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The effect of citric acid on iron plaque formation on root surface and iron uptake/translocation in rice after
vFe,0; NPs exposure

HU Lu'?, CHEN Qi'? LI Yun—xia"?, YAN Da-fang? BAO Yan-yu'*

(1.Key Laboratory of Pollution Processes and Environmental Criteria at Ministry of Education, College of Environmental Science and Engi-

neering, Nankai University, Tianjin 300350, China; 2.Tianjin Key Laboratory of Remediation & Pollution Control for Urban Ecological Envi—
ronment, Tianjin 300350, China)

Abstract: The aim of this study was to identify the effect of citric acid on iron plaque formation on the root surface of rice, and iron uptake
and translocation after exposure to yFe,0; nanoparticles(NPs) in a hydroponic culture experiment. The results showed that the addition of
citric acid(low concentration or uncoated NPs ) greatly increased the biomass of roots, but not to that of aboveground rice, compared with the
single Fe,0; NPs treatment. Fe,0; NPs exposure induced iron plaque formation on root surfaces of rice. However, the presence of citric acid
decreased the amount of iron plaque, which could have been caused by low Fe** dissolution from Fe,0; NPs in the presence of citric acid.

Also, citric acid(2.10 mg+L™") coated NPs promoted iron plaque formation. Iron plaque was mainly comprised of amorphous fractions, ex—

cept in the citric acid—coated treatment. The crystal fraction was only 24.88% ~48.12% of the total amount of iron plaque. As the crystal
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fraction was consistent with that of NPs from the XRD analysis, it was speculated that the crystal fraction could come mainly from the direct

adsorption precipitation of NPs, and then as iron plaque components. The addition of citric acid significantly decreased iron accumulation on

the root surface and in the root, but significantly increased the accumulation in the aboveground parts. However, the citric acid—coated NPs

treatment increased the accumulation of iron on the root surface and in the shoot, and decreased the accumulation in the root. Low concen—

tration of citric acid(2.10 mg- L™, coated and uncoated NPs) decreased iron translocation from the root surface to the root, and increased the

translocation from the root to aboveground parts. Iron enrichment was found in all NPs treatments, and the enrichment factors on the root

surface and in aboveground parts were significantly higher than in the root.

Keywords: Fe,O; NPs; rice; iron plaque; uptake; translocation
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Figure 1 The biomass of rice root and shoot
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Figure 2 The distribution of iron plaque on rice root surface
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Figure 3 The dissolution of NPs in root exudates of rice
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Figure 5 XRD analysis of iron plaque on root surface of rice
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Table 1 The translocation factors and bio—accumulation factors of

Fe in rice after NPs exposure

AbBE TPy TFyasy a5

NPs 0.165+0.001b 2.173+0.003d

NPs+CAl 0.137+0.002¢ 5.570+0.003b

NPs+CA2 0.200+0.001a 6.418+0.001a

NPs+CA 0.102+0.002d 5.313+0.006¢

piss] BAFyuz BAFjp BAFy .
NPs 55.05+0.365b 9.064+0.040a 19.69+0.120d
NPs+CA1 42.35+0.201¢ 5.819+0.040¢ 32.41+0.165b
NPs+CA2 22.14+0.129d 4.416+0.040d 28.34+0.201¢
NPs+CA 64.92+0.241a 6.627+0.043b 35.20+0.163a

T« Al — G AR [R] F BE R A BRI 22 57 B 25 (P<0.05, n=4)
Note: Different letters within a column indicate significant differences

among the treatments(P<0.05,n=4).
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