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Visualization of Paddy Fields Recovery After Decontamination using Predicted Maps for Land Preparation
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Masakazu KODAIRA"™  Keisuke KATSURA? Megumi YAMASHITA' Takashi MOTOBAYASHI'  Taiichiro OOKAWA!
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Abstract: In this study, a tractor-mounted soil analyzing system was used to measure visible and near-infrared soil diffuse
reflectance spectra in 36 paddy fields after decontamination in Tomioka Town, Fukushima Prefecture. A total of 81 soil samples
were obtained and analyzed to develop regression models for the experimental fields. The recovery state of paddy fields after
decontamination was visualized for three cropping seasons within three years (one cropping season per year). The datasets were
preprocessed using the Savizky-Golay method second derivative and the regression models were determined using multivariate
analysis method, Partial Least Square Regression with leave one out validation. The regression models were analyzed based on
carbon ratio, total carbon, total nitrogen, soil organic matter and sand from the perspective of land preparation. The accuracy of
the models was evaluated using R?,, RMSEvy, and RPDyy. Based on the results the predicted map of carbon ratio could help
to predict potential risk of pest and disease outbreaks, lodging and nitrogen starvation as carbon ratio is an indicator of excess or
shortage of nitrogen supply. In addition, the total carbon, total nitrogen and soil organic matter maps can be used as reference
for selecting organic matter application methods such as green manure, compost and organic fertilizer. These maps can
contribute to soil management data for the restoration of rice paddy fields after decontamination. Moreover, by adjusting the
threshold value of the predicted maps, it is possible to easily identify the paddy fields with a high value of sand which tend to
have low total carbon, total nitrogen, carbon ratio and soil organic matter.

Key words: Aging changes, Land preparation, Paddy fields restoration, Soil map, Spectroscopic analysis.
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Effect of biochar in combination with chemical fertilizer and manure on
Komatsuna growth and decontaminated soils in Iitate, Fukushima

R B R AEER A D BRYRERIBIC 5 TN A AR AR X UHEIE D23
vV FORE L I 2 558

Fawibe KEHINDE O.! Liang YUIA" Kyu Kyu HMWE! Shoko YASHIO? Hiroyuki CHINO?  Yuko
AKIIKE>  Miwa YASHIMA®
77U4AN Tevy!FaFa AR S TR B2 fatt B B RS

EE eI ERTER U O KB RBRIM ST K0, BRYatskoD bkt -8 JARAEIREE 2y 148
Wb LT, AR CIE, @/ REGERT OBRYLE FEHIBIAH Z 3T, stk & AEE (b imkkes JOHEE) o
FEFAMEYAER & THEIEREC G- 2 5 5088% 2 N7 D -l LTz, 3 BeREOIERFEASE (0%, 2%, 20%, &
FhL) & 3FEOMEENX EHEAR, [E2EEr, HEIE) ZfHAAdot7c 3X3 OB ZER L, =~ (Brassica
rapavar. perviridis) ZFEREE L U CTHES Ulc, EORER, R &R OMICA B2 AERIERED iz o
oo JEERIIVEMORIAE, ERWINE S U CHEREEL R IR0 o720, HENOREREL 2 FHCHE
(ZHIINM U7, £7e, HROBREERIT, FHI 20%ERIX T A T A LRY, —HRRER O E2I30E
DR ST, ALFIEEHIHEIE LV AR E ZBET S Th o7, ZIUIBRMEOWE TR A &
W L <ARWTHERIZISUT 2PAEIEME IR S DNFIK T, HERO M EASHIIR S oo &5 2 b,

PLEXY, WERI I HRIRBOEREICHT S L, 1ERA~DERZENR N2 &b, BRI HRIZ BT 281
7o PEEREM & L Cofa A VRIS STz,

FoU— I RIRE, BRI, ST, S A

Abstract: The Fukushima Daiichi Nuclear Power Plant accident led to extensive soil decontamination, resulting in nutrient-
depleted, sandy soils across the region. This two-year field study aimed to evaluate the effects of rice husk biochar and its
combination with fertilizers on crop growth and soil fertility in decontaminated upland fields in litate, Fukushima. A randomized
complete block design with three biochar rates (0%, 2%, and 20% v/v) and three fertilizer treatments (control, chemical fertilizer,
and manure) was implemented using Komatsuna (Brassica rapa var. perviridis) as a test crop. Results showed no significant
interaction between biochar and fertilizer treatments. Biochar application did not significantly affect plant biomass, or nitrogen
(N) uptake, but significantly increased soil carbon (C) content over two years. Net N mineralization, an indicator of soil N
mineralization, was negatively affected, particularly in the 20% biochar treatment, suggesting temporary N immobilization.
Chemical fertilizer significantly enhanced Komatsuna growth compared to control and manure treatments, despite manure
supplying more N, likely due to low microbial activity in the sandy soil. Overall, biochar contributed to soil C accumulation and
had no adverse effects on crop growth. These findings highlight the need for long-term evaluation of biochar and organic
amendments in nutrient-poor, decontaminated soils to sustainably restore agricultural productivity.

Key words: Soil fertility, decontaminated soil, Komatsuna, biochar, manure
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Effect of biochar in combination with chemical fertilizer and manure on Komatsuna growth and decontaminated
soils in Titate, Fukushima

Introduction

The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, triggered by the March 11, 2011 earthquake, posed
significant risks to the health, environment, and agricultural productivity of neighboring prefectures due to radioactive substances
(Evrard etal., 2019). By March 2018, decontamination efforts in Fukushima Prefecture, excluding the Difficult-to-Return Zones,
were completed, including the cleaning of 23,000 residential houses, 8,700 hectares of farmland, 7,800 hectares of forests, and
1,500 hectares of roads (Ministry of Environment, Japan, 2018). Large-scale decontamination of agricultural soils involved
removing contaminated topsoil and replacing it with uncontaminated, low-fertility soil. This removal of nutrient-rich topsoil
decreased soil fertility, and its replacement with low-fertility soil worsened nutrient depletion, further constraining food
production. Thus, restoring soil fertility is vital for food security in the region.

The reliance on chemical fertilizers has long been criticized as a non-ecoftiendly method for maintaining soil fertility and
improving long-term crop yields. Overuse of chemical fertilizers can degrade soil quality, reduce biological activity, and diminish
micronutrient availability (Adediran et al., 2005). Consequently, there is growing demand for sustainable, eco-friendly soil
amendments that improve soil health and boost crop yields, especially in decontaminated soils with limited microbial activity
and nutrients.

Biochar, a carbon (C)-rich product from biomass pyrolysis, has emerged as a promising soil amendment for enhancing soil
physico-chemical and biological properties, promoting root growth, nutrient uptake, and crop yield (Diatta et al., 2020). Its
benefits include reducing nutrient and chemical losses through runoff, enhancing water-holding capacity, and improving
microbial activity (Mclennon et al., 2020; Blanco-Canqui, 2017). Additionally, biochar can help remediate contaminated soils by
absorbing heavy metals due to its high surface area and porosity (Sizmur et al., 2017; Cheng et al., 2020). Biederman et al. (2012)
found that biochar enhances soil health and crop yields, particularly in acidic and sandy soils. However, its effectiveness depends
on factors like feedstock type, pyrolysis temperature, and environmental conditions (Joseph et al., 2018).

Despite its potential, there is limited research on biochar’s performance in decontaminated soils, such as those in Fukushima.
‘While biochar is typically low in nutrient content and has limited release capacity (Tsai et al., 2012), it gradually releases nutrients,
improving nutrient use efficiency in plants. To maximize its benefits, biochar is often applied alongside organic or inorganic
fertilizers. This combination enhances nutrient use efficiency and stimulates root physiological activity ~(Joseph et al., 2018; Yu
etal., 2017). Agegnehu et al. (2015) found that combining biochar with compost improves soil properties and crop yields more
effectively than biochar alone. On the other hand, some studies suggest biochar can inhibit organic C mineralization and
negatively affect nitrogen (IN) and other nutrients over time (Haider et al., 2017). Therefore, it remains unclear whether biochar
or its combination with fertilizers can improve agricultural productivity in decontaminated soils in litate, Fukushima.

Moreover, biochar’s effectiveness depends on its application rate. Rice husk biochar applied at 50-150 g kg™ significantly
improved lettuce and cabbage growth in acidic sandy soils, whether or not organic fertilizers were added (Carter et al., 2013).
Similarly, applying biochar at 2—4 t ha™ enhanced root traits, leaf area, and yield-related parameters, whereas higher rates of 6 t
ha™ negatively affected plant height and yields (Minhas et al., 2020).

The objectives of this study are: 1) to evaluate how different application rates of rice husk biochar affect Komatsuna
(Brassica rapa var. perviridis) growth and soil fertility; and 2) to assess the effects of combining chemical fertilizer and manure
with biochar in decontaminated soils in litate, Fukushima. Komatsuna, a fast-growing leafy vegetable prized in Japanese cuisine,
was chosen for its adaptability and efficient nutrient uptake, making it ideal for cultivation in decontaminated soils. Ultimately,
this study aims to explore ways to support the revival of agricultural activities in the region.

Materials and Methods
Site Description and Initial Soil Properties
A two-year field experiment was conducted in a farmer’s upland field located in Nagadoro, litate, Fukushima, Japan (37°

399" N, 140° 43.6/ E). The site was decontaminated prior to 2022 by removing the surface soil and covering the scraped
layer with clean sandy soil. The field had no agricultural activity and left fallow after 2011. The region is characterized by a humid
temperate climate. In 2023, the mean daily temperature was 12.0 °C (range: 6.7—17.6 °C), and it remained the same in 2024
(range: 7.2—17.3 °C). Annual precipitation totaled 1,034.0 mm in 2023 and 1,308.5 mm in 2024 (Japan Meteorological Agency) .

Initial soil samples were collected on July 10, 2023 after removing weeds and plowing 15cm depth soil. Based on the pipette
gravimetric method, the soil was classified as loamy sand, with sand, silt, and clay contents of 85.1%, 10.4%, and 4.5%,
respectively. Additional physicochemical properties of the soil are presented in Table 1. Soil and manure pH were measured in
1:2.5 (w/w) soil-to-water suspensions using a glass electrode pH meter (LAQUAact D-72, Horiba Ltd., Japan). Electrical
conductivity (EC) was determined in 1:5 (w/w) suspensions using an EC meter (MM-41DP, TOA Electronics Ltd., Japan).
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Experimental Design and Field Management
To achieve the study objectives, a field experiment was conducted using a 3 x 3 randomized complete block design (RCBD).

The main factor was the biochar application rate at three levels: 0%, 2%, and 20% (v/v). Hereafter, these treatments are called
0BC, 2BC, and 20BC, respectively. The sub-factor was fertilizer treatment, which included three types: no fertilizer (control),
chemical fertilizer (CF), and manure (MN). These treatments resulted in nine combinations, each replicated three times, totaling
27 plots. Each plot measured 4 m? (2 m x 2 m).

Biochar derived from rice husks was purchased from a local supplier in Miyagi Prefecture. Its pH was analyzed in 1:20
(w/v) suspensions. Carbon and N concentrations were measured using a combustion analyzer (MT-700, Yanaco Analytical
Instruments Co., Kyoto, Japan), while the concentrations of other elements were determined by X-ray fluorescence spectroscopy
(XRF-1800, Shimadzu Corp., Japan) (Table 2).

The chemical fertilizer used in the study contained 8% N, 8% phosphorus pentoxide (P-0s), and 8% potassium oxide (Kz0),
and was applied at a rate of 15 kg N per 10 ares on each planting day in both 2023 and 2024.

Cow-dung manure was locally sourced each year. Its physicochemical properties are presented in Table 1. Manure was
applied at a rate of 2 t per 10 ares and incorporated into the soil 2—4 weeks before each planting date in 2023 and 2024.

Komatsuna, a leafy vegetable popular in the region and known for its rapid growth, was selected as the test crop to evaluate
the effects of soil amendments. Seven juvenile seedlings were transplanted into each plot on August 23, 2023, and on July 17,
2024. Plants were harvested on September 20, 2023, and on August 26, 2024. On each harvest date, soil samples were collected
from the 0-10 cm soil layer for subsequent analyses. In addition, oats (Avena sativa) were cultivated in all experimental plots to
support the restoration of soil fertility and structure in the decontaminated sandy field. Seeds were sown on March 25, 2024, and
biomass was harvested on June 4 using 20 cm x 20 cm quadrats. The remaining plant material was mechanically incorporated
into the soil later in June. Oats were selected as a cover crop due to their potential to suppress weeds, improve soil structure,
enhance microbial activity and water infiltration, and contribute to nutrient availability for the subsequent cropping season.

Plant and Soil Analyses After Harvest
After harvesting, the aboveground and belowground biomass of Komatsuna plants was oven-dried (70 °C, 72 h). The dry

biomass was then weighed, and total N concentrations were analyzed to calculate plant N uptake. Soil samples were sieved
through a 2 mm mesh and air-dried for subsequent analyses. Total C (TC) and total N (TN) contents were determined using a
CN analyzer (MT-700, Yanaco, Japan). N mineralization was assessed through a 28-day incubation. Ten grams of fresh soil was
placed in 120 mL incubation bottles and incubated at 25 °C and 60% water-holding capacity (WHC) for 28 days. Soil samples
were extracted on day 0 and day 28 using 50 mL of 1 mol L™! KCl solution, shaken for 30 minutes (SS-20D, IKEDA Scientific
Instruments Co., Japan), and filtered. Ammonium (NHa4"-N) and nitrate (NOs™-N) concentrations in extracts were colorimetrically
determined. The concentrations were measured at 655 nm for NH+-N and 540 nm for NOs-N using a UV mini-1240
spectrophotometer (Shimadzu Corp., Kyoto, Japan). The net mineral N production over the 28-day incubation was calculated by
subtracting the day 0 values from the day 28 values.

Statistical Analysis
All statistical analyses were performed using RStudio (version 2024.12.0+394). A two-way analysis of variance

(ANOVA) was conducted to assess the effects of biochar application rates and fertilizer type on plant growth and soil
parameters. When significant differences were detected, treatment means were compared using Tukey’s honest significant
difference (HSD) test at a significance level of p <0.05.

Results and Discussion

The field soil in this study had been decontaminated and amended with clean sand prior to the experiment, resulting in a
sandy texture with 85.1% sand content (Table 1). Agricultural activity in litate Village has not yet widely resumed; however, the
development of effective soil amendment strategies may encourage local farmers to restart cultivation.

Throughout all measurements of plant growth (Figures 1 and 2) and soil properties (Figure 4), no significant interactions
were observed between biochar application rate and fertilizer type, indicating that these two factors acted independently during
the experimental period (2023-2024). Accordingly, the effects of biochar and fertilizer treatments are discussed separately below.
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Effects of Biochar Application in Decontaminated Soils
Biochar application at 2% and 20% (v/v) did not significantly affect the growth parameters of the biomass growth of

Komatsuna (Figure 1) or oats (Figure 2), N uptake (Figure 2), plant height, or SPAD values (data not shown). It is possible that
the short experimental duration and low microbial activity at this site limited nutrient transformation associated with biochar
application. Longer-term field evaluations may reveal more pronounced effects of biochar on plant growth and soil properties.
The Ministry of Agriculture, Forestry and Fisheries (Ministry of Agriculture, Forestry and Fisheries, 2025) recommends a
maximum application rate of 20% biochar for Andosols and approximately 2% for other soils. These rates corresponded to
approximately 40 t ha™ and 16 t ha'!, respectively, based on a plow depth of 15 cm.

The absence of plant growth responses in this study may be attributed to both the biochar properties and the sandy, low-
organic-matter characteristics of the field soil. The soil pH ranged from 5.9 to 6.3 across all treatments, and no significant changes
inpH (Figure 4a) or EC (Figure 4b)were observed after biochar application. These minimal changes in soil chemical properties
may explain the lack of biochar effects on plant growth.

Previous studies have demonstrated that high rates of biochar application can negatively affect plant growth by raising soil
pH or disrupting nutrient balance. For example, Yang et al. (2024) reported that 1.2-1.8 t ha of biochar reduced growth of flue-
cured tobacco, whereas 0.6-0.9 t ha! was beneficial. Regmi et al. (2022) found that Viola cornuta responded positively to 10—
25% biochar (w/w), but growth declined at 50% due to elevated pH. Yue et al. (2023) also emphasized that lower application
rates were generally more effective. In contrast, our findings indicate that rice husk biochar at both 2% and 20% had no
measurable impact (Figures 1 and 2), reinforcing the importance of site- and material-specific assessments.

Despite the lack of growth response, biochar significantly increased soil C concentration over two years (p < 0.05). At the
end of the 2024 growing season, total C increased from 20 g C kg™ in the control to 22 g C kg™ and 32 g C kg™ in the 2% and
20% biochar treatments, respectively.

In contrast, soil N mineralization was negatively affected by biochar during a 28-day incubation period, particularly in the
20% treatment in 2023 (Figure 4c). This suggests temporary N immobilization, potentially caused by the adsorption of mineral
N onto biochar surfaces and microbial immobilization within its pores. Shah et al. (2021) similarly observed reduced net N
mineralization at higher biochar rates, indicating increased N retention. Mia et al. (2017) found that wood biochar increased gross
N mineralization but also increased N retention in sandy soils. Furthermore, biochar applied to organic matter-rich soils may
inhibit N mineralization by stabilizing organic matter through sorption and formation of organo-mineral complexes (e.g., in soils
with 29% clay).

Given that our experimental soil was predominantly sandy with low microbial biomass, we infer that gross mineralization
likely occurred, but N was retained via sorption and immobilization, resulting in low net mineralization. Although rice husk
biochar typically has low CEC and limited nutrient retention compared to woody biochars (Gul et al. 2015), its porous structure
and surface area may still contribute to temporary N retention through microbial immobilization or physical adsorption. These
mechanisms could explain the observed decrease in net N mineralization despite the lack of positive effects on plant growth or
soil nutrient availability. Further research is needed to clarify the long-term behavior of biochar in decontaminated soils.

Effects of Chemical Fertilizer and Manure on Decontaminated Soils

Several studies have shown that combining biochar with manure, compost, or inorganic fertilizers enhances nutrient-use
efficiency by improving soil quality and crop performance (Adekiya et al., 2020; Omara et al., 2020). However, no significant
interaction between biochar and fertilizer type was found in this study (p >0.05, Table 3). The lack of interaction may be attributed
to the differing mechanisms and timescales by which biochar and CF affect plant growth. While CF provides immediate nutrient
availability, biochar may require longer periods or higher microbial activity to influence nutrient cycling, thereby limiting
synergistic effects during the study period.

The field soil was highly sandy (85.1%) and recently decontaminated, likely resulting in low microbial biomass and organic
matter. Under such conditions, the immediate effects of readily available nutrients from CF and MN likely had a stronger

influence on plant growth than the slower-acting C inputs from biochar.

Komatsuna biomass significantly increased with CF application in both 2023 and 2024 (p < 0.05), but no significant effect
was observed with MN (p > 0.05, Figure 1, Table 3). CF supplied 150 kg N ha'!, while MN supplied approximately 360 kg N
ha'!, based on an application rate of 20 t ha' and a N concentration of 18 g N kg™ (Table 1). Despite the higher N input from MN,
Komatsuna growth (Figure 1) and N uptake (Figure 2) were greater in CF plots, likely due to limited microbial activity hindering
the mineralization of organic N. The lower mineralization efficiency of organic N in manure under low microbial biomass
conditions are observed in our previous study in recently decontaminated sandy soils (Saito and Yashima 2022). Furthermore,
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the short duration between manure application and planting might not have allowed sufficient time for nutrient release.

Our results indicate that at least two years of CF application was effective in providing nutrients without evident negative
effects. However, previous findings suggest that prolonged use of chemical fertilizers in decontaminated sandy soils may lead to
acidification, potentially impairing root development (Yashima et al., 2025). In contrast, manure is known to contain active
microbial communities that facilitate organic matter mineralization and nutrient release (Jordan et al., 2023). Further tests are
needed to compare or how to use them together to have the optimum effects of CF and MN in this sandy decontaminated soils.
Interestingly, oats showed a positive response to manure application. Manure was applied before each planting, and only MN
(not CF) was used prior to oat seeding. This treatment led to increased fresh biomass in oats (Figure 3).

Conclusions

This two-year field study in decontaminated sandy soil in litate revealed that rice husk biochar applied at 2% and 20% (v/v)
did not result in statistically significant adverse effects on Komatsuna growth. Soil pH and EC remained stable, but total C
increased with biochar application. Net N mineralization was negative or very low, particularly in the 20% treatment, likely due
to physical sorption and microbial immobilization of mineral N.

No significant interaction was observed between biochar and fertilizer type, suggesting their effects were independent.
Among the treatments, chemical fertilizer application consistently produced the highest Komatsuna biomass. These findings
highlight the importance of nutrient availability in sandy, low-organic-matter soils and suggest that further long-term evaluation
is necessary to determine the sustained impacts of biochar and manure application in decontaminated environments.

These findings underscore the importance of nutrient availability in decontaminated sandy soils with low microbial biomass.
While biochar shows promise for carbon enrichment, its short-term agronomic benefits may be limited without appropriate
fertilization strategies. Future studies should explore longer-term effects of biochar, including its influence on microbial
community development, nutrient cycling, and interactions with different fertilizer types. Optimizing the timing, rate, and
combination of amendments will be essential for restoring productivity in decontaminated farmlands.

This work was partly supported by ALDIC-PhD project by JST SPRING, given to Kehinde Fawibe O.
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Table 1. Physicochemical properties of the initial soil and applied manure in the field experiment conducted in litate, 2023-2024.

Material pH (H.0) EC NH.*-N NO;~-N TC TN C/N ratio
(mScm™)  (mgNkg™) (mgNkg?) (gCkg™) (gNkg™)

Soil 6.3 0.06 31 5 15 1 15.0

Manure (2023-2024 average) 8.4 11 55 303 283 18 15.5

Abbreviations: EC: Electrical Conductivity; TC: Total Carbon; TN: Total Nitrogen

Table 2. Physicochemical properties of rice husk-derived biochar used in the field experiment in litate.

Parameter Value (g kg™ %)

pH (Hz0) 9.5
C (combustion) 369
N (combustion) 4.4
K (XRF) 17.2
Ca (XRF) 2.4
Mg (XRF) 0.8
P (XRF) 1.5
Mn (XRF) 0.6
Na (XRF) 0.5
Zn (XRF) 0.01
Cu (XRF) 0.013
Fe (XRF) 0.3
Si (XRF) 248
Al (XRF) 0.5
Note:

C and N were measured using the combustion method.
All other elements were determined using X-ray fluorescence (XRF).
ND: Not detected.

Table 3. P-values from two-way analysis of variance (ANOVA) assessing the effects of biochar application rates

(0%, 2%, and 20%) and fertilizer types (control, chemical fertilizer, and manure) on plant growth and soil properties.

Komatsuna Komatsuna Oats ) ) Soil N
Soil pH Soil EC
biomass N uptake biomass Mineralization
Effects 2023 2024 2023 2024 2024 2023 2024 2023 2024 2023 2024
Biochar (B) 0.438 0.729 0.902 0.812 0.499 0.454 0.830 0.117 0.707 0.024 0.893
Fertilizer (F) 0.027 0.037 0.035 0.015 0.001 0.455 0.015 0.089 0.071 0.794 0.136
B xF 0.760 0.900 0.482 0.916 0.995 0.105 0.948 0.371 0.666 0.955 0.481

Note:

P-values less than 0.05 are highlighted in bold.

B X F = interaction between biochar and fertilizer.

Figure correspondence:

Figure 1 (Komatsuna biomass), Figure 2 (Komatsuna N uptake), Figure 3 (Oats, pH, EC), Figure 4 (Nitrogen
mineralization)



21
Effect of biochar in combination with chemical fertilizer and manure on Komatsuna growth and decontaminated
soils in Titate, Fukushima

100 100
a) 2023 OBl d b) 2024
80 - elow groun 80 OBelow ground
mAboveground
60 60 - mAboveground
% E
240 - 240 -
(o]
N i i i i N i i
0 T T T T T T 0 T T T T T T
Cont CF MN 0BC 2BC 20BC Cont CF MN 0BC 2BC 20BC

Figure 1. Effects of fertilizer type and biochar application rates on Komatsuna biomass growth in 2023 (a) and
2024 (b).
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Figure 2. Effects of fertilizer type and biochar application rates on Komatsuna N uptake in 2023 (a) and 2024 (b).
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Experiments on Internet environment improvement in mountainous farmland
using Starlink and mesh net Wi-Fi technology
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Abstract: Fourteen and half years have passed since the 2011 Fukushima Daiichi nuclear disaster. In Iitate Village, Fukushima
Prefecture, the evacuation order was lifted in 2017. Due to the limited number of farmers returning, farmland consolidation and
centralization are progressing faster than in any other municipality in Japan. The Iitate Village Promotion Public Corporation
(Agriculture Department) has led the management and cultivation of this land. However, many of the consolidated farmlands are
located in mountainous and forested areas, where cellular reception is poor and the latest smart agricultural machinery cannot be
fully utilized. In this study, we conducted an experiment to establish an internet environment in rice paddies lacking
communication infrastructure, using Starlink satellite internet and mesh Wi-Fi technology. Our goal was to develop an
independent communication infrastructure to support the implementation of smart agriculture. As a result, in the consolidated
farmlands of District S, the status of water gates along an approximately 2-kilometer agricultural irrigation canal can now be
monitored in real time via smartphone. The area has thus been transformed into an advanced model of farmland where smart
agriculture is feasible. We believe that this technology has the potential to accelerate the adoption of smart agriculture in Japan.
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Participating in the tour to visit the Tokyo Electric Power Company Fukushima Daiichi Nuclear Power Station

Yl Tt
Yoko HORIKAWA!
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Abstract: On March 3, 2025, 1 participated in the tour to visit the Tokyo Electric Power Company Fukushima Daiichi
Nuclear Power Station as litate Village round-table discussion on risk communication related radiation. The landscape [
saw from the green deck on the 5th and 6th nuclear reactor building side left an impression very deeply. This paper
reports on the outline of this tour and an impression getting through my experience and the landscape I saw.

Key words: Fukushima Daiichi Nuclear Power Station, decommissioning, risk communication, engineer
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Development of a New Menu Using Local Produce by Relaxed Participation of villagers :

A Case Study of Yosouchi Areas of litate Village, Fukushima Prefecture

FHT, MBI LA E LTOEEIO—BRT, # R RAREHA RALR - AP I B
T, WMXDOBIEDH 2 AL L —HEIC, BREENEDO LI L H 5L T B 2o 7RG
Z{ToTWw5, FEDLPHRICE R 2TARIBEATR AL, FEPLES D2
FIL7:0, BHOAEITA VREFETPLY LV Z2TH 4L, HHOR L, WELIBNRES
MBDTTETHED S ZLILLoT, Wol VTRDHIPEERBREPFHFONTVS,

As part of my activities as a member of community-reactivating cooperator squad, I work
with local grandmothers in Okubo and Yosouchi areas of Iitate Village, Fukushima
Prefecture, to develop a new menu using Perilla and Abukumamochi glutinous rice
produced in litate Village. Rather than by holding meetings at specific times and places,
by visiting houses and communicating via LINE or phone, or by relaxed participation of

villagers, we are getting steady results step by step.

F—U—F @GR, MRS, BEERHSE

Keyword : litate Village, participation of villagers, developing a new menu

10 K5 15 5y JHseh (RS fERPHD

[##H ORGSR OIEEY 2R MLt Zh 2 w7 v — b KX 5 HWERFPEDR
T R AT
The index listing showing the conditions necessary for youth to realize farm village
residence based on the questionnaires for Fukushima university students and subsequent

analyses aiming to clarify their preferences
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The lack of farming successor is one of the biggest problems in the farm village areaarea.
As a part of Fukushima University KYODO project, we performed brainstorming and
fieldwork (at litate-mura) and made 19 index lists showing conditions and preferences of
youth for selecting farm village as residential area. Via questionnaire done for Fukushima
University students, evaluation of subjective importance of each index and resulting factor
structure analyses were done. Together with the population of whole questionnaire
respondent (n=442), four sub-populations considering the differences in gender and
familiarity with litate-mura were set. Seeing the significance of the 19 indices simply,
agriculture and the farm village residence do not seem to have linkage in the consciousness
structure of the youth. However, the factor analyses revealed that the youth does not regard
a farm village only as a place for cultivation a farm village and catches a purpose of living
versatilely. These results together with the questionnaire for the other populations are

expected to contribute to the planning of farm village area activation.

F—U—F HHORNEGEFY R N, W, Ty -t
Keyword : index list for the youth to realize farm village residence, factor analyses,

questionnaire

10 B30 70 #2BP5hW] (LIRS EESEEREAR) K ETT CEROREREBRYE
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F= 2 — 22 5B SR ER I 5 3 B o L
Tracing Emotional Recovery of Agricultural and Fishery Products Through News Analysis
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2011 ‘DR D 14 EPFHET 5P, fREBRERWKEYOEEIIHRERHEE L
TINYHENTEZ, AFETIE. ATATHPRELCEL=2—RA T —Hh 4 72 RNRIC
TH¥A ML v 7GR T O, BEIC BT RGO o 2L % RS CTrldift
T352ET, HEOEBLIEHZMBESSZE2HNE TS, Z LT, TBEES D
Brepatd b2 T SHROMBENE~—T7 T 4 v 7R ~DORE 2 E T 5,

Over the 14 years since the 2011 nuclear accident, the recovery of agricultural, forestry,
and fishery products from Fukushima Prefecture remains a critical challenge. This study
aims to analyze the evolution of public sentiment and perceptions by applying text mining
and sentiment analysis to news archives. By visualizing these changes over time, it seeks
to provide a deeper understanding of the recovery process and its current state.
Additionally, by examining the impact of government policies and initiatives, this research

offers valuable insights for the development of more effective marketing strategies.

XU —F SHON, FEAPYAZVY, AFAT - aiazs—vay

Keyword : Sentiment Analysis, Text-mining, Media Communication

1054597 AR GRAEORPERER)

[y BB 2 P o 72 BREFATARIR TSRV DRI ZEAL 2 71 = R 2 D]
Elucidation of the mechanism of water level change at the Matsuzuka Soil Museum in

litate village using the storage function method

AR IC B B IR LA, BRL 0o HEEBIR T 3 BRNE MR LTV B A,
GIRAH 5 ICHBD O TR PR ERFLKRLTLE S, 22T, KNKIC
FERED SKBTHR L TWBEDTIZ ARV EWIRHEZ T, WREEHITKM DT —%%
EREL TG L. Zh 2V TRMO FHE T A 2R L7, ZORHR. #ii7ZT Tl
MATERVWHRKBE I o TWBR I B LIC o7,

The Matsuzuka Soil Museum in litate village preserves an observation pit where visitors
can observe the soil layers of the guest soil and heart soil, but despite the presence of a
culvert, the groundwater level rises and submerges the museum during heavy rainfall.
Therefore, we hypothesized that water might backflow through the culvert during heavy
rainfall, obtained data on rainfall and groundwater levels throughout the year, and used

them to create a predictive model of the water level. As a result, it became clear that a
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phenomenon was occurring that could not be explained by backflow.

F—7—F  EHERE, K, BERPEK

Keyword : resilience agriculture, hydrology, underdrainage
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Hop cultivation and craft beer brewing conducted in litate Village, Fukushima Prefecture

HRREEREROFEREIC KD [N Ay 77uv 22 b 13, HHAKESK - H5
H— SRR O OEEEE 2 HIC, RSO fA LR 7T v F oz U7
B AR Z HIF L Tw5, 2024 4EEICIZEZ i L. & v 7O O IUE, 2
77 bE -GG, ReE CTREML., HMERZ G L7 mnlRetk 2 o 72, A%
RCTRSFEOHHE L R DEEZ RS,

The "litate Village Hop Project," organized by volunteer students from the University of
Tokyo's Faculty of Agriculture, aims to support recovery from the Great East Japan
Earthquake and the Fukushima Daiichi Nuclear Power Plant accident by revitalizing
abandoned farmland and establishing a regional brand to attract new community
engagement. In 2024, the project involved land preparation, hop cultivation, harvesting,
craft beer brewing, and sales, exploring new possibilities utilizing local resources. This
presentation outlines the activities conducted this year and discusses prospects for the

coming year.

¥—U—F:idkv7, 777 FE—n, PHEBEEH
Keyword : Hop, Craft Beer, Abandoned Crop Fields

11 W 15 55 MEKRE  GRECRZERYBURPEMEAIZERD A HEE — GERY¥R
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Development of pellet molding technology using biochar and livestock manure compost as
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base materials

ARWFTER . FREEMREAT I 2 9 2 WBIRE 2 R o, BMSAHEIE L A4 AR EZRA L 72
ARRIERIR Y v b OLERN AN O Z HE L, EREKEL 20%E L, HEE
ENAARBPEEHD 31 1025 XBEALEEROXL y P25, &b RWARE - YR
PR L7z, X4 AOMERIENC K Y, FA4 ZALNTOREIEEE Y 2T 5L
R E Nz, AWFFED M R AR D BRI R O i I IC HIk S 5 2 LB lifs S n 5.

We investigated a stable and reliable production method for an organic fertilizer pellet
made from a blend of poultry manure compost and biochar, that possesses physical
properties suitable for enduring the spreading process by agricultural machinery. Poultry
manure compost and biochar were blended at varying weight ratios and moisture contents.
The feedstocks were pelleted, and the production and physical properties of the pellets
were measured. The best production and physical properties were achieved when biochar
comprised 25% of the blend by weight and the moisture content was maintained at 20%.
Moreover, our results indicate that precise control of the die temperature prevents clogging
during the pelleting process. We revealed an optimal material condition to produce pellets
from poultry manure compost and biochar and a method to prevent clogging of the die.
This research is expected to contribute to the restoration of soil fertility of decontaminated

farmlands in litate village, Fukushima.

F—7—F HEER Ly b, S AR, FREEER Y

Keyword : compost pellets, biochar, raw material clogging
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Development of telecommunications infrastructure in mountainous areas-Field Wi-Fi

Extension Experiment in litate Village-

WEERKRFEN O —F F v v 75 RMFIHED S AR ARY b TH B, LrL, JH
BRI E N TV B 7D ICETBEEPA LT, FIHED? S Wi-Fi Zfinizn e B
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Mz ot-, AWFETIE, TR ENH Wi-Fi hikiez h 27 — FHR BRI YD
Wi-Fi 2% v v 788 A RV VEBICIERT 3 RBZEBL 72, ZORE,. 7v 7 FHo
ARDOEREEIC X AEEYNCHERETIEWI-Fi 22 5 2 & Bbh o7z,

The auto campsite in litate Village, Fukushima Prefecture, is a popular spot with many
visitors from outside the village. However, because the campground is surrounded by
forests, there is no cellular signal, and there have been constant requests from campers to
use Wi-Fi. In this study, we conducted an experiment to extend the existing Wi-Fi to the
campground and event plaza by connecting commercially available outdoor Wi-Fi
transponders in a cascade method. As a result, it was found that Wi-Fi could be used if

care was taken to avoid obstructions such as tree branches and leaves between the antennas.

¥F—U—VF: 74— FWi-Fi, il ik

Keyword : Field Wi-Fi, mountainous area, repeater

0B 1557 BEIeM GG TRYLERD / RINZE—EE GREUS TR RN
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DE]
The Effect of Organic Fertilizer on the Biomass Production of Monster Rice lines in Low

Fertility Soil

o I UL e I B M A 355 (% L B 2 4R ED I B TR IRRHX (855 0, 4, 8kg/10a)
AR (5 R 4 kg/10a) 2%, TV A X —F 4 A(MR)Z# & (2 e
U, Z2hFV)DONA A~ 2 AR IRBGET L7z, MR R#E CIRIAAREIEIX D~ 4 4
~ ZRMEE DK E <, AL PIEEHXIC NGRS WAL A~ 2 EFEREZR L2, MR1IZ
FARE R EMRDOFGEDENE LTEZLON S,

We compared the biomass production of the Monster Rice (MR) lines and standard
varieties (Koshihikari, Takanari) under chemical fertilizer applications (0, 4, 8 kgN/10a
conditions) and organic fertilizer application (4 kgN/10a condition), in the Tomioka town,
Fukushima (the 2nd year of farming restart). In the MR lines, the increase of biomass
production in the organic fertilizer application was greater, and in MR1 it was significantly
higher than in the chemical fertilizer application. This difference of response to organic

fertilizer may be due to the large root biomass and the deep root system.
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F—7—F  AREICE, LA, %I04 %
Keyword : Organic fertilizer, Reducing chemical fertilizer, High yield rice
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Evaluation of buckwheat growth rate using image analysis and exploration of related genes

R RAREEA T BN LZNRIC K 2 Y B A ThbhvTwe 525, IR, Rl
FRAEF I X 0 IE DO HERHEL W, 2 2T, ARMEICBE ST 2 85T 2RET 5
7= DIEDRFHEIE DFHI & QTL #2475 72, 436 Bk Y ik 2 ¥ H 3 % 1 8 M,
R CEEDRIMIR 2R L, SNP 7—2 & QTL iz i L 7=, Z D#iH. FED
FORICHIN &3 286 FDAES 2 REMED R S Iz,

In Iitate Village, Fukushima, returning residents have been cultivating buckwheat, but its
yield remains low, particularly due to its indeterminate inflorescence, making harvest
timing difficult. To identify genes related to determinate growth, we evaluated leaf growth
rates and conducted QTL analysis. A total of 436 buckwheat plants were photographed
eight times at intervals. Image analysis calculated leaf area growth rates, and SNP data
were used for QTL analysis. The results suggested the presence of target genes on specific

chromosomes.

F—7—F Wi, QTL @by, v
Keyword : Image analysis, QTL analysis ., Buckwheat
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Simple method for measuring field saturated hydraulic

BERN ISPl 9 KF IR E KBS LT 2 E0E IC BT 2 3@ AR IR, BISEALE K RE(KEs)
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The in-situ soil permeability, called the field saturated hydraulic conductivity (Kfs), is a
measure of the extent to how much precipitation enters the soil. We developed an
inexpensive and simple method to measure Kfs, determined from the temporal change of
the water depth in a cylinder inserted vertically from the soil surface. The temporal water
depth changes were measured by an inexpensive laser rangefinder controlled by a

microcomputer and recorded on an SD card.

F—U—F o KE, LIERE < Afav

Keyword : disaster, soil properties, microcomputer
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Nitrogen mineralization properties and fertilizer effect of Kudzu in the cover soil used in

the farmland recovery project in Nagadoro, litate Village

< ARD% A7 X (Pueraria lobata) 1XBRZ&EERESC B % 404K & AN < IRHR
O TRENES B 5 . AR IEHRIX o T A RS2 3 ORI B S~
G (1) 7 ZHko LT O MBILRR, (2) IR 0-» 2y F 0%
o MREERBR AT o 7. 7 ZHIAT O 2T 56 T 19%~29%5 L 3 hi, 2
I & Y 27 F b RO RPN LB KD L 7,

Kudzu (Pueraria lobata), a perennial legume, is a weed that is difficult to remove, but its
high nitrogen content has the potential for fertilizer use. Using the cover soil used for
farmland recovery test site Nagadoro area of litate-villate, we conducted (1) mineralization

tests of Kudzu (plant matter) in the soil and (2) pot cultivation tests of Komatsuna to



45
BHLRS25E  (Journal of Resilience Agriculture and Sciences) Vol.5 No.2, p32-48 (2025)

investigate the effect as fertilizers. Total nitrogen in the Kudzu (leaf blade only / whole
leaf) was mineralized 19% (leaf blade) ~29%(whole leaf) in 56 days. Nitrogen uptake to

above-ground Komatuna and soil permeability were improved by the application of Kudzu.

X—7—F o X, SRR ERBKE~ T

Keyword : Kudzu, Nitorgen mineralization, Nagadoro Cover soil

11 K¢ 15 43 Fawibe Kehinde Oluwaseyi (Graduate School of Horticulture, Chiba
University )  Hiroyuki Chino (Obayashi Corporation)  Yuko Akiike ( Obayashi
Corporation) , Shoko Yashio (Obayashi Corporation)  Miwa Yashima (Graduate
School of Horticulture Chiba University)

[ Tmpact of rice husk biochar on greenhouse gas emissions and soil fertility of

decontaminated soil of Iitate, Fukushima,

Soil fertility restoration of decontaminated low-fertile soil of Fukushima after Fukushima
Daiichi nuclear disaster has been increasingly considered as an important approach to
ensuring food security in the region. The high use of inorganic fertilizer for soil nutrient
improvement has been considered as a non-sustainable practice; hence soil amendment
that can promote fertility without adverse effect on the environment is needed. This study
aimed to determine the effect of different application rates of rice husk biochar on
greenhouse gas production from soil and soil fertility of the litate. Results showed that net
nitrogen (N) mineralization and cumulative N availability were significantly influenced by
both biochar type and application rate. However, cumulative N2O production were affected
by biochar type but not biochar rate. In contrast, total CO2 production were significantly
impacted by both biochar type and rate, which could be attributed to plant root and
microbial respiration. In conclusion, biochar application has the potential to reduce N20
emissions while increasing CO2 emissions in the short term, thereby contributing to both

climate mitigation and soil health improvements

U= F oS4, WAL R PR, BRYe L

Keyword : Biochar, Greenhouse gas emission, Decontaminated soil
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