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Effect of biodegradable organic materials and application regimes on cadmium absorption in Sorghum bicolor L.
DUAN Ming-meng'?, WANG Shuai', HUANG Dao—you'", XU Chao', WANG Hui', LI Bai—zhong', LONG Shi—fang’, ZHU Qi~hong'

(1.Key Laboratory of Agro—ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha, 410125, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.College of Agriculture, Yangtze Univer-
sity, Jingzhou 434025, China)

Abstract: A pot experiment was conducted to investigate the effects of enhancement of biodegradable organic materials and their applica-
tion regimes on the uptake of Cd by sorghum (Sorghum bicolor L.). Oxalic acid (OA), citric acid (CA), and dissolved organic fertilizer
(DOF) were splitting applied at rates of 2 mmol -kg™', 2 mmol - kg™, and 1 g-kg™, respectively. The changes in available Cd in the soil and
the growth and Cd accumulation in the shoots of the sorghum were determined. The results showed that four separate applications of CA
and OA and a single application of DOF significantly increased the DTPA—-Cd (DTPA extractable Cd) by 11%, 30%, and 29%, respective-
ly, compared with that of the control (CK). Single applications of OA, CA, and DOF had no significant effect on the shoot biomass of sor-
ghum, but two separate applications of these organic materials inhibited the growth of sorghum. Compared to CK, two separate applications
of DOF significantly decreased the shoot biomass of sorghum by 38%, while the split applications of OA, CA, and DOF two or three times
promoted Cd uptake by sorghum. Moreover, the Cd concentration in the roots and shoots of sorghum and the bioaccumulation factor were
significantly higher than those of CK. Three separate applications of OA and CA and a single application of DOF significantly increased the
Cd bioaccumulation in sorghum shoots by 17%, 30%, and 31%, respectively, compared with that of CK. Altogether, three separate applica-
tions of CA could be recommended for mobilization of Cd in soil when planting sorghum in Cd—contaminated soil.
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Table 1 Basic physical and chemical properties of tested soil

o) 2k ol

pH Total N/g-kg™ Total P/g-kg™ Total K/g-kg™

Organic matter/g-kg™

AHLE FH S - s bk o

Cation exchange capacity/cmol +kg™  Total Cd/mg-kg™

5.67 2.12 0.71 39.05

18.72 6.99 1.22
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Figure 1 Effects of application of biodegradable organic materials

on pH and concentration of DTPA extractable Cd



BRUIA 55 S)RAAAT B L A S5 S 9 B i 1003

e, DOF W) 1 Yt st SR e o
22 SEBENYNSREMEN I

CK b3y vy S b |58 43 T B i 4y 128.20 g+ pot™
(2),5 CKAIEL ,0A \CA F1 DOF Kb B i) vy 32 4= 1y e
I3 BIREAR T 13% . 15% F118%., OA .CA FIDOF 1
USSRt b 3843 T Bt it TG o 25 A8 4k 5 43 23K
WSINES, #88 EK T CK, H b DOF Ab 38 iy =y 32 -
HRF A R R KL 38 38%., R EE RN, e
UNIITOA [CA F1 DOF BEAR T w3 A W i, o Z2 s
SEIE T R R A FE 3R ) MR A ML AL

160 A A A
a a ) ab

140 + a
L, O Tab abe Ty, % L | e
2¢ 120f ol T LT T L]
5 I 1
i 2 100 N
=5 L
Bz 80
?g 60
gg 40}
- 20+

0

OA CA DOF
QLT Treatments
Ock Ok @A N3 D4R
B2 RmEEmENmN SRS LS EMENFI
Figure 2 Effect of application of biodegradable organic materials

on biomass of sorghum in shoots
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Table 2 Effects of application of biodegradable organic materials on Cd concentration , BCF and TF of sorghum

AbFH Treatments M INYEL Application times AR5 Root/mg - kg™ Hi [ Shoot/mg - kg™ wEREBCF R RETF
OA CK 5.57+0.68b 4.10+0.71b 3.36+0.58b 0.73+0.04a
1 5.90+0.83b 4.46+0.59ab 3.66+0.48ab 0.76+0.10a
2 7.34+0.90a 5.11£0.97ab 4.19+0.79ab 0.69+0.05a
3 6.99+0.96ab 5.55+0.76a 4.55+0.62a 0.79+0.02a
4 6.62+1.07ab 5.36+0.51a 4.39+0.42a 0.83+0.19a
CA CK 5.57+0.68b 4.10+0.71b 3.36+0.58b 0.73+0.04b
1 6.71+0.65ab 5.04+0.62a 4.13+0.50a 0.86+0.21ab
2 5.98+0.14b 5.27+0.41a 4.32+0.33a 1.00+0.23a
3 7.27+0.54a 5.64+0.61a 4.62+0.50a 0.78+0.11ab
4 7.17+0.63a 5.17+0.47a 4.24+0.38a 0.72+0.07b
DOF CK 5.57+0.68b 4.10+0.71¢ 3.36+0.58¢ 0.73+0.04a
1 6.07+0.96h 5.46+0.40b 4.48+0.33ab 0.91+0.18a
2 8.06+1.25a 6.20+0.60a 5.09+0.49a 0.79+0.17a
3 6.24+1.04b 4.89+0.37b 4.05+026bc 0.80+0.19a
4 5.57+0.75b 5.04+0.46h 4.13+0.38b 0.90+0.05a

Vi R B AV B AR EDE (n=4) , ARG T B R [FISVEUE | [F1R0 5 e A ML 2 8 2 57 .25 (P<0.05)

Note: mean +standard deviation, the different lowercase in the same column indicate significant differences among the same biodegradable organic

material treatment(P<0.05).
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Figure 3 Effect of application of biodegradable organic materials

on Cd bioaccumulation in sorghum shoots
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Table 3 Significance of F value in two—way ANOVA analysis of variance

B Effect pH DTPA-Cd HLCd Root  #b E# Cd Shoot 43 Biomass  #h F7#8 Cd BLFR 4 BCQ
%[{%ﬁgﬁ*ﬂ% BOM seskesteok sk ns ns ns sk
Jitn 75 = AR st ns o ns ns ns
BOMXAR ns s i * ns ns

1 ons FRA L E  #54% P<0.001 5 %% P<0.01 5 *#P<0.05; *P<0.10,,

Note:ns indicates not significant ; **#* significant at P<0.001 ; *** significant at P<0.01;** significant at P<0.05 ; *significant at P<0.10.
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