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Effects of different forms of antimony on the growth and root morphology of rice plant

LEI Lei'*, WU Qian—hua'??, LU Hai~qin'*%, WANG Rui-gang'2, DING Yong-zhen!, XU Ying-ming'?, FAN Zhi-lian®, MO Liang-yu’, FENG
Ren—wei'>*"

(1.Institute of Agro—Environmental Protection, The Ministry of Agriculture, Tianjin 300191, China; 2.Innovation Team of Remediation of
Heavy Metal Contaminated Farmland Soil, Chinese Academy of Agricultural Sciences, Tianjin 300191, China; 3.Agricultural College, Guangxi
University, Nanning 530004, China; 4.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China )
Abstract: This study was conducted to investigate the effects of different forms of antimony (antimonite[Sh( Il )] and antimonate[Sb( V )])
on Sb concentration in different organs of rice plant( Fengmeizhan ), plant growth and plant root morphology using a hydroponic culture sys—
tem containing Espino nutrient solution. The results show that the additions of Sb( Il ) and Sb( V) both showed a negative effect on the
growth of rice plants, and the toxicity of Sb( Il ) is higher than that of Sh( V) to this rice plant. The supplementation of Sh(Ill ) and Sh( V')
to the solution significantly enhanced the Sb concentrations in all organs of this rice plant, and most uptake Sb was concentrated in the roots.
This rice plants showed a weaker ability to transport Sb( V') from the roots to the shoots relative to Sb( Il ), which resulted in the shoot Sb
concentration of this rice plant subjected to Sh( Il ) exposure being higher, but root Sb concentration being lower than that subjected to

Sb( 'V ). The addition of Sb( Il ) significantly reduced most tested parameters of root morphology, including root length, root average area,
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root volume, root tip number and root fork number. However, only 20 mg+ L™ Sh( V) remarkably reduced the root average area, root diame—

ter and root fork number. Above results suggested that the rice plant might alter the root morphology to adapt the Sb exposure, and reduce

the Sb uptake via reducing the root average area and root fork number. With the increasing Sb( Il ) levels in the solution, the fine root

proportion decreased from 52.1% to 41.5%, and the medium root proportion increased from 45.2% to 55.2%, indicating that the rice plant

could reduce the Sb uptake through enhancing the coarseness of root exposing to Sb( Il ). However, the addition of Sh( V) showed a limit-

ed effect on the proportions of fine roots and medium roots, which fell into the range of 52.1%~56.8% and 41.7%~45.2%, respectively.

Keywords: different forms of antimony; rice; toxicity; root morphology; absorption
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Different capital letters indicate significant difference between different Sh( Il ) treatments (P<0.05 ) ; Different lowercases indicate significant

difference between different Sh( 'V ) treatments( P<0.05 ). The same below
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Figure 1 Effects of different forms of Sb on the shoot and root biomass of rice plants
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Figure 2 Concentration of Sb in the shoots and roots of rice plants subjected to different forms of Sh
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Table 1 Effects of different forms of Sb on the length, area, volume, average diameter, tip number and fork number of rice roots

b3 SbFR e E /mg - 1 A /em M TH AR cm? R em’® W HEAE/mm HRISEL L8

Sh(I) 0 1361+97A 92.14+6.6A 0.57+0.022A 0.27+0.017A 6213+£621A 23 292+3442A
5 1347+115A 83.11£23.27A 0.54+0.074A 0.26+0.042A 4059+4B 14 117+£7181AB
10 758+25B 46.33+12.43B 0.34+0.052B 0.32+0.018A 2498+161C 11 163+4122B
20 247+16C 27.62+6.25B 0.23+0.061B 0.29+0.03A 1125£158D 4559+845B

Sh(V) 0 1361+£97a 92.14+6.6ab 0.57+0.022a 0.27+0.017a 6213+621a 23 292+3442ab
5 1133+183a 86.09+14.36ab 0.44+0.12a 0.20+0.027b 5185+951a 20 433+5609ab
10 1484+219a 102.89+14.7a 0.54+0.12a 0.21+0.02b 6066+1009a 26 004+3319a
20 1088+227a 70.74+8.36b 0.34+0.03a 0.21+0.025b 4368+880a 13 835+955h

T - R ROBE N AR EZE (n=3), [/l — S B[R] RS VNG 873 51 3R ShCIDFN Sh( V) 4b B 25 57 2% (P<0.05)

Note : The presented data are means+SE (n=3). Capital letters and lowercases letters in the same column indicate significant differences among the

treatments containing Sh( Il ) and among the treatments containing Sh( V'), respectively(P<0.05).
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Figure 3 Effects of different forms of Sb on the ratios of fine,

medium and coarse roots of rice plants
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