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Soil properties and heavy metal (HM) concentrations in the field soils where balloon flowers (Platycodon
grandiflorum, BF) were cultivated, were investigated together with HM (Cd, Cu, Pb, and Zn) accumulation by
the BF roots. Basically, in most soils examined (51-97% among 65 samples), the chemical properties
including soil pH, organic matter, available-P, and exchangeable cation contents appeared to be lower than the
optimal ranges for balloon flower cultivation. There were no samples exceeding the standard limits for HM in
soils. Instead, the total HM concentration levels in soils appeared to be maintained at around background
levels for general soil in Korea. This implied that elevated HM accumulation in the soils caused by any
possible input sources was unlikely. Even though the BF cultivated soils were not contaminated by HM, it was
appeared that substantial amount of Cd was accumulated in BF roots with 1.5% and 35% roots samples
exceeding the standard limits legislated for BF root (0.81 mg kg'1 DW) and herbal plants (0.3 mg kg'1 DW),
respectively. This implied that the soil HM standard limits based on the total concentration does not reflect
well the metal accumulation by plants and also it is likely that the Cd standard limits for BF and herbal plants
is too restrict.
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Heavy metal (HM) concentrations in soils and cultivated balloon flower roots and comparison with background value and
guideline values for HM in balloon flowers, respectively.

. . Background . Guideline for Guideline for balloon flower
Cd in soil . . Cd in root ..
value in soil medicinal plant as vegetable
(mg kg' DW)
Min 0.01 - 0.20 - -
Max 0.36 - 0.88 - -
Ave 0.12 0.19 0.36 0.30 0.81
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Table 1. Physicochemical properties of the soils collected from balloon flower cultivated sites.

H TN OM.  Avail-P Ex. Cations EC cl
LIVL. vaitl.- a’
15 0 (ke (mg k) Ve KN sy o
----------------- (cmol kg') -------me-meemee-
Min 46 0002 64 0.5 0.3 0.2 0.2 0.02 0.02 7
Median 6.0  0.10 17.8 141 32 1.0 0.4 0.05 0.07 17
Max 78 025 538 389 9.8 3.1 26 0.22 0.46 32
Ave 60 012 216 118 35 1.0 0.6 0.06 0.08 18
< OR (%) 51 - 52 97 78 82 51 - - -
> OR (%) 32 - 21 0 8 5 23 - 0 -
‘Optimal range (OR) 6.0-6.5 - 20-30  300-500  5.0-6.0 1520  0.5-0.6 - 0-2 -
bAverage in upland soil 6.0 - 22 587 5.8 1.7 0.81 - - -

*Optimal range for balloon flower cultivation in Korea (provided by RDA)

bAverage values in cultivated upland soil in Korea (RDA, 2010)
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Table 2. Total heavy metal concentration in the soils
collected from balloon flower cultivated sites.

Province Kl
----------- (mg kg™) -=-momemm-
Kyoungnam Min 0.01 6.6 0.0 20.6
(n=47) Median 0.07 205 1.6 555
Max 036 1777 456 933
Ave 0.16 243 125 532
Kangwon Min 0.00 5.6 6.2 43.0
(n=18) Median 0.03 110 9.2 50.9
Max 0.06  40.1 181 759
Ave 0.03 147 100 552

"Background value A 0.19 13.0 16.0 51.0

bBackground value B 022 338 244 413

‘Average for paddy field 059 152 183  53.6

%Standard limit 4.00 150.0 200.0 300.0

“Forest soil based natural background value reported by Yoon et al. (2009)
"Mother rook based natural background value reported by Kwon et al. (2013)
Average values for paddy field in Korea provided by RDA (2011)
%Standard limit registered in Soil Conservation Act 2009, Korea
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Table 3. Total heavy metal concentration in the root of
balloon flower collected.

Province R
--------- (mg kg© DW) ----mme-
Kyoungnam Min 0.21 37 0.3 18.0
(n=47) Median 0.35 55 0.5 27.7
Max 0.88 9.9 2.7 66.2
Ave 0.39 5.8 0.7 29.9
Kangwon Min 0.20 33 0.3 19.8
(n=18) Median 0.26 5.9 0.6 27.3
Max 0.42 83 1.1 48.9
Ave 0.27 5.8 0.6 30.6
>SLRV (%) 1.5(1) 0
>SLMP (%) 54(35) 0
Standard limits for root 0.20 2.0
vegetable (SLRV) (0.81) 8.1)
e 0w
Tolerable Ilj;/;l for bean i 64 i 130
kg o]},
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Fig. 1. Heavy metal concentrations in balloon flower roots cultivated for different durations (x axis is the cultivated years and the

different letter implies significant difference at p<0.05).
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Conclusions
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