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Using the Bayesian approach to quantify the impact of soil silicon

availability on rice yield and quality in a Japanese mountainous region
OUmmi Marfuah (Grad. Sch. Nat. Sci. Technol., Gifu Univ.), Jingyun He (UGSAS, Gifu
Univ.), Kazuki Kojima (Grad. Sch. Nat. Sci. Technol., Gifu Univ.), Tsutomu Matsui and
Takashi S. T. Tanaka (Fac. Appl. Biol. Sci., Gifu Univ.)

1. Introduction

Silicon (Si) is an essential nutrient for rice. However, the effect of Si on yield and quality of rice remains
largely uncertain in actual farmers’ fields. To increase rice productivity and nutrient use efficiency, it might be
necessary to develop a field-specific nutrient management strategy for rice fields with a focus on Si availability.
However, on-farm data usually has a large uncertainty in parameters which is difficult to be quantified. Thus,
this study aimed to explore the factors affecting rice yield and quality including underlying unquantified
components such as farmer management block and season using the Bayesian approach. On-farm trials were
conducted using a farmers’ yield monitor. This study further aimed to provide empirical evidence supporting
the practical value of field-specific trials in Japanese paddy fields.

2. Material and Method

The research site was located in Gero City, Gifu Prefecture, Japan (137°12'E, 35°64'N). The variety
“Koshihikari” was cultivated for the trials. Fertilization rates varied across 169 fields during a three-year
period (2018, 2019, and 2020), with different types and rates used based on the farmer's strategy for each block
and season. Consequently, the N input rate ranged from 48 to 75 kg N ha™!. Field-specific data on yield and
protein content were collected from commercial yield monitors over the years. Field sizes ranged from 0.035
ha to 0.27 ha, with an average of 0.11 ha. The phosphate buffer method was used to measure soil available Si.
The farmer almost uniformly managed fields based on each block. For instance, the transplanting dates were
nearly identical within a specific block. Because “Koshihikari” was not grown in block 1 and in 2022, the two
blocks in 2022 were not included in the trials and further data analysis. A Bayesian linear regression model
was fit in R software using Rstan. Four Markov Chain Monte Carlo (MCMC) chains with 5,000 iterations and
a 500-iteration burn-in were run for each model, totaling 18,000 iterations for posterior inference. Chain
convergence was monitored using trace plots and R-hat values to ensure the validity of the analysis. The
primary explanatory variables were as-block, applied N, available Si, and year.

3. Results and discussions

In this study, we implemented the posterior means and 95% high-density intervals (HDIs) for yield and
protein coefficients. The effective sample size for MCMC samplings was sufficient for all coefficients, and
the R-hat values, used as convergence indicators, were all within the acceptable range of less than 1.10. Block
4 had the highest yield posterior mean within the 95% HDI threshold, while block 1 had the lowest posterior
mean within the 50% HDI range. Furthermore, there were no significant effects of applied N, available Si, or
year on rice grain yield at the 95% HDI threshold. For available Si, the high concentration had the highest
posterior mean at the 50-80% HDI. Regarding protein concentration, no significant effect was observed at
95% HDI. However, block 4 showed the highest posterior mean of protein concentration at 80% HDI, and
blocks 1 and 6 showed the lowest protein concentration within 50% HDI. High applied N and available Si
expected high protein levels within the 50% HDI. This study suggests that a high N fertilizer input rate may
adversely affect rice grain quality without significantly contributing to production. High available Si might
enhance nutrient uptake, potentially increasing yield. Farmers may consider selecting rice grains from blocks
1 and 6 with the lower protein content to obtain a premium price.



The effects of a cross—validation approaches on the model transferability

of a soybean yield prediction model using UAV—-based remote sensing
OLuthfan Nur Habibi (UGSAS, Gifu Univ.), Tsutomu Matsui and Takashi S. T. Tanaka
(Fac. Appl. Biol. Sci., Gifu Univ.)

1. Introduction

Yield prediction model is an integral part of precision agriculture, especially in supporting decision making
for site-specific crop management practices. Machine learning combined with UAV-based remote sensing data
have been widely used in the research community in developing yield prediction model. Robust yield
prediction models should have good transferability potential, meaning the model are capable to predict yield
in a domain beyond the training regions (extrapolation) rather than only making predictions in the gaps
between sampled observations (interpolation). Yield data often have underlying spatial and temporal structure
between observations that could undermine model validation. The commonly used cross-validation (CV)
technique was reported to lead to underestimation of model prediction error in yield prediction models as the
procedure tends to dismiss any spatial structure within the data. Therefore, this study investigated an
appropriate CV strategy for establishing transferable UAV-based yield prediction models in different spatial
and temporal domains.

2. Materials and Method

Soybean yield data were taken from seven farmers’ fields in Gifu Prefecture, Japan from 2018 to 2021.
Spectral data from UAV-based imagery were also captured during the full blooming (R2) and initial seed-
filling (R5) stages. Vegetation indices selected based on the Index Database (https://www.indexdatabase.de/)

were calculated from the spectral data. Yield prediction models were established based on a set of predictor
variables from the vegetation indices data. Two subset models were initiated, namely, a model using all
vegetation indices data (all features model) and model processed with recursive feature elimination (RFE
model). Three base learner algorithms, including LASSO regression, random forest, and XGBoost, were
utilized for developing the model, and a stacked ensemble model formed with these base learners was also
implemented. Three data splitting procedures for the CV were compared, including random CV (RCV),
cluster-based spatial CV (SCV), and field-specific hold-out CV (LOFOCYV). The established models were later
tested on an independent field as a test dataset to evaluate the model transferability performance.

3. Results and Discussion

Yield prediction models established using RCV approach performed in a poor accuracy in predicting yield
of the independent field. Meanwhile, spatially aware CV, including SCV and LOFOCYV, could predicted the
yield of the independent field within the ranges of validation accuracy. Spatial CV models were suitable for
interpolation and extrapolation implementation, while LOFOCV was specifically appropriate for predicting
yield outside the model’s spatial domain. These results highlighted the general inability of RCV approach in
developing transferrable yield prediction model. These findings was in accordance with Ferraciolli et al.
(2019) that emphasized the importance of addressing the spatial dependence of data in developing yield
prediction model. Furthermore, the selection of the algorithm and predictor variables used for constructing the
models also affected the model transferability. Our results suggest that spatially aware CV should be used as
the standard method in constructing transferrable yield prediction model rather than conventional RCV
approach.

Reference

Ferraciolli, M.A., Bocca, F.F. and Rodrigues, L.H.A. (2019) Neglecting spatial autocorrelation causes
underestimation of the error of sugarcane yield models. Computers and Electronics in Agriculture, Vol.
161, pp. 233-240. https://doi.org/10.1016/j.compag.2018.09.003
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Evaluating potential of Fourier transform infrared spectroscopy and

machine learning approaches to predict soil pH and mineralizable nitrogen
CJdingyun He (UGSAS, Gifu Univ.),
Tsutomu Matsui and Takashi S. T. Tanaka (Fac. Appl. Biol. Sci., Gifu Univ.)

1. Introduction

In recent years, Japan has been actively pursuing land consolidation efforts aimed at improving agricultural
productivity. As part of these land consolidation initiatives, the acquisition of soil samples for assessing soil
properties has become essential, resulting in a noticeable increase in the soil test. Traditional chemical analyses
for soil analysis are known to be costly and time-consuming. Fourier Transform Infrared Spectroscopy (FTIR)
spectral analysis offers a cost-effective means of estimating soil properties. State-of-art machine learning
algorithms such as a convolutional neural network were applied for soil spectroscopy to enhance the model
performance (Padarian et al. 2019). However, to the best of our knowledge, a majority of research has not
deeply explored the model performance for extrapolation tasks while considering the geographic origins of
soil samples. Thus, we evaluated the predictive performance between two different algorithms, namely Partial
Least Squares Regression (PLSR) and Random Forest (RF), while focusing on the extrapolation task.

2. Materials and methods

A total of 3,354 soil samples were collected from various regions (e.g., Gifu, Nara, Akita, Hyogo) across
Japan from 2017-2023. Soil pH was measured by the 1:5 water extraction. Mineralizable nitrogen (Min N)
was measured according to the four-week anaerobic incubation method. Mid-infrared spectrum data
(wavenumber of 4000-500 cm™!) was obtained at intervals of 4cm™ using FTIR analytical instruments coupled
with the diffuse reflectance unit (FT/IR-4700, JASCO Company, Japan). Using Leave-one-prefecture-out
Cross-Validation (LOPO-CV), the model performance was evaluated. RMSE (Root Mean Squared Error),
RRMSE (Relative Root Mean Squared Error), R?, and LCCC (Lin's Concordance Correlation Coefficient)
were used to evaluate the model performance. All algorithms of PLSR and RF were implemented in R.

3. Results and discussions

Overall, results showed that PLSR outperformed RF. However, the model predictive performance for
either of soil properties might not be sufficient. This indicated that it might not be appropriate to predict
soil properties using FTIR if the soil samples were collected from a region that was not included in the
model training process. In this study, all hyperparameter tuning processes were conducted according to
the randomly selected validation dataset, potentially increasing the risk of model overfitting. Therefore,
it might be also essential to select validation dataset while considering the origins of soil samples as the
test dataset was selected in the LOPO-CV. Furthermore, our analysis was limited to two soil properties.
Thus, we will explore the viability of soil spectroscopic analysis on the other soil properties.

Reference

Padarian, J., Minasny, B. and McBratney, A.B. (2019) Using deep learning to predict soil properties from
regional spectral data. Geoderma Regional, Vol. 16, ¢00198.
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M B (RHHEERIRT

1. [ZLHIZ

fRBHAE BE D35 THDER I, fF R OB RIS 35720, AN LR EROEE2 > T
%o LA, /NEUEE AMTZERE (LT, Ra—2) 2 L7-#F9E 23 R A CHE AN F) (Bazzo © 2023) 1250,
SHLFEBELTCOLKIENTREND, LinL, LB ICRESNA L KR M (>5 ha) ~DIE X, X7V
—EDORBETRITR R T ORIRNH L0 R THD, BE, Fox 07V —7Tid, LiEE O F i
T=HV T R R AR — VT 7T HHBT, Ra— k56 B EG HOH T — 2 O x ik
DTNWD, KT, LR T HE (RS 2023) T, 1| BFEIUBERTICZSHRU7Z N o — 2 i A4 1
L7 B EHEE O RE2HE T2,
2. Bk

AL, A —F v —RZ TR (Dactylis glomerata L.) Jx NFE— (Phleum pratense) % $sit EfE L L7-1H
W 12 B (B RBFERFGEET — VB 2 —, dbiE B M e 7 —, B2 R K, HE
BT, KT C, 1 FBEULHERTD 2023 45 5 H 16~29 HIZHEfE L=, FBFHITBNT, Re— 228 (5
35 m) &t EEXIEY (50 cm x 50 cm) 24TV, FA3 % O E & AR L (n = 250) . Re—2 @ RGB
17 —EIX, HSV B ZEZIT o7 1%, 2EMAE R (7T x TE 780 ) &3 HEL, HSV LZ2EME &4 A
BELT=T 7 D74V AN (RF) BURICE B EOHEE 21T o7,
3. HERLEER

Foa—2 2k T — 2 b5 7 RGB, fliEfR%, HSV @ 10 B4z il H A L7 RF €7 VOHEE
F5FE 1% (R?2 = 0.64, RMSE = 41.4) ThoT-, 250D 10 Z5# EFH#AE 7255 (PH), ~AFHR (LC)
ZINZ T2 12 ZEEAZ U245 5 (R2 = 0.94, RMSE = 27.6), KilgZHE &R B D f) EsiRdbil-, B E
TR LIZEZA, PH Db A<, IRWT LC BEVMEE R LT, 5%, Re—2E{R0O DSM S A 5
FBFH6ND PH & LC MR 58T, HEOHEEREZON LA 2 T E Thd,

5| A 3@k

Bazzo et al. (2023) A review of estimation methods for aboveground biomass in grasslands using UAV. Remote
Sensing, Vol. 15, 763479. https://doi.org/10.3390/rs15030639

JIFFS (2023) Rua— T84T @ E L By fREEDBAFR. H ARE HIZ2EE, Vol. 69, pp. 138—144.
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KERICBH2EXRIERFEZALV- UAV ICKPEXDBEMMIE G
[Zxt3 ALY IVRIL—LT—4
CEEBA-RANEN (FHMIHITRIFHHIE)

1. [ZLHIZ

FH LM e B AR (JAXA) T, INFETERTEHE AL ORENLDE 5% UAV (Unmanned
Aerial Vehicle) THWAZ LIZIVE BONFEACEZKDET WMIZONWTOMENED LN TEZ (BRI
2016a,b) , ¥ KA E % GPS 15 5 LA A HE 52 LT GDOP (Geometric Dilution of Precision) 234125
AU, EREEERINLIC A 5T 5, A, KBHEENIB KNI AT TERIL TBY, KB K7L T 0%
ABEEL I NMERNIZHY, Superflare DIEAEDBIREIIN TS, IEFRIL LI KEBLISIZ LD HER E~MEXH
ENTRKEOTIRXAVIIMRARAERAESELIBZNNH D, GPS 1ZZORIM OMEE |, FHZEMIZHD
GPS i L HER FI2H D GPS Z 5 MO O ERIG N E e LITx LTI Th D, BUIRD A5 &S GPS
B RAEFRELTZ UAV ZZNOD KGBRICKEEELZITHBENNHY, & ROMGIEE O Z L1
BRI, TR - RA)11(2023) 1, GPS ORI FiEEL CTRIIMTE UAV IZOW TR %
1To7ce LIPLARDG, RKAEIT GPS S L CREIFEN FRHIEBMOLITND, AL TIE, K
BBl 8 LD GPS PREZEL, REMIEE O TE RO FEERGEMEE S ODTDD T — AT — Ik
E e AN

2. JLb—LT—9

F=BIEA I, RMMUEEZILREA N~ TV 2@ T 228 Tt —F — 2 Ll BB bk
Eam ESEDHTL— DT — I ERRET D, SRR~ T Z llE, JE LT — O E D IERR IR
RE D BIEIZHED BRITHR IR DARREHE E AATO 72D ITH WO DT VTV XL ThH D, 7L —LT — 7 OB
IB 1 DI D, RIAMTED SRR LB 7 — 2 IS YRRA N~ T4V H 2, i R E R RE
D& eer Y —LlABEDEDLILZL S TRAELZT A — Ny UEET LI EE A REICT D,

3. BE

ARETIX, REWUEZILEI NV~ T4V FICBIT e —FT — XL CGEHAT 57 — AU — 7% 42
FL72, GPS DHEEER RITM-T-5 6, BRBICBIT D FEERGIEOHRIIEZECTHL, T0H, {ET
ECHRABRO NI TET VEMRF CEXDIORVAT LERETHI L, S ROBEEOL V)T —0
M ECFHGTHEEILND, 5%, RIELIEADLOREOEBEORED I —a RO RATEE v
~ T ANZITE A LTIZ Y AT 2 TR ZITOZE THDMEDRRAEZTT) T E Thd,

3| F ik
EA)suth (2016a) K5 EEF AT UAV ©
SR O R, BigETEarkraTRe -@- I
2016 4R, 5 44 BIBGETERERKE, TH T~
%, pp. 58-58. - Celestial navigation
Bl (2016b) A2 B0 [ 3R R 1S 515 5
RSB ORE, W E 725 Vol. 45, No. 4,
pp. 504-507.
MEEER R, BAITEM (2023) UAV KEIHLIEIC AT 72
BTN IEOMZE. & 51 BEBE - FRFER 1. IL—LI—HBE.
FR, ARy vy [Fr—CZZRREOEZICH Aol T o Y—T—4
LD (AIM/DRC 224 ) 1. (RAEE. REZ)EHEAAHE
BAILTUITLIINEFRNS,
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ARFFEICIDAEEEEMTMEFTHBORILZELDRIER
CWHEF-FHhBaN (BXRESHASH)

1. [FC&HIZ

B SR P & o Chi R B2 b S D P A MR E AT I BV T, BHEEE R\ O A LV o T &
WH G307 XK SEEERFEZTHIENEETHD, B£AR7 LIZB WL HEE R EL R iR
R DI BRI ORIZIEDOMHENHY | Z U S WA E SRS RRFES AV TWDS, THEEW BN
BUSEAE N E 3 A BB HESILTWD (PEFID 2016) . SHICAIAE IR Z PR T — XKD
WCEN T 556 BELERABRWZRM TORERIERT — 22 RIRT 20ERHD, RAFSETIIEF
R AT U AT A R G L D7 | ARG RI T — 223 S E F R A 2h Mk o0 FEAll & 7] 28 JE AR L
L7 7T — 2 OB FIEZ ML, ATE RIS I DR Zh =R D1m E&2 B 8L,

2. A&

AU E W= T ISALE T2 7.26 ha OS5 5 M55 (2022 4 5 HAEAT) 12V T, 2019 4F05 2021 E
D E 3 By ORE R T —#ENDVIT — 22 G, i‘f&ﬁfﬁ7~&éﬁ$7—&®$ﬁ B3I

Al EARRR FHCHE LRI R T — 2 ARk LT, WA EERE A RICOEIL, EERK ﬁ@f%é%
R T 20 ke/ha, AT XICERELIZRE R T —#123-5% 16 ke —24 ke/ha %T%@%ﬂﬁbf:o S
DOFEIT, EBREALEXOF TRERIRT =200 E HEBREOK - F - mO) 7 E2REL,
25mx2m DTV T TOIEHMELEML, FObER, SN ER, SUSHNE, Ll T/~ 0z llE
L7z ABFYM T —2LL CRE) 7 OAFT BB T ONDVIF — 22 RS L7,

3 HBRLEER

2021 LR SNTARIE BRI ENDVIOMICIIAHBIMREL 0.54 EIEOFIBENHY, Rk kT —#Iz
FEOH AT EIZE L= BI57EEE 25T, EREX CIEHEE HEEFEENBNDVIE BV & &2 f]d
55— 5T, AIEXTIE 3 U7 CHE LHEER BT DOOLTNDVIE EWLEEBREEE LT, F2.
Bk LR BT — 2SR AR IEIC XD ATAE R OHEE TS FEEMEV=) 7 T NDVI LU
B EL, i X ORI R & THOIOICH L RSN EEILERERX IV A ZX T 9.4%
U7z, EREORE Rn, @R ORI BT — 2123 -SRI 28 LRI U 7= [ 55 38 E L HE IR E% 5
W T AR T — X ORKICED A AN EA O o T REMEEZ R LT,

5| F 3k
FEOBBC, BRYE O, Kb A, I B (2016) IKEBYE—hELV VU ZICLD SO LG RTE =X
V7. BEEEER T 224558, Vol. 84, No. 9, pp.749-752.
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BREEMOEVRARSORBITHPERHREHICSZAOEE
O LE - XBRAN - REER - KERN - AT LEEZ (RBARR)

1. [EL&HIC

BEREARRE R LR EMRRIT A b L AR T 2I0E 2 H - Tk Y, AP - BRI RAROS &
TIEREMRDITT B XN E VD ZREAMRRNENLIC 2D, DB OHEINE X O ZE# oD 23
=5 & S TWD (Task Force of the European Society of Cardiology, North American Society of Pacing
Electrophysiology 1996), ¥4, BKCKZ FLMNIT =~ ATV 7 =7 ~OBLNE £ TWHE NS, O
LB Z =K BB O A AARRETE B Rl 23T 541 T % (von Borrel & 2007) , —J7, ARV AR
ELTTIIZARL, BRI R E HER OBENPEE T O B EMRREENIC T T 2B R Lo mE
I, ZTTARBIETIL, HEDE S eSOl IR R 46 Lo 7o BB Y HG G- B OIE WS K B B
O H AN LT T RBICOWTHRETT 022 BHEL, DIREBIXATE) O (L2 R ML 7=,

2. Bk

a5 — VR R B E 7 SHA AV, 2021 45 7 A & 2022 4F 5 AICHBREFENE L 72, 2 DOLLELX (CHLfFE
B X ERIEEEI 2 X)) A EL, TNENTA T TAA e —LRIEEEIO N 8:2 BXL 4:6 THD
FAE AR E D 0.8%#5 5Lz, 2 SR TR XK 2 I inSt, % 5Bk 1 CalBR i Bt O Bl 8t 12 7 — 2 & X
LU, DEFEHOZOHEEOREE BRICKAITEI ST — & (IRE (SEAL) , IRE (BEEN) , R4
(ALY, A8 (REEN) , B ) OB, BIOBRA RO NEIT-7-, BonFfERE 5 SRROT —4+
Y MZAEIL, XL (meanHR) DIEDy, (LA EIFIES L C, W FEIR 1% CThDH SDNN, RMSSD,
W B ENEE THD HF, SbiIcixV L 27 ay b2 WEEREEBERLEL T
Luax, %DET, %REC ZH HL, % % OIS L LK, 178, R, AeHEoKERNEZ
NEDAEHNE D EBE T RDT- DI /N RS ST 24T 7=,

3. fERLER

FPITEI D@ NI LD H AR RITEI ~D BB LU TIE, AL T A 36 JOWR BB 1 F il L C ARk
PR RDMENL L2 DT LRSI (p<0.05) . F72, KA RFITIE R s & L~ 2R E MR DMEAL I B < 2 &3
IRIBEITE (p<0.05) ,

WAZEABLOENE LTI, B2/ IX L0 IR IR AR KT\ TAS AR R R AMENLIT B Z &8
RSV, FTFARIOENWE K OF LD AAEMIZOWTIEL, RMSSD IZXILABERENALN
(p<0.05) , HLEDEFZHA X TO I BRI K B NENLE /R D Z LRI SN T2, SHIT, fBtOE N EER
RIFEL DA HAEFIZEWTIL, RMSSD & SDNN ICH BN R 50 (p<0.05), HEE S/ XIC
AR B A AT BT, R IEL £ O R A AN KR X W I B W TRk M VBN @< e n
NIy gl

B
AWFFEIE, ISPS BHFE (JP19K06352) 35 L ONAUER K 30E W Fe R BLiY [ O B k& 52 1 Ti T iz b
THY, ZZICHEEZELET,

5| A

Task Force of the European Society of Cardiology, North American Society of Pacing Electrophysiology
(1996) Heart rate variability: standards of measurement, physiological interpretation, and clinical use.
Circulation, Vol. 93, pp. 1043-1065.

von Borell, E., Langbein, J., Després, G., Hansen, S., Leterrier, C., Marchant-Forde, J., Marchant-Forde, R.,
Minero, M., Mohr, E., Prunier, A., Valance, D., and Veissier, 1., 2007. Heart rate variability as a measure of
autonomic regulation of cardiac activity for assessing stress and welfare in farm animals—A review.
Physiology & Behavior, Vol. 92, No. 3, pp. 293-316.
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NA4OLEEEHAICHIT-E—JBRHEDRFE
CREEW (ZEXRASR) -RISHE (BMEESENM, BNRHEE) -
REAN(RBRRER) -REER-ZTESH-HLREN -RBREE (ZEXKRLER)

1. [XC&HIZ

— 01T 0 D8 B BT IMEENCHERE L CTRY, HRI LD Z D0 E BN L 725 T
Wb, EOHT, IHFETIET =~y V7 o 7 IZREL, F& % U B E B URBREZHER L e
T, BEREFEMOEFELAFEMED R EHROLNTWD, ED8, IR D72 @R Lok
REFE IR 723 AT B0 i 28 5 B U AT AOREE NI FF SN TS, T CTARIFAETIE, WA OREEIRREE )
RENZET=XI 7572018, LB (BCG: ballistocardiography, LA T, BCG &9°5) & AW =5HRIICH
- — 7 HEO BRI AT,

2. Bk

AGRBRI TN R R R ARG OB ZERIEEHIE W GRREE = 22-2), 2022 4F 6 A 8 HIZHEML
Too MR EMM I BB EEMEAE O 1 58 (Z20R, 54 » A i) 2 VWi, JE TR FE2 AL Fa i
BLUTEREZ T B RICEECELREBCEMLIZ, MEEY Y av X7 <A 7R FDORRITEAES
H5HZET BCG ZEtHIL7-, BCG OWE & ATIL &S (2021) 3L Kahankova et al. (2022)% 5512, &
PR A 3 & AR & LTz, 2D D B #7230 7 & T, B2 4R (S KA HRE) & 36 LOVGHAIRF D A4 1
EaiidL7enn, BCG Z#HIE TEAHIBIL CRELT, £7208E K (ECG: electrocardiography, LA T,
ECG L4 2)HIEL R ED (2021) #5512, DAQ #—3IF /WZAKREMY — R I IOV X B4 B
L, BSR4 0 /2 R &4 1 I O a e SO IC R E L TY T o 72,

3. HEREER

AMFZE T, [FRFIZEHEIL7Z ECG & BCG DO EA LR, T NE O FH RISV TLA
WX T AEEEOE®B MR LTz, TD%, ZOBEBTEMEOEENS ECG DHEIOY — KB E2/RT
QRS Complex (Zxf I D =7 &M CTELDNEMFELTZ, BCG DI IR L TNAZY — 2K a2 >~
AINVHIVBRZ SN LT 1%, ©— 2% HEMR U785, A2 Mg &4 AR © QRS Complex &b —7%k
DM ITT 1001 %LUNT—H LT, &5IC, Szt —7HEE ECG 2»biFbhn s iR DidEs
P L7=E2 A, ZE MR A U (A AR S L C, RRZER L MR ARD eV RB ST, 2, A
PR T, MG AT T L0 7 V2GR IR B R R 5 & 5 O e N CThDHZ LN RIB S LT,
ZL7T, ECG ® QRS Complex &ZALEND AL CRHAISNIZE — 7 DBIERE AT L 7L 25, 7o g
AT T A AR L EE R LT, BRI N E W2 EARIB SN2, A RVARRIER IS I B EHEITIE, 13T
DKM 2T RN D M AE S TIRE S GHAI S, D F 2B BRE LSRR, BB AELZES
ZBi5,

5| A 3Rk

R, KA RN, BV, NS, H EEE, KEETS, Rilh L, AT, SRIDERESR, 5
75 5, REE—RR, RBAIL, AR (2021) VSR 287270 DN E FEE L oL B Bk
DIRES, VAT HEZ, Vol. 37, No. 1, pp. 1-7.

Kahankova, R., Kolarik, J., Brablik, J., Barnova, K., Simkova, I. and Martinek, R. (2022) Alternative measurement

systems for recording cardiac activity in animals: a pilot study. Animal Biotelemetry, Vol. 10, No. 15, pp. 1-21.

17



THFANRAZVI TV AT LEZIOMREAZEIES
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1. [FCHIC

VAT LFEEITNE, KFEEDOH B’J&ﬁﬁﬁﬁ’i’@%ﬁﬂﬁbf: 10 RO (R L) BFET D, [T AT LT 56T
FRDELIANE 1984 FIZAITIL, BIEETIHEPICE T2 R A v AT LFalZ 5 S5 | &
LELT, I<BAEFE S @i”@f‘ﬁiﬁ‘ﬁﬂ’]%TT“A)'C%Z’%&)%%EL’C%KO AR P BT SRR D T 0D, FeFa
LI L2 X & LOARDHENGIRIRT D L1725, LIALRAD, BUED 10 RKDOEITFERBALIEND 40
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BB FIZOWTIRE T DA BRIEL TS,

2. A&

J-Stage L D[ A7 A% 5 (https://www.jstage.jst.go.jp/browse/jass/list/-char/ja) |2 & #L 7 Z D
20~38 % (2004~2022 ) NoF U u—RLIZK b LDOAZT =2 (THFAMER) 2 LT, 7F AT
— %1%, Google Colab (https://colab.research.google.com/) T, 3 DIZIX 43 L724F X (2004-2009, 2010-
2019, 2020-2022) IZDWTC, THFAMwA =07 (FBREFMENT, Eployr 7T A —0581, U—RITUR) 24T
vy, WFRENAICOWTEZRELT,

3 MREEBE

A SCHS AL, 23 % (2007 4F) D 32 ALY —ZITF 2 B L, 34 5 (2018 4F) LLREIE 10 L, T 236
T2, 3 DIZR A LIZFERITLDOF—U —FOMA LD (K 1), AT L BB HUBAFE DT — 2 A
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Rice vyield prediction using UAV-based multispectral imagery and weather

data through multimodal deep learning
©OMd Suruj Mia (UGSAS, Gifu Univ.), Ryoya Tanabe (Grad. Sch. Nat. Sci. Technol., Gifu
Univ.), Luthfan Nur Habibi (UGSAS, Gifu Univ.), Naoyuki Hashimoto (Fac. Agric. Marine
Sci., Kochi Univ.), Koki Homma (Grad. Sch. Agric. Sci., Tohoku Univ.), Masayasu Maki
(Fac. Food Agric. Sci., Fukushima Univ.), Tsutomu Matsui and Takashi S. T. Tanaka
(Fac. Appl. Biol. Sci., Gifu Univ.)

1. Introduction

Timely, nondestructive, inexpensive, and precise large-scale yield forecast is essential for preventing
climate risks and ensuring food security. Satellite-based remote sensing for crop yield prediction has often
been constrained by the limited spatial and temporal resolution of satellite data. In response to the challenges,
unmanned aerial vehicles (UAVs) have been widely used to collect data due to their superior spatial and
temporal resolutions and flexibility in sensor selection compared to airborne and satellite platforms.

Machine learning algorithms possess the capability to devise novel solutions for real-world challenges,
enabling farmers to make informed decisions while requiring minimal or even no human intervention. The
Convolutional Neural Network (CNN) algorithm is efficient not only in image classification tasks but also for
regression tasks such as crop yield prediction. Weather is one of the major environmental factors affecting
crop growth and yield. Integrating weather and image data as input layers into CNN models may enhance the
accuracy of the yield prediction. The objective of this study was to develop a multimodal deep learning model
to predict rice grain yield using UAV images at the heading stage and aggregated weather data.

2. Materials and Method

Rice yield surveys were conducted in 22 farmers’ fields in Japan over six years (2017-2022). Nine rice
varieties were planted, and crop management was conducted according to local conventional methods. Strip
trials were performed in 12 fields for basal fertilizer application to obtain high yield variability and to
determine whether the effect of fertilizer application rate on rice yield could be evaluated using a predicted
yield map. A total of 894 samples were collected in all yield surveys, from an area of approximately 1.0 m? at
the heading stage. UAV multispectral images and weather data (https://amu.rd.naro.go.jp) for each region are
collected and processed. 18 architecture models consisting of two types of CNN feature extractor layers (i.e.,
CNN 2conv and AlexNet), three different depths of fully connected layers, and three methods of integrating
weather data (no weather data, weekly sum of weather data, and monthly sum of weather data) into deep neural
network models were established. The model performance was measured using the R?, root mean squared error
(RMSE), and root mean squared percentage error (RMSPE) values.

3. Results and Discussion

The collected yield data exhibited a normal distribution. There was no significant difference in model
accuracy between the AlexNet and CNN_2conv architectures. The effects of the number of layers and weather
data types on the model performance were significant but according to Tukey's HSD results, there were no
significant differences among various layers. Models trained with weekly weather data consistently
outperform others. Thus, the simpler CNN extractor (i.e., CNN_2conv) and weekly aggregated weather data
might be the best combination for multimodal deep learning in terms of yield prediction accuracy and
computational cost. However, spatial distributions of predicted yield were inconsistent between the best two
models, although the models showed almost the same prediction accuracy.
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Establishing a web—application platform for data visualization to enhance

collaboration between researchers and farmers
OChen Dai (Grad. Sch. Nat. Sci. Technol., Gifu Univ.),
Tsutomu Matsui and Takashi S. T. Tanaka (Fac. Appl. Biol. Sci., Gifu Univ.)

1. Introduction

With a growing environmental concern and a urgent demand for sustainable development in modern
agriculture, on-farm experimentation (OFE) is becoming a widely embraced approach for agricultural studies
and practices worldwide. Studies on OFE is more commonly recognized in European and North American
countries. OFE brings together researchers, farmers, and other agricultural stakeholders to solve real
challenges in agricultural production through experimentation. The primary issues include boosting yields,
responding to climate change, and raising farmers’ living standards. Because of the differences in
environmental and socioeconomical backgrounds, farming scale is much smaller in Japan than other western
countries. More engagements by either of farming companies, agricultural cooperative corporations, and
smallholder farmers will be required to collect a significant amount of OFE data, which enables more efficient
and robust decision making. Meanwhile, it is essential to develop effective tools to allow knowledge exchange
or co-learning among farmers. Given the Japanese agricultural situations, a data visualization web-application
platform will contribute to facilitate communications and interpretations of collected OFE data among farmers,
agronomists, and researchers over the years in different locations

2. Material and Method

To encourage farmers to engage in OFE, it is important to provide them with examples of analyzed OFE
data. A data visualization tool was established using R Shiny to assess the success of the interactive features
which allows farmers to gain new insights into data analysis. More specifically, the web application aimed to
facilitate farmers’ understanding of causal impact on field-specific rice grain yield data, which subsequently
support better decision making in the farm management and increasing the economic income. To develop web
application, actual field-specific trial data was used. In this OFE, a certain farmer applied different rates of
basal fertilizer in each paddy field, and then collected rice yield data using commercial yield monitors in Gero,
Gifu, Japan over the three years (2020-2022).

3. Results and Discussion

Visualization function of linear regression models was developed through an interactive web application.
By doing so, farmers can select different combinations of fields’ characteristics in the application and then
view graphs of the linear regression model, including regression lines, fitted scatter plots, and model equations.
It gives farmers a better visualization of their relevance as well as importance to help farmers understand the
relationship and importance of fields’ characteristics. The application can also map the soil properties by
utilizing a color gradient to represent the levels of different properties. Users can view the specifics of each
field by clicking on the map markers. To enhance the interfaces and functions of the interactive web-
application platform that would facilitate knowledge transfer or co-learning among farmers, we will conduct
qualitative interviews with farmers who participated or did not engage in the OFE in near future.

References
Tanaka, T.S.T. et al. (2023) Toward an effective approach for on-farm experimentation: Lessons learned from
a case study of fertilizer application optimization in Japan. Precision Agriculture Vol. 24, pp. 2044-2060.
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Research Networks Data, Research synthesis methods. Res. Synth. Methods, Vol. 12, No. 1, pp. 62-73.
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=RV (Cervus nippon, LA 71 LRES) OB FHITE ISP CRIBE L 72> TV, EIREED
FAINE LI H & IO IR R S SR m B M LE B LT 228 T, IAEDRIBRL=R VEY
HFEEDFATRE LR DB PR EINDRIE/> TS, RIFFETIX 10T BHEMHRE I AT LR 78
Z WK R 72 B 2 AR S8 L, o 0 0 R DL R H ) 2 B B 2R EAT BNV R M (2B 3 D18 i D i 1
haEm Ba LI 2 E ML T D, AFER T 1oT H BRI AT LTRE 5 H OBLHIE OB Iz
WTHET D,

2. Ak

B AR (UALRAR) 25t 5 L LT, BPEH) 28 km x P ALK 16 km O#IFHIZHKI 2 km [0 T IoT H#)
RN AT (RS2, dLHEIE) & 50 Ba% B L7z, AW AT LTE {5 ICRHELTRY, RESh-m
B E LT URL LI A—VIRAF ELCTRRE T2 BE 2 75, ARUFIE CIRBENR U EIR O 72912 12
B3 X2 1 MR T2LEIC, BB SNIERIT 1 BREL, VT NAZALTA—VERET L%
TE LT, B SN IIA— VTSI, — BERFTEAT O A— LY — N ICERES 1%, BifRE LI
HEE, N7 U—iRP, BERENSTAZ T =255, 10 532 LN PC IZT —H_—RLLTT
LIVVAT LERER LT, T —F_X—=2NL8WREE R EL, HET — 2Bk LTz, ZRHDY AT AT
python 3.9 [ZCRRik L 7=,

3. HERLEER

[oT HEMRE VAT ZRE LTRER, 1 JTEBIER BB T — 2 PRSIV TR, YT L4 A L TOBLH
WHERENT-, B T L ED TIEER AR LA BLARWHE S 5 5728, 55RO IEL B ESH =08 F D LD
TRBBIEIXIFEAE R o Tz, — I TIRE SN O D ERIR NN LB EE RIS T 7 — AN
Rohiz,

TR A SN E G DT OB T — H 2B L, S HEL D TIRHRWEMD 2 7T A58 & Wik
£ /L YOLOVS (Jocher, et al. 2023) |2 CiTo7-, fEH LT- 207 — 2503 1765 THY, FiT — 2 LiEAMm
T =K, TANT =TT NEI 1059, 353,
353 LL72, YOLOV8 DhL—= 71, T Ak
T — X TET IO EAT > 25 R,
mAP50 = 0.877 EMERED R WV SEET LM
Bon (1), 5%, Y IDOFAAADG KA
TELET NVEERL, BEIZA 2R IE A
AL TEL IO EED D,

deer 0.90

Bt
A FEIT I B IR AR & B T2 JE AR Bl
RHIEATZE IS TRES L7,

2023/09/13 17:23:03

1. lIoT BEMREIASIZTRE SNV H(FR) &
MR ETIL YOLOVS [T DB HEEEER.
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BFESEEAD WorldView-3 DEFEEFRNEETDFIA
OXEBFE-HAYE (RIKEE) -FABHE (EXEHH -MTEEFE(PEHKX)

1. [IC®HIZ

IR A BB AR YT — N U VBRI LA BT, RAREEONFEICE T D, HARDRR
HOK 3 BTN THAOAX, /%, v VHETHD, ZNHITHE SIS THY, AZMVEEAEITEY
FEIECDB DI M, AT GIERIMEIK E TO VL TF AT NVE O AT VGO %
MWz 3 TIER BT 22 ERHELV, — 5T, X0EENEWER ERIMNEEH (Short wave
infrared: SWIR) IZHE A& D 5 /KR ICHUR THY, HIFE 53 A~ A DR <4 T 5 (Murakami 2006
72E)  SWIR 1< OMERBAHE DO L FICHAIN TV, o Th, BAEEHINL TS
WorldView-3 (3#1_E43fi#HE (B ) 3.7 m T, 1195~2365 nm £TOEIRERI O EHE § SITXK /L
7o REBLIIATRE Tdh D, 22 TlE, WorldView-3 @ 8 -5 SWIR /XU RICOWT, $HEEMZ & To b fill
DEA~OH A OV TRFILT,

2. Bk

2021 4F 4 A 12 B2 F IR BT S O RKRAEBLAIL 72 WorldView-3 D= /L F AXTRL 8 NN
LN SWIRS WU REMM kISR E LTz, vV F ATV 8 RXURDHDE, < /LF AT 8 NN
LT, SWIRI~8 FTEZNENIMAT-HE, TXTH SWIR NURENMAT5HEG0, 5 10 L0
YRGS L TEG A T o7, BREA HARRE R R AR 6-7 EREAERK, /- IRH
H1 X AR ARFH X, Google Earth Pro #& AL ChL —=7F — X &ERL, xtG iz T h~Y  AX b
V3 B e T OMILIER (23 T) kIR i kB A TH 520 11 D7V R -7 ¥
— VNS T LT, BB B BVTUE, PR e K B N T - S SR
] (2 20 AR AR M 241l HH U 72 BT 2 (R RR L, SOICARMR IR 2 R = Ll 3E L T,

. HEREER

< IVFART IV RIZINZTTRTO SWIR N RERAWESHEO OB AR EIL 94%, Kappa
20T 0.92 THY, MFTLIZNURILASDOEO R CTRbEWIEEZ R U, FIHAERE, (ERERBEL
HEY FOMIRIERICIBWTIZ 0.97 BLE, TH~Y, ZF, %13 0.9 UL EE7ro7-, Feb ks R AMEL A
STEDIEFIVFARTIL 8 NURDHDIGHETHY, AR E 80.7%, Kappa £%£% 0.73 Th->7-, SWIR
NUREMZDZ LI OIERENBEML, SHEREEN N L ERNEZLND, TNENDO R RENZ
76, AEIOSFETIL SWIRS(2145-2185 nm) W icb A M E N L 93%E o7, AR EIX
SWIR3 (1640-1680 nm) D& 92%, SWIR4 (1710-1750 nm) B LT SWIR6 (2185-2225 nm) D& &
91%&7257=, 1730 nm, 2180 nm (4 FE DOWILHIZAH S 5 (Curran & 2001) 23, /NA /X — AT [V
B CEDIEEHETE T HITIT/NRNIED 20nm LN THHMER RS TS (Nakaji H 2019) , FED
TR It 72 & 0 B, K& <, 72 WorldView-3 @ SWIR2~6 D3 RilEIL 40 nm THHLOD,
WorldView-3 (2L D8 FE 3235175 SWIR OF #hit & sl T& 7,

Bt
AIFZE1L, PE KT EE S LR G557 Y207 — 2L FHH - 2LFEFSE IDEAS202320 O 3
BT D THD, /N T X FRAR G E X PR AT & W % AT AR IR AN 72720

5| A 3Rk

Curran, P.J., Dungan, J.L. and Peterson, D.L. (2001) Estimating the foliar biochemical concentration of
leaves with reflectance spectrometry: Testing the Kokaly and Clark methodologies. Remote Sensing of
Environment, Vol. 76, No. 3, pp.349-359.

Murakami, T., 2006, How is Short-wave Infrared (SWIR) Useful to discrimination and classification of
forest types in warm temperate region?. Journal of Forest Planning, Vol. 12, No. 2, pp. 81-85.

Nakaji, T., Oguma, H., et al. (2019) Estimation of six leaf traits of East Asian forest tree species by leaf
spectroscopy and partial least square regression. Remote Sensing of Environment, Vol. 233, 111381.
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FA—UMLREAN  LBEOREMICES IO ZIREROEE D
OJIAH R - KL HEX) - B EE - BUL S CERBIERRHR)
- =P GEEFIRALES) - REEH (LUREILE

1. [ZL&HIZ

VTAE, M AfTZSHE (LT, Ra—2) 216 A L7 S A 2E O 38 B (2 k0, B8 - B0 O HE & o ME BT
(Yuba & 2021), fEA4) fﬁ(zraa 2018) DM ANEREL >oH D, LL, 4%@0);9 V2K TR 0D B Hi
(>5 ha) Tix, FEH il RITRFHIDRLRDIZOBEE DO Ny T V=N EIT2 %) TELOMEEN %D O
5 2023), BITE, Fx @7“»—7"@1, LHHE DR T =2V E R EGRA~AT— VT v 7T HH
HC, RE— XA T — X DR EEHED TD, KRG T, Hi—ULeRAIT LT, Bk E s+
YT C—HFEINHERTICZER LN e — BB OS5, B 7R DR A B OfE BRIz > TR E
T 5,

2. Bk
WIRBERFBIET A—/VRIFZE £ 2 — (FSC) ND MT7C £ EHE ST, 1R EIHERTD 2023 4 5
H 23 HoZefmmitg a2 i L7-, Fo— 22451, Parrot ANAFI 24 L, & 35 m TR, fAEXA
7, A—F ¥ —F7FA(0G), KIAr7a—,3—(WC), X2 HRAKR(TX), 13 (BG)D 4 SLL, QGIS %
FAWTHEAT T — 22y b Bk Uiz, MEAHIBNCIE, 47 Y = MERR G fET LT & L7 41 AN EH
A oH 7= OBIA-RF (2 H 2018) Z 7z,

3 HBREER
DHREROBHELE S FRIT, A—FT ¥ —KF7F72(0G:0.90, 0.79) LRV A h 7 — 33— (WC:0.84,
091) 138 (BG:0.87, 0.85) L@ WK EEZ /R LTZAY, #U AR (TX:0.56, 0.69) TH TRV MEZ R LIz, 216
SRR ELX, 0.81 Tholo, MiAESFHOR R (K 1), BGOIMIIZZLF U RRP AL TNDIENRD
75>Zoo

HEE
AWFFEIE, ALHEE L B AT JERSAR FLST S (0 5-7 4R ) ORI FEE L CTHEMiL 7=,

5| FA 3 Ak

JIATS (2023) Ru—IRATE EE L -y fRREDBILR. B AR HIZZEE, Vol. 69, pp. 138-144.

LR (2018) /NRUIE AL 226 LG AR AT 2 T O B AR RO R~ o B 7 HOR B R,
Vol. 64, p. 43-47.

Yuba et al. (2021) Discriminating Pennisetum alopecuoides plants in a grazed pasture from unmanned aerial

vehicles using object-based image analysis and random forest classifier. Grassland Science, Vol. 67, p. 73—
82.

: A—Fr—KJ52(0G)
: K94 MIO—)t—(WC)
: AARIR(TX)

: 138(BG)/#(WD)

20 40 60 80 100m

1. FOB—> RGB E{& () & suc RF [C&BHEE DR (H).
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LBEDRERICEITHARHERHIRIITE LIz VAV iIRE R H ORE
CHTHE GERHERRR) - RIEXRA GERRIL R RE) - B GERIFRILX
15) - ML igS CERFEER) - %E 5 GERBIERRSE) -2 # GERTRILE)

1. [FL&HIZ

BRI AER 1D H B/ E WO UL, BRI AIHR T8I EL T, UAV Y2 21T
FDVE— T RDD, BGNOAEBT N REEREICBNTIE, AT BEOFRDE 0 AN#
Mo, K EFEO B FFHEOEWEIR XDV ENDHD, AT, ZOKGFFEIFETICHENWELT D79,
HIBNCHE L 7R N DWW CTHHONC T DM EN B D, £2°C, AFSRIL, UAV 2284 4 AD 11 AT
TR 1 ETERIRE CTT TV, ALHEE O 5% 5 € 5 B e 1R SR O BNl U7 R A BT L=,

2. Bk

ik e BRI e BR [ 35 (PR EERT) CHEHIL=T L —, A—F v —KI TR, V=R B F V=T FT2AEBIN
TONDEDOMBEINZOUNT, ZE 3 LA B RIS AL B AR T, 4 RO C O L 72 [ (B S
2023) X R ELTZ, HAX, Sequoia v /LT AT LA AT HFEH LT Parrot Bluegrass (Parrot £:) % >
T, 2021~2022 40D 4 A FA~11 AHRAIZHNTT, £ 1 EEERET, 2286 (L& K 50m, GSD=
4.7cm) 2T o7 (72120, A —F v —R 7 FZAZOWTIE 2022 FDOH), & R Lo B,
Pix4Dmapper (2 Green, Red, Red-edge 35T NIR DALY WA V5B LTZ, RBRIX (2.5 m
x 2.5 m) O HF RN B TIERRL72RY = (1.8 m x 1.8 m) T, 4 NURDORE RO fEEHHL, HfE
HIBIOBE S L U Tz, AR OB (n = 120~130) 122\ T, @5 A % (DOY) Z A2 10 AT LA
WO B O E A (n = 120~1000) O EFEAE T2 L7 4L ANTHEE L, 3% 4 BB OH I E %2 ROC
it ¢ o> fih M T B (AUC) ICKVFRAE L 72, F72, A #ifg (n = 120~130) (2D VT HEFE ) B 24T 0,
Permutation feature importance (PFI) ICLVFBA A B OEEE 2R H L=,

3. HERLER

2022 £ AUC A=7, 2021 FLOBIRVME 23 H 7o, 2O M, 2022 FoEfEERIX, 4 —
F ¥ —RTIRAEMZ T 4 FEREThHoT 2B 2 bz, BB OHBIEE X, 5 A Fa»b 6 A k
WO 1 FEAEH (158 DOY mitg) & 11 A LAOBEEK (305 DOY Hiif%) T AUC A= 7 2542 0.80 UL &
molo (X 1), AR OEZEE L, | FEHEAEH T Green & Red-edge 7%, BrAKTIE Red H3HH XY
WZEDoT, 6 AL 11 A OB OREE B NLTF T —, U—R DTV =T T2 IOV S AF 24 5
L7275 (2019) # X R T D08 R Cholz, £z, KRR TIL, —FEHOHRE I LD ERH B O RS
RSz, A% ORER T, BRI EASen 5 A Fa»D 6 A FAIO 1 FEAFHICKRY
RPHAZREL, Yo RIS I AR B OM A B ~RE 95 T EThod,

3| FA XX #k

BtEsedh, B, Mooser, M f, A HEaE, KEAE, HARME (2023) SRR & T
A RFHE R DL 7 LK EEVE IR ARIEINZ AT T 528 2023 AR A AR LA E 2, B, 2023 44
9 A 12-14 H.

W w (2019) VE—RME T 7B IO GIS (282D EH - BalEHEY) M 0O Az BEME FEAM 6 L OVE B H AT D B
HEZ O KA, AyEE & PE E SRR, Vol. 7, pp. 1-6.
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Planet fIE@E{&ZHAV Sy v—UE#MBOFEMEITY 7 DEH
OEE BUEXE) - LEHFFNPOEAMBKTRENE)

1. [FL&HIZ

BEIMEZE X T A R, H A, XhF A, FEH, XU T TFT v, ARpET T I O )R 72 %6/ CE
B RHVEPES AT AEL T TN T T, BEMITH D O B A 2 B - BEA S D 7 i VWA L
WL THEHL, TEM S 2 AT > 72 B I EEL, A ERBICL > T O L2 (A8 S8 5 0k B8 1 R
ERRC, BEFHTAIEROLBER AT LATHS (FEIH 1983), v~ —O L sk Tl dy <o hE M
BEEEMNMTOITEED, THEOBUIE R LZLan O R B TR O ERRAIRE T2 LITNEEL 22> T
%o RBFFETIEI v ~—db AL RESE T D CHIN INFAL v —HT 256 5210, Bedl D FLRICE
THEEWO CTRIBEZ\ALCTHEEHIC, @M EN D EfE % 2 (Planet Scope) 28 L7287
BEM VT O HEZ L, vy ~— [LEH TOREMOERELT AL,

2. Bk

CHIN MZA LB —lTZ2 %5 LT 2018~2019 412, @& NPO 1A AN THIERTT RO | THREMEZED
BURIZEE T 2B EEIT 72, 1 BIH X 2018 452 A 22~23 H, 2 R HIX 2018 43 A 19~20 H,
3[EIEIE2019 45 H 23~26 BICEmL, BIE, (M B, (FEENREORMERVEIT o7, 7ML —
T B3 D) 480km? (25.85 km x 18.58 km), H1/0aJEA% (N21.814, E93.061) A%} 5212, Plant Labs (Education
and Research Program) ZFI JHL, #fl /3 fiRRE 3m o = fif 44 2 4 2 (Planet Scope) D 4 /S RH LT 8 /8
N 5%, 2019 4E2°5 2023 EO IR TS L7z, MEHT =Y 7134 & 84 m 25 1,328 m, K0 0ME
% 500 m A D ILEHE CHD, BEMEITHOTY T TIEHRITKRERL, BFITKANIMTHOI TN,

G fEHT =) 7 % % G AR LD BAL D DB =V T & 0 RN HH T 5 HiEEMRET LT,
3. HERLEER

2018 735 2019 FFDOFH AT CHIN NI AL B —HT O 5003 433, A0 2026 A, EFEITHEFLTH
L EE 365(84%) , T DHILBEME AT > TODHERHIL 90% ThoT-, BAEE DR ETD, 741
VE—HT DO BB AT TR, ERIIMEuas LR T, EA A0S 2 H)ICkER, BEG A) ik
AT, B2 (4 A) IR, 2R (6~8 H)ITKREL, 10~11 A ICIXRENR Thiu Tz, IUHE B & DL
M E S, 7 AEROKRBEIIRICAD, JHAE#TIT 1 EREE -7 FIREE O 8 FE A2V TR Thh
DIENRENT,

BEAEL T, SRR B GEMRLIZER, 11 A2D 3 A OBEBOEIZE ST, B ORRMEK
BRI, £72 3 H OB TITARKAFRFOMEL K AU L > TREAFEE KIE IR T 9235548
BERER ST, AR OZES (11~3 A) 20, MARBENRKIBIIR TLESETE, KANSGFANZE
—E L7z, 2022 4F& 2023 FEOBEMAEE =) 7 2T D8, BIEBEW ST OE km BEIL THEWL T
LHZEMPIREN, BEASHNBELI TON TWAE#HEESNZ (K 1),
5| A 3k
EIBEFE (1983) BEME B O MSEME L (L— AR A BE R IOTL D, [ R LY A -FE RO A TS Hs

7K, /N, pp. 235-273.

2023fE(D}?ElIHI U J
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e )§ - z
fz& LR 7 7 5.
o % (T National Geagraph?ﬁ, Esri, g ﬁographlc Esri,
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20225 DB 7

Garmin, HERE, UNEP-WCMC, carm‘m, HERE UNEP-WCMC,
4JSGS, NASA, ESA,'METI,

.+ "NRCAN; GEBCO, NOAA,
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1. Planet Scope DIEAFEE BN OHELI-Z/L UV E—REEOEM T 7 (2022 F£& 2023 £F).
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BEESEHZRWN-AURSTIZEITAM K EERDKLEEEL
OFH -5 Al (EMREB) - Thav Sopheak (AR T EIIEK) -
RRICZ2E-EBERI (BHHEE) - KT B (JAXA)

1. [ZLHIZ

TR T TIER BB EANRI By 772 E OFINZI > THEBOK DB AET D, IR
T UL, FEREREE D3+ B S AU TUR N, O F RITHK BB 75 K B IR IEIRL L7z L1
7RE, WAKDIEDES HIERN T AL THEIFELE A TND, fERELT, Wk EIRETHEEN 30 m UL F
OAKHIZ KR/ DK E DB GA L TND, LU D, BKIZIZADOE ST D, b KERBokE
BT HOLEHICH A K H THD, WA EITFEICI > TRESEL, B ~B+ T~ Z— DK H
DR EEZ T D, TOT-0, WAKICE S TREICHE IV HIRCRE I 2B G0N L, ) 7ok is & 2
EATHZENO CTEE LD,

RN~ A7 wo DA U N TEEIT, KR DR EROEEICH A ESNDS, ~/7aikix
ERFERTHIENTE, 7o, Kili CHEE M T 2R EZ R 0720, BEREERRI FTotkoBRtic
BN TWD, LdL, Tk, KEIZAKLTHBIENRZ W=D, KEABPEKIEEEZIT TODINEIDNDH]
BNTHEE L, AAFZE T, fEEE LM ARG DEDZETUKILE RO KM ZE L Z LML, dhk il
EOREZHLICTIHIEER LD,

2. Fi&

H R T A HEWT 5 Sentinel-1 22 D /XA 26 (Ascending) D[ {5 N & HFZE % ik & 9%, FERRIC
BB L AT A O] O IHIF TR Gk & 5,

~Aral a5 Sentinel-1 21T 12 B IR TR — S 20K UL TEY, 2022 £

R 5 SAVTZ 30 3 — U HRATICRI I Uz, BN ES (ESA) 23R4 57y =7 SNAP # 4L T VH
R D% BELR A RO T, Fio, VH RO % 57 HGELR SE LR35 2 Ll Lo TR KA >k
T,

Sentinel-3 i £ IZHE M S AV 72 & LR O A | E 2 Bl U 72 AR 28 S i N 121, Ascending &
Descending % 5T 13 O/RADT —H0NE AT, 2022 F£IZBW T, 1 DO/RRIZOX, 9~12 O
BT —2nbol2(BLZEH 1 BlOT —ZHU4F) , Sentinel-3 DA FAEIZIE /AKX (B AE) BNAGITZD
T, TANEIEL (AT 4T 2T 4NV IZE > TIA X & RFE LT, Sentinel-3 DIEFEEOMFET —# &L T, 30
m DOZE MR FED ASTER Global Digital Elevation Map (GDEM) =\ =, A )| & B &R MT 5
TN T — B AF LD, B SIZKRER AL RHST-D T, RAET —#EL IR L7z,

3. R

A NE B BPOIRMEESNIRNKAL T — 2% Hbe, BRI GIBAN O B e Tl CRALD /K
—UNGEWVRELNT, EIRE (DAY 7)) TIE, ZEEFLZE TR N REERY, HERKTT mBBOKAL
ZENB Tz, £z, KNP ELRDREEICPAKILE SR X TNODIED Sentinel-1 B{EOLIMEGR TE T, &5
IZ, Sentinel-3 @& EF MO RFLZENL A ZE TN LR N TN BEE) 23k 2 12 EH LTV fez
HHBR T AN TET, JWATIZE T, A ROE L LN DKM LD T,

— 7, T (R A Aar 7 2) T, KRAEOFEHZIEA LT, 2 B JE B O I K2R
ETHoT-, KNITE2 m OEEE TH-oKNEETFIZZEM LTz, THiELTIE, Sentinel-1 & Sentinel-3 75
BRI L L TREISNDEZAIT - T,

4. FEH

BEKILEE O RS T — % (Sentinel-1) 125 S {5 (Sentinel-3) 2% A Z &1 Ko Tk K 10 2 SRR I HE
BT DZENATREL 2D, K BRI\ T, FAKMPED IR SO AR B A7 Y 2 — L DR
DI=DDIFHREL TIERENDLZENHEEND,
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73BT AR B E M-I ) GHG HEH B 3
ORI MBE- AT A A (GEABR) R EBES (RS - KEEZ GRBABRR)

1. [XL&HIZ

HRAZRBRERE~ORR LA EELT, T/ MERELT L OO " VE (CP) & & &R TSt

17BN T ASCEE R (LU, K CP Sk ET2) 25 &

R DT ETAEMICEE BA 52587

SEFRPEOBAEBMSE LM AER SN TS, T TR TIE, TRINE~DOIX CP fikHR 51X
DB AMRBEN R AT T 522 HIIC, T4 7P A7 0T BAAL M LCA) (LD B 5 52 25Tl 4 52

i L7,

2. ik

AWFFE T, BTRAETRELEREBZNTT VLA ERINEOEEAFED L I2L —a BT o7z,
BRIV ~DIK CP FRHG 5 O EZ AN T 572012, BINIZIK CP kB2 5 L7 sl B R (RS
2021, Tio et al. 2023) Z i, BRI W TIEITRIEIE CP & 8% 2 RAV MK FSE724K CP fillklo 2
DOREFRT, ZIE FE RO Al FOHER L O P AR AR B LT, EBINBIEH ERHE L
FOREBED 2 SOBREIIOWTEHlL7Z, LCA SHTIZOWTIE, #IAEF O ANSEINHI % #&
2L FETIZREE T AR A P, sk, FRER, e oMERO T o AZHEFPHEL, HAEHEAL
ELTHIN 1 FHT-DIRENRATA(GHG) & bR FHETHHLE,

3. WREER

BINEDOET N Iab — a2 OfE 5, BRI
CP fAkltx G 2 7= 6, BATEEI O A L L T+
O R EFEEIT 20%K FL, SHICHEE Wb PEH S
NOBEFLAWTOEFEEIT 37%EBLEZ (K 1), £7-
IREFHMEIIEF G 5 &8N 5720kt oW aE5R
BiIAEREIOLHEIMNLZ,

LCA Z3HrofE 5, 4K CP SRS 512 Lo Tl B IC R
WTH GHG HEH &Y S%IRJH CELHTENREBINT,
GHG #HEH &R LR R EL UL, k260
GHG #EH O FITZ T, 1% CP faktoFEHME kIZ 3
WTHEHFR I O KX DN a— 2 7 AT oI — R0 K G
ORERREI G NBD L2 EnZE BN,

HEE

Rt SRERE HEEOW) BEHAXR

I % O

BE-ETEN | | [ [
BE-ECPER | | L 1 [T
L[] [
L] [

FRE-BITER | |
FRE-ECPEIR} | |

1. FRPZERON, FEOMELIVHE DY
NODHRAANDHEE.
ABRFEREREZTRL, JL—BEEERS(H

BREN-EREZTT.

AT, BMOKEREFL T o 27 MIFFRTE EENHO GHG BEHHIE O 7= Ot BA 3¢ 1 JPJ011299)

DB ZZ T THUTONIZbDTHY, ZZITHELZRLET,

51 ATk

SREETE, WP, B HEAY, SKEPBES, Bk, RAEME (2021) PEINFTIERINE ~DIKZ <7 B i

BHG G- 23 PEMECHE IR LB RR 2 301 D BRBE AU A PR T M T 952

4, pp. 485-491.

H A& PEF 2, Vol. 92, No.

lio, W., Shimada, R., Nonaka, I. and Ogino, A. (2023) Effects of a low-protein diet supplemented with essential

amino acids on egg production performance and environmental gas emissions from layer-manure

composting in laying hens in the later laying period. Animal Science Journal, Vol. 94, No. 1, e13853.
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ZRICETARUREBRMRDEAICLDRENRFT IR R
OTRErBE R - LT 4SS (R IE R ER) -
AERAN-BFOBE(RHBKRR) - BREA (BEX)

1. [ZLHIZ

FHRICBWTEE~OE#RNE ELH, FrZIRE RS A (GHG) IZBIL Ti 2030 4 £ TIZ 46%HI T,
2050 FIZH—Ry =a— N EDOEO BIENEDLILTEY, EEICB W THRIRA RO TND,
FZAT TRIEZE IR T OB NRED LN TWNALEIATHY, R FTOHFHIMTOE ANIZIVE NS
GHG ZHI AT BEZ2 D2MT B A ZEAUZ AT TEERE WM THDHY, B TIERW, £ZT, AW TIE,
HARDFEKRICB W TRAMBNZ2E A L84 O GHG Bl EOFfZ21T 72,

2. Fi&

MBEEBIIHREL, BB EL T, TIVBANT o AYGEG B (NT AR, IRBEBMEY T 75
(Yamashita et al. 2019) (XD IR K EALALER, HEAR L CoRHRR IR LIEE, O3 >% B LT, ENEK
TITOITWDER % 72 g S E BT IEIZOWT, SR EZ B AL DEFER T AT A, A LN
HOENEITV AT LELT, [HO GHG HIJE B EIZE N O GHG HEH DA Z 3G LTnD03, Bz 13 A
REVCEVENOPEH AWM T 720 T, EANTHIR CE CHL IR COHEIEIZIZ 2B, 22T,
VAT LRSI R E Y OWE BT O, BT AT LAOEEHEFE Lk (L TRIEITV AT
LEDFESEEDT- (X 1), Ogino et al. (2013) DETIVEAETLEL TER LIZEBET A7 A 7L T EAA K
(LCA) =T V& HWT GHG HEH EOR HE1T -7,

3. EREER

SAEREZTHEL TEATHERERBE, JRIG KT 21T ROGE, T REROBE AIZLY
GHG HEHBITEITIZH A 9%IKL, T ABEHININZ TR FEMEHEY 77 2 & SR B ER (L E 28 AL 7=
B 38% Ko7, D S BT N CIE A TERWEN A o 7o 72D Bl R I TR 72 o 7223,
BRSNS UM E B 2RO T-62A, H ROBK 2R TOHFEIL 27% Th o7z,

Bt

AMWFTENL, JRMOKES BFET vy =7 MIFFE R 3653 BFIZ 3610 D U6 28 Bhifk Fn 43 7kr 0D BR 38 | (%5 7 43 BF
IZBI DR AR BT OB %) | B L O EENSD GHG HEHEIE D720 DO H B %€ | (JPJ011299)
DB EZ T Thbhicb D ThD,
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Ogino, A., Osada, T., Takada, R., Takagi, T., Tsujimoto, S., Tonoue, T., Matsui, D., Katsumata, M., Yamashita
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1. [ZC&HIZ
() ANTEEHE, L HURD 2 DD HETER - FIF S5, idoEtt (CG) <, tiizE—icHh, 1~
FEEA DR A 45— I CRRHE - B - XD 372, s (GG) Cld, 1T L 7-1%, SO % 15—
WL, YIRS 2 RIGE L 72 & EREFREA - UKT %, GG TIE, + - F - K& %8 U CHE AN D
fEYIRE: (PNR) 2MEBRL, CG Tl3, PNRIIMERY ic X » CHdhicib a3z,
Q) AW AL, HEPORMEESR, AahEERE ) PEPERNOZ S OFFER (375 PNR) ©
B2CG & GG ThH—DEFD L %, [CG & GCDELLAL VL OWEBRAEETE 2] %, BHEETL
ZHHL GRS & TH B,
2. ETIL

ETIUIROFIEZ IR D 370 LARFET 5 (i) PNR B2 & &R DBEfRIE Mitscherlich DFUTHE > Tl 55 (i)
GG T HEHIIAND PNR EE OZERI AL R13H V ~ARICHED A5, CG TIIZEHINCIE— 72 AR I hE
Yo F77, CG TOWEDHIRFHARE & ALY BRI, GG TORELD IR & G T L [FARFCH 5, CG &
GG 1231 % PNR D HANR (L - &8 L) BAETH 4L, TE I BRI CG & GG DEEEM %A1
LT, Wi O R 2 I L 72, CG i3, MHLY BiOMEE (Casel) & ALY ofi (Case2) D 2Cases
%E %, GG ICHT BRI TRFOPER & I L 72, GG Tl3, HUGGE IR X 1172 PNR (3RO A C
BN CIEBE T 223, CG TIINHLY I X o THIHIN D PNR |35 SEb a3,
3 BREBR

ETNGHH DR D% TRIURT, ZORT, yC I CGICHIT HELEHERT, ZORFID yC 1% Case2 IC
WIGLTRLNZETH S, q NI EEZRL, Hl2iE ¢=0.5 13RO EBFHFRD 50%% X ) B> 7285
AEEWRL TV, pl3 GG ITHT 5 PNR OEBMADIFIET, p=1% 7 v X L0AR L EHRTNL, 0p<l D&
&, TYRLID QBAEBAE M EALTWB L) 2RLTHT, NEWIEE, BuRE—ETh 3,
p>l DL E TV ELLYFFAZERIARE—ET, K& & p 13— IGE, WEREDOHIRTIE, Casel D&
I2lE, HIC CG>GG TH 5725, Case2 DEAICIE, T CG<GG TH B, DX 57 CG DWER ye & GG DIX
R yo ODHELINC D, =T A0 0 WL DhOfERDET 72, FlZIE, () AHY Sid%IC, PNR OffifE GB
M) ZfTblh o7zt (NSO BAREHC HADRRHIC T 5 X 5 10) D CG & GG OHHEREA KT 2
L, GG>CG TH 5 T &, (i) PNR DFfiFE GBIE) %17-C, PNRIEE% CG & GG TZ L L UTE L 72854, PNR
HTE DRI IC GG>CG TH B Z LKA TH S, ZOMEIL, HUEHDTH35 31T, AEFEHUITH 3
e RYRE-oTw 5,

Ay =ye—yc
p q=0.5 q=0.6 q=0.7
0.01 —19.038 -3.190 13.349
0.05 4253 20.101 36.640
0.1 18.753 34.601 51.140
0.2 33.737 49.585 66.124
0.5 50.276 66.124 82.663
1 58.674 74.522 91.061
2 63.822 79.670 96.209
5 67.315 83.163 99.702
10 68.559 84.407 100.946
100 69.715 85.564 102.102
1000 69.833 85.681 102.220
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OMM#FTE — BB (I E K) Kuzin Vitaly Dmitreievich (Nizhny Novgorod University)

1. [FLHIZ

HARICB D RENLTEEORD L@ LRI ICHER L T, RNOEEE, i TSt 0% EE A
FCEXHE IR L B NEEERE LT AN CH R LS TER, HRESZ O IZIY B AT
BB AT > COD AL OB R FICTE A BNEF- TS, AR T, EAIMEE e MO 2R 435720
ISR CHOX XL B~ L TF ATV AT R n—, AEBEI G, EEHARn—r%
MAB DT FIEERETS,

2. Ak

VIF AT H AT E A SRR LR o — A AR O R AR 8 A 2023 455 H 24 H, 6 H 6
H,6 H15H,7H5H,7H 11 B,8 A2 HIZZETL, 6 H 6 H~15 HDOMIZAENEbIFTcEIND
1 FHEOUHE, 7 H 11 A~8 A 2 ADMIC 2 FEOINHEIZI M AT OB 0N RENT, 7TH 11 A~
7 H 15 HETORMAREIEMED 0.015 KDLIML TODH R Z L7z, WELEF O E RO
EODDOH RIS IE T U E ENTCWD RIREME S E W EHERIE LD,

3. BEBHAELEXAFrD—OHEE

Re—  H iz i AL E BT CEA R BEAD=—R I E FoTW5, HEO XAG #EA B S L7~
EATRE—1%, 300 7 M AT Ol THDH3, FEA L TEASIN TS AT E N IR Z FTREIZ T D& T D
VAT LN A ARITEASNZ BB TE DU AT ARSI TN EW) R S MR S nb, 2023 4 7
AIZH R TR SN E BRI ZER R IC W T, EOT 7 — Y AR FE L7 R E S 72X
OBENEEEZERBR TR NH 7203, B EMIECHEFHELRN 10 FEM fTRER S MEREMIZIZERL TV
LM, MBFE Y 500 HHNBERSTND, v L F AT AATTHIHENZF XU NEENTWAHARE
PERE VLS AR L TR B B2 R oM FEfTRe—28E4 25, HERIT AT RER R TR R
— ORWELERRBRZ AL T 5 Matsumura & 2022), DIT #oEE A BE B AR e—2 MG-1 T4
T A% 2017 I AFHE R THD, MG-1 1%, FENCLDEBIREA N T L TH -T2, MG-1 OF%AFERET
&% T-10 BEO T-30 1%, 2023 4 7 A OEEREZEHME (FFIR) I2B8WT, Yrv—, 78R %, X%
HETHENO T E B A— D — RS RE S L CER I L TR, EROIEREL2 > TD, ABFETH
FIWAT DOT=DIfE T E D DI ALD T-10 ZiEHIEHI12H720, HEHEMECREIED 2 A ME25Zi#E T
HZET, MG-1 ODTA BV AEHLH TEDH, WEMITHFIET HHEE (F X)) 28U RA VMR ETHZ
LCRREHI O &% 8 BRI CED [ REMENH D, (KAlAE D B Bt rl BB B & FOFF-> nlREME
EW, BEICIAL b2 25 MR O BT AR N a—2 OF| H el et 1AL, YL EOM eItk
M HIB &R B AT IR EBL T 5,

5| F >Rk

Matsumura, K., Suab, S.A. and Avtar, R. (2022) Pack ice observations by UAV and Sentinel-2 Satellite.
Okhotsk Sea and Polar Oceans Research, Vol. 6, pp. 42—45.

AFHE —EB (2022) E¥EEMN T2ESI=@Eo T AR T Mg | 2022.2022 £ (45 71 [A]) B3 B
THSREHEES, B85 . https://www.youtube.com/watch?v=0C_mVox6LqQ

1. %2:2023 % 7H 11 B~7 A 15 BETOERKEMEA 0.015 UL MU= &,
. aXbaFHAEEHEM (39,800 A)EA : Pixhawk Mission Planner A—/A—ty b7y EE
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2. ik
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DI
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Hi PR E [ (FE
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[E LB (2023) HIEBLHIX] (FE 1 [E - Web), -><IX. In https://maps.gsi.go.jp/
FEE (2014) BB EFESHMEEHR AT L FEMNBLOY T, KT,
In https://wwwgis.pref.nagano.lg.jp/ pref-nagano/OpenData?mids=20001&pno=1

FEAROKFES (2021) E2EEVEEERT —2 (2021 4F 10 A 4 B AR,

H

In https://www.maff.go.jp/j/tokei/ census/shuraku_data/2020/ma/index.html
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