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Effects of Soil Amendment Type and Application Dose on Cadmium Availability
in Calcareous Cinnamon Soil and Cadmium Uptake by Wheat
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Abstract: To explore the immobilization effects of soil amendments on cadmium (Cd)-contaminated
calcareous cinnamon soil, a pot experiment was conducted with no soil amendment application as the
control(CK). Four types of soil amendments(inorganic amendment, organic-inorganic composite a-
mendment, iron-modified organic amendment, and thiol-modified clay mineral amendment, designat-
ed as SF, GF, IMP, and SGP, respectively) were selected, with two application dose levels for each
amendment(SF: 0.75% and 1.5%; GF: 1.5% and 3.0%; IMP: 1.5% and 3.0%; SGP: 0.75% and
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1.5%). The effects of amendment type and application dose on the dry weight and Cd content of
wheat(Triticum aestivum L.) organs, grain trace elements and Si content, soil available Cd content,
and soil chemical properties were analyzed. The results showed that compared with CK, the dry
weight of wheat roots, stems, leaves, and glumes, as well as the Fe and Cu contents in wheat grains,
did not change significantly after soil amendment application. However, the grain dry weight under
IMP and SGP treatments increased significantly. All soil amendment treatments significantly reduced
the Cd content in wheat organs, with high-dose treatments showing better effects than low-dose treat-
ments. The 1. 5% SGP treatment resulted in the largest reduction in grain Cd content(90. 25%). Ex-
cept for the 3. 0% IMP treatment, all other soil amendment treatments significantly reduced the Zn
content in wheat grains. IMP and SF treatments significantly reduced the Mn content in wheat grains.
The 3. 0% IMP, 1. 5%SF, GF, and SGP treatments significantly increased the Si content in wheat
grains. SF, GF, and SGP treatments significantly reduced the soil available Cd content (reduction
range: 24.71%—92. 37%), with the 0. 75% SGP treatment showing the best effect. SF, GF, and 3. 0%
IMP treatments significantly increased soil pH (0. 27—2. 24). Except for the SF treatment, all other
soil amendment treatments significantly increased soil organic matter content. The 0. 75% SF treat-
ment had no significant effect on soil electrical conductivity, but significantly reduced the content of a-
vailable zinc, manganese, copper, and iron while significantly increasing available Si content. Consid-
ering the effects of soil amendments on soil chemical properties, Cd immobilization, Cd uptake in
wheat grains, and wheat yield, the 0. 75%SGP treatment is recommended as the optimal soil amend-
ment for Cd-contaminated calcareous cinnamon soil.

Keywords: Cadmium pollution; Soil amendment; Wheat; Calcareous soil; Cadmium availability; Cad-

mium uptake
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Table 1 Dry weight of each organ of wheat under different soil amendments g« pot™!
INEHE Organ of wheat
Ab# Treatment
# Root 2 Stem IR Leafl Fi5t Glume FHE Grain
CK 2.95%+0. 24ab 8.63=+0. 35abc 5.78+0. 28a 6.07=+0. 47ab 23.54740. 38d
1. 5% 1IMP 2.65+0. 18ab 8.67+0. 20abc 5.57=+0. 35a 6.1840. 72ab 24.9540.57ab
3. 0% IMP 3.137£0. 54a 9.25+0.41a 5.857+0.43a 6.46+0. 75a 25.3340.27a
0.75%SF 2.627+0. 26ab 8.33=+0. 54bc 5.41%0.17a 5.90=40. 43ab 23.2940. 30d
1.5%SF 2.40+0.18b 8.31+0. 41bc 5.2240.55a 5.1940. 33b 23.0040. 22d
1. 5% GF 2.637+0.51ab 7.95%+0. 76¢ 5.1940.53a 5.4540. 39ab 23.29+0.41d
3. 0% GF 2.92%+0. 45ab 7.97%+0. 39bc 5.20%0.17a 5.7740.77ab 23.4840.47d
0. 75 %SGP 3.16+0. 24a 8.77+0. 14ab 5.527+0. 10a 5.96=+0. 09ab 24.2440. 15¢
1. 5%SGP 3.1440. 14a 8.6240. 08abc 5.61+0.29% 6.0940. 55ab 24,4740. 26bc

(5] G R AR SR AN () -k 2 7 b B 2 ) 22 5 W 2% (P <0, 05) . R 2~3R 5 [A.,

Different letters after the values in the same columns indicate significant differences among treatments at 0. 05 level. The same in ta-

bles 2—5.
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Fig. 1 Cd content in each organ of wheat under different soil amendments
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Table 2

Cd bio-enrichment coefficient of each organ in wheat under different soil amendments

INEZ T Cd B4 R Cd bio-enrichment coefficient of each organin wheat

Ab PR Treatment

# Root ZEFF Stem I F Leaf Fi5e Glum FFRL Grain
CK 0.7940.02a 1.05+0.03a 1.4940.11a 0.6940. 06a 0.60=+0.004a
1. 5% IMP 0.56+0.04b 0.89-+0.06b 1.2740.02b 0.6140.08b 0.50+0.02b
3. 0% IMP 0.52+0.002b 0.70-£0.02¢c 0. 8640. 06¢ 0.4740.01c 0.45-0. 03¢
0.75%SF 0.36-0. 04c 0.40-0. 03e 0.43+0.06de 0.33740.01de 0.30-0.03d
1. 5%SF 0.327+0. 04c 0.33£0.02f 0.35740.03e 0.25%+0.05e 0.202£0.02e
1. 5% GF 0.33+0.06c 0.47+0.07d 0.5040.03d 0.3440.02d 0.17-+0.003f
3. 0%GF 0.35%+0. 06c 0.47-+0. 04d 0.5140.08d 0.3140.02de 0.11+0.003g
0.75%SGP 0.174+0.02d 0.26+0.01g 0.3440.08f 0.17=+0.07f 0.10£0.01g
1. 5% SGP 0.144+0.02d 0.13£0.01h 0.23740.002¢g 0.08=+0.02g 0.06+0.01h
*3 AEATEAEFATIEFHNHETENSIZEE
Table 3 Trace element and Si contents in wheat grains under different soil amendments
A B Treatment Fe/(mg + kg 1) Mn/(mg *« kg 1) Cu/(mg -+ kg 1) Zn/(mg *» kg 1) Si/(mg -+ kg )
CK 41.88=+4.06ab 34.7142.30d 13.66+0. 41abed 139. 884 3. 68a 54.7044. 38e
1. 5% IMP 43.0240. 53ab 26.8341.68e 13.47+0. 38bed 130. 3440. 96bc 63.51+3.53de
3. 0% IMP 38.79+1.28b 19. 6342, 55ef 13.33+0. 11cd 134.6443. 70ab 67.68+6.62bcd
0.75%SF 39.63+0.74b 15.54+4. 54f 13.84+0. 75abc 106. 2349. 21d 55.6342.89%¢
1. 5%SF 40, 9340. 41ab 23.8242.53e 13.92+0. 15abc 81.75+3.62f 67.16=+1. 31bed
1.5%GF 42, 4340. 80ab 35.4143.09cd 14.35+0. 56a 91.1143. 65e 73.5945. 94abe
3. 0% GF 44,9343, 76a 60.67+10. 56a 14.24+0. 27ab 92.32+1.93e 77.07%6.71a
0.75%SGP 41.7543. 29ab 43. 084 1. 80bc 12.89+0. 40d 103.7745.73d 65.02+8. 46¢cd
1. 5%SGP 44,5342, 30a 44, 20=+4.70b 13.44=+0. 11bed 123.0842. 54c 75.09+5. 36ab
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Fig.2 Soil available Cd content under different soil amendments
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Table 4 Chemical properties of soil under different soil amendments

Jib CHeR A BT oA N AL AL

Treatment pH Electrical COn(iilCthlty,/ ()rgamcmittcr/ Total 121/ Total E’/ AvallablciP/ AvallablciK/
(us * em™ D) (g kg™ ) (g+ kg™ (g kg 1) (mg * kg™ 1) (mg * kg™ 1)
CK 6.50+0. 10f 410.4443. 3b 25.06=40. 37f 1.8540. 08¢ 0.96+0.01b  14.77%0.95e 158.0410. Oe
1.5%IMP  6.62=+0. 18ef 413.9429.0b 31.6240.13b 2.04+0.06a 0.96-+0.05b 14.97+0.87e 167.344. 6de
3.0%IMP 6.6740.07¢ 444.0+74.3b 38.9940. 54a 2.024+0.10ab 1.00£0.05b 17.2141.04d 180.04£5.3d
0.75%SF 7.8340.22d 429.44+39.9b 24.1240.27g 1.90+0. 05abc 1.05+0.04ab 17.554+0.10d 182.0412.2d
1.5%SF  8.1240.05¢ 441. 0458, 4b 24.2940. 341fg 1.9340.07abc 1.1240.03a 18.99+0. 76c  209.37409. 2¢
1.5%GF  8.4140.11b 448.8459. 1b 26.74740. 43¢ 1.8040. 05¢ 1.03+0.11ab 24.7440.59b 281.3+24.1b
3.0%4GF  8.64+0.04a 435.3457.9b 29.3640.99c¢ 1.9040. 14abc 1.0340.03ab 30.7140.86a 341.3+19.7a
0.75%SGP 6.54=+0. 09ef 464. 2462, 9ab 27.8340.39de 1.8740.08bc 1.00+0.02b  14.7640.82e¢ 164.0+4. 0de
1.5%SGP  6.5340. 15ef 539.3%421.9a 27.3340.32de 1.8740.13bc  1.004+0.09b  15.0140.48e 172.0-£3. 5de
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Table 5 Contents of available trace elements and Si in soil under different soil amendments
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