pH —0.77" —0.03 0.63 —0.68
Eh (mV) 0. 44 0.18 —0.76" 0.58
DOC (mg/kg) 0.84" 0.01 0. 20 —0.13
Microbial biomass (mg/kg) —0.73 —0.69 0.09 0.05
% (p < 0.05)
2.4
. o 30
3 ( ) (pg)
Table 3  Maize biomass and copper accumulation at various period of the experiment
Time (d)
Ttem 15 24 30 42 53 100
Dry weigh (g) 0.7 1.4 2.1 5.2 5.9 21.8
Cu accumulation (pg) 9.6 19.0 20.3 70.9 76.5 296. 8
Exchangeable Cu variation(pg) 1.2 12.4 3.0 —2.8 —5.8 —23.4
Average Cu uptake (pg/d) 0.6 0.8 0.7 1.7 1.4 3.0
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