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1. Research Overview (April 2021-March 2022)
1.1 Outlines of Research Activities
(1) About Arid Land Research Center

The Arid Land Research Center (ALRC) is an independent
department of Tottori University and, at the same time, is a
Joint Usage/ Research Center. The mission of ALRC is to con-
duct research on desertification and to develop sustainable agri-
cultural practices in arid and semi-arid areas. The door is open
to all researchers who are engaged in the field of Dryland Sci-
ence.

The goals of the establishment of the Center are, with regard
to research, to advance knowledge and technologies concerning
plant production and revegetation of deserts, which the Arid
Land Research Center and its predecessor have accumulated, so
it can be widely applied to arid land soils around the world. Si-
multaneously, blending this with knowledge and technologies
in the social economics and medical fields etc., to build a new
Science of Arid Land that contribute to combat global deserti-
fication and ensure people’s healthy daily lives. In the educa-
tional field, ALRC’s mission is to nurture researchers and ad-
vance technologists to deal with arid lands that are required by
international organizations, private companies, NGOs etc.
through educating graduate students (Master’s and Doctoral
courses), research students, and international researchers from
Japan International Cooperation Agency (JICA), etc.

The establishment of the Center is extremely significant in
terms of further advancement in the world’s dryland sciences,
fulfillment of Japan’s obligation to contribute to the United Na-
tions Convention to Combat Desertification, and human re-
source development in this field.

ALRC had implemented the Project Marginal Region Agri-
culture’s Ist phase, “Development of crop husbandry technolo-
gy in marginal rainfed environment using dryland plant re-
sources - Toward sustainable improvement in global marginal
regions,” for four years from FY2015 through FY2018. In the
2nd phase of this project (FY2019 - FY2021), the subtitle of
the project was changed to “Challenges and Demonstration in
the Global Marginal Regions” to develop an “advanced tech-
nology package” that will enable stable and sustainable agricul-
tural production in the rainfed cultivation lands.

ALRC'’s Professor Atsushi Tsunekawa’s research project en-
titled “Development of Next-Generation Sustainable Land
Management (SLM) Framework to Combat Desertification”
was selected as one of the FY2016 Science and Technology
Research Partnership for Sustainable Development (SATREPS)
programs by Japan Science and Technology Agency (JST).
Full-scale operation of the five-year project has started from
FY2017 in partnership with Bahir Dar University, Ethiopia.

ALRC has launched its five-year project entitled “Impacts of
Climate Change on Drylands: Assessment and Adaptation
(Project ICCXxDRYLANDs)” since FY2017, aiming to enhance
its function as a Joint Usage / Research Center. This project has
been actively promoted by our three research groups: Future
Climate Group, Combat Desertification Group, and Dryland
Agriculture Group. In March 2022, we published a book enti-
tled "Climate Change and Drylands: The Cutting Edge of Re-
search," from Maruzen Publishing Co. It summarized the out-
comes of our five-year project.

Furthermore, ALRC’s professor Hisashi Tsujimoto’s five-
year research project entitled “Development of Climate Change
Resilient Innovative Technologies for Sustainable Wheat Pro-
duction in the Dry and Heat Prone Agro-Ecologies of Sudan
and Sub-Saharan Africa” was selected as one of the FY2018
SATREPS programs by JST. The research team has started full-
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fledged operations from FY2019 jointly with Agricultural Re-
search Corporation and Metrological Authority, Sudan.

The research project entitled “Development of Resilient
E-farming for agro-climate risk management in African
Multi-environment (DREAM)”, which is led by Prof. Tsubo of
ALRC, was selected as AJ-CORE (Africa-Japan Collaborative
Research) of JST’s Strategic International Collaborative Re-
search Program, and the joint research started.

A JST FOREST research project entitled "Expansion of Ge-
netic Resource Concept by Overcoming Chromosome elimina-
tion" led by Dr. Takayoshi Ishii was approved. The FOREST
project will support Dr. Ishii for 2021 to 2028.

ALRC'’s professor Norikazu Yamanaka’s research project en-
titled “Climate resilience and productivity of halophytes in Tur-
anian-Eurasian Ecosystems” was selected as FY2021 Ja-
pan-Russia Research Cooperative Program between JSPS and
RFBR. A kick-off workshop was held online in June 2021.

Tottori University’s Emeritus Professor Makio Kamichika,
former director of the ALRC, received The Order of the Sacred
Treasure, Gold Rays with Neck Ribbon at the 2021 Spring
Conferment of Decoration.

In September 2021, ALRC’s Professor Atsushi Tsunekawa
received an honorary doctorate from Bahir Dar University in
Ethiopia for his highly evaluated achievements in dryland sci-
ence research, education, and human resource development
over many years.

ALRC’s Junior Associate Professor Takayoshi Ishii in col-
laboration with Tety Maryenti and Professor Takashi Okamoto
at the Department of Biological Sciences, Tokyo Metropolitan
University successfully produced the world’s first wheat-rice
hybrid plants. This research outcome is a major step towards
expanding the utilization of wheat and rice genetic resources
across genera and is also expected to be a promising novel
breeding technology.

In March 2022, ALRC’s Junior Associate Professor Takay-
oshi Ishii received the “Young Scientist Award” of the Japanese
Society of Breeding for his highly evaluated research achieve-
ments on understanding chromosome elimination in hybrid em-
bryo cells for innovations in plant breeding.

Organization and Management Structure

ALRC consists of the Director, Vice Director, Faculty Meet-
ing, Advisory Committee, Joint Research Committee, Research
Division, the Laboratory of Arid Land Plant Resources, and the
Administration Department. The Faculty Meeting and the Ad-
visory Committee operate the center. The Technical Depart-
ments of Tottori University integrated their organizations into a
department in FY2012, but as in the past, maintains mutual
links based on business requests and technical support.

The Research Division is composed of three divisions: Inte-
grated Desertification Control Division, Environmental Conser-
vation Division, and Agricultural Production Division. As of
March 31, 2022, six full-time professors, four associate profes-
sors, one assistant professor, one junior associate professor, six
specially appointed assistant professors, four visiting professors
from Japan and three foreign research scholars were allocated
to these research divisions. In addition, five project researchers
were added to our research teams. Moreover, 17 office staff (six
full-time and 11 part-time) and 11 technical staff (four full-time
and seven part-time) supported ALRC’s research and education.

Joint Research, Education, Publication
In FY2021, 61 joint-use research principal investigators,
mainly from national and private universities, were attached to
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ALRC. In addition, ALRC had a total of 39 students; 22 Ph.D.

students, 13 master’s students, one undergraduate student and

three research students. Of them, 28 students were from over-
seas; five Chinese, eight Ethiopian, eight Sudanese, two Nige-
rian, one Mongolian, one Bangladeshi, two Kenyan, and one

Burkinan.

ALRC holds the Joint Research Symposium every year. In
FY2021, we held the symposium online on December 4 since
the end of the Covid-19 was not expected.

Concerning education, the course “Global Dryland Science”
was established for Master’s course (Graduate School of Sus-
tainability Science) and Doctoral course (United Graduate
School of Agricultural Sciences). This course offers a consis-
tent educational system through undergraduate, master’s and
doctoral courses.

Annual report has been published since the establishment of
ALRC, which provides information and data about ALRC’s re-
search and education activities. In addition, ALRC issues news-
letters several times a year to introduce its latest research activ-
ities, supported by the “Tottori Kanchiken Club” established by
a local business association.

Moreover, ALRC issued the following publication in FY
2021.

@® Photobooks of Drylands vol.6: Nature and Life in Drylands -
Mu Us Sandy Land, China - (Yoshikawa, K. and Yamanaka,
N., Published by IMAISHUPPAN, March 2022.)

® Climate Change and Drylands - The Cutting Edge of
Research (Supervision: ALRC, Editor: Tsubo, M., Kurosaki,
Y. and Kinugasa, T., Published by Maruzen Publishing
Co.Ltd., March 2022)

Accommodation Facility

A guest house was built in August 2011, which is available
for joint researchers and students who want to stay in the prem-
ises of ALRC for research activities and training. This accom-
modation facility has two twin rooms, four single rooms and
one training room.

Outreach Activities

ALRC has been conducting various outreach activities such
as facility tours and training programs to promote and publicize
ALRC’s activities both inside and outside Japan. In addition,
ALRC has been holding a number of events such as symposia
and panel exhibitions to disseminate research outcomes and
achievements to public and outside researchers.

In FY2021, various activities in Japan and abroad had to be
postponed or cancelled due to the global spread of the
Covid-19. However, even under these circumstances, ALRC
has been disseminating ALRC’s research results online and
making them available to the public.

We held the following activities during FY2021.
® Jr-Doctor Training School “Let’s go! Dr. Environment to

Save the Earth”: October 31, 2021, ALRC
® Open House Event: In order to prevent the spread of the

Covid-19, ALRC was not open to the public in person,

but a video introducing the ALRC was made available on

YouTube, and a tour of the Arid Dome was conducted using

Google Street View.
® Special Exhibition “100 Years of Mongolia: Encounters

through Photography”: March 17- May 31. 2022, Presented

by the National Museum of Ethology, Suita City, Osaka

Prefecture
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Mulualem T, Adgo E, Meshesha DT, Tsunekawa A,
Haregeweyn N, Tsubo M, Kebede B, Mamedov Al,
Masunaga T, Berihun ML. MAY 2021 (early access).
Examining the impact of polyacrylamide and other soil
amendments on soil fertility and crop yield in contrasting
agroecological environments. Journal of Soil Science and
Plant Nutrition. doi: 10.1007/s42729-021-00482-4.

(2) Research Divisions
1) Integrated Desertification Control Division
Atsushi Tsunekawa (Prof., Conservation Informatics)

The Conservation Informatics Subdivision conducts research
on the monitoring and modeling of the plant production and
ecosystem change in the dry lands. Particular efforts are being
made to clarify the interaction between the atmosphere and the
land surface (vegetation and soil) through water and dust, and
to develop methodologies for evaluating the sustainability of
ecosystems and local communities in dry lands. The research of
the Subdivision is driven by combining the use of information
technologies such as numerical modeling, remote sensing and
geographic information systems (GIS); field observations; and
experiments using ALRC's facilities for the following topics.

1. Prediction of environmental response using a process-based
ecosystem model

2. Regional estimation of biological productivity using remote
sensing and GIS

3. Development of methodologies for evaluating sustainability
in drylands

4. Study on sustainable land management (SLM)

We obtained the following research findings about the effects
of Polyacrylamide (PAM) by the field experiment in Ethiopia.

This study aims to investigate the effects of polyacrylamide
(PAM) alone or integrated with other soil amendments on soil
fertility and Teff (Eragrostis tef (Zucc.) Trotter) yield. A field
experiment was carried out for 2 years in three contrasting
agroecological zones of the Upper Blue Nile basin, Ethiopia,
using a randomized complete block design with 3 replicates.
The amendments applied were PAM (40 kg ha™), biochar (B, 8
tha™), lime (L, 4 t ha™), gypsum (G, 5 t ha™), farmyard manure
(FYM, 5 tha), PAM+ B, PAM+ L, and PAM+ G, and control.
The results showed that PAM+ L, PAM+ B, and L treatments
noticeably improved pH, available phosphorus (P > total nitro-
gen (TN), organic carbon, and water infiltration in the Aba Ger-
ima and Guder soils, whereas the PAM + B, B, and FYM treat-
ments expressively increased soil water content, Pav, and TN in
the Dibatie soil. Likewise, compared with the control, teff yield
significantly (p < 0.05) increased by about 25 to 37% at Gud-
er, 25 to 32% at Aba Gerima, and 20 to 31% at Dibatie.
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Wheat-producing areas in Sudan

Mitsuru Tsubo (Prof., Climate Risk Management)

The Climate Risk Management subdivision conducts re-
search in agrometeorology, micrometeorology and crop model-
ling, particularly the following.

(1) Agricultural drought monitoring

(2) Dryland agricultural modelling

(3) Development of agrometeorological information systems
Research activities in this fiscal year were as follows.

Regression analysis between wheat yield and temperature
The relationship between yield of irrigated wheat in hot

drylands of Sudan and temperature during the growing season
(November—February) was determined. In all three irrigation
areas (Dongola, Wad Medani and New Halfa), regression anal-
ysis detected upward trends in the growing-season temperature.
The yields were negatively correlated with the growing-season
temperature, particularly the frequency of days with minimum
temperature above 20 °C in Northern State, maximum tempera-
ture in Gezira State, and minimum temperature in Kassala
State. These results confirm that the recent increase in the
growing-season temperature might have reduced the yield to
some extent in Sudan.

Downscaling of rainfall data
Robust configurations of the Weather Research and Fore-

casting (WRF) model, especially cumulus parameterization
schemes, for different climatic zones of Sudan were identified,
focusing on wet season (June—September) rainfall, which is a
determinant of summer crop yields. Downscaling experiments
were carried out to compare the following schemes: Betts—
Miller—Janjic (BMJ), improved Kain—Fritch (KFT), modified
Tiedtke, and Grell-Freitas. Results revealed that BMJ per-
formed better for wet season rainfall in the hyper-arid and arid
zones; KFT performed better for rainfall in July and August in
the semi-arid zone where most summer crops are cultivated.
Specific cumulus parameterization schemes of the WRF model
therefore need to be selected for specific climatic zones of
Sudan.
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A seasonal variation of color and density of dry- and wet-

deposited substances, which is collected on the roof of ALRC
from April to December in 2020.
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Yasunori Kurosaki (Prof., Dust Climatology)

Mineral dust particles are blown up by a strong wind in
arid land, agricultural area, etc., and fine particles are transport-
ed over a long distance by wind in free troposphere. In emis-
sion areas, it works as a disaster which leads death and missing
of human and its livestock, damages on architectural facility,
etc. In downwind areas, it brings adverse health effects such as
respiratory disease and it changes environment change by neu-
tralization of acid rain, marine ecosystem change, effects on
climate, etc. The dust climatology subdivision has majorly
three subjects, which are (1) monitoring of dust distribution, (2)
elucidation of dust emission mechanisms and an application of
them on numerical dust models, and (3) elucidation of the
amount of deposited dust in Japan and its source regions. In ad-
dition, (4) Project Impacts of Climate Change on Drylands (IC-
CxDRYLANDS) is promoted. Major works in the fiscal year
are described as below.

On the subject (1), the near-real time East Asia dust moni-
toring system using MODIS satellite images has been operated
for long time. However, the service of MODIS Rapid Response
System was over. Therefore, I substitute images from it with
images of Himawari-8 satellite (JMA HP).

On the subject (2), due to COVID-19, I could not conduct
either on-site observations by ourselves or our requested ones
by Ms. Gantsetseg (IRIMHE), which could be done in the pre-
vious fiscal year. However, I could carry out vegetation surveys
by residents in our site. I made test datasets of stone and dead
leave for wide area by applying past field observation results by
Mr. Buyantogtokh (D3, the United Graduate School of Agricul-
tural Sciences) and Dr. Wu Jing (Assist. Prof.). Regarding to
stone, numerical experiments incorporating the data into NHM-
Chem-Dust, which is a numerical model developed by the Me-
teorological Research Institute (MRI), started in a collaboration
with MRI.

On the subject (3), observations of PM2.5 etc. were car-
ried out on the roof of ALRC building under ALRC joint re-
search (PI: Prof. Osada, Nagoya Univ.). In addition, I conduct-
ed samplings of dry- and wet-deposited substances under the
exploration course of JST Junior Doctor Program.

On the subject (4), researches of climate change and its ef-
fect on grassland ecosystems in Mongolia and its effect on
wheat production in Sudan were proceeded.

These works were supported by the Environment Research
and Technology Development Fund (JPMEERF20205001), by
Project ICCXDRYLANDS, by International Platform for Dry-
land Research and Education (IPDRE), and by ALRC joint re-
searches.

A test dataset of stone distribution in East Asia using a result of
Buyantogtokh et al. (2021).
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Cow crossbred with Holstein-Friesian used for feeding trials in
2021 (in Zenzerma Campus of Bahir Dar University, Ethiopia)

Kobayashi Nobuyuki (Associate Prof., International Devel-
opment Cooperation)

Livestock:

Recognizing that comprehensive/sustainable development
with environmental conservation and farmers’ livelihood im-
provement is important especially in drylands, we aim to pro-
pose applicable measures to achieve both land utilization and
environmental conservation with livestock raising.

Therefore, for ‘the Project for development of sustainable
land management framework’ funded by JICA/JST in Ethiopia,
we tried to improve feeding design for indoor-fed beef/dairy
cattle to prevent the degradation of pasture land due to over-
grazing and to achieve effective animal production in the 3 wa-
tersheds of Upper Blue Nile basin.

Through feeding trials using Fogera dairy cows, a popular
breed of Ethiopian dairy cows, provision of a promising grass
species (Napier grass) improved feed intake, milk yield, and re-
duced CH, emissions, compared with traditional feeding with
grazing Cows.

In 2021, we carried out the similar feeding trials by using
the crossbred cows with Holstein-Friesian, which is expected to
achieve higher milk yield. We will analyze the collected data,
and try to establish the appropriate indoor feeding for dairy
cows in Ethiopia.

International Cooperation:
Most technologies for drylands are applied in developing

countries. Activities for development in these countries are im-
portant. Through ‘the Project for enhancing the preventive
measures for diabetes in Philippines’, we supported extending
education for the patients’ diabetes self-management by their
leaders and the local health professionals. In 2021, because the
medical check-ups to monitor effects of the extension works
have been suspended due to the risk of COVID-19 infection,
we supported them by advising possible measures to be taken
through on-line meeting. Furthermore, we produced a short
movie of the leaders’ and patients’ opinions expectation for the
Project and used it as practical lessons in the lectures for medi-
cal students in Tottori University. We also analyzed the changes
of leaders’ cognition and emotions through their extension ac-
tivities, and obtained useful insights to enhance the sustainabil-
ity of the activities.

Introduction of the project to enhance preventive measures for
diabetes in Philippines through lectures for medical students of
Tottori University



Zerihun Nigussie Gebresilasie (Specially-Appointed Assist.
Prof., Socio-economics of Sustainable Land Management)

The Sustainable Land Management Socio-economics

Subdivision undertakes research mainly as follows:
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To understand the mechanisms behind the widespread
application of few sustainable land management practices
by small-scale farmers while significant others still lagging
behind,

To examine small-scale farmers’ livelihoods, livelihood
diversification and its probable link with sustainable land
management,

To clarify mechanisms to enhance participation of
resource-constrained farmers (landless youth and women)
in sustainable land management through engaging them
income generating activities, and

To understand ways to engage local stakeholders into
continual experiential learning for sustainable watershed
management.

These research activities have been continuing under the

support of the project “Development of Next Generation
Sustainable Land Management Framework to Combat
Desertification-SATREPS”, Grant Number JPMJSA1601,
funded by JST/JICA.

In this fiscal year, I have obtained the following results:
The production of value-added products from locally
accessible and underutilized biomass residues is a
potential to expand Ethiopia’s supply of renewable energy.
Expansion of tree-based plantation systems, in particular,
might supply biomass residues for the production of
better bioenergy products. The purpose of this research
was to analyze producers’ interest in providing biomass
residues to a hypothetical biomass feedstock market. The
data for this research came from a survey of 240 farmers.
Although most farmers were unaware of possible biomass
products, the majority reported an interest in providing
biomass residues; nevertheless, the amount of interest
varied depending on specific individual socioeconomic
and demographic variables. Households with an enhanced
biomass stove, greater land holdings, and higher income
levels, for example, were shown to be more interested
in participating in the hypothetical biomass market.
Furthermore, bigger families and those who felt less
exposed to firewood shortages reported greater interest.
Overall, the findings suggest that farmers, especially those
with younger and female heads of families, should be
assisted via initiatives designed to assure their involvement
in biomass supply chains. Respondents favored farm-gate
sales of biomass, therefore collecting, baling, and shipping
woody wastes must be effectively motivated, or new
players must be brought into the supply chain. Providing
energy-efficient equipment to homes, such as better stoves,
would not only raise demand for biomass products, but it
would also increase the quantity of biomass residues that
could be given to the market rather than utilized at home.
Land degradation is the principal issue impacting the
livelihoods of rural people in general, and resource-
constrained farmers (e.g., landless youth and women) in
particular. The majority of households rely on agriculture-
based income, which is primarily reliant on the exploitation
of limited natural resources. Furthermore, unless non-

agricultural sectors of the economy can absorb excess
rural labor, the rapidly growing population is shifting
agricultural activities (crop cultivation and livestock
grazing) to marginal and fragile lands, contributing
to increased land degradation, low productivity, and
increased poverty and social disparity. As a consequence,
impoverished rural people are ill-equipped to adapt
effectively to the environmental and livelihood shocks
and pressures to which they are constantly subjected (e.g.,
shortage of land, lack of income, restricted possibilities).
Land degradation happens owing to people’s incapacity to
access the resources that would enable them to derive their
livelihoods in an ecologically sustainable fashion, and its
impact is disproportionately larger for rural poor people
(especially women and youth). As a result, my hypothesis
states, “poor farmers’ participation in inclusive agricultural
business models that generate broad-based social,
environmental, and economic effects (e.g., economic
opportunities, education, social & economic cooperation,
sustainable land management, value chain participation)
would allow them to reduce poverty and social disparity
while also protecting and restoring the environment on
which they rely.” Small-scale improved dairy production
(i.e., promotion of improved dairy production system
through improving genetic potential of local cows through
crossbreeding; improving feed, feeding, and health
management; promoting improved forage development
and using manure for forage and vegetable production)
and enabling farmers to establish saving and credit self-
help groups to alleviate liquidity problems are currently
underway in the Aba Gerima watershed (Figure 1). So
far, the following results have been achieved as a result of
these activities: (i) Household incomes increased by about
40%, and children’s milk intake increased, improving
their nutrition; (ii) Over 200 farmers engaged in backyard
improved forage development activities; (iii) Over 90
farmers received crossbreeding bull services; and (iv)
Farmers established a milk cooperative, which is now
supplying milk to the Bahir Dar market.

%5 P 4 &
Figure 1. Partial view of SATREPS Ethiopia
project activities: (a) Crossbreeding bull introduced
(b) Project beneficiaries collecting savings, (c)
Monitoring farmer cows management and body
conditions, (c) Farmers supplying milk to their milk
cooperative.



Ayele A. Fenta (Specially Appointed Assistant Professor,

Integrated Desertification Control)

The division of Integrated Desertification Control conducts
research mainly as follows:

(1) Development of an integrated framework to evaluate
impacts of land use and management (LUM) alternatives
on ecosystem services.

A general conceptual framework for analyzing the impacts
of LUM alternatives on ecosystem services is shown below.
The framework comprises six main components: (i) land use
problem identification and objective setting, (ii) identification
of best performing land-use-based solutions, (iii) formulation
of LUM alternatives and modeling of key indicators, (iv) cost-
benefit analysis, (v) evaluation of the LUM alternatives through
stakeholders’ workshop, and (vi) communicate the LUM
alternatives to relevant stakeholders for institutional and
financial support for implementation.

We demonstrated this approach using case studies of Aba
Gerima and Guder watersheds in the Upper Blue Nile basin in
Ethiopia. This study builds on extensive plot- and watershed-
scale observations under conventional and improved land
management practices to analyze the changes in runoff, soil
loss, soil organic carbon (SOC) stock, and land productivity for
five LUM alternatives compared to the baseline.

The best performing sustainable land management (SLM)
practices were selected to formulate the land management
options: soil bund integrated with grass, application of
Polyacrylamide (PAM) combined with lime, and improved
agronomic practices of reduced tillage and row planting for
cropland; exclosure for grassland; exclosure integrated with
trench for bushland; Napier grass and Desmodium uncinatum
for improved forage.

Five LUM alternatives formulated for Aba Gerima and
Guder watersheds are as defined below:

* Baseline — Current land use and existing conventional
farmers’ practices;

* Scenario [ — Current land use plus SLM practices;

* Scenario II — No crop cultivation on steep slopes (>30%)
plus SLM practices;

Problem identification and objective setting

Baseline
studies E> [

Loss of ecosystem services (provisioning, <:| Field
regulating, cultural and supporting)

experiment

[ Improve ecosystem services ]

Testing of new Identify best performing land Review of
or existing use based solutions existing
solutions solutions
<}
Alternative future scenarios Existing land
Ligi;:g:g{!? |:>{ formulation and modeling of key ] use
indicators
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S13ployaRIS
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Cost-benefit analysis
<L

[ Evaluate alternative future scenarios

through stakeholders’ workshop based on
key indicators (ecological, economic, social)

hS

[ Communicate the alternative future scenarios J

to relevant stakeholders for institutional and
financial support for impl ation

Integrated framework to evaluate the impacts of land use and
management alternatives on ecosystem services.

* Scenario III — Khat/Acacia plantation on suitable areas
plus SLM practices;

* Scenario IV — Forage production on suitable areas plus
SLM practices; and

* Scenario V — Reforestation on degraded bushland and on
hilly croplands plus SLM practices.

For the Aba Gerima watershed, results showed that the
LUM alternatives can reduce runoff and soil loss by 11-71%
and 66-95%; whereas SOC stock and watershed-scale gross
land productivity could be improved by 36—-104% and 48—
134%, respectively compared to the baseline. Improved forage
production on suitable areas and implementation of selected
SLM practices on cropland and degraded bushland was the best
performing scenario to reduce runoff (by 71%) and soil loss (by
95%); whereas Khat cultivation performed best to improve
gross land productivity (by 134%) followed by improved forage
production (by 91%).

For the Guder watershed, the alternative future scenarios
can reduce runoff and soil loss by 71-95% and 75-96%;
whereas SOC stock and watershed-scale gross land productivity
could be improved by 2-51% and 49-83%, respectively
compared to the baseline. Among, the alternative scenarios,
Scenario-1V (improved forage production) was the best
performing scenario to reduce runoff and soil loss (by about
95%) and to improve gross land productivity (by 83%).

Reforestation on degraded bushland and on hilly cropland
and implementation of SLM practices on cropland resulted in
the highest SOC stock improvement in Aba Gerima and Guder
watersheds.

The results of cost-benefit analysis showed that the LUM
alternatives were economically more profitable compared to the
baseline. The stakeholders’ evaluation of the LUM alternatives
appeared to be divergent. Implementation of SLM practices on
current land use (Scenario-I) and acacia plantation (Scenario-
IIT) followed by the pro-forage production (Scenario-1V) were
the first two priorities of the land users in Aba Gerima and
Guder, respectively. Khat production (Scenario-III) was not a
priority choice of the experts and land users despite its high
economic and ecological benefits. This is mainly because Khat
cultivation is not sustainable for the following reasons: (i) high
water demand that led to conflict among neighbouring farmers,
(ii) high labour requirement, (iii) high input requirement
(chemicals to control disease affecting Khat), (iv) Khat’s
volatile market price, government’s policy isn’t in favour of
Khat production.

Stakeholders’ evaluation of the LUM alternatives based on
analytic hierrarchy process.

Land Policy Researchers

Aba Gerima users  makers Social NRM Crop Livestock
Scenario-1 0.34 0.12 0.22 0.11 011 0.06
Scenario-ll 0.07 0.15 0.15 0.13 013 0.17
Scenario-lll 0.09 0.05 0.09 0.12 0.21 0.06
Scenario-IV 0.31 0.32 0.32 0.30 0.34 0.40
Scenario-V 0.18 0.37 0.21 0.34 0.21 0.30
Guder

Scenario-| 0.20 0.17 0.22 0.14 0.19 0.17
Scenario-ll 0.10 0.29 0.15 0.16 0.18 0.16
Scenario-lll 0.33 0.12 0.24 0.21 0.17 0.18
Scenario-IV 0.22 0.19 0.18 0.16 0.24 0.34
Scenario-V 0.15 0.23 0.21 0.33 0.22 0.15




Kindiye Ebabu GELAW (Specially Appointed Assistant
professor, Soil Erosion and Sustainable Land Management)
The soil erosion and conservation subdivision of the SA-
TREPS-Ethiopia project conducts research on development of
low cost and accurate soil erosion prevention methods for culti-
vated and non-cultivated lands in the Ethiopian highlands.

In the fiscal year 2021, I analyzed “runoff and soil loss re-
sponse from cropland (CL) and grazing land (GL) in three con-
trasting climatic environments of Ethiopia: Mayleba (semi-ar-
id), Gumara (dry sub-humid), and Guder (humid). The analysis
was made using runoff and corresponding sediment concentra-
tion data collected from plots of CL and GL with (treated) and
without (control) soil and water conservation (SWC) measures
(trenches, stone/soil bunds with trenches, and exclosure). Sta-
tistical analysis was performed to evaluate the significance of
differences in runoff and soil loss values across different envi-
ronments, land use types and SWC measures.

The results revealed substantially variation in runoff and
soil amounts across land use types, SWC measures, and climat-
ic environments. In control plots at semi-arid site, seasonal run-
off and soil loss were far higher from GL (280 mm, 26.5 t ha ')
than from CL (109 mm, 7.0 t ha ). In contrast, in control plots
at dry-subhumid site, they were higher from CL (464 mm, 37.5
t ha') than from GL (330 mm, 24.2 t ha '), and at humid site,
soil loss was higher from CL (71.2 t ha™") than from GL (1.5 t
ha™"). The higher amounts of both runoff and soil loss from GL
at the semi-arid site were attributed to a lack of protective veg-
etation cover and soil compaction due to intense grazing. At the
dry sub-humid and humid sites, higher soil loss amounts in CL
can be linked to excessive tillage operations. Although SWC
measures substantially reduced seasonal runoff depth and soil
loss relative to control plots, soil loss from GL with trenches at
the semi-arid site (12.6 t ha™"); CL with soil bunds and trenches
at dry sub-humid (22.1 t ha™), and humid (21.4 t ha™") sites re-
mained higher than the average tolerable soil loss rate (10 t ha™'
year ) for the Ethiopian highlands. Thus, the results of this
study will help plan suitable SWC measures in regions, includ-
ing drylands, where biophysical features and human activities
vary with space and time, as they do in Ethiopia.
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Seasonal runoff and soil loss amounts for control and treated
plots in cropland (a) and grazing land (b) at Mayleba, Gumara
and Guder sites, representing the semi-arid, dry sub-humid and
humid climatic environments of Ethiopia, respectively.
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Daily runoff depth (a) and soil loss (b) during the rainy season in
control and treated plots of cropland (CL) and grazing land (GL)
at Mayleba, Gumara, and Guder. In each treatment type (control
and treated), boxes labelled with different letters indicate that
the median values differ significantly across study sites (Mann—
Whitney U-test, P < 0.05).
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Cowpea root nodules
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Toru Hamamoto (Specially appointed Assistant Professor,

Environmental and Soil Ecology)

The Environmental and Soil Ecology Subdivision con-
ducts research mainly as follows:

(1) Effects of soil carbon / nitrogen dynamics and agricultural

productivity under future climate conditions

(2) The microbial diversity in infertile soils

(3) The relationship between crop genetic diversity and soil mi-

crobial diversity
These studies are conducting under the aid by Japan Soci-

ety of the Promotion of Science Grants (KAKENHI 18]J10924).
In this fiscal year, I obtained results from following re-
search topics:

1. Future climates, which are under elevated CO2
concentrations and elevated temperature, stimulate
microbial activity and hence accelerate organic matter
decomposition. It is important to integrate adaptation and
mitigation against climate change. This year’s experiment
focused on the effects of crop growth on future climate
soil conditions, which interacted with the carbon and
nitrogen cycle.

2. In soils with limited nutrients, such as sand dune
ecosystems, it makes extremely difficult for plant growth.
Such ecosystems are unique and valuable, but vulnerable.
In particular, soil microbial communities in limited
soil nutrient status could be maintained and formed by
significant influences with above-ground parts, but it is
still unknown how above- and below-ground ecosystems
interacts. This year, we proceeded with a survey of
microbial diversity and community structures in sandy
soils.

3. The genetic diversity of crops which can grow even in
poor soil environments (cowpea, pearl millet, and teff)
have attracted much attention, and their understanding is
promoting. In addition, legume crops such as cowpea fix
nitrogen by forming nodules in symbiosis with specific
bacteria. This year, we cultivated different types of
cowpeas and conducted a preliminary experiment of in
rhizosphere.

A pot experiment simulated future climate conditions



Jing Wu (Specially Appointed Assist. Prof., Wind Erosion
Climatology)

The wind erosion climatological subdivision conducts
research mainly on improvement of dust prediction accuracy
through applying land surface effects on dust emission in arid
and semi-arid regions.

In this fiscal year, I investigated spatial and temporal
variations of dust occurrence and three definitions of strong
wind frequency over Gobi Desert and surrounding regions in
March and April, months when dust occurrence is frequent,
during 2001-2021. I evaluated the effects of variations in dry
vegetation on dust occurrence by using the threat scores of
forecasted dust occurrences for each strong wind definition.
The results are as follows:

1. Spatiotemporal variations in dust occurrence and wind
conditions

In all regions except grasslands in Inner Mongolia, the
dust occurrence frequency (DOF) was greater in April than in
March (Fig. la-b). High DOF values during 2001-2021 were
found in the Gobi Desert in southern Mongolia. The highest
DOF value was observed at Tsogt-Ovoo, which has previously
been observed to be a dust source hotspot.

The average DOF over the study region was also higher in
April (3.39+1.95%) than in March (2.61+1.51%) (Fig. 1c—d),
consistent with previous studies. The DOFs generally declined
from 2001 to 2021, especially in April.

We defined threshold wind speed in three ways: as a
spatiotemporally constant value (6.5 m s ', often employed in
dust models, hereinafter, uss); as a value statistically estimated
from surface synoptic observations, which is interannually
constant but spatially variable (hereinafter, us%); and as a value
estimated by using both synoptic data and the dry vegetation
coverage estimated from the MODIS Soil Tillage Index (STI),
which is spatiotemporally variable (hereinafter,uystr). Strong
wind is defined as wind speeds exceeding the threshold wind
speed for dust occurrence. Temporal changes in the average
strong wind frequency (SWF) calculated using the first
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Fig. 1 Spatial distribution of the average dust occurrence
frequency at SYNOP observatories in Mongolia (squares) and
Inner Mongolia (circles) in (a) March and (b) April during 2001—
2021. The line shows the border between Mongolia (to the north)
and Inner Mongolia, and the red boxes in (a) indicate the Gobi
Desert and grasslands areas. Temporal variations of the average
dust occurrence frequency (DOF; gray bars) and strong wind
frequencies (SWFyg;, triangles; SWFys,,, squares; and SWFy, s,
circles) over the study region in (c) March and (d) April during
2001-2021.
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definition for threshold wind speed (SWFy; ) ranged from 10%
to about 40%, but SWFy,s,,) and SWFy,yy ) values, calculated
using the second and third definitions, respectively, were
always lower than 20% (Fig. 1c—d). SWFy,; was obviously
larger than both SWFy,s,, and SWFy,,; therefore, both usy,
and uystr)) were higher than 6.5 ms ™.

2. Effect of dry vegetation coverage on dust occurrence
variation

Dust occurrence is predicted when wind speed exceeds the
threshold wind speed. To evaluate the dust prediction accuracy,
we used the threat score (TS). The TS, which ranges between 0
and 1, is the ratio of the number of correctly predicted events to
the total number of events minus the number of correct
rejections. We defined TS in three ways (TSugs, TSuse,, and
TSuysm), which were calculated from the number of predicted
dust occurrence events obtained by using the three definitions
of threshold wind speed.

In March, Threat scores increased from TSy s to TSys,
throughout the study region except at two stations (Tsogt-Ovoo
in Mongolia and Ejin-Qi in Inner Mongolia) (Fig. 2a).
However, increases from TSy,s, to TSy, were smaller at 13
observatories, and decreases were found at 10 stations (Fig.
2b). This result indicates that in addition to the dry vegetation
coverage, other factors such as snow cover and soil temperature
should be considered to explain the variations in dust
occurrence.

In April, increases from TSy, to TSu,sp (Fig. 2¢) and
from TSy, to TSuyry (Fig. 2d) occurred at almost all stations.
Moreover, increases at stations in the Inner Mongolian
grasslands were larger. These results suggest that the variation
of dry vegetation coverage is the crucial factor in dust
occurrence in April through its strong influence on the threshold
wind speed. Therefore, we propose that the dry vegetation
coverage is a key factor controlling dust occurrence variations
in April. The findings imply that estimation of dry vegetation
coverage should be applied to dust models.
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Fig. 2 Increases and decreases between (a) TSyqs and TSy,
and (b) TSusy, and TSy, in March, (¢) TSu, s and TSy,s,, and (d)
TSusy, and TSy, in April are shown by triangles and inverted
triangles, respectively, and the color indicates the magnitude of
the change.
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Rangeland Management of Khangai Region (upper),
Rangeland Management of Steppe Region (left-lower)
and Rangeland Management of Gobi Region.(right-lower)
(March 2022)

2) Environmental Conservation Division
Norikazu Yamanaka (Prof., Revegetation Science)

The Revegetation science subdivision conducts research
on the revegetation in arid areas and ecosystem restoration of
desertified lands based on plant ecology. Main research topics
of revegetation science subdivision are as follows.

(1) Ecological studies on plant communities in arid lands

(2) Eco-physiological studies on drought and salt tolerance of
woody plants

(3) Studies on the ecosystem restoration in arid lands

These researches are being conducted in overseas research
institutions in China, Mongolia etc. and those in Japan. In this
fiscal year, I was not able to conduct overseas research due to
the Covid-19, but I continued research with overseas collabora-
tors online.

1. In March 2022, together with Dr. Undarmaa (Mongolian
University of Life Sciences), Dr. Ganbold (Member
of Academy of Mongolian Agricultural Sciences) and
Mr. Jambaltseren (Ministry of Food, Agriculture and
Light Industry, Mongolia), we published three books on
rangeland management with the support of the Mongolian
government (MINISTRY OF FOOD, AGRICULTURE
AND LIGHT INDUSTRY, MONGOLIA) and IPDRE of
Tottori Univ. These books are one of the results of a joint
research with the Mongolian University of Life Sciences
aimed at sustainable rangeland management and aims to
be widely used by Mongolian rangeland managers and
pastoralists.

2. Research project entitled “Climate resilience and
productivity of halophytes in Turanian-Eurasian
Ecosystems" was selected as FY2021 Bilateral Joint
Research Program between Japan (JSPS) and Russia
(RFBR). A kick-off workshop was held online in June
2021. However, field surveys could not be conducted due
to the Covid-19.

SELF-INTRODUCTION

Fumiko IWANAGA (Lecturer, Tottori University)
2007: Ph.D. (;
20092

Research topic & theme:
tree eco-physiology, plant water relations

Online kick-off workshop of the Japan (JSPS) - Russia
(RFBR) Bilateral Joint Research Project (June 2021)
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Takeshi Taniguchi (Assoc. Prof., Microbial Ecology)

Microorganisms are micro-level and very small organisms,
but the biomass and function on earth is extremely large. Some
microorganisms are also very important for ecosystem
restoration in arid regions because they have roles for the
enhancement of the establishment or stress tolerance of plants
and the improvement and stabilization of soil. My laboratory
mainly studies about the ecosystem restoration with
microorganisms. Also, my laboratory focuses on the various
scale of phenomenon and problems in arid region ranged from
micro- to macro-scale and aims to revel or solve them via
microorganisms such as bacteria and fungi. Followings are the
topics of my laboratory.

Plant-microorganism symbiotic relationship under stressful
conditions and the application to ecosystem restoration
Exploration of useful microbial composition for plants
under stressful conditions

These researches are collaboratively conducted with
overseas research institutes in the United States and Sudan. In
this fiscal year, I obtained results from following researches:

This year, we analyzed the relationship between arbuscular
mycorrhizal fungi and ecosystem degradation due to livestock
grazing in Mongolia. The ecosystem multifunctionality index,
which includes above- and below-ground dry weight of plants
and soil nutrients, was used as an index to evaluate ecosystem
health, and it was shown that this index decreased with
increasing in livestock grazing and was positively correlated
with the prevalence of mycorrhizal fungi. The result indicates
that increasing the prevalence of appropriate mycorrhizal fungi
may lead to the maintenance or restoration of Mongolian
grasslands. The results were published in a Journal, Ecological

Indicators.
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Berger-Parker dominance index

Relationship between ecosystem multifunctionality
and dominance (Berger-Parker dominance index) of
arbuscular mycorrhizal fungi
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Reiji Kimura (Assoc. Prof., Meteorology)

The Meteorology Subdivision conducts research mainly as
follows:

(1) Quantitative analysis of heat fluxes in arid land.

(2) Monitoring and modeling of surface moisture by

combining the meteorological and remote sensing data.

To make clear the physical mechanism for preventing the

dust outbreak by vegetation in northeast Asia.

These studies are conducting under the aid by Japan

Society of the Promotion of Science Grants (KAKENHI

19H04239, 19K06116), and JAXA Global Observation

Mission (ER2GCN122), especially in China, Mongolia, and

Egypt. I obtained results from following research:

1. “Supplement of observation and spatial monitoring using
satellite data"

(D From 2000 to 2009, droughts were frequent in Mongolia.
In this study, the occurrence of droughts during this period
was divided into two zones, that is, the north-central
(steppe) and the southern part (arid regions) of Mongolia,
and attempted to identify the reasons by satellite indices.
The results suggest that the wetness of vegetation and

€)

land surface was decreasing due to the decreasing trend
in precipitation during this period, however from 2009 to
2020, increasing trend of precipitation revealed increasing
trend of increased wetness of vegetation and the land
surface. The indices suggests that it can monitor not only
land degradation, but also drought conditions over the
annual base.

(2 Mathematical simulation demonstrate that better
representation of threshold wind speed in climate models
is necessary to improve estimates of the emissions and
transport of Asian dust in arid regions of East Asia and
better understand its roles in the Earth system.

2. “Development of an observation system dedicated in

desertification monitoring"

Gravels can protect soil from wind erosion, however,
there is little known about the effects of fine-grained
gravel on aerodynamic characteristics of the near-surface
airflow. The drag coefficient of the fine-grained gravel
surface reached the maximum value at 15% coverage and
then tended to stabilize at gravel coverage 20% and
greater. At a height of 4 cm, near-surface airflow on gravel
surfaces can be divided clearly into upper and lower
sublayers, defined as the inertial and roughness sublayers,
respectively. In addition, an energy-exchange region,
where sand particles can absorb more energy from the
surrounding airflow, was found between the roughness and
inertial sublayers, enhancing the erosional state of wind-
blown sand.

Clipping reduced the frontal area, but there was little
decrease in sediment accumulation until all of the above-
ground biomass had been removed. These results indicated
that sediment trapping by a single plant was likely
attributable to the sheltering effect created by the lower
part of the above-ground plant body; the flexible upper
portion of the plant body apparently contributed very little
to sediment trapping.
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Measurement for soil CH, flux in a beech forest site in Hiruzen
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Munemasa Teramoto (Assist. Prof., Terrestrial carbon
cycle)

The Terrestrial carbon cycle subdivision mainly conducts

the following studies.

1.

2.

Research related to the carbon cycle in a coastal dune
ecosystem

Evaluation of the long-term influence of soil warming
on the soil organic carbon decomposition and the soil
methane (CH,) absorption

Research related to the control factors for soil CH,
absorption in forest ecosystems

These studies are supported by the Tenure Track Program

of Tottori University, the Joint Research Program of Arid Land
Research Center, Tottori University (03A2001), and the
Environment Research and Technology Development Fund (2-
2006) of the Environmental Restoration and Conservation
Agency of Japan. In this fiscal year, | worked on the above-
mentioned studies as follows.

1.

Soil CO, efflux (soil respiration), CO, exchange,
photosynthesis, and ecosystem respiration were measured
by using a portable automated chamber measurement
system in a coastal dune ecosystem. Soil respiration and
ecosystem respiration were exponentially increased along
with the seasonal soil temperature rise at the depth of
30 cm. On the other hand, due to the plenty of rainfall
in summer, the relationship between soil moisture and
respiration (soil respiration and ecosystem respiration) was
relatively weak compared with the relationship between
soil temperature and respiration.

Soil warming treatment and continuous monitoring for
soil respiration, heterotrophic respiration, and soil CH,
flux were continued in an evergreen broad-leaved forest
in Higashi-Hiroshima, western Japan as a collaborative
study with National Institute for Environmental Studies.
Based on observation data in 2021, soil respiration and
heterotrophic respiration were exponentially increased
along with seasonal soil temperature rise. On the other
hand, due to the plenty of rainfall in summer, the
relationships between soil moisture and those soil CO,
effluxes (soil respiration and heterotrophic respiration)
were relatively weak compared with that in 2020 when
drought stress was obvious in summer.

Soil CH, flux was measured by using a portable automated
chamber measurement system in research forests that
belong to Tottori university (Misasa, Hiruzen, and Hoki, 5
stands in total). Significant negative relationships between
soil moisture and soil CH, absorption were confirmed in
a beech forest in Hiruzen and a red pine forest in Hoki.
Those results suggested that soil moisture could partly
explain the spatial variation of soil CH, absorption in
those forest ecosystems.

CO, flux measurement in a coastal dune ecosystem in Tottori



Jiaqi Liu (Specially Appointed Assist. Prof., Environmental
Physics)
The Environmental Physics Subdivision conducts research
mainly as follows:
(1) Developing a novel wind erosion detection device for
wind-blown sand measurements.
(2) Use of UAV photogrammetry for monitoring topographic
changes in the Tottori Sand Dunes.

In this fiscal year, I obtained results from following
researches:

1.  Wind-blown sand emitted from the coastal sand dunes
causes various damages such as to farmlands adjacent
to the coast, to human lives and so on. To prevents
those damages, it is important to quantify aerodynamic
characteristics of wind-blown sand, especially the
structural characteristics of blown-sand flux. However,
it still remains difficulties in observations of blown-sand
flux in the fields due to technical limitations of observation
devices. Recently, some observation devices have been
developed to measure variations of sand flux with changes
in wind speeds. However, devices that can simultaneously
measure blown-sand flux and wind direction have not been
developed.

I developed an original wind erosion detection device
for wind-blown sand observation in both filed and wind
tunnel experiments (Fig. 1). It consists of four parts:
piezoelectric blown-sand meters, data record, axis of
revolution, and vertical tail. It can simultaneously measure
the structure of blown-sand flux (i.e., vertical profiles of
blown-sand flux) and wind direction. The device is now
on a patent pending (No. 2020-192786). The device is
expected to be used in the wind erosion monitoring system

Fig. 2 Orthophoto of the study area based on images collected
on May 13, 2021. Lines L1, L2, and L3 are the transects used
to measure elevation profiles; the arrow direction indicates the
direction of distance measurements.
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in coastal sand dunes for preventing wind-blown sand
problems.

The Tottori Sand Dunes, the largest area of natural sand
dunes in Japan, is an important tourist attraction in the
San’in Kaigan Geopark in western Japan. A sand fence
has been emplaced to prevent blowing dune sand from
damaging the environment and interfering with human
activities; however, there has been no quantitative
evaluation of its effectiveness. We collected imagery of
the area around the sand fence (Fig. 2) from March to May
2021 with an unmanned aerial vehicle (UAV) and used
the data to construct and analyze a time series of three-
dimensional models via structure from motion (SfM) and
multi view stereo (MVS) and geographic information
system (GIS) techniques. We found that imagery collected
on cloudy days and days when the sand surface had
higher soil moisture yielded terrain models with superior
accuracy. Moreover, after rectifying the UAV images
using ground control points (GCP) and a total station,
horizontal and vertical root mean squared errors were
greatly improved to 0.018 + 0.005 and 0.018 + 0.007 m,
respectively. We evaluated topographic and volumetric
changes due to sand movement to and from the areas of
sand fences by comparing successive elevation profiles
of three cross sections of the study area (Figs. 3 and 4).
The results show that UAV photogrammetry can be used
to accurately monitor topographic changes and sand
movements and provide a basis for planning mitigation
measures such as wind-blown sand prevention.
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3) Agricultural Production Division
Hisashi Tsujimoto (Prof., Molecular Breeding)

The production of food for a growing population under
climate change is a major challenge for humanity. The
development of crop varieties that can grow in poor conditions
is one of the key solutions to this problem. We are looking for
genes that provide stress tolerance within the gene pool of
wheat related wild species and are trying to use those genes to
create stress-tolerant wheat varieties.

Some wheat-related wild species can grow under very
harsh conditions, such as dry, hot and saline soil where wheat
cannot grow. Thus, these species are expected to carry genes
for stress-tolerant wheat breeding. In order to find out the wild
genes with useful function, we need to evaluate the
performance correctly beyond the morphological and ecological
difference between cultivated and wild species.

We developed derivatives of cultivated wheat including a
diversity from wild species by crossing various synthetic
hexaploid wheat with bread wheat and various wild tetraploid
wheat with durum wheat.

We genotyped these lines with a number of genome-wide
markers (to obtain genotypic information) and cultivated them
in the hot and dry environment of Sudan for phenotyping (to
obtain phenotypic information). By comparing these data, we
have identified genetic regions that has a gene adaptable to hot
and dry environment. We are trying to develop a selection
markers to ensure breeding selection using this genetic
information.

On the other hand, to elucidate the physiological
mechanisms of high temperature and drought tolerance, we are
investigating the response of plants to dry and heat stresses in
terms of gene expression and metabolite production profiles. As
a result, in addition to the known accumulation of compatible
solutes, compounds that accumulate specifically in tolerant
lines were found. This result suggests the existence of a
resistance mechanism that has not yet been elucidated.

Effect of high temperature during each growth stage on plant
and seed morphology. (A, B) Each plant at (A) anthesis and (B)
14 days post-anthesis (C) Harvested seeds. Bars: plants, 50 cm;
seeds, 1 cm. Matsunaga et al. (2021) Int. J. Mol. Sci.,
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Haruyuki Fujimaki (Prof., Irrigation and Drainage)

The subdivision of irrigation and drainage in dryland stud-

ies on water-saving irrigation and salinity management associ-

ated with irrigation. Since we could not visit fields in abroad

owing to the pandemic of COVID-19, following research activ-

ities were carried out in Japan:

1.

An experiment for water harvesting system with
sheet and a tank in ALRC

Determination of irrigation depths using a numerical
model and quantitative weather forecast as an activity
of husbandry group under the “Project Marginal Land”.
Irrigation experiments were carried out in the in ALRC
using potato, sweet-potato, and onion.

Water and salinity management for a sand-ponics and an
capillary-driven automatic irrigation system. Irrigation
experiment using melon was carried out in ALRC.
etermination of leaching depth using a numerical
simulation model of salt movement, funded by JSPS
“Fostering Joint International Research (B)”. After
carrying out a preliminary numerical experiment, we
performed three field experiments in greenhouses using
mungbean (April to July in ALRC), potato (September to
January in ALRC) and Fababean (November to March in
Ishigaki Island).

An experiment in ALRC as a master study for the
“Optimization of cultivated area in a water harvesting

system with a plastic sheet and a tank in a sandy field” .
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An irrigation experiment using fababean in Ishigaki Island.
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Relative expression of expansins in wheat cultivar YL-15
and JS-7 under salinity stress condition.
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Ping An (Assoc. Prof., Plant Eco-physiology)

The Plant Eco-physiology Subdivision conducts researches
on the elucidation of eco-physiological characteristics of plants
and crops and development of appropriate cultivation
technology in arid lands. Particular efforts are being made to
clarify the responses of plants and crops to environmental
stresses and relevant mechanisms. The purpose of the studies is
to develop cultivation technology for enhancement of water use
efficiency and mitigation of drought and salinity stresses in
dryland agriculture. The studies combined the basic research in
Japan using the ALRC’s facilities and applied research at real
fields in drylands. Besides, plants distributions in deserts and
desertified areas are also the focus of the studies. By knowing
the interactions of plants and environmental conditions,
measures for vegetation recovery in desertified areas would be
established. Special plants that have important ecological
functions or potentially economic value would be further
investigated. The current studies are:

1. Salt tolerance mechanisms in soybean, tomato, wheat and
halophytes;
Relationship between root and plant salt tolerance;

3. Development of cultivation technics of halophytes with
high economic value;

4. Vegetation distribution in the desertified areas of China;

5. Physio-biochemical characterization of root cell wall in
salinity tolerance in plants.

The main research activities during the fiscal year 2021
include an academic information exchange with the researchers
of Institute of Botany and Center for Agricultural Resources
Research of the Chinese Academy of Science (CAS). Results of
the field investigation of the ecology and physiology of
halophytes around Bohai Bay and Mu Us sandy land and
halophytes cultivation experiments were discussed and paper
writing were conducted. Cooperation on a greening project in
saline soils was pushed forwarded. Joint research with
COSMAT University Islamabd were conducted and results of
the experiments were discussed. Studies on the physio-
biochemical characterization of root cell wall in plant salt
tolerance were continually carried out.

g

-
Field investigation in Mu Us sandy land, Inner Mongolia,
China.
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Takayoshi Ishii (Junior Assoc. Prof., Plant Cytogenetics)
The Plant Cytogenetics Subdivision conducts research

mainly as follows:

(1) Generation of haploid inducer lines with modification
of CENH3 gene of cowpea

(2) Creation of novel genetic resources for wheat

(3) Chromosome elimination research

(4) Hybrid production with subfamily distant grass species

The international collaboration project was made possible
through a grant to The University of Queensland (Australia) by

the Bill & Melinda Gates Foundation (USA). International 6

research centre or university and seed company is participating

in this project. JSPS funding through the Yoshihiro Matsuoka

(Japan) and Takashi Okamoto (Japan).

In this fiscal year, I obtained results from following
researches:

1. Our group will be supported by JST's FOREST program
(2021 to 2027). The title of the project is "Expanding the
concept of genetic resources by overcoming chromosome
elimination. Creating crops that are adapted to different
environments is very important for sustainable food
production. Crossing with distant species is an attractive
approach in plant breeding due to the different genetic
background of parents. However, uniparental chromosome
elimination during early hybrid embryogenesis have been
reported in several species (Figure 1). In this study, bread
wheat and oat belonging to the subfamily of Pooideae are
used as female parents, and various Pennisetum species
belonging to the subfamily of Panicoideae are used as
pollen parents. Bread wheat and oat are important crops
that are consumed all over the world. However, they are
susceptible to abiotic stresses such as drought and high
temperature. On the other hand, Pennisetum species are
very tolerant to drought and high temperatures. Efforts will
be made to elucidate the effects of diverse pollen parents
from Pennisetum species on chromosome elimination. The
different degrees of chromosome elimination phenomenon
will be analyzed in the future to find the factor(s)
controlling chromosome elimination.

2. In collaboration with Prof. Dr. Okamoto from Tokyo
Metropolitan University, we have succeeded in developing
the world's first method for creating hybrid plants between
rice and wheat by fusing rice and wheat egg cells and
sperm cells by the invitro fertilization method (Figure 2).

Two cell

stage Globular stage

Wheat

Sperm 7
® @ —
TN
Rice | IVF
Egg

Rice:Wheat = 1:1

.,.’

WF | Rice:Wheat — 1:2

Rice
Egg

Wheat
Egg

Rice-Wheat hybrid
plant

Fig.2 Rice-Wheat hybrid production via invitro
fertilization(IVF) method.



Yasir Gorafi (Specially Appointed Associate Prof.,
Molecular Breeding)

The research activities from April 2021 to March 2022
included,

(1) Evaluation of the potential of the Japanese wheat in

breeding heat stress tolerant cultivars.

(2) The identification of high nitrogen use efficient wheat

germplasm to be used for breeding new wheat cultivars to

contribute to agricultural production sustainability.

(3) Development of new wheat heat stress tolerant germplasm.

(1) Potential of Japanese wheat germplasm for breeding
heat stress tolerance cultivars

Forty spring Japanese wheat lines were evaluated in three
environments under heat stress conditions in Sudan. The
experiments were arranged in an alfa lattice design with two
replications.

The evaluated lines possessed considerable genetic
variation in most of the studied traits under moderate and
severe heat stress conditions (P<0.05). Under severe heat stress
conditions, one line was one week earlier than the earliest
adapted Sudanese check.

Two lines had a higher harvest index than the adapted
checks under both moderate and severe heat stress conditions

In grain yield, some of the Japanese lines showed

comparable yield to that of the adapted checks. The results
revealed that some of the Japanese lines had desired traits that
could be used to breed better heat stress adapted bread wheat
cultivars.
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Figure 1. Frequency distribution of the grain yield (kg/ha) of

the evaluated lines under moderate (a) and sever (b) heat
stress conditions in Sudan
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(2) Identification of efficient nitrogen utilization wheat
germplasm

Climate change and depleted natural resources are among
the threats that affect crop production. Nitrogen fertilizer
represents the most expensive input in wheat production and
accounts for about 70% of its associated gas emissions.
Therefore, to sustainably feed the expected world population of
9 billion in 2050 with less environmental effect, high-yielding
wheat cultivars with high input uptake and utilization efficiency
are required.

One hundred forty multiple synthetic derivatives lines and
other 60 elite wheat lines were evaluated under no-nitrogen and
optimum nitrogen conditions at Wad Medani in Sudan to
identify high-yielding germplasm with better nitrogen uptake or
utilization efficiency.

The effects of the genotypes, environments, and genotype
x environment interactions were significant for most of the
studied traits. Nitrogen deficiency reduced the grain yield and
biomass of the tested lines. Some lines experienced less
reduction in grain yield and kernel weight (0-10%) than the
parent cultivar Norin 61, with about 18% reduction in both
grain yield and kernel weight. (Figure 2).

This experiment will be repeated in the coming seasons to
validate this season's results. Also, a genome-wide association
study will be conducted to identify the genomic regions
associated with the high nitrogen uptake or utilization
efficiency.

(3) Development of new heat stress tolerant wheat
germplasm

Previous studies identified and selected heat tolerant
hexaploid and tetraploid wheat lines. To produce new
germplasm generation combining the tolerance of both
tetraploid and hexaploid, both were crossed, and pentaploid
wheat lines were produced. These lines will be crossed with
elite hexaploid wheat to introduce the tolerant genes into the
elite genetic backgrounds. The new wheat lines will be
advanced and evaluated under heat stress conditions.

5500
5000 A

4500 1

4000 +
— 3500 1
rad

3000 A

2500 +

2000 +

1500 A

1000 T T T T T T T M T T T
1000 1500 2000 2500 3000 3500 4000
WN

4500 5000 550C

Figure 2. Relationship between the grain yield (kg/ha) under no
nitrogen condition (NN) and with nitrogen condition (WN) in 140
multiple synthetic derivatives and other elite wheat lines. Some
lines sowed low reduction in grain yield in response to nitrogen
deficiency.
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Yuji Yamasaki (Project Researcher, Molecular Breeding)

The molecular breeding lab team currently working on the

following research topics:

(M
)

€)
4)
)

Development of phosphorus deficiency tolerant wheat
through identification of genes contributing this tolerance
Development of tolerant wheat lines under abiotic stresses
especially dehydration and heat stress as main stresses of
arid-land area

Study on correlation between canopy temperature and
yield of field growth

Genomic selection for drought tolerance in soybean using
carbon isotope ratio analysis

Screening method for abiotic stress tolerance on beer hops

These studies are conducting under supports from SA-

TREPS, CREST and joint-research program with a private
company mainly.

The following things are my projects in the fiscal year

2021 as my third contract year.

1.

In the last FY, we found that selected tolerant lines with
high phosphorus use efficiency have ability to prevent
excess photoenergy into photosynthesis and lower level of
minimum phosphate requirement for photosynthesis in the
tolerant lines. In the FY, it was confirmed that the synthetic
wheat lines in the same cluster deriving the tolerant lines
had similar features (Figure 1).

Norin 61 (Japanese popular cultivar) was heat treated
in different stages in growth chamber at the Arid Land
Research Center, Tottori University. Germination tests
with these seeds revealed that seeds in heat stress during
seed development had higher germination ability under
heat stress. Also, metabolome analysis suggested that
some of metabolome may contribute heat germination
ability (Figure 2).

The analysis of field test results showed that there was
a correlation between canopy temperature and yield in
wheat populations derived from a specific line. Seeds from
field examination at Wad Medani, Sudan were examined
for IR-MS analysis to estimate stomata closure relating to
canopy temperature.

Soybean core collection were field evaluated under
drought environments at Tottori and Tsukuba universities.
These plants were analyzed in IR-MS to estimate stomatal
open/closure and to use for prediction model.

To perform breeding hops for selection of stress tolerance,
IR-MS analysis, stomatal conductance and stomatal
numbers were performed and confirmed to be useful
method for the selection.

Figure 1. Chlorophyll Fluorescence in synthetic wheat lines
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Figure 2. Metabolome analysis in
seeds from heat treated plants in
different development staged



(3) #AEAFFEE / Foreign Research Scholars
Faisal Elhag (Visiting Prof., Renge-Livestock and Climate
change)

October 1, 2020 -Sept. 30, 2021

Climate change adaptation options for dryland livestock
farming in Sudan

Annual Report (October 1, 2020 — September 30, 2021)

Most of the rural poor in Sub-Saharan Africa rely, for their
livelihoods and food security, on highly climate-sensitive, rain-
fed, small-scale subsistence farming, pastoral herding, and
direct harvesting of natural services of ecosystems. The
productivity of this livelihood base is highly vulnerable to
climate-related stresses. Serious environmental constraints,
likely to worsen due to climate change leading to food
insecurity and widespread poverty. Globally, based on changes
in herbaceous production, grazing livestock are projected to
decline by 7.5 to 9.6% of total stocking in rangelands,
particularly in savannas south of the Sahara.

This research work compared livestock dynamics and
productivity under dilJerent rainfall regimes, vegetation
conditions and temperatures across different agroclimatic zones
and suggested adaptation interventions to build resilience and
food security of pastoral and agro-pastoral communities under
dryland conditions in the Sudan and similar ecological areas.
Therefore, the main aim of our research during October 1,
2020-September 30, 2021 at ALRC, Tottori University, was
to study climate change impacts on dryland livestock farming
in Sudan and to propose some climate change adaptation
interventions.

Data sets obtained from different sources in Sudan
included research data from the Dryland Research Center
(DLRC) of Sudan Agricultural Research Corporation (ARC),
Sudan Meteorological Authority (SMA), Ministry of
Agricultural (MOA), Range and Pasture Administration (RPA).
These data sets were categorized according to agroclimatic
zones, adjusted, and statistically analyzed for correlations
among climatic variables, rangelands attributes and future
livestock (particularly, Desert sheep) distribution in Sudan.
Simple, and multiple regression analyses were undertaken for
trends in climatic factors (TMIN, TMAX, rainfall), rangeland
biomass productivity in relation to climatic variables, and
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temperatures (o C) (1981 to 2017)

24

future scenarios for Desert sheep distribution.

Results: Annual rainfall anomalies, from 1981 to 2017,
reflected that drought seemed to be frequent during the period
from 1981 to 2017 (Figure 1). Experienced moderate to severe
droughts in 1983, 1984,1987,1990,1991, 2011, and 2015 had
below average rainfall. It was observed that rainfall was above
average for the three consecutive years of 2006, 2007 and 2008.
Results also indicated a 0.50C decadal increase of TMIN
(Figure 2).

These climatic changes negatively affected livestock pro-
ductivity in terms of rangeland areas (Table 1) and feed balance
situation (Table 2). This would negatively impact future distri-
bution of Sudan Desert sheep which could be confined to limit-
ed areas in southern and along the coastal zones in Sudan (Fig-
ure 3). A paper presented at the ALRC 26th colloquium (Dec 5,
2020): entitled “Climate change adaptation options for dryland
livestock farming, Sudan: Anthropogenic and climatic factors
and their implications on range-livestock in North Kordofan
State, Western Sudan”.

Table 1. Changes in rangeland areas (ha) and biomass
productivity (ton) from 1990 to 2017.

2000 2017 % change
Biomass yield (kg/ha) 420 510 21
Rangeland area (ha) 2,340,800 984,000 -58
Biomass prodn. (ton) 983,136 501,840 -49

Table 2. Feed balance situation in livestock populated States in
Sudan (2017)

Ttem Gadaref North Kordofan
Grazing area (ha) 5,048,900 12,344,900
Grasses biomass (ton) 779,661 1,267,982
Grasses productivity (ton/ha) 0.154 0.103
Browse biomass (ton) 282,967 578,327
Crop residues (ton) 3,799,094 1,232,200
Total biomass (ton) 4,851,722 3,078,509
Total TLU# 1,750,930.0 2,719,348.1
##Total feed required (ton) 4,727,511.0 7,342,240.3
Total feed available (ton) 4,851,722 3,078,509
Feed balance 134.211 (4,263,732)
% surplus/deficit 2.8 -138.5
Grazing area (km2) 50,489 123,449
Stocking density 34.7 22.0
Current carrying capacity (ha/TLU/ 2.8097 10.8271
year)
Potential carrying capacity (ha/ 2.8 4.54
TLU/Year)
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Figure 3. Future distribution of Sudan Desert sheep.
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Benjamin Ewa Ubi (Visiting Professor, Division of Agricul-
tural Production)

Our research activities focused on these two main aspects,
(1) Establishing a non-destructive evaluation method for root
zone elongation of cowpea (Vigna unguiculata L. Walp) in Tot-
tori sandy field, and (2) Developing a protocol for efficient ge-
nome editing in cowpea (V. unguiculata L. Walp.)

Cowpea is a grain legume of major importance for global
food security especially in the developing countries; and serves
as an inexpensive source of plant-based protein for human nu-
trition and health. Although a resilient crop, cowpea production
seriously suffers from abiotic production constraints such as
heat, drought, and salinity; and global efforts are being made to
search for cowpea genetic resources with adaptive traits such as
improved root systems underlying enhanced crop productivity
and adaptation especially in the rapidly expanding drylands of
developing countries under the increasing climate change sce-
nario. In the course of our research, a simple non-destructive in
situ method was established involving surface application of a
herbicide, metribuzin, to screen genotypes on the basis of their
differences in root zone expansion. A vertical, rather than a hor-
izontal mobility of the herbicide was confirmed in this study.
The unique nature of the sandy experimental field at the Arid
Land Research Centre (ALRC), Totorri, being relatively ho-
mogenous throughout the root zone, accounted for the success
of this protocol, which need to be validated in different envi-
ronments and soil types to enhance efforts at field-based root
zone elongation phenotyping.

Genome editing, based on the use of site-specific nucleas-
es (SSNs; most especially Clustered regularly-interspaced short
palindromic repeats/CRISPR associated protein 9, CRISPR/
Cas9), to precisely introduce mutations in targeted sites of a

species genome with high fidelity has become a revolutionary
genetic technology. Thanks to the availability of sequence in-
formation of genes, a floodgate has been opened on the limit-
less opportunities offered by this innovative technology for di-
verse applications including molecular plant breeding. Our
research team at the ALRC has been working towards estab-
lishing an efficient protocol for genome editing of cowpea, an
“orphan” crop mainly grown in developing countries, based on
the CRISPR/Cas-9 system. As an important first step, a regen-
eration protocol to induce multiple shooting in in vitro cultured
explants has been established (Fig. 1) and efforts are now un-
derway to implement the genome editing protocol in planta.

Papers presented at Conferences/ Symposia

1. Ubi, B. E. and Ishii, T. (2021) Testing herbicide entry depth
as a non-destructive method for in situ root phenotyping of
cowpea under a sandy field soil condition. Paper presented
at the 2021 Joint Research Symposium, Arid Land
Research Center, Tottori University, held 4" Dec. 2021.

2. Afuape, S. O., Ebem, E. C., David O. Igwe, D. O., and Ubi,
B. E. (2021) Combating vitamin A deficiency (VAD)
in Nigeria: the bio-fortified sweetpotato development
and deployment Approach. Paper presented at the 141%
Conference of the Japanese Society of Plant Breeding
(JSB), held Online on 21* March, 2021.

3. Ubi, B. E. (2022) How shall we use the ALRC sandy field
for root phenotyping? Case study with 400 Asian cowpea
accessions. Presentation at the 28" Colloquium of the
Arid Land Research Center, Tottori (Held Online) on 25"
August, 2022
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Fig. 1: A: 4-day old cultured isolated cowpea embryonic axes (EAs) with intact plumule growing in shoot induction media (SIM); B: 20-
day old plantlets with induced multiple shoots after the shoot apical meristem (SAM) was excised with scissors when the cultures were 5
days old; C: 55-day old plantlets with multiple shoot formation after subculturing in root induction media (RIM) ready for acclimatization/
transfer to pots in the screenhouse. This simple multi-shoot induction procedure is pivotal to efficient genome editing in planta.



Dagnenet Sultan Alemu (Visiting Assoc. Prof. Hydrology)

October 2021 — March 2022

Developing runoff and sediment response time
estimation models for better environmental planning.

This study will have three separate components
Component 1. Evaluation of lag time and time of concentration
estimation methods in small tropical watersheds in Ethiopia

Component 2. Analyzing the influence of changes in land use/
land cover and management practice on lag time of peak flows
for tropical watersheds of Ethiopia

Component 3. Develop improved lag time and time of
concentration models for hydrologic simulation of runoff and
sediment in ungauged watersheds

Component 1: Evaluation of lag time and time of concentration
estimation methods in small tropical watersheds in Ethiopia

Summary of research result
Lag time (7;) and time of concentration (7)) are two

measures of how quickly a stream responds to runoff-producing
rainfall within its watershed (Fig 1a). These parameters are the
main inputs used to estimate peak flow under flood conditions
in ungauged watersheds. Many empirical methods have been
proposed to estimate 7} and 7, but the validity of none of them
has been tested in small tropical Ethiopian watersheds. We
compared 10 commonly used methods by using measured data
from six small agricultural watersheds in three tropical climatic
regions (Fig 1b) of Ethiopia. We statistically evaluated their
performance against measured median values of 7} and 7. for
176 rainfall-runoff events. For individual watersheds, the
estimates of 7, and T differed by up to 2.6 h and 4.4 h,
respectively. Most of the empirical methods tended to
substantially underestimate 7, and 7. (Table 1), which would
lead to overestimation of runoff volume. 7; and 7. computed
by two methods that consider both overland and channel flow
were closest to the measured values of 7} and T, because such
mixed flow is typical of tropical climate regions. Our results
show the need for caution when empirical methods developed
in regions with a particular climatic and geomorphological
conditions are applied elsewhere.
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Table 1 Performance statistics of the 10 empirical methods based
on medians of estimated values

Tu Tc
No. Method R’ RSR PBIAS (%) R’ RSR PBIAS(%)
1 USSR 0.06 1.15 35.66 0.17 1.00 0.72
2 Snyder 0.05 1.04 2933 0.05 1.01 -255.0
3 SCS Lag 0.21 2.18 163.0 0.22 0.56 61.51
4 FFA 0.10 1.41 279 0.15 1.67 60.47
5 Kirpich 0.02 1.02 65.48 0.005 4.96 65.09
6 Carter 0.003 0.68 72.79 0.002 1.00 88.32
7 SCS Velocity 0.50 1.00 —~24.00 0.60 1.08 -22.37
8 Bransby Williams 0.04 1.43 -25.18 0.04 1.03 -26.30
9 Simas-Hawkins 0.70 0.58 —-14.00 0.60 0.81 —-24.00
10 Ventura 0.02 1.19 16.27 0.06 1.00 67.45

Component 2: Analyzing the influence of changes in land use/
land cover and management practice on lag time of peak flows
for tropical watersheds of Ethiopia

Summary of research result

Peak flow response time alterations governed by the
rainfall input and physical configurations of the watersheds are
the main concern of several of previous research works, while
other factors can also have significant effect. In view of this,
the current research was employed with the aim of analyzing
the dynamics in lag time (7,) of peak flow for tropical
watershed (Kecha) and sub-watersheds (Dokmit, Zengero
Maderia and Wotit Minch) of Ethiopia (Fig 2), as influenced by
land use land cover (LULC) change of 1982, 2005, and 2017
and implementation of soil and water conservation (SWC)
practices since 2011. Layer maps of soil type, SWC practice
and LULC change for the corresponding study periods were
used for the determination of curve number (CN) values while
Natural Resource Conservation Service (NRCS) hydrologic
model was used to estimate TL. We statistically compared the
estimated value against measured median values of TL for 30
rainfall-runoff events. The estimates 7} of 1982, 2005 and 2017
varied 9 to 19 min, 8 to 18 min and 10 to 22 min, respectively,
among the Dokmit, Zengero Maderia and Wotit Minch sub-
watersheds (Fig 2 ¢). The smallest (8 min) and highest (22 min)
lag time of peak flow were observed during 2005 and 2017,
respectively. This is due to the increment of cultivated area as
an expense of bushland and forest plantation in 2005 vs
implementation of SWC practices since 2011 through 2017.
Smaller 7} values for Dokmit (Fig 2 a&b) than other sub-
watersheds were mainly due to larger coverage of grazing and
cultivated lands and degraded Nithic Luvisol. The results
further revealed that variations in lag time of peak flow among
the sub-watersheds were related to change in both land cover
and SWC practices, but also to the presence of degraded areas,
inherited from past human activities. Overall, such
spatiotemporal flow response time analysis can provide useful
information for proper design of sustainable development
strategies for particular niches in the tropical highlands of
Ethiopia and elsewhere with similar environmental settings.

of Ethiopia,
and rainfall and runoff monitoring stations in Kecha and its sub-
watersheds

§1982 2005 ®m2017

40 -
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N
o

Dokmit Zingero Maderia Wotit Minch Kecha
Kecha and its sub-watersheds
Fig 2C. Estimated lag time variation at Kecha and its sub-
watersheds during 1982, 2005 and 2017 LULC



Mulatu Liyew Berihun (Visiting Associate Professor, Inte-
grated Desertification Control)

The division of Integrated Desertification Control con-
ducts research mainly as follows:
(1) Examining the past climate (120 years) of Ethiopia, East

Africa.

This study examined the spatial-temporal variability and trends
of Ethiopian climate (rainfall and temperature) from 1901 to
2020. We extracted monthly rainfall and temperature (maxi-
mum, minimum and mean) data from the latest version of Cli-
matic Research Unit (CRU 4.05) dataset for 365 grid points.
Five different homogeneous rainfall zones were developed us-
ing long-term monthly peaks, seasonal rainfall patterns, and
pixel-based monthly rainfall correlation coefficient techniques.
Rainfall and temperature data collected at 235 and 145 stations
were used to validate the CRU dataset. Statistical software’s
such as XLSTAT, R, and Python integrated with ArcGIS 10.4
were used for Spatio-temporal variability and trend analysis.

The results revealed that high spatial (Fig.1) and temporal
rainfall and temperature variability on the annual and seasonal
time scales were observed across rainfall zones. However, for
both climate parameters, the inter-seasonal variability is more
pronounced than the interannual variability in all rainfall zones.
The changes in the annual series of rainfall in Zone-1, Zone-2,
Zone-3, and Zone-5 have been dominated by variations in sum-
mer (JJA) rainfall. On the contrary, the variation in autumn
(MAM) rainfall determines the change in the annual rainfall se-
ries in Zone-4. The annual scale spatial trend statistics of rain-
fall revealed that approximately 45% and 52% of the country
showed non-significant decreases (up to —1.39) and increasing
(up to +1.22) trends from 1901 to 2020. However, statistically
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Fig. 1 Spatial distribution of annual rainfall (RF), minimum
temprature (Tmin), maxmumum tempratre (Tmax), and average
temprature (Tmean) during the period 1901-2020: mean value
(left side), coefficient of variation (CV, middle) and trend (rate
of change measured as the slope linear trend; right side). Red
coloured curves represent the statistical significance level at a =
0.05.
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significant (a = 0.05) spatial trends in rainfall were observed in
some areas (22% out of 97%) of the country at annual and sea-
sonal time scales whereas no-significant temporal rainfall
trends were observed in all seasons (except summer in Zone-3)
and rainfall zones (Table 1). The long-term precipitation con-
centration index spatial and temporal analysis result also re-
vealed that the country exhibited moderate to strongly regular
annual and seasonal rainfall distribution except for the summer
season, indicating high rainfall seasonality through the course
of the year. The annual and seasonal standard precipitation in-
dex values were identified as the wet and drought years hap-
pened in Ethiopia, a higher percentage of negative anomalies
than positive anomalies were observed during the study period.
Local and national deficit and excess rainfall years (13-20
years) occurred over 120 years.

Unlike rainfall, there was a spatial and temporal signifi-
cant (a = 0.05) long-term monotonic and non-homogeneous in-
creasing trend in annual and seasonal temperature in all rainfall
zones of the country (Table 1). The spatial and temporal in-
creasing trend rate of mean temperature (Tmean) at annual and
seasonal timescale ranged from 0.24 oC to 1.92 oC and 0.72 oC
to 1.08 oC over 120 years, respectively (Fig.1 and Table 1). In
all rainfall zones, the Tmin increased at a higher rate than the
Tmax and Tmean over 120 years at spatial and temporal scales
and the change in Tmean highly influenced by Tmin (Tmin).
Increasing temperatures are expected to increase evapotranspi-
ration, increase water losses by evaporation, and cause more
severe droughts across large parts of the country. Thus, areas
severely affected by drought or deficit rainfall require particular
attention in developing sustainable adaptation measures to min-
imize the possible impacts on agricultural activities. The study
will contribute to a better understanding of the past climate of
Ethiopia under different rainfall zones for future climate projec-
tion and can be used in planning for adaptation and mitigation
measures against a changing climate and extremes.

Table 1 Monotonic trend test for annual climate variables from
1901 to 2020 in five climate zones of Ethiopia.

Climate Mann—Kendall test Sen's slope
variable Zone Ze P Ho® S Lb(95%)  Ub(95%)
1 130 0192 4 0381 0.964 0209
2 108 0281 4 0241 0219 0.665
Rainfall 3 161 0107 4 0516 1171 0.095
4 029 0773 A 0068 0363 0.456
5 135 0176 A 0451 0.191 1.100
1 803 <0.0001 R 0.011 0.009 0.013
i 2 612 <0.0001 R 0.007 0.005 0.009
Tcmpc“r:tm 3 823 <0.0001 R 0.011 0.009 0.013
4 651 <0.0001 R 0.007 0.005 0.009
5 6.04 <0.0001 R 0.006 0.004 0.008
1 324 0001 R 0.005 0.002 0.009
Max, 2 264 0008 R 0.004 0.001 0.007
Temmostie 3 415 <0.0001 R 0.007 0.004 0.010
p
4 528 <0.0001 R 0.007 0.004 0.009
5 347 0001 R 0.004 0.002 0.007
1 6.03 <0000l R 0.008 0.006 0.011
2 544 <0.0001 R 0.006 0.004 0.008
. Mean 3 670 <0.0001 R 0.009 0.007 0.011
emperature
4 652 <0.0001 R 0.007 0.005 0.008
5 566 <0.0001 R 0.006 0.004 0.007

Hj is the null hypothesis that there is no monotonic trend in the
time series for annual climate variables; The null hypotheses
are accepted (A) or rejected (R) at significance level a=0.05.
S: Sen’s slope; CP: change point; Lb and Ub: lower and upper
bound of Sen’s slope respectively.
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(4) Project Researchers
Hisashi Tomemori (Project Researcher, Laboratory of Arid
Land Plant Resources)

Owing to the low land productivity, drylands have high
poverty rates. Furthermore, because their ecosystems are frag-
ile, desertification is proceeding due to anthropogenic factors
including overgrazing, excessive logging, and overcultivation.
To deal with the problems faced by drylands, we aim to devel-
op new cultivation and greening techniques that achieve both
environmental conservation and poverty reduction with mini-
mal changes to the inhabitants’ customary forms of agriculture
and ways of life. For this purpose, we are developing: (1) ways
to effectively use plant resources; (2) crop varieties and strains
with environmental tolerance; and (3) cultivation and greening
methods suited to drylands.

Biofuel production is being encouraged because it offers
hope not only for securing the energy needed for daily living,
but also for providing a means of reducing poverty by raising
incomes in dryland rural societies, which suffer from chronic
poverty. Furthermore, because the carbon dioxide emitted by
the combustion of plant-based materials was absorbed by plants
from the atmosphere, CO, emissions are deemed to be zero;
therefore, biofuels are in the spotlight as a way to arrest global
warming and as an inexhaustible resource that will replace oil.
And yet, it would be hard to say that biofuel production from
plants in drylands is proceeding smoothly. For this reason, we
are conducting research that will help improve the production
of Jatropha, a drought-tolerant oil plant with prospects for dry-
land cultivation by utilizing of plant resources.

We are also promoting the special project “Project Mar-
ginal Region Agriculture II (Development of crop husbandry
technology in marginal rainfed environment using dryland plant
resources -Challenge and demonstration in the global marginal
regions-)”. In this project we are collecting and evaluating of
dryland plant resources in order to create an agricultural tech-
nology package that enables sustainable production in the re-
gions with about 300 mm annual rainfall.

For the fiscal year 2021 we promoted the following re-
search.

® [ sclected Jatropha plants in order to make the cold-toler-
ant variety.
I developed interspecific hybrid Jatropha.
We preserved wheat strains.
In collaboration with Dr. Tsuchimoto and others at Osaka
University, we did research on improve productivity of oil
plants in arid lands.

Propagation of whea



Offiong Ukpong Edet (Project Researcher, Plant Cytogenet-
ics)

Project Name: Hy-Gain for Smallholders (Cowpea)

Project Leader: Takayoshii Ishii

Funding: Bill & Melinda Gates Foundation, USA via Univer-
sity of Queensland, Australia

The activities of my research in FY2021 were divided into
the following sub-titles:

1. Cowpea speed breeding using regulated growth
chamber conditions, CO, supplementation and cul-
tivation of seeds of oven-dried immature pods

2.Development and testing of potential cen-
tromere-specific histone 3 (CENH3)-mediated
cowpea genome elimination/haploid inducers

3. Genetic characterization of a spontaneous cowpea
mutant identified during the FY2021 field cultiva-
tion

Cowpea is a dryland crop with potential to improve food
security in sub-Saharan Africa, where it is mostly produced and
consumed. It is an annual seasonal crop, whose cultivation is
restricted to the warm months of the year. As such, only one
breeding generation is feasible in a year, which is inadequate
for breeding programs that require many breeding generations.
To circumvent the barrier imposed by the seasonal cultivation
of cowpea, we developed and validated, for the first time, an
efficient speed breeding protocol which potentially accommo-
dates seven to eight breeding generations per year for three
genotypes of cowpea. An application for this protocol to be pat-
ented has been approved by Tottori University (P2022-002),
and a research article reporting the detailed procedure and em-
pirical results validating the protocol is under review for publi-
cation.

Doubled haploid breeding allows homozygous lines to be
produced in a single generation, thereby reducing the time
needed for the development and evaluation of improved plant
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Representation of a cowpea speed breeding protocol
validated for three genotypes of cowpea

cultivars. The application of doubled haploid technique of
breeding, in vitro or in vivo, has yet not been reported for cow-
pea. To test the possibility of CENH3-mediated in vivo haploid
induction in cowpea, as reported for other plants, we combined
cowpea CENH3s (CENH3.1 and CENH3.2) wild-type and
CRISPR/Cas9-edited alleles to produce potential haploid in-
ducers. As cowpea has two functional variants of CENH3, we
also produced candidate haploid inducers by complementing
cowpea CENH3s knockout alleles with other species CENH3.
Two cowpea transgenic lines carrying different copies (two and
three) of the transgene were crossed with the CRISPR/Cas9-ed-
ited cowpea genotypes to produce potential haploid inducers.

Mutations serve as sources of variation in plant popula-
tions, thereby aiding the discovery of useful genes for crop im-
provement. As compared to induced mutations, spontaneous
mutations are rare in plants and their usefulness can only be de-
termined through a thorough genetic and molecular analyses to
uncover the nature of the mutation, transmission pattern and
function of the mutant locus. In the FY2021 field cultivation of
cowpea at ALRC, we identified a unifoliate inverted leaf mu-
tant of IT86D-1010 cowpea. Six generations of the mutant were
studied in the ALRC Subtropical Growth Chambers. While ob-
serving the transmission rate of the mutant locus over six
self-pollinated generations, reciprocal crosses between the mu-
tant genotype and three cowpea genotypes (IT86D-10110,
IT97K-499-35 and Sasaque) were made, and the hybrids were
evaluated. Intriguingly, the mutation was found to be dominant,
a rare occurrence in both induced and spontaneous mutations.
Shotgun sequences of the mutant and the wild-type
(IT86D-1010) will be analyzed to reveal the molecular basis of
the mutation. A clear understanding of the genetic characteris-
tics and molecular basis of the mutation will provide insights
that would enable adequate utilization of the mutant locus for
breeding.
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Nasrein Mohamed Kamal (Project researcher, Marginal
Region Agriculture Projects of Tottori University

(1) Wheat: Protective and defensive roles of wheat HI2 gene
against drought stress revealed by comparative mor-
pho-physiological and biochemical profiling

Leaf hair can protect plants against drought stress. We studied
the variation in tolerance to drought and tested the hypothesis
that:1) drought tolerance is associated with leaf hair density;
leaf hair production increases tolerance to drought, and 2) mor-
phological and physiological traits are affected due to the ab-
sence or presence of leaf hair gene LH2, and 3) leaf hair pro-
duction is increased in response to drought stress in wheat. This
study aimed to investigate the morpho-physiological, mineral
content, and metabolomic changes under well-watered (WW)
and water deficit (WD) conditions due to introducing or remov-
ing HI2 to prove the direct or indirect relationship between leaf
hair traits and drought tolerance. Two wheat genotypes (KB,
hairy) and (CS, sparse hair) with their near-isogenic lines
(NILs), NIL from KB, without LH2, and NIL from CS, with
LH?2, were evaluated under WW and WW conditions. Morpho-
logical, physiological, metabolome (LC-MS), minerals content
(ICP-MS), and carbon isotope composition (IR-MS) analyses
were conducted to test and validate the three hypotheses. We
also studied the impact of H/2 gene on the stomata density and
size under WW and WD. A preliminary result indicated that in-
troducing HI2 improves the drought tolerance of CS. Moreover,
leaf hair is physiologically active under WD, mainly through
the potential production of enzymes that contribute to phenolic
compounds and amino acids with important roles in drought
stress tolerance. We propose that the introgression of HI2 (leaf
hair) is associated with drought tolerance of wheat.

and NILCS (c, d), and microscope image for leaf adaxial side of
KB and NILKB (e, f) and CS and NILCS (g, h).

(2) Sorghum: New insights into the physiological, mineral,
and biochemical responses of stay-green and non-stay-green
sorghum genotypes under post-flowering drought stress

Sorghum is an important cereal crop grown in arid and semi-ar-
id regions where drought restricts production. Stay-green sor-
ghum plants can retain green leaf area for longer under drought
conditions and yield higher than their senescent counterparts.
Understanding plants’ physiological, metabolic, and biochemi-
cal responses to drought stress and mining the tolerance associ-
ated with stay-green will be significant for cultivating
drought-tolerant crops.

The study aimed to understand the tolerance mechanism behind
the stay-green trait through the differential nutritional, bio-
chemical, and physiological changes in leaves and grains in re-
sponse to drought stress in B35, stay-green (SG), Wad Ahmed
(moderately SG), and Tabat (non-SG) to post-anthesis drought
(DR). We report the influence of DR on sorghum yields and nu-
tritional composition based on artificially induced DR condi-
tions and irrigated control (CN). Results showed that DR af-
fects all physiological, yield-related traits, nutrients contents,
and metabolites concentrations of the 3 lines. These changes
were observed in seed and leaf tissues. Physiological, nutrition-
al, and metabolome response analysis suggested that SG line
have significant variations in the corresponding associated me-
tabolites, minerals and physiological responses under CN and
DR.

(a) represents B35 under the control and drought, while group
(b) represents TAB and WA genotypes under the control and
drought condition. Group (a) includes the parameters associated
with drought tolerance in B35.

83503 vs.TABC3  gpm

B35_C6 vs. TAB_CE
i el

-Log10 (Pvalue)

W 42 5 8 5 m 15 b 3 : 6 ? 4 b B % & 4 = 8 %

T 4 28z 4 ¢ ek
B35 OR3 v, TAB DRS B35_DR3 ve. Wa_DRt3 B35 DREvs. TAR DRE B35_DRE vs. Wi_DRE

Log10 (Pvalug)

R NI 7 3
Log2 fold change Log2 fold change

Log2 fold change

Log2 fold change

Volcano plot of metabolites for stay-green and non stay-green
lines under control and drought stress. Blue dots (significantly
down-regulated) and red dots (significantly up-regulated).



Hassan Mohamed Fahmy Abdelbaki (Project Researcher,
Dryland Agriculture)
My research focuses mainly on the following subjects:

1. Simulation-Based Schemes to Determine Economical
Irrigation Depths Considering Volumetric Water Price and
Weather Forecasts.

2. Estimation of Root Water Uptake Parameters for Sweet
Potatoes.

3. Measuring Soil Hydraulic Properties and Calibrating Soil
Moisture Sensors.

In this fiscal year, I carried out different field and Lab

experiments to achieve those objectives as follows:

1. I continued my research in Morocco by completing one of
winter experiments on May 2021 and carrying out a new
experiment for winter season 2021/22. These activities
were conducted as a collaboration research with the
International Center for Agricultural Research in the Dry
Areas (ICARDA) in Morocco as follows':

* In 2020/21, a field experiment was carried out to assess
the feasibility of a simulation scheme used to determine
irrigation depths considering volumetric water pricing
and weather forecasts in comparison to rain-fed
agriculture and a simulation-based refilling scheme used
to return the volumetric water content to field capacity.

* In 2021/22, the same experiment was repeated for the
same crop with a different experimental design to assess
the schemes under the drought-year condition.

2. I continued carrying out a field experiment for onion crop
grown in a sandy field of ALRC in 2020/21. Four
treatments, a) automated irrigation system managed with
tensiometers; b) two-point simulation scheme; c) three-
point simulation scheme; and d) refilling scheme based on
simulation, were carried out to evaluate their effectiveness
in terms of water application (irrigation depths), yield
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production and gross net income. We harvested the crop in
June 2021. We decided to terminate the experiment early
as the crop was highly stressed under the snow conditions,
which affected the growth of leaf area that affected the
final yield.

3. I carried out a field experiment for summer crop, sweet
potatoes grown in a sandy field of ALRC in 2021. The
experiment was carried out as same as mentioned in the
point 2. We transplanted seedlings on June 18 and
harvested on November 2.

4. 1 carried out a pot experiment to determine parameter
values of stress response function for both drought and
salinity stresses for sweet potatoes. Results were used for
the simulation procedure of a field experiment (point 3).

5. I carried out different Lab experiments to determine the
hydraulic properties of Merchouch’s clay soil in Morocco
and to calibrate different soil moisture sensors for Tottori
sandy soil.

6. I was invited as a speaker for 60th of workshop of the
Japanese Society of Irrigation, Drainage and Rural
Engineering (JSIDRE), soil physics section “Management
of water, salinity, and nutrient in drylands using numerical
models”, October 2021. Lecture title was “Innovative
schemes to optimize irrigation depths using numerical
simulation and weather forecasts.”

7. I participated as an instructor for field experiments carried
out in ALRC, JICA training course, Knowledge Co-
Creation Program (Groups & Region Focus), October
2021.
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depth at maximal net income (sweet
potatoes experiment, 2021)



Michael O. Itam (Project Researcher)
Development of wild tetraploid wheat germplasm for breeding
heat-tolerant bread wheat by accumulating QTLs

Heat stress is a recurrent issue affecting wheat global pro-
ductivity. The aim of this study was to develop heat-tolerant
bread wheat lines using wild tetraploid wheat as a source of tol-
erance genes. During the 2021/2022 fiscal year, the following
activities related to the project were carried out:

1. Selection of candidate quantitative trait loci (QTLs)
controlling heat tolerance as identified in our previous
studies.

2. Selection of candidate lines from bread wheat and tet-
raploid wheat populations containing genes from wild
relatives.

A simple speed breeding technique to develop near-isogenic

lines using alleles from Ae. tauschii, a wheat relative.
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3. Crossing of lines to develop near-isogenic lines based
on the selected QTLs.

4. Modification of a simple speed breeding technique to
facilitate early flowering.

5. Development of Tag-man probes for marker-assisted
selection based on allele discrimination.

This study will facilitate the development of heat-tolerant
lines and promote the utilization of wheat wild germplasm for
wheat improvement especially for abiotic stress tolerance.
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MSD line Norin 61 MSD line

Selected lines showing high yield compared to their backcross
parent, Norin 61, are being used for further breeding for heat
tolerance.
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Hiroki Nakahara (JSPS Research Fellow PD, Plant-
Bacterial Interactions)

Research on the screening for bacterial strains that induce
combined salinity tolerance and disease resistance in plants and
elucidation of their mechanisms of action were conducted with
the support of JSPS Postdoctoral Fellowship, Project No.
20J00615, and the following results were mainly obtained.

(1) To efficiently select bacterial strains that induce
salinity tolerance and disease resistance in tomato, |
investigated the optimal tomato cultivar, treatment conditions,
and inoculation methods, and established a selection method of
effective bacterial strains.

(2) Among the bacterial strains newly isolated, I selected
useful bacterial strains that induced either or both disease
control effect and salinity tolerance (plant growth promotion
effect under salinity conditions) on tomatoes by using this
selection method (Fig. 1). To elucidate the action of the plants
inoculated with the selected strains, I investigate their effects
on photosynthesis and plant absorption of inorganic
components, induction of expression of related genes in plants,
and production of antibacterial substances and plant growth-
promoting factors by bacterial strains.

(3) Using several bacterial strains that induce salinity
tolerance in plants obtained in our studies, the effects on yield
and quality of tomato fruit under salinity conditions were
investigated. The effects on fruit yield under salinity conditions
differed depending on the growing season (spring-summer and
summer-fall), inoculation methods, and bacterial strains, but
some strains increased yield in both spring-summer and
summer-fall crops. In addition, tomatoes grown by bacterial
inoculation showed smaller changes in sugar content and
acidity compared to those grown without bacterial inoculation,
indicating that bacterial inoculation had no adverse effect on
fruit quality.

I also participated in a joint research project (supported by
JSPS Grant-in-Aid for Scientific Research B, Project No.
19H03091) with Prefectural University of Kumamoto
(representative), Shiga University, and Tottori University (Field
Science Center and Arid Land Research Center). We conducted
research on the development of new environmentally friendly
disease control technology using phenotypic conversion of the
plant pathogenic bacterium Ralstonia solanacearum.

Bac-t-erial treatment+NaCl

C:ontrol (Naa)

Fig. 1 Induction of disease resistance against bacterial wilt disease (A) and salinity tolerance (B) in tomato plants by the inoculation of

same bacterial strain of Pseudomonas sp.
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1.2 Research Projects and Training Programs
(1) Project Marginal Region Agriculture (2nd phase)

The Project Marginal Region Agriculture aims to develop
technologies to enable sustainable cropproduction in marginal
dryland farm by utilizing dryland plant resouces. For this
purpose, in the first phase entitled “Development of crop
husbandry technology in marginal rainfed environment using
dryland plant resources — Toward sustainable improvement in
global marginal regions (FY 2015-2018)” a package of
cultivation technologies in marginal dryland area was develped
by combining the development of high temperature tolerant
wheat and automatic supplementary irrigation tehcnology, and
the results were disseminated to researchers, engineers,
producers and policy makers at ICARDA in Morocco and ARC
in Sudan. In this second phase (FY 2019-2021), the subtitle of
the project was changed to “Challenges and Demostration in
the Global Marginal Regions” to develop an “advanced
technology package” that will enable stable and sustainable
agricultural production in the rainfed cultivation lands by
developing the results of the first pahse and making advanced
use of wide range of plant resouces. In addition, we are
conducting research with the goal of finding the best application
of the technology package to meet local needs. (Project leader:
Hisashi Tsujimoto)

Contents of the project

This project consists of three research groups (RG); Breeding
RG, Husbandry RG, and Laboratory of Arid Land Plant
Resources.

® Breeding Research Group (Leader: Tsujimoto, H.)

1. Genetic studies on improvement of high yielding and high
quality cereals tolerant to stress in marginal agricultural
regions.

2. Elucidation of stress tolerant mechanisms of food and fuel
crops suitable for dryland and their advanced utilization.

3. Genetic studies of grain shattering phenomenon leading loss
of yield in dryland.

4. Chromosome analysis for advanced utilization of unused
genetic resources in dryland.

® Husbandry Research Group (Leader: Fujimaki, H.)

1. Enhancement of drought and heat stress tolerance by plant-
endophyte/mycorrhiza interaction

2. Modeling plant growth under drought condition and
development of appropriate crop husbandry system

3. Development of a sustainable grassland management
technologies in dryland

4. Development of an efficient water-harvesting and soil
conservation system in dryland

@ Laboratory of Arid Land Plant Resources (LALPR)

1. Enhancement of dryland plant resources and plant
information by expanding the collection.

2. Exchange of plant materials with the genebanks in overseas
partner institutions.
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(2) Project ICC x DRYLANDs

ALRC has started a five-year project called “Impacts of Cli-
mate Change (ICC) on Drylands: Assessment and Adaptation,*
or “Project ICCXDRYLANDs” for short in FY 2017, aiming to
enhance its function as a Joint Usage/Research Center.

It is pointed out that global warming increases the frequency
of extreme weather events. Disasters such as heat wave,
drought etc., frequently occur in drylands as well, and they
have impacts like food scarcity. In this project, ALRC’s re-
search team will 1) conduct analyses of future climate from the
viewpoint of such disasters, 2) assess their impacts on desertifi-
cation and agriculture in drylands, and 3) develop adaptation
technologies to mitigate their associated risks. (Project leader:
Yamanaka, N.)

Contents of the project

This project consists of three research groups; Future Cli-
mate Group, Combat Desertification Group, and Dryland Agri-
culture Group.

® Future Climate Group (Leader: Kurosaki, Y.)

1) Analyses of Future Climate Data

Major Research Regions: Mongolia and Sudan

* Analyses of future climate (e.g., Aridity Index) using GCM’s
outputs such as CMIP5 etc.

* Prediction of disasters such as heat wave and drought, etc.

® Combat Desertification Group (Leader: Kinugasa, T.)
2) Assessment of Climate Change Impacts & 3) Development
of Adaptation Technologies

Major Research Region: Mongolia

* Assessment of climate change impact on desertification (deg-
radation of vegetation and land)

* Proposal for sustainable grassland management adapted to
climate change; Improvement of dust early warning system,
etc.

® Dryland Agriculture Group (Leader: Tsubo, M.)
2) Assessment of Climate Change Impacts & 3) Development
of Adaptation Technologies

Major Research Region: Sudan

* Impact assessment of heat wave, drought, etc. on agriculture
in drylands

* Development of heat and drought tolerant crops and cultiva-
tion technologies coping with heat wave and drought

In this project, ALRC promotes collaborative researches with
Information and Research Institute of Meteorology, Hydrology
and Environment (IRIMHE, Mongolia), Agricultural Research
Corporation (ARC, Sudan), and Sudan Meteorological Authori-
ty (SMA, Sudan).

In FY 2021, three subjects of collaborative research (contin-
ued) were conducted. In March 2022, we published a book en-
titled "Climate Change and Drylands: The Cutting Edge of Re-
search," from Maruzen Publishing Co. It summarized the
outcomes of our five-year project.
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(3) SATREPS - Ethiopia Project

A research project proposed by ALRC’s Professor Atsushi
Tsunekawa as its principal investigator was selected as one of
the Fiscal Year 2016 Science and Technology Research Partner-
ship for Sustainable Development (SATREPS) programs by Ja-
pan Science and Technology Agency (JST).

Based on the needs of developing countries, JST and JICA
cooperate to promote international joint research targeting
global issues with an objective of future utilization of research
outcomes. Implemented through collaboration with ODA, the
aim of the program is to acquire new knowledge and technolo-
gy that lead to the resolution of global issues and the advance
of science and technology, and through this process, to create
innovations.

Tottori University and its Ethiopian counterpart Bahir Dar
University, in collaboration with Amhara Regional Agricultural
Research Institute (ARARI), Andassa Research Center and oth-
er research institutes in Ethiopia, have started full-scale opera-
tion of the project since FY 2017.

Project Title
Development of Next-Generation Sustainable Land
Management (SLM) Framework to Combat Desertification

Partner Country
Federal Democratic Republic of Ethiopia

Research Period
FY 2017 - FY 2022 (six years)

Project Summary

This project aims to develop a next-generation Sustainable
Land Management (SLM) framework that can contribute for a
significant reduction of soil erosion, improvement of land pro-
ductivity and livelihood in Ethiopia. Sustainable Land Manage-
ment has been widely implemented throughout the world as a
response to desertification/land degradation, but there are issues
about its effectiveness and sustainability. Specifically, in the re-
search sites to be established in three contrasting environments
(highland, midland, and lowland) of the Upper Blue Nile River
basin of Ethiopia, there is extremely high soil erosion risk that
affects downstream countries as well. This project will (1) de-
velop effective technologies for soil erosion reduction, (2) de-
velop technologies that can integrate the mixed crop-livestock
farming system to improve land productivity of three main land
use systems, and (3) link this improved technologies to im-
provement of the people’s livelihoods. Finally, it will formulate
the SLM technologies and approaches that have been devel-
oped,and propose a next-generation SLM framework (Ethiopian
model). After the completion of this project, we aim to expand
it to the Blue Nile River Basin areas and other drylands of the
world.

In FY 2021, we had conducted researches dealing with mod-
eling of gully erosion development, modeling of hydrological
and sediment responses to human activities and climate vari-
ability, effectiveness of bio-physical and soil amendment land
management practices in reducing soil loss and improving land
productivity, agronomic and genetic studies to improve produc-
tivity of Eragrostis tef-crop, improved forages and feeding re-
gime for livestock productivity improvement and approaches
for SLM-related income generating activities for landless youth
and women. In March, the 5th Annual Workshop of the SA-
TREPS-Ethiopia Project was held inviting project members
from Tottori, Ethiopia, Tokyo and Shimane via online (Zoom)
and reviewed the FY2021 project’s progresses and approved
the FY2022 activity plan.
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(4) SATREPS - Sudan Project
A research project proposed by ALRC’s professor Hisashi

Tsujimoto as its principal investigator was selected as one of
the Fiscal Year 2018 Science and Technology Research
Partnership for Sustainable Development (SATREPS) programs
by Japan Science and Technology Agency (JST).

Tottori University and its Sudanese counterpart institutions,
Agricultural Research Corporation and Sudan Metrological
Authority, in cooperation with Sudanese Ministry of Agriculture
and Forestry, Ministry of International Cooperation, and other
local industries, have started full-scale operation of the project
since FY 2019, suported by JST and JICA.

Project Title

Development of Climate Change Resilient Innovaive
Technologies for Sustainable Wheat Production in the Dry and
Heat Prone Agro-Ecologies of Sudan and Sub-Saharan Africa

Reseasrch Institutions in Sudan
Agricultural Research Corporation, Sudan/ Sudan
Meteorological Authority

Research Period
FY 2019 - FY 2023 (five years)

Partner Country
The Republic of the Sudan

Project Summary

The sub-Saharan Africa region, including Sudan, has the
highest number of undernourished people in the world. In this
region, the demand for wheat is particularly high, but the
drought and heat are serious obstacles for wheat production.
Currently, the region relies on imports and food aids to meet the
increasing demand. The purpose of this research is to 1)
develop drought and heat tolerant wheat varieties with
enhanced nutritional value and bread making quality using
speed and molecular breeding techniques and 2) disseminate
these varieties efficiently using information communication
technology. This project team previously created germplasms
tolerant to drought and heat. These germplasms must be useful
to develop new tolerant varieties in the region. Also, the team
found germplasms that maintain a good nutritional value or
bread making quality, even in a poor environment. The team
will analyze the genetic base of the tolerance and develop
selection markers to proceed with marker-assisted selection to
breed new varieties efficiently. Furthermore, by elucidating the
genetic and molecular bases of the tolerance and by creating a
growth model using the climate change prediction, this project
will set a base for future breeding strategies. For speed breeding
and smooth dissemination of the new varieties, this project will
establish a molecular breeding facility and innovation platform.
This project will also develop the capacity of the people who
can manage these new facilities. Using the wheat genetic
resources that adapt to climate change, this project aims to
contribute for food security in the region.

In FY2021, due to the continued global outbreak of
COVID-19 and restrictions on entry into Sudan and movement
between cities within the country, the planned in-country
training, farmer schools, and other projects could not be
implemented. However, we were able to conduct weekly
teleconferences with the local communities, conduct cultivation
surveys and baseline surveys of research materials, and hold
innovation platforms and local training sessions. The
construction of the container house was completed, and
contracts were signed for the purchase of a combine harvester
and experimental equipment to be introduced.



1.3 HREHMZE / Joint Research
(1) $¥5EMZE / Specific Research

FrEE 1 MG E FA RIE

Specific Research 1 Corresponding Staff Teramoto, Munemasa
e 2 The (ENZATSEBAZeE A ERZBRIERT SR ik o 2 7 L 353)

Principal Naishen Liang (National Institute for Environmental Studies Earth System Division)

Researcher

WrgERE 7T g A L L U T RIS & O CO2 S RIC N B EAME A L A DB BT B TSE
Research Influence of drought stress on soil respiration and CO2 exchange in Asian region

Subject

HFEpFEE E We focused on the CO2 flux and related environmental monitoring in domestic sites in the year 2021
Summary of because we could not conduct any business trips to the oversea sites due to COVID-19.

Joint Research In the site of Tottori sand dune, we conducted CO2 flux measurement (soil respiration and CO2

exchange) in 4 plots that dominated by Artemisia capillaris, Vitex rotundifolia, and Carex kobomugi,
Ischaemum anthephoroides. Soil temperature was the primary factor controlled soil respiration, and
soil respiration exponentially increased along with the seasonal rise of the soil temperature at the depth
of 30 cm. On the other hand, there was no significant relationship between soil moisture at the depth of
30 cm and temperature-normalized soil respiration (the ratio of observed soil respiration against mod-
eled soil respiration based on soil temperature response of soil respiration). That was the contrasting
result from the data in 2020 when soil respiration was remarkably decreased in some plots due to
drought stress in August. Our results suggested that drought stress on soil respiration does not occur
every summer even in the coastal dune ecosystem where water retention capacity was relatively low
and easy to be influenced by drought stress.

We conducted continuous monitoring for soil respiration and heterotrophic respiration using
automated chamber measurement systems (stationary type). The Higashi-Hiroshima site belongs to the
Seto Inland Sea climate, and summer (July to August) precipitation is small. However, there was ex-
ceptionally large precipitation in August 2021, and the relationship between soil moisture and temper-
ature-normalized respiration (soil respiration and heterotrophic respiration) during summer (July to
September) was relatively minor compared with the summer in 2020. The tendency was the same in the
Tsukuba site. There was a positive relationship between soil moisture and temperature-normalized
respiration from July to September in 2020, but the relationship was relatively weakened in the summer
in 2021 due to large precipitation from July to August.

FrEnse 2 G E BT

Specific Research 2 Corresponding Staff Tsubo, Mitsuru

R EE A BN (ENZUTERFEE NS - BREEEITR AT MR R ERR A #I i v 9 —

Principal S 2R B R M SRR )

Researcher Sudo, Shigeto (National Agriculture and Food Research Organization Division of Climate Change
Mitigation Research, Institute for Agro-Environmental Sciences)

e U A HAE O BRI BT 2 IRERRA AP O ' =2 v 7 L BRSBTS I BE 3 5 3R

Research EIFE

Subject Greenhouse Gas Monitoring and Mitigation Study at Agricultural Field in Uganda

HFEffREE This study's target is GHG mitigation and enhancement of agricultural productivity in agricultural

Summary of | fields in Uganda. In fiscal year of 2021, we conducted 7 types of cultivation experiment in Tottori due
Joint Research | to restriction of overseas travel by COVID-19.

Tomato was chosen as simulative experimental plant, and urea was taken as nitrogen fertilizer. We
tried to use rice husk biochar to moderate overdose of urea derive nitrogen in root environment of to-
mato. Several tomato rootstocks were tested to elucidate plant both growth potential and emission of
nitrous oxide. We found the condition of tomato cultivation under adequate balance of base, utilization
of rootstocks, use of urea and utilization of rice husk biochar. In this fiscal year, we started cultivating
experiment from beginning of rainy season of last November. So far, the experiments were still
on-going in Uganda. The research focus were following,

1. Evaluation of harvest yield for 2 types of vegetables under biochar application
2. Evaluation of reduction effect of greenhouse gas emission and soil carbon stock caused by bio-
char application

3. Estimation of N20O emission during vegetable cultivation period
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KeEWroE 3

Specific Research 3

HIEH R
Corresponding Staff

PEPI O S E 2
Ishii, Takayoshi

Joint Research

R EE RIA FESE (REH R HAAHTERE)

Principal Okamoto, Takashi (Graduate School of Science, Tokyo Metropolitan University)

Researcher

WrseE C3-C4 Ml E EHAZAEII DI & F64E - Hzle, SR EEAI £~

Research Production and development of C3-C4 cytoplasm-substituted zygotes — for drought and heat tolerant
Subject crop improvement

HEEEE Hybridization has been recognized as having a decisive role in evolution and diversification of angi-
Summary of osperms. However, mechanism in hybridization largely remains open due to limitations in production

of hybrid zygotes with desirable gamete combinations. In vitro fertilization (IVF) systems using iso-
lated gametes have been utilized to examine fertilization events in maize, rice and wheat. In addition,
IVF system promotes the access for mechanisms in hybridization and allopolyploidization using these
three essential crops.

In this study, we hybridized subfamily distant species of wheat and rice with IVF system. Hybrid
zygotes from rice egg and wheat sperm cells ceased at multicellular embryo, and this hybrid incompat-
ibility was overcome by the addition of wheat egg cell to the rice-wheat hybrid zygote. In reciprocal
combination, fusion between wheat egg and rice sperm cell, the hybrid zygote did not divide, but dou-
bling the dosage of rice sperm cell allowed hybrid zygotes to develop progressively. Notably, these
proliferative hybrid zygotes developed to plantlets. FISH/GISH analyses indicated that rice chromo-
somes/genomes were mostly eliminated during early developmental stage of hybrid zygotes.

(2) ESMAZE / Focused Research

HATZE 1

Focused Research 1

MG E fE sl
Corresponding Staff Tsunekawa, Atsushi

Joint Research

wrEfRE RE B (RERFRAG R A a R AR

Principal Okuro, Toshiya (Graduate School of Agricultural and Life Sciences, The University of Tokyo)

Researcher

W HE IFA 7 ACEE I 81T 2 BRG] o B 75 2 AR T DB S R & AR RERERRE DRI (R

Research Iz B89 298

Subject Studies on the relationship between biodiversity and ecosystem functioning under different grazing
management regimes in the highlands of Northern Ethiopia

HEffEE As we could not conduct the planned field survey due to travel restrictions caused by the COVID-19

Summary of and the political situations, we attempted to understand vegetation distribution and soil characteristics

by analyzing vegetation and soil data obtained from the preliminary survey.

In September 2019, three sites were selected in Guder village, Amhara Province from (1) free graz-
ing (whole-year grazing) sites and (2) seasonal grazing sites, respectively, and several survey plots
were established in each site and cover and plant height of emergent species were measured. Dry
weights of the aboveground parts were also measured. Leaf nitrogen and phosphorus contents were
measured for the several dominant species. Soil samples were also collected at each site and analyzed
for total carbon, total nitrogen, available phosphate and potassium.

The grazing pastures in the study area were dominated by perennials grasses such as Sporobulos py-
ramidalis and Cynodon dactylon. The vegetation survey confirmed the occurrence of 49 species, but
both the number of species and diversity index were higher in the seasonal grazing sites. Leaf nitrogen
contents were significantly higher in free graszing sites, suggesting that functional traits differed among
pasture types. On the other hand, soil physicochemical properties did not differ significantly among
pasture types.

The results of the multidimensional scaling using the cover data showed that the plots in free grazing
sites were placed on the negative side of axis 1 and those in seasonal grazing sites on the positive side,
indicating that the species composition of the plant community was clearly differentiated by pasture
type (Fig. 1). Biplots with environmental factors showed significant correlations (p<0.05) between axes
1 and 2, suggesting that axis 1 indicates pasture type and biomass, while axis 2 indicates diversity and
leaf nitrogen content (Table 1).

These results suggest that differences in grazing management type affect functional traits and func-
tional diversity as well as biomass and species composition of pasture vegetation.
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H AT 2

Focused Research 2

IEH R
Corresponding Staff

threp HHA

Yamanaka, Norikazu

Joint Research

R EE NER BRS (BN RIS NESOHEEIT )

Principal Konagaya, Yuki (Department of Modern Society and Civilization, National Museum of Ethnology)
Researcher

Wt E HEE % o 7 BB RER 72

Research Analyzing Old Photographs for Environmental Study

Subject

HEEE S Because of the pandemic of Covid-19, not only overseas surveys but also domestic meetings were no
Summary of longer possible, so we conducted the following research activities exclusively online.

1) Collection of Mongolian documents and literature

We asked a researcher living in Mongolia to search for Mongolian documents related to wood use at
the national archives and comprehensively convert them into word text. We also obtained news videos
on forestry development and translated them into Japanese. In addition, we obtained literature on for-
estry and forestry science in order to write an article.
2) Comparing study of the famous drawing and old photographs of the city

By getting high solution photograph of the famous painting of Ulaanbaatar drawn in the 1910s, we
will able to make dramatic progress in our analysis and identify the locations where old photographs
were taken. In particular, we were able to realize where and how determine the timber markets were in
old Ulaanbaatar.
3) Confirmation of the timber harvesting situation using satellite images

We were able to confirm our findings on timber harvesting throughout the country, especially in the
suburbs of Ulaanbaatar, using satellite images, and wrote an article on the subject.
4) Comparison with photographs of the socialist era

Photographs of the socialist era from the 1940s to the 1960s were newly obtained online and used to
write a paper on urban construction and forestry promotion.
5) Editing the collection of papers

In addition to presenting the results of the research described above at online research meetings, we
also made presentations at the annual meeting of the Mongolian Studies Association of Japan, the
Symposium of the Japanese Association for Desert Studies, and the occasion of Society for Grassland
Archaeology, and edited and published them in a book.

(3) —R%HEAZE / General Research

—HRBT |

General Research 1

XIGEE A e
Corresponding Staff Ishii, Takayoshi

Joint Research

DR EE B ERES GREBRY RSB

Principal Yoshida, Kentaro (Graduate School of Agriculture, Kyoto University)

Researcher

Wt aE iz - B EEY S —v 2 vy b o ERIRMEIC I  7- FEAEREAR o s

Research Development of biotechnology for advanced utilization of dry- and heat-tolerant crop, pearl millet.
Subject

HEffEE At the Graduate School of Agriculture, Kyoto University, seeds of IPno's 17956 pearl millet line, an
Summary of inbred line, were treated with EMS, and the M1 lines were grown in the glass greenhouse. In addition,

we produced 2000 heavy ion beam-treated mutants of the IPno's 17956 line. We evaluated the effect of
different doses on phenotype at the ALRC. LET50 80Gy and LET150 40Gy suppressed plant growth.

We also developed a genome-editing technique with intergeneric crossing between pearl millet and
bread wheat. Wheat genome editing technology by intergeneric crossing conforms to the method de-
veloped in maize (Kelliher et al., 2019). At the ALRC, a GFP reporter gene was introduced into pearl
millet pollen with particle bombardments and the transformation efficiency was evaluated. We also
examined a method using magnetic beads and magnets to select pollen into which RNP was introduced.
First, to find organic solvents for the magnet and magnet beads selection, we tested 13 organic sol-
vents. Pollen tube elongations were observed in the pollens treated with xylene or dimethylformamide.
Fresh pollen showed significantly more pollen tube elongation than dried pollens in the xylene-treated
plot. To develop the method of stable pearl millet transformants, we examined the culture conditions
for callus formation and redifferentiation from immature embryos at the Graduate School of Agricul-
ture, Kyoto University. Stable callus proliferation was observed on a medium with a 2,4-D concentra-
tion of 2.0 mg L-1. Redifferentiation occurred on a medium containing 0.1 mg L-1 of
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6-benzylaminopurine.

We tried to identify a callus formation condition from mature seeds. Stable and high-quality callus
tissues were obtained by removing embryos from mature seeds and culturing them in the MS medium
containing 3% sucrose, 2,4-D and 6-benzylaminopurine.

—HEBIFSE 2 MG E (i A

General Research 2 Corresponding Staff Yamanaka, Norikazu
rEfRE NH - HWH (FMRFELAE)

Principal Oda, Ayumi (Faculty of Agriculture, Shinshu University)

Researcher

WHEE AT L 72 LHESURH R b D SR RE S SRR E R DU R

Research Improvement of method for quantifying inorganic nitrogen concentration in soil sample extract col-
Subject lected in the field

HFfREE Nitrogen is an essential element for plant growth and clarifying how plants acquire nitrogen in nu-

Summary of
Joint Research

trient-poor environments, such as arid lands where soil nutrients are limited, will provide important
knowledge when considering the maintenance of arid land ecosystems. However, to determine the
amount of inorganic nitrogen mainly absorbed by plants, equipment such as an autoanalyzer is re-
quired, and a more convenient method for determining the amount of inorganic nitrogen is needed.
Therefore, in this study, we compared several extraction methods and concentration measurement
methods for inorganic nitrogen that have been reported.

As a result, the extraction efficiency of inorganic nitrogen differed depending on the type of solution
used for extraction. Nitrate nitrogen had the highest concentration in the extractant when extracted with
2MKCI solution, and the concentrations were similar in the other extractants. The concentration of
ammonia nitrogen was higher in the order of 0.5MK2S04 > 0.5M NaCl > 2MKcl solution, and the
maximum difference in concentration was three times.

Even for the inorganic nitrogen measurement method, the characteristics of the results differed
among the methods, necessitating improvements. We will continue our research on method improve-
ment next year.

— Mo 3

General Research 3

VeSSt S
Corresponding Staff An, Ping

R EE A #i— (AWEERRYb AT

Principal Kashiwagi, Junichi (Graduate School of Agriculture, Hokkaido University)

Researcher

W SrY V= ARG VY AR LT 4 51K 3 L X Oz SGE

Research Improvements for drought tolerance on tetraploid wheat through the sink-source balance

Subject

HEEE S In 2021, field trial in a rainout shelter was conducted at Hokkaido University. Two tetraploid wheat
Summary of varieties (Cham1 and ET23) were cultivated in two irrigation treatments (well-irrigated as control and

Joint Research

restricted irrigation in the ripening period). In addition to the irrigation treatment, restriction of ear
photosynthesis treatment was set by physically blocked the stomata on ear surface. Their drought per-
formances, e.g., yield components as well as photosynthetic source functions for the grain development
were evaluated.

The major results obtained were below.

1. The drought treatment did not affect the grain yield. This could be because the high air tempera-

ture

in rainout shelter in this year led to shorten the ripening period, which resulted in the grain yield reduc-
tion. The yield reduction by ear photosynthesis restriction was larger in Cham1, which indicates the ear
photosynthesis could be more significant source for the grain yield in Cham1 compared to ET23.

2. The yield was significantly declined by ear photosynthesis restriction treatment. It could hamper
the sink formation through the grain quantity development. The component analysis showed that the
grain quantity reduction was resulted from decreasing the grains per ear.

The ear photosynthesis restriction did not affect the canopy photosynthesis and LAI in the mid rip-
ening stage. The SPAD at the flag as well as lower leaves at the 7 days after flowering was increased by
the ear photosynthesis restriction. This indicates that the leaf photosynthesis could be compensated the
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ear photosynthesis reduction. This compensation effects could maintain the entire canopy photosynthe-
sis ability despite that the ear photosynthesis was blocked.

R 4

General Research 4

MG E Eaw N
Corresponding Staff Tsujimoto, Hisashi

HRAREE KH B (IR EREY BT

Principal Taketa, Shin (Research Institute of Plant Science and Resources, Okayama University)

Researcher

W HE 3 L ¥ REBEE T O HEE & BT

Research Cloning of a long hairy leaf gene in wheat and its expression analysis

Subject

H[E 7R Chinese wheat landrace “Hong-Mang-Mai” grown in Loss Plateau, China shows a high level of
Summary of drought tolerance. Long and dense leaf hairs of this cultivar are considered to confer evaporation re-

Joint Research

sistance from the leaves. Our previous studies demonstrated that long leaf hair of “Hong-Mang-Mai”is
controlled by a single dominant on the short arm of wheat chromosome 7B. We attempted mapping of
the HI2 gene and found a co-segregating microsatellite marker. Due to low polymorphism levels on
7BS chromosome arm “Hong-Mang-Mai”relative to “Chinese Spring”, no further markers were devel-
oped.

Concurrently, we attempted a search for similar long hair mutants in barley, a distant relative but
classified to the same tribe Triticeae. We identified a hairy peduncle mutant in our gamma-ray induced
mutant panels. Barley hairy peduncle (Hpn) mutant exhibited a genetic segregation controlled by a
single dominant gene, which was subsequently localized to a 2.4-cM interval on the short arm of barley
chromosome 7H. Although tissues expressing long hairs differ between wheat and barley, i.e., leaves in
HI2 wheat and peduncle in Hpn barley, their syntenic locations on the same homoeologous group could
be due to orthologous genes. We anticipate initial cloning of the Hpn gene in barley may assist molec-
ular cloning of the H/2 gene in wheat, which is an allohexaploid with three similar subgenomes
(BBAADD).

— AL 5

General Research 5

MG E U N
Corresponding Staff Tsujimoto, Hisashi

DHRAREE BEl T (R TFHELT v 5 —)

Principal Nozoye, Tomoko (Center of Liberal Arts, Meiji Gakuin University)

Researcher

W HAE WSO AT CE LY ORI E HIEL T« R b L ARFRNY AR NS O fiFbT

Research The analysis of the stress induced cellular compartments aiming to generate the super crop for drylands
Subject

H[E 7R Response against iron (Fe) deficiency in 46 kinds of degilops tauschii was analyzed. Fe deficiency
Summary of caused leaf Chlorosis because of a decrease in chlorophyll contents. Chlorophyll contents of 46 kinds

Joint Research

of Ae. tauschii by SPAD (Soil & Plant Analyzer Development) value and it was shown that there were
differences among 46 kinds of Fe deficient Ae. Tauschii. Chlorophyll contents influence the rate of
photosynthesis. Therefore, it was suggested that there is genetic difference involved in photosynthesis
among 46 kinds of Ae. tauschii.

To analyze further the response to Fe deficiency in Ae. tauschii, the concentration of deoxymugineic
acids (DMA) in the root washes, phenolic compounds in the roots and the essential micronutrients in
the leaves were analyzed. Phenolic compounds were reported to be involved in Fe acquisition from
roots and translocation in the plant body. It was shown that the roots of Ae. tauschii accumulated cin-
namic acid, caffeic acid, coumatic acid, ferulic acid and benzoic acid, and their concentration were
different among 46 kinds of Ae. tauschii. Principal component analysis showed that SPAD values were
positively correlated with Fe concentration in leaves, while it was negatively correlated with DMA
concentration from the roots. The copper (Cu), Zinc (Zn) and Manganese (Mn) concentrations in leaves
were positively correlated strongly. Fe also positively correlated with Cu, Zn and Mn. Genome-wide
association study (GWAS) showed that there are several genomic markers which were suggested to be
involved in SPAD values, phenolic compounds, DMA and metal concentrations.

— M 6 MG E A Rt
General Research 6 Corresponding Staff Taniguchi, Takeshi
e fiEE Frifl BOR (ISR AR AEBEHS AT ZEER 4 ar BRI o738

Principal Kataoka, Ryota (Graduate Faculty of Interdisciplinary Research, University of Yamanashi)
Researcher
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Research Enhancement of environmental stress tolerant for host plant by endophytic fungus

Subject

HEffEE The arid regions in the world are getting to expand. Increasing water stress makes dryland agricul-
Summary of ture difficult, but in such areas, it is necessary to expand irrigation facilities, however, water sources

Joint Research

are limited and costly in those area. Therefore, it is difficult to maintain dryland farming without
improving the water stress tolerance of plants. This year, lettuce was grown in a water stress control
media supplemented with PEG8000 in order to get the information of T-2 strain which isolated from
barley root as endophytic fungus. The water potential with the addition of PEG is calculated by Eq
(Burlyn E. Michel, 1983) (1). ¥ (MPa) = 1/10 (1.29 x [PEG] 2 x T-140 x [PEG] 2-4.0 [PEG]) (1)
[PEG]: PEG concentration (0 ~ 0.8g / H20) T: 5 ~ 40

The water potential was reduced to -0.511 MPa at PEG 20%. These water potentials show the water
stress close to the maximum water volume (OMPa), growth inhibition water point (-0.1MPa), and
initial wilting point (-0.61MPa), respectively. Infection of the endophytic fungus strain T-2 with
plants improved the plant growth under water stress conditions, and improved the plant growth even
at the water potential where growth inhibition would normally occur. When the above-ground part
and root length, freshness and dry weight were measured as growth parameters, the above-ground
part and root length and fresh weight significantly increased due to infection with the endophytic
fungus strain T-2 under water stress conditions. It is known that the dry weight of plants under water
stress conditions increases the ratio of roots to the above-ground part, but in this study, the ratio of
roots decreased with the magnitude of water stress. However, when infected with the endophytic
fungus strain T-2 at any PEG concentration, the plant length increased and the root ratio increased up
to PEG 10%. In the case of PEG15%, plant size was more increase than control plants by infection
with the endophytic fungus strain T-2, even though the above-ground/root ratio was almost similar
with and without the endophytic fungus strain T-2. It is summarized as follows, these results were
clarified that the endophytic fungus strain T-2 promoted host plant growth, especially root elongation.
This results suggested that the promotion of root elongation and growth increased the root surface
area and improves the water acquisition capacity of plants.

— ML 7

General Research 7

thref HiA

Yamanaka, Norikazu

RIGEE
Corresponding Staff

R EE B RBAT QUK * v v /S ZGFHEIE)

Principal Miyazawa, Yoshiyuki (Campus planning office, Kyushu University)

Researcher

WrFERRE WL EFIC A & B AR O KR L B2 O IRE DR

Research Transpiration characteristics of native tree species in Loess Plateau.

Subject

HEfFEE S Because the sap flux measurement system is different in the structure and the accuracy (resolution)
Summary of of the sensors and the data logger that receives the signal from the sensor, we examined whether the

Joint Research

system based on external heat ratio method (HRM) sensors successfully capture the variable sap flux
using the intact grass individuals and the excised branches. We covered the sensors from solar radiation
and the ambient air that could cause serious noises on the measured sap flux, which depends on the
heat transfer from the sensor via xylem. Measured sap flux via sap flux sensors exhibited good accord-
ance with the gravimetrically measured water uptake by excised branches, suggesting the reliability of
our sap flux monitoring system. IN the field, measured sap flux exhibited serious noises under sunny
conditions, but by adding correction equation in the computation of sap flux together with additional
measurements of the surrounding stem temperature, measured sap flux exhibited strong relationship to
the solar radiation and vapor pressure deficit, suggesting that the sap flux measurement system (and the
insulators) together with the correction methods were useful for monitoring of sap flux under variable
light and temperature environments, which are not suitable for using external HRM sensors by previous
studies. We have prepared for the monitoring of sap flux in the Loess plateau sites by our collaborative
researchers in China.

— TS 8 MG E £
General Research 8 Corresponding Staff An, Ping
wrEfEE A B— (FOKILRSEE )

Principal Araki, Ryoichi (Faculty of Education, Wakayama University)

Researcher
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Research Evaluation of the effect of nanoparticle silicon on the mineral content of Sorghum bicolor under
Subject drought stress conditions

HEffEE To reveal the effects of nano particle silicon (NP_Si) application on mineral contents in sorghum
Summary of (Sorghum bicolor cv. K8) grains, we cultivated the sorghum under drought stress conditions with or

Joint Research

without NP_Si treatments. Dry matter weights of leaves, stems, spikelets and grains were significantly
lower in the drought stress treatments. However, no effect of NP_Si on those was observed, which is
similar to the results of silicate treatment we obtained last year. On the other hand, Fe and Zn contents
in grains were increased by NP_Si treatment under drought stress conditions. Therefore, effect of
NP_Si on the plant biomass and mineral contents in grains was similar to that of silicate under our
experiment conditions. Furthermore, involvement of NP_Si in iron transport and its alleviation of stress
were analyzed. We focused on the induction of iron transport-related genes under iron deficiency con-
ditions. Transcription of SANAS3, which is thought to be one of the enzymes in the biosynthetic path-
way of nicotianamine involved in iron transport in vivo, in leaves was markedly increased on the third
day of iron deprivation treatment, but its transcription was suppressed by NP_Si treatment and also on
the fifth day. As mentioned in the previous project report, silicate treatment suppressed transcription of
SbNAS3. Thus, it suggested that NP_Si treatment, like silicate treatment, also alleviates the iron defi-
ciency response and is involved in iron transport in vivo.

— MRS 9

General Research 9

MG E s WY
Corresponding Staff Fujimaki, Haruyuki

DHRAREE WA (LERERS B AR AR

Principal Sakaguchi, Atsushi (Graduate School of Sciences and Technology for Innovation, Yamaguchi Univer-
Researcher sity)

e TERICEE D CHZBEA N L 288 E oK ILa v &7 & v AR IR L L ER I H
Research Accuracy comparison between estimation models of drought stress index based on leaf temperature
Subject using stomatal conductance

HEffRE T Due to the unusual weather in August of 2021, we couldn’t impose water stress to soybeans. We
Summary of couldn’t find out the best equation to estimate the value of CWSI, however, we succeeded to observe

Joint Research

the leaf temperature using Drone, and found that the soil temperature of furrow doesn’t affect to the
estimation of CWSI using the thermal image of a given soybean field if the thermal image is taken after
the monsoon season.

The equation of CWSI-T includes the soil heat flux (G) in it, and the soil heat flux is usually estimated
using the ratio of soil heat flux to the net radiation (Rn). By the observation of them, we found that the
ratio of G/Rn at our study field was 6.2% on average on sunny days in August and which standard de-
viation was 0.023.

We also succeeded to figure out the value of water stress index from stomatal conductance without the
soybean field under non-water stress condition. Using this method that we developed, we could esti-
mate the value of water stress index at R2 = 0.85 by the observation of stomatal conductance at general
soybean field under water stressed condition.

—RWFZE 10 MG E AN B

General Research 10 Corresponding Staff Kimura, Reiji

WHRAREE W LR (B ERYRY GRS AT 7ER)

Principal Matsui, Hitoshi (Graduate School of Environmental Studies, Nagoya University)

Researcher

WrgERE RIRETNVEMCIT V7 82 ORUHHE & KB E O SR LB 2115

Research Studies on improved estimation of emission frequency and climate impacts of Asian dust using a glob-
Subject al aerosol model

H[E 7R In this fiscal year, we improved the estimation of Asian dust emission frequency, and clarified that

Summary of
Joint Research

this improvement has a significant impact on the estimation of Asian dust transport processes to the
North Pacific and Arctic regions and acrosol-radiation-cloud interactions.

We improved the observational reproducibility of Asian dust emission frequency (number of days of
dust emissions per season) by introducing information on the threshold friction velocity based on satel-
lite observations (arid-region maps) into our global acrosol model. This improvement led to a larger
seasonal variation in Asian dust emissions, increasing dust emissions during spring and decreasing dust
emissions during summer. The increased emissions in spring enabled more efficient transport of Asian
dust to the North Pacific and Arctic regions, and the annual mean atmospheric loading of Asian dust
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increased by 43% in the North Pacific and 130% in the Arctic. The annual mean deposition flux of
Asian dust increased by 49% in the North Pacific and 73% in the Arctic. These results indicate that the
treatment of threshold friction velocity in numerical models is important for estimating the deposition
of Asian dust to the snow/ice surface and open ocean and the resulting interactions with cryosphere and
marine ecosystems. Changes in the atmospheric loading of Asian dust also changed the light scattering
and absorption of aerosols and the number concentrations of cloud condensation nuclei and ice nuclei
particles, affecting the estimation of aerosol-radiation and aerosol-cloud interactions mainly near the
emission sources. These findings were published by Scientific Online Letters on the Atmosphere.

—RTSE 11 RIGHE A B

General Research 11 Corresponding Staff Kimura, Reiji

HRAREE I AKE (BEORF )

Principal Tagawa, Kotaro (Faculty of Agricuture, Tottori University)

Researcher

WFFERRE . EERERURF G S 3OV EFORLE ST & 2 FOERAN R B 2 0158

Research Study on wind profile and its reduction effects caused by arrangement condition of ground-mounted
Subject photovoltaic panels

HLEpFE S To investigate the characteristic of wind speed fluctuation around the inclined flat plates which were
Summary of modeled the solar panels, wind tunnel tests were carried out using a uniform wind tunnel (outlet size:

Joint Research

0.2m x 0.2m). The tilted flat plates were set as a 1/100 scale of solar panels. The inflow wind speed
was set to 12 m/s, and the tilt angle of the flat plate (6 = 10 °, 20 °, 30 °) and the row number of the
plates (1 to 5 rows) were set at measuring part. The wind speed was measured at 1 cm intervals in the
vertical and horizontal directions using a hot-wire anemometer in a downstream range of about 10
times the tilt height.

The following results were mainly obtained from the experiments.

+ It was obtained the wind speed on the back of the inclined flat plates in each experiments de-
creased from 70% to 80%. It was considered that this was due to the generation of flow separa-
tion at the first flat plate on the upstream side. It was confirmed that the wind speed gradually
recovered to the initial inflow wind speed behind a distance range of about 10 times the width
of the inclined plate of 20 mm.

« It was shown that the larger the angle of the inclined flat plate, the longer the distance for the
wind speed behind the flat plate to recover to the inflow wind speed.

- It was obtained the proportion of wind speed increase near top side of the plates gained with the
increase of the angle of inclined plate. The proportion of wind speed increase was up to 15% in
case of 0 = 30°and 5 rows of the plates.

—HBioE 12

General Research 12

RIGEE
Corresponding Staff

AR B

Kimura, Reiji

W EE O (TERYRABEEZEAER)

Principal Hama, Akira (Graduate School of Horticulture, Chiba University)

Researcher

W P24 BICE T 2 ERRINE & ATHROLRREMADOBRIC OV TOHE

Research Studies on the relationship between nitrogen absorption and meteorological conditions of the growing
Subject season in sweet potatoes

HEfFEE S In 2021, a process-based model of soil nitrogen dynamics developed at the University of New
Summary of Hampshire for simulating greenhouse gas (e.g., N,O, CH,) emissions from soil was used as a model

Joint Research

to evaluate the relationship between crop nitrogen uptake and growing season weather conditions. The
DNDC model has few examples of application to Japanese farmland, and its feasibility needs to be
verified. In this study, we examined the feasibility of using the model for a sweet potato field cultivated
at the Matsudo campus of Chiba University.

In this model, leaf area index (LAI) and nitrogen uptake by the crop are proportional, and evaluating
the accuracy of LAI simulations is essential for discussing nitrogen uptake.

However, it is difficult to obtain accurate continuous data non-destructively for LAI Therefore, in this
study, we attempted to estimate LAI using the Normalized Vegetation Index (NDVI) obtained by drone
sensing. DJI P4 Multispectral equipped with a multispectral camera was used in this study.

The LAI was estimated with an RMSE accuracy of 0.31 despite an observation time of approximately 1
minute. Comparison of the continuous data of LAI estimated by the drone with the simulation results of
DNDC showed that the simulation underestimated the LAI after 50 days from planting, although the
trend was similar. In this study, many default parameters of the model were used for model testing.
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Therefore, there is room to improve the accuracy of the simulation by adjusting the parameters.
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Research Trial of tropical fruit cultivation based on water harvesting on slopes

Subject

HFEFIEE We tried to cultivate tropical fruit trees by applying water harvesting system in Shizuoka region.
Summary of Devastated tea plantation was developed and installed a rainfall collection sheet on a slope, and buried

Joint Research

a large pot of avocado and guava in the lower part, and tested an energy-independent self-collection
cultivation method. The solenoid valve was automatically controlled based on soil moisture in the pot
and irrigated with a dripper. Amount of irrigation could be obtained by water harvesting mainly and the
growth of avocado and guava were well. Cultivation experiments were conducted with the average soil
water content in the pot as 20% at the start of irrigation, but in late July, the water content in the pot
remained high at 29% due to rainfall. In avocado, the relationship between saturation vapor deficit and
sap flow velocity was unilaterally and downwardly distributed over time. Considering the summer
when the relationship between the two is uniquely determined, the average value of soil water content
was divided into two at 23%. The average of these numbers was 26% for the high and 20% for the low.
In addition, even in the state of 20%, which is the irrigation index, the actual soil water distribution was
as high as 30% or more in the surface layer and 8% in the lower layer. This condition led to a slow-
down. It was found that there is a high possibility of causing water stress when only the soil water con-
tent of the surface layer is used as an index of irrigation, especially when the saturation is high. On the
other hand, guava is standing, and it was difficult to verify that it was applied to avocado because the
stem to which sap flow measurement was applied did not represent the entire tree.
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Research Development of a novel system to modify genomes by means of chromosome engineering of Poaceae
Subject species.

HEfFEE S We have successfully reorganized the wheat genome by utilizing the gametecidal (Gc) genes or
Summary of chromosomes derived from wheat relatives Aegilops spp., which induce structural abberrations in the

Joint Research

chromosome of bread wheat either gametophytically or zygotically. Currently, we are elucidating the
causal genes of the Ge action at the molecular level and are searching for candidate sequences for the
Gc gene. When crossing pollen with the Ge gene to a strain without having the gene, chromosomal
breaks occur in the zygote (Tsujimoto and Tsunewaki 1985; King and Laurie 1993). We have demon-
strated that the breakage occurred in the first zygotic cell division (Yamada et al., unpublished). This
system can be used to reorganize the genome of the female parent probably not only wheat but other
crop species. The intrinsic difficulty of this system is selective transmissibility of the Gc gene; the Ge
gene is preferentially transmitted to progeny and causes semi-fertility fertility in progeny due to its
ability to cause gametophytic sterility, which is not desired in breeding.

Dr. Takayoshi Ishii at Tottori University is leading studies of wide crosses between Poaceae species. Of
them pearl millet (Pennisetum glaucum (L.) R.Br) is unique in terms of uniparental chromosome elim-
ination when crossed as pollen parent to wheat female parent. In the early zygotic cell divisions, the
pearl millet chromosomes are selectively not included in the nucleus. Thus, the resulted offspring is
haploid of the female parent.

We have took advantages of the advanced researches at Kyoto and Tottori Universities to establish a
system to induce genome rearrangements in crops without negative effects of the selfish gene. In the
given research period of 2021, we have conducted the following researchs; (1) We have identified sev-
eral candidate sequences of the Ge gene and cloned into a vector system with different promotors. We
established a reporter constructs with histone H3 gene connected with fluorescent proteins. (2) We
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started test crosses between pearl millet and wheat.
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Research Observation of long-range transported atmospheric aerosols such as Kosa and PM2.5

Subject

HFEFIEE The following three points were conducted in FYR3.

Summary of (1) Continuous observation of size-segregated aerosol concentrations at roof top of the ALRC

Joint Research

builing
was continued after major maintenance of the equipment (PM712). Atmospheric aerosol particles are
sampled on a PTFE tape filter separately for coarse (PMc: 10 to 2.5 pm in diameter) and fine (PM2.5:
less than 2.5 pm) particles.

(2) The PTFE tape filter samples were chemically analyzed at the Lab in Nagoya University. Long
term size-segregated ionic composition data are valuable data for studying source-receptor relationship
of pollutants in East Asia. The concentration of ammonium in coarse particles in the spring of 2020
was significantly lower than in the preceding and following years, which might be resulted from
lock-down effects of COVID-19 in China.

(3) Aerosol samples for electron microscopy were also collected by an automated sampler with the
cooperation of the corresponding faculty and his laboratory during March to May 2020. The samples
were tested for the reagent thin film method to show the presence of nitrate or ammonium. The propor-
tion of particles containing nitrate and ammonium in the coarse particles were correlated well with the
bulk chemical analysis. The individual particle composition was also investigated by using SEM/EDX
analysis for co-existing particles with nitrate and ammonium in coarse particles.
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Research Molecular mechanisms of plant physiological changes caused by various plant symbiotic fungus
Subject

HEFRE S We searched for 4 kinds of symbiotic fungus in UPM (Universiti Putra Malaysia), and tried to verify
Summary of the symbiotic effect on Arabidopsis thaliana. Infection experiments were performed to confirm growth

Joint Research

promotion under oligotrophic conditions. In the soil, infection experiments were performed on Ara-
bidopsis thaliana. After growing Arabidopsis thaliana under sterile conditions for 7 days, it was grown
in soil mixed with each bacterial suspension for 2 weeks. For the soil, black soil containing a lot of
nutrients and sand containing no nutrients were used to reproduce the oligotrophic conditions. We per-
formed under three conditions: black soil only, sand and black soil, and sand only. Six measurement
methods were used: the length of the above-ground part, the length of the root, the number of leaves,
the amount of chlorophyll, the surface area, and the survival rate. As a result, we were able to confirm
the most growth promotion in Aspergillus niger (A.niger).

Next, infection experiments were performed on MS medium (Murashige and Skoog) instead of soil. By
adding a concentration gradient to the bacterial turbid solution to be mixed with the medium, the con-
centration of the bacterial bacteria showing the most growth promotion was searched for. The concen-
tration of the bacterium was compared with 102spores/100ml, 104spores/100ml, 106spores/100ml.
Arabidopsis was grown for 10 days and an infection experiment was conducted for 2 weeks. All the
plants infected with the fungus were larger than the plants not infected with the fungus. From the
above, we were able to find the growth promoting effect of A. niger.
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Research Evaluation of water use of halophytes in the Aral and Caspian Sea regions using stable isotope ratios
Subject

HEffEE Understanding the physiological and ecological characteristics of halophytes and their relationship to
Summary of habitat environmental conditions is necessary to predict the response of dryland grassland ecosystems

Joint Research

distributed between the Aral and Caspian Seas to climate change. Carbon stable isotope ratio (5"°C) of
leaves reflects the intrinsic water use efficiency (ratio of photosynthesis rate to stomatal conductance)
in C3 plants, while oxygen stable isotope ratio (8'°0) of leaves reflects transpiration and the 5O of
water source regardless of photosynthetic type. Therefore, it is expected that 5"°C and §'°0 of leaves
can be used as indicators to evaluate drought and salt tolerance in halophytes. However, the informa-
tion on §'*0 in halophytes is still lacking. Since we were unable to visit Uzbekistan and Russia in
FY2021 due to the COVID-19 expansion, we first measured the 8°C of 71 species (312 individuals) of
dried leaves of halophytes collected in 2010 at three sites around the Aral Sea, and the 5'°0 of 40 spe-
cies (200 individuals) of them. Then, to clarify the determinants of 3'*0 of halophyte leaves in this
area, the effects of physiological and ecological factors such as photosynthetic type (C3/C4), plant type
(annual herb/ perennial herb/ shrub or tree), root depth (0.2-3m/ 3-16m) and climatic factors such as
annual precipitation and annual mean temperature were investigated using multiple regression analysis.
The results showed that 5'°0 of halophyte leaves in this area were significantly affected by photosyn-
thetic type, plant type, annual precipitation, and annual mean temperature, whereas they were not af-
fected by root depth (water source). Furthermore, when §"°C of leaves was added as a physiological
and ecological factor, 30 of leaves of C3 halophytes were significantly positively affected by 3"C,
plant type, and annual mean temperature, and significantly negatively affected by annual precipitation.
C3 individuals with higher intrinsic water use efficiency under low precipitation and high temperature
had higher §'*0, suggesting that C3 individuals with higher 8'*O may have higher stomatal conduct-
ance. On the other hand, C4 species were significantly affected only by 8"C and plant type, with the
latter having a greater effect.
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Research Effect of near surface air turbulent on mass and heat exchange between soil and atmosphere

Subject

HEEE The objective of this project is to develop a numerical model for predicting water evaporation from
Summary of ground surfaces that can take into account variations in ground surface irregularities and mass transfer

Joint Research

characteristics. In FY2021, in order to clarify the long-term variation in the effects of topographical
conditions of agricultural land surfaces, such as ridges, on water vapor and heat exchange with the
atmosphere and on the distribution of moisture and temperature in the soil profile, temperature and soil
water content monitoring was initiated. A 5 m long ridge was constructed in the east-west direction,
and dielectric constant soil moisture sensors, soil water potential sensors, and thermocouples were bur-
ied at given locations. Calibration of the anemometer is currently underway to measure air turbulence
at the ground surface using a three-dimensional ultrasonic anemometer.

In order to account for the effects of topography, vegetation and structures on the land surface, and the
three-dimensional movement of mass and heat, it is essential to construct an integrated model that
combines an air flow model coupled with water vapor and heat transport in soils. The model for soil
liquid water, water vapor, and heat transport is based on the general-purpose model HYDRUS. We
have modified HYDRUS to allow for accounting ridge-like ground surface geometry.
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Research Geographical variation of water physiological traits of Pinus species

Subject

HEffEE Traits of tree are influenced by genotype and growing environment. In this study, we conducted
Summary of provenance experiment at two planting sites (Iwate and Tottori), and clarified the effects of provenance

Joint Research

and planting site on physiological and ecological traits of Japanese red pine (Pinus densiflora), consid-
ering plasticity. Five to six-year old individuals (three years old after planting) derived from seed of the
later generations of P. densiflora collected from natural population mother trees from 10 provenances
in Japan were used. As physiological and ecological traits, tree height and ground diameter, leaf area,
leaf dry weight, dry weight per unit leaf area (LMA), and leaf nitrogen content were measured. The
results showed that individuals from colder provenance tended to have higher leaf nitrogen content and
those from sunnier provenance tended to have larger leaf size. Since the leaf nitrogen content is closely
related to photosynthetic capacity, individuals from colder provenance are considered to have higher
photosynthetic capacity and higher productivity. Also, individuals from sunnier provenance may have
larger leaves and higher productivity. The high productivity may have resulted in the amount of growth
in individuals from colder and sunnier provenance. Leaf area and tree height growth were greater in
Iwate among the planting sites. Since it has been reported that leaf elongation growth is greater with
longer daylength in P. densiflora, the greater leaf area and growth may have been caused by the greater
sunlight in Iwate. Differences in traits between the two planting sites were greater for individuals from
colder growing areas in LMA and tree height growth. It has been reported that individuals with greater
plasticity can grow well in various environments. It was suggested that low plasticity of traits in warm-
er provenances may be associated with reduced growth when P. densiflora from southern provenances
were transplanted to the north.
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Research Long-term biomass estimation of mangroves in the arid region of western India

Subject

HEffEE E The mangroves in the coastal areas of the Kutch region have been lost due to the development of salt
Summary of fields in the coastal areas and have been disturbed by natural disasters such as cyclones and earth-

Joint Research

quakes. In order to use mangrove ecosystems while maintaining the sustainability of ecosystem ser-
vices, it is necessary to accumulate knowledge on the dynamics of these mangrove forests and their
response to environmental changes. To collect this information, Landsat5, 7&8 satellite images of the
area were analyzed for the following three questions: 1) Long-term changes in biomass of mangrove
forests in the area; 2) How drought and drought conditions affect biomass; and 3) How mangrove for-
ests have been affected by development and other factors during the period. Where are environmental
factors causing expansion or contraction?

Variations in NDVI calculated from multispectral images of Landsat5, 7 and 8 from 1988 to 2019 sug-
gest that leaf biomass of mangroves in the area have increased in the long term up to the present.
However, NDVI was not monotonically increasing, but was decreasing from the late 1990s to the early
2000s. This is most likely due mainly to increased water stress caused by the continuous occurrence of
drought from the late 1990s to the early 2000s. The fact that no significant changes in NDVI were ob-
served after a single year of drought suggests that mangrove forests have a certain level of resilience to
drought. The NDVI of mangroves in the area was found to be monotonically decreasing during the dry
season and increasing with the onset of the rainy season. Comparison of land cover maps revealed that
the main reasons for the decline of mangrove forests are the erosion of sandy soil due to tides and the
conversion of land use due to development of coastal areas. On the other hand, some mangrove forests
were observed to be expanding their growth area in areas that were not significantly affected by tides.
Overall, the increase and decrease in mangrove area was almost the same. The data from this study will
be useful in monitoring the response of mangrove forests in the area to future environmental changes.
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Research Studies on quantitative evaluation of multi-point optical spectrum measurement system using ul-
Subject tra-small optical sensors for plant cultivation

HEffEE In this study, we propose an optical fiber multipoint light measurement system to investigate quanti-
Summary of tatively a proper light environment for plant cultivation. Especially, we focus on the light environment

Joint Research

in a greenhouse. For better quality and faster cultivation, various vinyl films have been researched and
commercialized to control the light environment inside the greenhouse.
In 2021, results of our research have been reported as follows,

- The optical fiber multipoint light receiving system, which has 16-channel, has been constructed
(Fig. 1).

- Utilizing a growth chamber in Arid Land Research Center in Tottori University, a correlation be-
tween light intensity and growth result under an actual condition(light, and temperature) has been
evaluated.

(DFour kinds of optic films have used, and light intensity at a different angle has been measured
(Fig. 2). As a result, it was possible to quantitatively evaluate that the light intensity from the
horizontal direction is higher than that of the transparent film.

(@)Dry weight of Eustoma russellianum at different optic film has been measured and evaluated
(Fig. 3). As a result, it was difficult to make a clear correlation between a raising of Eustoma
russellianum and the agricultural films.

Next step, we will continue to measure the dry weight of the young Eustoma russellianum and eval-
uate the correlation between light intensity and growth result.
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Subject Co-occurrence networks of soil microbes in exotic black locust plantations and native oak forests in
semi-arid area.

HFpFEE E The original aim of this study is to clarify the co-occurrence network relationships among soil mi-

Summary of crobes in native oak forests and exotic black locust plantations, in Loess Plateau, China and to eluci-

Joint Research

date the effects of environmental factors such as vegetation type and precipitation on the co-occurrence
pattern of microbes. Specifically, we planned to collect soil samples from black locust plantations and
oak forests along the precipitation gradient in the Loess Plateau. We also planned to determine the
community composition of soil fungi and prokaryotes using NGS, and to clarify the co-occurrence
network structure among soil microbial species.

The study initially focuses on black locust plantations and natural oak forests, which are widely dis-
tributed in the Loess Plateau of China. We planned to collect soil samples from both types of forests
and extract soil DNA for determining the community composition by amplicon sequencing for the 16S
rRNA gene and ITS region using NGS. And we also planned to perform a co-occurrence network anal-
ysis of the dominant OTUs.

In FY2021, because of the pandemic of COVID-19, we, unfortunately, could not conduct the
planned sampling. Instead, we analyzed our previous soil samples of the reciprocal transplant incuba-
tion conducted in black locust plantations, in Loess Plateau. In the study, we conducted a reciprocal
transplant incubation study along with precipitation gradient in Loess Plateau, China, with analyses of
microbial community structures and co-occurrence network. By the analyses, we found that microbial
assembly was strongly affected their soil origin where soils collected. And the impact of environmental
factors at the incubation site had only a small effect on the microbial communities.
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Research The long-term fluctuations of lake environment, climate and aeolian dusts in Northern Mongolia
Subject

HEffEE Diatom and pollen fossil assemblages were analyzed on 2.5m long core sediment from Lake Ulaan
Summary of Burgas, Northern Mongolia for reconstructing climate and environmental changes of the late Holocene

Joint Research

period. Radiocarbon dating of 5 samples showed that the core represents last 3.2 thousand years of
sedimentation. Diatom flora was dominated by benthic taxa mainly Fragilarioid complexes (Genus
Staurosira, Staurosirella, Pseudostaurosira), and a planktonic taxon of Stephanodiscus minutulus. 5
stratigraphic zones were identified based on the changes in relative amount of these dominant taxa.
Pollen flora was represented by Pinus, Betula, Artemisia and Cyperaceae, and their community change
was rather synchronous with diatom floral changes. Climate before 2.8 cal ky BP was inferred as rela-
tively dry, but the increase of planktonic taxa and wet indicator pollens, and lithological changes im-
plied wet condition from 2.8 cal ky BP. Wetter climate from this period was commonly observed in
previous paleoenvironmental studies in Mongolia, and might have affected prehistoric periodization
from bronze age to iron age. At 2.0-1.6 cal ky BP, temporal lake level drop was implied by the re-
placement of planktonic taxa by benthic taxa, and decrease of taiga forest pollens. Appearance of many
epiphytic taxa at 1.6-0.8 cal ky BP indicated relatively stable climate seasonality, but temporal higher
lake level was observed at 1.1-0.8 cal ky BP. The most recent period from 0.8 cal ky BP was character-
ized by the appearance of Staurosira incerta although its environmental implication is yet unknown.
Further diatom ecological research and precise analyses are needed to make clear more accurate envi-
ronmental changes.

— B g 24 MNIGHE A &

General Research 24 Corresponding Staff Tsujimoto, Hisashi
roefiaERE B Rt (R HUORAERAER)

Principal Akashi, Kinya (Faculty of Agriculture, Tottori University)

Researcher

WFFERRE 7 — U LR IGRIC & B BHIEY) D 7« — v R REEIRE O #ET

Research FT-IR-based metabolic profiling of arid land plants in the field condition

Subject

HFEFIEE Fourier transform infrared (FTIR) spectroscopy is one of the major techonologies for profiling mo-
Summary of lecular structure and their changes in the biomass. FTIR has an advantage for analyzing supramolecular

Joint Research

compounds. Wheat (Triticum aestivum L.) is known to be negatively affected by heat stress, and its
production is threatened by global warming, particularly in arid regions. Thus, efforts to better under-
stand the molecular responses of wheat to heat stress are required. In the present study,

Fourier transform infrared (FTIR) spectroscopy, coupled with chemometrics, was applied to develop a
protocol that monitors chemical changes in common wheat under heat stress. Wheat plants at the
three-leaf stage were subjected to heat stress at a 42 °C daily maximum temperature for 3 days, and this
led to delayed growth in comparison to that of the control. Measurement of FTIR spectra and

their principal component analysis showed partially overlapping features between heat-stressed and
control leaves. In contrast, supervised machine learning through linear discriminant analysis (LDA) of
the spectra demonstrated clear discrimination of heat-stressed leaves from the controls. Analysis of
LDA loading suggested that several wavenumbers in the fingerprinting region (400—1800 cm—1) con-
tributed significantly to their discrimination. Novel spectrum-based biomarkers were developed using
these discriminative wavenumbers that enabled the successful diagnosis of heat-stressed leaves.
Overall, these observations demonstrate the versatility of FTIR-based chemical fingerprints for use in
heat-stress profiling in wheat.
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Research Molecular genetic analysis for wheat breeding of drought tolerance using wild Aegilops tauschii
Subject

HEE S The expansion of arid lands has led to a worldwide need to breed drought-tolerant wheat. However,
Summary of genetic diversity of wheat is poor compared to other major crops, and it is a major barrier to modern

Joint Research

wheat breeding. To overcome this defect, Prof. Tsujimoto has been generated wheat multiple synthetic
derivatives (MSD) populations, which have variation of D genome from many accessions of Aegilops
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tauschii. We have conducted sensitivity tests to the plant hormone abscisic acid (ABA) in the MSD
population and have succeeded in isolation of ABA-hypersensitive lines, which may possess wa-
ter-saving and drought-tolerant traits. To determine the loci controlling ABA sensitivity in the chromo-
some regions, F3 population of Norin61 and major ABA-hypersensitive line named as Oka28 has ob-
tained. Among 364 individual F3 lines, 40 lines were possessed ABA-hypersensitive traits. These lines,
together with 20 lines showing low ABA sensitivity from the F3 populations, were analyzed by
next-generation sequencing to identify QTL related to ABA sensitivity using GRAS-Di technology. As
the result, major QTLs associated with ABA sensitivity were detected in the short arm of chromosome
SA (5AS) and the short arm of chromosome 2A (2AS). In addition, other QTLs were also detected in
the long arm of chromosome 1D (1DL), the long arm of chromosome 2B (2BL), the long arm of chro-
mosome 3A (3AL), and the long arm of chromosome 5A (5AL). Since the MSD population have
abundant genetic diversity in the D genome, most of the QTLs were thought to be detected in the D
genome. However, surprisingly the detected QTLs were prominent in the A and B genomic regions.
The genomes of A and B are derived from the durum wheat Langdon used in the primary synthetic
wheat. Therefore, a comparison of primary synthetic wheat and Norin61 can reveal whether
ABA-hypersensitivity was the result of the accumulation of specific genomic fragments from Langdon.
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Research Evaluation on growth characteristics of Allium bioresources under environmental stress in arid field
Subject

HEFRE S In previous study, we have been able to obtain growth characteristics of 4l/ium bioresources during
Summary of conventional summer cultivation. In this study, 4//ium bioresources were cultivated on sand dunes, and

Joint Research

the growth characteristics of the resources were evaluated.

1) Summer dryland cultivation trial of A//ium bioresources: In the end of May 2021, two lines of A/li-
um relatives species (4.roylei and A.vavilovii), two Japanese bunching onion (Allium fistulosum L.)
cultivars‘Kujo 4-2” (genome composition: 2n=16,FF) and ‘Nagasaki zairai’, eight Shallot chromo-
somes addition lines (genomic composition: 2n=17,FF+1A-8A), one line of 4. fistulosum -A.vavilovii
allotriploid, 3 lines of A. fistulosum-shallot allotriploids (2n=24,FFA), A.galunthum-A.fistulosum and
amphidiploid (2n=32,GGFF), a total of 16 cultivars or lines were planted in the Arid Land Research
Center. Three to five seedlings each were planted in a greenhouse. After harvesting these materials on
September 26, morphological characteristics (plant height, leaf blade length, lower leaf sheath length,
plant weight, single plant weight, and number of divisions), were determined. In addition, Chlorophyll
content (chlorophyll-a, chlorophyll-b and carotenoids) and soluble carbohydrate (fructan) content in
leaf sheath were investigated. Growth characteristics tended to be lower than under conventional culti-
vation, but several lines (FF+1A, +6A, FFA, and FFV) showed growth characteristics comparable to
those under conventional cultivation. In terms of fructan content, several lines showed a significant
decrease in fructan content compared to conventional cultivation. Confirmation of sugar composition
by thin layer chromatography showed the disappearance of oligo saccharide spots in FF+1A, +6A and
+7A. This result indicates that these lines may be adapting to drought stress by altering their in vivo
sugar composition.

2) Winter dryland cultivation test of garlic bioresources: Twenty-four lines of garlic bioresources, in-
cluding lines adapted to sand dune sites, discovered in this joint research project in 2013, were culti-
vated in dryland during the winter season. After growing in the dune test plots from October 2021 to
May of the following year, 102 metabolite profiling data in the bulb and root portion were obtained by
LC/MS analysis to evaluate the characteristics of the dune-adapted lines. The principal component
analysis based on the metabolite in both organs showed that the dune-adapted lines were plotted at a
distance from the other lines. This result indicate that the dune-adapted lines have different metabolite
profiling from the other lines, and the possibility of finding metabolites that may be related to envi-
ronmental stresses in winter garlic cultivation.
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Research Vegetation vulnerability as revealed by novel drought sensitivity and resilience indices

Subject

H[E e This study is aimed (1) to evaluate detailed responses of vegetation (NDVI) of the non-resilient area
Summary of in northwestern Mongolia to droughts during 1999-2002 at a higher resolution (0.1 grid), and (2) to

Joint Research

assess changes in the vulnerability by comparing two drought periods (1999-2002 and 2007-2009),
using novel drought sensitivity and resilience indices. These issues were addressed in the previous year
(2020), while the vegetation vulnerability was assessed using ground-based plant species data this year
(2021).

Drought sensitivity (SI) is defined as vegetation response to decreased precipitation from
pre-drought to drought phases, and resilience (RI) is defined as response to increased precipitation from
drought to post-drought phases. Vulnerability vectors were created by combining SI and RI. Addition-
ally, livestock data at the county (soum) level was used to estimate grazing impacts on vegetation vul-
nerability.

Results showed that there was a large difference in vegetation recovery among regions after the
drought periods of 1999-2002 and 2007-2009. As for the 1999-2002 drought, vulnerable grids were
observed in the southern desert and steppe areas as a whole, while non-vulnerable in the north. In addi-
tion, it was found that the overall degree of recovery after 2007-2009 was lower than after 1999-2002.
Furthermore, we investigated the change in livestock number during the 2007-2009 drought and its
impact on vegetation vulnerability. There was a tendency for NDVI recovery to increase in areas where
livestock number began to decline earlier. The large post-drought recovery of biomass in the steppe
region is explained by the interannual change of plant species composition (i.e., the earlier recovery of
annuals compared with perennials).
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Research Effects of plant hormones on gum/resin production in trees

Subject

HEEE S To establish sustainable management of frankincense trees in the drylands of Oman, the roles of eth-
Summary of ylene (Et), jasmonic acid (JA), and salicylic acid (SA) and their interactions in frankincense resin pro-

Joint Research

duction in Boswellia sacra trees were studied.

We conducted a preliminary experiment on domestic cypress species, such as the types of treated
substances, treatment methods, and concentration settings. The experiment was carried out on
Chamaecyparis obtuse, Thujopsis dolabrata, Cryptomeria japonica and Metasequoia glyptostroboides
saplings in a nursery of SFC, Tottori University. Various lanolin pastes containing Ethrel, methyl
jasmonate, sodium salicylate and combinations of these compounds were applied to debarked wounds
on the trunks. After a certain period of treatments, the resin secretion and anatomical characteristics
were also studied. The effects of plant hormone treatments varied with species, but constant effects
were observed. A part of obtained results was analyzed and reported (see Publication list 1).

Trees of B. sacra with multiple trunks were selected at the Agricultural Experiment Station, Sultan
Qaboos University, Oman. The paste application and evaluation of resinous characteristics was carried
out as above. The combination of Ethrel and methyl jasmonate greatly enhanced frankincense resin
production within 7 days in both seasons. The application of JA alone, SA alone or a combination of
both did not affect resin production. These findings suggest a high possibility of artificial enhancement
of frankincense resin production by the combined application of Et and JA to B. sacra trees. The results
were analyzed and reported (see Publication list 2).
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Research Adverse health effect of Asian dust and arid environment in Mongolia

Subject

HEFEEE There is concern about the health effects of Asian dust (mineral dust) originating in arid areas such
Summary of as the Gobi Desert and the TaklaMakan Desert. The purpose of this research is to conduct a health im-

Joint Research

pact survey of residents in Mongolia who are likely to be exposed to high concentrations of Asian dust,
and to contribute to the improvement of the quality of daily life based on the knowledge obtained.

The research areas selected for this study were Ulaan Bataar and Zamin Uud (National Agency Mete-
orology and the Environmental Monitoring), where LIDAR systems are installed and which are jointly
managed by the the Ministry of the Environment of Japan and NAMEM, and Mrun, where a meteoro-
logical observatory is located.

The survey was conducted as much as possible, considering the COVID-19 pandemic, with three sea-
sons in mind: Season 1 around October (when air pollution starts), Season 2 around January (when air
pollution is severe), and Season 3 around April (when Asian dust occurs). In the questionnaire survey,
the following were investigated: Subjective symptom (Nose, eyes, respiratory organs, skin, fever,
headache, stress) prevention action and going out situation of the self-writing system of WEB media or
paper media. For most of the participants,

Since the questionnaire survey was not suitable, it was conducted in paper media.

The questionnaire survey was conducted from October 2018 to October 2021. The total number of
participants was 356.

The CART model was used to analyze the relationship between symptoms and environmental factors.
In the analysis adjusted for sex and age, significant strong relationship between Asian dust and the
following symptoms was found. Nose (P = 0.001), respiratory (P = 0.002), throat (P = 0.022), skin
symptoms (Exposed: P =0.004, Coated: 0.045), and headache (P = 0.002).

Skin symptoms caused by Asian dust have been reported in the past, and it has been said that physical
irritation of exposed areas is the cause. The effect of the skin of the covering was also significant, and
the allergy by the high internal exposure was suspected.

The threshold value of the extinction coefficient of LIDAR for these symptoms was 0.0035/km for
both Asian dsut (non-spherical) and pollutants (spherical). We will continue to scrutinize and analyze
regional and seasonal impacts.
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Research A study of genetic polymorphism of long distance signaling for drought tolerance among cowpea cul-
Subject tivars

HFEfEEE Cowpea [Vigna unguiculata (L.) Walp.] is highly adapted to drought conditions and avoids water

Summary of
Joint Research

loss from leaf by closing stomata via abscisic acid (ABA) signaling. Recently, molecular genetic stud-
ies in Arabidopsis have revealed that the ABA responses are mediated by various long-distance signals
including CLE peptids and ABA transporters. However, it remains unknown whether the transport
mechanisms of ABA are involved in significant drought tolerance of cowpea.An artificial peptide of
VuCLE25 peptide with hydoroxyl modification on proline residues was synthesized. Previously, we
observed that drought stress induced up-regulation of VuCLE25, VuABCG25 and VuNCED-01g. Here
we characterized expression profiles of VuNCED genes in response to CLE peptide and drought and
effects of CLE peptide on root elongation of cowpea seedlings. Semi-quantitative RT-PCR analysis
indicated that CLE peptide up-regulated expression of VuNCED-02g but not VuNCED-01g. In contrast,
drought significantly up-regulated expression of VuNCED-01g but not VuNCED-02g. Treatment of
VuCLE 25 peptide significantly suppressed elongation of root elongation of cowpea seedling. Those
data indicated that functions of CLE25 peptide on ABA synthesis and root apical meristem regulation
are highly conserved between cowpea and Arabidopsis and that VaCLE25 and drought differently reg-
ulated VuNCED genes.
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Research Observation of Kosa emission using mobile observation system in Gobi Desert, Mongolia

Subject

HERE S Land surface conditions in the East Asia are highly variable seasonally, and the impact of changes in
Summary of land surface conditions on KOSA generation is complex. Since 2012, the Arid Land Research Center of

Joint Research

Tottori University has been monitoring sand and dust in Tsogt-Ovoo village in the desert steppe area of
the Gobi Desert in Mongolia including the observations of land surface conditions such as soil, gravel,
and vegetation (Buyantogtokh et al., 2021: Wu et al., 2021). It is important to clarify the relationship
among the saltation sand, dust and the land surface conditions. As in the previous year, we were unable
to conduct a field survey in this year due to the new coronavirus, so we summarized the observation
results obtained and also conducted numerical simulations (Kong et al., 2021). It is found that the
threshold wind speed Ut decreased from 18.5 m/s to 12.3 m/s from February to early May and in-
creased from 7.2 m/s to 19.5 m/s from late May to July (Figure 1). Thus, it is clear that strength of
threshold wind speeds is divided into two periods. The saltation events were more active in 2012 (cir-
cles) and 2015 (crosses), which could be due to changes in soil crusts. Although these results are not
the result of mobile observations, the long-term comparison of data at a single site allowed us to cap-
ture changes in multiple ground surface conditions. Numerical simulation results indicate that the
10-day maximum and 10-day minimum soil temperatures are related to changes in threshold wind
speeds in spring, and that not only living vegetation but standing dead vegetation have a strong influ-
ence in early summer, in addition to the soil temperature. Since field observations could not be con-
ducted in 2020 and 2021, based on the findings of this study, we will plan to elucidate the KOSA emis-
sion using the observation data we have obtained.
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Research Effects of drought stress on lipid metabolism in wheat and barley

Subject

H[E 7R Plants are exposed to various stresses including pathogen infection and drought. Lipid metabolism

Summary of
Joint Research

plays a pivotal role in the response to these stresses. For example, oxylipin molecules are synthesized
from fatty acids. In addition, the barley leaves have been shown to accumulate lyso-lipids in response
to pathogen attack. These findings suggest that plants degrade diacylglycerolipids into fatty acids and
lyso-glycerolipids, and synthesize oxylipins under stress conditions. We focused on the accumulation
of lyso-lipids in the leaves of drought-stressed rice plants and pathogen-infected barley plants.

Drought stress was applied by stopping water supply to rice plants 2 weeks after sowing.
Lyso-galactolipids and lyso-phospholipids were analyzed 6 and 9 days after the start of treatment. In
lyso-galactolipids, monogalactosyl monoacylglycerol with an acyl group at 1-position was accumulat-
ed. In contrast, lyso-phosphatidylcholine and lyso-phosphatidylethanolamine decreased significantly in
the leaves after drought treatment.

Conidia of barley spot fungus were inoculated on to barley leaves. Lyso-galactolipids accumulated 6
h after the inoculation, slightly prior to the that of lyso-phospholipids. The lyso-lipids with an acyl
group at the 2-position of glycerol accumulated in larger amounts than those at the 1-position, suggest-
ing the involvement of a lipase specific to the hydrolysis at the 1-position.

The effect of pathogen infection on lysolipid accumulation was also analyzed in rice because abun-
dant genomic information is available. The accumulation lyso-lipids was also observed in rice inocu-
lated with rice brown leaf spot fungus. Thus, we selected 10 lipase genes of which expression increased
in response to pathogen infection by using the gene expression database RiceXPro. Then, we identified
the corresponding barley orthologs HvlipI to Hvlip10, and analyzed their expression by real-time PCR.
The expression level of Hvlipl was increased after pathogen inoculation, suggesting that Hvlip1 is
involved in the production of lyso-lipids in response to pathogen infection.
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Research Toward the breeding Triticeae varieties optimized for drylands: Searching for water-use-efficient barley
Subject and wild wheat lines

HEfEE S To clarify the genetic basis of water-use-efficient (WUE) barley, we evaluated water-saving potential
Summary of by measuring 313C fractions in a near-isogenic line (NIL) containing two salt-tolerant QTL at the ger-

Joint Research

mination stage which selected in 2020-2021. Elemental Analyzer interfaced with a continuous-flow
isotope ratio mass spectrometer (EA/IR-MS) analysis of dry leaves (6 * flag leaves/individual * 6 indi-
viduals * 2 environments) from the lines together with the donor and backcrossed parents were per-
formed. While the backcrossed parent “Haruna Nijo” (Japanese malting variety) was significantly re-
duced 613C values than the donor parent “Hayakiso 2” (Japanese landrace) between parents, the two
NILs were not significantly different and no clear association with salt tolerance was found. On the
other hand, 13C fractionation on bulk samples of the 53 chromosome segment substitution lines used
for the NIL selection revealed some lines that showed reduced 613C values than their parents. This was
indicative of the existence of a wide range of WUE variations in this population. These are expected to
provide useful material for uncovering the genetic basis of WUE in this species.

For the purpose of the selection for WUE wild wheat lines, EA/IR-MS analysis was conducted on 20
lines of the Aegilops tauschii, which had evaluated for salt-tolerance at the germination stage, including
a subpopulation that was distributed into high-salinity areas. The analysis showed no significant dif-
ference ind13C values between the nine salt-tolerant TauLL1 lines and the other subpopulations (TauL2;
10 lines, Taul.3; 1 line), and no clear relationship with salt-tolerance at germination was found. Further
studies are needed to investigate the intraspecific variation in more detail, such as by expanding the
number of lines.
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Research Studies on development of a robust root system and screening useful germplasm of wheat.

Subject

HEffRE S Effects on root system formation ability and growth with Duckweed fertilizer (DWF) containing a
Summary of biostimulant (D-KODA) were observed using a rice cv. Koshihikari. By the Root Bag method,

Joint Research

non-destructive growth of the root system could be observed along with the growth, and the feature
amount could be detected by image analysis.

The D-KODA/DWF treatment greatly changed the root/stem ratio during the seedling raising period.
Under the flooded conditions assuming paddy field transplantation, the image analysis showed a dif-
ference in brightness to in the properties of the root surface. The heading was delayed by one day in the
D-KODA/DWEF treatment. The D-KODA treatment resulted in short culm and the number of spikes
increased with highly resilience under the intense high temperature and drought stress during the rip-
ening period.

Low temperature germination at 4-6 °C after D-KODA/DWF treatment on wheat showed remarka-
ble seed root elongation in Norin 61 but Afghan wheat landrace # 654. Rhizobacteria such as Jan-
thinobacterium, Duganella, and Massilia which produce violacein were found in Norin 61, whose roots
grew due to low-temperature germination through their symbiosis with roots. They showed slight inhi-
bition of hyphal growth of Fusarium fungus of Fusarium head blight, and some showed high antifungal
activity. We have found that biostimulant treatment of wheat modifies the rhizosphere flora and may
tune the rhizosphere environment for seed root elongation and antifungal activity.

The growth of seedlings was promoted by inoculation with a cocktail of isolated rhizosphere bacte-
ria, and the volume of the root system was particularly increased with the effect of D-KODA/DWF on
the moisture damage. Occasionally, Erwinia persicina causes red grains of barley was detected in the
rhizosphere. We will clarify the effects of these non-pathogenic and consortium formation with other
rhizosphere bacteria and the growth promoting effect of the wheat root system.
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Research Elucidating the mechanism of soil water - carbon cycles through high-density roots for climate change
Subject mitigation

HLHEMREE Objectives:

Summary of For elucidating the mechanism of soil water - carbon cycles through high-density roots for climate

Joint Research

change mitigation, we tried to develop CO2 gas monitoring system. Then, CO2 gas emission was in-
vestigated from an aggregated soil.

Results:
a. CO2 measurements without vegetation

For the CO2 measurements, we used CO2 detector tubes (2LC, GASTEC), having a measuring
range of CO2 from 100 to 4000 ppm. To avoid suck up soil water into the tube, a water-proof
air-permeable filter was utilized. When soil moisture was lower than field water capacity for the ag-
gregated soil, CO2 concentration in the macro-pore was approximately 1600 ppm.

b. Development of CO2 gas measurement system

CO2 measurements in a macro-pore with high-density roots were challenging. We developed a
CO2 measurement system to observe temporal changes in CO2 concentration in a macro-pore under
different moisture conditions. Using a micro-pump of gas and solenoid valves, sampling time and
volume were controlled. CO2 concentration in the macro-pore under vegetation conditions was ap-
proximately 800 ppm. This suggests important contributions of the high-density roots to CO2 gas
exchange due to high gas permeability.

c. Field experiments

We planned pre-field experiments for the shaft tillage method at a national agricultural institute in
Mozambique during the dry season. Under COVID-19, however, it was too difficult to work on the
experiments. In future work, the experiments will be carried on.
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Research Estimation of vegetation dynamics in semiarid grasslands by using image data

Subject

H[E 7R The purpose of this study is to understand long-term and wide-area vegetation dynamics by

Summary of
Joint Research

non-destructive methods using images of vegetation taken in the semi-arid grasslands of Mongolia.
Although we planned to conduct a field survey in the summer of 2021, it was impossible to carry out
overseas surveys due to the pandemic of COVID-19. Therefore the following analyses were performed
using digital images automatically taken at BayanUnjuul (BU) and Baganuur (BN) sites during the
period from 2016 to 2019.

1) To investigate impact of the solar elevation and orientation on GCC, images on days which were
sunny and clear from sunrise to sunset were chosen. GCC showed step-like changes in the morning
(around 11:00 local time (LT)) and in the afternoon (around 15:00 LT) and were relatively stable in the
time between these changes (see Figure in the previous page). This result was common at both sites
through the growing season.

2) We calculated weather filtering index (WFI) and used solar radiation and precipitation data for
examining the effect of weather on GCC. When it rained, GCC showed extremely high values. Under
dark cloudy conditions, WFI values were close to zero (< 0.01) and GCC was relatively high because
the surface looked dark. In other seasons and other years, the similar diurnal variations in GCC and
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| WEFI were observed at the BU and BN sites.

—RWTSE 37 HIGHE U N

General Research 37 Corresponding Staff Tsujimoto, Hisashi

R EE AT IR (LEREREBEA BB AT 288

Principal Shigyo, Masayoshi

Researcher (Graduate School of Sciences and Technology for Innovation, Yamaguchi University)

WFFERRE AaT /A4 FEERX Ot L ATERE O LB AR

Research Physiological and chemical evaluation of drought tolerant capacity in carotenoid highly accumulated
Subject allium plants

HEffEE Abscisic acid (ABA) quantification using LCMS/MS

Summary of Allium plant leaves (control and drought treated) harvested in 2020 were pulverized and

Joint Research

freeze-dried. Methanol and stable isotope ABA were added to the dried powder. The mixture was incu-
bated for 24 h at room temperature. The supernatant was collected and filtered. The filtered sample was
used for LCMS/MS analysis (Fig.1). In comparison among control condition, ABA accumulation was
highest 6A chromosome addition line (FF+6A). However, that of FF+6A under drought condition was
not higher than any other lines. This suggests that ABA biosynthetic activity of FF+6A is low under
drought condition. On the other hand, 1A chromosome addition line (FF+1A) had the highest ABA
accumulation under drought condition although that is low under control condition.

[-carotene quantification using HPLC

The same dried powder as extraction of ABA was used for sample preparation. Acetone was added to
the powder and the supernatant containing leaf extract was collected. After filtering the collected solu-
tion, the solution was injected to HPLC. B-carotene content was calculated using calibration curve
drawn based on known concentration of B-carotene standard. Consequently, B-carotene content of
FF+1A was highest under both conditions and there was no different pattern between control and
drought (Fig.2). This suggests that B-carotene biosynthesis pathway is not affected by drought stress.

In conclusion, the 2 possibilities were proposed from these results. The highest ABA accumulation of
FF+1A indicate that ABA biosynthesis fully activate under drought condition by some genetic effects
on chromosome 1A. The highest ABA accumulation of FF+6A under control condition indicate that
ABA biosynthesis is constitutively high by some genetic effects on chromosome 6A.
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Research Mechanism of salt tolerance in Asparagus kiusianus

Subject

HFffFRE Asparagus officinalis and A. kiusianus plants were cultivated on the plastic pots with soil.

Summary of After we removed the soil and the roots were washed with water, the roots were soaked in NaCl solu-

Joint Research

tion (0, 200, 300 mM) for different time (0, 3, 6, 12, 24, 48 hours). After salt treatment, the cladodes
and the roots were cut and were frozen in liquid nitrogen and stored in -80 degrees before use. After
extraction of total RNA from these organs, we performed RTPCR and qRT-PCR with real time PCR
using the primers specific for DREB, SOS1, AKT1, AKT2 and PFK6 genes based on the database se-
quence of A. officinalis and A. kiusianus. These genes were selected from the candidate genes associ-
ated with salt stress according to the previous publication. The results showed that DREB and SOS1
genes did not show any changes in gene expression due to salt treatment. On the other hand, the ex-
pression levels of AKT1 and AKT2 genes were decreased by salt treatment. The expression of PFK6
gene was induced by salt treatment. The expression of the PFK6 gene was more induced in roots than
in cladodes. At 48 hours after treatment with 300mM NaCl, PKF6 gene expression was induced ap-
proximately 7-fold and 13-fold in A4. officinalis and A. kiusianus, respectively (Fig. 1, 2). These results
indicate that the treatment method used in this study can induce the expression of the genes related to

salt stress in these two species.
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Research Effect of global warming on late frost tolerance of plants in the cold Mongolian steppe

Subject

HEffEE It is concerned that global warming will advance the timing of plant germination and increase the
Summary of risk of exposure of young plants to temporary low temperature (frost damage). Grassland vegetation in

Joint Research

Mongolia is important for livestock production. Therefore, we examined changes in frost tolerance of
grassland species in response to global warming to predict future changes in the risk of frost damage.

In Experiment 1, we examined the changes in frost tolerance of two major grass species (Agropyron

cristattum and Stipa krylovii) with growth after germination. Plants were exposed to low-temperature
stress with -10°C for 3 hours at either 30, 40, or 50 days after planting. Plants were harvested immedi-
ately before and 15 days after the low temperature treatment, and above-ground dry mass was meas-
ured.
A. cristatum showed a decrease in above-ground dry mass only in the low-temperature treatment at 30
days after planting. On the other hand, S. krylovii showed decrease in above-ground dry mass in all
low-temperature treatments. These results suggest that warming may advance germination timing and
increase frost tolerance through growth acceleration, though the effect varies among species.

In Experiment 2, we determined interspecific differences in the warming effect on frost tolerance of
grassland species. Six grassland species were grown in growth chambers for 30 days under normal and
warming conditions (normal conditions + 5°C), followed by a 1-hour low temperature treatment. Low
temperature treatments were performed at -3, -6, -9, -12, and -15°C. The EC of leaf soaking solution
was measured, and the increase in EC due to low temperature treatment was considered as the frost
damage. The temperature at which the degree of cell injury reached 50% (LT50) was estimated and
used as an indicator of low temperature tolerance. The results showed that LT50 varied from -5°C to
-17°C depending on the species and tended to increase with warming in most species.

These results suggest that warming increases the risk of frost damage in Mongolian grasslands. As
the warming sensitivity of frost tolerance varies among species, warming may affect species composi-
tion of grassland.
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Research Metagenomics analyses targeting airborne microorganisms transported by KOSA

Subject

HFffRE T Objectives: Microbial dispersals by Asian dust events potentially influence ecosystem dynamics,
Summary of human health and climate changes, in the westerly-wind over East Asia. However, the functional char-

Joint Research

acteristics of airborne microorganisms were predicted depending on the taxonomic microbial composi-
tions. Here, after the whole genomic DNA in bioaerosol samples were determined, the functional genes
were analyzed using bioinformatics analyses (MAPLE :Metabolic and Physiological Potential Evalua-
tor).

Results: We collected aerosols at the Gobi Desert and the downwind areas, for analyzing the air-
borne microbial characteristics that are distributed vertically over desert area. MAPLE analyses using
whole genomic DNA revealed that the functional genes were predominantly originated from the several
bacteria species. The genes relating to osmotic regulation and sugar-organics synthesis were frequently
detected form the high-altitude samples, suggesting the airborne bacteria resistant to atmospheric
stressors by desiccation and biofilm formation. Antibiotic-resistance genes were also obtained from the
genomic DNA databases. Presumably, airborne bacteria, which possesses atmospheric-stressors re-
sistance as genomic levels, are transported to high altitudes of desert, and relate to the dispersal risks of
antibiotics resistance around down-wind areas. The aflatoxin-producing fungi was isolated from the
bioaerosol samples, suggesting the toxic producing genes should be focused on future.
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Research Comparison and evaluation of the seasonal dynamics of sap flow and thermal diffusion in decidu-
Subject ous-broad leaved trees.

HEffEE In the present research, we focused on the relation between drought- and freeze-tolerant properties of
Summary of tree. We clarified so far that various patterns of heat conduction and convection occur in tree trunks,

Joint Research

associated with sap flow in some cases or not in others.

Heat dissipation method (HD) has been applied for the measurements because of its low cost and
driving energy, convenient handling and long-term measurement potential. On the other hand, uncer-
tainties are also reported for the method, which probably caused by calibration procedures with ze-
ro-flow condition, daily or local variability of sap flow, site- or species-dependency, and so on.

To verify the accuracy and precision for the measurements of heat transport linking with sap flow in
tree trunk, signals of heater and reference probes of HD were separately recorded and their daily and
seasonal patterns were comparatively analyzed with meteorological parameters (ambient air tempera-
ture, humidity, wind speed, solar radiation,

Variation of signals detected from the two probes were matched well each other and almost parallel
to the seasonal change of ambient temperature. Daily fluctuation patterns of reference probe signals
were comparable to those of ambient air temperature during leaf-expanding period, whereas the daily
patterns of heater and reference probes were resembled each other during defoliation period. These
different characteristics of temperature response in heater and reference probes induced 1) the seasonal
transition of baseline in the temperature differential (dT, heater - reference) especially in early spring
and late autumn, and 2) temporal difference of daily amplitude occurred between the two probes, which
induced signal fluctuations as artifact.
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Research Research for improvement and effective usage of oil fruit trees in the arid land

Subject

HFEpFEE E Since August 2017, the cultivation of jojoba has been performed on a 4.2 ha farm in Beheira, Egypt.
Summary of Approximately 5,000 jojoba plants (about 4000 female cuttings and 1000 seedlings for pollen suplies)

Joint Research

are cultivated. In this study last year, 173 excellent plants with good growth and high fruit density, as
well as 36 standard plants, were selected from the cuttings-derived female strains, the seeds of each
plant were collected from July to October, the harvest season of jojoba, and individual yields were
measured and compared. As a result, more than 20 individuals had seed yields 1.5 times or higher than
the average yield of the standard plants, and there was almost no correlation between tree height and
seed yield. This year, the tree height and seed yield of the selected plants were measured again and
compared with the results of last year. The average tree height was about 1.2 times that of last year,
and the average seed yield was almost the same as last year. The seed yield variation among individu-
als was larger than last year, and more than 50 individuals had seed yields 1.5 times or higher than the
average yield of standard plants. Unlike last year, there was a correlation between tree height and seed
yield. Due to unseasonable weather in Egypt in 2021, it was reported that yields of olives and other
crops decreased significantly. In Jojoba, there was no significant decrease in yield unlike olives, but
environmental conditions might be involved in the difference from last year’s results. We will coninue
the investigation in the next financial year. To proliferate and conserve representative selected strains,
we started to produce cuttings from 36 plants. To study clonal propagation of excellent jojoba plants
by tissue culture, we acclimatized sterile jojoba plants grown on an agar medium to produce seedlings.
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Principal Nishihara, Eiji (Faculty of Agriculture, Tottori University)

Researcher
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Research Elucidation of main factors in sesame continuous cropping failure

Subject

HEffEE E We elucidated the main causes of sesame continuous cropping failure and investigated the below
Summary of three factors:

Joint Research

1) Imbalance of soil mineral nutrients
2) Allelopathy
3) Soil disease

The following results of the study contributed new findings necessary for understanding the causes
of continuous cropping disorder of sesame seeds.

(1) The imbalance of exchangeable bases in soil is a part of the yield limiting factor, and the base satu-
ration (%) was set to Ca2 +: Mg2 +: K + = 75: 25: 10 (%). It was clarified that adjusting the balance
improved the grain yield by 13 to 52% and reduced the continuous cropping failure.

(2) Hydroponics tests revealed that sesame root exudates have sufficient allelopathy to cause the
growth inhibition.

(3) As a result of BLAST search, M. phaseolina (stem rot) was identified as one of the major diseases
in the continuous cropping field, which was the first report of soil disease of sesame in Japan.

(4) It was clarified that the root exudate of sesame had a self-poisoning substance that suppresses the
growth of sesame but had antibacterial activity against the growth of the identified M. phaseolina hy-
phae.

In conclusion, the allelochemicals from sesame affected the growth of sesame itself. On the other
hand, each fractionated crude extraction exuded from root could not completely suppress the hyphal
growth of the soil disease identified in this study. The cause of the continuous cropping failure that
reduces the yield of sesame was mainly considered to be more likely to be a soil disease than the alle-
lopathic substance of sesame.
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Research Possibility study of large-scale estimation of soil moisture using GPS receivers

Subject

R Surface soil moisture is a key component of the water cycle. Larson et al. (2008) indicated one of the
Summary of new soil moisture content (SMC) sensing methods in the hundred meters of spatial scale. This method

Joint Research

is also known as Global Navigation Satellite System Reflectometry (GNSS-R), which demonstrates the
data derived from the Global Positioning System (GPS) receivers can be used to the measurement of
soil moisture content. The objective of this study is to demonstrate the possibility of SMC measure-
ment using low-priced GPS/GNSS receivers.

Two experimental sites were established in Tottori University Arid Land Research Center

(ALRC)and Filed Science Center (FSC). We developed the device to extract the data from GNSS re-
ceivers by combining low-priced micro computer and GNSS receivers. We also developed the software
to analyze Signal-to-Noise Ratio (SNR) data which is affected by surface soil moisture. To compare the
data from the GNSS receivers with measured SMC, Meter 5TE moisture sensors were installed at a
depth of 2.5cm.
The results from FSC showed that the estimated SMC from GNSS receivers showed relatively high
correlation with SMC measured by STE sensors when we select appropriate satellites and analytical
conditions, suggesting that combination of low-priced micro computers and GNSS receivers can be a
tool to estimate large scale surface soil moisture.
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Principal Sugimoto, Yukihiro (Graduate School of Agricultural Science, Kobe University)
Researcher
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Research Identification of seed germination stimulants for root parasitic weeds and elucidation of their biosyn-
Subject thetic pathways

HEHFE Methyl carlactonoate (MeCLA), found in Arabidopsis (Arabidopsis thaliana) as a non-canonical
Summary of strigolactone (SL), may be a biosynthetic intermediate of various noncanonical SLs and biologically

Joint Research

active as a plant hormone. MeCLA is formed from carlactonoic acid (CLA), but the methyltransferases
(MTs) converting CLA to MeCLA remain unclear. Previous studies have demonstrated that the carboxy
methylation of acidic plant hormones is catalyzed by the same protein family, the SABATH family. In
the present study, we focused on A14g36470 gene, an Arabidopsis SABATH MT gene co-expressed with
the MAXI gene responsible for CLA formation for biochemical characterization. The recombinant
At4g36470 protein expressed in Escherichia coli exhibited exclusive activity against naturally occur-
ring (11 R )-CLA among the substrates, including CLA enantiomers and a variety of acidic plant hor-
mones. The apparent Km value for (11 R )-CLA was 1.46 uM, which was relatively smaller than that of
the other Arabidopsis SABATH MTs responsible for the carboxy methylation of acidic plant hormones.
The strict substrate specificity and high affinity of At4g36470 suggested it is an (11 R )-CLA MT. Phy-
logenetic analysis demonstrated that At4g36470 and its orthologs in non-canonical SL-producing plants
cluster together in an exclusive clade, suggesting that the SABATH MTs of this clade may be involved
in the carboxy methylation of CLA and the biosynthesis of noncanonical SLs.

— T ZE 46 MG E EO N

General Research 46 Corresponding Staff Tsujimoto, Hisashi

HRAREE WE FE—H (BIORERYE)

Principal Kodama, Motoichiro (Faculty of Agriculture, Tottori University)
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Research HADiEH

Subject Isolation of Epichloé endophytes from Poaceae plants in Japan and its application for developing
drought/salt tolerant crops

HEffEE Epichloé sp. is a symbiotic endophyte of the grass subfamily Pooideae, which produces the livestock

Summary of toxic compounds indole-diterpene and ergot alkaloid (E) as secondary metabolites, and the entomotox-

Joint Research

ic compounds loline alkaloid and peramine. For the agricultural use of this endophyte, it is essential to
select and utilize strains that produce only entomotoxic compounds. Since this fungus is symbiotic with
some plants of the genus Elymus, a closely related species of wheat, we collected El. tsukushiensis
from Tottori and other prefectures and E/. dahuricus from Hokkaido, and isolated Epichloé spp strains.
After surface sterilization of the plants, they were placed on PDA medium, and the growing mycelia
were cultured passively. Colony characteristics and spore morphology of the isolated strains were ob-
served. Phylogenetic analysis based on the rDNA ITS region, B-tubulin gene, and TEF1-a gene se-
quences identified all isolates as E. bromicola. The multiplex PCR was used to test for the presence of
each toxic compound biosynthesis gene, and in addition to strains carrying the ergot alkaloid/peramine
genes, strains carrying the loline alkaloid/peramine or peramine genes were found. Furthermore, HPLC
and LC-MS analyses of the biosynthesis of the compounds in the host plants symbiotic with the pera-
mine gene-carrying strains indicated the possibility that peramine is actually accumulated in the host
plants.
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Research Key microbiome to help plant growth through nutrient supply under heavy metal contaminated soils
Subject
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Summary of
Joint Research

In this study, we aimed at revealing the microbial properties which is specifically found in the soils
beneath healthy plants under heavy meatal pollution. It was difficult to go to the soil sampling in Zam-
bia because of the COVID situation, but we successfully imported some frozen soil and plant samples
from Zambia to Japan thanks to the collaborators working in Zambia. For this reason, we are currently
working on the DNA extraction and chemical analysis for these samples.

Alternatively, we conducted several experiments in the lab to see microbial changes in
Pb-contaminated soils. One of the experiments was to know soil microbial changes over days after
various level of Pb addition. Another experiment is to test the effect of manure addition and animal
(mice) presence on soil microbes under Pb pollution. From these experiments, we found that high Pb
concentration simplify the microbial network. Also, the Pb pollution reduced soil nitrifier abundance
and net nitrification rate, but the manure addition and mice presence improved the nitrifier population
and nitrification rate. In further analysis for Zambian soil we imported, we plan to focus on whether
these microbial properties which was degraded by Pb pollution (i.e., network complexity and nitrifiers)
is improved beneath healthy plants.
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Research Mechanism of inhibited colonization of arbuscular mycorrhizal fungi under salinity stress

Subject

HFffRE We experimentally examined the effect of salinity stress on the relationships between mangrove
Summary of plants and arbuscular mycorrhizal fungi (AM fungi). Two Rhizophoraceae mangrove species, Rhi-

Joint Research

zophora
stylosa and Bruguiera gymnorhiza, were cultivated in pots filled with mangrove soils for three months
in a glasshouse. Then, half of the seedlings were grown in pure water, while the others in 0.2 M NaCl
solution. As a result, R. stylosa exhibited no mycorrhiza formation in their roots, regardless of the
treatments. In contrast, all B. gymnorhiza roots in the pure water treatment were infected by AM fungi.
However, the trophic relationships of B. gymnorhiza with AM fungi were weaken in the salinity treat-
ment; AM fungal structures were found only in one B. gymnorhiza seedling in the salinity treatment. In
addition, B. gymnorhiza leaves in the salinity treatment exhibited low C/N and C/P ratio, suggesting
that the salinity stress inhibited their assimilation rates and induced the redundancy of nitrogen and
phosphorus.

As a next step, we extracted AM fungal spores from mangrove soils (see the photo in the previous
page) and isolated them using a microscope. We are trying to increase these spores using sorghums (see
the right photo) and plan to inoculate the spores into the mangrove plants.
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Research Research of water-saving drought tolerant wheat that is able to adapt to Sub-Saharan region.

Subject

HEfFEE S Proceeding generation of RIL lines

Summary of Water-saving and -wasting candidate genotypes selected from field trial in Sudan were crossed each

Joint Research

other. Two types of crossed hybrid (F1) were grown to obtain F2 population. The RIL population “set1”
was only used for experiments in this fiscal year. The both sets keep being self-propagated to obtain F7
generation genotypes with speed-breeding method in Yamaguchi University.

Measurement of carbon isotope ratio

The matured flag leaves from 261 genotypes of setl (F2) were harvested and their carbon isotope ra-
tio was measured using IR-MS in ALRC. As a result, the values ranged from approximate -26 to -36 in
this set. This result indicates that the RIL population contains genotypes with various water-saving
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levels. Thus, the population are expected to become RIL experimental lines with diverse water-saving
traits and genetic backgrounds

Cultivation of RIL lines in the field to evaluate traits

To evaluate carbon isotope ratio and yield-traits (spike number, spike weight, seed number and seed
weight) of setl RIL (F6) grown in Yamaguchi University, they were started to cultivate in the field of
ALRC from the end of November, 2021. Harvesting and collecting samples for evaluation of
yield-traits and carbon isotope ratio is going to be performed in June, 2022. The harvested seeds are
going to be used for the other physiological and agronomical experiments later.
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Research Overcoming of the species barrier for the development of dry condition adapted rice

Subject

HmEffRE s Abnormal endosperm development caused hybrid lethal as one of the post-zygotic barriers and often
Summary of observed by an interspecific cross between cultivated and wild rice. We previously have shown that

Joint Research

mis-expression of several genes may cause the abnormal development of endosperm in the hybrid en-
dosperm. Besides, we also revealed epigenetic modification controls mis-expressed genes such as DNA
methylation and histone modification. Therefore, we predicted to change the epigenetic information in
hybrid endosperm overcome the endosperm barrier in the interspecific cross. We used emf2a mutant,
which mediates the repressive histone marks (H3K27me3), for the interspecific cross with wild rice.
An interspecific cross between cultivated rice, Oryza sativa, and wild rice, Oryza australiensis, forms
shrink endosperm leading and decrease viability in hybrid seed lethality. In contrast, when the emf2a
mutant rice used as a maternal parent crossed with Oryza australiensis, hybrid endosperm develops
normally and restores viability. Hence, this results shown that we can partial ocvercome the
post-zygotic barriers in interspecific crosses by reducing the H3K27me3 level in the hybrid endo-
sperm.ly
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Research Development and application of dust observation network in the Gobi Desert
Subject

LETEEE

Summary of

Joint Research
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Research Estimation of Desertification Progress using with Index of Ecosystem Function

Subject

HEEE S Desertification has been estimated from various perspectives, such as meteorology and geography.
Summary of Desertification indicates the changing of the vegetation and the ecosystem function.

Joint Research

However, the evaluation of the decertified area in terms of ecosystem function is not fully understood.
Therefore, we calculated the time series fluctuation of desertification using the ecosystem function
index (resistance and resilience). Resistance is known as the ability of an ecosystem to remain un-
changed after being exposed to extreme climate events. Resilience represents the ability of an ecosys-
tem to recover from damage after extreme events.

We used MODIS satellite-based Normalized Difference Vegetation Index (NDVI) and short-term
Standardized Precipitation Evapotranspiration Index (SPEI) data. Resistance and resilience were cal-
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culated from NDVI. We calculated SPEI from Precipitation (GPCC) and potential evapotranspiration
(CRU-TS) by the R library of SPEI. We focused on the duration of 2001-2020. Time and space resolu-
tion were monthly and 5 minutes (about 10km?2:2160x4320grids). We estimated desertification in dry-
lands except for croplands by resistance and resilience during the drought, which was determined from
the SPEL The results show the fluctuation of resistance and resilience, which indicates the condition of
desert areas. We could not find clear trends of resistance and resilience with the drought degree from
SPEI in drylands. Therefore, we will analyze the desertification from resistance and resilience in each
land cover. This result was accepted as an oral presentation at an international conference of EGU.
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Research Elucidation of wheat grain shattering mechanism in dryland

Subject

H[E R In this study, we aim to elucidate the genetic factors of the grain shattering of bread wheat, which is
Summary of a problem in drylands. The grain yield of wheat is greatly affected by the inflorescence (spike) mor-

phology, and the yield is improved by increasing the number of grains per spike. However, some wheat
varieties cultivated in drylands such as Sudan show grain shattering habits in which grains fall to the
ground before harvesting. This results in a yield loss of about 30%, thus the development of
non-shattering varieties is required. Therefore, the purpose of this study is to elucidate the mechanism
of grain shattering and identify DNA markers for the efficient development of non-shattering varieties.
The introduction of non-shattering varieties is expected to improve yield and stabilize, leading to sus-
tainable wheat production in drylands. In the 2021-2022 season, the relationship between the degree of
shattering and the curvature of the awns was examined under field conditions and the controlled growth
chamber conditions (left in the figure). As a result, it was found that in all the populations, the lines
with curved awns at the maturity stage have a high degree of shattering habit. When the spikes after
heading were cultured with a controlled growth chamber that reproduced the climate of Sudan, a simi-
lar tendency was observed. From this, it was considered that non-shattering strains could be selected,
and their responsible loci could be identified by investigating the presence or absence of awn curvature.
Therefore, we investigated the awn phenotype of plants cultivated in the ALRC field conditions in the
late maturity of the bread wheat core collection 190 lines developed by the NBRP wheat and conducted
a genome-wide association study (GWAS) to estimate related loci. As a result of GWAS, significant
correlation markers were identified in multiple chromosomal regions (right in the figure). Based on this
information, we plan to proceed with QTL analysis in the segregating population and develop markers
that can be used for DNA marker-assisted selection.
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Research Key microbiome to help plant growth through nutrient supply under heavy metal contaminated soils
Subject

HEFREE Objective

High temperatures occurring during flowering and early grain filling substantially decrease cereal
yields. Given the accumulated evidence showing that crop canopy temperature (Tc) better explains
observed yield reductions caused by heat stress than air temperature (Ta), this study evaluates the use-
fulness of Tc, relative to Ta, in designing high temperature indicators for agricultural monitoring and
forecasting.

Methods
The hot and dry environment of Sudan provide an ideal testbed in examining the explanatory power

65




of using Tv instead of Ta for yield anomaly. Tc is derived from crop model and land surface model
simulations. We used the regressions linking the high temperature indicators (calculated from either Tc
or Ta) with irrigated wheat yield variations in three regions of Sudan over the last half century.

Results

We find that using phenological periods instead of months for the entire wheat season (November to
February), as well as using Tc instead of Ta, clarify the adverse effects of high temperature on yield
during the key periods. The Tc-based indicators calculated for the key phenological periods are charac-
terized by their more robust multiregion applicability than the Ta-based indicators calculated for the
months and season, although they do not necessarily outperform the region-specific indicators in terms
of their explanatory power. The detected key period is the vegetative growth period for the relatively
cooler region (Dongola) but the reproductive growth period for the relatively hotter regions (Wad Me-
dani and New Halfa). These findings encourage agricultural monitoring and forecasting at national and
scales incorporation of Tc-based indicators.
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Research Factors regulating the sensitivity of Mongolian grassland vegetation to climate changes: focusing on
Subject ecosystem resistance and resilience

HEffRE s Future aridification in terrestrial ecosystems due to ongoing climate change will affect ecosystem
Summary of structure and functioning. Ecosystems are full of thresholds in their responses to climate and land-use

Joint Research

changes as well as in the way their components relate to each other. An ecological research priority is
to develop a management scheme that can secure essential ecosystem functioning and services in high-
ly stochastic environments. Recent efforts have identified the climatic thresholds in ecosystem func-
tions and in their relationships to biodiversity in a range of ecosystems. In this study, we go beyond
current knowledge, exploring climatic thresholds in ecosystem stability and stability-biodiversity rela-
tionships across Mongolian grasslands. Ecosystem stability over time is a fundamental property of any
ecosystem for the stable provisions of ecosystem services despite variations in environmental condi-
tions and disturbance. Based on the data from 813 sites covering whole Mongolia over 8 consecutive
years (2012 to 2019), we detected potential climatic thresholds in the temporal stability of plant
productivity, biodiversity, and stability components including species stability and synchrony. We fur-
ther evaluated how relationships between biodiversity or stability components and temporal stability of
productivity shift along extensive climatic gradients across Mongolia. We showed that temporal stabil-
ity of productivity, stability components, and diversity change abruptly with aridity. Species richness
and species stability generally enhance ecosystem stability despite variations in aridity. Species syn-
chrony matters in ecosystem stability in more arid areas but not in less arid areas, and the switch in
stabilizing mechanism occurs at aridity level of 0.8. Our study suggests that synchrony matters in more
arid areas, indicating that the loss of temporal complementarity among species due to environmental
change depauperates ecosystem stability in drylands.
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Research Change in future aridity in Asian and African drylands

Subject

HEE (Aridity Index) In order to clarify the factors that cause the differences in trends between changes in
Summary of the Aridity Index and future changes in vegetation in Earth System Models (ESMs), an experiment was

Joint Research

conducted using an ESM with fixed CO2 concentration perceived by the vegetation. The results
showed that Gross Primary Production (GPP) and Leaf Area Index (LAI) remained unchanged to
slightly increased in Mongolia without CO2 fertilization effect, but decreased in the Sahel. In both
cases, the CO2 fertilization effect was dominant, and GPP and LAI increased with that effect.
(Terrestrial Ecosystems) By comparing satellite observation-based data sets (“satellite data”) and
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terrestrial ecosystem model results (on 1982-2014), uncertainties among “satellite data” and the repro-
ducibility of satellite observations by terrestrial ecosystem models were evaluated. The results showed
that GPP has declined since 2000 in all data sets, and that interannual variation in GPP correlated well
with interannual variation in annual precipitation in the “satellite data,” but in some models, interannual
variation in GPP was highly correlated with temperature rather than precipitation.

(Regional Climate Model (RCM)) Due to the need for input data for the terrestrial ecosystem model
(DAYCENT), downscaling was conducted for periods not previously covered (2006-2015, 2036-2045,
2066-2079) (model: HadGEM?2 and scenarios: RCP4.5 and 8.5). The RCM outputs for temperature
(daily maximum, minimum, and mean), precipitation, and wind speed at 60 meteorological stations
were bias-corrected for these periods.

In addition, we compared and verified two types of GSMaP satellite precipitation products with and
without rain gauge correction for the entire Mongolian region, and summarized the characteristics and
cautions of each precipitation product by verifying GPM observations and GSMaP products based on a
case of heavy precipitation in the summer season in the area surrounding Ulaanbaatar. Further, a qua-
si-warming experiment was conducted using an RCM for a case of small/large precipitation events. As
a result, it was confirmed that under global warming the range of weak precipitation areas narrows and
that areas of intense rainfall (mainly in mountainous regions) locally tend to increase.
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(1) SM3SHIBE / Agreements of Academic Exchange and Cooperation

As of March 31, 2022
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(2) International Joint Research

Simulation-Based Schemes to Determine Economical Irri-
gation Depths Considering Volumetric Water Price and
Weather Forecasts

Period: Jul. 2019 - May 2022

Leader: H. Fujimaki (ALRC, Tottori University)

Organization: ICARDA, Tottori University

Funding: Development of crop husbandry technology in mar-
ginal rainfed environment using dryland plant resources
Subject: Exacerbating water and food insecurity urges more ef-
ficient use of water in irrigation through volumetric water pric-
ing. In this context, a field experiment was carried out to assess
the feasibility of a simulation scheme, called three-point used
to determine irrigation depths considering volumetric water
pricing and weather forecasts in comparison to both rain-fed
scheme and a simulation-based refilling scheme, which was
used to return the volumetric water content to field capacity.

Elevating effects of brassinolide application on wheat
growth, nutritional content, antioxidant activity and yield
under saline conditions

Period: Dec. 2019 - Mar. 2022

Leader: V. Otie (University of Calabar, Nigeria)

Organization: University of Calabar (V. Otie), ALRC Tottori
University (P. An)

Funding: University of Calabar

Subject: Brassinolide is a kind of plant hormone and has been
reported to promote plant growth and induce stress tolerance.
However, the effect of its application on soybean growth under
salt stress conditions has not yet been reported. Therefore, this
study was conducted to examine the effect of applying brassin-
olide on the growth of soybeans cultivated under saline condi-
tions. Experiment 1: Seed germination experiment: Brassino-
lide was applied to seeds under saline conditions, and the
germination rate of seeds was investigated using a growth
chamber. This experiment showed the elevating effect of brass-
inolide on seed germination under salinity. Experiment 2: Opti-
mal application amount, application time and salt concentra-
tion: Pot cultivation was carried out in a greenhouse under
saline conditions. Brassinolide was applied at three concentra-
tions during the seedling, vegetative growth, flowering and har-
vesting periods. Measurements included soybean growth, phys-
iological and biochemical parameters and yield.

Physiological responses of plants grown in saline Bohai Bay
to non-uniform salinity stress
Period: Apr. 2019 - Mar. 2022
Leader: Xiaojing Liu (Chinese Academy of Sciences (CAS))
Organization: Center for Agricultural Resources, CAS (X.
Feng, X. Liu), ALRC Tottori University (P. An)
Funding: Center for Agricultural Resources, CAS
Subject: Salt distribution in soils is highly spatially and tempo-
rally variable due to the complex interactions of environmental
factors. Plants may show differential responses to the heteroge-
neous salinity. The plants that show strongly positive growth
response to the heterogeneous salinity may be utilized for
greening or other purposes.

The aim of the joint study was to investigate the morphologi-
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cal, anatomical, and physiological responses of Hibiscus
moscheutos to a non-uniform salinity environment. If the seed-
lings grow better under non- uniform salinity environment than
under uniform salinity, then it will be important for creating a
partial lower-salinity zones or conducting partial soil replace-
ment to this plant in highly saline soil. The knowledge generat-
ed from this study can be directly translated into specific man-
agement measures for saline land revegetation and landscaping
programs.

Extractability, bioavailability and leachability of plant nu-
trients from sand dune soil applied with organic manures
under saline irrigation conditions

Period: Apr. 2019 - Mar. 2022

Leader: M. Irshad (University of Peshawar)

Organization: COSMAT University Islamabad, Pakistan (M. Ir-
shad), ALRC Tottori University (P. An, Y. Shao)

Funding: COSMAT University Islamabad

Subject: Salinity is a global problem. Reclamation of saline
soils is necessary for improving agricultural production in dry-
lands. The present study focused on the extractability of plant
nutrients within the soil solid phase as well as root selectivity
and translocation in plant at different organic manure and salin-
ity levels. Objectives of the research study were to 1) improve
production efficiencies in terms of nutrient inputs and marginal
quality irrigation water for the enhancement of crop production
in saline soils and 2) determine the effectiveness of organic ma-
nure on crop growth and nutrient bioavailability from sand
dune soil irrigated with saline water.

Development of Next-Generation Sustainable Land Man-
agement (SLM) Framework to Combat Desertification
Period: Apr. 2017- Mar. 2023

Leader: A. Tsunekawa (ALRC, Tottori University)
Organization: Tottori University (A. Tsunekawa, H. Fujimaki,
Nigussie Haregeweyn AYEHU, T. Taniguchi, N. Kobayashi and
others), Shimane University (T. Masunaga and others), Univer-
sity of Tokyo (T. Okuro and others) Bahir Dar University
(Enyew Adgo, Derege Meshesha and others) Funding: Science
and Technology Research Partnership for Sustainable Develop-
ment (SATREPS)

Subject: Proposing a framework for next-generation sustainable
land management (SLM)

The project will propose a framework for next-generation SLM
in Ethiopia, incorporating effects such as enhanced prevention
of soil erosion, improvement of land productivity and increas-
ing local residents’ income. Research sites will be set up in
three different areas (highland, midland and lowland) in the
Upper Blue Nile Basin, which suffers from serious soil erosion
caused by rainfall so as to develop practices and technologies
for improving land productivity by reducing soil erosion and
introducing crop-livestock production systems as well as link-
ing such efforts to improving the livelihoods of local residents.
Contribution to reduction of soil erosion, improvement of land
productivity and local residents’ livelihoods

Various SLM practices targeted to fight desertification have
been implemented in many areas of the world, but their sustain-
ability and effectiveness are being questioned. Hence this proj-
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ect aims to develop improved SLM technologies and approach
that could address the major limitations of the currently imple-
mented SLM practices and then to propose them to be used in
the study sites and beyond such as to the entire Blue Nile Basin
and other arid regions of the world that are experiencing similar
problems.

Impacts of climate change (ICC) on Drylands: Assessment
and Adaptation

Period: Apr. 2017 - Mar. 2022

Leader: N. Yamanaka (ALRC, Tottori University)
Organization: Tottori University (N. Yamanaka, Y. Kurosaki, T.
Kinugasa, M. Tsubo), Information and Research Institute of
Meteorology, Hydrology and Environment, Mongolia (P. Gom-
boluudev, B. Gantsetseg), Sudan Meteorological Authority
(Ahmed M. Abdelkarim), Agricultural Research Corporation,
Sudan (Imad-E. A. Ali Babiker, Amani A. M. Idris, Izzat S. A.
Tahir)

Funding: Tottori University

Subject: It is pointed out that global warming increases the fre-
quency of extreme weather events. Disasters such as heat wave,
drought etc. frequently occur in drylands as well, and they have
impacts like food scarcity. In this project, (1) we have conduct-
ed analyses of future climate from the viewpoint of such disas-
ters; (2) we have assessed their impacts on desertification and
agriculture; and (3) we have developed adaptation technologies
to mitigate their associated risks. We have proceeded researches
for their impacts on grassland ecosystem in Mongolia and their
impacts on wheat production in Sudan.

Breeding analysis for pleiotropic effects on canopy tempera-
ture and related traits in bread wheat

Period: Apr. 2018 - Mar. 2022

Leader: Y. Yamasaki (ALRC, Tottori University)

Organization: Tottori University (Y. Yamasaki), Agricultural
Research Corporation, Sudan (Izzat S. A. Tahir)

Funding: Kakenhi (2018-2021), SATREPS (2021-2022)
Subject: Some genotypes derived from specific synthetic wheat
were confirmed to have strong negative correlation between
canopy temperature and grain yield. This study will reveal
identification and network of QTLs regulating canopy tempera-
ture and grain yield as pleiotropic effects.

Project for enhancing the preventive measures for diabetes
in Philippines: Effects of Diabetes Self-management and
Peer Support Program based on Social Cognitive Theory
Period: Jan. 2017 - Mar. 2022

Leader: N. Kobayashi (ALRC, Tottori University)
Organization: Tottori University (N. Kobayashi, S. Kageyama,
C. Tanimura, M. Fukada, K. Hanaki, Y. Tokushima, S. Otani, T.
Okura, K. Inoue, H. Aoto), Osaka University (A. Nagata), Mu-
nicipality of Pateros (R. Flores)

Funding: International Platform for Dryland Research and Edu-
cation of Tottori University; Grassroots Project on Health Pro-
motion and QOL Improvement for Diabetics in Metro Manila
of Japan International Cooperation Agency (JICA).

Subject: Peer support is a measure to improve the diabetes-pa-
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tients’ health conditions and their QOL. To determine the rele-
vance of peer support in a low-income community, we initially
had a training for the peer leaders on diabetes self-management.
Then, we measured diabetes-related indicators of the peer lead-
ers and the other patients educated by the peer leaders every 6
months for 2 years, from 2017 to 2019. In 2021, based on the
recorded changes of peer-leaders’ cognition and emotions, we
qualitatively explored the factors to encourage the leaders to
continue their education program for other patients.

Evaluation on feeding confined Fogara dairy cows with the
quantification of methane emissions using laser methane
detector

Period: Jun. 2019 - Aug. 2021

Leader: A. Tsunekawa (ALRC, Tottori University)
Organization: Tottori University (A. Tsunekawa, N. Ko-
bayashi), Andassa Livestock Research Center, Amhara Region-
al Agricultural Research Institute (S. Mekuriaw, B. Hunegnaw,
W. Mekonnen), Bahir Dar University (F. Tegegne, Y. Mekuri-
aw), Lanzhou University (F. Hou), Shimane University (T. Ich-
inohe)

Funding: Marginal Region Agriculture Project of Tottori Uni-
versity; SATREPS—the Project for Development of Next-gen-
eration Sustainable Land Management (SLM) Framework to
Combat Desertification (No. JPMJSA1601) of Japan Science
and Technology Agency (JST) and Japan International Cooper-
ation Agency (JICA); National Key Project of Scientific and
Technical Supporting Programs of China (2014CB138706);
National Natural Science Foundation of China (No. 31172249);
Program for Changjiang Scholars and Innovative Research
Team in the University of China (IRT13019).

Subject: The methane emission from Ethiopian local dairy
cows grazed on natural grassland or kept under confined feed-
ing was evaluated by laser methane detectors (LMD) in dryland
of Ethiopia. Increases in the milk yield without increases in
CH, emissions suggested confined feeding as an alternative to
conventional grazing in drylands. These findings were pub-
lished in August 2021. Moreover, a video material about how to
measure CH, emissions with LMD was produced and distribut-
ed to the co-researchers in Ethiopia so that it will be further
studied for application in the field.

Establishment of haploid inducer in cowpea

Period: Apr. 2021 - Mar. 2022

Leader: T. Ishii (ALRC, Tottori University)

Organization: Tottori University (T. Ishii), Leibniz Institute of
Plant Genetics and Crop Plant Research, Germany (Andreas
Houben), The University of Queensland (Anna Koltunow), The
University of Georgia (Peggy Ozias-Akins), Langebio Cinves-
tav (Jean Philippe Vielle Calzada), The University of Zurich
(Ueli Grossniklaus)

Funding: Sub-award from the University of Queensland for the
grant ‘Hy-Gain for smallholders® from the Bill & Melinda
Gates Foundation (USA).

Subject: Cowpea (Vigna unguiculata, 2n=2x=22) is an import-
ant legume crop in Africa, and has a pronounced tolerance to
drought and heat stress. Haploids (doubled haploids) are very
instrumental to accelerate the plant breeding process. We intend
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to establish a haploid production method for cowpea via manip-
ulation of the centromere-specific histone H3 (CENH3) variant.
Cowpea encodes two types of CENH3s in the diploid genome.
Manipulation of cowpea CENH3s is in progress.

Development of climate change resilient innovative technol-
ogies for suitable wheat production in the dry and heat
prone agro-ecologies of Sudan and Sub-Saharan Africa
Period: Jun. 2018 - Jun. 2024

Leader: H. Tsujimoto (Tottori University)

Organization: Tottori University (H. Tsujimoto, Y. S. A. Gorafi,
Y. Yamasaki, H. Tanaka, K. Akashi, M. Tsubo etc.), Utsunomi-
ya University (M. Okamoto), Agricultural Research Corpora-
tion, Sudan (I. S. Tahir etc.), Sudan Meteorology Authority (A.
M. Abdelkarim)

Funding: SATREPS

Subject: The purpose of this research is to rapidly develop dry
and heat tolerant and nutritious and high-quality wheat varieties
by molecular breeding technology and to effectively spread
them by information communication technologies. The sub-Sa-
haran region, including Sudan, has the most undernourished
population and the demand for wheat is particularly high. How-
ever, the dry and hot environment is an obstacle to the produc-
tion. In this project we are constructing breeding base to devel-
op practical varieties by using the dry and heat tolerant wheat
lines that was developed in the previous studies.

New genetic resource development and advanced breeding
through connecting the Japanese wheat research resources
to a renowned international agricultural research institute
Period: Oct. 2019-Mar. 2025

Leader: Y. Matsuoka (Fukui Prefectural University)
Organization: Fukui Prefectural University (Y. Matsuoka), Tot-
tori University (H. Tsujimoto, T. Ishii, S. Sakuma, Kobe Uni-
versity (S. Takumi), International Maize and Wheat Improve-
ment Center (M. Kishii)

Funding: Fund for the Promotion of Joint International Re-
search (Fostering Joint International Research (B))

Subject: This study will produce a large number of “octoproid
synthetic wheat (AABBDDDD)” by crossing and embryo cul-
ture of a core collection of wheat ancestral wild species, Ae-
gilops tauschii (DD) with hexaploid bread wheat, Triticum aes-
tivum (AABBDD genome). Then, new technology will be
developed and established to introduce and use the diverse al-
leles of Ae. tauschii into T. aestivum. In the past 100 years, Ja-
pan has led the world in wheat research, including the discov-
ery of wheat chromosome number and the elucidation of the
evolution of polyploidy, and has the highest level of research
resources (human resources, technology, and genetic resourc-
es). This research will take advantage of the opportunity afford-
ed by the completion of genome sequencing to mobilize re-
search resources and promote collaboration with the
International Maize and Wheat Improvement Center (CIM-
MYT, Mexico) to solve the problem of food production under
climate change.
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Development and identification of bread wheat resilient
germplasm for Qatar

Period: Jan. 2021 - Dec. 2023

Leader: H. Tsujimoto (ALRC, Tottori University)

Organization: Tottori University (H. Tsujimoto, Yasir S. A. Go-
rafi), Qatar University (Talaat A. Ahmed, Mohammed Al-Sa-
fran, Walid Kriaa)

Funding: QU Marubeni Grants

Subject: Wheat is one of the main food security crops in many
countries around the world including Qatar. Qatar depends
mainly on imports to meet the domestic demand for wheat.
Wheat production in Qatar is very low and fluctuating from
season to season with the fluctuation of the cultivated and har-
vested area. This low productivity is mainly due to the lack of
well-adapted bread wheat varieties and suitable production
technologies. It is reported that there is a dire need to develop
genotypes that are either tolerant to terminal heat stress or that
mature early without yield losses to escape the stress. There-
fore, to pave the way for sustainable wheat production in Qatar
well-adapted, high-yielding varieties and production technolo-
gies should be developed taking into account the limited water
resources and poor soil quality. In this research, a unique bread
wheat germplasm developed and tested under stress conditions
will be used to identify suitable bread wheat germplasm for
wheat production and improvement in Qatar.

Development of Resilient E-farming for agro-climate risk
management in African Multi-environments

Period: Apr. 2021 - Mar. 2024

Leader: M. Tsubo (ALRC, Tottori University)

Organization: Tottori University (M. Tsubo), Agricultural Re-
search Council, South Africa (M. Moeletsi), Senegalese Insti-
tute for Agricultural Research (G. Dorego)

Funding: JST

Subject: This project aims to advance science and technology
in agricultural drought risk management in sub-Saharan Africa
by developing a decision support system that uses climate fore-
casts. An interdisciplinary study involving Japan, South Africa,
and Senegal is conducted to understand crop responses to the
seasonality of current and future climates. Specifically, the Jap-
anese team develops and validates a crop model, while the Af-
rican team conducts climate data analysis, climate forecasts,
yield surveys and field trials, and farmer’s vulnerability assess-
ment and climate change impact assessment.

Enhancing food security using water harvesting in West
Bank of Palestine

Period: Apr. 2016 - May 2023

Leader: H. Fujimaki (ALRC, Tottori University)

Organization: An-Najah University (Abdel Fattah El-Mallah),
Tottori University (H. Fujimaki)

Funding: Development of crop husbandry technology in mar-
ginal lands using dryland plant resources

Subject: To enhance food security of Palestine, feasibility of
new water harvesting method, water harvesting using plastic
sheet and a reservoir, is evaluated through an automated irriga-
tion experiment.
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Optimization of trigger suction for automated irrigation to
Date Palm in Palestine

Period: Apr. 2018 — Mar. 2023

Leader: H. Fujimaki (ALRC, Tottori University)

Organization: National Agricultural Research Center of Pales-
tine (Z. Feras), Tottori University (H. Fujimaki)

Funding: IPDRE (Irrigation and Water Resources Management
Group), Tottori University

Subject: To enhance food security of Palestine, optimum trigger
suction for Date Palm trees is searched by automatically irrigat-
ing with three different suctions in experimental orchard in Jer-
icho station of NARC.
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(3) Visiting Researchers, Trainees and Research Students
Visiting Researchers

Xin Long

(Oct. 1, 2021 — Sep. 30, 2022)

Graduate student, School of Psychology, the University of
Adelaide

Private funds

Research Students

Taye Minichil Meshesha

(Oct. 1, 2020 - Sep. 30, 2021) Ethiopia
Alebachew Tareke Kehali

(Oct. 1, 2021 - Sep. 30, 2022) Ethiopia
Amir Ibrahim Ismail Emam

(Oct. 1, 2021 - Sep. 30, 2022) Sudan



