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This research aims to identify wild grasses growing in radionuclide-contaminated soils that exhibit
low or no uptake. Such grasses could serve as safe animal fodder and a source of genes for
developing crops capable of growing in contaminated soils, thus ensuring safe agricultural
production.

The present study investigates the tolerance mechanisms of the wild grass
species Holcus lanatus L. to elevated radiocesium (r-Cs) and radiostrontium (r-Sr) concentrations in
soils resulting from anthropogenic activities, such as nuclear accidents or waste disposal. We
comprehensively analyzed the relationship between soil nutrient elements (e.g., potassium and
calcium) and other soil minerals like iron with the uptake and accumulation of r-Cs and r-Sr in
plant tissues. Furthermore, we assessed the impact of varying concentrations of these radionuclides
on the growth patterns and overall physiological responses of H. lanatus, including biomass
production and root development. Understanding these complex interactions is crucial for developing

effective phytoremediation strategies and assessing the potential risks of radionuclide transfer
through the food chain in contaminated environments.
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Long-lived radioisotopes cesium-137 (Cs-137) and strontium-90 (Sr-90) persist in the
environment due to the half-lives of over 30 years, posing risks to agriculture and human
health through food chain contamination (1. 2, Plants absorb these isotopes from soil and
water, potentially affecting their growth and development 3. 4). The uptake of Cs-137 and Sr-
90 is influenced by the availability of potassium (K) and calcium (Ca) in the soil, respectively,
due to their chemical similarities (1. 5. 6), While higher K and Ca levels generally reduce the
uptake of Cs-137 and Sr-90, the specific interactions are complex and depend on various
factors, such as plant species and environmental conditions. ¢ 7-10)

Wild grasses, including Holcus lanatus L., are often used for remediating soils contaminated
with potentially toxic elements due to their ability to tolerate and exclude these elements (11-
13). While H. lanatus has shown tolerance to several potentially toxic elements, its tolerance
to radiocesium (r-Cs) and radiostrontium (r-Sr) is unclear. The effects of K and Ca on r-Cs
and r-Sr uptake and toxicity have also not been fully explored. Understanding the specific
roles of K and Ca in reducing r-Cs and r-Sr uptake, as well as the impact of these isotopes on
the uptake of other nutrient and non-nutrient elements, will provide crucial insights for
effective remediation strategies.

This study aimed to evaluate the potential of Holcus lanatus, a wild grass species, for
tolerating and excluding r-Cs and r-Sr contamination. We investigated the effectiveness of K
and Cafertilizers in reducing r-Cs and r-Sr uptake by H. lanatusgrown in contaminated soils,
as well as their impact on plant growth. Additionally, we examined how r-Cs and r-Sr
amendments affected the availability of nutrient and non-nutrient elements for H. lanatus.
The ultimate goal was to determine the suitability of H. Janatus for revegetation in
contaminated areas and to explore its potential as a source of r-Cs and r-Sr exclusion genes,
which has not been previously reported.

[Seed and soil collection]| Healthy, mature seeds of the H. /anatus L. plant were collected
from the Fukushima University Campus in Japan. These seeds were cleaned, dried, and
stored in a sealed plastic bag before being de-husked for use in the study. The study utilized
Kuroboku, a type of Japanese volcanic soil known for its dark color and high organic matter
content. Commercially available Kuroboku from Koujiya Co. in Hitachinaka, Japan, was
used to ensure consistency in soil composition throughout the experiment.

[ Experimental design and treatment combinations for the hydroponic experiment] Holcus
lanatus seeds were germinated on moistened filter paper within a petri dish. Upon
germination, seedlings were carefully transferred to polystyrene cups containing a floating
plastic net base for support. A randomized complete block design was employed,
incorporating six treatments of 0 (control), 0.5, 1, 2, 4, and 8 mg/L Cs or Sr, each with three
replicates. Stable Cs and Sr isotopes were used as the non-radioactive analogs for r-Cs and
r-Sr, respectively. Each cup contained 25 germinated seeds, maintained at room temperature
and humidity under natural and supplemental LED lighting. Following two months of
growth, three representative seedlings were selected from each treatment for growth
parameter analysis. Physical growth parameters and shoot-to-root ratios were determined at
harvest.

[ Experimental design, treatment combinations, and data recording for soil experiment]
Holcus lanatus seedlings were cultivated in plastic pots containing soil for a year. After setup,
diluted chemical treatments were applied directly to the soil: TO (control), T1 (15 mg/kg Cs),
T2 (15 mg/kg Sr), T3 (15 mg/kg Cs + 200 mg/kg K), and T4 (15 mg/kg Sr + 200 mg/kg Ca).
Seedlings were monitored for an additional month with regular weeding and watering. Shoot



biomass was assessed at the end of the experiment.

[ Analysis of plant and soil samples] Plant and soil samples from the soil experiment were
cleaned, dried, and subjected to acid digestion. Stable element analysis (Cs, Sr, K, Ca, P, Mg,
Na, Fe, Mn, Mo, Zn, As, Co, and Ni) was conducted using either the NexION 300S ICP-MS
or the MP-AES 4100.

[ Statistical analysis| Univariate and Multivariate General Linear Models were employed to
assess potential significant differences among treatments. When analysis of variance
(ANOVA) indicated significance (P< 0.05), Duncan's multiple range test (DMRT) was applied
as a post hoc test to determine specific contrasts between treatment means.

The research project has progressed according to plan, and the laboratory is now fully
equipped to pursue further investigations on this topic, contingent upon securing additional
funding. Notably, during the project period spanning FY2021 to FY2023, significant findings
from this project and related research initiatives conducted within our laboratory have been
disseminated through a series of publications in esteemed peer-reviewed journals.
Furthermore, the research findings have been actively shared with the scientific community
through presentations at international conferences. Notably, a dedicated paper summarizing
key findings was presented at a Fukushima University press conference in FY2023, further
highlighting the significance and impact of this research.
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