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Effects of Potassium-silicon Fertilizer Application on Lead and Cadmium Uptake by Rice

JIA Qian', HU Min', ZHANG Yang-yang', MENG Yuan—duo? LI Xiao—kun', CONG Ri-huan', REN Tao"

(1.College of Resource and Environment, Huazhong Agricultural University/Key Laboratory of Arable Land Conservation (Middle and Lower
Reaches of Yangtse River), Ministry of Agriculture, Wuhan 430070, China; 2.National Agricultural Technical Extension and Service Center,
Beijing 100125, China)

Abstract: Potassium—silicon fertilizer contains potassium and other elements (silicon, calcium and managesium ) and may be used as a po—
tential metal-immobilizer. Here a pot experiment was conducted to study the effects of potassium=-silicon fertilizer applications on growth
and potassium (K), lead (Pb) and cadmium (Cd) uptake of rice, and soil Pb and Cd availability. Applying potassium-silicon fertilizer in—
creased plant biomass and K accumulation by 40.4%~47.0% and 170.0%~252.0%, respectively, compared with no K fertilization. However,
Pb and Cd content in stems, leaves and grains of rice was decreased significantly by adding potassium —silicon fertilizer. Compared with
treatments with K,30,, applying potassium—silicon fertilizer decreased Pb and Cd content in stems, leaves and grains of rice by 23.6%,
35.6%, and 28.7%, and 15.6%, 29.7%, and 26.8%, respectively. Increasing K fertilizer rates significantly decreased Pb and Cd content in
aboveground part of rice. However, there were no significant differences in Pb and Cd content in roots among different treatments. Soil avail -
able Pb and Cd content decreased at rice harvest, but they did not show differences between K,30, and potassium—silicon fertilizer treat—
ments. The present results show that applying potassium—silicon fertilizer meets rice needs for K while inhibiting the uptake of heavy metals
by rice aboveground parts.
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Table 1 Fertilizer and heavy metal inputs of different treatments

TN g4

HAJBA N/ mg -

KB Treatment Fertilizer inputs/g-pot™ Heavy metal inputs/mg-pot™

N P,0s K,0 Cd Pb

Ko 2.0 1.0 0.0 0 0

K, (K,S0,) 2.0 1.0 1.5 0 0

K (FPRENE) 2.0 1.0 1.5 0 0
K/(KSO)+HE4 )& 2.0 1.0 1.5 50 6500
Ki(BPRENE )+ 4R 2.0 1.0 1.5 50 6500
Ko(KSO)+TE &8 2.0 1.0 3.0 50 6500
Ko(PPRENE )+ EE 4R 2.0 1.0 3.0 50 6500
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Table 2 Biomass of different parts of rice under different treatments

B A Y /g 757 Biomass of different rice parts/g*pot™

S A HALE Ko HEA0

KbFH Treatment . -
HIEB Root 24T Stem 1 Leaf K7 Grain Total biomass/g*pot™ Increase/ %
Ko 7.8¢c 14.2h 10.4a 21.9b 54.4b
K, (K,S0,) 9.2bc 23.1a 10.6a 34.4a 77.3a 422
K (BRERE) 10.1ab 19.9a 9.9a 36.7a 76.6a 41.0
K (KS0)+E 4w 9.5be 23.3a 11.1a 38.5a 82.4a 515
Ki(BRENE)+E 4R 11.4a 19.3a 8.8a 40.8a 80.3a 47.6
KA(KS0,)+E 4 )E 9.3bc 19.7a 9.7a 40.7a 79.6a 46.3
K(FiREAR )+ 48 10.7ab 20.6a 9.4a 39.2a 79.9a 46.9
2 [F— AR AN R NG TRk Fom A Bl 25 5 i # (P<0.05) ., Tl
Note; Different letters indicate significant differences between treatments( P<0.05 ). The same below.
=3 AEMEKEEBAHERES
Table 3 Potassium accumulation in different parts of rice under different treatments
R R B - ‘
AbFE Treatment Potassium accumulation in different parts of rice/g*pot™ BB 4 HEL Ko 3010
: Total accumulation/g-pot™  Increase/%
HRFS Root ZEFF Stem M A Leaf FEHL Grain
K, 0.005¢ 0.16¢ 0.09b 0.07b 0.33b
K(K;S0,4) 0.039ab 0.65ab 0.22a 0.13a 1.03ab 212
K (FRREAE ) 0.035b 0.54b 0.21a 0.11ab 0.89b 170
Ki(K:S0,)+HE 4 )8 0.033b 0.77a 0.21a 0.14a 1.16a 252
K (HREIE ) + B4R 0.019¢ 0.73a 0.19a 0.15a 1.09a 230
Ky(K,SO )+ 4 ) 0.043a 0.66ab 0.19a 0.15a 1.04ab 215
KRR ) +E 4R 0.034b 0.77a 0.20a 0.13a 1.13a 242
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Figurel Content of Pb and Cd in different parts of rice under different treatments
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Table 4 Content of available Pb and Cd in soils before and after rice planting
FHI AT Before planting FPHEJS After planting FaA% % Reduction/%
. . e -~ - yo=N
4638 Troatment SARHLH o AR e i 2
%ﬁ.[l:b{, Proportion of w .(l:(d{l Proportion of %ﬁ.[l:b{, Proportion of total ﬁﬂ.id{l Proportion of 4% Pb £ Cd
TS otal Ph%e  ETE T total Cdioe  TETTE Ph/% T otal Cd/%
Ko 21.2¢ 20.1 0.84c 72.4 14.9¢ 14.3 0.85¢ 83.3 29.7 11.9
K, (K:S04) 20.0¢ 19.8 0.74¢ 60.7 16.4¢ 16.6 0.58¢ 61.1 18 21.6
K, (BPREAE ) 18.5¢ 20.0 0.70c 49.6 15.5¢ 16.3 0.71c 60.7 16.2 14.3
Ki(KS0)+HE 48 312.4b 39.8 2.30b 35.4 74.3b 10.7 2.05b 442 76.2 10.7
K (HIREAE )+ E 4 )8 317.9b 424 3.17ab 56.1 71.3b 103 2.74a 52.5 7.8 13.6
KAK:SO)+E 4 )m  404.8a 50.7 3.19ab 49.5 88.5a 11.7 2.95a 55.8 78.1 7.5
K(HRENE )+ 48 307.7b 38.7 3.84a 55.3 79.4ab 10.7 2.97a 46.6 74.2 22.7
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Table 5 Transfer coefficients of Pb and Cd between different parts of rice under different treatments

i Pb # Cd
S5 Treatment B SEFF - ot Fr— AL HR - FF “EFF-H I F AL
Root-Stem Stem-Leaf Leaf—Grain Root-Stem Stem—Leaf Leaf-Grain
Ki(KSO)+E 4 & 0.07 2.85 0.10 0.24 0.22 0.68
Ki(FRREAL )+ 4 )m 0.05 2.24 0.11 0.23 0.19 0.69
K(KSO)+HE 4 & 0.06 2.71 0.16 0.23 0.19 1.00

KRR )+ 48 0.04 241 0.08 0.21 0.23 0.86
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