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Background

Degradation of soil, surface water, salinization of 
groundwater, water shortage, sloppy management

Crop yield reduction Migration, poverty, food scarcity, health damage…

Large scale irrigation developed in former Soviet Union

Salinity condition in Karakalpakstan

Non-conventional Water Resources : NWR

Halophytes

Non-Conventional Crops : NCC forgotten resources non-used as 
forage, fuel medical herb, material, etc.

Drainage water（high mineral water）　→　terminal lakes

grow in arid & saline environment (dry tolerant, salt tolerant, salt loving)



Tohoku Univ.
Sandstorm monitoring, 
climate change impact

Kyoto Univ.
PI. Water resources analysis, 

climate change impact, 
components integration

IICAS
Partner – PI. 

Research, education and 
knowledge distribution

TIIAME 
Development of the 

technologies and training in 
soil salinity management

Kobe Univ. Ibaraki Univ.
Crop growth & condition 
monitoring using satellite

Chiba Univ.
Solar radiation & sandstorm 

monitoring using 
geostationary satellites

Mie Univ. Tottori Univ. Osaka 
pref. Univ.

Salt tolerance, phytoremediation, salinity 
management

Univ. of Kitakyushu 
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value chain analysis
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Halophytes utilization, 

crop-value chain analysis

PANAEV Farm
Trial implementation of CHMF

Balyq Nukus
Trial implementation of CHMF

Partners



     
Target 5-10 years after the project implementation

• Assist transition to the sustainable agriculture and improve 
resilience in the river deltas of Uzbekistan （Water / Energy / 
Food / food security, increased income, climate change）

• New business model(s) based on internal circular saline  
agriculture concept ( e.g. Circular Halophytes Mixed Farming 
(CHMF) -effectiveness of the transition to new water-saving , 
climate smart and salt-based agriculture from a long-term 
perspective;

• Generate Knowledge and Human Capital Development SADEP – 
new vision on Saline Agriculture  Development and Education 
Platform – synergism with Global Soil Partnership 
(GSP);  International Network of Salt-Affected Soils  (INSAS) etc. 

Overall Goal



Agricultural information system (AIS)

Nagano, Kobe University



Amu Darya Delta (Extremely Arid)

Changes of annual irrigation water requirement

Irrigation water requirement will be higher in the future.
 Plants needs more water under warmer climate.
 Required water will increase especially in drylands areas

Analysis in whole basin

End Century

Present

Climate change impacts on seasonal change

Irrigation water requirement will 
increase in whole basin.

What about water and climate?

Touge et al. (in preparation) 

Modelling application efficiency
(water loss in the field)



Real time monitoring

Solar radiation estimation 
by geostationary satellite 
Meteosat MSG1

• Near real-time monitoring of water, radiation 
and vegetation

• Meteorological observation stations and Solar 
radiation observations at major sites in 
Uzbekistan.

• Supersite to observe surface fluxes

• Combination of drones and satellite 
observation

• Reflection of salinity in irrigation based on 
actual evapotranspiration



Showcase innovative solutions in Saline Agriculture, where 
each waste has an opportunity 

Conventional 
crops (CCs)

CCs (decrease 
in yields)

Abandoned 
farmland 

Soil washing
or

Soil replacement

Salt or
CCs CCs 

(decrease 
in yields)

Halophytes with 
non-

conventional 
crops (NCCs)

Salt-tolerant 
NCCs

CCs Halophytes 
with NCCs

Salt-
tolerant 
NCCs

Circular Halophytes Mixed Farming (CHMF)

Conventional farming

Comparison between conventional farming and the Circular Halophytes Mixed Farming (CHMF) proposed by 
this project. In CHMF, salt-affected farmlands can be remediated by cultivating a combination of halophytes 
with high salt removal capacity and non-conventional crops (NCCs). (Source: Matsuo Naoko, Mie University)



Types of soils 
damaged by salt Recoverable? Soil restoration method

Class I.
Maximum (desertification)

impossible Soil removal 
(civil engineering)

Class II.
High (abandoned lands) necessary

Restoration with halophytes
(Bio-remediation, SATREPS)

Class III.
Medium  (yield reduction) possible Growing salt-tolerant crops (legumes, 

sunflower) Washing by irrigation

Class IV.
Non-saline - Normal cultivation of conventional crops

Class. I

Class. III
Class. II

Class. IV

（Soil cleaning）

Salt tolerant crop 
productionHalophytes 

farming

Recovery stages

Biogas (CH4 50%)
fuel for village

Methane
Ferment 
Reactor

Non-forage

Drying by sun

Solid liquid
Distributor Salt water

Processing by 
Microorganisms

Artificial rumen system

cutting

Isolation

Salt-damaged soil

SaltSalt

SaltPlants
Non-forage types 
（high salt removal）

Forage types
（seeds?　leaves?）

Livestock feed
Reclamation of saline soil

Restoration of saline land by active cultivation of 
halophytes, which grow naturally in the field.

Yasui Hidenari, Kitakyushu University



Salt substance in river 
and irrigation area
・point source
・non-point source

Feasibility analysis components considered in the integrated 
modelling framework for the Amu Darya River basin

Irrigation management actions
(practical scenarios)
・salt removal
・irrigation water control
・crop allocation
・saline agriculture
・water saving irrigation 
・drip irrigation for minimizing 
　the amount of irrigation water

• Optimization of land use
• Optimization of irrigation water volume for 

minimum salt discharge into river channel

Control of the amount of irrigation by the 
cultivation management system

Integrated modelling 
and analysis

Irrigation analysis
・inflow and outflow of 
  water and salt
・retention

Hydrological analysis
・river discharge
・infiltration

The irrigation water
is calculated based on 
annual lift (in stead of river 
water source ), 
crop area and irrigation period.

Salinization control

Priorities Water/ salt Balance



Artemia cysts reared 
in artificial ponds

Life cycle of 
Artemia

Rearing artemia cysts in ponds: 
- To increase the mass of Artemia crayfish and their 

cysts:
- Source as a protein supplement in feed 

production 

Artemia breeding in ponds which:
- Very saline 
- Not usable for crop cultivation 

Artesian water source 
for pond 

Used water from RAS:
Daily water output: 120 m³

Recirculation Aquaculture 
System (RAS) 

Rearing cysts in 
pond

Final product

Cysts
Hatching 
process

young shellfish

Naupli Juvenile 

 Adults

Female

Male 

Saline Aqua-agriculture Modular 
Farm 

Nukus Balik 



Integrated Crops-Livestock Modular Farm – using halophytes and round High mineralized water 





Integration of hydrology/meteorology 
with halophyte-based Agriculture 


