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Establishment of Data Analytics for On-farm Experimentations in Japanese Paddy Fields

Title of Dissertation

(Dissertation Summary)
On-farm experiments (OFEs) are pivotal in agricultural research, providing practical insights and solutions to enhance crop

productivity and agricultural sustainability. Active farmer participation in OFEs facilitates knowledge sharing and

participatory decision-making, enriching the relevance of research findings. Various experimental designs, such as

randomized complete block design and strip trial design, have been employed in OFEs to systematically assess treatment

effects and interactions, offering distinct advantages for evaluating agricultural outcomes. Advancements in precision

agriculture technologies like variable rate application and yield monitor are revolutionizing data collection and analysis in

OFEs. Researchers and farmers conducted OFEs primarily in large-scale upland fields due to the relatively high adoption

rate of precision agriculture. Yield prediction and treatment assessment in OFEs is essential for informed decision-making,

aiding both farmers and researchers in optimizing resource allocation and enhancing crop management strategies amidst

growing concerns for food security and sustainable farming practices. However, ensuring profitability for farmers requires

not only precise yield prediction model but also robust statistical analysis techniques to effectively interpret data from

smaller OFE plots. Thus, this thesis includes two main experiments including (i) Multimodal deep learning for rice yield

prediction using UAV-based multispectral imagery and weather data, and (ii) A Bayesian approach to assessing uncertainty

in the effect of fertilization strategies on paddy rice yield via multiple on-farm experiments. The final objective of this thesis

was to establish data analytics for on-farm experiments in Japanese paddy fields.

The first experiment explores precision agriculture, utilizing deep learning models with UAV imagery and weather data to

predict rice yields accurately. Through precise comparison of various neural network architectures, the study examines

factors such as CNN feature extractor layer configurations, fully connected layer depths, and weather data integration

methodologies. Key findings include the significance of integrating weekly weather data for improved prediction accuracy,

with monthly cumulative data showing less impact. Additionally, the study explores the effects of adding extra layers to the

model architecture, highlighting the benefits of even a single additional layer. Despite similar prediction accuracies among

top models, differences in predicted yield levels and spatial patterns suggest variations in fertilizer treatment effects. The

study underscores the importance of assessing prediction accuracy and model robustness, advocating for validation with

independent field test datasets with higher spatial density. Overall, this pioneering research advances crop yield prediction

in precision agriculture, paving the way for future innovation and exploration in the field.

The second experiment delves deeply into agricultural research, with a focus on analyzing spatial variation in crop yields

within OFEs. Employing an advanced Gaussian process model, the study meticulously evaluates the effects of fertilizer

treatments while considering spatial yield variations. Results reveal a significant spatial correlation in rice yields across

fields, underscoring the importance of spatial modeling approaches. By utilizing Bayesian model averaging, the study

effectively addresses uncertainties, enhancing the accuracy of treatment effect assessment while managing model

uncertainty. Intriguingly, the research hints at potential economic benefits associated with lower fertilizer rates in most

scenarios, albeit with acknowledged exceptions. The study transparently acknowledges concerns regarding data artifacts or

model limitations, stressing the need for rigorous validation and further investigation. Probability analysis demonstrates the

economic viability of reducing fertilizer application rates, aligning with broader sustainability objectives. The study

proposes a comprehensive Bayesian analytical framework supplemented by revenue analysis, aiming to promote farmer

engagement in OFEs while providing practical recommendations on optimal fertilizer usage for environmental

sustainability and financial profitability. Overcoming logistical and computational challenges in OFEs requires effective

communication of findings to farmers, emphasizing collaboration and transparent communication between researchers and

farmers. Overall, this study represents a significant advancement in agricultural research, offering comprehensive insights

and actionable solutions to enhance crop yield management in modern farming practices.
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Based on the findings presented above, it is evident that integrating weekly weather data significantly enhances prediction

accuracy, while exploring the effects of additional model layers and implementing a comprehensive Bayesian framework

can effectively engage farmers in experiments, with the goal of optimizing fertilizer use for sustainability and profitability.

While machine learning methods, notably convolutional neural networks, hold promise in accurately predicting crop yields

from remote sensing data, statistical analysis techniques, such as Bayesian analysis, are crucial for deriving insights from

OFE data. Collectively, these studies represent significant advancements in agricultural research, offering valuable insights

and solutions to improve crop yield management in contemporary farming practices.
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Studies on the Relationship between Calcium Availability and the Incidence 
of Intumescence Injury in Tomato

Title of Dissertation

(Dissertation Summary)
Intumescence injury, a physiological disorder that affects various plants, has a rich historical 

background. Initially observed in the field, it has increasingly become a challenge in greenhouse and 

plant factory cultivations. The term 'intumescence' itself, derived from the Latin word 'intumescentia 

', was first introduced by Sorauer in 1886. Over the years, this disorder has been referred to by 

various terms, including warts, oedema or edema, excrescences, neoplasms, enations, galls, leaf 

lesions, and tumors. However, 'intumescence' and 'oedema' remain the most commonly used terms 

to describe this condition. They are found in approximately 30 families, both naturally and 

artificially induced.

Intumescence is characterized as hypertrophied and/or hyperplasia of epidermal cells, while oedema 

refers to a lesion caused by excess water accumulated in the plant tissues. Morphological 

characteristics and the location of intumescence differ among plants. In Pinaceae, intumescence is 

known as excrescences, characterized by hypertrophied lenticels on the main tap roots and lateral 

roots. In crops, intumescences are mostly found in Solanaceae, such as tomatoes, potatoes, and 

eggplants. Two distinctive phenomena of intumescence are 'hyperplasia’ and ‘hypertrophy’. 

‘Hyperplasia’ is characterized by cell division, while ‘hypertrophy’ refers to the enlargement of the 

existing cells with little or no cell division.

In Chapter 2, we focused on the morphological characteristics of intumescence injury. In tomatoes, 

it was confirmed that intumescence mainly occurred on the abaxial surface of the leaves, and cell 

elongation develops on the epidermal cells as a bulge, semicircular shape. The leaf blade, vein, and 

guard cells are also enlarged in the leaves. In addition, the spongy tissue and internal parenchyma 

cells are also enlarged. When intumescence development in tomatoes progressed, the enlarged area 

turned yellowish-brown, and the epidermal cells on the abaxial side ruptured, leading to cell 

necrosis. A similar pattern was observed in jute leaves’ and shishito pepper’s intumescence, with 

hypertrophied cells mainly occurring on the adaxial surface. On the other hand, cell elongation and 

cell division were observed in water spinach. It starts as white-translucent protrusions on the abaxial 

and adaxial surfaces of leaves, petioles, and stems and later turns yellowish and brown before it 

breaks and becomes necrotic. Cell elongation and division were found on the leaf blade’s surface 

under SEM observation. Cell divisions were also observed on water spinach stems.

Intumescence is a disorder that is primarily influenced by environmental factors. Light and 

humidity, in particular, have been identified as major contributors to this problem. Intumescence 

was known to be induced under red light and repressed by blue light. Low ultraviolet (UV) 

irradiance is also one of the main factors that cause intumescence injury. Apart from light 

conditions, this disorder commonly occurs when the humidity is high. Recent reports have also 

associated intumescence with a calcium-related injury, further highlighting the intricate nature of 

this disorder and the need for a comprehensive understanding of its causes.
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In Chapter 3, this study aimed to examine cultivars' differences in the incidence of intumescence 

injury, the relation between different calcium (Ca) conditions and intumescence injury, and to 

investigate the countermeasures against intumescence injury in tomatoes. Tomato plants were grown 

under different Ca nutrient conditions and treated under high relative humidity and low ultra-violet 

light conditions. The degree of intumescence injury varied among different tomato cultivars under a 

normal Ca condition, which contained 4.5 me·L
−1

 of Ca. The intumescence occurred in the cultivars 

that showed no incidence under normal Ca conditions when they grew with a low Ca nutrient 

solution containing 0.5 or 2.5 me·L
−1

 of Ca. It was reduced in the cultivars that showed high 

incidence under normal Ca conditions when they grew with a high Ca nutrient solution containing 

9.5 or 24.5 me·L
−1

 of Ca. The differences in the incidence of intumescence among cultivars were 

remarkable when different concentrations of Ca nutrient solutions were used. There was a negative 

correlation between the degree of intumescence injury and the Ca content in tomato shoots. The 

foliar spray of Ca reduced the incidence of intumescence injury.

In Chapter 4, further studies were conducted to clarify the factors inducing and controlling 

intumescence injury in tomato leaves. Previous reports suggested that chemical agents, such as 

copper spray in cauliflower and potato leaves, could contribute to intumescence injury. Recent 

research in our laboratory discovered that applying ethylene glycol tetraacetic acid (EGTA), a Ca-

chelator known to produce tip burn in lettuce, caused intumescence injury in cabbage leaves. 

However, no recent study has clarified the chemically induced intumescence injury. Thus, this study 

aimed to identify the correlation and significance of the Ca deficit in tomato leaves caused by Ca-

binding chemical treatment (EGTA, LaCl3, EDTA, and nifedipine). This study also investigated the 

correlation between Ca nutrient solution and Ca-binding chemical agents to intumescence injury in 

tomato leaves. This study concluded that EGTA, LaCl3, and nifedipine induced intumescence injury 

in ‘Misora 64’ and ‘Rinka 409’. It is also known that Ca-binding chemical agents could induce 

intumescence injury in ‘Misora 64’ and ‘Rinka 409’, even under insufficient Ca conditions.

In tomato leaves, intumescence can be explained by three main factors: cell hypertrophy induced 

under UV-blocked conditions, high humidity increasing leaf pressure potential, and reduced Ca 

influx and Ca concentration in the leaves due to decreased transpiration. UV blocking leads to cell 

enlargement and reduced photosynthesis. High humidity raises leaf pressure potential, reducing 

transpiration and Ca concentration in cell walls, making them more likely to enlarge and rupture. 

Insufficient UV and high humidity decrease cuticle formation, enlarging epidermal and parenchymal 

cells, which lose function and eventually lead to leaf necrosis and intumescence, causing leaf wilting 

and death.

The severity of this disorder varies among cultivars within one species, and this phenomenon is 

highly genetically dependent. Some approaches are proposed to limit intumescence injury, which 

applies to the field or controlled environments. One approach is to supply sufficient UV rays and 

light conditioning in the greenhouse and plant factories. Others include avoiding high humidity 

conditions, providing sufficient calcium from roots or leaves, and using cultivars resistant to such 

injury.

The conclusion of this study highlights several key points, including the characteristics, 

environmental conditions, mechanisms, and genetic backgrounds of intumescence injury and some 

effective countermeasures, especially related to Ca supply. Some future prospects can be suggested, 

such as investigating whether there are any more species in which intumescence might occur; the 

mechanism of cell elongation during intumescence development is still unknown, particularly 

regarding the role of plant hormones, calcium in cell walls and their interaction with cell structure. 

Variability in intumescence severity among cultivars suggests genetic factors play a role, yet 

research on the genes, their expression, and physiological mechanisms underlying tolerance remains 

limited. Addressing these gaps is crucial for enhancing plant epidermal tissue strength, which may 

increase their resistance to biotic and abiotic challenges and have a major positive impact on 

agriculture.
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Plastic mulch films (PMFs) have many advantages, including water conservation, 

reduced use of pesticides, weed and insect control, and soil erosion control. Consequently, they 
have been widely adopted in farmland around the world and have significantly contributed to 
increasing crop yields and improving quality. PMFs are not easily broken down because they 
are mainly made of low-density polyethylene (LDPE) and various low-molecular additives 
(plasticizers, absorbents, flame retardants, etc.) to prevent deterioration. There are many cases 
where PMFs residues are not appropriately disposed of after use, leading to a significant social 
problem with their accumulation on farmland. Residual PMFs are repeatedly fragmented on 
farmland, becoming progressively smaller. Since the additives do not chemically bond to the 
polymer, they leach into the soil as plastic fragments. Consequently, PMFs residues not only 
contaminate farmland, along with the additives, but the fragmented residue also escapes from 
farmland into the ocean, raising global concerns about it being a serious pollutant. 

Biodegradable plastic mulch films (BDMs) are made from biodegradable components 
instead of polyethylene polymers. After use, when buried in agricultural soil, it will biodegrade 
into water and carbon dioxide within a specified period by the action of microorganisms. This 
process ensures that it does not accumulate in the soil, thereby eliminating the need for time 
and effort in disposing of PMFs residue. This environmentally friendly feature has attracted 
worldwide attention, positioning it as a promising alternative material to LDPE. However, the 
evaluation of biodegradability certification for BDMs relies primarily on the outcomes of 
laboratory experiments, which are influenced by factors such as soil conditions, temperature, 
moisture, and microorganisms. There is a possibility that the biodegradability of BDMs may not 
occur within a specified period and may persist. Furthermore, there is limited knowledge 
regarding the effects of its use on the properties of agricultural soil and vegetation, and its 
widespread adoption has been delayed. 

Most of the research related to farmland plastics to date has focused on microplastics 
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(plastic particles smaller than 5 mm), but the question is, what kind of impact does plastic 
residue have on the farmland soil ecosystem before it becomes microplastics? Scientific 
knowledge about this is limited. Hence, this research aims to comprehensively understand the 
impact of plastic mulch film residue on farmland ecosystems. In this study, low-density 
polyethylene (LDPE) and poly (butylene succinate adipate) (PBSA) were used. Additionally, we 
incorporated soil amendments to evaluate their interaction effects with plastic mulch residues. 
We examined soil properties and plant growth characteristics under different plastic mulch 
types (biodegradable and non-biodegradable) and soil amendments (compost and biochar) 
additions through indoor soil incubation experiments and indoor pot cultivation experiments. 
Details are as follows. 

 Effects and behavior of plastic mulch residue on agricultural soil properties and nutrients 
through soil incubation experiments 
In this experiment, we added non-biodegradable LDPE and biodegradable PBSA plastic residue 
cut into 10 mm squares in advance to soil collected from a vegetable field with the mixture of 
soil amendments. A total of 27 experimental treatments were set up along with controls and 
incubated for 3, 15, 40, 80, and 120 days at room temperature at 27°C, respectively. Soil and 
plastic residue from each treatment were then collected and analyzed. As a result, when LDPE 
was added, a significant decrease in potassium content was observed during the soil incubation 
process. On the other hand, when PBSA was added compared to LDPE, it was confirmed that 
dehydrogenase activity (DHA) and 16S rDNA in the soil increased after 120 days of culture. 
This is thought to be the result of the decomposition of biodegradable plastic residues, providing 
more organic carbon sources to soil microorganisms. In addition, when we analyzed the surface 
morphology and elemental composition of plastic residues cultured for 120 days using a 
scanning electron microscope and energy-dispersive X-ray spectroscopy (SEM/EDX), In the case 
of LDPE film, it was found that several cracks on the surface and adhering particles which could 
be the biofilm attached to the surface. For PBSA film, the surface roughness was more intense. 
�  Effects of plastic residue on agricultural soil properties and plant growth through pot 
cultivation experiments 
A total of 27 cultivation pots were prepared using the same treatment as in the soil culture 
experiment described above. Komatsuna seeds were sown in all pots, harvested 77 days later, 
and analyzed for Komatsuna, soil, and plastic residue. The results showed that the ratio of root 
to aerial parts of Komatsuna increased when plastic was added compared to the control. This is 
thought to be the result of an environment where water and nutrients are limited due to the 
presence of plastic residue, and the plants attempt to take in more nutrients by enhancing root 
development. Additionally, a yellowing phenomenon was observed in the leaves of Komatsuna. 
However, this yellowing phenomenon was not observed when PBSA residue and soil 
improvement materials, such as biochar or compost, were added. The growth conditions of the 
vegetation were also found to be favorable. On the other hand, no significant changes were 
observed in soil pH, EC, and organic matter content with the addition of either plastic residue 
compared to the control, but soil DHA was significantly reduced. The reduction in DHA content 
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can be attributed to the presence of plastic mulch residues, which affect soil microorganisms. 
However, the highest soil DHA was observed in the treatment in which compost was added, 
indicating the effectiveness of the soil amendments. 

As mentioned above, this research aims to investigate the effects of plastic mulch 
residue on the properties of agricultural soil and plant growth through indoor soil incubation 
experiments and indoor pot cultivation experiments, as well as to assess whether these effects 
are influenced by the addition of soil additives. Considering the limited research knowledge 
about the impact of plastic mulch residue on farmland ecosystems, the obtained results will not 
only advance related academic research but also contribute to food security, the realization of 
environmentally friendly and sustainable agriculture. 
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Starch retrogradation takes place when the disassociated starch chains in gelatinized starch

gradually reassociate into partially ordered structures on cooling. As a result of its often

detrimental effects on the quality of starch-based products, much attention has focused on

reducing or inhibiting retrogradation. Hence, this study aimed to investigate the influence of

addition of pregelatinized rice starch paste (PRSP) on the retrogradation of rice starch and its

underlying mechanisms, particularly focusing on the changes of physical properties and multi-

scale structures during thermal treatment of rice starch.

Thermal treatment of rice starch was systematically divided into heating and cooling,

representing gelatinization and retrogradation, respectively. In this research, the influence of

PRSP on retrogradation of rice starch was first investigated. The influence of PRSP on

gelatinization properties was studied subsequently to complete the underlying mechanism for

the inhibitory effect of PRSP on rice starch retrogradation.

The influence of addition of PRSP on the retrogradation of rice starch gels was investigated

using rheometer, X-ray diffraction (XRD), differential scanning calorimetry (DSC), small

angle X-ray scattering (SAXS) and confocal laser scanning microscopy (CLSM). A decrease

in the storage modulus of starch gels after short-term storage was found after adding PRSP.

The phase arrangement of two components (PRSP and rice starch) in the system was a

composite gel where PRSP formed a continuous phase and RS did not contribute to the

network formation. The XRD results revealed that the retrogradation degree of rice starch gels

with PRSP was lower than that in the absence of PRSP, suggesting that the addition of PRSP

could restrain the development of long range ordered structure of rice starch during long-term

retrogradation. Moreover, the lower enthalpy changes of rice starch gels with PRSP after

retrogradation suggested that the progress of amylopectin crystallization was delayed due to

PRSP incorporation. SAXS analysis showed that adding PRSP decreased the size of molecular

aggregation of starch during storage, which was related to the inhibition of starch

retrogradation. In addition, CLSM images indicated that PRSP could form a continuous

network in which the rice starch granules embedded, and that gels with PRSP exhibited greater

phase separation after 15 d storage. Comparing with the samples with PRSP, granules with

sharper outlines and smoother surfaces were observed in the sample without PRSP, although

PRSP helped with retention of the granular shape of starch after 15 d storage. These results

suggested that the addition of PRSP inhibited the retrogradation of rice starch gels. The

inhibitory effect is mainly due to PRSP altering the gel formation type and possibly

prohibiting the excessive swelling of rice starch granules during gelatinization.
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The influence of PRSP on the gelatinization of native rice starch, including its rheology and

nanostructure, was determined. Gelatinization of PRSP-incorporated rice starch in excess

water while heating at 5 °C/min was analyzed via rheometer, DSC and SAXS. Rheological

results revealed that the addition of PRSP resulted in a more stable rice starch–water system at

sub-gelatinization temperatures. A decrease from around 3000 Pa to lower than 1000 Pa in G ′

was observed in the samples with PRSP after heating over 80 °C compared to that of the native

starch. The sol-gel transition point of the starch–water system was shifted to lower temperature

by PRSP. DSC results showed no significant differences between the PRSP-incorporated and

native starch. SAXS analysis revealed that the scattering invariant up to the gelatinization

onset temperature was increased by the addition of PRSP due to the large volume fraction of

the lamellar stacks. Correlation function-based structural parameters of the samples with PRSP

changed earlier than those of native starch during heating due to the annealing effect.

Moreover, the melting temperature of lamella of native starch was around 70 °C while those of

the sample with PRSP were around 65 °C. Analysis of the radius of gyration (R g) of the

micellar structure after complete gelatinization indicated that R g of native starch sample

increased from 3.9 to 6.2 nm while that of the sample with 20% PRSP remained unchanged (

around 4.3 nm). The addition of PRSP also resulted in a denser structure of starch chains after

gelatinization by analyzing the slope at low q  region in SAXS patterns. Furthermore, the

temperature ranges of different gelatinization stages in the rheological properties and that in

the Lorentz-corrected SAXS patterns were in good agreement. However, the transformation

from suspension into sol state was not observed in the rheological or SAXS results of the

samples with 10 and 20% PRSP, possibly because PRSP dominates the physical properties of

the dispersion systems with 10 and 20% PRSP at sub-gelatinization temperature. These

findings suggested that addition of PRSP inhibited the swelling of rice starch during

gelatinization, finally influencing the physical properties.

The underlying mechanisms of this study can be interpreted as that the addition of PRSP can

result in water redistribution in the mixed system and inhibited the swelling of amorphous

growth rings of native starch at sub-gelatinization temperature, which was verified by the

higher water binding capacity of PRSP and an increase of scattering invariant values. After

fully gelatinization, the addition of PRSP decreased the R g values of starch molecules and

resulted in a denser structure of gelatinized micelle. These suggested that PRSP lead to

insufficient space for the outspread of unwound starch chains during gelatinization and low

molecular mobility of starch chains. It will further inhibit the reassociation of the gelatinized

starch molecules into a more ordered structure. The addition of PRSP can also result in

encapsulation of the native starch phase by the PRSP-enriched phase, further inhibiting the

aggregation of starch particles during long-term retrogradation. Overall, this study can provide

new insights into controlling the quality of rice products, enabling prolonged shelf life and

increasing economic value.
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 Soybean (Glycine max L. Merr.) is a major legume crop globally recognized for its protein and oil content. Most of the 

production supports the animal feed industry, while a fewer portion is destinated for human consumption and industrial purposes, 

such as biodiesel and bioplastics. In 2022, the United States, Brazil, Argentina, and China accounted for nearly 90% of global 

production. The rising global population, coupled with increasing demand for plant-based proteins and meat consumption, has 

led to a 45% increase in soybean production over the past decade. To meet this growing demand and optimize the use of limited 

arable land, enhancing soybean yield is essential.  

Phytophthora root and stem rot (PRSR), caused by the soil-borne oomycete pathogen Phytophthora sojae Kauffmann and 

Gerdemann, represents a major constraint to soybean production. Since its first report in Indiana, USA, in 1948, PRSR has 

continued to be a persistent challenge in most soybean-producing areas worldwide. Economic losses due to PRSR are estimated 

at USD 1–2 billion, along with a reduction in global soybean yields exceeding 1.1 million metric tons.  

While the use of chemical fungicides as seed treatments and the development of resistant cultivars have contributed to 

controlling the disease, the increasing diversity of pathogen pathotypes and growing concerns about the adverse effects of 

chemicals on food safety and the environment, have driven the search for more sustainable and effective alternatives. The 

objective of this study was to develop a bacterial-based biopesticide for the management of PRSR. Chapter 1 focuses on the 

isolation and screening of rhizobacteria from leguminous plants for their biocontrol activity against PRSR, while Chapter 2 

investigates the mode of action of the most effective strain, Enterobacter pseudoroggenkampii GVv1, identified in Chapter 1.  

Chapter 1  

The objective of this study was to identify an effective bacterial strain against PRSR. A total of 73 rhizobacterial strains 

were isolated from wild and cultivated legumes including , 29 strains (strain code: GGm1–GGm29) from soybean (Glicine 

max), 5 strains (GVs1–GVs5) from common vetch (Vigna sativa), 5 strains (GVv1–GVv5) from hairy vetch (Vicia villosa), 8 

strains (GAb1–GAb8) from hog-peanut (Amphicarpaea bracteata subsp. edgeworthii), 18 strains (TVa1–TVa18) from black 

adzuki bean (Vigna angularis), 5 strains (GVh1–GVh5) from tiny vetch (Vicia hirsuta), and 3 strains (GGs1–GGs3) from wild 

soybean (Glycine soja). These isolates were screened for their protective activity against PRSR under controlled and greenhouse 

conditions. Under controlled conditions only six strains GVv1, GGs2, GVs2, GGm21, TVa11, and GVv2 could delivered more 

than 50% control efficiency and were selected for secondary screening under the greenhouse. Among them, the strain GVv1 

delivered a consistent protective effect through repeated pot experiments. A comparative analysis of the control performance of 

PRSR between GVv1 and the fungicide mancozeb-metalaxyl found no significant differences between treatments, indicating 
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the high potential of GVv1 as a biopesticide for controlling PRSR. A dual-culture assay showed that GVv1 produces antifungal 

metabolites. Microscopic observation revealed the formation of swellings and abnormal branching of P. sojae hyphae. To 

evaluate the potential adaptability of GVv1 to the soybean rhizosphere  

environment, its growth was studied in soybean root exudates and nutrient medium, both supplemented with daidzein, an 

antimicrobial isoflavone secreted by soybean roots. GVv1 proliferated using soybean root exudates and had sufficient tolerance 

to daidzein to colonize the soybean rhizosphere. Furthermore, the plant growth-promoting effect of GVv1 on soybean plants 

was examined under greenhouse conditions. The drench application of GVv1 to soybean seeds resulted in a marked increase in 

shoot growth and root development compared to control plants 24 days after inoculation. GVv1-treated plants showed a 64.0% 

increase in shoot dry weight and a 100% increase in root dry weight compared to control plants, indicating its plant growth-

promoting activity. In vitro assays showed that GVv1 can produce traits related to plant growth-promoting activity including 

indole-3-acetic acid, siderophores, and 1-aminocyclopropane-1-carboxylate deaminase and solubilize insoluble phosphates. 

Taxonogenomic analysis of the draft genome identified GVv1 as Enterobacter pseudoroggenkampii with high similarity 

(98.32% average nucleotide identity, ANI) to E. pseudoroggenkampii strain 155092T. To the authors’ knowledge, this is the 

first study to report the biocontrol and plant growth-promoting activity of E. pseudoroggenkampii.  

Chapter 2  

As shown in Chapter 1, the drench application of E. pseudoroggenkampii strain GVv1 to soybean plants significantly 

reduced PRSR symptoms. However, how GVv1 interfere with P. sojae remains poorly understood. The present study aimed to 

identify specific stages of P. sojae infection cycle disrupted by GVv1 and get insights into its mechanism of action.  

Results from a split-root assay showed that GVv1 failed to protect soybean plants from PRSR infection, indicating that the 

strain controls PRSR by mechanisms other than induced systemic resistance. In vitro co-culture experiments on chambered 

plates demonstrated that GVv1 supressed hyphal growth and sporangium formation by producing antifungal VOCs. 

Microscopic observation revealed a reduction in branching, formation of unusual protrusions, and disorganized growth on P. 

sojae hyphae exposed to volatiles emitted from GVv1. Further studies showed that zoospore treatment with GVv1 suspension 

inhibited appressorium formation and zoospore germination by approximately 54% and 32.3%, respectively. Zoospore 

germination inhibition was sustained even after treatment with GVv1 cell filtrate, indicating the production of antifungal 

compounds on nutrient media that inhibited zoospore germination. The prediction of biosynthetic clusters identified three 

putative clusters involved in the synthesis of secondary metabolites with potential antifungal activity, including a NRPS, NRP-

metallophore, and a thiopeptide. In addition, GVv1 carries genes involved in the formation of type II and type VI secretion 

systems, from which GVv1 may benefit to enhance nutrient acquisition and compete with other microorganisms. The disruptive 

activity of GVv1 to interfere with P. sojae zoospore migration to chemoattractans demonstrated that, compared to strains with 

weak or no antagonistic activity against PRSR, GVv1 was the only strain able to disrupt zoospore attraction to soybean root 

exudates. This activity was also confirmed on soybean roots. The findings of the study demonstrates that E. pseudoroggenkampii 

GVv1 interferes with multiple phases of P. sojae infection cycle involved in growth, host penetration and pathogen-host 

interactions.  

Overall, the findings of this study identified the rhizobacterium E. pseudoroggenkampii GVv1, isolated from Vicia villosa, 

as a promising BCA for the management of PRSR disease. The application of GVv1 to soybean plants significantly promoted 

plant growth. These findings indicate that the strain GVv1 has a great potential to improve soybean yields. Further studies will 

be necessary to assess the safety and field performance of this strain to ensure its suitability for practical agricultural use. 
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(Dissertation Summary) 

As global environmental challenges continue to escalate, addressing the critical issues of greenhouse 
gas emissions and resource sustainability has become a pressing priority. Among the myriad of 
innovative strategies, the concept of methanol-based biorefineries has emerged as a promising 
approach to convert carbon emissions into valuable bioproducts. Methanol, derived from the catalytic 
conversion of greenhouse gases like CO , serves as a renewable and versatile feedstock for microbial 
fermentation. Within this framework, methylotrophic yeast Komagataella phaffii GS115 has gained 
attention as a potential microbial cell factory due to its remarkable ability to utilize methanol as the 
sole carbon source. This study investigates two interconnected objectives to advance the development 
of a next-generation biorefinery: optimizing the production of odd-chain fatty acids (OcFAs) and 
developing a carbon recovery system through formate accumulation. 
 
1. The Potential of Odd-Chain Fatty Acids (OcFAs)

Odd-chain fatty acids, particularly C17 fatty acids, are rare biomolecules with significant applications 
in pharmaceuticals and industrial biotechnology. These compounds are known for their anti-
inflammatory and immune-modulatory properties, making them valuable for treating autoimmune 
disorders and chronic diseases. However, the natural abundance of OcFAs is limited, and microbial 
fermentation offers a sustainable alternative for their production. 
In this study, K. phaffii GS115 was identified as a promising host for OcFA production due to its 
metabolic adaptability and robustness. Initial experiments focused on optimizing the growth 
conditions for enhancing C17 fatty acid yield. Among various carbon sources tested, glucose supported 
the highest total fatty acid content, while methanol-grown cells exhibited a higher proportion of C17 
fatty acids. However, glucose-based media provided the most stable platform for productivity 
optimization. 
The research revealed that exogenous supplementation with 0.1% propionate significantly enhanced 
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OcFA production, as propionyl-CoA—an essential precursor for OcFAs—was effectively synthesized. 
Further optimization with co-supplementation of 10 mM valine led to a synergistic effect, achieving an 
11.7-fold increase in C17 fatty acid production compared to unsupplemented media. The peak yield 
reached 4.36 mg/L, demonstrating the feasibility of enhancing OcFA biosynthesis through metabolic 
regulation. 
Despite these achievements, challenges remain in utilizing methanol as a primary carbon source for 
OcFA production. Propionate supplementation, while effective in glucose-based media, inhibited 
growth in methanol-based systems. This inhibition highlights the need for further research to 
overcome metabolic bottlenecks in methanol assimilation. Genetic engineering strategies targeting 
key enzymes in the methanol utilization and propionyl-CoA synthesis pathways could unlock the full 
potential of methanol-fed systems for OcFA production. 
 
2. Carbon Recovery through Formate Accumulation

A significant limitation of methanol-based biorefineries is the loss of carbon as CO  during the 
dissimilation pathway. To address this inefficiency, the study explored a novel approach for carbon 
recovery by engineering K. phaffii GS115 to accumulate formate—a valuable intermediate for various 
industrial applications. Through the targeted deletion of the FDH1 gene, encoding formate 
dehydrogenase, the metabolic flux was redirected, allowing carbon to be retained in the form of 
formate instead of being released as CO . 
The engineered strain fdh1 -based media, primarily due 
to the accumulation of formate and subsequent acidification of the culture medium. To mitigate this, 
pH adjustment during cultivation was implemented, partially restoring methylotrophic growth. This 
adjustment underscored the critical role of pH control in maintaining cellular function under high-
formate conditions. 
In fed-batch fermentation experiments, the fdh1
concentration of 540 mM, representing a carbon recovery rate of 12.9%. While these results 
demonstrate the feasibility of recovering carbon as formate, the accumulation of formate also posed 
challenges in terms of growth inhibition and metabolic stress. Future work will need to focus on 
strategies to manage formate toxicity, such as engineering formate-tolerant strains or developing 
continuous extraction systems to remove formate from the culture medium. 
 
3. Broader Implications for Sustainable Biomanufacturing
 
The findings from this research have significant implications for advancing sustainable industrial 
practices. The dual focus on OcFA production and carbon recovery not only addresses environmental 
concerns but also provides a blueprint for integrating renewable feedstocks into industrial workflows. 
By leveraging methanol, a feedstock derived from greenhouse gas conversion, these bioprocesses 
contribute to a circular bioeconomy, where carbon is recycled into high-value products rather than 
being emitted into the atmosphere. 
The production of C17 fatty acids offers opportunities for applications in pharmaceuticals, 
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biotechnology, and materials science. These fatty acids can serve as precursors for specialized 
lubricants, biodegradable plastics, and therapeutic compounds, aligning with the goals of reducing 
reliance on fossil-based chemicals. Simultaneously, the recovery of carbon as formate opens new 
avenues for producing fuels, solvents, and other industrial chemicals. Formate can be used as a 
precursor in hydrogen fuel cells, synthetic materials, and even as a substrate for other microorganisms 
engineered for downstream bioproduct synthesis. 
 
4. Future Directions and Challenges
 
While this study has laid a solid foundation for methanol-based biorefineries, several challenges must 
be addressed to realize their full potential. Enhancing the productivity and scalability of OcFA 
production requires advanced genetic engineering to overcome metabolic bottlenecks. For example, the 
introduction of synthetic pathways to boost propionyl-CoA synthesis, or the elimination of inhibitory 
by-products, could significantly improve yields. Additionally, exploring co-cultivation systems with 
other microorganisms capable of complementing K. phaffii's metabolic pathways might further 
enhance productivity. 
For carbon recovery, managing formate toxicity remains a critical hurdle. Strategies such as co-
cultivation with formate-assimilating bacteria, or engineering K. phaffii for higher formate tolerance, 
could enable more efficient systems. Recent advancements in adaptive laboratory evolution and 
directed evolution provide promising tools for developing strains with enhanced tolerance to high-
formate conditions. 
On the industrial front, integrating these technologies into scalable biorefineries will require 
addressing logistical and economic considerations. The development of bioreactor systems optimized 
for methanol-based processes, coupled with life cycle assessments to evaluate environmental impacts, 
will be crucial for commercial viability. Collaboration between academia, industry, and policy makers 
will be essential to bridge the gap between laboratory research and industrial application. 
 
5. Conclusion 
 
This study demonstrates the potential of K. phaffii GS115 as a cornerstone for next-generation 
biorefineries, combining the production of high-value OcFAs with innovative carbon recovery systems. 
By addressing key technical challenges and leveraging renewable feedstocks, this research contributes 
to the development of sustainable, carbon-neutral manufacturing processes. The integration of 
metabolic regulation, genetic engineering, and process optimization provides a pathway toward 
scalable and environmentally friendly biomanufacturing. Future research should focus on refining 
these approaches, exploring co-cultivation strategies, and scaling up production to meet industrial 
demands. 
Through its innovative approaches and practical implications, this study represents a significant 
advancement in the pursuit of sustainable biotechnology. By harnessing the power of methanol-based 
biorefineries, it offers a promising solution to global challenges in climate change, resource utilization, 
and sustainable industrial growth. 
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DISSERTATION SUMMARY 

 

Mohammed Rafi Uz Zama Khan 

 

In the current landscape of medical practice, the prevalence of evidence-based methodologies 

and rigorous research standards has significantly influenced the field. However, there has been a 

noticeable resurgence of interest in ancient healing traditions, notably Ayurveda, garnering 

attention for its holistic principles steeped in historical knowledge. Ayurveda, esteemed for its 

comprehensive philosophy has garnered attention from both medical practitioners and patients, 

presenting itself as a compelling adjunct to contemporary medical approaches. This study 

investigates the efficacy of Ayurvedic formulations, specifically Haritaki Churna and Amalaki 

Churna derived from Terminalia chebula and Emblica Officinalis fruits, in treating colorectal 

cancer. Structural elucidation and pharmacological profiling of these polyphenols unveil their 

potential protein targets and mechanisms of action, particularly in influencing metabolic 

pathways, cancer related processes, and signal transduction cascades. Protein-protein interaction 

analyses further underscore key proteins. Molecular docking and dynamics simulations reaffirm 

the stability and binding affinities of the protein-ligand complexes, thereby reinforcing the 

potential of these phytochemicals as promising drug candidates. Moreover, investigations into 

the anti-colorectal cancer properties of Haritaki Churna and Amalaki Churna highlight their 

significant cytotoxic effects on cancer cells, particularly through modulation of key protein 

entities involved in cellular signaling pathways. Further mechanistic studies elucidate the 

multifaceted molecular interventions of ellagic acid and gallic acid, prominent constituents of 

Haritaki Churna and Amalaki Churna respectively, demonstrating potent anti-cancer effects by 

inducing apoptosis, modulating cell cycle progression, and disrupting autophagic processes, 

ultimately impeding Wnt-driven carcinogenesis and inhibiting cancer cell proliferation and 

survival. In summation, this study presents compelling evidence for the therapeutic potential of 

Ayurvedic formulations in the management of colorectal cancer, bridging ancient wisdom with 

contemporary scientific methodologies to pave the way for the development of novel 

therapeutic interventions rooted in traditional knowledge systems, offering personalized and 

synergistic approaches for cancer treatment. 
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On their own, tea catechins are incapable to withstand the severe conditions of gastrointestinal 

tract and henceforth loose about 95% of their initial concentration. Accordingly, the current Ph.D. 

thesis aims at the encapsulation of catechin extracts derived from S3A3 tea cultivar leaves using 

starch nanoparticle as wall material with a goal to enhance its bioaccessibility. This was followed 

by the formulation of a functional tea drink using black tea and encapsulated catechin extracts as 

ingredients.

The first objective of the work referred to the catechin profile study of S3A3 and TV18 tea cultivar 

and subsequent enzymatic extraction. The results affirmed upon the superiority of the S3A3 tea 

cultivar in terms of the total catechin concentration and with 329.29 mg/g of dried tea leaves. 

Further, tea catechins were extracted using enzymatic assisted hot water extraction method. Two 

cell wall degrading enzymes namely cellulase and pectinase were utilized in equal concentrations 

and the experimental conditions were varied as per the central composite rotatable design (CCRD). 

Optimal conditions of extraction were achieved at 18.08 min, 88.47ºC, and 188.08 EU/g. In 

comparison to the best hot water extraction conditions, (30 min and 75ºC) total catechin content 

yield increased by 51.26% in the optimal condition. The second objective of the thesis involved 

the synthesis of potato starch nanoparticles (SNP) using ultrasound assisted acid hydrolysis 

method. Sulfuric acid concentration was varied (3.16M to 5M) along with acid hydrolysis duration 

and detailed characterization were achieved for the starch nanoparticles. The investigations 

affirmed best characterizations for the starch nanoparticles prepared at 4M sulfuric acid, 3 days 

and 90 mins of ultrasound treatment. Accordingly, the best characterization data refers to the 

average particle size, PDI, yield, thermal degradation point, and relative crystallinity values of 66 

nm, 0.362, 29%, 318.99°C, and 64.32%, respectively. The third objective involved micellar 

cholesterol solubility study of the EGCG and catechin extracts (CE) in their raw and nano-

encapsulated forms (in the starch nanoparticle system). The in-vitro micellar solubility study 

affirmed that the EGCG and catechin extracts were subjected to significantly reduced cholesterol 

concentration and by 91.63% (2.5mg) and 59.03% (5mg) respectively. Further, characterization 

studies on encapsulated EGCG affirmed enhanced thermal and crystalline properties. The final 

Ph.D. thesis objective targeted functional tea beverage formulation possessing enhanced 

bioaccessibility and better organoleptic properties. 6 formulations (F1 to F6) were prepared using 

encapsulated catechin extracts and black tea. Bioaccessibility studies affirmed enhancement of AA 

recovery in CE:SNP (1:1, w/w) by 81.94% in dry form. Sensory analysis using 9 point hedonic 

and fuzzy logic affirms the superiority of F6 formulation which contained 1000 μg/mL of CE:SNP

(1:1, w/w). In summary, the Ph.D. thesis traverses a pragmatic roadmap for the formulation of 

nanoencapsulation based functional tea beverage. 

Summary of the Doctoral Thesis 
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Since Ludwig C. Marquart named a blue pigment compound isolated from cornflower 

petals anthocyanin (Greek: “anthos”, flower and “kyanos”, blue), research on natural pigment 

compounds produced from various plant species has been actively attempted. Many plant pigment 

compounds show a wide variety of health-promoting effects and are widely used as coloring 

agents to replace artificial coloring agents in various products, including food industry, in 

response to the increasing human preferences for natural products in recent years. Especially, the 

demand for stable blue and purple pigments has been growing in the arts, crafts, clothing and food 

industries. Among them, flavonoid pigments exhibit not only a variety of health-promoting effects 

but also various colors from red to blue. From these dual aspects, flavonoid pigments are the most 

actively studied. Considering the application of plant pigment compounds to various industries, 

the first step is to clarify the type, structure, and content of pigment compounds contained in 

various plants. In this study, three plant species were focused. They exhibit a characteristic purple 

color, but the mechanisms of color change and the structures of the related pigment compounds 

have not yet been clarified. Isolation and structural determination of their pigment compounds 

and clarifying the mechanisms of color change were carried out.

Chapter 1 Phenolic compounds related to heartwood coloration of Millettia pendula
Three novel phenolic compounds were isolated from the heartwood of Millettia pendula

along with eight known compounds. Among the known compounds, six compounds were isolated 

from this species for the first time. Structural determination of the isolated compounds was 

accomplished using NMR and MALDI-TOF MS spectrometry. Two isolated compounds, 2 and 

6, showed red and purple, respectively. These pigment compounds contained a conjugated π 

system composed of benzofuran and p-benzoquinone moieties. Considering the structures of the 

isolated compounds, it was proposed that a hydroquinone moiety present in precursors of 2 and 6
is autoxidized by activated oxygen in the air to form p-benzoquinone. The difference in their 

colors was caused by the number of the B ring substituents. The expansion of their conjugated π 

systems allows 2 and 6 to absorb and reflect light in the visible region, and results in the 

characteristic purple coloring of M. pendula. 

Chapter 2 Peltogynoids contributing to coloration in Peltogyne mexicana heartwood
Four new peltogynoids monomer (3, 7, 10, 11), one new peltogynoid dimer (9), and two 

new anthocyanidins (12, 13) were isolated from the heartwood of Peltogyne mexiacana along 

with six known compounds. Structural determination of the isolated compounds was 

accomplished using NMR and MALDI-TOF MS analyses. The purple coloration of methanol 

solutions of isolated peltogynoids and flavanones were examined by exposing them to a room 

light in the air. The methanol solutions of (+)-peltogynol (1) and (+)-mopanol (4) showed the 

coloration to purple. The b* values of these compounds decreased significantly from 12.1 to -0.7 

and from 19.1 to -1.8 after coloration, respectively. These precursors of pigment compounds, 1
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and 4 have catechol moiety in the B ring, and hetero six-membered ring (D ring) connecting B 

ring and C ring of flavan-3,4-diol via oxyethylene bridge, which is similar to the structure of 

leucoanthocyanidin. Two purple pigment compounds were isolated from the acidic solvent extract 

of heartwood. These two pigment compounds were new types of anthocyanidins with a 

characteristic of having a D ring added to flavan structure, and were determined to be mopanidin 

(12) and peltogynidin (13). The monitoring of autoxidation by HPLC analysis showed that 1 and 

4 produced 13 and 12 by autoxidation, respectively. UV-vis measurements of 12 and 13 showed 

that both pigment compounds exhibited a maximum absorption near 530 nm in neutral and acidic 

conditions to keep a stable purple color. The results of color stability tests, 12 and 13 maintained 

their color longer than cyanidin, especially in neutral solvent. The dihedral angles θ of the BC 

rings were compared using the most stable conformations obtained by in silico conformational 

search. The structure of 12 (θ =174.4o) and 13 (θ =172.0o) have relatively large dihedral angles 

due to the presence of the D ring and the entire molecule is nearly flat, while cyanidin (θ =154.2o) 

was twisted. It is presumed that this flat structure prevents the hydroxylation at C-2 to form their 

structures more stable in neutral condition.  

 

Chapter 3 Identification of anthocyanins contributing to coloration of Lantana camara 
petals 

The petal of Lantana camara shows the coloration from yellow to purple after flowering. 

The result of HPLC analysis of petal extracts from four growth stages of flowers (yellow, orange, 

pink, and purple), three types of anthocyanins (PA, PB, and PC) were detected at different ratio to 

total anthocyanins in all growth stages of flowers. On determining the ratio of pigments, it was 

observed the decrease in the content of PA and PB with the growth of flower, while PC increased. 

Furthermore, in the growth of flower from pink to purple, the total anthocyanin content increased 

approximately 5.8 times. For identification of PA - PC, proliferation and establishment a pigment-

producing callus cultures was attempted. The pigmented callus was induced from pink petals of 

L. camara on MS semi-solid medium supplemented with 5 μM BAP, 0.5 μM 2,4-D, and 1 μM 

NAA. The pigmented parts were selectively subcultured. The extraction and isolation of PA - PC 

from pigmented callus were carried out. As the results, the pigment compounds were identified 

as cyanidin-3-O-β-glucoside (PA), cyanidin-3-O-(6’’-O-malonyl)-β-glucoside (PB), and cyanidin-

3-O-(6’’-O-acetyl)-β-glucoside (PC), respectively. PC showed the absorption at the longest 

wavelength among the isolated anthocyanins. This result reasonably explained the change of 

petals to purple with increasing the content of PC. 
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2025 Integrated Agricultural Seminar 

 
1 Date    25 to 27 August, 2025 

 
2 Place   Center for Education and Research in Field Sciences, Shizuoka Univ. 

                     Fujieda Field   Tel : 054-641-9500   (63, Karieda, Fujieda, Shizuoka pref.  

3 Meeting Place & Time 
      Gifu students:  08:20am (Meeting place is in front of UGSAS-bldg.) 

Shizuoka students: 12:10am (Meeting place is in front of Faculty of Agriculture,  
Shizuoka Univ.) 

4. Lecturers 
Assoc. Prof. Onwona-Agyeman Siaw 

 (Tokyo University of Agriculture and Technology) 

Assist. Prof. Hiroyuki Hattori (Tohoku University) 
                                                    

5 Schedule  
25 Aug      13:00      Opening ceremony 
             13:15      Special lecture Lecturer: Onwona-Agyeman Siaw  
             14:15    Students’ presentation 
             18:00      Dinner + Free Discussion   

 21:00      Free time / Shower time 
26 Aug       07:30      Breakfast 
             08:45      Students’ presentation 
             12:00      Lunch 

13:00      Students’ presentation 
             18:00      Dinner + Free Discussion  
             21:00      Free time / Shower time 
27 Aug       07:30      Breakfast 
             08:45      Special lecture  (Lecturer: Hiroyuki Hattori) 
             09:45      Presentation Award announcement 
                        Leaving 
            

6 Fees     
              Students  6,000 yen     (except lunch for the first day).      (Yen) 

 

7 Necessary items     
Seminar material in a file folder, Stationaries, Power Point data for the 
presentation, Indoor shoes (slippers), Bath towels, Towels,  
Toiletries (Toothbrush, Shampoo), Sleepwear (e.g. Jersey), Umbrella, 
Clothes, Medicine (if needed), Health Insurance Card,  
Residence Card (International Student). 
 

8 Note 
All students are required to give a 20 min presentation in English using PowerPoint.  
(presentation: 15 min, Q&A: 5 min) 

 Submit seminar reports by Wednesday, 10 September, 2025. 

 Breakfast Lunch Dinner Accommodation Drink 
25 Aug   1,200 600 

400 26 Aug 500 600 1,200 600+400cleaning 

27 Aug 500  
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The United Graduate School of Agricultural Science, Gifu University 

Researcher Ethics, Professional Ethics and Mental Health, Physical Health 
2025 

 

Date               21 August (Thu)  &  22 August (Fri)  
 

Place              Gifu University iGCORE 1F Glyco Hall 
          (1-1 Yanagido, Gifu) Tel 058-293-2984 
 
 

Meeting Place & Time          
                   Come to the seminar room directly by 13:00 p.m. 

 
 

Lecturers           Researcher Ethics, Professional Ethics  
                Emeritus Prof. Hideharu ISHIDA (Gifu University) 

 

Mental Health, Physical Health  
Prof. Hiroyuki YAMAMOTO (Shizuoka University) 

 
Schedule  

21 August   13:00      Professional Ethics 
             14:30      Researcher Ethics  
             16:00      Group Discussion 
             19:00      Closing 

                 22 August    8:30      Group Discussion 
                              9:30      Group Presentation 
                             10:30      Mental Health, Physical Health 
                             12:00      Lunch Break (No meal served) 
                             13:00      Mental Health, Physical Health 
                             17:00      Closing 
 

What to bring    Seminar material in a file folder, Stationaries 
 
 

Report Assignment 
Submit 2 seminar reports by Friday, September 5, 2025, respectively on "Researcher 
Ethics / Professional Ethics", "Mental Health / Physical Health" in Word files. 
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,?L>FD?C̀>FBCKLF>A¦J?J>KFCKcFLF>AKC@
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入場無料・申込不要

虫を通して
みる環境学
岐阜大学大学院連合農学研究科

公開講座

土田浩治（岐阜大学） 日室千尋（岐阜大学） 笠井敦（静岡大学）

2025年12月3日(水)
13:00～16:30

岐阜大学
TOIC GIFU
OKB岐阜大学プラザ
（正門を入りすぐ右）

【岐阜大学大学院連合農学研究科】
岐阜大学と静岡大学で構成する博士課程の大学院で，農学分野を中心に研究・教育活動を行っています．この講座は，リカレント教育
の一環として，構成大学の岐阜大学応用生物科学部と静岡大学農学部の協力を得て実施するものです．本年度は，昆虫を中心とした環
境学の話題を分かりやすくご紹介いたします．

主催　岐阜大学大学院連合農学研究科
【お問い合せ】 TEL: 058-293-2984　
  E-mail: renno@t.gifu-u.ac.jp  

Luehdorfia japonica Cylas formicarius Euseius sojaensis

Sympetrum frequens

「蝶のきた道」から
半世紀: ギフチョウが
辿った道を探る

虫をもって虫を制す！
ちむどんどんアリモド
キゾウムシ根絶大作戦 

イノベーションのさだめ 
～きっとまた, 人類は同じ
過ちを繰り返すだろうけど

講演1 13:10～14:10 講演2 14:20～15:20 講演3 15:30～16:30

����



����

�
�
�
�
�

�
�
	


	


�
�


�


�
�
�
�
�
�
�



����



�������	
��
���������������������������� !��"��#$%�&

'(�)*+�,-�./���012�3+ 4	�56���7�����89:�;� .<=>?�&@AB

C�)D EF�GH�IJKL)�MNO%P)*�QRS���TUK��UV WX�YZ[�\>?�&] �

<^_�`aObcde�./fg�hi�jkl%m>E	�nop 4�`aObc�qrOst�u��v��8

9:�wx.<=>?�&

yz<��{�����C��|}<����C���H~��K!���������ll� )*�QRS����

������h� ��������]:��#=���� �����l 4m>�u��v�7����������

�� !������,������������������ !���� �?>��#%�������e� ¡

�t��¢£�¤¥�¦� §¨?©ª�u��«¬­®¯°­�±p=��°�²³¦� ´µ��� ¶·����

S��&

`<�[¸¹��_C)
�ºL�_» ¼½=�¾�¿[À�<Á?ÂÃÄÅ���)ÆS�)ÇK^È�ÉO ;

ÊS?�&Ë�#$��H~���ÌÍÎÏÐÑ��5ÒÑ��ÓÊ%)ÆS�mA[�'(S�ÔÕÖ×��)Øp�

ÙÚÏÛÜÝÚÞ7�ß²��¯°[�e �à=�@A���¯°�áâãäOlåæ¯°�ço 4	è=?��l

�?��56���ÓÊ%)Æl%mA&��)Æ ����éêëìíîïðâ�,-[�ñ=��H~���B<ò

óôõ�Øp=>?�&@A���ö÷ ¼½��_Cøù)ú�ûø�û1��\�l����UV�89%üý�þ

A=>?�&

��4� `<������)��l=>����������������W?hõ��� �m>E	�`<� 

4������]���#=A�o��«¬���p��+	�
�àp ��>�=A��S��&


���


��������������		

����

��

����

�����	
�

�����

����	�


��	�

����
�����

����
�������

�



�������	�
�	�
��

�������	
�
��
������������
�
������������������� !
��

"#$%&�'()�%*+,�-./(012��345678�9:;01%*(<=��>5?@8�AB0C%

*(DEFG��HI5JK,LM'N

O�!PQ��RS�LT�UV!�W�XY5Z[8�\]^��_`!�a5bc�'(de$�������G

f5ghij�kl!�m�no%pq'()�W'NMr)!�s��kt!�u%�+,vwx����a�kty

z�!{|�5bc�'(
���W/���}�����_~���XY����u���yz���5���67�

��8,LM'N��7����O����*����

��������������������a���XY����_~%{'(���% L,���!������

������L��5�+r�� �������� 5¡78�O�!J¢���_~{&a£!gh%¤¥'()�

5>H8,LM'N¦8,�O�!� §�L¨�5���©ª5«¬8�Y­®¯^A�®¯%°±(�sª!²³�

�©ªg´��5µ7'(015¶LM'NMr����O�!���^��!·¸5¹º'(»¼k½��¾¿À$%

Á±ÂÃM'N

� � � � � �

ÄÅkl!�m5b�%O�!
�Æ5P²8R¯��yzpq%ÇÈ5� k

�Å��©ª5ÉÊËÌ8�¦!©ª%ÍÎÏÐÑ'(ÇÈ5� k

ÒÅ��!¨�Ó±W�Ô�§�L¨�!ÕÖ%ÇÈ5� k

×ÅØPÙ5�Ú�O���{&Û�WÜÝÞÝßàá5gâWã(k

äÅ¼å$%uæ'(ÇÈ�/��¦!rK!bç�5� k

���
	�
�	�
��

è���è

� é 0 1 > $

���a���é

ê�!ëìíP��îï!ð¡íP����!Zñ2òó1ô��a�!õ��

Oöïa£!÷ø�÷ù���ú%{'(�sª5
�8�û�üa£�8,!

������!�a�Ê�ýþ2ú�5÷,��� �!@�%�(MW!��

{&a£![��%{'(�P���%{'(�sª%{�5�Ú�)ÃÊ%{

8yz�Ê���iÃ(��%ÇÈ5� k5¬KM'N

��XY���é

RS�	!XY���!��|�^Oö£�!���a!bç��(É
XY

%{'(�sª% L,�U�2���$��P�$��f�$��%*+,�

P5�K*T�'(k5¬KM'N

Mr��
w����_~!íP��ö�UV^OR�UV!XYZ[%{'

(�P���% L,��'()�Wyz%pq'()�%�LÇÈ5� k5

¬KM'N

��_~���é

����������!��_~�¦!�abcW/(��% L,�¦!3

426�2#�5�Pf�2"#f�2�f�2Û����������<�$

� 
�$���Ê²�'()�%*+,���_~���}#�%{'(bc

$��P5ÀK�iÊ%	õ�_~5
Kr��_~!*����õu����

#���!
��XY���!��%{'(�P!P²���!�¸%ÇÈ5�

 k5¬KM'N

��
�2�Ð�
þ�
������
�¼å&�\��
� � � � é

��é��½�5�T¼å$�01XY!�W\�����%{'(����

����5�¸8�\�%{&'(	
�R¯!©ª²³%pq8*T�'(Ç

È$���5¬KM'N



�������	
��
�������

�������	
��
���������������������� !"#$�%&��'()*+*,�-

�.� !"/*0,12����34,5678(9:&;<=>�?@�ABC��D��3456EFD�GH�

��I !"

JKL�M;NOPQR=STUQVWXYZQX[\R]^_��12�`B�>ab,34&56c<�de� !"

 C=fghOZijQklT��	mNTnQklT78(opqrstu78'�Gv !"

wK��Dxysz{xy=|TUR}R~s����R}R~]��Ds56z{��(B�,xy�����y78

�Gv !"

�K����=��NOPQR=���d]12�`�=34�>a&56c<�de� !"

�K����]�������*�����'����=������:0�� ¡���¢��,£¤¥¦§&\¨©

S~&ª�«¬=���­®�¯�/(�`�= ¡,°H±�I !";�²³�´µ¶8,·v¸¹�`�=º

�D:0�»�*C¤¼�½��¾¿�½À!�78�Gv=ÁÂÃÄ�,tu(��ÅÆ� !"/,	
Ç~�

���	mNTnQklT78�3È=É>�56c<,Ê·(ËÌ,CÈ,ÍysÎÏÐ,ÑÒ�;� !"

ÓKM;����ÔÕ�Ös×Ö=ØÙÚÛÜ��Ý]>ab,34&56c<�de�=�Þ¯�fgß(hOZijQ

klT78�Gv !"

àK;g����ÔÕ�Ös×ÖáØÙÚÛÜ��Ý];gq@,34&56c<�de�á�â,��q@,ãäå¬

�yæ!�((A�áfgß(hOZijQklT78�Gv !"

çKèé-&�¼��( ¡êH]¤¼æë,ìí= y-&îïí=�ð-�¼,ñòí�Gv=fóô,;õ���

!�((A�;F ¡(��ö�!�/(�;�=�� ¡,÷ø(� !"

ùKfg;õúôûüýH]	mNTnQklT78��fgß�þ�3È��õ�e0*�((A�=úô���,�

����-�tu�*��õ�e !"

�K������];�ÆÄ,�G�ý=ØÙÚÛÜ���`�����,�ä�ê�ý&ª�³µ/(�`B�=�G,

Æ	
Ä�·���I !" C=��,����ý!�/(�`B�����,²ÈÒ�Æ	$�;� !"

���������������� !"#�$%&��'()*�+,-./01,23

�5���=���;EF��!�;y(��STîï,������*��Ð�C��[n�kQ�÷å��� ¡

�����(!��G������ !"),�[	Z�
�=Õ�(ST¨
Ò�,�;(fg�
�`���Ë��

�v=)*+*,Ù���&�¡Ðs�{±,yæ��È�/(�`�=��5�,�[	Z�
�[kQ�_��=�

¡Ð±,¾À8(9:&fgß�â�¢¬�/(��I !"

���;s[QR�;Ô��T~Ý,����;ã	
��
��áM;�÷�(�C���;��!�;y��	!

�á���%(�C�G������ !"�[	Z�
�áÕ�(��T~
Ò�,�;(fg�
�`���Ë��

�vá)*+*,Ù���&�¡Ðs�{±,yæ��È�/(�`�á��5�,�[	Z�
�[kQ�_��á�

¡Ð±,¾À8(9:&fgß�â�¢¬�/(��I !"

���;s��QU�U~s���~�;Ô[X\i\Ý,����;ã	
��
��á���;s���;s��

�;s���;s	��;s���;,q@�á���ð�!��M;���	!�á���%(�C�G������

 !"�[	Z�
�áÕ�([X\i\
Ò�,�;(fg�
�`���Ë���vá)*+*,Ù���&�¡Ðs

�{±,yæ��È�/(�`�á��5�,�[	Z�
�[kQ�_��á�¡Ð±,¾À8(9:&fgß�â�

¢¬�/(��I !"

;2H�,tu�¢���=�;-&���Þ¯�����,k�©~����*CH�tu	�'�÷åI=
{�

�±,�H4�`�tu�³� !"

�����



�������	
��
�������

�������	
��
����������������������	�� !��"#$�%&'()*



��+,-�./��01$234

5678
��9:(;<.����	� !=>
�?@A
�4

B6��9:(CD$�@�(;<.EF
GHI(J�-�K��L��M�-��N(OP3.
�4

Q6RSN���TI�UV$�OW$-XY��!Z[�$-\]^_`.
�4

a6bXc
���d !��ef_ghijkl�mndop_`.
�4

q6���?�	�� !��$-
rst�sO$�uv�$-wx3.
�4

�;�Ty%&(z�-��%&�
{|
�
%}	d~#	�013.��(������V�w�234

���V(�����N
�
XY�����)*
�;�_34

����������
��
�_���?����
����,.��N��� !��[^������ ¡
�

¢�£¤(¥¦3.§�(J�-�����¨��©$�sª�sO$�%&�(«¬­§�®
¯°���.4

����������
��
�_� F
�=�±²��,.��N��� !��[^������ ¡
�¢�

£¤(¥¦3.�§��³´($��µ���¶>^�������·
�¸9:(J�-�����¨��©$�sª

�sO$�%&�(«¬­�!®
¯°���.4

¹���¹

X Y � �

��L�d !
=>
�;º�
@A
�

78
��9:(;<.��(³»`��	� !
=>?@A
¼_`.4

��NOP
�
��9:(CD$�@�(;<.EF
GHI(J�-�K��
L��M�-��N(P½_`.4

��TI¾¿;º�OW
��
�!Z[À#
�

RSN���TI�UVdOW$��
XY��!Z[�$-\
]_`.4

ef��op
�
bXc
���d !��ef_ghijkl�mndop_`
.4

���rs�ÁÂÃÂÄÅg
�
���?�	�� !��$-
rst�sO$�uv�$-w
x_`.4



�����

� � � � � �

�	
�
��

�
�����

����

��������

��
�

�  
 �

� 	 
 �

� � ! " � �

� � # $ � �

�	
�%&'()�
�*+,-./

01�234��5678

� � � � � � � 	

� � � � 
 � � �

����

��������
�	
�
���
�����

�  
 � � 	 
 �

9:���; �<
��
56����

�=>��56
����

9� ?; ��? @A����?

�BCDE��

FGHI�

JK�?

LM��?

NOPQ-R

ST�!

9��UVW;*XY'��56
��Z


�JK['\Y

]^<
['\Y

_`['\Y

!"NOB�a
��['\Y

bc�def
��Z



�����

� � � � � � �
��	�
��
���

��������	
��


��������

�����


� � �

����������

��� �!"


# $ %&'

����������()*+,�+-


����.


/ 0 1 �

23 �4567��89:�

���;	


� < = >

� � � � � 
 � �

? �

�����



@0 A

(

����B�

����C


D E FGH

(

����B,

����I


J K L H

(

����BMNOPIQ

��� �����	 
��
���
� �

����� ���
��
���
����

������ !""#$%&'�()�)&�*&+,



� � � �

�������

	
��
��������

� � � 	

����������	� �!����"#$
$
%
��
���&��'()*+,-.�/012�3)*4$

5678-21.12��9�����:���92-;<=>�?2@A1B3

� �!��C�DE$
6$F=GH6IJ�K�L2�3K�M4KN6:2-��OPQRSTUVR(*W&X�

�
QYZT[	\]�!̂ _�̀^�'�a�MbcR�&
�defTghUVR	ii]i ̂ �'�j2-�
��klmn

�oLpq&rstuvi�wxRyYTSzR{	ii]iî �'(DE$
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