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Effect of Rice Straw Compost on Cadmium Transfer and Metal-ions
Distribution at Different Growth Stages of Soybean

Ha-il Jung, Mi-Jin Chae, Myung-Suk Kong, Seong-Soo Kang, and Yoo-Hak Kim*

Division of Soil and Fertilizer, National Academy of Agricultural Science, RDA, Wanju, 55365, Republic of Korea

(Received: August 22 2016, Revised: October 13 2016, Accepted: November 7 2016)

In soil-to-plant transfer of heavy metals, the amount absorbed and accumulated varies depending on the
environment conditions. The absorption rate of cadmium (Cd) in plants differs considerably depending on the
bioavailability of Cd in the soil, while usage by various organic matters is also reported to affect absorption
pattems. Therefore, this study aimed to identify the difference in the transfer of essential metal ions and Cd to
various plant parts when rice straw compost was used to cultivate soybean (Glycine max L. cv. Daepung). In
the two-leaf stage of soybean cultivated in a greenhouse, Cd was mixed in the soil, after which the Cd and
essential metal ions contents, and physiological changes of soybean seedlings were studied on the 15th and
25th day. The Cd toxicity in the plant was reduced with the use of rice straw compost. Further, the Cd content
varied with the plant part, and was higher in young leaves (3rd and 4th leaf) than in the stem. When analyzed
by leaf age, the Cd transfer was highest in young leaves (3rd and 4th leaf), followed by mature leaves (1st and
2nd leaf). While there was no significant difference between plant tissues in the absorption rate of copper (Cu)
and zinc (Zn) when rice straw compost was used against Cd toxicity, the absorption rate of manganese (Mn)
and iron (Fe) showed a significant decline in both the control and rice straw compost treatment conditions, as
well as a significant difference between leaf ages. Therefore, these results confirm that the use of rice straw

compost against Cd toxicity is effective, and implies that the rate of Cd transfer in the soybean plant varies
significantly with leaf age.
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Effects of the application of rice straw compost on Cd concentrations in stems, mature leaves (1st, 2nd leaf), and young
leaves (3rd, 4th leaf) of soybean plants grown on the Cd-contaminated soils for 15 days (A) and 25 days (B).
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Introduction
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Table 1. Cd contents and chemical properties of the soils tested.
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K Ca Mg Na NH&-N NOs3-N
Soil 0 7.4 0.5 6 38 209 02 139 3.5 0.4 14 10
Soil + Compost 0 7.6 0.9 12 55 266 03 15.0 39 0.6 14 4
Soil + Cd 18.2 73 0.5 7 45 224 02 155 40 0.3 15 5
Soil + Compost + Cd 21.2 7.7 0.8 14 56 268 0.3 147 39 0.5 17 6

1'Soil, sandy loam; Compost, rice straw compost
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Results and Discussion
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Table 2. Effects of the application of rice straw compost on the fresh and dry weight of stems, mature leaves (1st, 2nd leaf), and
young leaves (3rd, 4th leaf) in soybean plants grown on the Cd-contaminated soils applied with or without rice straw compost for

15 days and 25 days.
+ ) s Mature leaves Young leaves Whole
DAT Biomass (g) Treatment Stem
Ist leaf 2nd leaf 3rd leaf 4th leaf plant
Soil + Cd 1.55a 0.74a 0.68a 0.58a - 3.55a
Fresh weight .
15 Soil + Compost + Cd 1.56a 0.73a 0.63a 0.59a - 3.51a
. Soil + Cd 0.246a 0.129a 0.140a 0.113a - 0.628a
Dry weight
Soil + Compost + Cd 0.250a 0.130a 0.134a 0.111a - 0.625a
Soil + Cd 2.22b 0.68a 0.65b 0.62b 0.55b 4.72b
Fresh weight
’s Soil + Compost + Cd 2.47a 0.70a 0.70a 0.71a 0.62a 5.20a
. Soil + Cd 0.362b 0.100a 0.107b 0.109b 0.111b 0.789b
Dry weight
Soil + Compost + Cd 0.416a 0.107a 0.118a 0.134a 0.128a 0.902a

'DAT indicates days after transplant on the soils.
iSoil, sandy loam; Compost, rice straw compost

*Means within a column followed by the same letters are not significantly different at the 5% level according to Fisher's least

significant difference (LSD) tests.
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Fig. 1. Water content of stems, mature leaves (1st, 2nd leaf), and young leaves (3rd, 4th leaf) in soybean plants. Soybean plants
were grown on the Cd-contaminated soils applied with or without rice straw compost for 15 days (A) and 25 days (B). Error bars
indicate standard deviation (SD) of three replications. Means denoted by the same letters are not significantly different at the 5%

level according to Fisher's least significant difference (LSD) tests.
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Fig. 2. Cd concentrations in stems, mature leaves (1st, 2nd leaf), and young leaves (3rd, 4th leaf) of soybean plants grown on the
Cd-contaminated soils applied with or without rice straw compost for 15 days (A) and 25 days (B). Enor bars indicate standard
deviation (SD) of three replications. Means denoted by the same letters are not significantly different at the 5% level according to
Fisher's least significant difference (LSD) tests.
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Table 3. Cd accumulation in stems, mature leaves (1st, 2nd leaf), and young leaves (3rd, 4th leaf) of soybean plants grown on the
Cd-contaminated soils applied with or without rice straw compost for 15 days and 25 days.

Cd content in different tissues (ug)

DAT' Treatment" Mature leaves Young leaves
stem Ist leaf 2nd leaf 3rd leaf 4th leaf
P Soil + Cd 3.696a 1.679a 2.094a 1.690a -
Soil + Compost + Cd 2.751b 1.560a 1.602b 1.447a -
25 Soil + Cd 7.592a 1.200a 1.712a 2.280a 3.678a
Soil + Compost + Cd 3.746b 0.640b 1.058b 1.470b 2.306b

'DAT indicates days after transplant on the soils.
iSoil, sandy loam; Compost, rice straw compost

*Means within a column followed by the same letters are not significantly different at the 5% level according to Fisher's least

significant difference (LSD) tests.
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Table 4. Essential metal ions (Mn, Fe, Cu, and Zn) concentrations in stems, mature leaves (1st, 2nd leaf), and young leaves (31d,
4th leaf) of soybean plants grown on the Cd-contaminated soils applied with or without rice straw compost for 25 days.

Metal content (ug g,'l dry weight)

Metal ion Treatment Stem Mature leaves Young leaves
Ist leaf 2nd leaf 3rd leaf 4th leaf
Soil 59b 157a 129b 162b 317a
Mn Soil + Compost 60b 159a 149a 187a 347a
Soil + Cd 63a 92b 96d 127¢ 256b
Soil + Compost + Cd 65a 118b 120c 131c 243b
Soil 112a 174a 147a 126a 310a
Fe Soil + Compost 114a 172a 144a 117b 303a
Soil + Cd 107b 169a 127b 115b 230b
Soil + Compost + Cd 105b 160b 121b 106¢ 291a
Soil 53b 59a 57a 60a 70a
Soil + Compost 54b 60a 52b S54a 65b
cu Soil + Cd 54b 59a 59a 58a 65b
Soil + Compost + Cd 66a 62a 56a 57a 62b
Soil 60a 87a 85a 101a 135a
7n Soil + Compost 58a 86a 87a 96a 133a
Soil + Cd 62a 85a 88a 9a 140a
Soil + Compost + Cd 6la 88a 90a 94a 135a

TSoil, sandy loam; Compost, rice straw compost

*Means within a column followed by the same letters are not significantly different at the 5% level according to Fisher's least

significant difference (LSD) tests.
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