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Preface for Photobooks of Drylands

There are no deserts or drylands in Japan. However, many issues that drylands face are not com-
pletely irrelevant to our lives in Japan. Many food products consumed in Japan are produced in
drylands, which means Japan -the importer of the food produced in drylands- will be severely
affected when the agriculture of drylands gets distracted by crises such as drought. There actually
are cases in which Japan can directly get affected by problems occurring in drylands. One of the
best example is Asian dust emerged due to desertification and drought happening in drylands of
China and Mongolia. Japan is one of the contracting states of the United Nations Convention to
Combat Desertification. As a member of the international society, Japan must make contributions to
combat challenges people in drylands are facing.

The Photobooks of Drylands will introduce the nature and lifestyles in drylands and various chal-
lenges emerging in drylands through the photographs taken by researchers who spends great deal
of time in drylands. May this book stimulate your interests in intense yet beautiful nature, various
lifestyles and unique species of drylands.

October 2016
Norikazu YAMANAKA

Director, Arid Land Research Center, Tottori University
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Preface for Photobooks of Dryland Series vol. 4 “Salinization in Drylands”

Most commonly in drylands, the salinity levels are always high and evenly dispersed; due to this
salinity levels the plant cultivated are usually tremendously affected. Normal plants cannot grow on
soils with high salinity levels and soils with high salinity levels usually create a unique ecosystem
that selects only for specific plant species. In this book, we would like to analyze the effect of human
activities on the salinity levels of soils in drylands. Anthropogenic salt accumulation has severely
damaged the agricultural potential of soils in drylands. Although anthropogenic salt accumulation
happens in drylands around the world, the Aral Sea basin in Central Asia has been known to be a
region where a serious salt accumulation problem occurs. In this region, salt-damaged farmlands are
widely distributed, and researchers from around the world, including those from Tottori University, have
been working relentlessly to restore salt accumulated lands in this region. This book seeks to inform
its readers about the nature of salt accumulation in soils of drylands and the challenges faced in achiev-
ing a sustainable land with agricultural potential from salt affected soils.

March 2020 Norikazu YAMANAKA and Kristina TODERICH
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Geomorphology Associated with Salinization
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In soils of drylands, the occurrence of salt accumulation often appears normally on the surface of the soil. Salt
accumulation often results from water management failure in agricultural lands, but salt accumulation in these
soils has been known to also occur under natural conditions. Salt accumulation under natural conditions is referred
to as “Primary Salinization”; while the accumulation of salt due to anthropogenic sources is called “Secondary
Salinization.” Topographic factors are closely related to primary salinization. Salt accumulation on the ground
surface is common in places called Playa where inland shallow lakes have dried up. Salts that are from such inland
salt accumulated sites are brought about by weathering of salt minerals and the influence of oceans.

(Norikazu YAMANAKA)
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Primary salinization in Playa (Death Valley,
California, USA).
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Primary salinization in Playa (Death Valley, California, USA).
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Halophytes growing around salt accumulated areas in playa (Death Valley, California, USA).
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Salt Accumulation in the Wadis
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In arid regions, there are lots of “Wadis” where water does not flow. In such Wadis, even if the water remains
stagnant, the groundwater level still remains high which causes large concentrations of salt to rise from the
underground water bed to the surface as a result of evaporation, due to this salt accumulation is often seen at the
bottom of the river. (Norikazu YAMANAKA)
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Salt accumulation in the Wadis (Southern Tunisia).

Halophytes growing in the Wadi, Taklimakan desert (Xinjiang Uygur Autonomous Region, China).

Part 1.
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Salt Lake : The Dead Sea, Jordan
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Lakes with high salt concentrations are found most commonly in drylands. Salt accumulation is common usually
around salt lakes, and some water bodies are prominent salt producers. The Dead Sea, located in the border of
Jordan and Israel on the Arabian Peninsula, is a typical salt lake. The altitude of the Dead Sea is the lowest in the
world, which is around -418 m. The salinity of its water is very high, and it may attain a concentration of about 10
times that of sea water. This makes the water more buoyant and makes it easier for people to float on the surface of
the lake. In addition, due to its high salinity, there is usually the formation of salt crystals on the shores of the lake.
The Dead Sea is known as a great place for sightseeing and relaxation. (Norikazu YAMANAKA)
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Salt crystals are frequently found on the shore of the lake (The Dead Sea, Jordan).

Part 1.
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Because the buoyancy is strong, people float easily (The Dead Sea, Jordan).

KRHIZEZ S DOANADE T2 (TN 2 S .
The shores of the Dead Sea are a haven for many people (The Dead Sea, Jordan).
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Salt-affected soils are widely distributed in arid land, and Solonchaks and Solonetz is representative of them. The
total space area of the world is estimated to be about 260 million hectares for Solonchaks and 135 million hectares
for Solonetz, and their area corresponds to about 7 times and 3.6 times the land area of Japan, respectively. These
soils are formed by the influence of water in arid environment. Solonchaks are most likely to form in arid/semi-
arid environment, where enough evapotranspiration causes the water levels to move up from the groundwater
due to capillary action. They are widely distributed in Northern Africa, the Middle East, the former Soviet Union,
Central Asia, Australia, the United States, etc. On the other hand, Soronetz is formed under the continental climate
(summer dry season and rainy winter season with annual rainfall less than 400 to 500 mm) in a semi-arid region
with rather more rain than the area of Solonchaks, these zones are distributed in Ukraine, Russia, Kazakhstan, the
United States, Canada, South Africa, Argentina, and Australia etc.

(Sadahiro YAMAMOTO)
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Typical salt affected soils (Solonchak and Solonets)
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= Solonchak

Solonchaks are the soil in which a large amount of salts (mainly sodium salts such as sodium chloride and
sodium sulfate) have been accumulated. Typically, the soil surface is covered with precipitated white salt that
have risen by capillary action from the lower layer with water. Due to excessive accumulation of salt, ordinary
plants (Glycophyte) cannot grow, this selects only for halophytes (plants with strong salt tolerant and/or high salt
preference). Solonchaks are artificially (secondary) formed when groundwater level rises due to poor management
of irrigational system, the process of soil salinization has been a serious cause of soil degradation for over 6,000
years in irrigated farmlands of the world. (Sadahiro YAMAMOTO)

vuarydyy 7o (Fa=Y7, Y2 Fill),
Soil Profile of Solonchak (Chott el Djerid, Tunisia).
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u Solonets

Soronetz have been known to possess low salt concentrations
due to salt leaching in the winter/rainy seasons, but the sub-
soil has a dense columnar structure that is tightened due to the
influence of sodium ions. Most of them contain free sodium
carbonate and show strong alkalinity levels (pH> 8.5). The
productivity of Solonetz is low due to poor permeability of the
sub-soil, insufficient thickness of surface layer and its strong
alkalinity. The application of calcium salts is an proper means of
improving for the efficacy of Solonetz.

(Sadahiro YAMAMOTO)

Sparse cover vegetation at Solonetz soils (Southern Russia).

vuaity OB (Y7 AVIFT),
Soil Profile of Solonetz (Kalmykia, Russia).
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Introduction to Halophytes

20

TR R e 5 S

3L AEORWIZ IED A MLV AIIERTH D BB HIE ST 502 Rz vk
I AERLY) (glycophytes) EMHEN D D TH S, 2D & 5 HRIEEAMB . WHPER L
BRECREFTTAZLPHEETH S5, SHIH L. EGSDOLVEREE T THAFWRET, %Kit
RZHRE S X9 HHiWIE, HAEHY (Halophytes) & MHEN 5o F 7= HERI X, {0 A5
HELROCRET ISP HET 2RE N CEFTFRL 25 2 L2 0, iFERY LI
na2tddHsb,

WA ARG DL WEREICET TE 24 A L LT, A% T3 24084 L HHIC
it Z 2HAFAD 2OPHONT VS, W ZEHIHT 2MAMAL LTEW 2260 TED,
B DHARPIC A > TZ v X 5125 2 [HSHERR I BEEE. KPS A » T & 72365 % 4t
WCHES 2 (M B2 Hdk. 2 L TR THMIRE 2K T 322 BESH R Bk 225 5.

W 2 B AL A & LTI AKNICA - T E 7250 2N 0 & /i h 2 55012
FEEEL C.MIRNO BE RIS 2 FAHHMAPNSON TV D, T2 KPICA->TERT b
YT AL A4 F NGV ADORBIIHT TR ETOL WERBEICL > THELLE
WIRBTLISHPLT 5 720 ANICEREREDH L IFEha2WEEZBOALI L MONT
w5, (3=l i)

Most plants are so-called “Glycophytes” due to their high levels of sensitivities to slight changes in salt
concentrations. Such plant species are difficult to grow under saline conditions. On the other hand, plants that can
grow and thrive comfortably under saline environments are called “Halophytes”; they are also referred to as “Salt-
loving plants.”

There are two known mechanisms by which these plants species have been able to adapt to such harsh survival
conditions: the mechanism to regulate salinity in the plant and the mechanism to tolerate salinity. As mechanisms
to regulate salinity in the plant, by “salt exclusion” functions
to prevent the salt from entering the plant, “salt elimination”
functions to discharge salt out of the plant, and the “salt
dilution” aids to reduce salt concentration in the cells of the
plants.

Several mechanisms to tolerate salinity have also been
recognized. Firstly, is by protecting the important organelles
in the cell by sequestering the salt in the vacuole of cell.
Secondly, is the mechanism of resisting the impact of sodium
ion and ion balance, and third is the mechanism of storing
substances called osmolytes in the cells of the plants to
counter the high osmotic pressure generated by the saline
environment. (Norikazu YAMANAKA)
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Halophytes growing in the salt accumulated area of Jungar basin (Xinjiang Uygur Autonomous Region, China).
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Halophytes of the family Amaranthaceae which grow on the salt accumulation area of Playa (Death valley, California, USA).
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Halophytes of the family Amaranthaceae which grow around salt Tamarisk sp. growing in the salt accumurlted area of northern
lake (Southern Tunisia). Taklimakan desert (Xinjiang Uygur Autonomous Region, China).
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Salt Succulence and Dilution of Salinity
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The plants of this group are the most typical types of halophytes, which grow widely in highly saline soils with
shallow water (Solonchak-Alkaline and Solonetz soils). These plants can absorb salty water and accumulate it in its
cells, so that its leaves and stems become turgid. This makes it possible to keep the concentration of accumulated
salt nearly constant over a long period of time. In addition, the salt accumulated in leaves and stems is also used
to adjust the osmotic pressure in the plant body. Many plants of this group have both C3 and C4 photosynthetic
types. In this group, many plants are of the family Amaranthaceae, and plants of the genus Salicornia, Anabasis,
Halostachys, Haloxylon, Halocnemum, Climacoptera are typical examples. Besides this, plants included in this
group also exist in mangrove swamps that usually grows on the coast.

(Norikazu YAMANAKA and Kristina TODERICH)

¥y (hE HEY 4 ZVEBX).

Salicornia europaea grown in the salt accumulated area of
Jungal Basin (Xinjiang Uygur Autonomous Region, China).

TV

BORRZHE O 2B 1AEARY (5 240~50cm) . #EK ($35,000ppm) YL 0¥ 555
BRI} 2% LA TEBFOBRI VIR SBVHIRE T, AT DIF & A L DOREE
PR LW O FER M, 7 5 THIROE AL I T h LIFEN BRI HAiT 5,
WHDLWIIEEZGA, LIEUISHBEEZ KT 2, MO TBICATT 22204 #
KICEP->THEFETHZ L TE S,

Wi AT 2BEOKFELTRD X { B O5h 25RO —o T, MKkI 5L
T TV eV XYFORVEEC R S, 97 7B ZONPETGI ERMOh TV,

G bFYF ZYRF4—F)

Salicornia europaea L.

An annual plant of the family Amaranthaceae with a shallow root system can normally tolerate salt levels greater
than that of the sea water (about 35,000 ppm). The plant species have been known to grow in most coastal marine
environments and sabkhas throughout the world, from warm tropical to cold zones. These plants have been known
to prefer saline soils and would usually form pure communities thereafter. They are known to be one of the usually
occurring forage plants of the natural salt marsh desert pastures. It is largely consumed by large horned cattle,
sheep and goats in the early autumn/winter seasons usually by camels.

(Kristina TODERICH)
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A plant community dominated by Salicornia europaea is established around salt marshes (Kyzylkum desert, Uzbekistan).
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Anabasis salsa (CAM) Benth

Small succulent shrub (Height: 10-60cm) of Amaranthaceae. The shape of this plant species is almost spherical and
possesses succulent stems with a strong woody ramified section in the center. They have been known to exist on
alkaline meadow salt marshes, sandy desert saline soils with high content of gypsum. It is one of the best pasture
grazing plants for camels in all seasons from Mongolia, Central Asia to Morocco, most preferable in the autumn
and winter seasons as fattening forage. Sheep, goat and horses mostly consumes this plant in the early spring
and autumn. Fresh forage of Anabasis contains high quantity mineral salts (45% of soluble salts) and secondary
metabolites, such as alkaloids, oxalate, glycosides, tannins and polysterols. The extract from this plant is used as
medicine while extract from biomass is used as pesticides. (Kristina TODERICH)
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A. salsa growing in high gypsum content saline soil (top). Plants are in fruit formation and
seed maturation stages (Left). (Kyzylkum desert , Uzbekistan).

NBARF A BAEND

B ER25mIZET B e 2RO AR, Z AT, £, Z
LCHIA L s 282 A5 %0 B R R otER R v 1 v
Fxv 7 =-TNhYTECTCRIAEFL Sy FRICHT 5,
7 I NEDT LS5 72K T o ROy e v F v v
7 —TNHY) EETHRET 5. L TOfERDE LT
MRV, BKOF B ELBRBICEbLRA-AICIE. T
I FICERLNLZ DD D W EWILL THMARICER
S0 S REORVEEEBET L 200ENRH
SkrFHE LTRMN SN G, WERIZ. AL THELT
SHHT %0 EMHTEMMMAEL AV Y AHLLTL
EWICHMEND, TS OMMP IRtk %
FoTwa, LM FYYF ZYURT 4 —F)

Halostachys caspica (Pall) C. A. Mey. ex Hohen.

Shrubs (up to 2.5 m in height) of Amaranthaceae with succulent fleshy,
articulate and ramified branches. This plant species has been known to occur
mostly in clusters, individually or in patches on wet compact and muddy
salt marsh. This unique plant is able to grow on wet salt marsh (Solonchak-
Alkaline) soils of the Aral Sea dry bottom. This plant has poor grazing value
on pastures. Sometimes it is eaten by camels after the autumn/rainy seasons
or the stormy winter. This plant is known to absorb and accumulate high
concentrations of salt, which makes it a good choice as Phyto-Meliorant
Local pastoralists frequently makes use of its stems as wood fuel when it is
dry; It is also valued for its high decorative and medicinal potential and as
source of potassium extraction. Extract from this plant have also been known
to possess strong insecticidal properties. (Kristina TODERICH)
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Halocnemum strobilaceum (Pall) M.Bieb.

Succulent small shrub (Height 10-40 cm) of Amaranthaceae grown in wet
salt marshes and saline sandy soils. It’s an excellent prime colonizer of
highly saline soils. The plant species occurs frequently at the dry bottom
sections of inland water bodies, lakes, seashores etc. They have been known
to possess high salt demand for normal growth and the production of seeds.
It is used in the rehabilitation of halophytic pastures; Grazed mainly by
camels only in autumn- winter seasons.

(Kristina TODERICH)

WHERICAEBT T A0S
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Halostachys caspica is the colonizer
of salts affected soils; used by local
pastoralists as fuel, near Karabuga
settlement. (Karakalpakstan,
Uzbekistan)

HRERMEF T 2 07 %
<A AT TETL(T AN
FRAF V),

Halocnemum strobilaceum growing in
salt affected soils.(Uzbekistan).
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Haloxylon spp.

The plants of Haloxylon species are shrubs or small trees (Height: 1 to 8 m) of Amaranthaceae, and grow on the
depressions of sandy beds and hillocks with a variable salt content, as well as on the valleys and bed of old rivers.
These plant species are widely distributed from Mongolia, China to North Africa. The branches in the current
growth year are green and succulent. The leaves then degenerate and become scaly. Its roots extend deep into the
ground and utilizes ground water. Longevity is about 50-90 years. Haloxylon is one of the most preferable forage
plants for all kinds of desert animals, and is frequently used for the creation of sand-fixing and wind-protective
artificial shelter belts in the desert areas. In addition, these plants grow well in salty environments, so these play
a major role in afforestation of salt-affected lands. Wood is used for timber production while the locals use it as a
source of fuel. Ash from its green younger branches (Ichkara) is used widely for dyeing wool due to its dark brown
color. (Kristina TODERICH and Norikazu YAMANAKA)

A : e _._ "'.I-)"I. o al a{_l =, 2 " .
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Haloxylon ammodendron (left) and fruits (right) growing in salt accumulation areas in the northern part of the Taklimakan Desert
(Xinjiang Uygur Autonomous Region, China).

H#&ENICEFT L axvny 77450 (1H) LR
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WB(TARFRY V),

Haloxylon aphyllum growing in the village (top), and the
branches of the current year with fruits (bottom). The young
branches are fleshy (Uzbekistan).
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Salt Elimination
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Among halophytes, there are plants having a “salt elimination” functionality to actively discharge salt that
has entered into the plant. As a mechanism for discharging salt out of the plant, there is a plant type in which
concentrated saline water is discharged from a special tissue called the salt gland, or a type in which salt is
discharged by shedding special hair that has accumulated salts. Well known examples of halophytes having salt
glands include plants of the Tamarix of Tamaricaceae, Aerlopus and Spartina of the family Gramineae, Limonium
of Plumbaginaceae, and Avicennia of mangrove plants growing in coastal areas, etc. As halophytes having special
hairs that accumulate salt, the genus Atriplex and Salsora of Amaranthaceae are well known. There are also plants
that discharge salt by dropping old leaves and branches that contain salt. (Norikazu YAMANAKA)
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Halophytes with salt glands : Tamarix

Tamarisk species are deciduous or evergreen trees belonging to family Tamaricaceae; about 50 species are known,
mainly in the drylands from Eurasia to North Africa. In recent years, the distribution has spread to arid areas in
North America. There are many shrubs with a tree height of about 1 -2 m, but some species exceed a height of
about 10 m; its leaves are small and scale-like and most species have beautiful pink flowers. Generally grown in
a dry or saline environment. Tamarisk absorbs salty water from the roots and drains high concentrations of saline
water from the salt glands on the leaves. Tamarisk species are often used for afforestation in drylands, and is
particularly suitable for planting in salt accumulated soils. (Norikazu YAMANAKA)
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Tamarix hispida growing in the salt accumulated area of north-west Taklimakan desert (Xinjiang Uygur Autonomous Region, China).

FELVWE Y DR D 5 < X7 OME (Tamarix hispida)
(P ARFRAE V),
Tamarix hispida with beautiful pink flowers (Uzbekistan).
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Secretion of saline water by salt glands in Tamarisk

s

T. ramosissima

T. elongata

HiMA S B BE DRI DG S . TNtz L EOKMITIHOREAFR Do

Salt glands secrete high concentrations of saline water. After drying, salt crystals remain on the surface of the leaves.

¥V R OEOERBTHMBITH KWK HOMMZEHR & TIREBERYDH 5,
DKo ‘When salt crystals are removed, there is a salt gland below.

Scanning electron micrograph of tamarisk leaves. Crystals of
salt remain on the surface of the leaves.
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Optical micrograph of tamarisk leaf. The left is a stomata and the right is a salt gland.
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Halophytes with salt accumulating hairs : Salsola

Salsola is one of the largest and economically important genera belonging to the Amaranthaceae family; it
includes annual plants, dwarf shrubs and tree species. Salsola has more than 300 species with both C3 and C4
photosynthetic types, which are widely distributed in arid and semi-arid regions of Africa, China, Mongolia,
Central Asia, Iran, the Mediterranean region, and Europe. Salsola as a halophyte has species with special hair
that accumulates salt on its leaves. Most species of Salsola possess high feed value and abundant seed production
capacity. Because this, Salsola is often used to remediate degraded saline soils. In addition, it is widely used for
productivity improvement of degraded pastureland, agro-forestry, afforestation, for sand fixation program in the
desert, etc. (Kristina TODERICH and Norikazu YAMANAKA)

WEAER L BT T2 VYT A2 V5 v 5 (K).
DIFAEHT (L) (T ARFRS V),

Salsola sclerantha growing in salt-affected abandoned lands (left) and
branches at budding stage (top) (Uzbekistan).

AL A : »
Mt X OREORMEBICHLINY S A2 LT V7 WHOBEZHAMBOETEICELNTVAS (7 AN
F2A¥ ),

Salsola sclerantha at seed and fruit maturation stage; fleshy leaves are densely covered with unicellular hairs (Uzbekistan).

FNYS FITTay 2 ZAOREHMN LT 5. 60
ZHERT HHBOEAME T BB T

Scanning electron micrograph of salt accumulating hairs on the
epidermal cells of Salsola praecox.
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Salt Exclusion
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Among the halophytes that grow in salt-affected lands, some plants have a “salt exclusion” function to prevent salt
from entering the plant. These plants have a mechanism in which even if it absorbs water containing salt from the
root, the salt hardly reaches the leaves due to the transport barrier in its roots and stem. In such plant species, the
leaves contain almost no salinity even if the salinity in the roots and stems is high. It is well known that mangrove
trees growing on the coast have such a mechanism, but there are many salt plants that have a function of “salt
exclusion” even in the inland drylands. The most typical species is the common reed (Phragmites australis)
belonging to Poaceae (Gramineae) family (Norikazu YAMANAKA)
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Common reed (Phragmites australis
(Gav.) Trin. ex Steud)

Common reed is perennial plant of the Poaceae family; it is
widely distributed in temperate to tropical wetlands around the
world. It also grows on riversides and lake shores in arid areas.
Resistant to the influence of salinity, it grows well in salt marshes
and salt accumulated lands. Common reed is a plant having “salt
exclusion” function, and transport barriers exist in its roots; for
this reason, even if the salt concentration in the root is high,
the stems and leaves contain almost no salt. Common reed is
a palatable forage and it can be used as medicine, construction
materials. Common reed also has good water-cleaning capacity
and is often used for the restoration of wetlands.

(Kristina TODERICH)

INF NN ZMDMREZIR TS BEEDORNT YRR (T ARFRT LV AFTANIRT AT V),

Dense Common reed community at Jiltarbas Lake shore (Karakalpakstan, Uzbekistan).

¥ 27 9= h YEEAROERERBICAET T 27 Vo Ml TRICAEFT LTV I 20 b 57, TN
MBREALEEN RV (PEHFEY 4 7 VERBK).

Common reed that grows in salt accumulated areas in the northern part of the Taklimakan Desert. Despite being grown in high salinity soil, the
leaves contain little salt (Xinjiang Uygur Autonomous Region, China).

WREREZNHT 27:20HMDIEEVICETTET V% 7R 7 FOMICb b (T ARFAY V. F
IV AWE)

Common reed at the shore of the Aygakitma Lake to control shore erosion. A common reed can also feed the camel (Kyzylkum
Desert, Uzbekistan).
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Mangrove Trees
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Mangrove is a generic name for plants that grow around the mouth of rivers and coastal areas from tropical
to subtropical regions of the world, and about 100 species are known in the throughout the world. Most of the
mangrove trees are species belonging to the family Rhizophoraceae, Verbenaceae and Sonneratiaceae. In drylands,
trees of the genus Avicennia are commonly distributed along the Arabian Gulf, the Red Sea and along the
coastal areas of North Africa. Since mangrove trees grow normally in sea water, they are adapted to high salinity
environments, and these trees are known to possess “salt exclusion” function; while those with “salt elimination”
function are also known. In addition, mangrove trees are also grown in mud soils near the river mouth, so the area
around the roots is in an anaerobic environment. For this reason, species with unique root systems are known.
Mangrove trees are important for disaster prevention and biodiversity conservation because they form forest
ecosystems on the coast. (Norikazu YAMANAKA)

FLIHR T RICEP TEFT AL LEFI VY (A—F V. K= A—¥ V),

Avicennia marina growing in sea water of the Red Sea (Port Sudan, Sudan).
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Avicennia marina (Forssk.) Vierh.

Avicennia marina is an evergreen tree that belongs to the Verbenaceae family, and it grows around the mouth of
the river and coastal areas from tropical to subtropical regions of the world. It is an important tree species that
forms coastal ecosystems in the arid areas of the Arab and North Africa. It is known to possess strong salt tolerance
and grows well in sea water. It possesses salt glands on the leaves and secretes saline water. Since the roots grow
under an anaerobic environment, respiratory roots with unique morphology often develop. Leaves are often used
as a valuable feed for Camels. In addition, it is an important tree for preserving the biodiversity of the coastal area
because it forms a coastal forest, and is an important tree species for coastal fishery. Because of this, it is often
planted along the Arabian Gulf. (Norikazu YAMANAKA)

VX< v ofE(k) L REG) (7T THEREMR) .
Flowers (left) and fruits (right) of Avicennia marina (UAE).

RO S 5 S N7y () L9228 () (7 7 7HREER)
Salt secreted from the salt glands of the leaves (right) and seedlings (left)(UAE).
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A camel eating leaves of Avicennia marina growing in sea water of the Red Sea (Port Sudan, Sudan).

TS THBRICHES N VY= Y (75 TEBEME),

Avicennia marina planted along the coastal areas of the Arabian Gulf (UAE).
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Seedlings of Avicennia marina grown in plastic pots (UAE).

A TEOL VX ¥ < Vi3S bR S iKkORGPHESBRR b S (75 7THREEF),

Avicennia marina is used to remove nutrients and salt from used seawater in fish farms (UAE).
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Agricultural Fields Damaged by Salt Accumulation
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Secondary salinization caused by anthropogenic impact including improper management of land and water
resources is a problem worldwide. This mostly occurs in arid/semi-arid agricultural lands as results of
mismanagement of water resources for irrigation and poor function of drainage system. This has notably been a
case in the Middle East, in China's North Plain, in Central Asia, in the San Joaquin Valley of California, and in the
Colorado River Basin. Secondary salinization refers to an accumulation of salts in soil caused by human activities,
eventually causing damage to the traditional crops leading to significant decrease in the yield of crops.

(Kristina TODERICH and Norikazu YAMANAKA)
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Abandoned farmlands by salt accumulation (unused for more than Household lands severely affected by salinity (Koybak Farm,
25 years) (Karauzyak, Karakalpakstan). Karakalpkastan).
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- Waste saline rice fields affected

by salinization (Dashauz etrap,
Turkmenistan).
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Waterlogging and salinization are major problems affecting cotton and wheat growing in drylands. Rapid land
degradation over last decades has led to declining farm incomes. Cultivation of salt sensitive agricultural crops
on saline soils requires inputs of chemical fertilizers and costly leaching and intensive drainage. This strategy,
however, increases the risk of re-salinization in the root zone and the leaching process must be repeated each
cropping season in order to avoid the build-up of high salt concentration. The introduction of native wild value
halophytes and new salt tolerant crops varieties/improved genetic lines into marginal areas require a comprehensive
understanding of alternative techniques of crops cultivation and seed multiplication.

(Kristina TODERICH and Norikazu YAMANAKA)

HWELZT 27 7 M (PIEL B 4 7 VEHRK).
Cotton field damaged by salt (Xinjiang Uygur Autonomous Region, China).
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Mechanisms of Secondary Salinization
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Irrigation is necessary for sustainable agriculture in drylands due to their low water content. However, salty
groundwater may reach the upper soil layers as a result of lack of a proper drainage system supplying large amount
of irrigation water. Elevated groundwater dissolves the salt and the solutes are transported upward by capillary
transport toward the root zone by evapotranspiration. Water evaporates and is utilized by the plants whereas the
salts are precipitated close to soil. This leads to the formation of salt-affected soil and reduces crop yield during
cultivation. (Tsuneyoshi ENDO)

AN K E BRI X B 3R

Soil salinization by inadequate irrigation.

Abandoned salt-affected field (Republic of Kazakhstan).
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Soil profile of abandoned salt-affected field
(Republic of Kazakhstan).
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There are two chemical criteria in the definition of salt-affected soil, these are: the solubility of accumulated salts
and the ion concentration within the soil solution. Saline soil is characterized by the accumulation of large amounts
of soluble salts and is generally known as accumulated salt soil. Another salt-affected soil known as “Sodic Soil”
is characterized by the composition of its salts. Sodic soil contains a large amount of sodium ions and causes
deterioration of the physical properties of the soil along with the collapse of soil structure and if it progresses to
a phase of alkalinity, it comprehensively worsens the soil environment and significantly inhibits crop growth as a
consequence of clay dispersion and inhibits nutrient absorption due to high pH. (Tsuneyoshi ENDO)

V=T RAL L 72 K7 7 A PTEDAT FEETAAVEL R, 700 Y APFRAEL 72O R

Wa (X F v afkE). (i AR AEAIED) o
Sodicized field. The surface is covered with crusts (United Peach leaves affected by chlorosis under alkaline soil (People’s
Mexican States). Republic of China).
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Salinized farmland accompanied with soil

sodication. The surface is cracked by drying
(Republic of Kazakhstan).

Part 3.

FERR IR O JERL B ST B T HBERAMEW EE DR R OFIR E o TWEH, T2
BoHAp, BRI D 4235 BAT IR T B L W IEM O TS (N OBIZM AR O3
FHEB RO IO 720 D RPN OFFE 4 L ORI RD b, &TOIIRBEEAT
bl &b EERZHFL TV, (3L H %)

In irrigated agricultural soils, salt accumulation is becoming the largest productivity constraint in the arid regions.
In recent decades, the conventional practices that lead to soil salinization have been avoided and some progress
have been made, including developing new crops, exploring genetic variation within crops and developing
agronomic techniques for the management of salt-affected soils so they remain in production without requiring
complete restoration. (Tsuneyoshi ENDO)

WANMULA by 7S ¥ Bl HilF2—7
it AW LT (X F v afkE),
Chile farmland with accumulated salts. Salts are
precipitated along the drip tube (United Mexican
States).
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Crops Damaged by Salt Accumulation
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If the concentration of the soil salinity is high, the roots cells of the crop cannot absorb water comfortably (osmotic
stress). And metabolism is hampered when salt penetrates into the plant cells (ion stress). Such adverse effect on
the growth of crops due to osmotic stress or ionic stress is called salt damage. The resistance to salt damage varies

ER DR (5181987 Z2THZE*)
Salt tolerance of crops (Modified from Takahashi 1987)

RN E DR WTIED
& B RE DEE E DB
Salt tolerance  |Range of soil salinity without Crop example
loss of yield (ppm)
TG 500~1.000 A 4°2< X (kidney beans), Z>3' (carrot), 1 F I (strawberry), 9 ¥ % (onion),
Extremely weak ’ F7v ¥ 1 (radesh), 717 (turnip), L9 R (lettuce), H*Y 71 T (sweet potato)
% YT A (fava bean), N7 EDO DY (maize), 1 b ¥ E (sugar cane), F + Y
Wéek 1,000~2,000 (cabbage), 7L 7 7 L7 7 (alfalfa), k™7 L > ) (spinach), F 17 1) (cucumber),

N N (tomato), 'O 31J) — (broccoli), 1 X (rice plant)

T 2,000~3,000 Ry F—Z (zucchini), 7R F + (pumpkin), b —)L 7 T X775 X (tall
Medium fescue glass)
[z 3,000~4,000 134" (cowpea), §1 X (soybean). V LA L (sorghum), 215 A LF
Tolerant (duram wheat)
s 4000~5,000 | A7 LF (barley). 7251 (sugar beet), 79 (cotton)

Extremely tolerant

* BIBE— (1987) EMIC &> TRE FAD ? BUAN X ERS
Eiichi Takahashi(1987) Roles of Salt for Lives, Rural Culture Association Japan (in japanese).
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depending on the crop species, but even general crops (i.e., The Glycophytes) that are not very resistant to salt
have the ability to resist salt at this concentration gradient (salt tolerance).

Salt tolerance can be divided into two types: osmotic stress tolerance and ionic stress tolerance. Osmotic stress
tolerance refers to the ability of the plant cells to overcome the salt concentration of the soil and absorb water by
increasing the osmotic pressure in the plant cell with absorbed minerals and substances synthesized in the plant.
Ton stress tolerance refers to inhibiting salt invasion by roots and stems cells, or trapping salt in vacuoles of leaf
cells. This can prevent the adverse effects of salts on the photosynthetic functionality of its leaves. However, some
crops can absorb salt and promote growth (Halophytes), as regards the mechanism of promoting growth by salt,
it is known that salt can be used as a material for regulating osmotic pressure in the body, but there are still many
unknown parts to this story. (Satoshi YAMADA)

0 % SRR 2 I TR (O3 D V) 2 KBRS L 72 & & DR O i o3I, koM
SIREER100% &35 & D SIS, 0. 817,25, 33% & 72 %o HIZHGOHERI Tl I X VKB R4
IR LT HF23h 2 5 (HA, BIKY) o

Growth of hydroponically grown glycophyte (basil) using a culture solution containing salt. The salt concentration of the culture

solution was relative to that of seawater at is 0, 8, 17, 25, and 33% in order from the left. It was then revealed that the growth of salt-
sensitive glycophyte gradually declines due to salt content. (Tottori Univ., Japan).

WPE 2 O THAMY (R 7 25 -0 4) 2335 L7z & & OREORT . TEEH ORI, Wk OH
SrREER100% &5 & A BIIS, 310,17, 35,48, 85% & 72 O AR TRIESC L VIKFERES LD
(A, BHUR) o

Growth of halophyte (Suaeda salsa) grown on saline soil: The salinity of the soil solution relative to the salinity of seawater is 3, 10,
17, 35, 48, and 85% from left to right. (Tottori Univ., Japan).
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The Aral Sea Crisis

~Human Caused Environmental Disaster
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TAUH)EZP)TM(Z v FT r=T7 . 9F 7)) Ik RE ST RARKOBO
12, %oTWah, WINEINVFYTINET AT TN ALD, W2 Sl 5]
BELVHEINTH S, B LTREAAEBICKS 2MOKREETHD, 202 EHh
SiEE VAL SR TV S,

T IOV R NBREEOM I X > THALTWBEA, ANBR ML L
T INFYTINETATIXNHPOHDOREDOKZNET 2 KEBHEROZEIKE W
LENRTWD, ZHIZX W HEBTAERM. 7 7 VIR AT 2 KDRIZERD 2T, Z Ok
BT 5 VEOTRAWA UTze ZRUTAZ T 550 2 2 2 (G — R o 58%) AT Bk,
TR AT, BB &A%, IO L oHILEE STV 5,

(P FVYF Z2VRTF 4 —F)

The Aral Sea is a unique natural landlocked saline lake, located in Central Asia, where the drainage basin
encompasses Uzbekistan and parts of Tajikistan, Turkmenistan, Kyrgyzstan, Kazakhstan, Afghanistan and Iran.
It was considered one of the largest lakes in the world, ranked forth by size, following the Caspian Sea (Iran to
the east of the Caucasus), Lake Superior (Canada, USA), and Lake Victoria (Tanzania, Kenya, and Uganda). The
Aral Sea is a closed lake without the river flowing out of the lake, though the rivers Syrdarya and Amudarya flow
into the lake. It is the second largest lake in size after the Caspian Sea among enclosed lakes; that is why people
referred to it as the Sea.

The Aral Sea has been shrinking due to both climatic and anthropogenic impact including large-scale irrigation,
which consumes huge amount of water from the Syrdarya and Amudarya Rivers. Since last few decades amount
of water flowing into the Aral Sea has decreased and, thus reduced its size. In addition, traditional agricultural
(monoculture) practices, overgrazing, soil erosion and deforestation have doubled the degradation of lands in the
basin. (Kristina TODERICH)

o S 7
i e e Knzaikhsian [
Wl sk L AYTIRIY Q/

Turkranistan I'-

SIZPESTY “.\«x;_."-_f_ S L e
— 3;/ £ e~ Tajlkistan
= N e TEZI
RN LE) ek Mo
2 __.l‘._____..- I_; ..__._::o-\.)‘ f:{ 7 E ;-;):-J_\
] Bz =2 B e
{ — Afghanistan 1
T I WViEE ZFOWRBOE %

Geographical location of the Aral Sea Basin countries.

7 5 VBRI LA D R LI K E R DB L Tw b, ERMLA R R E i
FROBRE.EHPNEEE. YA MV N BEOSREBEORRELZENS BN SN TH 5,
G bFYvF ZYRTF A —F)

The Aral Sea depression has repeatedly been flooded and desiccated since the Pliocene, as is evidenced by the
remains of marine fossils, relict shore terraces, archeological sites, abrupt cliffs of the Usturt plateau.
(Kristina TODERICH)

YA by v MEEICA SN S EORE - v AXF
Z % Ml (19804F) o

ARBICRA L7 RAR) (F40) (T AN X5
Usturt Plateau Remains (relict shore terrace) — bordering to the Vs B A F 2 H#180kndl XL, 20174) o
Aral Sea from Uzbek side (1980).

A briny remnant of the Sea (in the back) and halophytes-
colonizers of saline “Aralkum” desert (in the front)(About 180km
away from Muynak city, Karakalpakstan, 2017).
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Shrinking Aral Sea and Salt Accumulation
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T I NVIRCHAT 2K E A KBS X7 5 L HMERPEKRY AT 2 4
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The large-scale irrigational infrastructure and complicated drainage systems using river water flowing into the
Aral Sea have converted large territories of natural productive pastures and grasslands (Kazakh steppes) into
irrigated farmlands. However, on the other hand, the amount of river water flowing into the Aral Sea has dropped
dramatically due to intensive irrigation and monocultural cotton-wheat-based production systems. Due to river
diversions the Sea water level in the year covering 1987-1989 fell enough to split it in two: the North Aral Sea and
the South Aral.

The river waters of the Amudarya and Syrdarya rivers have been used intensively for hydropower generation
(in its upper stream) and irrigation of agricultural lands (in its downstream). In addition, since 1985, the cycles of
drought have been prolonged in the Aral Sea region, and almost no water has flowed into the lake from these two
major rivers. Due to the effects of climate change, summers have become warmer, winter’s cooler, spring frosts
later, and fall frosts earlier. The growing season of plants becomes shorter and the humidity tends to decrease.
Thus, the shrinking of the Aral Sea has progressed at a rapid pace in the last 45-50 years.  (Kristina TODERICH)

7 AU A NASA D7 7 fif 12 & % MODIS
Wi{§TH2Z T 7 VRN OWRIIZ A,

Series of images from the Moderate Resolution

Imaging Spectroradiometer (MODIS) on
NASA’s Terra satellite documents these changes.

https://eoi gsfc.nasa.gov/i imagerecords/3000/3730/aral_sea 1989 _250m.jpg
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As at 1964 the Aral Sea was filled with water. In 1989, the water level dropped considerably. In 2001, the Aral
Sea was divided into west and east, and the North Aral Sea (sometimes called the Small Aral Sea from the Kazakh
side) was completely separated from the South Aral Sea. The salinity of water had risen as the Aral Sea has shrunk,
and around 2001 the salinity was almost three times that of the 1960s.

Between 2001 and 2017, water levels in the Aral Sea fluctuated annually with the occurrence of
dry and wet years. Further irrigational water usage and drought drove the eastern part of the Aral
Sea completely dry in 2014 for the first time in 600 years.

The Aral Sea had lost more than 90% of its original size since the 1960s. And the salinity of the
water is currently about the same as the Dead Sea in Israel. In addition, increasingly salty water
has been over the years contaminated with fertilizers and pesticides. (Kristina TODERICH)

55



56

W U D WPEE

Salts and Dust Storms
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In the last few decades, the exposed dry bottom became the new “hotspot” of dust and salt storms. The Aral
contained an estimated 10 billion metric tons of salt with sodium chloride (56%), magnesium sulfate (26%), and
calcium sulfate (15%). Aerosols are carried by wind over 150,000 to 1500,000 km”.

The frequency of dust and sand/salts storms varies in a wide range 5-146 days/year. The salty dust blew off the
lakebed and settled onto the fields, degrading the soil. Croplands had to be flushed with larger and larger volumes
of fresh river water. It has been recorded that toxic salts and dust storms dramatically are affecting health of
animals and people residing in those areas. (Kristina TODERICH)

FYVRVEKDESLLERBLLZTHRAF IR VT INVA TR,

Young boy believes in better live (Aralsk settlement, Kazakhstan).
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The salty dust storms originating from the dried-up lakebed of the Aral Sea (2018).
https://earthobservatory.nasa.gov/images/19853/dust-storm-over-the-aral-sea

Aral S5ea

7 I ViERROIHMIEA S 37 52 WHEEE (20174F11H ) o

Dust plumes from the old lake bottom on the east coast of the Aral Sea (November, 2017).
https://earthobservatory.nasa.gov/images/8 182/dust-storm-aral-sea-kazakhstan

57



HEDIH

Disappearance of Fisheries
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Famous fisheries from the Aral Sea beach near Muynak were completely destroyed. By the early 1980s, 20 of 24
native fish species disappeared and the commercial catch (48,000 metric tons in 1957) fell up to zero in 1990s.

(Kristina TODERICH)
B T e A W i T i - ]
o St 20

pooee, - TSR

il -3 i

T Edto 72D WMD" (A FANNSIAY Y B4 F v 7)o
The “ship cemetery” on the dried up lake shore (Muynak, Karakalpkastan).

BECI VBTSN DI ITANNRIZAE Y 24 F v 7)),
Fishing village abandoned by immigration (Muynak, Karakalpkastan).
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Relicts of Original Ecosystems of the Aral Sea

TATYTFNZIThENIIRS b v 74 HRK
UNEBRMABERSTVE)(IFTRAF V),

Relicts of Tugay natural forest (small isolates isles) in Delta
of Amudarya (Kazakhstan).

FTAIRY S VOBNR(AFTAY V),

Great White Pelican (Pelecanus onocrotalus)
(Kazakhstan).

NIV AR HRBER DT V7 2 anN(AFETZAY > OT I ViELE) o

Kulans (Equus hemionus kulan) in Barsakelmes Nature Reserve (Northern Aral Sea in Kazakhstan).
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Neo-Ecosystems : Aralkum (Saline Desert)
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Due to support from the government and conservation efforts, the North Aral Sea (from Kazakhstan side) is
recovering. The South Aral Sea, however, continued to decline. A new ecosystem of salt desert “Aralkum” has
emerged on the dried up lake bottom of the South Aral Sea. Efforts are underway to restore and utilize the Aralkum
ecosystem.

Since 1994 the International Fund for Saving Aral Sea
(IFAS) - a joint committee to coordinate research and
development had been established. On October 2018
with the support of all 5 Central Asian countries the
International Innovation Center for Aral Sea Basin (IICAS)
under the President of the Republic of Uzbekistan was
set up in Nukus, Karakalpakstan. The Tottori University
established close collaboration with IICAS.

The Multi-Partner Human Security Trust Fund for the
Aral Sea Region supported by United Nations is currently
attracting foreign investments and innovations aimed
to restore the saline dry bottom of the Aral Sea and to
improve the ecosystem services and livelihoods of millions
of people. (Kristina TODERICH)

F EdSo 2RISR A B AV IE DR TH b. 20
WOBEZ T IV 2 L7 LIRS (7 5 )VilE 20184E) o

Salt accumulation on the dried lake bottom. This salt desert is called
“Aralkum” (The Aral Sea 2018).
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Natural revegetation of the dry bottom of Aral Sea by first pioneer colonizers (halophytes from families of Amaranthaceae,
Plimbaginaceae and Gramineae) (North of Muynak, Karakalpkastan).

VAL Fy 2 AeER) .
A halophyte tamarisk growing in salt accumulated areas in Aralkum (North of Muynak, Karakalpkastan).

TATYTINTFHRDOA— FF—
WO (AT ANIT A5 V),
Wetlands at Sudochie Lake in the

lower stream of Amudarya River Basin
(Karakalpkastan).
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Bottom of Aral Sea (from Kazakh side)

Revitalization of local traditions -
Kazakh families are re-inhabiting
the beach of new Aral Sea areas.
Their main income is from fish,
small ruminants, and from drought/
salt tolerant crop cultivated by
using watersaving technologies
on their kitchen garden (Northern
Small Aral Sea, Kazakhstan, 2017).
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(v FYYF Z2YRTF4—F)

The flow of water from The Syrdarya River (in Kazakhstan) accumulates in the Small Aral; water level in Small
Aral reached 40-42 m. Water salinity reduced which allows breeding of some commercial species of fishes. About
20 species of fish have currently been restored in the Small Aral Sea. (Kristina TODERICH)

e = i -"-L e ! hE

AIATANARMGDOANLIZE S WIEHEDOYENSEIN Y EWWEESNDE (HFTAS Y. T YORN. 7 Vi3, BB X B, 5%

ROBEANH T A5 ¥ KEAT TN T 7V 20174F) o OFFHBIH SN Do (A FT A5 7 ALk
7 Vi, 2018%) o Local bred of goats used for milk and meat production (Northern Small NT TVl 20174E) o
Workers of the Kamystybas fish nursery Aral Sea, Kazakhstan, 2017). Collection of above ground parts of common reed.

reintroduced and multiplied fishes (Northern
Small Aral Sea, Kazakhstan, 2018).

Common reed is used for roofing, fuel, and for forage
of livestock (Northern Small Aral Sea, Kazakhstan,
2017).

HWHi7=H 127 7 VIR O o
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Fishermen returned to the former dry
bottom of the Aral Sea areas and are

Restored Wetlands of the Syrdarya delta are under living in small villages (15-25 families)
the protection of the Ramsar convention since 2012 (Northern Small Aral Sea, Kazakhstan,
(Barsakelmes Reserve, Kazakhstan). 2017).

62 63



e
i 1k & 5% 0

MITIGATION AND
PREVENTION MEASURES
TO COMBAT SALINIZATION

-
-



LR B ES

Physical Methods
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Promotion of intensive irrigated agriculture leads to the replacement of perennial deep-rooted native vegetation
by shallow-rooted annual crops or pastures, this result in wetter sub-soils and accompanying larger deep drainage
beyond the reach of the shallow roots, leading eventually to rising water tables.

In a semi-arid environment, salt is commonly contained in the groundwater, and when the groundwater containing
salt reaches the soil surface, salt damage tends to affect the crops drastically.

The early seedling establishment and tilling stages are generally the most sensitive to salinity. Various practices to
reduce the salt concentration in the root zones of the plant during these stages would mitigate the salinity effects
and benefit the crop by promoting plant densities and early seedling growth. For this reason, many methods (usually
physical, chemical, and biological methods) for reducing the salinity in soil have been conducted. The following
methods are used as physical methods.

Mulching : usually with crop residue, such as straw, reduces evaporation from the soil surface which in turn
reduces the upward movement of salts. Reduced evaporation also reduces the need for irrigation.

Leaching : is a method used in irrigational agriculture, in this procedure a large amount of water is normally
used to wash away soluble substances such as: calcium, sodium, fertilizers, pesticides, etc. from the soil.

Pre-sowing irrigation with good quality water : Where available, irrigation with good quality water prior
to sowing helps to leach salts from the top soil. This helps in promoting better seed germination and seedling
establishment.

Scraping and removal of surface soil : Due to continuous evaporation the salt concentration is the highest in
the surface soil. The top soil can be scraped and transported out of the field.

Appropriate use of ridges or beds for planting : The impact of salinity may be minimized by appropriately
placing the seeds (or plants) on ridges.

Incorporation of Organic matter : Incorporating crop residues or green-manure crops improves soil filth,
structure, and improves water infiltration which provides safeguard against adverse effects of salinity.

Utilization of artificial capillary barrier : Capillary phenomenon that promotes the rise of salt can be
eliminated by creating a layer of capillary barrier in the soil using pebbles or sand.

(Kristina TODERICH and Norikazu YAMANAKA )

IR E RS (7 5. by 'R I Y, < AH, iR
fess) THW OS2 HEMO Y —F > 7o MITKE IR
D EFE RS (DT HNTAS VAT THHIK).
Farmlands to be used under traditional crops (cotton, corn
legumes or forage crops) under leaching in spring season. Fill
the field with water to wash away salt (Karabuga settlement,
Karakalpakstan).
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Chemical Methods
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Saline soils can be reclaimed by leaching of salts with water that has a comparatively low salt concentration. To
improve the sodic soils, it is important to exchange the adsorbed sodium ions with calcium ions before leaching out
the salt. Effective ways of achieving this include the application of calcium salts or leaching out the sodium salts.
This reduces the dispersion of clay particles, breaks up the nitric horizon, and increases drainage and permeability.
Gypsum, phosphogypsum, sulfur flower, sulfuric acid, calcium chloride, iron sulfide, pyrite, and aluminum sulfate
are thus used as soil amendments. (Kristina TODERICH and Norikazu YAMANAKA)

Y — F B RO HF O (3 A RILFE) ,
Application of gypsum to sodicized field (People’s Republic of China).
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One of key barrier on reclamation of more than 140,000 ha saline soils in the South Kazakhstan is presence of
excess levels of magnesium in the soils. The use of phosphogypsum at a concentration of 30%-35% was recorded
to enhance crops productivity. Based on the cumulative effects, application of gypsum before the snowfall
improved soil properties significantly. The optimal rate of return from the application was 3.3 t/ha. The application
of phosphogypsum offers a practical approach to addressing a soil chemical constraint that will enhance
productivity and income generation.

(Kristina TODERICH)

V=R LBICARTT
575 (HFETRAY V),

Cotton grown in sodic soil
(Kazakhstan).

U UBAE DT S M(IFT RS V),
Cotton field without using phosphogypsum (Kazakhstan).

VYBABEMALET SMAFT A V),
Cotton field using phosphogypsum (Kazakhstan).
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Biological Methods (Phytoremediation)
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7 years old Licorice stands planted on secondary salt affected soils (Galaba Farm, Syrdarya region, Uzbekistan).

Phytoremediation is the cultivation of plants for the purpose of reducing soil and water contamination by organic
and inorganic pollutants; an only effective and economical method of removing or reducing contaminates,
particularly for large areas where physical/chemical treatments and leaching are too expensive or unfeasible.
Phytoremediation using halophytes is often performed for salt removal in salt accumulation soils. Cultivation of
licorice, a highly salt and drought tolerant crop, presents a feasible alternative in soils remediation by lowering
ground water levels. (Kristina TODERICH)

HWrEM L7 R LIChR s s
7NV, e BRI RESR
fFCHh Y BRI, B, FK R
MR LICHHHEND (7 ARF R
Y F YN MBI,

Artificially planted Licorice (Glycyrrhiza)
at sandy saline degraded pastures.
Licorice roots and aboveground biomass
are valuable forage, also used in
pharmaceutics, food, perfumery, paper
production and etc (Kyzylkum desert,
Uzbekistan).

HER OS5 ERICe<T ) M NEOREICY Y B S 2 L R ROBE L BROENE X O
BRI OYERE R Y TV a v e b, BREITHEOIHER IR Z Sh i bEERAEREo e <7 Y (¥
ARFRAL 7 HITNEY

TINHEDORE(T ARFRASY v,
FIUNT LW,

Mature plant Glycyrrhiza with fruits
(Kyzylkum desert, Uzvbekistan).

Switching to sunflower- cotton-wheat rotation after the fifth year of licorice cultivation is the optimal option in reclamation of saline
soils and improving of social and economic benefits of farmers. Photograph showing semi-dwarf early-maturing variety of Helianthus
annuus (L) cultivated after harvesting roots of licolice (Galaba Farm, Uzbekistan).
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Afforestation of the salt-affected areas

HRT7ITDAFTAFT VeI ARFAY V205 NEMT7 I Vil Tk, EERW
FEEZITEREEEICEI ) BY 2y — )V (Haloxylon aphyllum) OHE#AS21 4 %)
B S W & JHUMIR TEREINTE 72, L0 Did, 20 & DI Y o BB &
DL ANTEAT 2 )1 O Fp b i O R B & A2 KBS 2 ORI 304 ) T
Z5R LK ASHR SRIER B HMKBEIEN > T02DTH 5o BY 7 ¥ —Vidil
PO ORMEFT-OFHEIEREIN TS, Lo LHIHIE T 72583 2K < L T8
BmAHT LN TV B, (AR f i)

At an endorheic lake “Aral Sea” which lies between Kazakhstan and Uzbekistan in Central Asia, afforestation with
black Saxaul (Haloxylon aphyllum) has been going on since the beginning of the 21st century as an internationally
supported environmental project. This is an effort to restore the dried-up area of the Aral Sea which we are left with
after an excessive agricultural irrigation in the mid-upper basin of the rivers that fed the Aral Sea. This is the result
of the agricultural policy of the former Soviet Union set in the latter half of the 20th century which contributed to
the exsiccation of the majority of the seabed in a short period of 30 years. To restore the area, people are planting
seedlings and sowing seeds of black Saxaul. However, the probability of success of the afforestation is still low, 7 I VIEIHMEDRY 7 % — VKBS (A7 X5 v, 7 5 Vil
and trial and error will continue. (Kayo MATSUI) Afforestation plots of black Saxaul on the Aral Sea bed (The Aral Sea, Kazakhstan).

IHHBEIC A SN BB 7 F o —VOEE(HIFTAY V. T TNV, BRUERMTORY 7 57— VIR (A7 25 ¥ 7 7 VREN) o
Seedlings of black Saxaul on the Aral Sea bed (The Aral Sea, Kazakhstan). Seeding of black Saxaul on the salt accumulated lands (near the Aral Sea, Kazakhstan).
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POTOT I NVFOWRMET 24 77 L Y F X, HEERIC 2ha B4 2 47 — v o P bk H1E
ENTV2, SHIZAROREEFEME & HITHH 7 R ¥ ¥ D NGO A320054 2 & 17 [ THHT 5 Kbk <,
#3000 DY 7 47— VAF o> T b (L), BH 7 ¥y —Vidilily TF TS, BROT AR &
NTELD BER W OMERET 27200 K Y P OBIEIRITENRTRL(F)(AFTRAF Y ATFTL
VK)o

Located on once a coast of the Aral Sea, a district called Karateren has a 2ha black Saxaul plantation for the windbreak. This
plantation site has been jointly managed by Japanese environmental funds and a local NGO in Kazakhstan since 2005. About
3,000 trees are growing up (top). Naked seedlings of black Saxaul grown in the nursery fields are commonly used for afforestation.
However, in order to protect roots of the seedlings, there is a trial of pot seedling cultivation going on (bottom) (Karateren district,
Kazakhstan).

IH#EICHEZ SRR 7 F o =V OWE HB(AFTAE ¥ T T Vi) o
A planted black Saxaul seedling and shells on the dried seabed (of the Aral Sea, Kazakhstan).
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Tamarisk planted on saline land. Tamarisk is often planted for phytoremediation of saline soils because of its salt absorption and
accumulation ability (Shaanxi province, China).

&
it e fred
-

% e e v . % TS 5 5 72 Rk S 7z 5 (1o

LY, a L

' W OR Y ICEHEAEBL T (F) (HEL 27 57 ¥ Bi).
Z= A7 Ol W LATHERH LT 2 £27TE 5 (P, Bl#) . planted for the protection of the road from sand drift. They are grown by drip irrigation of saline groundwater (top). Salt accumulation

Nursery. Tamarisk can be easily propagated from cuttings (Shaanxi province, China). around the seedling (bottom) (Taklamakan Desert, China).







Part 6.

[ B35 A B SERE 727 (ICBA) O FL 4
CEo THRESNIZF X 7 Ottt
B L ORISR (BAEM B L 0T
T RS DBIIGEIE) (7 ARF R 5 ¥
L Za A

Quinoa of genetically improved salt tolerant
and high-yield line, developed by ICBA
scientists (in flowering and beginning of seed
formation stages) (Tashkent, Uzbekistan).

L ERPI ORI

Utilization of Halophytes

HEL CoHFH

Human Consumption
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B Quinoa (Chenopodium quinoa)

Quinoa is an annual cash crop from Amaranthaceae family. This plant species is one of the oldest crops cultivated
in the Andes (Latin America) about 5,000 years. As compared to common cereals Quinoa grains are very
nutritious. Quinoa is known to be gluten-free, high in protein and one of the few plant foods that contain sufficient
amounts of all nine essential amino acids. It is also high in fiber, magnesium, B vitamins, iron, potassium, calcium,
phosphorus, vitamin E and various beneficial antioxidants. Quinoa is one of the world's most popular health foods.
Its seeds may be consumed as human food in flour, baked products, soups, drinks, salads and breakfast cereals.

Leaves and stems are used as animal feedstock for its higher nutritive value. The United Nations declared in the NHELEFXTOMT (¥ VX257,
year 2013 “The International Year of Quinoa” due to its high nutrient value and potential to contribute to food A ra i)
security worldwide. (Kristina TODERICH) Mature seeds/grains ready for consumption

(Khatlon region, Tajikistan).

e abARBLE TR ENE X
XT(FENFRZ Y AT 2 -2Y),

Industrial plantation of Quinoa in flowering
and fruit maturation stages on salt
affected and poor nutrient soil (Issyk-Kuli,
Kyrgyzstan).
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8 Amaranthus

The genus Amaranthus comprises of about 70 species, of which 40 are edible. All parts of the edible Amaranthus
plant are suitable for eating. The leaves are a good source of vitamins and minerals; leaves contain three times
more vitamin A, calcium and niacin (vitamin B) than spinach, and 18 times more vitamin A, 13 times more vitamin
C, 20 times more calcium and seven times more iron than lettuce. Amaranthus leaves show a significant energy
value ranging from 27 to 53 kcal/100 g of fresh leaves and high nutrition value - in particular 4-6 g of protein, 0.2-
0.6 g of fat and 4-7 g of carbohydrates. As for the Amaranthus grain, it is high in fiber and low in saturated fats,
whereby it contains 12% to 17% protein; moreover, Amaranthus is an excellent source of lysine, which sets it apart
from other grain crops. (Kristina TODERICH)

PHAEM B & - R0 7 < 5~
R EBEHAE B EMZET O 2 7 B
V7Y avBEOMHTRRE (T
7 7 EREMFE, FNA OEBEEA R
SEHFFERT) o

Core breeding collection and seed
multiplication trials of Amaranthus at

flowering and seed maturation stages (ICBA
in Dubai, UAE).

REERTHEESNDE T I VR (T ARFR S V., 7 FIVilEHIE) o

Amaranthus cultivated in a kitchen garden (Aral Sea Basin, Uzbekistan).

T I NWVHERMOBMN I I 227 41203
5 MALRFEUET 27200 EWS
BALNOIY FAA (7 ARFR S V. T 5
WV HEHIR) o

Crops diversification for Improving Incomes and
Nutrition of Rural Communities in Aral Sea Basin
(Aral Sea Basin, Uzbekistan).

TAFY XTI OEM R TR SIS
TIXFTVHADTHNNRTAS v, al
N DRENEFERRET 747 ¥ A)o

Amaranthus cultivation practices in the Delta of

Amudarya on saline farmer lands. (Rural Women
Learning Alliances in Koybak, Karakalpakstan).
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B Caper (Capparis spinosa)

Caper (Capparis spinosa) is a semi-shrub with thorns of the family Capparidaceae, widely distributed from the
Mediterranean coast to Central Asia. It forms dense bushes on the saline soils and soil-eroded wastelands. Caper
is grazed by camels and sometimes by goats. The flower buds and young fruits are cured with vinegar and salt.
Picked capers have acrid tart and pungent taste with a lemony tang. Caper contains flavonoids (rutin, glucocapparin
and sinigrin), pentosans, rutic and pectic acids. Methyl glycerinates upon Capers contain considerable amounts of
the antioxidant bioflavinoid rutin.

(Kristina TODERICH)

A IR R A I FOFEVREE (Y AR
FAY Y IHy 21T

Young fruits of Capparis spinosa (Dzhizak
district, ,Uzbekistan).

AvIRY R A HDIE(Y
ARFRY ¥, IF 7)o
Flowers of Capparis spinosa
(Dzhizak district, Uzbekistan).
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® Jerusalem artichoke (Helianthus tuberosus)

The Jerusalem artichoke (Helianthus tuberosus) is a herbaceous perennial plant of the Family Asteraceae, native to
North America. family. It is also cultivated widely across the temperate zone for its tuber, which is used as a root
vegetable. (Kristina TODERICH)

IVHL A T—F14Fa—2 00 Ltk
TORE ) (TARFRAY Y, YVFY THIH) .
Flowers of Jerusalem artichoke (left) and cultivation in the
saline soils (right) (Syrdarya region, Uzbekistan).

REDIHE (7 ANF 2
LA AN Vi
Harvesting of tubers by

households (Tashkent region,
Uzbekistan).

-
IVHVA T=F4Fa—s ORB{ER 4
WB (DT HNISTAE L AFTFTIT )o
Promotion of Jerusalem arteichoke cultivation

among farmers (Kazakhdarya, Karakalpkastan,
2009).
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Salt Tolerant Legumes

® Yardlong bean (Vigna unguiculata ssp. sesquipedalis)

Vigna unguiculata ssp. sesquipedalis, known as yardlong bean or Chinese long bean, is a vigorous annual epiphyte
and the plant produce long pods, ranging from 30 to 70 cm. (Kristina TODERICH)

=Y a2 bk

Vaz by E)IE7T V720 HBRE I A EA
EWTH Y, HEEICER TV, hit7 V7S CIEHED
W Z T B TANEONHERICE B &N,

(X bFUYF ZYRATF 4 —F)

® Mung bean (Vigna radiata)

Mung bean (green bean) is an annual crop widely grown mainly in Asia
and has excellent salt tolerance. In Central Asia, etc., it is cultivated well on
farmlands affected by salts as a second crop; after winter wheat harvesting
follows. (Kristina TODERICH)

- ¥ d 3 =

WORBEZTAMTRIEINE Y2907 YT (TARFRAY /T2 VAT,
Yardlong bean grown in salt-affected fields (Fergana Valley, Uzbekistan).

-

; pl-l W47 (Vigna unguiculata) (& S IR B F B TIRICEOD 2 1 FAE AR TH 50
VaZz byofT (7 ARF ')571‘"70)\%('7%"‘*17\/‘ TR AEVCEDEME L2, FIIERLL.EELEBRTH S L & I, HILOLH. HER
JI T NI 7= AT Bt D, BIRA OB, LM REIARA S DN,
Seeds of Mung bean (Fergana Fruits of Mung bean (Fergana X . ) -,
Vaney,Uzbekistaf). (Fere Vauey,Uzbekistanf ¢ (P FVyF ZIYARAT4—F)

® Cowpea (Vigna unguiculata)

Cowpea (Vigna unguiculata) is an annual herbaceous legume tolerant to soil salinity and poor nutrient soils. The

leaves, pea pods, and green peas are also edible. Beans are delicious and important diet for human health, offering

several benefits. They help improve digestion, aid in sleep disorders, manage diabetes and protect the heart.
(Kristina TODERICH)

: : Rt ey at , At : LAV NN
HOBBEZIDMTHTENDY 37 by O (T ARNFRY ¥ T2 VT T Y5 O () LFe(h) (7 7 TEHRERES, F/34 O FEESHA RN o
Harvesting mung beans grown in salt-affected fields (Fergana Valley,Uzbekistan). Flowers (left) and fruits (right) of cawpea (ICBA in Dubai, UAE).
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Livestock Fodder
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® Kochia spp.

Kochia prostrata (syn. Bassia prostrata) : perennial forage small shrub (Height: 35-90cm) of Amaranthaceae
(formerly treated as Chenopodiaceae). Life span is 7-14 years. Grown well on gray brown, loessic deposit, loamy
clay soil and on salt marshes margins, and tolerates soil salinity >10-15 dSm™. It is well grazed by animals and
used in rangelands improvement and creation of long-term halophytic pastures; good for making hay and fodder
storage for winter animal feeding. Highly productive, caloric and palatable plant eaten by animals all year round.
Has excellent regrowth ability after grazing.

K. scoparia : an annual plant (Height: 50-120cm) occurs on saline soils and salt marshes margins. It thrives in
sandy, alkaline and other poor soils. It is grown as a forage crop for sheep and cattle and also as an ornamental

crop.

(Kristina TODERICH)

e Ll L
WY IR S 2ax7 237
BV ET IV TV 7R =5 Y X () (¥
ARFRY ¥ FINT M)

Halophytic pastures with Kochia scoparia (Left)

and Atriplex nitens (Right) (Kyzylkum deseret , Kochia prostrata industrial plantation used for seed multiplication (Nurata,
Uzbekistan). Uzbekistan).
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® Alhagi spp.

Genus Alhagi : shrubby, perennial species of Fabaceae. It grows on alkaline
soil with salinity > 16 dSm™ and is widely distributed at the peripheries of
The Sabkhas and at the seashore. Found mostly in pastures and neglected
areas. Deep-rooted, rhizomatous, with roots that can extend up to 3 to
5 m into the ground; Spreads by seeds and rhizomes. Stems are erect to
ascending, heavily branched, with short, spinescent twigs. The whole plant

TIUNF ¥V a— T IUNFIE
595 HARBER (1) B XY
FRbe vy VYMNRBINIZT VN
FHEBE (F) (7 AXF 2
T UFR YN A

Overview of natural pastures dominated is used for medicinal purposes.

by Alhagi pseudoalhagi (top) and open

grazed Alhagi halophytic pastures by — Alhagi pseudoalhagi : One of the most valuable forage plants in the desert
small ruminants (bottom) (Kyzylkum and semidesert pastures of Central Asia, southern part of Russia and eastern
desert , Uzbekistan).

Mediterranean. Young stems, leaves fruits and seeds are considered as a
fattening feed. Eaten by goats and camels and stored in the winter as a
fodder/hay. (Kristina TODERICH)

TIUWNFORE LI ST D AL A (7 AXRF

TUNFDRERE(TARFRY Y FINT L
ATV FRINT Y 7 B R YN M), ) o

Water melon grown on roots of Alhagi (Kyzylkesek Farm,
Kyzylkum Desert, Uzbekistan).

Alhagi in flowering and fruit maturation stages (Kyzylkum
Desert, Uzbekistan).
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B Salt bush (Atriplex spp.)

Genus Atriplex - regarded as the salt-bush species of Amaranthaceae; they may be either annual herbs or perennial
shrubs with some reaching 4-5 meters in height. The leaves are typically gray-green and farinose (covered with a
“meal-like” powdery/scaly material).

There are over a 100 species of Atriplex known. They are cosmopolitan but are more common in arid and/or saline
habitats. Nearly all species are salt tolerant, but some are exceptional halophytes with good growth rates in sea
water. The plants may be either monoecious (having male and female flowers on the same plants) or dioecious
(having male and female on different plants). There are a number of Atriplex species that have edible leaves,
but they should normally be cooked before eating. Many Atriplex species have heat-labile oxalates that must be
destroyed to be palatable. Perennial Atriplex species, such as 4. canescens, A undulata and A. cana are successfully
utilizable in afforestation and agroforestry trials and for rangelands restoration of salty/loamy sandy and alkaline
soils. (Kristina TODERICH)

TMITVLyZ A INvA—=F@HIHETIIT TIrITLy 7 A £INyH—5OfE. EIEHS
Ly Z A LY 7474V IAMH) WIFRBEHE FHML T2 (77 7HEREBEHE, N3 1 oRFEERE
ofiftofl, BEFILHICOMAOND (T 7TER  ARENTEN).

R, 234 o R B RESEWFFERT) o Atriplex semibaccata flowers; secreted salts on leaves surface
Atriplex semibaccata (creeping saltbash in front) and A. (ICBA in Dubai, UAE).

lentiformis (back). It is suitable as forage as animal feed in poor

marginal lands. Used also in controlling soil erosion (ICBA in
Dubai, UAE) .

REOFRE L CRUHEMTHR S NS T b
VTV Y I A NYAREZDORFE(TITH
FEEFR, N34 OFBE A B SR o

Atriplex halimus (Silvery orache) under drip irrigation
cultivation as animal feed (whole plant and fruits)
(ICBA in Dubai, UAE).

b I T R
WV HEOBEIHCSNET VY TLy I R HEy
LY A(IARFRT Y IYMF YT,

Atriplex cannescens used for restoration of salt affected lands
(Syrdarya river basin, Uzbekistan).

TrITLy 2R =F ¥ ZADHKH,
1R o FREY ©. BVE o35 T
DBHEICHCOENL (T ARFRY V.
FIUNT L)

Plantation of Ariplex nitens- annual forage
species used for restoration of sandy saline soils
(Kyzylkum desert, Uzbekistan).
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Use as Fuel
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Biomass of halophytes represents a valuable source for renewable energy production. A lab-scale experiment on
the anaerobic degradation of wild halophytes (Kalidium caspicum, Salicornia europaea, Karelinia caspia, Atriplex
nitens and Climacoptera lanata) from highly saline Kyzylkum desert soils in Uzbekistan was proved to have
obtained 257-481 m’ of biogas from one ton of the dry matter of such plants. (Kristina TODERICH)

2URATT T TF 5 ORMPREEERL NS FBRELE LTRHT 228D TED(TARFASY V),

Biomass of artificial stands of Climacoptera lanata are used by local pastoralists as forage and bio-fuel production (Uzbekistan).
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® Karelinia caspia
Karelinia caspia : A perennial large plant (Height: 1-1.3 m) of Asteraceae. It is considered the most productive

plant among halophytes and is suitable for bioenergy production. It grows well on alluvial deposits, barren lands,
margins of water bodies shores on saline lands; thus, being unpalatable for animals. (Kristina TODERICH)

BHELBIAET TV
V=7 AAET (7 AR
FRE V),

Karelinia caspia growing on
saline soils (Uzubekistan).

AVYV=T HAET
DIE(T ARFRF V),

Flowers of Karelinia caspia
(Uzbekistan).
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Medicinal and Aromatic Plants
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Many wild halophytes are used in traditional medicine due to their high content of alkaloids, essential and volatile
oils. Among them, Peganum Harmara (a perennial plant of family Nitralidae), Ephedra spp., Ferula assa-foetida
(fennel of Apiaceae), Phlomis thapsoides (a perennial plant of family Lamiaceae), species of genus Artemisia,
Ziziphora tenuior (an annual plant of Lamiaceae), Juniperus semiglobosa (a evergreen shrub or small tree of
Cupressaceae), Elaeagnus angustifolia (a deciduous small tree of Elacagnaceae) are widely recognized as aromatic
medicinal plants. (Kristina TODERICH)
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B Joint pine (Ephedra spp.)

Ephedra is a shrub of the Ephedraceae family and is distributed in desert
areas from northern China to central Asia, northern Arabia, northern
Africa and North America. The leaves are small and scale-like, and
they are used as sand fixers; Ephedra strobilacea Bge. is a dioecious
evergreen shrubs (Height: 1-2 m). Good fodder plant used by all kind
of animals, especially in autumn-winter time after snowfall. This plant
contains medicinal alkaloids of ephedrine groups and are used for
regulation of the nervous system, increasing blood pressure, treatment
for rheumatism and gastric problems, as well as bronchial asthma and
cardiovascular disorders. (Kristina TODERICH)

FEWmEcEFTs2 7285
Z2bBESE (L) EZDORET) (Y
ARF ALYV FINT M),

Ephedra strobilacea on fixed sands (top)
and fruits (bottom). (Kyzylkum desert,
Uzbekistan).
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B Peganum harmala

Peganum harmala L. is a perennial herb or small shrub (Height: 30-50 cm) of Nitrariaceae commonly called “wild
rue” or “harmel”, and it grows on degraded and overgrazed desert and semidesert pasturelands with various levels
of salinity. This species is widely distributed in desert areas from Mongolia, China, Central Asian desert, Iran to
Mediterranean region. This plant including its seeds contains alkaloids, which for centuries are widely used in
traditional medicine. Extract of harmala are effective in treatment of resistant depressions and they are also used
in the treatment of Parkinson’s disease and several other disorders. Perhaps, it has been used as an indigenous
medicinal plant since ancient times. The Zaroastrian Persian and Muslims commonly use its extract in purification

ceremonies; its dried leaves and fruits has also been sold to people in local markets. (Kristina TODERICH)
L HAL L MR AEE T BN

e B | HX B NV T (k) LR L

T PRI ) (T ARF RS V),

Adult plant of Peganum harmala
growing on degraded pastures
(left) and mature fruits (right)
(Uzbekistan).

oI5 DFEFNY =L (F) &
NHF—=V TR IR TS
W L72RFF L NV= S
) (P ZARF RS v =
VAV R

Local Medicinal herbs Bazar
(left), and dried Peganum harmara

sold in bazar(right). (Samarkand,
Uzbekistan).

95



W E R KD e

Opportunities for Biosaline Agriculture
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Biosaline agriculture is a relatively new approach of dealing with salinity in agriculture. It develops cropping
systems for saline environments, using the capacity of halophytes and salt tolerant non-conventional crops. It also
produces good quality seeds under saline conditions via improving soil/water quality and natural agroecosystem
function. (Kristina TODERICH)

T 7 a =Y VE=NA P F OV REHRE)
BIXOT 70T+ VAM) —GREKE) VAT b
Agro-silvi-pastoral and Agroforestry system
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B In Agro-silvi-pastoral or agroforestry system, multipurpose tree species
[ B A B SERF 78 £ >~ # — (ICBA) with high adaptive potential, salt, drought, frost tolerance, and high
TiibhATWwWA,. 77274 LA utility value are used. Re-introduction of desert and riparian trees and
b Y — 2B 2 R E R (T shrubs are conducted for the rehabilitation of saline wetlands. Trees/
S THEEE. 54 o EEE shrubs plantations act as a bio-drainage, increase the lands productivity
e A significantly, and keep soils healthy due to rapid leaf litter decomposition.
PEEERRIFERT ) An example of optimal integrated agroforestry system comprises of 12%
Agroforestry forage trial at territory of the tree cover, 30% lucerne and 58% annual forage crops in pastures with
Experimental Station of the International traditional agriculture practice. It provides satisfactory drainage control in
Center for Biosaline Agriculture (ICBA in saline environments and prevents salt accumulation at the root zone areas.
Dubai, UAE). (Kristina TODERICH)

g e LT
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Hyppophae ramnoides (right) and Elaeagnus angustifolia used in the Agro-Silvi-Pastoral system. Both are cold tolerant and quite

resistant to salt. Used as a tall browse hedge on the edge of oasis, along watercourses and riverbeds affected by salinity and water
retention (Uzbekistan).

77 (F) WA D Y L YKo LE . B
Hiar, B & ORI OB HITTVICHZ S b,
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BIESHIZOND (FTARFAY Y, by bUE
HDIEL ) o

Morus nigra is a deciduous tree of Moraceae, and
commonly known as Mulberries. Mulberry is salt tolerant
and planted on floodplains, foot hills, and along the roads
in dry areas . Mulberry foliage is only food for silkworm
and widely used for sericulture. (near Tutli settlement,
Uzbekistan).

7T DERIETHHBTORNLNS (7
ARFAZ V2V M)

The fruits are edible both fresh and dried (Tashkent,
Uzbekistan).
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Cultivation of Salicornia bigelovii as a cash crop
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Salicornia bigelovii (The Dwarf Glasswort) is an annual plant of Amaranthaceae family growing in salt marshes. Perhaps
the most promising of all halophytes currently under commercial cultivation. It is a coastal halophyte which grows in
seawater; used as fodder and for the production of high-quality oil suitable for human consumption. Oil yield is usually
around 30%, higher than many oilseed crops; it is also traditionally burned for soda ash used in glass and soap making.
The commercial cultivars of Salicornia have demonstrated seed yields of 2-3 t/ha, biomass production of 20 t/ha. The oil
has been known to possess a high protein, fatty acid composition similar to safflower with a nutty taste and the texture of
olive oil. When mixed with traditional fodder, the residual meal makes an excellent feed supplement which could be used
as green vegetable raw or pickled; this crop commands a high price in gourmet food markets in Europe and USA. The
cultivation trials of Salicornia with wastewater from aqua-cultural operations have demonstrated the ability to detoxify
contaminated soils, in particular those with high levels of inorganic selenate. (Kristina TODERICH)

' i b e R Y,
HIHEMEHCTHE SR av=7 (7778 BHANOBMNICRESE2AHTRI LYY 2
REGEFS, N34 O FBRHA R ERTIET) o W=7 (T 7 T EREGER, ¥ 34 o EBRE A RS
Salicornia plants cultivated under drip irrigation (ICBA in Dubai, FE) o
UAE). Seed germination in nutrient rich container before transplanting

in the open field (ICBA in Dubai, UAE).
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WABEBT oYY av=7 €ray 1 o AEEICHT 2 EBRWRT (79 7 EEBER, N34 oFEE
YR BEENFSERT) o

Experimental trial on seed production of S. bigelovii irrigated with saline water (ICBA in Dubai, UAE).

FR A L 72 MR T 35 A o PR A b A
MENz, £/ Py 87 BEHRED
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) o

Mature oil-seeds of S. bigelovii used also for biofuel

production; seed can also be used as animal feed due to
its high protein contents (ICBA in Dubai, UAE).

F)aINV=T EFXruT 4 0f(T7T S TERR
FEFR. W54 o [RIBR ki 2L B SR 28T) o

Flowers of S. bigelovii (ICBA in Dubai, UAE).
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