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Effect of cropping system on Cd and Pb content in rice grains

LUO Fen'?, ZHANG Yu-sheng'?, ZHOU Liang’, TIAN Wei'?, XIAO Feng'?, ZHANG Xiao—yi'?, AO He—jun"*

(1.College of Agriculture, Hunan Agricultural University, Changsha 410128, China; 2.South Regional Collaborative Innovation Center for
Grain and Oil in China, Changsha 410128, China; 3. College of Natural Resources and Environment, South China Agricultural University,
Guangzhou 510642, China)

Abstract: To compare the effects of different cropping systems on the concentrations of Pb and Cd in rice grains and changes thereof, a
three—year field positioning experiment that began in 2016 was carried out in Hengyang and Yueyang. The levels and trends of Pb and Cd
in rice grains were studied under three different cropping systems (Rice—Rice—Astragalus sinicus, Rice—Rice—Winter fallow, and Rice—
Rice—Rape). The results showed that the content of Ph and Cd in rice grains first increased and then decreased. Three years after the imple-
mentation of the cropping system, compared with the Rice-Rice—Winter fallow cropping system, the Rice~Rice—Rape system significantly
reduced the Cd content in the early and late rice grains, with average reductions of 23.90% and 47.30%, respectively. There was no signifi-
cant difference between the Rice—Rice—Astragalus sinicus and the Rice—Rice—=Winter fallow cropping systems. Compared with other crop-

ping systems, the Rice—Rice—Astragalus sinicus cropping system significantly increased the Ph content in the early and late rice grains,
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with average increases of 50.42% and 80.49%, respectively. There was no significant difference between the Rice—Rice—Winter fallow and

Rice—Rice—Rape systems. Compared with the first year of planting, the Rice—Rice—Rape cropping system can significantly improve the soil

pH of Hengyang and Yueyang (by 8.60% and 10.33%, respectively ), and significantly reduce the soil available Pb content (except for that

of Hengyang) and available Cd content. The Rice—Rice—Astragalus sinicus cropping system can increase the soil available Pb content (by

17.51% and 13.32%, respectively). From the perspective of season, the Cd content of Zhongzao 39 in the late rice grains was significantly

higher than that of early rice (118.93%~429.11%), while the content of Pb in the early rice grains was significantly higher than that of the

late rice grains (10.71%~59.20% ). In summary, the Rice—Rice—Rape cropping system should be selected as the main cropping system in

heavy metal polluted areas of south China.

Keywords : cropping system; rice; Pb; Cd
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Figure 1 Effect of cropping system on cadmium content in

grain of early rice
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Table 1 Effect of planting system on soil pH , available Cd and available Pb
fb3m ARy i BH Hengyang 1 BH Yueyang
Treatments Year pH BREEF/mg- kg AR H /mg-kg! pH BRAS/mg kg R mg kg™
Fa—Fg-ne 2016 5.41+0.12b 0.46+0.034a 147.82+4.80b  5.77+0.11b  0.33+0.020b 137.31+8.78a
Rice-Rice-Astragalus sinicus 5417 6. 12.40.18a 0.49+0.024a 154.17+1.82b  6.68+0.18a  0.42+0.022a 144.7127.05a
2018 5.82+0.18ab 0.48+0.014a 173.70£3.58a  6.34%0.16a  0.26+0.027h 155.60+4.77a
Fa—Fe—IA 2016  5.63+0.08a 0.54+0.050a 148.25+9.69b  5.74+0.21a  0.38+0.021h 150.63+6.20a
Rice-Rice-Winter fallow 2017 5.89+0.08a 0.56+0.020a 137.22+8.02b  6.06=0.05a  0.49+0.036a  159.13+1.93a
2018 5.88+0.07a 0.48+0.013a 190.19+3.29a 6.19+0.23a  0.36x0.014b 160.46=0.58a
Fa—Fg—l 2016 5.42+0.03b 0.48+0.018a 149.04+234b  6.00£0.14b  0.30+0.006b 148.62+7.52a
Rice-Rice-Rape 2017 5.82+0.05a 0.51+0.006a 146.98+2.57h 6.26+0.06ab 0.37+0.011a 152.70+2.88a
2018 5.89+0.16a 0.50+0.003a 178.51+3.58a 6.62+0.07a 0.32+0.010b 142.48+2.86h

T R NG by FORAE ) — A PR ) 4R 0y 22 ) 22 53 1 35 (P<0.05) .

Note: Different lowercase letters in the table indicate significant difference between different years in the same treatment (P<0.05).
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Table 2 Effects of different seasons on the contents of Pb and Cd in rice grains

A4y Year 75| Season B Cd/mg kg AFALIEEE Amplitude of variation/%  HYPb/mg-kg"  ZEALIEEE Amplitude of variation/%
2016 LA Early rice 0.09+0.01 +214.74% 1.08+0.07 -20.63%
i A5 Late rice 0.27+0.02 0.86+0.04
2017 LA Early rice 0.22+0.02 +118.93* 1.37£0.07 -10.71
I35 Late rice 0.48+0.05 1.22+0.10
2018 FLAE Early rice 0.09+0.01 +429.11% 3.34+0.70 -59.20%
i A Late rice 0.46+0.06 1.3620.19

TE A8 AR B A [ — 48 WO REORPAL A BT 50 3% AT L T RS AP R A A2 AR IR o BT R Tan A+ AR = AR A, B Je e Ak
TR R AL AL R AL 2 A7 8 J 5 22 5 (P<0.05) , [ — 47 LSRR RO RR A 1Y 53 2% 2 ) 6 T A e A 1 P40 40T, 3 2 Sy L R R MG e 2 1 61

TrRET AT

Note : Change range refers to the change range of Pb and Cd content in late rice grain compared with that in early rice grain in the same year. The "+" in
front of the number represents the increase, "~" represents the decrease, and the * behind the number represents the significant difference between the early
rice grain and the late rice grain(P<0.05) ,the content of Pb and Cd in early rice and late rice in the same year was the average value of all treatments in the
same year,and the significant difference was calculated by variance analysis between early rice and late rice.
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