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Legumes are a diverse group of plants that play critical roles in agriculture, nutrition, and
ecology. From widely consumed staples like beans and lentils to forage legumes that feed
animals and medicinal legumes with healing properties, the use of their wide range of genetic
resources is essential in our lives. As the world population grows, there is an increasing need to
enhance crop production and efficiency. To meet this demand, agriculture must increase
production through conventional or genetic modification breeding techniques. To improve crops
through breeding, we must identify genes with agronomic value. While whole genomes have
been sequenced for many plant species, understanding their functions remains a challenge. In
this study, | addressed this challenge by, first, applying the full-length cDNA over-expressor
(FOX) gene hunting system, which is an approach for analyzing gene function, to explore
biomass-related genes in Lotus corniculatus. | accomplished this by using FOX lines with
randomly introduced Arabidopsis thaliana cDNA. Second, | introduced the biomass-related
genes identified in L. corniculatus into soybeans in order to apply them to the crop and verify
their usefulness.

The FOX gene-hunting system enables comprehensive analysis of gene function in plants
by ectopically overexpressing full-length cDNA. This system has been developed in
Arabidopsis thaliana and rice, which were limited to model plants. To facilitate the exploration
of agronomically valuable genes in legume crops, the FOX superroot lines (FSLs) with
Arabidopsis cDNA integrated into L. corniculatus were used to evaluate the initial growth. A
total of 66 FSLs were cultivated in vermiculite for four weeks. Plant length and root length were
measured, and high biomass lines were selected. Fifteen FSLs were identified with superior
growth characteristics, surpassing thresholds of 30 cm for plant length and 100 cm for root
length. These superior FSLs were each integrated with Arabidopsis cDNA, and categorized into
genes related to various functions such as membrane transport, photosystems, phytohormone

synthesis, amino acid synthesis, redox regulation, metabolic pathways, photosynthesis, and two




unknown genes. Two FSLs (FSL#83, #121) with distinct characteristics were grown for four
months in a greenhouse until the flowering stage, and were evaluated for agronomic traits.
FSL#83, expressing the brassinosteroid biosynthetic pathway (CPD) gene, exhibited significant
increases in internode length, number of stems, number of flowers, and above-ground dry matter
weight compared to non-transgenic SR. FSL #121, expressing Asparaginyl-tRNA synthetase
(SYNC1) gene, showed increased plant length and the number of stem nodes. Thus, the
overexpression of these genes is considered to increase plant biomass and yield by increasing
plant length, number of stems, and flowers.

The application of useful genes from model plants to crops is a critical step in verifying
their agronomic utility. Therefore, the SYNC1 gene, which was selected as a biomass-related
gene by the FOX hunting system in L. corniculatus, was introduced into soybeans to evaluate
its utility. Transgenic soybean plants were produced by infecting half-seed explants of 1-day-
old seedlings with a suspension of Agrobacterium tumefaciens that contained the expression
vector pPB7WG2D-SYNCL1. Overexpression of the SYNC1 gene in the transgenic plants resulted
in an increase in asparagine and lysine contents in matured seeds, and an increase in aspartate,
lysine, alanine, and histidine contents in germinated seeds. These changes in amino acid contents
had an impact on plant morphology, and led to a significant increase in plant length, number of
branches, and number of branch nodes as yield components of soybean. The transgenic plants
also showed a tendency towards a higher number of pods, seeds, and total seed weight per plant.
These results were similar in L. corniculatus, where overexpression of the SYNC1 gene led to
increased biomass by enhancing plant length and the number of stem nodes. Therefore, this
approach is expected to be applicable to other legumes, grains, and forage crops.

In summary, the findings of this study highlight the potential of the FOX gene-hunting
system in the identification of biomass-related genes in legume crops. Our research
demonstrates the significant promise of these genes in enhancing crop yield through the effective
application of biomass-related genes to soybeans. Specifically, the CPD and SYNCL1 genes play
a crucial role in increasing legume biomass and show immense potential for practical
agricultural utilization. This successful application represents a significant step in bridging the
gap between functional gene analysis in model plants and their practical agricultural application.
The implications of this research are substantial as it sets the stage for further advancements in
molecular breeding for legume crops, ultimately paving the way for the development of

innovative crops to support sustainable agriculture.
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Gas-liquid two-phase flow is widely encountered in engineering problems such as cavitation,
boiling, aerosol applications, and sloshing of cryogenic fluids. However, since the strong and
complicated unsteady behavior, such as phase change, mixed compressible and incompressible
flow, vortex shedding, and turbulence, the development of numerical methods for this flow is
difficult. Recently, a high-resolution scheme based on a homogeneous equilibrium model was
proposed and extended to preconditioned dual time-stepping methods to solve two-phase flow
problems, but this method is not consistent in time and requires large computing times.
Therefore, in this study, a stable and time-consistent upwind finite-difference method for
unsteady gas-liquid two-phase flows is proposed and applied to several multiphase flow
problems. The artificial dissipation terms are derived using preconditioning to enhance the
numerical stability and convergence rate. By this method, gas-liquid mixture flow problems
were computed, and the stability and effectiveness of this method are confirmed. In chapter 1,
backgrounds, purposes, and overviews about this study were described.

In chapter 2, a time-consistent and high-resolution numerical method for unsteady gas-liquid
two-phase flows was proposed. In this method, the artificial dissipation terms in the flux
difference splitting upwinding scheme are newly derived using a preconditioned matrix to
enhance the stability and convergence of the numerical calculation of gas-liquid two-flows with
arbitrary void fractions. The derivation of this method and its mathematical formulations in one-
dimensional Euler equations were given and expressed. With this method, gas-liquid mixture
shock tube problems were computed with various void fractions and pressure differences. The
shock and expansion wave propagations were observed and discussed in detail. The effect of the
preconditioned artificial dissipation on the numerical stability and convergence rate was
investigated and confirmed.

In chapter 3, the present method was extended in a general multi-dimensional curvilinear
coordinates system and applied to backward-facing step channel flows, including two-phase
flow with cavitation. The derivation and formulation of this method in two-dimensional Navier-
Stokes equations were given. Through the computation results, it is confirmed that cavitation
and separation bubble behind the step are well simulated under various expansion ratios,




Reynolds numbers, and cavitation numbers. The applicability and reliability of the present
method for gas-liquid two-phase flow with cavitating flows were discussed and demonstrated.

Chapter 4 presented the general discussion and conclusion. In the proposed method, the
numerical dissipation terms in the upwind difference scheme were derived using a
preconditioning matrix to increase the numerical stability and convergence rates in the
computation of mixed incompressible and compressible flows with large density changes. A
homogeneous gas-liquid multiphase flow model, the third-order Runge-Kutta method, and the
flux difference splitting upwind scheme coupled with a third-order MUSCL TVD scheme were
employed. From numerical experiments, it is confirmed that the effectiveness and applicability
of the proposed method in calculating unsteady gas-liquid multiphase flows was confirmed
through numerical simulations of unsteady two-phase shock tube and cavitating flow problems

with arbitrary void fractions and Mach numbers.
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Spatiotemporal monitoring of paddy rice fields and irrigation diagnosis via satellite-
ELIVE DS based vegetation indices
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In the Thapanzeik dam irrigation district of Myanmar, ground data are difficult to obtain;
thus, satellite-based information is expected to supplement the ground data. In this study, the
Normalized Difference Vegetation Index (NDVI) and the Enhanced Vegetation Index (EVI)
were used to analyze the agriculture status of the Thapanzeik dam irrigation district. Both
vegetation indices (VIs) were obtained from Moderate Resolution Imaging Spectroradiometer
(MODIS) MOD13Q1 vegetation index product version 3.10 collection 6.1.

The study area is located in the Sagaing region of Myanmar, which has a vast paddy
cultivation area. The irrigation system is composed of four primary canals, i.e., the Right Main
(RMC), the Ye-U Main (YMC), the Shwebo Main (SMC), and the Old Mu Canal (OMC). In
this study, the RMC was further divided into upstream (Upper Right Main Canal; URMC) and
downstream (Lower Right Main Canal; LRMC). The average annual precipitation of the study
area varied from 518 mm year-1 to 1182 mm year-1 in 2001-2020. Farmers in the irrigation
district generally cultivate paddy rice twice a year using irrigation water from the dam: during
the monsoon season (August to November) and during the summer season (March to July).

This study includes two kinds of analysis, namely: i) investigation of the long-term
cultivation trend and general impact of in situ precipitation on crop production, using differences
in MODIS NDVI and EVI data from 2001 to 2020 (20 years) and ii) spatial examination of
paddy crop growth using the NDVI of the primary canal command areas from 2014 to 2016 (3
years), corresponding to last three years of available daily precipitation record.

The analysis of average seasonal changes during the 20-year study period (2001-2020) in
NDVI and EVI clearly showed two peaks per year, which indicated double-cropping in the
irrigation district. Analysis of seasonal peak V1 values (NDVImax and EVImax) also showed that
crop growth increased steadily for both summer and monsoon cultivations from 2001 to 2020.
Comparison of the increasing trend within the irrigation district indicated that rehabilitation or
distribution of more water resources in the RMC system might be required.

To analyze the impact of precipitation on crop growth, the precipitation levels were
compared to the deviation of NDVI (ANDVImax) from the general long-term increasing trend




for the irrigation district. The analysis showed different effects of precipitation on crop growth
during the summer and monsoon seasons. The results suggest that precipitation helped crop
growth during summer cultivation while hindering crop growth during monsoon cultivation.

As reported in other studies, EVI performed better than NDVI on fields with dense
vegetation of active crops. A relatively large, random-type variation was observed when plotting
at a moderate NDVI range (0.2 < NDVI < 0.8), which might be due to the difference in input
data of the two VIs of MOD13Q1. This might be because using two kinds of spatial resolution
bands for EVI calculation, i.e., 250 m for red and near-infrared and 500 m for blue, can cause
spatial resolution degradation. The variation between NDVI and EVI might indicate a spatial
resolution deterioration when using 250 m EVI, which could indicate that using NDV1 is better
for moderately vegetated surfaces.

Spatial diagnosis of canal performance using NDVI clearly showed differences in crop
growth in primary canal command areas. During the summer cultivation season, crop growth
was unstable throughout the study period, with greater differences in the mean NDV Imax in all
the command areas. NDVImax images showed the stability of crop growth during the summer
cultivation season, indicating that areas which had consistent and sufficient access to irrigation
water, i.e., the upstream area of URMC, areas nearby YMC canal, and areas under SMC,
maintained better crop growth (high NDVImax). In contrast, unstable crop growth was observed
in the command fields of the RMC system during the summer cultivation season. The average
and median NDV Imax for URMC and LRMC were lower than those in OMC, SMC, and YMC
during the monsoon cultivation season. Thus, rehabilitation of the RMC system should be
prioritized to reliably cultivate summer crops in the irrigation districts.

The spatial analysis in this study showed that the MOD13Q1 NDVI product was useful for
monitoring and analyzing paddy rice growth in Myanmar, demonstrating that observing spatial
variation in crop growth is useful for practical canal system restoration planning, even with
limited access to ground data.
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In the aftermath of volcanic eruptions, the deposition of volcanic materials significantly
reduces the infiltration capacity of the ground surface, leading to the increase of overland flows
during rainfall events. These flows can develop into volcanic debris flows (VDFs), which may
persist for decades with significant sediment export. Understanding the long-term behavior of
VDFs and associated sediment export is crucial for effective sediment management in volcanic
regions. At Mount Unzen, more than 25 years after the 1990-1995 eruptions, VDFs have
continuously occurred in the Tansandani and Gokurakudani gullies of the Mizunashi River
watershed, with a decreasing tendency. While several studies have examined VDFs at Mount
Unzen even in recent years, none investigated and predicted the long-term VDFs with sediment
export considering their reduction. The main objective of this study is to evaluate the long-term
sediment export from VDFs. The goal is achieved by monitoring VDFs, identifying the
controlling factors, and developing a model to estimate sediment export. Chapter 1 provides a
general background on VDFs following volcanic eruptions, describes the historical eruptions
and VDF activities at Mount Unzen, and the objectives.

In Chapter 2, the monitoring was conducted from 2016 to 2022 in the two gullies to
identify recent VDFs and analyze their rainfall characteristics. Time-lapse cameras were
installed in each gully to record VDFs. In addition, historical records for VDFs between 2004
and 2015 were used for the analysis. Based on hourly rainfall data, 1-hour maximum rainfall
intensity and the relationship between mean rainfall intensity (I) and rainfall duration (D) were
analyzed with VVDF triggering and non-triggering events. Since 2004, the 1-hour maximum
rainfall triggered VDFs increase. Moreover, during the monitoring period, five VDFs were
observed, four of which stopped within the gullies, revealing different VDFs occurrences
between the two gullies. Since 2020, although eight rainfall events exceeded the ID line of
VDFs, no VDFs occurred, indicating that the rainfall required to trigger VDFs has increased
over time.

Considering the VDF decreases over time, Chapter 3 hypothesized that topographic
factors influence their reduction. A topographic analysis was conducted using 15 Digital




Elevation Models (DEMSs) of the two gullies between 2003 and 2022. Topography differed
notably before and after three large-scale VDF events in 2015 and 2016. From 2003 to 2014,
the gullies' widths and depths continuously increased. In 2015, gullies’ depths sharply increased,
resulting in V-shaped cross-sections, which expanded into U-shapes in 2016 with minor changes
in depth and width. From 2017 onward, cross-sections remained U-shaped with minimal
changes, and channel gradients gradually decreased. Consequently, sediment deposition and
erosion in the gullies were nearly balanced from 2017 to 2022. This chapter emphasizes
topography as a key factor in the reduction of VDFs.

In Chapter 4, a generalized linear model was developed to estimate long-term sediment
export in the two gullies, considering the reduction of VDFs. Sediment export for 14 periods
was calculated from DEMs of the two gullies from 2003 to 2022, which was used as a dependent
variable. Independent variables included rainfall indices, decline indicators for sediment export,
a proxy for constant sediment supply, and a gully difference. For the decline indicators, three
types were tested: normalized difference vegetation index (NDVI) for growing and non-growing
seasons (Model 1a and 1b) and the cumulative dates since the first day of the analysis period
(Model 2). Based on stepwise processes, the rainfall index and decline indicator were selected
for all models. The gully difference was selected for Models 1b and 2. For all models, the
estimated values well followed the observed values. Thus, we effectively estimated the
decreasing trend of sediment export over two decades using easily obtainable variables.

Chapter 5 presents a general discussion and conclusion. The main results indicate that
the frequency and magnitude of VDFs have decreased over time. This decrease could be
attributed to the evolution of gully topography. Stable U-shaped cross-sections and gentler
channel gradients have reduced flow velocities, dispersing VDFs within the gullies.
Consequently, even when rainfall intensity exceeds a VDF threshold, VDFs can be less likely
to occur or extend beyond the gullies. Additionally, decline indicators (i.e., NDVI and
cumulative dates) in the estimation models may indirectly reflect other controlling factors. The
estimation models effectively capture the decreasing trend in sediment export using accessible
variables without integrating topographic factors. Although incorporating topographic factors
could enhance model accuracy, it would increase complexity and limit generalizability due to
data availability constraints. Our models, therefore, have the potential to be adapted to other
volcanic regions. This study effectively evaluated long-term sediment export by monitoring
recent VDFs, identifying topography as the main controlling factor in VDFs, and developing
models for estimating sediment export.
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The foods, in which we are normally consuming on the daily life has been divided into
three functions. The first is the nutritional functions such as proteins, fats, and
carbohydrates. The second is preference, such as taste, color, texture, and flavor. The third
is bio-regulatory functions such as protection against diseases such as metabolic syndrome,
as typified by obesity and diabetes. It is important to enhance these three functions of foods
in order to enhance the daily food. Therefore, many food scientists around the world have
been exploring the novel functions in foods. On the other hand, research on the
functionality that takes into account the harvest-timing under the viewpoints of the third
functions, and that targets on undigested foods are still in its budding stage.

In Chapter 1, therefore, | focused on isoflavones, such as daidzein and genistein, which
are abundant in soybean, contained in pulp of immature soybeans, and investigated the
effect of harvest timing on expression patterns of isoflavone synthase (IFS) and cinnamate
4-hydroxylase (C4H), two major genes in the isoflavone synthesis pathway. In results, C4H
expression was increased during the day and decreased at night, although IFS expression
tended to decrease during the middle of the night, but not significantly. Whereas isoflavone
content was decreased during the day. These results suggest that harvest of immature
soybeans immediately after sunset is desirable for increasing amounts of isoflavones,
which have many beneficial health effects.

On the following Chapter 2, | focused on coffee, which is rich in polyphenols, and
evaluated the effect of mineral content and antioxidant activity. Kopi Luwak is a rare type
of coffee, that has been partially digested in the digestive tract of the Asian palm civet
before roasting, and therefore has a unique change due to the action of digestive enzymes
from the civet’s intestine. In this chapter, the differences between Kopi Luwak and regular
coffees were evaluated by simultaneously analyzing 23 minerals (Al, As, Ba, Bi, Ca, Cd,
Co, Cr, Cs, Cu, Fe, Li, Mg, Mn, Mo, Ni, Pb, Rb, Se, Sn, Sr, V and Zn) using ICP-MS. Of
these 23 minerals, the concentrations of Mn and Ba were significantly lower in Kopi Luwak
than in regular coffee. Otherwise, the concentrations of Cu and Rb in Kopi Luwak were
significantly higher than those in regular coffee. Additionally, I also found that the




antioxidant activity of Kopi Luwak was higher than regular coffee. Its main reason was
indicated that the polyphenol content may have increased during passage through the wild
Asian palm civet's digestive tract. These findings imply that Kopi Luwak is an important
candidate of functional foods.

In summary, this doctoral dissertation has revealed the new knowledge about the foods,
in which we consume on a daily, especially the importance of taking into account the
harvest-timing to enhance the functionality of foods, and the new functionality of
undigested coffee, Kopi Luwak.
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Numerical Study on the Effect of Winglet Configurations on the
Aerodynamic Performance of Horizontal Axis Wind Turbine Blades
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The utilization of a renewable energy sources is need to be increased to replace the
dependency on non-renewable energy sources. In an attempt to increase the efficiency of a wind
turbine, the effects of winglet configurations on a turbine blade of a horizontal axis wind turbine
(HAWT) were studied in this thesis. Chapter 1 and chapter 2 explain about the general view of
wind turbine and the wind turbine blade airfoil.

In chapter 3, a numerical investigation of the effects of winglets with multiple cant angles
on the power output of the blade of a HAWT is conducted. Several winglet configurations with
single and multiple cant angles are designed and their performance is evaluated. Numerical
solutions obtained by RANS equations and moving reference frame method were compared with
the experiments and demonstrated that they concur well with the experimental data. In the torque
and thrust comparison, the ones with multiple cant angles present better power output
enhancement than those with a single cant angle at a relatively high wind speed. The
configurations of multiple cant angles are effective in reducing the influence of wing tip vortices,
resulting in a higher torque while maintaining the same winglet length and height.

In chapter 4, another investigation was conducted on winglet designs with multiple sweep
angles to a same HAWT blades. The effects of sweep angles were investigated considering a
wind speed range of 7 to 25 m/s. Numerical simulations were performed using RANS equations
and the SST k—w turbulence model. The interaction of the blade rotation and wind flow was also
modeled using a moving reference frame method. The numerical results were found to be in
good agreement with the inferences drawn from the experiments for a baseline blade without a
winglet, thereby validating the computational method. The investigations revealed that multi-
swept winglets predicted a 14.6% torque increment, providing higher torque output than single-
swept winglets compared to the baseline blade at a wind speed of 15 m/s. Implementing multiple
sweep angles in the winglet design can improve the blade performance effectively without
further increments in the winglet length.

Chapter 5 of this thesis provides the conclusions of this study. Overall, the investigations
showed that the winglet configurations result an improved tip vortices condition where the size




and the strength of the tip vortices are lower when compared to tip vortices of baseline

configuration without winglet. So that the blade pressure distributions at area of blade tip is

improved, resulting a larger pressure difference that leads to a larger torque generation by the

blade. The utilization of winglet showed an effective way to improve the blade performance and

the implementation of multiple parameters of cant and sweep angles showed that it can provide

higher blade performance while maintaining a same winglet length.
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Sustainable cropping system incorporating small-grain summer
forages in southern Kyushu
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Grain-type amaranth (Amaranthus hypochondriacus) production is expected to improve
the inferior properties of forage quality and quantity in summer gramineous species to dissolve
deficiency of grass herbages in crude protein (CP) and essential amino acid, lysine for livestock
animals, produced in several countries including southern Kyushu, Japan. However, the use of
amaranth in Japan is still limited. Therefore, the objectives of this study were to assess the
feasibility and sustainability of an annual cropping system incorporating dicotyledonous
summer forage amaranth, compared with the conventional small-grain grass species from
2020-2023. In addition, as for winter crops, Italian ryegrass (Lolium multiflorum) is the
principal forage in southern Kyushu region, since it has high CP content and digestibility, while
its production season is limited by blast decease infection, occurring in high temperature with
humid conditions. New blast decease-tolerant variety of Italian ryegrass “Yayoiwase” was
developed to relieve this limitation. However, since there were still few histories obtained for
“Yayoiwase” incorporating into an annual cropping system, therefore, the yield and quality of
the genotype were also examined in 2020-2024.

As an introductory experiment, amaranth was compared with four conventional small-
grain forage species, i.e. foxtail millet (Setaria italica), Japanese barnyard millet (Echinochloa
esculenta), proso millet (Panicum miliaceum) and forage sorghum (Sorghum bicolor) by sown
in early May 2020 and 2022 to test adaptability, dry matter (DM) yield and quality of forages.
In both years, the highest DM vyield and crop growth rate were observed in the first harvested
amaranth. In addition, amaranth also ranked the highest for in vitro DM digestibility (IVDMD)
and CP content with the lowest neutral detergent fiber (NDF) content in 2020. Both IVDMD
and CP content were lower in 2022, since the crops were more mature at harvest, although
NDF content was the lowest. Among small-grain grass forages, forage sorghum had the second
highest DM vyield after amaranth and the highest IVDMD in the first harvest crops. The
amaranth crop was extensively damaged in 2020, when 31.7% of the crop was lodged by a
strong wind caused by typhoon No. 5. Compared to conventional small grain grass forages,
amaranth had the potential for high forage DM vyields and quality. However, protecting
amaranth plants from typhoon damage requires further study.




Establishment methods of amaranth need to be improved for the crops to be less sensitive
to typhoons. Optimal establishment, cultivation, and utilization in amaranth were examined for
a variety of seasons and methods of establishment in 2021-2023. Four methods were
examined: 1) direct seeding in rows, 2) direct seeding in spots, 3) soil ball, and 4) transplants
pretreatment methods. Sowings every month from April to August were applied only in 2021,
while establishments in April, May and August with both pretreated soil ball and transplants
methods were applied in 2022 and 2023. In 2021, the establishment in August successfully
escaped damage from typhoons. Direct seeding of either rows or spots showed marginal
success in establishment, compared to stable establishment in pretreatment methods. In 2022
and 2023, the highest DM yield and CP content were achieved in soil ball plots in April and in
both pretreated plots seeded in August, respectively. The quality of silage fermentation showed
a high pH, ranging in 4.52—6.39, due to the high CP content in 7.59%-18.36% DM. Sowing in
April or August established with soil ball can avoid typhoon damage to have stable forage DM
yields and can be processed with favorable quality of amaranth silage in the region.

From the present study, the principal summarized findings were as follow: 1) the potential
of amaranth to improve forage quantity and quality in southern Kyushu region was confirmed
in a small-scale condition, 2) stable establishment methods of amaranth were certified as the
April-sowing with pretreatment methods, soil ball or transplants, meanwhile, silage processing
is a suitable conservation method for amaranth in the region, 3) the performance of recently-
bred Italian ryegrass variety “Yayoiwase” was the best fit to combining to the annual cropping
system, 4) the feasibility of amaranth with Italian ryegrass annual cropping system was
confirmed in the field experiment. Therefore, it is concluded in the present study that the novel
forage cropping system can present to improve forage quality and production potential in
southern Kyushu, Japan.
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Reducing feed expenses without compromising livestock performance and health is
critical in livestock enterprises. Fiber-based feed ingredients are gaining popularity in swine
production for their cost-effectiveness, with increasing attention on forage feeding to lower
costs. Forage-based substitutes offer a strategy to manage sow nutrition by increasing daily feed
allowances without excessive energy intake, mitigating unnecessary weight gain and its
associated health issues. While research exists on fiber-rich diets for sows, the specific impact
of forage silage inclusion on swine performance and well-being remains relatively unexplored.
This thesis aimed to: 1) evaluate the effects of Italian ryegrass silage (IRS) on the nutrient intake,
behavior, and stress status of pregnant sows, 2) identify promising winter forage species for
sows in the Miyazaki region of southern Kyushu, and 3) assess the impact of crimson clover
silage (CCS) on sow behavior, stress, and feed costs.

Chapter 2 investigated the effects of IRS inclusion in sow diets. Given swine's limited
fiber digestion, providing a nutritious and digestible source like legumes and temperate grasses,
particularly IR, was essential. IR was chosen for its high digestibility and adaptability as a winter
crop in tropical and subtropical regions like Miyazaki. Six sows (initial body weight [BW]:
238.6+5.9 kg) were assigned to a 6 x 3 Latin square design with a 5-day acclimatization and a
5-day data collection period. IRS was included at 0%, 9%, and 13% dry matter (DM) in the
diets. Data on feed intake, BW, urine cortisol, and behavior were collected. All diets were fully
consumed, and nutrient uptake was unaffected, but BW gain decreased (p < 0.05) with increased
IRS inclusion (6.67 kg for the control vs. 2.48 kg for 13% DM treatment). Behavior and urinary
cortisol concentration tended to improve with increased IRS inclusion, though not significantly
(p > 0.05). Feeding 13% DM of IRS reduced (p < 0.05) feed costs by 17%. Recommendations
included increasing the silage proportion in diets, extending the feeding period, and selecting
more nutritious forage species for the effect of silage inclusion on stress conditions to be more
pronounced.

In Chapter 3, IR, crimson clover (CC), and sugar beet (SB) were cultivated in single
plots, and also in mixed plots of CC and SB. CC was chosen for its high-quality forage value




and adaptability to tropical/subtropical regions as a winter crop. Growth performance and
chemical properties of the forages and their silages (three months post ensiling) were assessed.
Annual DM yield was highest (p < 0.05) for SB (1,992.6 g/m?), followed by mixed CC and SB
(1,353.0 g/m?), IR (1,183.0 g/m?), and CC (692.8 g/m?). CC had higher (p < 0.05) crude protein
(CP) and non-fiber carbohydrates (NFC) (19.4% and 37.7%), while IR had more neutral
detergent fiber (NDF) (55%). Feeding trials with six sows showed that both pure and mixed CC
silages are promising for sow nutrition. Increasing the silage inclusion to 25% DM for CC silage
and mixed CC and SB silage resulted in no leftovers. Feeding time increased from 28 minutes
with the commercial diet to 58 and 61 minutes per day for the CC silage and mixed silage,
respectively.

In Chapter 4, CCS was chosen for its desirable characteristics and nutritional alignment
with sow needs. As a legume-based silage, it is more nutritious, less fibrous, and more digestible
than IRS, allowing a higher substitution ratio in the commercial diet, adhering to Chapter 1
recommendations. Six sows (initial BW: 238.6+5.9 kg and initial backfat thickness: 23.8+1.10
mm) were assigned to a 6 x 2 Latin turnover design with a 10-day acclimation and a 10-day data
collection period. CCS was included at 20% DM in the test diet, which posed no problems with
palatability or feed utilization as it was consumed without long breaks and there were no
concerning amounts of undigested silage material in their fecal matter. Data on daily feed intake,
BW, and backfat thickness were recorded, along with urine samples for cortisol and video
footage for behavior analysis. Nutrient uptake, BW, and backfat thickness were unaffected (p >
0.05), but stereotypic behaviors and urinary cortisol concentrations were significantly reduced
(p < 0.05). Incorporating 20% DM CCS into the sow diet reduced (p < 0.05) feeding costs by
8%. This aligns with earlier recommendations for increasing the proportion of silage
supplementation (which was made possible by the legume-based silage) and extending the
duration of feeding trials to accurately observe and evaluate the effects of silage on sow
performance and well-being.

Overall, these studies highlight the potential benefits of incorporating IR, CC, and SB
silages into sow diets to enhance nutrition, improve behavior, reduce stress, and lower feeding
costs. Future research should focus on extended feeding trials, and regional adaptability studies
to validate effectiveness in different climates. Additionally, economic analysis should quantify

cost savings, and broader application studies should evaluate benefits for other livestock species.

(1) FXEEOSAE. THE ANFRE] OMICIIEELZ T 2HEOREZTLAL, NFFEEDOFTA
IFRELT D,

(E2) 74 MIFXDOEE 10.5 R A > hOWHFR, HEXOHE 12 WA 2 D times K & T 5,

(HE3) FamCE A PAEREOSG G A AR Z IR T 5 2 &,

(E4) TR ET D,




MR 7

(P 20254F 1H 23H

i #wOA MR 0 EE

B K| B X

. . K 4 MAKALANT ANDREW LIVINGSTONE
NZFARJE (VOIEE) 20228E1% 4A) A%

Effects of forage silage inclusion on nutrient intake, and stress condition in gestating sows
oo g | CHREBIRICH 2R A L— DG 5D SERETS LU b LRI RIE T )

WEERE W KOV Sl ESCC N P NI
Bl A& R mE R
Al & iz o R
Bl A& E5C SN N VN
Al & S N

#FE M R o B F (800FLN

FHRIIEPERIOATIE BROBLED O =3 L F—HEDHIR S TR Y | R /LF— i LoD
SR AT AT D, AR, BE A L—I0EH U, RSB C (e 5.2 DR 8%3T
i 7= 6 DT 5,

IXUOIZ, BRI E > THRED < B LT WEFRE LCA X U T T4 77 A (IR) ZFAVWTIRY A L—
ARG DRERARE LT, 1T L OYRF LT — VR X TREL A 53 £ A2 Tl AEmic -
7o, BRAATBD LIVRD -T2, ZORERNG, A R L RRBEZRT 51 L— R G0 R A B 235
el A L—URARIG AL, Fa5HIMAIERT 5 2 LB L fEa D -,

WIT, BT E > TR REMIE <, fBHRZENARERERE L LTy AR D7 U LY 7 a—3—(C
ONVEH Uiz, #REAEE YA L—U W ERRT D720, v a i —E— b (SB) & ODFfAGHEERET LT,
PR ISB MR b iE < . OV NTOC & SBOOJRSE, CCHUBRDIEL 727, OCESBAFHAGIED Z & THA L
—IEIIRIFE 720 | iR L L% E TRIRICHE S ATRE T D Z L 2R LT,
5T, 10 HREIOBIBEHRH & 10 B RO 7— 2RI 31 CCHA L—% i & L Q0% 5- L, R
& KE, WIEE, RP T —REORIE LT8O A To 7o, FEHEEE, (KHE, iR
IFROGIT, A N UARREA RN T8 & R =V — R R LT,

PLELY, CCHA L—UHHRRIEO R U CRIFFRETH Y . BB A 52 TICA h L AMKRE
EARFNATRE Cdr D Eftaah T QD ARBECELIZAAIL, IR R CEEEOATTEH L SinaEako
MO EENT 5 O i S LD,

NS TORFEB LOERESE LY TH Y | AEERE RTINS GERR L OSBRI AR L= S HET
Do

(E1) FCEAINEREOS ST AATEEIRLT D 2 L,

(E2) F&l TS TORER LOEREVE bl Th V) | AFAZER TGRS L ORI ZEHs
LIZEHEST D) W) Ezm — L GoRd D2 &,

(E3) gﬁ%%@@jf@%m [RiE, NPT OB 22T DHEOHETLA L, NFFEEOFLAL
RELT D,



FDESE

FURSFRB

FURSDEMF

bR

g K

S ism S

REBFT
ETIREEPERE2625
FL(RF)
SHNTE3H248
FNIRBIEARFIEZY

(BF128F X B ETHHIS)

=y TSRS TR

Pl

EYERESARIFE TN

KEEDRIZHEI—R

Study on Ivy, a Lysozyme Inhibitor Derived from Intracellular
Fish Pathogenic Bacteria Involved in Host Immune System
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Effective cattle management and timely intervention during calving are critical for
promoting animal welfare and maximizing farm productivity. Early and accurate calving
prediction allows farm staff to provide prompt assistance, reducing risks and improving
outcomes for both cattle and calves. The calving process significantly impacts cow health, calf
survival, and post-calving reproductive performance. However, traditional methods often fall
short in detecting early labor signs or abnormal calving conditions due to the complex and
environmentally influenced behavior of cattle. Additionally, real-time monitoring in dynamic
farm environments, where cattle are constantly on the move, presents added challenges.

Our research aims to address these issues by developing a real-time cattle monitoring system
that incorporates advanced technologies for predicting calving times and classifying calving
types. Our primary goal is to predict calving events and classify calving types well in advance,
facilitating timely and proactive interventions. Therefore, this system ultimately supports better
animal welfare and more efficient farm management during the critical calving period.

This thesis is organized into five chapters. Chapter 1 provides an introduction to the research,
detailing the background, objectives, and the main contributions of the study. Chapter 2 offers
a comprehensive review of related work, examining previous approaches to cattle monitoring,
as well as existing methods for detection, tracking, identification, and calving time prediction.
Chapter 3 explains the methods and techniques used in this study, outlining the steps taken to
achieve the research objectives. Chapter 4 presents the experimental results, including the
implementation process and an analysis of the performance of the proposed system. Finally,
Chapter 5 summarizes the findings, provides a discussion of the results, and presents the overall
conclusions of the study.

In our research, we customized and fine-tuned the Detectron2 and YOLO models using
cattle-specific datasets to create tailored frameworks for effective cattle face detection, whole-
body detection and segmentation. These models efficiently filter out environmental noise, such
as people and trucks, and were compared based on their ability to reduce missed detections and
false positives. This ensures reliable and continuous monitoring of cattle in challenging farm
environments. After that, we integrated the detection model with multiple deep learning tracking




algorithms. We developed a tracking algorithm named Customized Tracking Algorithm (CTA)
to continuously track individual cattle and effectively handle various types of occlusion
conditions. For cattle identification, we utilized and compared VGG16, ResNet50, ResNet101,
and ResNet152 for feature extraction, and applied ten different machine learning classifiers for
identification. After that, we integrated tracking and identification to ensure accurate re-
identification of cattle by linking local and global IDs, even in situations with temporary
occlusions or when multiple cattle are moving in proximity.

This research presents two approaches for predicting calving time and classifying calving
type: Approach 1: Al-Driven Movement Rate Variability Analysis, Approach 2: Lying and
Standing Behavior Classification, and Approach 3: Statistical Analysis. In Approach 1,
Trajectory, Triangle Area, Moving Average, Poincare and Entropy were utilized for feature
extraction. By integrating these diverse features, the system achieves a robust framework for
accurately forecasting impending calving events. In Approach 2, ResNet50 was used for feature
extraction, while Support Vector Machine (SVM) was employed for behavior classification.
Approach 3 involved three distinct movement features for each category. For calving type
classification, the features Total Euclidean Distance (TD), Total Magnitude of Acceleration
(TA), and Total Moving Average of Triangle Area (TMA) were utilized. For calving time
prediction, we used Cumulative Euclidean Distance (CD), Cumulative Magnitude of
Acceleration (CA), and Cumulative Moving Average of Triangle Area (CMA).

Experiments demonstrated an average detection accuracy of 98.70% and an average tracking
and identification accuracy of 99.18% by successfully linking their corresponding IDs.
Approach 1 achieved 100% accuracy in predicting the calving time for all cattle within three
hours before the event. Approach 2 achieved an average accuracy of 96.79%, accurately
predicting calving within the following 3 hours. For Approach 3, we achieved 100%, 95%, and
85% accuracy in classifying calving type and predicted their calving times with a precision of
* 6 hours, = 9 hours, = 8 hours, respectively. Our calving time monitoring system is fully
automated, providing real-time updates and early warnings to farmers. Moreover, this enables
timely interventions and enhances the management of calving events.
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This thesis focuses on addressing critical challenges in cattle monitoring systems,
specifically targeting the detection and tracking of estrus behavior in black cattle. Accurate
estrus identification is vital for optimizing breeding practices and enhancing reproductive
efficiency, directly influencing the success of livestock management. Traditional monitoring
methods are labor-intensive, time-consuming, and prone to errors, necessitating the
development of automated and efficient solutions. This study introduces an innovative
monitoring system leveraging RGB surveillance cameras, deep learning algorithms, and
advanced computer vision techniques to overcome these limitations. By automating the
detection and tracking process, this research aims to improve overall efficiency in cattle
management systems.

The thesis is organized into six chapters. In Chapter 1, introduces the research background,
main objectives, key contributions, and the overall structure of this thesis. This chapter
highlights the motivations behind developing a more efficient and reliable monitoring system.
Additionally, it outlines the flow of the research, emphasizing how each chapter contributes to
building a comprehensive solution to the challenges in cattle detection and tracking.

In Chapter 2, delves into the relevant research areas, providing a thorough review of existing
cattle monitoring technologies and exploring the various detection and tracking methods utilized
in livestock management. This chapter examines prior research on estrus detection in cattle and
compares approaches.

In Chapter 3, presents a detailed methodology for acquiring and processing video data to
facilitate accurate detection and monitoring of Japanese Black cattle. The data acquisition
process involves a strategic camera setup at Sumiyoshi Ranch, University of Miyazaki, to
unobtrusively capture natural cattle behaviors while addressing environmental challenges such
as lighting variations and occlusions. Additionally, the recorded video data were processed using
advanced techniques to ensure high-quality inputs for model training and analysis. The chapter
also emphasizes the implementation of cutting-edge automatic annotation workflows,
leveraging state-of-the-art models such as Segment Anything Model (SAM), Grounding DINO,
and DETIC. These automated tools significantly reduced the time and effort required for manual




annotation while maintaining consistency and accuracy, enabling the creation of robust datasets
for training advanced detection and tracking algorithms.

In Chapter 4, explores the essential role of detection models in cattle monitoring systems
through computer vision techniques. This chapter delves into the comparison and enhancement
of various deep learning-based detection models, including YOLO versions from YOLOVS5,
YOLOv7, YOLOVS, as well as Mask R-CNN and Detectron2. Each model is evaluated based
on critical metrics such as detection accuracy, processing speed, and overall efficiency to
determine the most suitable approach for this application. Among these models, the YOLO
family exhibited superior performance, which led to its selection for further refinement in
tracking estrus behaviors.

In Chapter 5, explores advancing object tracking and estrus behavior detection for black
cattle, addressing critical challenges like uniform appearances, occlusions, and environmental
variations. A customized lightweight tracking algorithm (CTA) was proposed, achieving a high
MOTA of 96.88% through optimized detection and re-matching strategies. For estrus detection,
two methods were evaluated. Method 1, a feature-based calculation approach using instance
segmentation and machine learning classifiers, achieved a high accuracy of 96% and
demonstrated robustness in challenging scenarios. Method 2, a vision-language model-based
approach, introduced zero-shot detection and automated behavior annotation but struggled with
false positives in complex environments. Together, these innovations provide a scalable and
efficient framework for precision livestock management, contributing to intelligent monitoring
systems.

In Chapter 6, the proposed research is summarized, the overall effectiveness of the proposed
system is described, and finally concluded by outlining its potential contributions and future
directions.

In summary, this thesis makes significant advancements in cattle monitoring systems by
addressing the challenges associated with detecting and tracking estrus behavior in black cattle.
Through the development of specialized datasets and a Customized Tracking Algorithm (CTA),
this research resolves key issues such as ID switching, ensuring high tracking precision and
achieving a MOTA of 96.88%. The integration of advanced detection models, including vision-
language-based and feature-calculation-based methods, provides reliable estrus detection,
distinguishing between estrus and non-estrus cattle. Furthermore, the use of innovative
techniques like large language models for annotation and YOLO-based detection models
enhances the scalability and adaptability of the system. These contributions lay the groundwork
for automated and intelligent livestock management solutions, improving efficiency and
precision in modern cattle farming.
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