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ABSTRACT

Arsenic (As) uptake and accumulation from agricultural soil to rice vary depending on the soil environmental conditions such as
soil pH, redox potential, clay content, and organic matter (OM) content. Therefore, these factors are important in predicting changes
in the uptake and accumulation of As in rice plants. Here, we studied the chemical properties of As-contaminated and/or rice straw
compost (RSC)-treated soils, the growth responses of RSC-applied rice plants under As-contaminated soils, the changes in As content
of soil, and the relationship between As uptake and accumulation from the RSC-treated soils to the rice organs under As-contaminated
soils. Rice plants were cultivated in 30 mg kg' As-contaminated soils under three RSC treatments: 0 (control), 12, and 24 Mg ha™.
No significant differences were indicated in the chemical properties of pre-experimental (before transplanting rice seedling) soils, with
the exception of EC, OM, and available P,Os. As the treatment of RSC under 30 mg kg As-contaminated soils increased, EC, OM,
and available P,Os increased proportionally in soil. Increased soil RSC under As-contaminated soils increased shoot dry weight of rice
plants at harvesting stage. As content in roots increased proportionally with RSC content, whereas As content in shoots decreased
under As-contaminated soil at all stages of rice plants. Nevertheless, As accumulation were significantly decreased in both roots and
shoots of RSC-treated rice plants than those in the plants treated without RSC. These results indicate that the use of RSC can mitigate
As phytotoxicity and reduce As accumulation in rice plants under As-contaminated soils. Therefore, RSC can potentially be applied
to As-contaminated soil for safe crop and forage rice production.
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Table 1. Chemical properties of the soil analyzed before the experiment

Exch. cations

H E M Avail. P -1
Treatment! 89 @n) k) ek TR
Control 7.36 a 034 ¢ 7.70 ¢ 60.9 b 0.18 a 9.65 a 324 a 0.19 a
30 As + 0 RSC 7.34 a 0.37 be 7.82 ¢ 646 b 0.17 a 10.11 a 333 a 021 a
30 As + 12 RSC 737 a 039 b 8.62 b 70.4 a 0.19 a 9.96 a 329 a 021 a
30 As + 24 RSC 7.40 a 045 a 10.11 a 68.5 a 0.20 a 9.60 a 3.18 a 021 a

TAs, Arsenic (mg kg'); RSC, Rice straw compost (Mg ha™).

*The data are presented as mean + standard deviation of the mean of three replications. Means within a column followed by the same letters
are not significantly different at the P <0.05 level based on Duncan’s multiple range test (DMRT).
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Fig. 1. Changes in As content of the soil before

transplanting rice seedlings (before) and after
harvesting rice plants at the harvesting stage
(after) and reduction rates (numbers at the top of
the columns) of As content under treatments of
rice straw compost. The data are presented as
mean * standard deviation of the mean of three
replications. Means denoted by the same letter are
not significantly different at the p¢{0.05 level based
on Duncan’s multiple range test (DMRT). As,
Arsenic (mg kg™); RSC, Rice straw compost (Mg ha™).
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Table 2. Effects of the application of rice straw compost on plant height, tiller number, shoot dry weight, and root dry
weight of rice plants at the tillering, heading, and harvesting stages under As-stressed conditions

Treatment " Plant height (cm)

Number of tillers

Shoot dry weight (g) Root dry weight (g)

Tillering stage

Control 74 a 19 a 15.1 a 36 a

30 As + 0 RSC 69 a 17 ab 14.0 a 39 a

30 As + 12 RSC 71 a I5b 114 b 310

30 As + 24 RSC 68 a 17 ab 92D 29D
Heading stage

Control 93 a 16 a 80.0 a 44 a

30 As + 0 RSC 93 a 15 a 63.1D 43 a

30 As + 12 RSC 90 a I1b 50.5 ¢ 36D

30 As + 24 RSC 89 a 12b 429 d 370
Harvesting stage

Control 102 a 14 a 523D 36 a

30 As + 0 RSC 100 a 15 a 49.8 b 40 a

30 As + 12 RSC 96 a 10 b 424 ¢ 37 a

30 As + 24 RSC 99 a 12b 58.6 a 340

*As, Arsenic (mg kg'); RSC, Rice straw compost (Mg ha™).

"The data are presented as mean = standard deviation of the mean of three replications. Means within a column followed by the same letters
are not significantly different at the p <0.05 level based on Duncan’s multiple range test (DMRT).
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Fig. 2. Effects of the application of rice straw compost on
As content in the roots (A) and shoots (B) of rice
plants at the tillering, heading, and harvesting
stages under As-stressed conditions. The data are
presented as mean = standard deviation of the mean
of three replications. Means denoted by the same
letter are not significantly different at the p{0.05
level based on Duncan’s multiple range test (DMRT).
As, Arsenic (mg kg™"); RSC, Rice straw compost (Mg

ha™).
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Effects of the application of rice straw compost on
As accumulation in the roots (A) and shoots (B) of
rice plants at the tillering, heading, and harvesting
stages under As-stressed conditions. The data are
presented as mean * standard deviation of the mean
of three replications. Means denoted by the same
letter are not significantly different at the p{0.05
level based on Duncan’s multiple range test (DMRT).
As, Arsenic (mg kg™); RSC, Rice straw compost
(Mg ha™).
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