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Abstract . C}anfy ing the absorption dynamics of heavy metal(loid)s by crops under different cultivation methods is critical for risk management and control for heavy metal
pollution.+ Here , taking carrots as an example, the pH, cation exchange capacity (CEC), and contents of heavy metals in soil and carrots were analyzed. We compared the
absorption and transport characteristics of six metal(loid)s (As, Cd, Cr, Cu, Pb, and Zn) during the three key growth periods under greenhouse and open-field cultivation
methods. In addition, the effects of planting methods on carrot biomass and heavy metal content over time were studied, and a health risk assessment was conducted. The
results showed that the greenhouse and open-field cultivation methods had the following in common: (D) As the carrots continuously grew, the metal uptake and biomass in the
belowground part (edible part) and the metal(loid) concentrations in the aboveground and belowground parts hoth showed trends of increasing first and then decreasing or
stabilizing. @) The absorption of As, Cd, Cr, and Pb in carrots was mostly accumulated in the aboveground part. (3) The content of Cd in the edible part exceeded the
standard, and the total target hazard quotient was > 1, indicating potential adverse health risks, most of which were contributed by As and Cd. Compared to that under open-
field, the short-term greenhouse cultivation had a harvest time approximately 15 d earlier. The As, Cd, and Pb concentrations in the aboveground part during the seedling and
fast-growing periods were significantly lower in the greenhouse than that in the open-field (P <0.05) but did not differ between greenhouse and open-field (except As) at the
mature stage. The concentrations of As and Cd in the belowground part of greenhouse carrots were lower in the greenhouse than those of carrots grown in the open-field at the
seedling stage (P <0.05). The absorption of As and Cd was decreased significantly from 0 to 95 d (P <0.05), and there was no significant difference in the metal
concentration and absorption in the rest of the growth stages. The bioconcentration factors (BCF) of As, Cd, and Pb in the aboveground part in all stages and those of As and
Cd in the belowground part in the seedling stage were lower in the greenhouse than that in the open-field. This study emphasizes the possibility of short-term changes in
cultivation mode to reduce the risks of metal(loid)s in contaminated farmland vegetables.

Key words: greenhouse; open-field; carrot; heavy metal; growth process
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Table 1  Changes in heavy metal (loid) contents in rhizosphere soil during carrot growth under different cultivation modes/mg-kg ™'
A=K As Cd Cr Cu Ph Zn
iz 4y 23.64£1.38b  4.46£0.22¢c  80.46+4.14b  56.83 £4.13d  62.69x1.33c  279.17 £8.34c
A A KRR 23.23 +1.21b 5.35+0.24a 67.97 0. 21bc 90.93 +5.71a 84.34 +3.33ab  354.06 6. 56ab
R AU 24.89 +0.01b 4.85 +0. 50bc 54.55 +0.04d 76.10 £2.77¢ 79.50 +£5.47b 344.07 +18.28b
KH 2 26.90 +0.61a 4.83 +0. 16bc 99. 35 +0. 66a 80.28 +1.39b 80.41 +0.93a 363.69 +4.37a
KH A KRR 24.89 +2.18b 5.19 +0. 56ab 68.21 +1.44cd 80.75 £1.22b 75.04 +£3.5a 363.67 £9. 80a
KH A 23.68 £1.27b 5.28 +0.30ab 58.24 +0.91d 78.40 +1. 10bc  77.28 £1.45ab  355.35 +11.90ab
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