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Relation between Water and Vegetation Cover in the Taklimakan Desert, China
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Photo 1, Gobi desert on the way from Turpan basin to Taklimakan Desert. There would be covered by vegetation if water is enough as
where along the drain.

Photo 2. Gobi desert where used to be no vegetation cover was covered by vegetation between Qira and Hotan in the southern part of the
Taklimakan Desert due to increasing in precipitation.
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Photo 3. Very attractive Kashi Oasis in the western part of the Taklimakan Desert surrounded by well-grown windbreak forests networks
due to human irrigation.
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Photo 4. Salinized sandy desert where used to be covered by

vegetation such as Tamarix in northern part of the

Taklimakan Desert, showing the destroyed sand dune

with some Tamarix roots.
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Photo 5. Windbreak forest along the road inside the oasis at Kashi.
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Naturel and Human Life in the Desert of Taklimakan
Masatoshi YosHINO*

Taklimakan desert in Xinjiang, NW-China, is located in the inner-most part of Eurasian continent, which means the
distance from the sea/ocation as a source of water vapor is the greatest. Also, the location is just under the mid-latitude
anti-cyclone felt. The topography of the Taklimakan desert is a basin named Tarim, This means that the invading air
streams become warmer and drier due to the so-called Foehn effect. The border of the northern fringe is the Tienshian
Mountain range and the south Kunlung Mountain range; both are important source of water in the oases. The desert
has been suffering from heavy rainfall and strong wind, even though their frequency is not high.

The 98-99% of the farmers are Uigur, but Han peoples are working in the sectors of industry, commerce, and other
service industry. The farmers have to go into the desert to collect fire woods, if they do not get enough money through
side works; for example carpet production mainly by women of the families.

Rates of cultivated lands depend upon the rate of irrigation for cultivated lands. But the rate of irrigated lands
decreases sharply, when it becomes higher than threshold values, which differ between the northern and southern parts
of the desert.

Amounts of damages caused by heavy rainfall are unexpectedly lange. Strong dust-storm (kara-bran) causes huge
amount of socio-economie disasters.

In the last part of the present paper, desertification problems were dealt with. Constructions of Uigur farmers’ houses
were sketched. It is pointed out, as a conclusion, that to higher up income of farmers is one of the important ways for
decreasing or weakening the desertification through collecting fire woods. Thorough discussion on the desertification
studies was given.

Key Words: Desert, Desertification, Human Life, Nature, Taklimakan

* 5-;—8-202 Komazawa.ﬂSetagarya-ku. Tokyo 154-0012, Japan. Tel/Fax: 81-3-3703-7833
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Fig. 1. Relations between multiple distance from windbreak and
plant heights of cotton (cot) and sorghum (sor) under the
sufficient (close) and insufficient (open) conditions protect-
ed by a windbreak made of young popular trees, and under
control (cont).
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B2HMMETHETHD, 6 HIBE T2 )P LT
DRBHAIHL B> TWB, s, KHIRKD T 2 DAY
1240cm T 5.

@3asy v ot (Fig.1)

i cHE FE R hTn a4z, a2
Yy O (m) 134~ 5 HEFEIZ#240cm O i i
HHO, 2~9HTIZBEN U 230cm AN L £ R L
Tw3, Zo%EMifs, XEHoI YY) + OV
ZEOM IR LT, FIRORO L, FHKRAKR
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LAKRTHS, kb, HKDay) vy ORI
70cmTah 5.

(2) B, Bk, BB RERIBEM (Fig.2)

DA, AR, IO BB R (B488.0m, i
10.0m, ¥ &500m, HMET0%) 12X BHHDOE LD
ZlLERD:, 9%, a9 L2 HIHETME
GiAaEE<, 742 (O) 120cm, IH Y+ v (m) i3
280cm &L D, ZF0HT F TR, 3Y Y+ Tl
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Y13220em RRIBIZ 5 T b, & B0 X#iA6.3H
ThEWS, GRBEHE LTREZTRUATHS,
ZFLTWHRE DT 4, a9y vy vOELIZEThEN,
40cm, 70cmTH 3.

(3) B#, LD EZBIMMKk (Fig.2)
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Fig. 2. Relations between multiple distance from windbreak and
plant heights of cotton and sorghum under the conditions of
relatively sufficient protection (cotton and sorghum 2) and
insufficient protection (sorghum 1) with windbreak gap for
a windbreak made of mixed trees, and under control.
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.
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Fig. 3. Relations between multiple distance from windbreak and
plant heights of cotton under the conditions of sorghum
windbreak hedge (cotton 1) and having open space of 7H in
the leeward side (cotton 2), and under control.
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% RIET A A K DKL, PRBHHANE N,

(5) 2% v OWAE (Fig.3)
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Fig. 4. Relations between relative multiple distance from
windbreak and relative plant height at young, middle,
old and last growth stages of cotton plant.
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Fig. 6. Variations of relative wind speed (Ur), soil surface
temperature (Ts), air temperature (Ta) and relative
humidity (RH) to relative multiple distance from
windbreak under the condition of desert located on
the windward side from a windbreak made of 7m-
high mixed trees.

(D) fHEIzE—2 550, WIS, £/ Tald25~
35% (D) Ic€—2o2h Y, WMTI, RHIZ25~35
% (D) IZ€—2 %50, 10~55% (D) T VELE
N

HROEUETIE, 1990 ~M T-DHEF~HKEDH
OB AR BHRO V-0 2L L RIREAHE - (0
K) Thhit, Hbss2 - idHpL T3,

(2) A, BHiEMIZk 35K LML DM

ZhenX %ozt (Fig.6, Fig.7) LHiln%ik
(Fig. 4 DOHIL mHl) ##$5. HUEMUr (%),
HFBRTs ()C), HXBIERE (%), %iliTa ('C) 0%
hzhicd$37 208 LHp (m) & D% Table 1
IZRLA, 272U, 0% (D), 100% (D) TizXED
ISR L 224, fEARIE S R TAE L HLOfiMLH D
T, 25~975% (D) OffizHiL -,

Table 1 720 LBz, OAWEKD 1994 4 6 Hilh) D
HZ L AVIRMO 7 5 % (199659 A LAy) ot
LEDWtR, EOTENZOBHiEID 1994 46 A r1hiyo
& L BUiIEMO 7 2 £ H %M (1996F 9 A Lty) o
KEDWEAERT. £/, Table 1 D LEHZ, QAW
IR 1994 5 6 Fl b % & ABIRRKROY 7 7 17300
(1991 11 F LAy & 1992410 Ah iy Fty) ¥ Lo
Bk, GO TEIZ@BiMD 1994 4- 6 HihtyD (% &
ABSIBRD 7 2 4 ERA8 (1991 11 A 1Ay & 1992410 1
WO T-) DR E DR ERT.

101

Mean of Ur (%),
Ts (*C), Ta ('C)

R R I R s
QODOVOOC OO0 00

Mean of RH (%)

0 10 20 30 40 50 60 70 80 90 100
Relative multiple distance (%)

Fig. 7. Variations of Ur, Ts, Ta and RH to relative multiple
distance from windbreak under the condition of oasis
located on the windward side from a windbreak made
of 8m-high mixed trees.
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Table 1. Relation between meteorological data and mean plant height of growth

stage for A and B windbreaks.

Ur: relative wind speed, Ts: surface soil temperature, RH: relative humidity,
Ta: air temperature and r: correlation coefficient

Relation between meteorological data in middle ten days of
June for A ((Dupper item) and B (@lower item) windbreak
and mean plant height; Hp of late growth stage in first ten
days of September for A and B windbreaks, respectively.

Relation between meteorological data in middle ten days of
June for A (Dupper item) and B (Dlower item) windbreaks
and mean plant height; Hp of last growth stage averaged in
first ten days of November and middle ten days of October for
A windbreak.
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Hp =0.132Ts —4.67 r=0.925
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Hp=0421RH—6.69 r=0574
Hp =0.257Ta—8.65 r=0.373
Hp=1.034Ta—37.86 r=0.953

Hp=—0.042Ur+28.25 r=0.822
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Mutual Relationship between Meteorological Improvement and Crop Growth by
Windbreaks at the Arid Land of Turpan in China

Taichi Maki*, Mingyuan Du* and Kazuhiko OHBA**

(1) Plant heights of cotton and sorghum protected by a sufficient windbreak hedge made of young popular trees are
particularly high at distances of 2H to 10H (where nH is the multiple distance of windbreak height, H, and a negative
sign indicates the windward side and a positive sign indicates the leeward). However, in the case of wind blowing from
the side of the windbreak, cotton plant height decreases gradually from 3H and decreases sharply after 6H.
Consequently the effective region of the windbreak is decreased.

(2) Plant heights of cotton and sorghum protected by a windbreak made of mixed trees are particularly high at a
distance of 2H to 2.5H, and considerably high at distances up to 7H. The effect of the windbreak is similar to that of the
young popular hedge. Both crops are relatively well protected by windbreaks.

(3) The protective effect for crops in cases when there is a gap in the windbreak is smaller than that for crops with no
windbreak gap. The plant height increases gradually due to the protective effect of the crop itself. However, the crops
will not attain the maximum plant height under the condition of full protection.

(4) Considering the crop cultivation from the decreasing area of the typical windbreak effect, plant heights increase
due to climatic improvement and protection of the crop itsell. However, the effect is lower than that of cultivation in the
area immediately adjacent to the windbreak in the case of the same crop.

(5) Cotton plant heights protected by sorghum windbreak hedge are high at distances of 1H to 4H and also compara-
tively high at distances up to 17H based on fairly large protection. Climatic improvement by sorghum being resistant to
dryness and strong wind can be achieved for crops of lower height, so that the sorghum acts as a windbreak hedge.
Moreover, crop production can be also got from the hedge itself; that is, it serves two purposes.

(6) Cotton lint number or production volume increases with the cotton plant height to the 1.68 power and a propor-
tional coefficient of 19.7.

(7) The effect of a windbreak forest for crops becomes significant at more advanced growth stages. When the
windward side of the windbreak is desert or dry land, climatic improvement appeares from the point of the windbreak
and the plant height also increases gradually.

(8) It is suitable that crops are planted from a distance of 1H from the windbreak for cultivation of cotton and
sorghum, and improvement area also increases. On the other hand, the area of increased corn plant height is not
always wide because crop density of the upper part of corn is low.

(9) Relations between the meteorological elements (wind speed, surface soil temperature, humidity and air tempera-
ture) and the cotton plant height at the last growth stage are all significant at the level of 1% on the correlation coefficient.

(10) Considering correlations between the meteorological elements on the cotton plant height at the middle growth
stage, the correlation between plant height and relative wind speed and/or relative humidity is higher than for air
temperature based on the small variation in air temperature averaged between day and night in the case of desert or dry
land on the windward side. However, the correlation between the plant height and air temperature and/or surface soil
temperature are higher while that for relative wind speed is lower due to the climatic improvement in the case of oasis
on the windward side.

Key Words: Crop growth, Meteorological improvement, Plant height, Windbreak, Wind speed
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Tsukuba, Ibaraki 305-8604, Japan.
** Department of Agro-Environmental Management, Kyushu National Agricultural Experiment Station. 2421, Suya, Nishigoshi,
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Distribution of World Population and Cars from the Viewpoint of Desert Development
Yasuko NISHIGAMI*

Utilizing much solar energy in the deserts could be one alternative option for the fossil fuels depletion issue in the
next century. The long distant transportation cost of the electricity is extremely high. Electricity acquired by
photovoltaic power plants in the deserts must be converted to other energy and transported to the world energy demand
sites through the various methods such as pipeline transportation of hydrogen and tanker transportation of liquid
synthesized fuel. Human beings consume much energy and car is much related with total energy consumption and
individual wealth. The aim of this paper is to clear the circumstance and the trend of world wide energy demand in
order to consider the suitable energy transportation system. World land area, population and the number of cars were
calculated in every 1,000km distance from each world desert. The contribution of developing countries to each value
was also elucidated. Japan is an island country located 2,000km far from any world deserts. Tanker transportation
system might be suitable for Japan while the energy efficiency is low. About 60% of developing countries, 2.55 billion
people live in deserts and within 1,000km distance from deserts. In developed countries people live almost uniformly in
every 1000km distance from deserts. Car number per capita is 0.022 in developing countries and 0.38 in developed
countries. A future economic and industrial development in the developing countries might cause the increase of
energy demand near deserts. Supply of solar energy in deserts to the surrounding developing countries might mitigate
the future world energy crisis. The world wide distribution of population and cars from the view point of the distance
from deserts in this study will give much important information for a future utilization of solar energy in deserts.

Key Words: Deserts, World population, Cars, Solar energy

* Laboratory Office of Global Energy System. 5-8-2- 106 Makiochi, Minoo-shi, Osaka 562-0004, Japan.
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Possibility of Agricultural Expansion in Egypt in View
of the Available Water Resources

Tarek H.S. KoTB*, Tsugihiro WATANABE?,
Yoshihiko OGINO* and Takao NAKAGIRI*

This paper aims at examining the possibility of the new agricultural expansion policy in Egypt in
view of the available water resources. In this regard, a different approach from that adopted
officially is developed and applied. It merely considers the non-recoverable consumption by plant
and other users, unavoidable losses due to evaporation from free water surface, and the drainage
requirement into the Mediterranean Sea and Terminal Lakes to keep the salt balance in the
Northern Delta and control seawater intrusion.

In the beginning, the objectives of the new agricultural expansion policy in Egypt are introduced
likewise the interrelated governmental measures.

Firstly, the authors argue the attainability of the governmental measures providing evidences in
support of their opinion. Secondly, they apply the approach of the non-recoverable consumption
and unavoidable losses, and develop their own assumptions and calculation procedures to examine
the possibility of meeting the objectives of the new agricultural expansion policy.

The non-recoveravle consumption by crops in old lands after replacing rice by less water
consumer crop like maize in 50 percent of its growing areas is estimated as 36.348 X 10° (BCM);
consumptive use by crops in the newly reclaimed areas at the fringes of the Nile Valley and Delta,
and in the Sinai Peninsula is 4.586 BCM; consumptive use by crops in the New Valley Project is
2.838 BCM; and the non-recoverable consumption by domestic sector is 3.100 BCM. The industrial
sector has ineffective contribution to the non-recoverable consumption because the vast amount of
supply returns to the water resources system to be recycled. The evaporation lossess from free
water surface of the irrigation and drainage networks were estimated in previous research as 2.000
BCM. On the supply side, Egypt's share from the River Nile is assumed to remain fixed as 55.500
BCM. Therefore, in the newly developed water budget, an amount of 6.628 BCM will be available to
dispose into the Mediterranean Sea and Terminal Lakes (difference in balance between supply, and
consumption and losses). Corresponding values were also computed following two dirrerent
assumptions as 5.506 and 6.300 BCM. Both assumptions aim at recycling all drainage waters that
fall in a salinity category less than 2,000 mgL™..

Finally, the study concludes that the obfectives of the new agricultural expansion in Egypt are
attainable, however, the authors recommend some measures that they believe of their convenience
if the whole irrigated agriculture system is to be developed and sustain.

Key Words: Egypt, New agricultural expansion policy, Water resources, Non-recoverable
consumption, Unavoidable losses

* Laboratory of Irrigation and Environmental Engineering, Faculty of Agriculture, Osaka Prefecture University.
1-1, Gakuencho, Sakai-shi, Osaka 599-8531, Japan.
(Received, June 6, 1998; Accepted, Octoberr 6, 1998)
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1. Introduction

Egypt enters the twenty-first century with an
ambitious policy regarding water resources
management and agricultural expansion. The per
capita share of agricultural land is about 0.05 ha.
The figure is very low compared with its
corresponding values in the United States (5.88 ha)
and Europe (1.26-1.68 ha) MPWWR, 1997). On
the other side, the population continues increasing
rapidly with an annual rate of 2.1 percent (1.2 X 10°
capita per year).

The water resources are limited, while increas-
ing supply is very much doubted on the mean time,
since the unstable political situation in South
Sudan restricts the completion of the Upper Nile
Development Projects that can yield additional
quantities to Egypt’s share from the River Nile.
The vast population is concentrated in the Nile
Valley and Delta likewise all agricultural activities.
Moreover, considerable portions of the agricultural
soils, especially near the Mediterranean Sea coast,
are salinized or threaten by salinization; about 33
percent of the agricultural lands are salt-affected
(GASSEMI et al., 1995).

After the completion of the Aswan High Dam in
1970, the Government started to reclaim new
agricultural lands adjacent to the old lands in the
Nile Valley and Delta. This reclamation pattern
was defined as the ‘creeping land reclamation
pattern’ since it was only developing newly
agricultural areas at the fringes of the Nile Valley
and Delta. As a consequence, the cultivated area
became confined to these spots, leaving more than
96 percent of the country’s territory deserted.
Apart from Cairo (15X 10° capita), the remaining
population is concentrated in the rural societies
and even the metropolitan areas were established
and developed within the relatively narrow valley
and delta. This pattern was, however, very feasible
from the economic and water saving viewpoints.
The construction costs were less than those
estimated for remote areas. The water conveyance
losses were reduced, and the expansion was
conducted in the form of extending already
existing canals, or constructing some branches in
the reclaimed areas. The immigration to the newly
established communities was very smooth, since
they are an extension of old societies.

In 1996, the Government has adopted a new
reclamation pattern, which aims at adding more
agricultural lands in the remote areas in the Sinai
Peninsula and the Southwestern Desert. Such
pattern is called the ‘frog land reclamation pattern’
for leapfrogging outside the Nile Valley and Delta
to establish new communities in relatively remote
areas based on irrigated agricultural practice. The
strategic purpose of this pattern is to redistribute
the population in newly formed communities.
Agriculture is indeed envisaged as the basic
attractive activity that can be complemented with
others such as mining, industry and trade with
neighboring countries. Currently, two gigantic
projects are under-construction: El-Salam Canal (at
the east of the Nile Delta and in the Sinai Peninsu-
1a) and the New Valley Canal (in the Southwestern
Desert near Lake Nasser).

The main objective of this paper is to examine
the possibility of attaining the new policy towards
agricultural land expansion in Egypt in view of the
available water resources. In the beginning, we
present the objectives of the new policy and the
interrelated governmental measures. Then, we
argue the viability of the governmental measures
providing the necessary evidences. Finally, but
increasingly important, we apply different
approach from that adopted by official authorities
in examining the possibility of attaining the
objectives of the new policy. In this approach, we
only consider the non-recoverable consumption
and unavoidable losses in balancing supply and
demand, developing our own assumptions and
calculation procedures. We end with some
recommendations that we believe of their high
consideration if the new policy is to be carried out
successfully.

Again, it is necessary to emphasize that the
argument regarding the declared governmental
measures and the results of examining the
possibility of attaining the new agricultural policy
included in this paper are entirely based on the
authors view and assumptions. It is a trial, but
considerably reliable, to visualize the future
situation in Egypt as well as estimating the exact
water consumption by agricultural command in old
lands, reclaimed commands in the newly expan-
sion projects, and municipal and industrial sectors.
Further, we try to answer the question of how
much water must be disposed into the



Mediterranean Sea and Terminal Lakes to keep
the salt balance in the Northern Delta and prevent
seawater intrusion.

2. Agrarian Environment in Egypt

1) Geography and climate

Egypt is located in the northeastern part of
Africa with the Sinai Peninsula at the southwest of
Asia (Fig. 1). The country has an area of 10° km?.
The total cultivated area is 3.276 Mha (MPWWR,
1997). The population is 60X 10° capita. More
than 96 percent of Egypt's territory is uninhabited
desert. The River Nile is the only considerable
source of water. Egypt is the downstream country
amongst ten beneficiary nations from the Nile's
water. The Nile enters Egypt from the south at
Sudan and flows northward for about 1,545 km
(including the length of both branches). The two
Nile Branches, Damietta and Rosseta, fan out
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nearby Cairo and flow towards the Mediterranean
Sea to form the Nile Delta. The Nile Valley and
Delta possess very fertile soils formed by deposits
carried down by the Nile, especially, during flood
time.

The climate is categorised as arid at the north
and extremely arid at the south. The summer sea-
son is completely dry with highly recorded temper-
atures: 30.6°C at Alexandria; 34.4°C at Giza, to the
south of Cairo; and 42°C at Aswan (ABOUKHALED et
al., 1975). In Cairo, the temperature reaches a
range from 38-43°C (GHASSEMI et al., 1995). The
most humid area is along the Mediterranean Sea
coast wherein the annual precipitation rate was
recorded as 191 mm. It dropped drastically
southward to record 20 mm at Giza, and 1.4 mm at
Aswan. As a conclusion, precipitation can not be a
countable source of water. Egypt is very unique all
over the world for developing a 100 percent
irrigated agriculture system.
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2) Water resources

Egypt depends entirely upon the River Nile's
water. The annual share has been determined as
55.500 X 10° m3 (55.500 BCM) according to the
articles of the agreement of full utilisation of the
Nile’s water, which was covenanted between Egypt
and Sudan in 1959. Other resources such as
ground and drainage waters are nothing but
recycling sources. The exception is given to the
nonrenewable groundwater aquifers in the
Western Desert and the Sinai Peninsula. In 1990,
the contribution of these aquifers to the water
budget was insignificant (about 0.500 BCM). In
the Western Desert, the aquifer resources and
sustainability are uncertain, notwithstanding, there
is a contention on its hugeness and suitability for
all purposes. Further, its water is easily obtainable
in several locations. The aquifer age lies in the
range from 20,000 to 30,000 years. The recharge
rate per year can be 0.008 BCM from the south and
0.040 BCM from the west (Libyan Desert). The
total storage was estimated as 200.000 BCM. The
capacity of the aquifer allows safe exploitation of an
additional 1.460 BCM (MPWWR, 1997). The total
water mining including the shallow and deep
aquifers in the Sinai Peninsula can account for
2.500 BCM according to the Government’s plans.

The River Nile, canals network, and drains
recharge the groundwater reservoirs in the Nile
Valley and Delta. The present annual pumping is
totaling 2.600 BCM (ATtTIA and TUINHOF, 1989).
The targeted value by the year 2000 is 4.900 BCM.

Recycling drainage water is a very important
source. In Upper Egypt, most drains return their
flow to the Nile. This amount has been roughly
estimated on yearly basis as 2.3 BCM; however, it

is unconsidered in the national water balance.
Furthermore, and on field level, farmers illegally
reuse other unconsidered quantities that may total
1.5 BCM per year. Officially, the recycled drainage
flow was measured as 4.126 BCM in the Nile Delta
at designated mixing stations (DRI, 1993). This
figure is planned to increase to 7.000 BCM by the
years to come.

The Government also gives a recent interest in
treating municipal effluent for agricultural purpos-
es. The current quantity is insignificant, but it is
targeted to account for 1.1 BCM.

Briefly, the opportunity for increasing supply is
through intensifying water recycling and mining
the nonrenewable ground reservoirs. The current
and targeted supply can be summarized as in Table
1. The increase in budget excludes the treated
sewage water providing that this kind of source
has its own special use as well as location outside
the focused expansion areas. The table shows that
the increase in supply can be as 7.174 BCM.

3. New Agricultural Expansion Policy

1) Objectives

In order to extend the cultivated areas in Egypt,
the Government has launched an ambitious
program for land reclamation. The program
managed to increase the agricultural lands to 3.276
Mha according to the latest survey (MPWWR,
1997). The 1982 inventory was as 2.827 Mha. The
program is still aiming at adding 0.588 Mha at the
fringes of the Nile Delta and Valley by the year
2000 (the locations of the new land reclamation
projects are shown in Fig. 1). The major compo-
nent of this program is El-Salam Canal, which will

Table 1. Current and tergeted supply from the different water resources in Egypt
according to the goverment's plan.

Unit: BCM
No. Source Current supply Targeted supply Increase

1 River Nile 55.500 55.500 0.000
2 Rechargeable groundwater

in the Nile Valley and Delta 2600 4.900 2300
3 Reuse of drainage water 4.126 7.000 2.874
4 Fossil groundwater in the

Western Desert and Sinai 0.500 2.500 2.000

Peninsule

Total 62.726 69.900 7.174

Sources: MPWWR (1997), AtTia and TuiNHOF (1989), DRI (1993).



supply water to 0.260 Mha: 0.092 Mha at the east of
the Nile Delta and 0.168 Mha in the Sinai Peninsu-
la. The cost of the project was estimated as about
4.4 billion Egyptian Pounds (LE) (US $ 1.29 billion).
Although the project has been included in the
former policy, yet it has not been accomplished and
obviously categorized as a ‘frog land reclamation
pattern’ according to the framework of the new
agricultural expansion policy.

In the New Valley Project, a large canal will be
fed directly from Lake Nasser upstream the AHD
to reclaim an area of 0.149 Mha. In addition, an
area of 0.061 Mha will be irrigated from the
groundwater aquifer. The project command is 0.21
Mha with a total cost of LE 5.5 billion (US $ 1.62
billion). The two projects are prominent examples
of the new reclamation attitude (frog land reclama-
tion pattern).

The selected area for the New Valley Project has
been proposed since the early 1970s. Historically,
this area had some agricultural activities and the
production was used for export to surrounding
regions. The main source of water was the ground
aquifer. The current irrigated land is 0.029 Mha.
An additional 0.061 Mha can be irrigated within the
safe yield limit of the ground reservoir (MPWWR,
1997). This sums up the total benefited area on the
groundwater aquifer to 0.090 Mha.

2) Water requirements

The MPWWR obliges farmers to apply micro
irrigation techniques in the newly reclaimed lands
(micro sprinkler, drip irrigation and advanced
surface irrigation with high efficiency and minimal
losses). The annual water duty for one reclaimed
hectare was decided as 12,143 m®ha 'y! including
overall losses. This figure is concluded from the
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calculation procedures applied for estimating the
agricultural expansion requirements when 5,100
m?® was annually determined for every reclaimed
feddan (1 feddan is equivalent to 0.42 ha) (MPWWR,
1994). The water requirements for the newly
reclaimed areas at the fringes of the Nile Delta and
the Sinai Peninsula can therefore be estimated as
7.140 BCM, as included in Table 2. In principal,
the newly reclaimed areas are designed to obtain
50 percent of their water shares from recycled
agricultural drainage. This implies that 3.570 BCM
must be supplied from the Nile's water.

In the New Valley Project, the proposed
irrigation system is a mix of surface and micro-
irrigation. A cropping pattern was primarily
suggested to suite the special agro-environment in
the project region. It is also targeted to provide
raw materials to the intended industrial and
exporting activities. The suggested crops are
palm, medical plants, winter vegetables, oil crops,
sugar beat and potatoes.

The applied water duty at present is about 28,570
m3ha !y}, while the crop reference evapotranspira-
tion is estimated as from 19,050 to 21,430 m*ha™ly’!
(MPWWR, 1997). The comparison may conclude
low application efficiency. We can also conclude
that the area has an extremely arid climate. The
evaporation rate is 12-26 mm per day during sum-
mer and 5-21 mm per day in winter (MPWWR,
1997). The MPWWR considers improving the
current overall efficiency, at least for design
purpose, to become as high as 90 percent. Thus,
when using a crop reference evapotranspiration
equal to 21,430 m®ha! y), the bulk duty will be as
high as 23,810 m*ha™! y™! including all losses. The
water requirement for the benefited area from the
Nile’s water in the New Valley Project is therefore

Table 2. Water requirements for agricultural expansion according to the MPWWR assumptions.

No. Project Area Bulk water duty  Total consumptive use
(Mha) (m*ha’ly™!) (BCM)
1 New reclaimed areas at the fringes of the Nile
Valley and Delta, and the Sinai Peninsula 0.583 12,143 7.140
2 Irrigated lands with the Nile’s water in the
New Valley at the southwestern part of Egypt 0.149 23,810 3.548
3 Irrigated lands with the groundwater in the
New Valley at the southwestern part of Egypt 0.061 23,810
Total 0.798 12.140
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3.548 BCM, and the requirement from the ground-
water aquifer is 1.452 BCM, as shown in Table 2.

The total water requirements for the new
expansion projects can be estimated as 12,140
BCM. The planned sources are: 7.118 BCM from
the Nile’s water (3.570 BCM for the lands at the
fringes of the Nile Valley and Delta, and the Sinai
Peninsula, and 3.548 for the New Valley Project);
3.570 BCM from recycling drainage flow; and 1.452
BCM from the nonrenewable groundwater aquifer
in the Western Desert.

3) Governmental measures

The future balance shows a deficit between
supply and demand. The opportunities for increas-
ing resources can supply additional 7.174 BCM,
while the demand is 12.140 BCM. The deficit is
thus 4.966 BCM.

However, the future policy regarding water
resources utilization has been recently reformed.
The reliance on increasing resources through the
Upper Nile Projects, especially Joungli Canal, has
considerably waned because of the unpredictable
end of the civil war in South Sudan. The recent
scenario considers that the share from the River
Nile remains fixed at 55.5 BCM.

The latest declared measures by the government
to save water for the newly reclaimed lands are
through two managerial actions. The first is
reducing the area cultivated with rice gradually
from 0.588 Mha, at present, to 0.294 Mha, to result
in 50 percent decrease (MPWWR, 1997). Rice will
be replaced by less water consumer crop, for
example maize, to save about 14,523 m3ha’ly!
providing that the MPWWR currently supplies
20,952 m3ha'y™! for rice corresponding to 6,429
m3haly’! for maize (Kots, 1992). The annual
saved water can be consequently 4.27 BCM
(294,000 ha X 14,523 m*ha’ly! X 10°9).

The second action is the generalization of the
Irrigation Improvement Projects (IIP), which are
funded by several international donors and aim at
using water optimally on field level to increase
agricultural productivity. The IIP adopt an
interdisciplinary approach in dealing with both
physical and institutional issues. For improving
the system physically, an intensive rehabilitation or
replacement of inefficient components is carried
out. The physical improvement activities include:
control structures, canal section reshaping or

realignment, canal lining, crossing works and land
leveling using laser beam. On the institutional
improvement level, an irrigation advisory unit was
established to provide farmers with irrigation
extension services. The most important institu-
tional reform is involving farmers in operation and
maintenance through organizing them in non-
governmental and self-dependent water users
associations (NASHED, 1997). Field facilities are
constructed within the framework of a flexible cost
recovery program and farmers are encouraged to
participate effectively by the improved outputs in
the projects pilot areas. By the advent of the year
2007, the planners expect a save of 1.5 BCM from
the projects (MPWWR, 1997).

The MPWWR hopes to succeed in carrying out
these two actions, which may enable for a total
save of 5.77 BCM per year. The deficit in balance
can therefore be overcome, and the supply side
exceeds the demand side by 0.804 BCM.

4, Viability of the Governmental Measures

In this section we argue the possibility of
carrying out the two governmental measures
regarding the cut in rice growing areas and the
saved water due to the generalisation of the IIP.
Although we only express our opinion that is
supported with evidences, we use, on the other
hand, another evaluation approach to prove that
the objectives of the new policy can be attainable,
as will be concluded finally. However, a group of
recommendations are to be considered and
implemented rigidly.

Basically, the water resources system in Egypt is
very tightly controlled. Resources are interrelated
to each other in a sense that making the overall
system efficiency very high. KoTB (1992) estimates
the overall system efficiency as the ratio between
the actual consumed water by different sectors
including evaporation losses from free water sur-
face to the input from the River Nile as 77 percent
for the hydrological year 1989/90. Practically,
water, which is lost from one source, is captured
by another and reused for the same or even
different purpose. The municipal and industrial
effluent normally flows to drainage channels. The
drainage flow is intensively recycled either on
official or unofficial basis. Therefore, consideration
of losses within every sector is not feasible when



the system resources are planned globally. The
sectors’ distribution and utilization efficiencies,
which are to be improved individually, are mainly
subjective to the management and operation within
every sector. For effective evaluation, it is
convenient to skip the matter of efficiency and only
focus on the non-recoverable consumption and
unavoidable losses, as will be introduced in the
following section. Prior to such evaluation, let us
discuss further the attainability of the declared
governmental measures.

1) Replacement of rice in 50 percent of its
growing areas

Typically, rice cultivation is intensified in the
northern part of the Nile Delta and some regions in
the middle, while it is prohibited in other regions
(South Delta, and Middle and Upper Egypt).
Violating law in this regard is heavily penalized
financially. The rice intensity during summer
season is usually 50 percent in the northern strip
near the Mediterranean Sea coast and decreases
gradually southward till reaching about 10 percent
near the southern part of the Nile Delta (E1-Quosy,
1994). The three main folds for growing rice are:
its importance as staple food; remedial practice for
the prevailing salinized soils; and preventative
action against seawater intrusion.

EL-Quosy and Risseeuw (1987) support rice
cultivation as a counter measure against salinized
soil in the Nile Delta. Rice is also tolerant to the
supplied low quality water as its growing regions
are considered the downstream ends of the
system. Moreover, the net benefit from growing
rice is the highest among other summer crops:
rice yields net benefit of LE 2,158 (US § 635);
cotton LE 1,455 (US $ 428); and maize LE 993 (US
$ 292) (MALR, 1994).

Although the reduction of rice areas will save a
considerable quantity of water, it will, on the other
side, affect soil salinization adversely if it is
conducted in unsuitable regions. The tolerance of
proposed crops for replacement in this case would
be suspected. Another economic issue is that the
self-sufficiency ability in 1990 was reported as: 114
percent for rice; 28 for wheat; 78 for maize; and 63
for sugar (GoUEL and EL-MiNiawi, 1993). The cut
in rice growing areas by 50 percent may bring the
self-sufficiency ability of rice to 64 percent. This
means that the country will have to import rice to
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fulfill the requirements of local market instead of
exporting it at present. Hopefully, part of the
income from the newly reclaimed areas will be
allocated to compensate for importing demands.

However, if the attitude is to be implemented to
save water in first place, it must limit the rice
growing areas to the heavily salinized soils in the
northern part of the Nile Delta. Law must be
reformulated and strictly enforced in this regard.
This matter is very doubtful since it deeply
involves some socio-economic issues as well as
complicated political constraints in the rural
societies. For instance, farmers who will be
deprived of growing rice must obtain financial
subsidy to overcome their loss since rice is one of
the most profitable summer crops. Within this
context, a complete reform of the agronomic
system must be discussed in which this issue is
tackled sensibly. The other critical problem is
related to the financial penalty for violating law and
growing rice in restricted areas. Although the
penalty is deterrent, the parliament representatives
in the penalized regions always succeed to
terminate the encroachments after influential
mediation.

The attitude could therefore be beneficial with
respect to water saving, however, the conse-
quences and implementation procedures must be
studied and formularized carefully.

2) Saved water due to the generalization of
the IIP

The second issue concerns with the output from
the IIP. Till the moment, the projects are success-
fully implemented in some pilot areas: not more
than 5 percent of the total agricultural lands
nationwide. The output is encouraging for further
implementation and generalization is targeted in
the years to come. The projects are mainly funded
by international donors with high support and
interest from the National Government. However,
the output analysis in some pilot areas does not
show a concrete evidence for water savings.
Nonetheless, it shows very promising results in
other respects.

0AD (1994) introduced some outputs from the
IIP when he compared between the situations
before and after project. He reported that the cost
of irrigation paid by farmers was reduced by 33 to
57 percent. The labor saving or time spent on
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irrigation management was also impressively
reduced by a ratio from 16 to 45 percent. The
reduction of system maintenance at tertiary level
has incredibly decreased by at least 80 percent.
Farmers in a selected pilot area, Herz-Numania in
Middle Egypt, reported an increase of 6 to 20
percent in crop yield. The increase was reported
immediately after the project completion, which
expectedly indicates higher potential during the
following few years after farmers become accus-
tomed to the new field management aspects. Land
was also saved where new conduits replaced old
open canals, for instance, 25 to 50 percent saving in
raised channels areas and 100 percent saving in
pipelines areas.

The conclusion regarding water saving is that;
conveyance, distribution and field application
losses can be dramatically reduced. However, the
projects were oriented primarily to increase
productivity, assuming that the current practice
does not allow for effective use of water. Thus, the
allocated water remains the same in quantity,
probably in better quality, but it would be distrib-
uted and utilized in more effective manners to
increase average productivity over the project
command. Furthermore, and as explained above,
the system is tightly connected. In other words, if
the water is dispelled somewhere, it is captured
through other resources, i.e., drainage system or
groundwater aquifer, and reused in successive
region.

The other alternative is to keep the current
productivity level at the expense of using the saved
water in reclaiming new areas. Nevertheless, the
concept needs further study because, and again,
the system losses are minimal on global level. The
overall potential saving is yet doubtful.

We also have to keep in mind that the MPWWR
gives the IIP sites the priority over other areas
with respect to sufficient water supply as well as
qualified staff on micro level. The case is very
typical as that for any pilot project and indeed the
generalization in an efficient manner as in the pilot
areas will add more financial and administrative
burdens to those of the MPWWR, at least during
the initiation stage.

5. New Water Budget According to the
Approach of the Non-Recoverable
Consumption and Unavoidable Losses

The introduced evaluation approach in this paper
is rather different from that conducted by official
authorities. It focuses on the non-recoverable
consumption and unavoidable losses in balancing
supply and demand. In order to examine the
possibility of achieving the new policy in view of
the available water resources, the following
assumptions and calculation procedures are
applied.

1) Estimation of the crop consumptive use
in old lands

The crop consumptive use is estimated using the
national cropping pattern of the year 1993 collected
from the MPWWR records and shown in Table 3,
and the regional crop water duties developed by
the Master Plan for Water Resources Development
and Use in 1980 (MALR, 1980) and upgraded by the
Water Management and Irrigation Systems
Research Institute in 1989 (Table 4). Normally, the
annual cropping pattern in Egypt is not signifi-
cantly changeable and therefore the total crop
consumptive use can lie in the vicinity of an
average number. The applied crop water duties
were validated scientifically and experimentally
(MoTT MACDONALD CONSULTING ENGINEERS
LiMrTED, 1990).

The areas occupied with rice were 448,112 ha in
total during 1993. This value was reported
officially, nevertheless, the actual situation
included many violations, some were reported,
while others were only recognized through
production and water consumption. The actual
value declared officially to be reduced by 50
percent was previously introduced in chapter 3
(the intended reduction is from 0.588 to 0.294
Mha). Assuming the correctness of the reported
value, the crop consumptive use on national level
can be estimated as 37.177 BCM (Table 5). The
values in Table 5 were obtained simply using the
following two equations:

Usr=Acr X Dy X 107° ¢))

Where Uy, is the consumptive use in BCM by
crop (¢) in a region (r) (Egypt is divided
climatologically into three regions as follows:



Table 3. Cropping pattern in Egypt on regional level during 1993.

121

Unit: ha
Crop Upper Egypt Middle Egypt Lower Egypt Total
(Nile Delta)
Wheat 160,622 148,944 481,102 790,668
Beans 39,986 62,517 68,833 171,336
Barely 6,282 4,573 44,103 54,959
Fenugreek 400 2,186 487 3,074
Lupins 699 696 1,084 2,479
Chickpeas 2,459 0 664 3,123
Lentils 5,203 173 899 6,276
Clover (temporary crop) 23,738 27,300 354,001 405,039
Clover (full season crop) 56,524 148,544 530,190 735,257
Flax 0 336 23,461 23,797
Winter onion 4,615 3,884 5,623 14,122
Winter garlic 881 5,720 2,972 9,573
Winter vegetables 29,531 90,768 242,822 363,121
Winter potatoes 0 0 0 0
Sugar beat 0 0 0 0
Ctton 41,013 80,227 373,317 494,556
Rice 0 7,348 440,764 448,112
Summer maize 111,930 159,483 541,687 813,099
Summer sorghum 109,614 20,037 0 129,651
Soya beans 6,701 27,257 26,854 60,812
Sugar cane 112,708 17,281 6,012 136,001
Sesame 19,325 1,443 2,419 23,187
Groundnut 1,410 2,626 9,791 13,828
Summer onion 0 4,023 1,110 5,133
Summer vegetables 33,287 110,416 283,766 427,469
Summer potatoes 0 0 0 0
Summer darawa 0 0 13,440 13,440
*Nili maize 2,312 81,128 8,287 91,727
*Nili sorghum 0 3,657 0 3,657
*Nili vegetables 3,023 53,442 48,429 104,895
Gardens 21,314 45,072 216,105 282,491
Sprinkler 0 0 104,000 104,000
Surface 0 0 69,446 69,446
Total 793,578 1,109,084 3,901,667 5,804,329

Source: Irrigation Sector of the MPWWR (1993).
*Nili is a marginal season that is named after the Nile flood and lasts from August to October.
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Table 4. Crop water duties on regional level in Egypt.

Unit: m®ha’ly!

Season Crop Upper Egypt Middle Egypt Lower Egypt
(Nile Delta)

Wheat 5,227 4,754 3,830

Beans 4,350 3,734 3,050

Barely 5,129 4,286 3,352

Fenugreek 2,957 2,571 2,381

Lupins 2,957 2,571 2,333

Chickpeas 3,026 2,631 2,410

Winter Lentils 3,850 3,580 3,180

crops Clover (temporary crop) 2,830 2,600 2,080

Clover (full season crop) 7,430 6,768 5,701

Flax 3,690 3,624 3,350

Winter onion 4,100 4,100 3,880

Winter garlic 3,200 3,830 3,240

Winter vegetables 3,830 3,830 3,240

Winter potatoes 3,830 3,830 3,240

Sugarbeat 0 0 7,214

Cotton 9,241 8,432 6,710

Rice 12,845 11,170 11,170

Summer maize 6,680 6,220 5,786

Summer sorghum 6,550 6,060 5,567

Soya beans 7,084 6,160 4,810

Summer Sugar cane 21,690 17,066 11,905

crops Sesame 6,174 5,369 4,875

Groundnut 10,076 8,762 7,998

Summer onioin 6,429 5,238 4,536

Summer vegetables 5,580 5,580 4,560

Summer potatoes 5,580 5,580 4,560

Summer darawa 0 0 ____ 507

Nili maize 7,857 5,500 5,360

Nili Nili sorghum 7,381 5,373 5,187

crops Nili vegetables 11,905 3,820 3,670
Gardens 1280 9,860 9559

Micro Sprinkler 0 0 12,712

irrigation  Surface 0 0 17,942

Source: WATER MANAGEMENT AND IRRIGATION SYSTEMS RESEARCH INSTITUTE (1989).



Table 5. Crop consumptive use on regional level and total nationwide.
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Unit: BCM
Crop Upper Egypt Middle Egypt Lower Egypt Total
(Nile Delta)
Wheat 0.840 0.708 1.843 3.390
Beans 0.174 0.233 0.210 0.617
Barely 0.032 0.020 0.148 0.200
Fenugreek 0.001 0.006 0.001 0.008
Lupins 0.002 0.002 0.003 0.006
Chickpeas 0.007 0.000 0.002 0.009
Lentils 0.020 0.001 0.003 0.024
Clover (temporary crop) 0.067 0.071 0.740 0.878
Clover (full season crop) 0.420 1.005 3.023 4.448
Flax 0.000 0.001 0.079 0.080
Winter onion 0.019 0.016 0.022 0.057
Winter garlic 0.003 0.022 0.010 0.034
Winter vegetables 0.113 0.348 0.787 1.247
Winter potatoes 0.000 0.000 0.000 0.000
Sugar beat 0.000 0.000 ___0.000 0.000
Ctton 0.379 0.676 2.505 3.560
Rice 0.000 0.082 4923 5.005
Summer maize 0.748 0.992 3.134 4.874
Summer sorghum 0.718 0.121 0.000 0.839
Soya beans 0.047 0.168 0.129 0.345
Sugar cane 2.445 0.295 0.072 2.811
Sesame 0.119 0.008 0.012 0.139
Groundnut 0.014 0.023 0.078 0.116
Summer onion 0.000 0.021 0.005 0.026
Summer vegetables 0.186 0.616 1.294 2.096
Summer potatoes 0.000 0.000 0.000 0.000
Summer darawa 0.000 0.000 0.068 0.068
Nili maize 0.018 0.446 0.044 0.509
Nili sorghum 0.000 0.020 0.000 0.020
Nili vegetables 0.036 0.204 0.178 0.418
Gardens 0.275 0.444 2.066 2.785 ~
Sprinkler 0.000 0.000 1.322 1.322
Surface 0.000 0.000 1.246 1.246
Total 6.684 6.549 23.945 37.177
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Upper, Middle and Lower Egypt); A, is the area in
ha occupied by crop (¢) in a region (r); and D, is
the crop duty in m*ha™ly™! for a crop (¢) in a region
(» as included in Table 4.

Then the total consumptive use for all crops in
all regions is summed up using the following
equation:

n m
v=3 30, @
=1 r=1

Where U is the total consumptive use by all
grown crops in Egypt in BCM; # is the total
number of crops; and m is the total number of
regions (m=3).

This value can be standardized since most
estimated values by different planners rotate
around this figure.

In our evaluation, we use the same assumption
of the MPWWR regarding reducing the rice grow-
ing areas gradually to 0.294 Mha and replacing rice
by maize in the saved areas (the reduced area in
our estimation is from 0.448 to 0.294, resulting in
0.154 Mha). The crop consumptive uses of rice
and maize in the Nile Delta are 11,170 and 5,786
m®haly’! respectively as given in Table 4. The
saved water annually per ha can be as 5,384 m®.
The total annual saving resulted from such attitude
is 0.829 BCM (154,000 ha X 5,384 m3ha"'y ! X
107%). This can bring the total crop consumptive
use down to 36.348 BCM.

2) Estimation of the crop consumptive use
in new lands

Assuming two growing seasons in the newly
reclaimed areas in Lower Egypt, in which winter
and summer vegetables are grown, the crop water
duty can therefore be 7,800 m*ha’ly’l. This value
is computed from Table 4 wherein the crop water
duties of winter and summer vegetables are
included as 3,240 and 4,560 m3ha !y™! respectively.

The crop consumptive use can be estimated as
4.586 BCM, as shown in Table 6.

In the southwestern part of Egypt, the crop water
duty was estimated as high as 19,050 m*ha'y!.
Thus, the crop consumptive use in the total benefit-
ed area from the Nile’s water can consequently be
estimated as 2.838 BCM (Table 6).

3) Municipal and industrial consumption
The municipal sector consumes about 3.100
BCM as non-recoverable consumption. Although
population is rapidly increasing, the figure is
expected to remain the same providing that the
conveyance, distribution and utilization efficiencies
will be improved to double their present values as
a result of the concurrently implemented projects
in both urban and rural areas (KHouzam, 1994).
The vast amount of allocated water for industrial
sector returns to the system, either through
agricultural drains or sewage networks. Many
factories use water only for their cooling systems.
Some factories treat their effluent before disposal,
but many, on the other side, do not. If the quantity
is the considerable matter in water budgeting,
despite the large importance of the quality, the
industrial sector has therefore no effective contri-
bution to the non-recoverable water consumption.

4) Flow to the Mediterranean Sea and Terminal
Lakes

The discharged fresh water into the sea for
navigational purpose during the winter closing is
included in the total disposed flow. Winter closing
is the period that occurs during the peak of winter
season when irrigation is not practiced and most of
the canals, especially the minors, are closed for
maintenance works. The major canals, which
convey water for municipal purpose as well as
navigational canals, are functioning with minimum
discharges that merely satisfy the water levels of

Table 6. Total crop consumptive use in the intended lands for agricultural expansion.

No. Project Area Crop consumptive use Total consumptive use
(Mha) (m*ha’ly™) (BCM)
1 New reclaimed areas at the fringes of the Nile
Valley and Delta, and the Sinai Peninsula 0.588 7,800 4.586
2 Irrigated lands with the Nile’s water in the
New Valley at the southwestern part of Egypt 0.149 19,050 2.838
Total 0.737 7.425




water treatment plants and navigational drafts.
The Drainage Research Institute (DRI) in its yearly
monitoring of the drainage system during 1992
estimated that the amount of discharged water to
the sea and Northern Lakes was 12.285 BCM (DR],
1993). This value can be taken as an average; for
instance, it recorded 13.5 BCM in 1989 and 12.82
BCM in 1990. The DRI classifies the disposed
water according to its salinity as shown in Table 7.

The DRI (1993), accordingly, suggested the
possibility of reusing drainage water of salinity less
than 1,500 mgL!. These quantities are totaling
3.070 BCM. On the other hand, an amount of
4.126 BCM was actually reused on official basis
(DRI, 1993). Hence, the amount of recycled water
could sum up 7.196 BCM, while the disposed to
sea 9.215 BCM.

The amount of water that is of salinity less than
2,000 mgL™! is still usable without severe problems
(calculated from AvErs and WESTCOT, 1976: the cal-
culated figure is about 1,920 mgL™!). The process
is largely subjective to soil and crop management.
The quality of drainage water must be firmly
controlled to guarantee its non-harmful inclusion, if
unavoidable, of other domestic and industrial
pollutants. The future expectations in Egypt neces-
sitate badly the adoption of modern managerial
techniques on all levels. If the hypothesis is
brought to practice, the reused quantity can
account for 10.905 BCM (4.126 BCM is currently
reused in addition to 6.779 BCM that is falling in a
salinity category less than 2,000 mgL™). In other
words, the disposed quantities into the sea can be
reduced to 5.506 BCM.

Now, the question is how much water must be

Table 7. Salinity of the disposed water into the
Mediterranean Sea and Terminal

Lakes during 1992.
Salimity Quantity
(mgL™Y) (BCM)
< 1,000 1.339
1,000-1,500 1.731
1,500-2,000 3.709
2,000-3,000 1.193
> 3,000 4.313
Total 12.285

Source: DRI (1993)
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discharged into the sea to keep the salt balance
and prevent seawater intrusion into the northern
part of the Nile Delta. This amount is very much
dependent upon the quality of drainage water. If
the irrigation efficiencies are improved according
to the IIP plans, the losses will expectedly
decrease, and therefore, the amount of available
drainage water will also decrease in terms of both
quantity and quality. As such, discharging
drainage water, which will be of very low quality
and minimum quantity, is very reasonable on the
ground that, the action is taken to dump the
excessive salts into the sea and prevent intrusion.

Yet, the actual situation is not as optimistic as the

hypothesis, but it is possible with very high

managerial skills and enough financial support.

The possibility of bringing the assumption to

reality is mainly subjective to the effective and

responsible contribution of all involved parties.

For more support of the assumption, EL-Quosy
(1989) argues the possibility of expanding the
reuse of agricultural drainage. He points out that
about 13.5 BCM of drainage water of reasonable
quality flowed to the Mediterranean Sea and
Northern Lakes during 1989. He concludes from
the salinity classification of the disposed water that
about 65 percent, or about 9 BCM, fall in a salinity
class of 2,000 mgL! or less. However, he draws
the attention to some restricting issues, for
instance:

- The quantity of drainage flow is normally mea-
sured at the drain out-fall, and therefore, it is
expected to be less elsewhere in the upstream.

- The location and level are governing factors for
constructing a reuse project.

- Soil salinization and consequent salt
accumulation must be importantly considered in
irrigated areas with recycled drainage water.

- The effective implementation of the IIP will
surely reduce the available drainage water for
recycling as well as deteriorate its quality.
Within the same research theme, EL-Quosy

suggests the viability of reusing about 9 BCM of

drainage water in the Nile Delta. Firstly, he calcu-
lates the salt load of the average yearly drainage to
sea as 32 X 10° kg (14 BCM of an average salinity
of 2,300 mgLY). Then, he separates the locations
where the drainage water salinity is 2,000 mgL™! or
more. He repeats the calculation for the remaining
points, which have a total discharge of 9 BCM. He
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Table 8. Water budget in Egypt (demand and supply) considering the agricultural
expansion requirements, and applying the approach of the non recoverable

consumption/unavoidable losses.

(Unit: BCM)
Supply Quantity
Fixed share from the River Nile 55.500
No. Demand Quantity
1 Consumptive use by crops in old lands in the Nile 36.348
Valley and Delta
2 Consumptive use by crops in the newly reclaimed
lands at the fringes of the Nile Valley and Delta, and 4.586
in the Sinai Peninsula (El-Salam Canal Project) _
3 Consumptive use by crops in the New Valley Project 2838
considering only the irrigated area from the Nile’s water )
4 Non-recoverable consumption by the domestic sector _3.100
5 Evaporation losses from free water surfaces 2.000
Total demand 48.872
Drainage into the Mediterranean Sea and Terminal Lakes 6.628

estimates the salt load as 15.6 X 10° kg, with about
50 percent drop in magnitude. He finally con-
cludes that the excluded points, mostly lie along
the coastal plain near the Mediterranean Sea, are
responsible for the major portion of saline water
seepage and seawater intrusion, and therefore, he
recommends the reuse of 9 BCM of drainage water
after in depth study and taking necessary
measures concerning environmental hazards.

Based on EL-Quosy’s calculations, an amount of
9 BCM could be recycled during 1989 and the
disposed amount to the sea accordingly could have
been reduced to 4.5 BCM. For more logical
assumption, let us assume that the additional reuse
will be applied in irrigating new lands, either
directly, or after mixing with fresh water. The law
enforces the application of micro-irrigation system
of high efficiency in the newly reclaimed areas (say
about 80 percent). If this is the case, the losses
can be estimated as 1.8 BCM, and hence, the total
disposed water into the sea may be brought to 6.3
BCM.

5) Benefited lands from the fossil groundwater
The approach considers only the present and
planned agricultural areas irrigated with fresh,
ground and drainage waters in the Nile Valley and
Delta. The planned lands to be reclaimed on fossil
groundwater in the western desert and the Sinai
Peninsula are unconsidered in the budget, since
they have their independent resources apart from
the River Nile and interrelated resources system.

6) Results and water budget

The absolute water budget based on the new
approach can be concluded as in Table 8. The
share from the River Nile is assumed fixed as 55.5
BCM. The non recoverable consumption by crops
in old lands after replacing rice by less water con-
sumer crop like maize in 50 percent of its growing
areas is estimated as 36.348 BCM; consumptive
use by crops in the newly reclaimed areas at the
fringes of the Nile Valley and Delta, and in the
Sinai Peninsula is 4.586 BCM; consumptive use by
crops in the New Valley Project is 2.838 BCM; and
the non-recoverable consumption by domestic
sector is 3.100 BCM. Hence, the total non-recover-
able consumption is 46.872 BCM. AtTia (1997)
estimates the evaporation losses from free water
surface throughout the whole irrigation and
drainage systems in a previously introduced
national water balance as 2.000 BCM (the
unavoidable water losses). The non-recoverable
consumption and unavoidable losses therefore
total 48.872 BCM. The excess, which can be
disposed annually into the sea, is 6.628 BCM.

The estimated flow to the sea is larger than the
corresponding values calculated according to the
assumption using the DRI estiamte, and AYERs and
WESTCOT's suggestion, and the other assumption
based upon EL-Quosy’s calculations, i.e., 5.506 and
6.300 BCM respectively. The newly estimated
water balance supports the attainability of the new
agricultural expansion policy taking into considera-
tion the drainage requirement into the Mediter-



ranean Sea and Terminal Lakes. However, several
measures must be taken, as will be summarized
below.

6. Conclusion

The new ambitious policy of the Egyptian
Government in maximizing the output from the
limited water resources and reclaiming new lands
in the desert can be achievable, needless to rely on
the concurrently halted projects in the Upper Nile
regions. This policy aims at increasing the total
cultivated area to 4.074 Mha: 3.276 Mha in the Nile
Valley and Delta; 0.588 Mha at the fringes of the
Nile Valley, Nile Delta and in the Sinai Peninsula;
and 0.21 Mha in the southwestern part of the
country, following the recently adopted reclama-
tion pattern ‘frog land reclamation pattern’. The
application of the non-recoverable consumption
/unavoidable losses approach proves that the
demands can be satisfied giving the room to an
amount of 6.628 BCM to be drained into the
Mediterranean Sea and Terminal Lakes. This
amount is larger than other estimated quantities
using two different calculation methods based on
the assumptions developed by both the DRI and
Ei-Quosy. In order to make this policy attainable;
the following measures concerning the water
resources management must be taken:

1) Decreasing the area cultivated with rice to 0.294
Mha and limiting rice-growing areas to the
northern part of the Nile Delta, where soil
salinity problem is at its severity. Law must be
reformulated and enforced strictly in this regard
since the situation does not allow for lenient
behavior with violators.

2) Generalizing the IIP, which are expected to
improve the efficiencies of using surface water
with respect to quantity and quality, and conse-
quently, decrease losses to the drainage system
and groundwater aquifer. The broad objective
of the projects, which is the maximization of the
agricultural production, will therefore be
attainable because the water will be used in an
optimal manner.

3) Improving the efficiency of the domestic water
networks to double its current value.

4) Enforcing law firmly in obliging factories to
carry out the necessary treatment of their
effluents according to the established Egyptian
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standards, since this water is reused for
agricultural and other purposes.

5) Minimizing the amount of disposed water into
the Mediterranean Sea owing to it contains a
large quantity of relatively low salt
concentration that can still be desirable for
agricultural activities.

6) Integrating efforts of all involved parties in
water resources management and allocating
enough financial resources for carrying on
these plans, either from national budget or
through active cooperation with international
donors.
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Salinity Distribution in Seedbed and Furrow Sections
in the Coachella Valley, USA

Edward B. SaBi*, Takao AMAYA**, Naomasa NISHIMURA**,
James D. RHOADES*** and Scott M. LESCH***

The hindrance of salinity to agricultural production is very well known, particularly, the hazard
caused to crops by salt concentration in the root-zone. Thus, there is the need for clear mapping
out of actual salinity distribution in seedbeds especially in areas where the salinity of irrigation
water is known to be high. In this paper we present the results of a study conducted to determine
salinity distribution in seedbeds in the direction of flow of furrow irrigation water. Soil sampling
and experimentation were done shortly after the growing season in the Coachella Valley of USA in
March 1991. The results from our study showed that salts move to and accumulate along the top of
seedbeds and decrease in concentration with increasing depth. However, at the furrow sections,
the salt concentration is lowest near the surface and increases with depth. The highest salinity of
96.9 dS/m was recorded at about mid-section of the seedbed (about 300 m long), which then
decreased in both directions and the lowest value of 1.2 dS/m was recorded near the entrance of
the irrigation water and in the furrow section. From the top of the seedbed, the salt concentration
gradually decreased along the shoulders down to the furrows. We found also that the variations in
soil moisture content was small and did not affect the salinity distribution along the seedbed. The
soil in the study area was silt loam with an average CEC of about 30 cmol kg™! soil. The ESP at
some points in the seedbed was quite high (about 18%) inferring a sodic condition. There were
high ion concentrations especially of soluble Na at the sections where high salinity was recorded
and this confirmed the relationship between salinity and soil chemical properties

Key Words: Salinity distribution, Seedbed, Southern California, Coachella Valley, Soil properties,
Salt concentration

from the soil aggravate this condition.

1. Introduction

Soil salinity is a widespread limitation to
agricultural production in semiarid and arid soils
throughout the world (JANZEN, 1993). Saline and
sodic soils occur naturally in arid and semiarid
regions, and as water development brings more
land into irrigation, the salinity problem expands
(BACKLUND and HoprpEs, 1984). Poor soil drainage,
improper irrigation methods, poor water quality,
insufficient water supply for adequate leaching,
and insufficient disposal sites for water that leaches

One region that has seriously been plagued by
salinity and drainage problems is the California
region in the USA from the time irrigation was
introduced in the second half of the nineteenth
century (KELLEY and NYE, 1984). Even though,
annual precipitation in this area is sporadic and
limited to only about 80 mm, supply of water from
the Colorado River, good climate, and alluvial soil
have created ideal conditions for large scale
production of many vegetables, fruit, and field
crops. However, the Colorado River is highly
saline ranging in average salinity from less than 50
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mg/L in the headwaters to 825 mg/L at the
Imperial Dam, the last U. S. diversion point, and
950 mg/L in Mexico (HOLBURT, 1984). Continu-
ously irrigating with the highly saline water from
the river has worsened the salinity problem. Over-
irrigation, which has caused the water table in the
region to rise, has also created frequent flooding
problems.

The Coachella Valley, where this study was
undertaken is a desert area of Southern California,
extending from Palm Springs to the Salton Sea. It
receives a limited amount of rain, like the other
areas, with average annual precipitation of 50 to
120 mm. The mean minimum winter temperature
is 4.4°C and the mean maximum summer tempera-
ture is 38°C. The floor of the valley has deposited
soils consisting of fine-textured sediments (Indio
very fine sandy loam, wet), and near the mountains
washed-down alluvium and weathered rock created
coarse-textured soils (Salton silty clay loam),
(KNECHT, 1974). Water from the Colorado River
used to irrigate the Coachella Valley area has an
average salinity of 1.25 dS/m (TDS of about 800
mg/L) (RHOADES et al., 1989a). Almost all soils in
the valley are slightly alkaline (pH 7.0~ 8.4).

More than thirty different kinds of crops are
grown commercially in the Coachella Valley area.
The growing season for most of the crops is from
late January to early December. It is therefore an
important agricultural area and the need for
countermeasures to deal with the salinity problem
that adversely affects agricultural production
cannot be over-emphasized. Moreover, because
plants vary in their tolerances to salts, it is
important to avoid planting less tolerant young
seedlings in portions of the seedbed with high salt
concentrations. In order to be able to propose
appropriate countermeasures, with regards to
leaching requirements and crop selection, the
process and trend of salt concentration along
seedbed and furrow sections must first be well
understood. This follows from the findings of
BERNSTEIN et al. (1955), BERNSTEIN and FIREMAN
(1957), who reported that salts tend to accumulate
to excess levels in certain regions of the seedbed
under furrow irrigation.

Soil properties also play an influential role in the
way salts move and accumulate in the seedbed.
Successful management of salinity therefore
depends to a great extent on the nature and

properties of the soil. Water movement through
the soil is also dependent on properties such as
texture, porosity, and hydraulic conductivity.

The purpose of the present study was to docu-
ment the actual levels of salt accumulation in
seedbed and furrow sections, and to use the results
to promote better management of agricultural
fields that are prone to salinity problems, and also
to determine how salts accumulate in the seedbed
after the harvest period when no crops are growing
and there is little or no rainfall and irrigation water
is no longer applied. Particularly, it is very impor-
tant to ensure effective use of water in the Cali-
fornia region where the water supply system is
becoming stricter with time. This can be achieved
by avoiding over-irrigation that leads to excessive
salt accumulation, and requires the use of already
scarce water for leaching out the excess salts.

2. Materials and Experimental Methods

1) Field description and sampling

The study area was located in the Coachella
Valley at Indio (about 110 km east of Riverside,
where the US Salinity Laboratory is located) in
Southern California State (see Fig. 1). The Salton
Sea lies between the Coachella and Imperial
Valleys and is 70 m below sea level. From the
Colorado River in the east, runs the main Colorado
River Aqueduct that conveys water to Los Angeles
and its surroundings. The Coachella Valley Canal,
also supplies water directly to the Indio region for
irrigation and other purposes. Drainage water
from the two valleys is discharged into the Salton
Sea resulting in the subsequent rise in its water
level thus, creating drainage water disposal
problems.

We carried out the study on a seedbed on Site 5
located between Avenues 60 and 62 (Fig. 2).
Furrow irrigation water is applied from the Ave. 60
section, and flows in the direction of Ave. 62. This
site was selected for our study because there had
previously been other studies on the same site.
We did not anticipate any particular influence on
this site by external factors due to its location.
Irrigation water was applied evenly irrespective of
position as a network of roads separated all plots
from each other.

Soil samples were collected at the end of the
harvest season from sections of the seedbed
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Fig. 2. Location of seedbed at site No.5 between
Ave 60 and 62.

measuring about 300 m in length and 0.76 m in
width between furrows (Fig. 3). A total of 140
samples were collected from 10 locations on the
seedbed. At each location 14 samples were
collected across the section of the seedbed and its
adjoining furrows as shown in Fig. 3. To ensure

that the samples were representative of each
sampling point, soils were taken from three points
at about 10 cm apart with a I-inch diameter auger
and thoroughly mixed together to form one
sample. The samples were then placed in cups and
tightly sealed. The first 3 sampling points were
located at 15-m intervals starting from the entry
point of the irrigation water, and the subsequent
ones at 30-m intervals. Each sample was collected
at depths of every 15 cm (see Fig. 4). All the other
soil properties were determined from the samples
collected at location No. 8. The results from the 4-
electrode conductivity probe (RHOADES, 1994)
indicated that this site had properties that were
typical of the area (silty loam soil).

2) Experimental methods

Saturated soil-pastes were prepared from each of
the 140 samples using standard methods described
by RHOADES (1982). The electrical conductivity of
the saturated soil-paste (ECp) was measured in a
calibrated “Bureau of Soils Cup” (RICHARDS, 1954:
7-33) using a conductivity meter. The measured
EC, was then converted to electrical conductivity
of the saturated soil-paste extract (EC.) using
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Fig. 4. Section of seedbed showing sampling
points and depths.

equation (1)below, developed by RHOADES et al.
(1989b),

Ecp ={[(Os+0us) ZECCECS] /[(6)ECe+(0us) ECs])
+(0u~6us) ECe, o)

where EC,, and ECe are as defined above, EC; is the
electrical conductivity of the solid phase of the soil
(due primarily to exchangeable cations adsorbed
on clay minerals and secondarily to metallic miner-
als), 6 and 8, are the volume fractions of the solid
particles and total water in the paste respectively,
and 6ys is the volume fraction of water in the paste
that is coupled with the solid phase to provide an
electrical pathway through the paste (a series-

coupled pathway). The difference (8w — Ous) is
equal to 6., which is the volume fraction of water
in the paste that provides a continuous pathway for
electrical current flow through the paste (a parallel
pathway to the series-coupled pathway). EC. is
used in preference to EC, because it is directly
related to the field moisture range from field
capacity to the permanent wilting point, which is a
good parameter for evaluating the effect of soil
salinity on plant growth (FotH, 1990: 73-99).

We determined the moisture content by the
standard gravimetric method with oven drying
described by Toprp (1993). The results of moisture
content were calculated and recorded as percent
on mass basis. The particle size distribution was
determined by a combination of the standard
procedure of sieving the oven-dried soil and the
hydrometer method.

The COs* and HCOj3™ were determined from the
original saturation extract solution using the
Standard Potentiograph E36 meter. Details of the
method for the preparation of the saturation extract
are described by RHOADES (1982). From this solu-
tion, a pH meter was also used to measure the pH.
An Aminco Chloride Titrator was used to determine
the CI". The soluble ions Na*, K*, Ca®, Mg?, and
S04%" were measured by Inductively Coupled
Plasma (ICP) Atomic Emission Spectrom-eter
machine. For details of method of extraction of the
ions see RHOADES (1982). The cation exchange
capacity (CEC) was determined by the procedure
described by PoLEMIO and RHOADES (1977).



3) Exchangeable sodium percentage (ESP)

The ESP, a measure of soil sodicity, is the molar
proportion of cation-exchange sites in a soil (CEC)
occupied by exchangeable sodium (Naexch). The
ESP was calculated from equation (2) given below
(JANZEN, 1993), to enable us determine the level of
sodicity of the soil in the study area:

ESP = (Naexch)/CEC X 100 )

Traditionally, sodic soils have been defined as
having an ESP greater than 15 (RICHARDS, 1954).

3. Results and Discussion

1) Soil properties at location No. 8

The particle size distribution and other soil
properties of samples at this location are presented
in Table 1. The results showed that all the samples
were silt loams. The soil in the area of our study
has been reported to be uniformly silty loam
(RHOADES, 1994). Leaching, which is the method
used in reclaiming saline soils, is dependent upon
the hydrodynamic permeability of the soil to water
from the surface. The pores, which are also
directly related to the texture as well as the struc-
ture, control the movement of the water. We were
of the view that the -silt loam soil, which was high
in silt and low in sand, might not be suitable for
effective leaching to reduce the accumulation of
salts. Providing adequate drainage to reduce salt
accumulation in the seedbed will avert this
problem.

The pH results (see Table 1) confirmed the soils
in the valley to be slightly alkaline with an average
value of 7.4. The CEC, Ex-Na, and ESP are also
shown in Table 1. The average CEC was about 30
cmol kg'!. Thus, the amount of exchangeable
cations adsorbed in the soil was high enough to
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allow exchange activity between sodium ions and
other cations and cause salinization. The ESP
values were much lower than the sodic soil limit of
15, except for one sample. As the ESP is directly
related to the amounts of soluble Na*, Ca?* and
Mg?', it follows that the ESP changes in accordance
with changes in salt contents along the seedbed.
However, as long as a large quantity of soluble
salts remains in the soil, exchangeable sodium
does not cause dispersion of colloids. The high
concentration of ions in the soil solution will keep
the colloids flocculated.

Results of soluble anions and cations represent-
ing the sampling points at location No. 8 are shown
in Table 2. The moisture content, also presented
in Table 2, was nearly the same at all the sampling
points in contrast to the ion concentration, which
had significant variations at the various points.
Values for Cl ions were very low ranging from 1.1
~2.1 cmol kg'! and HCO3™ ions were moderately
low, ranging from 3.3 ~72.0 cmol kg! respectively,
while those of S04 and NO3™ (4.1 ~291.0 and
40.6 ~102.6 cmol kg! respectively) were high.
Similarly, for the cations, the values for K* were
very low (0.9 ~ 4.8 cmol kg™!) compared with those
for Na* (8.8~297.6 cmol kg™!), Ca®** (23.5~57.9
cmol kg™), and Mg?* (8.5~ 84.4 cmol kg'!) which
were high. Sodium had the highest concentrations
at the various sections in the seedbed. Thus, high
concentrations of the sulfates and nitrates of
sodium, calcium, and magnesium produced the
saline condition in the soil. The total salt concen-
trations were consistent with the variations in the
salinity levels at the sampling points. Both anion
and cation concentrations were highest close to
the top of the seedbed, where salinity was highest,
and nearly equal at each sampling point. Thus, a
condition of ion balance exists at the various

Table 1. Particle size distribution and other properties of selected points at location No. 8.

IDNo. Sand (%) Silt (%) Clay %)  Texture CEC EX-Na ESP  pH
2mm~50pm 50mm~2um  <2um cmolkg!  cmol kg %
@ 153 61.3 234 silt loam 24.22 4.401 18.17  7.28
O] 20.0 57.9 22.1 silt loam 24.81 2.389 963 746
® 17.4 59.2 234 silt loam 29.13 1.290 443 740
©) 19.4 585 22.1 silt loam 33.16 0.862 260 756
@ 20.1 57.8 22.1 silt loam 31.66 2.124 671 738
® 18.7 59.2 22.1 silt loam 30.33 0.233 077 736

CEC: Cation-exchange capacity, EX-Na: Exchangeable sodium, ESP: Exchangeable sodium percentage
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Table 2. Water-soluble anions and cations measured at location No. 8.

«—A N I O N S—»<«——C A T 1 O N S—»

Samp. Cl SO, NOs HCO; :A Na K Ca Mg =C St PW®
No. e————cmolkg’! > cmolkg! — 1 % %
@ 2.1 8.7 746 — 854*| 388 13 242 206 849 590 232
@ 13 4.1 406 6.6 493 88 09 294 85 47.6 578 216
(©)] 20 327 983 68 1398 796 19 256 303 1374 603 24.8
@ 14 10.5 864 34 1017 544 19 244 194 100.1 56.6  26.7
® 1.2 20.0 455 — 66.7*] 227 19 361 186 79.0 56.7 244
® 16 2910 8.0 720 4536 | 2976 48 579 844 4447 562 244
@ 1.3 1118 1010 259 2400 | 1585 34 339 411 2369 563 254
1.2 1134 926 239 2311 1403 28 337 477 2245 571 274
® 1.1 68.5 1026 11.8 1840 1120 23 29.2 386 1821 61.1 25.1
® 1.3 634 965 123 1735 | 1058 23 292 377 1750 | 588 289
) 1.2 57.7 969 — 155.8*| 1121 26 292 367 180.6 572 261
® 12 494 711 — 121.7*| 901 24 344 281 155.0 558 263
® 14 20.0 17 -— 116.1*| 665 1.8 235 257 1175 579 241
@ 1.7 9.7 530 — 644*| 227 13 279 140 65.9 57.2 300

* Partial totals, *Saturation percentage, **Moisture content

sections of the seedbed and a relationship between
the amount of soluble salts accumulated and
salinity was established. We also observed gradual
decreases in salt concentrations along the
shoulders of the seedbed to the furrow sections.

2) Salinity distribution

Data for the soil salinity expressed as the electri-
cal conductivity of the saturated soil paste extract
(EC. in dS/m) and the per cent moisture content
are presented in Table 3. The results are presented
at positions corresponding to the sampling points
as shown in Fig.4. The EC, levels at each sampling
point of the 10 locations are presented in Fig. 5a.
We grouped the salinity levels into five categories,
which are represented diagrammatically (see Fig.
5a). The actual salinity values along the midsection
of the seedbed are shown in Fig. 5b. The highest
salinity was at the top of the seedbed and along its
entire length ranging between 26.8 ~96.9 dS/m.
From the top of the seedbed, salinity decreased
consistently with depth to values ranging from 6.2
to 27.6 dS/m (see Fig. 5b).

Salinity on the shoulders also decreased with
depth along the entire length of the seedbed
ranging in values from 2.5~ 8.5 dS/m. The lowest
concentrations of salts were at the furrow sections
ranging from 1.2 ~ 16.2 dS/m, but unlike the other

sections salinity increased with depth as shown in
Fig. 5a. At the furrow sections, the salinities at 30-
cm depths (1.7 ~25.7 dS/m) were about twice the
values of the 15-cm depths (1.2~ 16.9 dS/m). This
was probably due to the downward seepage of
irrigation water in the furrows leaching the salts
and reducing the salt concentration near the soil
surface. Conversely, water moved to the top of the
seedbeds and salt was deposited as the water
evaporated. The lowest salinity value of 1.2 dS/m
was recorded within the 15-cm depth of the furrow
at the first sampling point. The highest value of
96.9 dS/m was recorded at the top of the seedbed
at the sixth sampling point which was about
halfway along the seedbed (see Table 3a).

From the entry point of irrigation water, salinity
increased gradually along the seedbed and
reached a peak value about midsection of the
seedbed (Table 3a). From this point it decreased
towards the end of the seedbed. We were of the
view that this situation occurred because the
volume of water running through the furrow was
high from the entry point and hence a better
leaching effect. Thus less salts accumulated in
about the first 50 m of the seedbed. But as the
volume of the water gradually decreased resulting
in insufficient leaching, accumulation of salts
increased. From this section of the seedbed



Table 3. Electrical conductivity, ECe and moisture content.

(a) ECe (dS/m)

(b) Moisture content (%)

48.1
7.3 23.8 12.8

242
26.5 25.0 244

No. 1 1.2 4.7 16.2 7.1 2.6 23.5 26.9 25.0 243 23.1
3.4 4.3 11.4 6.2 5.0 25.7 23.1 29.0 270 25.1
34.7 26.2
5.5 14.5 53 271 28.6 276
No. 2 1.7 3.9 12.2 3.7 2.3 27.0 25.9 28.1 279 26.1
1.7 2.8 8.1 2.5 2.2 25.5 28.4 30.7 29.2 263
36.7 235
6.7 13.9 5.8 22.3 242 22.7
No.3 1.6 5.2 9.7 3.7 1.6 23.6 253 249 253 222
1.6 5.2 9.7 3.7 1.6 23.6 25.3 249 253 222
3.7 4.7 6.2 2.5 4.2 25.2 25.9 27.9 28.2 27.7
823 23.7
224 42,6 38.5 23.1 22.6 28.1
No. 4 5.8 16.5 34.6 20.0 6.8 229 249 26.3 248 245
12.2 13.6 22.5 16.4 12.3 26.1 24.7 254 26.2 28.2
89.8 234
12.2 327 184 23.7 25.9 275
No.5 6.6 9.2 276 14.7 5.4 239 246 25.0 254 26.0
134 8.6 20.2 11.1 13.0 25.3 29.1 23.8 243 244
96.9 24.6
29.0 50.2 19.1 31.9 289 24.1
No. 6 5.9 224 28.0 13.7 6.9 25.8 22.3 314 28.6 26.5
13.6 14.5 23.7 13.2 16.2 220 23.6 25.2 22.9 24.1
26.8 23.0
134 224 11.2 222 2497 20.1
No.7 3.7 8.9 16.8 9.7 4.7 21.2 242 26.5 28.6 22.2
7.8 8.4 10.9 5.1 11.1 26.5 26.3 29.5 314 282
36.9 244
10.8 18.9 14.6 248 25.4 289
No. 8 3.7 7.8 18.7 14.2 5.2 23.2 26.7 274 26.1 24.1
6.6 6.5 14.6 13.1 9.5 21.6 244 25.1 26.3 30.0
79.8 23.2
26.8 57.1 278 227 233 234
No.9 7.9 25.7 288 258 16.9 26.8 231 25.6 247 20.9
15.8 184 27.5 22.5 25.7 25.5 26.6 29.6 28.5 26.4
38.1 26.8
14.9 369 25.7 246 275 271
No. 10 44 10.2 248 25.0 6.5 22.7 26.3 26.7 26.1 237
11.0 9.3 23.8 16.5 144 25.9 289 323 29.2 26.4
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Fig. 5. Salinity distribution.
(a) along the entire seedbed
(b) along the mid-section of seedbed

further reduction in irrigation water (less salts)
may have caused the decrease in salinity towards
the tail end of the irrigation water.

The EC. as calculated from equation (1) and
presented in Table 3 produced values, some of
which were quite high. We were, however,
convinced that the accuracies of the experimental
procedure and the formula used to obtain the
salinity values were high. This study was done at
the end of the harvest season and there was nearly
zero rainfall to provide water during this period for
leaching out some of the salts which probably was
responsible for the extremely high accumulations
of salts in parts of the seedbed. Moreover, mean

salinity values that were quite high, in some
instances >26 dS/m in the 0~ 15-cm depth have
been reported for the Coachella Valley (RHOADES,
1994). However, these high salinity values do not
pose much danger to crops because leaching is
normally carried out before the next planting
begins.

Out of the total 140 samples analyzed, we
observed that only 10% recorded salinity values
lower than 4.0 dS/m, the figure set as the tolerant
limit beyond which the yields of most very salt-sen-
sitive crops are affected (BERNSTEIN and FIREMAN,
1957). Salinity decreased from the top to the
furrow sections of the seedbed. This agrees with



the findings of RHOADES and LovEDAY (1990) who
reported that under moderately saline conditions,
most of the salt is carried into the center of the
seedbed, leaving the shoulders free for seedling
establishment. At nearly all the sampling points
the highest EC. values on the shoulders were
smaller than or nearly equal to the lowest values at
the center of the seedbed (Table 3a). This further
confirms the assertion that salts accumulate less
on the shoulders of the seedbed.

We deduced from these results that the shape of
the seedbed is important in determining the
degree of salt accumulation in the various sections.
A slightly flat-topped seedbed is more desirable for
preventing excessive salt accumulation near the
root zone of young seedlings than a round-topped
seedbed (RHOADES et al., 1992). Also, double row
planting on flat-topped seedbeds or planting on the
shoulders of sloping beds can be effective in pre-
venting excessive salt accumulation near the root
zones of young seedlings (RHOADES and LOVEDAY,
1990).

The soil moisture content at all the sampling
points fell among 20 and 32% (see Table 3b). The
difference between the highest and the lowest
moisture contents was small which greatly con-
trasted the corresponding salinities of 1.2 and 96.9
dS/m. The moisture content at the point of lowest
salinity was nearly the same as that at the highest
salinity (23.5 and 24.6% respectively). We were,
therefore, of the view that salinity levels were
insensitive to the small variations in moisture
content. This is consistent with the findings of
RHOADES et al., (1989b), who reported that the
relatively small deviations from field capacity water
content do not seriously interfere with salinity
diagnosis, because the salt concentration of the
soil water increases as the volume of soil water
decreases with evapotranspiration and the content
of dissolved electrolyte (current carrying capacity)
remains essentially constant. There were slight
increases in moisture content with depth at some
of the sampling points. This was probably due to
loss of water near the soil surface through
evaporation.

Graphical representations of the values in Table
3 for variations in salinity levels and moisture
content are shown in Fig. 6. The patterns of
salinity at corresponding points along the seedbed
(Fig. 4) can be recognized as against the moisture
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content, which showed no clear patterns. The
most significant pattern in the salinity variations is
that it generally decreased slightly from the entry
point of the irrigation water and then increased
towards the midsection of the seedbed. The varia-
tions in salinity were much higher for the end of
the seedbed than for the entry point of irrigation
water. Fluctuations in salinity were more pro-
nounced around the midsection of the seedbed.
There was no pattern in the moisture content
variations as the graphs in Fig. 6 show.

The larger standard deviations (SD) among the
salinity values were a clear indication of the
difference in salt concentration at the different
points. For instance, the SD’s for the center of the
seedbed were 7.6 ~ 26.9 and for the furrows it was
2.3~6.8. The shoulders, had SD’s between 8.6 ~
10.0 for the left and 4.9 ~ 8.5 for the right side.
These results showed that unlike the center of the
seedbed, the other sections produced no big
differences between salinities at corresponding
sampling points. However, the SD’s for the mois-
ture contents along the entire seedbed ranged
among 1.3 and 3.0. This further reveals that only
slight changes in moisture content occurred which
further emphasized the difference in the salinity
variations.

The most significant pattern, however, was along
the center of the seedbed (Fig. 5). There was also
some pattern in the variation of salt concentration
along the entire length of the seedbed as corre-
sponding points in Fig. 6 show. Salt accumulation
in seedbeds under other forms of irrigation may be
different from the results we obtained for furrow
irrigation.

4, Conclusions

From the studies we arrived at the following
conclusions. However, it must be pointed out that
our results were basically consistent with the
findings of other researchers.

1. The highest salinity is along the top of the
seedbed (96.9 dS/m) and generally decreases with
increasing depth. The shoulders of the seedbed
and the furrows have lower levels of salt concentra-
tion. It is presumed that during irrigation salinity
in the furrow sections was much lower than the
recorded values due to leaching effects. It was also
observed that salinity increases in the direction of
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flow of water up to a point and then decreases
towards the tail end of the water. In direct contrast
to the salinity in sections of the seedbed, salt accu-
mulation in the furrows increased with increasing
depth.

2. The shape of the seedbed is very important in
determining the level of salt accumulation at the
various sections. A slightly flat-topped seedbed is
probably the best to ensure that salts do not accu-
mulate to excessive levels near the root zones of
young seedlings.

3. As the salinity increased in the direction of
the running water, we were of the view that a
reduction in the length of the seedbed could lower
the salt accumulation in the sections of the seedbed.

4. Salinity was insensitive to variations in mois-
ture content, which were within a narrow range
and along the entire seedbed. This result was
consistent with the findings of other researchers.

5. Salinity distribution in seedbeds is related to
soil chemical properties. Properties such as pH
and soluble salts affect the process of salt accumu-
lation in the seedbed. High salinity values were
recorded at points where the accumulation of
soluble cations and anions was also high.

6. Due to the scarcity of irrigation water in the
study area, strict management practices are
required to avoid salt accumulation in the seedbed
because salt accumulation requires the use of the
already scarce water for leaching.
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#1. 417 V[EHO LAWK (19924F).
Table 1. Land usein Iran (1992)

Irrigated field 4.88 million ha
Agricultural Rainfed field 5.83 million ha
land Fallow land 5.35 million ha { Irrigated field  1.78 million ha
17.16 million ha Rainfed field 3.57 million ha
Fruit field 1.10 million ha { Irrigated field  0.93 million ha
Rainfed field 0.17 million ha
Pasture 44.00 million ha
Forest 11.40 million ha
Others 92.24 million ha
Total 164.80 million ha

219724034 K B Evvbhd (Iran Statistical
Year Book: PLAN & BUDGET ORGANIZATION STATISICAL
CeNTER OF IRAN 1993). KEFFDOMIMITE LIS & Y
mu, EKEHOYE #1993 4F TRATEEA83%, Hhilish
M99%IZET 5. THCEH A TIEWART1975ED 3 %
HLIZHARL TS, EBOARFERUIERARTHS
ENTEY, WTROABFIMKELL, ZOKEAIMT
WBRD10% %L 5.

L REMRACMEIE&ICLY, B, XOO~®
AT &5 B ABNDELEE A ERKEATVS (5,
1996 5 H1l, 1996MS). DAKFIZ{FD B OBERHE ASTi
fbah, KEEDOZ UORLLBROMSRE, FHoBkigts
AL TFAMMOERATBSML 2. Ol
RREFA ORI ERL, EYSERLORERIRIC
Kol QTR 2T LDWHCREBRIL KB
IR DA< o f. @EERAMIN LRI &
EPEROEEHI ML /-,

2) AREEOWZiRA

4 7 v EOEERAFEORBILIE, RED AR &1
SRR MR R E IRGFLEBREVAS,
DB WD —2L LT, BIFFISRIRERS 27 40
FRMiEREL T3S, HISEROMARNASME A
BRI AERTT S X (AREEO: Agricultural Research,
Education and Extension Organization) A& &h/:
(MINISTRY OF AGRICULTURE OF IRAN, 1994). Zhidf3¥#d
ONIREBAEHAL, L OURETE-HLTHS
HBETHD, FEXTehranDAEH 5 ZMDKFTIZATH
BN DBH > TORFRTOMIMN REDINER) &8
L, BHEMBORONGBEEILTI2EDTH S,
AREEO & MIZEM Eh3HETH D, Bz ERaM
(Tehranf{, Esfahan#i{, Fars) TI3iG@h& L T
%. KhuzestanHDOH}A, Safiabad i aGR I & iz
AREEQ D HliAELT L T3,

3) IMOARBE R

Esfahan/H{i3, AI0368 77 A, &ifif1980 Fha, itHfit
437iha, HEMMiA275)haThs (K1), KBEHFIZZ
U<, ZagrosliR &KL § 3 HEAKZTTER+ST
$5., REMNLHEK 9P 2 b & LT Zayandeh Rud/l|
%#FAL - Zayandeh Rud 7w ¥ = 7 + 8§ Fhahsifs
., BkIR15{Em30 Zayandeh Rud & 4, 2 JEDLUKE
LHEMANES TR E N B, TN O Rudasht ¥
45T hatd Foiiz A L, % O g5 1Z AREEO
@ Rudasht RGN » % 5. % Dl Esfahan M TL3 g wT
fiests (USBRZM%1 © SoiLs RESOURCES, MANAGEMENT AND
CONSERVATION SERVICE, 1985) #346 Fiha 3 fi L T\ 3
(Toru et al., 1996 : #2111, 1997MS).

Farslid, AII354 T A, Ailifi{l, 27077 ha, ikt
1097 ha, #MiRI442TihaTH 5 (X 2), WA K
{3 Zagros W RICIKTF T 5. {{#00 7% Dariush-Kabir i
7u Y x s MK 8.7 {#m3 0 Dariush-Kabir & 4 & 7
1=y ENAAKEASE TR Eh 3, Marvdasht®
BT B HERTRI4.2 T ha T, R A
W 27aL&hsd. —F, Korlll Fifthii (Marvdasht
DE) 121 4 HORUKIEZ & 2 {ZHEMTERILE 7 Tha
RT3, £ OfhFars M i< 2 AT 63 1 ha»s )
LT3 (Toruetal, 1996 ; §4111, 1997MS).

Khuzestan JHi3 AI71364 T A, ZiMiR16307 ha, Ei#k
410677 ha, AEMEAR42.7HhaTh3 (X13). Dezlll,
Karun)Il, Karkhehlliz4{ 5 vIHOEEGIIITH b, W]
JIARBMAYUETH S, SIS, Deziliilir 2o 2 2 b
125Jihas 5 L, Ikit33418m3? Dez # 4, Dezl
Ko, JAARE, PR THIR & N5, HMTiA3.87 ha
DKaruniEE 70 2z 7 b AT 3. hEBIzis
WK R2.1 77 ha) Karkheh {70 & = & & & #Eii
R16 T-ha® Shavouriift 72 ¥ = 7 b BATHL T 3,
Shavour HbJ%eD th S &8I (AT ) L RIBFZE0 BB 1t T &
7= Shavour TIEWF LT A2 d B (B1Z A, 1977) . Khuzestan
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ML DPRAERITH 0, _LHURA IR TR
BLTOBA, b - THIREWL, B LTan, B
M- v—ZRLEHE O, —F, HERaTiE270 T hads
BAHLTWBZ &, BNz B TRINIAKEO R TR
AL BENCHELTHB I ESH S, Sk DL
) KT AT, E N AUSEMRLE LI S T BN
LHEEENS (Toruetal, 1996 ; $41L, 1997TMS ; 1liAlE
#,1998a, b).

4. IMICH ZEBRRROD R

1) fEHOKHTR &G

SMIcH i BEMOPAR, T-H%E, A% (Class
Apan) %% 2123 (JiZH, 1977 ; MINISTRY OF AGRK-
CULTURE OF IRAN, 1995). HiEACH 4 413 Khuzestan A4t
YL <, X\ CFars, Esfahan MOz %5, i
DRHR LA R RIS ES &, Khuzestan, Fars
., Esfahan ORIz 5. —& LTEEHHORL
P it % Esfahan OB A4 % % 3 12, Khuzestan MDA
2L AIRT (KIEH, 1977 . MINISTRY OF AGRICULTURE
OF IRAN, 1995). V) —F v & EI8 L 2 WA EDRTE
BOERERIIKMRINCELG B0 T (A - b,
1989) , ML O TG 211D KTt & [ Khuzestan
M, Fars{, EsfahanHDIEFAHEREZE N3,

EMZBT 3RO —F -2 3 VIZ3ME 813
IZERTH S, 4 ~9 AL by Eoas B0
BE, 0~3ADOTHEWZ 2 ¥, A4 LK, FUH44,
TAT A7 7 HBORESRE N, EREXD ¥ 542D

2. 3MBIHEMART— 5.
Table 2. Annual climatic data in three provinces.

Province Rainfall ~ Temperature Evaporation
(class-A pan)
Esfahan 100~ 200mm 15°C 2,000~ 2,400mm
Fars 300~400mm 15~20°C 3,000 ~ 3,400mm
Khuzestan 200~ 300mm 25°C 3,400 ~4,000mm

#3. Esfahanlizdstt 5 ERIATBG (AREEO, Rudasht

HRERH).
Table 3. Annual gross water requirement in Esfahan province
(Rudasht station of AREEO) .
Wheat 915 mm Alfalfa 2,692 mm
Barley 698 mm Cotton 1,849 mm
Corn 1,026 mm Sunflower 1,495 mm
Suger Beats 2,193 mm Rice 1,495 mm

#4. KhuzestanMiZ 1511 % SEINKF 4Gt (AREEOQ, Safiabad

akERHY) .
Table 4. Annual gross water requirement in Khuzestan provice
(Safiabad station of AREEQ).
Wheat* 800 mm Cotton 2,400 mm
Barley* 650 mm Sorghum* 1,900 mm
Corn 1,900 mm Water Melon 1,200 mm
Suger Beats* 1,300 mm Melon 1,200 mm
Alfalfa 3,000 mm

* Cultured season is winter.

BA&, TREER24%X, FL7 707 75880, B3N
A XDBERTEWA T LXPHEN (4732 %,
YUYW OHIARDLEIZE S, WIlHTEIZAUROL
U Esfahan T3 #5718 5. Fars D i % Khuzestan
INTIZAIAD IR 2 %8 & R U 2 BF3E00 (8RR A8
ATHB,

1977 LI D B O IR AT L BBtz on
ThREILZ, 2055, MmO LBEEK 4, 24%
DEREWEILZX51Z/RT (MINISTRY OF AGRICULTURE OF
IRAN, 1995). R[FOBA & I 3M & & b o FE i
RiUzh E D EDL DMLV, IR ORI
HLTWAS, &/, 1991 ~ 1994 L0 T 4 F D4 fE i
Fars M54 5 1%, Esfahan 4% 2 {#%, Khuzestan 4t 8 {50
WM&ERLE. AA L%, 4 X0 RO %
MUZ. ZEISH LT3 MERIHUNIRNL15%TH 5
M EEHIZBE O TIAXY26%, A LEN24%, 1
2 320%DEHER R, K SUU S Esfahan M % 100
& U722 4A, FarsA191 ~ 94, Khuzestan M Ht45~61
%71 L Khuzestan D AFH L < K, Zofhie LT,
EsfahanH{ & Fars | T13 8 R(BHEMN) & 05 T bh

[x](]s] 6 - | R DAL I e
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Fig. 4. Variation of agricultural land area in three provinces, Iran.
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Fig. 5. Variation of wheat production in three provinces, Iran.

4 DER OB REH #4745 Z &, £ /- Khuzestan
MOKE, JIRRGEX MBS L LI EAHITFS
h&s.

2) kBFEKK
3MOEREERTIE, WM GERniAL/ GERmiR+-
PRific{F i AT ) A3 Esfahan90%, Fars/HT65%.
Khuzestan J T55%123& L, N P & 0 Efo,
MK Tid, KD %\ Khuzestan MASE & BT,
K vCFars, EsfahanHDIfIZ2 3, 4, MFAN
DR Z OXDONUFEIZ A S (%5 2I). Esfahan %
FarsM{ T, WK CIRRT 2D THiTAKE
L THFARDRPMABA CTH 5. F#ZEsfahan i A
AHBZLL, HFRHF— FHARELTNS,

SMizB T 2K ERETRBIITHS A, O
ThETHRETEBEAE LS. RIS, Esfahan Mo
Zayande Rud)IlKRDME, EFEOERBREIZHAT
I HEi%0D Rudasht GRERIB T AEIEK 2 B1018% . PhkAs ¥
1005l Liz % 3 (MINISTRY OF AGRICULTURE OF IRAN,
1995). FarsM® Kor /Il A% Tl EHIKO VI AR
TH100ppm D AT 7 LRI DLV, ZOTH

#5. 3Mizkid 35t FAROMAERGL.

Table 5. Groundwater resource use in three provinces.
(unit: number)

Province | Shallow well | Deep well Kanat Spring
Esfahan | 15,741(12%) |6,359(12%) | 4,672(11%) | 5,513( 4%)

Fars 23,802(12%) | 4,808( 9%) | 2,555( 6%) | 4,743( 3%)

Khuzestan| 3,305( 2%) | 544( 1%)| 60(0.1%)[ 1,195( 2%)

% = shows percentage of total resource in Iran.
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OSSR TR 27 288 S MkIZk 3
waterlogging i 21 £\ v (MATSUBARA, 1992). Khuzestan
MODez) IIKFTiE, LFIRA B 10~ 100ppm, FH
AETppm, FHMAETippm & RTHRAHONT
15 (JelEA, 1977 . MiNami and Pazira, 1982).

3) ROEFL

Esfahan M & Fars Wl TI{EHM MR E S T hh, /)
X SR Fh e B B L 22 Rt A By, RAFEE
TN e BT MPEARRIT B W TR ORI KA 5
Fohsd, FTAIKRTIIKBDOMAK L KB OILTF A
4 U R0 A1 30 % B 12 3§44 B (MATSUBARA, 1992).
RIZHEAR TR TP KRORIARRLHGEIZ & DT RO LR
4 U, waterlogging !z & 2 KTADERL & - EDSER
fbE2idy — 7L REST 5.

—f§& U T Rudasht iRERMIZ &51F 5 LIRS Mk & &
6 EXTITRT. LIROKAE S FIIERE A VA, 4
WM sk RS HoREE L, 22T’
1 5RHNLEAIVEC L £ A 4 v &K 2, ZOR
BT LR R O - YK S 2 7 2 & ST Tk
iz Fiff-vbhd, LEOENILIERRI{EEE
MFHETHh-7, 27V —FTEDOB%IE 0 ~20cm DK
IZBEWTE LR LD g X ht,

Khuzestan OB A 12 BB D XA L8 A 2 vy, L
2 U GEO T I £ R LS T AR b A %
WO, KRN & waterlogging #9])1| & D IEN
fLa —RMfitE ¢T3,

ZhoDBEOME L L TROO~OD PRiAIBE
dhs (k82 Oarysy—-+t-534=v272&
S>TLARMERR TS, QBHRA & EM X TOUKRIZ
BOTYRDBE R ERIEE=2Y) v 745, QTR
V—F RO B AL, ENULIROS Iz 2B LK
WAL 5. QDX ) 283853 A5 D4
fii & ks, 4) Tl 5 BIHEOI LTS 2 7 2 %
T35, ZRFARHVKE - DEERRE Lithib £ [E1E
TBHZLT, HERDHEH50%, HEHA0%EIET S L0
bHh3 (Marsusara, 1992), @K, 4%, BIRAWAI%H
FL, MBOBEILOIENSETHS. OHIKDBA
I A < 101 — 4524 7= 0 K BHETRUA B 1 B
I2iiX 2% (AREEO Ti305halAN A HESEL T 3),

4) EREV—F2T

SMTIIERRERLEN LA TH S, W, by a4
I, A IRk, BPENUIBEINE, RBHEIN- 2
viEmplheha, MK A9 5 1R~ 4 XK
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#6. WHUIEONIZA PR (AREEO, Rudasht ARERHY) ([EFF L 2ik).
Table 6. Particle size analysis of saline soil (Rudasht station of AREEO) (International method) .

Depth Coarse Sand Fine sand Silt Clay | Water content for | Soluble ion for .

(m) (%) %) | %) | %) | dysand (%) | drysand (%) | Soilwee
0.0~02 0.0 88 42,0 49.2 8.58 55.6 HC
05~15 0.0 15.0 46.7 383 1.28 399 SiC
1.6~25 0.1 20.6 42,0 373 4,06 376 LiC

£ 7. HBEIEOB 1 A v #% (AREEO, Rudasht i{%25) .
Table 7. Cation composition of saline soil (Rudasht station of AREEO).

Depth EC(1:5) Na' Ca® K' Mg
(m) Ds/m pH meq/100g | meq/100g | meq/100g | meq/100g
00~0.2 66.3 8.7 436.133 35.835 1.099 0.058 Clay dispersion
05~15 29.1 8.5 237.876 7453 0410 0.058 Non-clay dispersion
1.6~25 25.6 8.8 124.498 10.985 0.347 0.058 Groundwater-2.5m

# 8. WL S PHUEOREIE & 3.

Table 8. Factor and countermeasures of desertification due to irrigation agriculture.

1. Water resources

@ River water resource: Khuzestan > Fars > Esfahan
@ Groundwater; Esfahan > Fars > Khuzestan

2. Factor

@ Precipitation; 100 ~ 200mm in Esfahan > 200 ~300mm in Khuzestan > 300 ~400mm in Fars

(Irrigated fields of hundreds of thousands of hectares)

3. Countermeasures

Large scale-irrigation system by using river water resource -‘l Waterlogging I"' @ Soil salinization

@ Secondary salinization of river water

resource

Monitoring of irrigation @ Amount of river water

and drainage canals —| @ Water quality of river water
@ Water quality of drainage water
@ Soil salinization

(D Management of riverwater resource

—| @ Limitation of irrigated area in fields

@ Leaching treatment

@ Drainage system up to sea or saline lake

ERIGKBER TN E NS, ZOHKY AT A%IC
U, PRkBE % EE L TRD & S & Bt A s
AFLEWRTSD (M6, %9IBH), —HERMBOKX =
X3300m X 500m=15haiz¥ 5. —EIOHHAKIFIZIZR
B % 10m BIRAIZ 3T, B/MEEAKIX % 1,500m? (=150m X
10m) (243, #EMBEH 24hr/day iz 550 C, RIARtIZEE
M #:A20.67 ¢ /s/ha (5.8mm/day), X— R ¥ #&»
1.2 ¢ /s/ha (104mm/day) &5 L3 (RlEH, 1977 ;
MATSUBARA, 1992). YA DORITTINEE IS, A DIk
Pa & PEAKPEA300m, REAMPEKIIZH > THEE
150m X £33 500m DAL T 3.

VRS TR RERE & [0 R SRR L 35D ) —

YOURRUARE AD, BT & o TRIML 2 TR
WARIC k- ClHIE K TR E RS, TFKROBIE
A& LT, Shavour Xff Cldi#ili» 5 2.0~2.5m,
Rudasht 3R T3 25m BUEAHER 2 h TV 3 (RizA,
1977 . MINISTRY OF AGRICULTURE OF IRAN, 1995), HEKi3 &
TR & MUK IRl 2 h B (K6 ). Kkic
4K~ 1 RUKE AR TR 4 — XIZHRIEHIZE S B3
e IORREE=2) TR ENHRRENS,
BiRUL 12 Zayande Rud )il T3 Batkag-e-Gavkuni i
#, Kor)ll'Gid Bakhteganii#l, KhuzestanHDIHA~
Ly v BATRE Ehs Z e pTEEIZESS (LA,
1897).
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Table 9. Dimension of standard surface irrigation system.

Type of canal Water requirement Irrigated area Field number
Irrigation ditch | 20~241/s (0.67 ~1.21/s/ha) 500mX 500m=  15ha O~®
Quarterly canal | 52.5~90.01/s 500mX 1,500m=  75ha (1)~ (10)
Tertiary canal | 0.5~0.9m%/s 1,500m X 5000m= 750ha (1)~

Secondary canal | 2.0~3.6m%/s 5,000m X 6,000m= 3,000ha
Main canal 16.0 ~29.0m%/s 6,000m X 40,000m = 24,000ha _—

Tertiary canal (g = 0.5~0.9m’/s)

Main canal (q = 16~29m’/s)

Irrigation ditch q = 20~24 I/s)

Drainage
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Fig. 6. Standard surface irrigation system in the field of 3,000ha.
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Desertification and Salinity Problem in Iran
— Sustainable Development in Irrigated Agriculture in Arid Land Areas —

Tahei Yamamoro*, Kiyoshi Toru**, Abbas KESHAVARZ***
Ebrahim Pazira**** and Hiroshi IKEURA*

Compared to the results obtained by the joint research with Iranian Soil Research Institute in 1974 ~ 1978, recent
desertification is discussed in the Provinces of Isfahan, Fars and Khuzestan in Iran, where salinity due to irrigated
agriculture is the most serious problem. In those Provinces, irrigated agricultures were originally developed by using
the large-scale irrigation projects with rivers whose water source went up stream to the Zagros Mountains. Due to the
increase in crops production with population during the past 20 years after the revolution, irrigated farms and water
resources became more seriously poluted from salinazation caused in agricultural areas by waterlogging and in rivers
contaminated with drainage water, respectively. It is recommended as a countermeasure of soil and water salinization to
carry out the practices of water and soil managements delicately in the distributed farm, as well as the practice of
planning and monitoring for irrigation and drainage in the wide-project areas including human societies.

Key Words : Large-scale irrigation project, River water resource, Waterlogging, Sodic soil, Surface irrigation system,
Drainage system
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HERACT S B & CAZ G R ER O PEIL OB & [ETE xR

JIAthR*> - F B> - WHBUE > - 78 Rl - 3§

1. 3 U o I

A DB (895,200 7/ km®) D88 % (4 it
LLTHibh, &0 12%» MR B & IR
LLTHIMER TS, EHOKTBIHIBBOE L
THHERTHWBDTHS. Thobil, Hohfyy
P EOAEE R LB %2 T 3 Lo AT A %
ABE, AR T3% % 4, HEIIE L 3 & OSJRAER
Bz hEh, 30%8 L U46% 5 i s (LEiEH,,
1994: 128-129), 1L\ MG BIOD A Histhod KB 5y Asbididb
DHXEZIITWBEDTHS, ZThoeDZ Lit, ko
LI R L 2 bl & 4 2 2454, ik
Wi, TabbEE B TIRANE TS B I L AR
¥, NFODRLAREY S L TAB L, THEORR
BB(E, EEROIRTH» 60T, BIEVHETTSE,
kOB, LEOHR, HIROBR - Fb, LT
RIBEiE 55, WEdLLL, $EEMoHIzE, i
EOMEE BRI EBH L, REHRTE Z L nRETH
3. HiF 0 HRiA 6 BULETE 4 17> T B [EUL S &
FUNSEO—EIIRIZ >0 T, GERAL: ORI
WA RRB -0 A 1T - 7=,

ZOMMOEE LD L SR L M~<B L, it
FED S5, AL s kUl RO RTIZ A
BERF oy b EEUZIRER NS, BEERRIEL
Tk TH 3. LA Lo 40 4~ 50 FHNC 1A K
O, TabbiFEOML, HEDEMNE ()
{t) B UBWAEEERDIC LB LI08B (L) »
A, LHWEEDDETHAELISh TS, —fHleLT
EHO— AN WHOKREEB~NT, »2TiE12m
B o AR 05miz e 5. F 2, 19504E{CLL
iR AR DL HiEEh, BIEZTTbhi{k-7
A, BEOBLIEZ IR L TS, MIHEIEM KL
KO, ML EhLEVWTREMNTE 2, MhiRia s

flae&“,\ﬁ * %k

WRREDRADEEEIZ L BDOTHOTIHROTV A, L
PULBIERRENTELZVLDT, KAROLELNLL K
S>DThHD,

ZOHURTIRNIEORIL, ZOBIL, MIHZKIzONWT
£ OPE, REMNITbhTEL AHIZZThoDOHE
ZIUERR L THBHEDBUR & IR Iz > Tt 4
3, [MEETani, F &L TI950HCLIBED ALRD
WL 320, RS HoBE . BHERD RiZE
BHENbOmRT, s At (BIER) , BIbowifs
(K13 & OSMERIA: D RBRMISE TS 5.

2, REMFHIROBLR

W%ibhEiz . bE42°30° ~59°307 . H&£115°30° ~
120°30° 1zl 5. B, HHhd LURNHED
S, NGRSO T R (FEHR) B, vV
Ty () Bl €Y A (UK W, kel OLoF
o aW) HaEhsd. 20 HRHRIZ67 Fkm?, £
ROFr & i 5329 HFkmP 8T, 70 Y ~XAE
B, B IOETERD, AuFr (BURiD) s
&G, KO AINE3,100 5 A, FKHUHIHII 1,600 )i
T, ZDBBIEANHERIBTRIZEI RTINS,

3. AEXRIMEOBRRY

YK BRI B L UREIEL, £ 1IRTES
LHGRE W Thr L D Rk > T3, WML SO F
FAN (FABR) ENFEEY AH0MRE 2 BB
UL LTHBEAREHTS (K1), 3w
ERHBIXIE 7 L v NV ER Gk 500m ~ 1,000m, 48k
X 12 ##44 50m — 100m DB T, P 6 HUlli - T
< &3, FMUDCLAEIBIX & 0T, BRI
B,

HENR SR - AEEBIR S
s BB AV HERE AR
v A AP BRTE 2786

(2 1998% 6 J121 11, A 1908410A22H)
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#1. RN QIRHONME, SR, LREMFL KURREBE. (IEE5R)

W G

o EISERULE, RSMCECDAR L PR, IR, dhHUERE
SRR KEEESAHR SR REREBAR R ERAR
Mok R 400 ~500mm, 7 ~ 8 Fjizifih 300~400mm, 7 ~ 8 Fizffith
B3t 2~47C —2~67C
SR 110~ 160 H 100~140H
T R FIRRBIEF L) — ¥ A HeAWEEE L, RRE

SN 88 & R AR AR Fx ) — LI
HOF AN Fi22mBE, KL 1 ~15m Flz2mL
[=E 3 TR ki & R

* LA, HSHEES, EHARE

o NS (A, YT U, €Y LED, el

SRE

H1. AROXRbE ChERILS, NFEEES) OF
XoLits.

ORI RiElt, O, O, Ok, ORE, OKR,

OFHt, ®RBBIE

ARETHE, B ML HEES, C:EHGEES, Doy~

B, ESREAHEE

1) REBMXOFEBRE & 7 0R1L

PO I X D SRR 2 1 Rk ARSI B8 474 B meadow
steppe TH B, ABIZ & BBILHTDE Lk EUI N2 H
Y (Stipa grandis) HJi, 2 3 H N2 H¥ (S. baicalensis)
B, 3 XX (Tanacetum sibiricus) HEiEx L0 /3
LXK E F ¥ (Aneurolepidium chinense) BJR T, 42/

=V (Ulmus pumila) OMHPEZ T, 473V FIROED
B FB AN L T,

WX OBLY: O 2L, B LR EmR
BEUTASY LR, FETIHEL, Bl nS) 2%
<, FhizfEo CRBERESR B AL THB T &
T, YSLAXEVFHE, T AR AKAY (Puccinellia
tenuiflora) B% % X U® Y a3~V F (Suaeda corniculata)
BE» O S h D BEWMBEDEY 4 s hdhoh
3. ZThoDE L ITAEDOBBAIAIZE > TRELEZ
R LIBERE (FEERPNE Y LIBOBEERIZE-T
BERZI B E»boAED) T, LHEO{ADEEX
e U CLHBEES R 0, BUbkL AT A H Y 2
v FEBPLE LAROAREDOAARALNS, ZOM
EOFBOZE L VRO NS, LIBOEEUL - 7o 7
VibE, Bhicffo THHENE TV TR, HEEL,
it Al MR (halophyte) Sk &RBZ & T
H3 (I3 - 1], 1991; N1 AH, 1993).

JXHU-FIKIE % D AB LRDE I TH B,

ORA THRBE TIBHELIBIEL AL, via¥
E K EBEE, YA =3 (Aeluropus litoralis) T &
7Y (Suaeda spp.) WHENEE LT3,

QBT E I TII D KER S, 77.5% 2GR
U, BIERMIZ 4 5 HIA ISR REE 2016 %, LE
WA10% % G535, BILFHOD 5 5 22.6 %13 EHERIE
LTW3, SR {be, £Emr40%~50%LTFic
{EF, FAdE 80 X 38 1/38 LomER % &
HEBETHS.

QM b X UBEHAWBORLEOTRT AL,
F2IRT & I HMITEWEBIZE Tldav, ZhT
3454 % b L U394 %DEVTRE LD TS (R,
1988).
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2. L & U ICER O EGIETTRL (3¢, 1988)

KX ASeif st (Jiha) AL (Jiha)  AETIROEIS (%)
BRILEH 214.6 166.3 775
RS 186.7 84.7 154
b ) 2244 88.4 394

TRy A 995.0 245.7 24.7
HNF v SRR 1,208.0 552.0 157
PN 459.4 124.0 27.0

it CF8) 3,288.1 1,261.1 383

YR R S HUHEAR9.3%. SEMELNIR155%

2) EERHEOREMEELE & Z0DBL

Oy RUFFIE, HNEZ T 5 T,
BAEHiORA 3N H Y (Stipa grandis), 7 5 F H 1%
HY (Stipa baicalensis) %% 5REL 5/ 3 4 v
MIEL L Tz, 23 EX X I RFE R ) ¥ R
- 3 70 (Cleistogenes-Koeleria) SSED M &S5 < &
W, REBOEIIZIZ 'Y 2T =Y (Pinus sylvestris var.
mongolica) DMAFFAIZNMHL T3, EHFATL
995 Hkm® T, 203 BILIIIEEEE SERIZ AT 50
BiA336.7% . (KHIEIFAY10.0%, WHBGUIGIA10% % 1f
HTW3,

QAN F 2 WHHRIZ, W R L ¥ ) L8125
HLTHB, MO/ =vhetrtrIs =L
(Ulmus macrocarpa) MH 536 L, BESRE (Wi, )4
Rl e hienBaMIR - 21 ST <y -
+ 5 (Pinus-Quercus) MM LT, HhAF v PibDli
QB - RFOBTINITHEZLERLTNHS
(12 fER¥. 1985).

BHERTOREL, /5T HNIH YL H Y X A -
I/ KORFEMASHHL, BRI A FEFF4T
BEAE S,

Bl Eicid 74 oL 2 X 2 (Caragana microphylla)
ERETHEAKMAL ML T, LarL, HiEo
BRI > TR EACEBIA R, ¥R
BB EIZED, (KR REE TR Eh T
WX OSBRI AEHBIC T E TV 5. ZORKORIE
DIKROFEHIL, RAOBD - HEHM, $obbLT
»H5.

QAHEHIIRIL RO OERUL, WLy 7
v (AR) WM 35ETH 3. B2 A v
Bl 3 EXX I RFEMNELI AL Tide,

Zh 5RO RSB ORAEB R 21IZRTLS
T, 24.7%~45.7%DHRABRIE L T3,

4. BRDEER

LR DA REINS B b ORIz L 5T, &7, FIL
WL RO R T & 300, LHRIZ k> TRE »> T3,

RRUIX O U AW 2 RSbE LT, %
BN BRI ARt E L TR S hTn 3, &
HoE TR O e NS, I K B L Az —
RO FIDM Lot (b e, DUF R
L Tkg/haTEb LTV 3, B4 EIE—
WO S TR 2 XL EOWIK, TG —HOEL
EEEADERMA (F38h) TEkbT (FHIEH»,
1989: 250-256) Z AL, IFHEART I HEEA ¥
IDTHhEOHEBEh Ty, ZZ TR0 EE
B CEtit) 4l 3,

OhIRRFERAR S EERAF % (1974) 12&hig,
BUDEWRIT S 7 4% E F F K12 1.300t/ha ~ 3.066
t/ha, /3 H Y &3 1.13t/ha~2.22t/ha, I EXF /&
J120.986t/ha~ 1.956t/ha T » 7= (% 3). 1960FLD
NS HLONr-EALNS,

QORECERIZ IR 5 R A S0 5o Lm0 T
¥132.124t/ha L DREWEHAEO ML 2 B 5 (B, 1988) 28,
ZOMEIITIGEL, Bk EAEEEOFOR
WEGAEYTHENETHAS.

QML HO4E, dm, Zeda En4MitE, 1950
ERYINIZ3.0t/ha Tdh » 724, 19604FfRI132.25t/ha.,
198041z 4 5 L £90.75t/ha & 5 0, 1950 (KD FhZ
N75%, 5% L7z & Dl (3 1988) »idH 5.

@NMIT B HO RO Lt £ A L =Bl B
(Fdi, 1988) #FLBBLEADLITHS. L/ L¥E
F & 4R 2 5 ) ¥ 2 (Calamagrostis angustifolia) it
I3, 26t/hab NXADERWEREEHITTWS, LaL, fth
D5 HiKbL Z D50 % FU% D 1.2t/ha ~ 1.6t/ha D4 B it
T, WEL DA EL+RHDL TR EELI GRS,
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#3. BRGSO - REHORIEERION LW
(t/ha). ChEFHERENH SRR A SRR, 1974)

i %
K Lo HIRY i /OB OF OB
TRYNAY] VRAEEFER* LT3 1.841 2.361
INF I 1408 1.130

FEXH Y 1.956 1.248 0.986

¥y oa Wl va¥EFFE 3066 1.856 1.858
NEAY 2450 1.637 1.141
ER T 4 1.575 1.667 -

&k i LA FEFFE L300 1.980 2.121
NEAY 1.670 1.660 2220
FEXXY 1.620 1.225 1.567

*Aneurolepidium chinense, **Slipa grandis, *** Tanacetum
sibiricus

#4. MAILHESAEO EEMR (t/ha). (B, 1988)

H b HIRY ib LA prit
DZAVAE £ N R - | 2,655
UINLEEFF—d Ly LD 1.327

LA X ZANES " - | 1.239
gy s—HE (7Y XV AE) 1.593

AX AR AKHAYD 1.239
NEHYO—Hy ¥ 2D 1416

JHY Y A —tis 2.600

A disd 3.540 ~6.195

Y Aneurolepidium chinense, 2\ Chloris virgata, > Arundinella
hirta, ¥ Armeniaca sibirica, ¥ Puccinellia tenuiflora, © Stipa
grandis, 7 Cleistogenes squarrosa, ¥ Calamagrostis angustifolia,
9 Aneurolepidium chinense, Medicago sativa, etc.

By (77707 75E) 13.5t/ha~6.2t/ha®
BEEVVERRTHS, $2RKICESE, RIEKOK
I 1 had 7 D DHEEDOFE YL EHIL2685TLTH
3. ZHiL1988SEED XS ~6HINMRIZH L L, »k
DETENIERL TS,

OHEHEWHHFHD LM, 19504 Hil22.25t/ha
~3.00t/haTdh - 7zA%, 19804 T4 0.75t/ha~ 0.90t/
ha, 1950 RMD30%REIZIET LT3 (ffiZH,
1988).

@M ARG DREFNLBMEAE L <, BLitD
TRHET0% % %, YL LU A biliRI2285% % i T
V3. RUIXO BRSO Emitis, 19504ER0132.2
t/ha~3.0t/ha Th - 7<%, 1980%E TI20.75¢/ha ~ 1.50
t/halli -7 (14, 1988). Z Z CI3ERERIZA%~50%
IZEEFLTW3,

OVERAIFERD > 73 6 FE F 2500 EMRZ, 1962
SEIZ132.129t/haTH > 7= 5%, 19783FE12120.89t/hal={&F
Lt DfigErs5 (Jk, 1982). T Z Tiddphtiz 164E
MHZ41%IZIETFT LT3,

®@INYRLERDOF VL7 F (BRI 2k
FBIINAEEFF-ZX A F v ¥ (Bromus inermis)
BT, 1975 EDMA TR FE L A50cm ~60cm 5 0,
BRBEYT0% % 5%, EPRiE354t/haTh -7, L
ML, 19814E1Z130.661t/ha~0.885t/ha TH » 7= (¥NE
#,1985). 6EMIZ18%~25%I= L T\ 5,

ZD XS IZKEBRO O LEEMEIL, 1950
EDE, Z2OHAIE1/2~1/5128 > T3, ZOH
thid, NI RRBREOREDIBA L 5 5%, DK
LR LIc BRI 3 A, THERMOIETAE LY,

5. FLBR{EOERFAE

AIDORIMNZ £ 5 HEHORIM 2 LRI FE 118 5 ZRPRIK
R, SRR ML, BB LAk LA—Kk
BIKTH B, I CIRIERERORIL, L, B
WELEFEEIZOOWTORENRS,

1) BB

shEID R OEHMBIIE, Bk Ths it
Sithuthe U, Sihitid B ERBIcicE s E L.
ZHOAMBONGINMTH T, TOIBTEHLHE
TRIEDFROEGD, T abbBEBIEMNED, £t
WL ABISR L Tt E L, YHUROEHRERE
TP - IR THh o 728, BROBAR
ALID BRIz & 0 Bt & SROERAMAL, BXk
RiAHE s h -,

M4 — DD THILDPHELIEE L 72, —Did%
MO TH B, WL E-FbTi, RBOTR
MADOEIZ, FHOBEEHLEOFEE & A 5 8k
ARUUOBRIE & R U 2,

I HHERRO AR T H 5. N € ) 20—,
IR T, fESERE RS L, IROIBRKE
DX TR DL KB E XD ERELT,
L& RS 3 R EEN G 26 Tbhit,
WO #E % % - 8O Lk RO Rf, HE4s&T
U, RO & TlIigOBIELHE LY., GRTIE—R
2MY 5L, ZindiEbT s L vbh, Bk h
72 hD27%13, TOES HERENBIZEEEEH
T3 (¥, RRE). LTIHEFBHEEERELAT
MThs.



#5., HMEARIEREIZET 3 BHb L S i
(Fkm?) & X UK/ (Fidi) D%k,
(fiZA, 1998)

F FIOER BBRR KA
1944 2.666 - 3.8
1950 2.111 1.216 -
1980 1.551 1.730 -
1984 1.377 - 77.4

ORMITEESEFOMAIL, 1963 9-12132,933km?
TdH -7, FARIZ LY 197841212 1,733km?iz, 0 &
D59 %BIZWHP L7, TDHBHE1HD 0 DHRIZ
031halz@BELL -7 (% 11, 1985).

QEMEEBILE DFNIE S (T/RT &5 T, 19444
25 1984 FEDBUZ FIH M AU K F- 2 - = DIZRE
FABuT 225 2ML . ZORERINI F—LH-DDFK
B3 1.358h 5 5,658, 4305 CMmL 2. 72, B
SR RTAS 1950 4 A 5 1980 E12 142 % (2 M L 7= 13
L, BHmRUINIZ73% 1286 L (i, 1988).

2) BEHORABREHR

WHHOWE T AR £ W TEREG %185 (BHNHEL
HRAMMTHhhTE /2, BARMOEBIIEMIZLD, F
&> TREBH, ThizlfpeFRiEikEEs2L
<, ML TREAHILL T3, FRCRKITAAR
Wb ehs—F, FHEEBIIXBCHmME R LS L
THMO T TR E S LT BACaE» i< 55, Bk
BUZ X D BREBESRBIIHED , BHFELRINALTE
BENMET 43, EoICBBBAELEHFLREIHA
THZICEATE, BAdzdt, BLdkEZ &S
k3. UTISBbo =, Zolfid~s.

OWFE LT T, BB & b RO R833
km?® 5 5 41.3% M1 3ED ZRAPEMAIZ & b, (THE,
KA PEDEMEB L 5 5T 5, Mk L3 RED
WA ERADY, HIROBLEE L L, i
WIEHIET, #E, BE, MARML, b0tz
vk G, kRBH).

QOEMEERBOBMRIC LS L, BHUbizREm LD

BTN 10%~20%D < . HHROFH10%~30%

£<, W3 1/2~1/41K< ., #3172~ 1/312ETF L,
AHhtid1/2~ 1/5128 - T % (B 3Chi, 1988). #H
5 B E TSI AR 1T - TV B AU o b At Bzl
B2 DB D T3 & 0 F LW T L3NS i
lioBRigE T ohi (JHEEN, 1994).
@S LFEE FFLICH T B RAGARR IS KUY, )
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FUIKHEDORE, REFICEERITL, BTEEREZK
TEg7, RERTE MO DHEL Y (X, HEOER
AEL THHTEERICKE L EEE5L1 5 (B Aok,
1988). ZOZ LIIEOEHIZEL, BL2D X
el 8
OEMHELELNOMAIZE B L, 1960FERIZT /5 L¥
EFFMRBET T - 1255, 181 EIZIZTH20
BILL, BEHABER-TW Thbbd, v/iaX
ERFB0IBITUES, 7HHY V7 (Artemisia frigida)
H30%, FF 24 (Euphorbia humifusa) 7320%, /7
FHNRAYH20%, ZOWEKAEI%TH 7 (F
Fibk, 1988). ZHUISHBBALCEORAB LRI & Fkp
AR L 2= U (5T H 3.

A FORR

HEBOBH TRBBORENKHET, B, B
BIoE - HERORBIIEEEE LTS,
OERMITEWBLLEIEE Tk, EHORBEDN0%,
BIDHED50% & 3 > D20%HMEOMRE L L THN
ShTW3, ZD1H LIREIT Eh 5 Hi»A %<,
HIBEOML L FbOBEE R L T3 (3, 1988).
@WEE A i 0 MR OSSR T, %
FHLETIWXTH S, 1950ERLUTILHEAREY) - TE
ZREE L, x> THIFEL Tiat, 19708012
BHLWARRIDP LU A0S RELLBRBE L, £T5
AI980ER Tk L 4R TIZR D < L > T, KRDH%E
LA E LRI T B LSk -7,
EZOREHHTE, k25 BT THERF TR
AREIEDHTOEANALGNS,. ZhIZBREOFET,
HhiirnHl8me LTHIRIZIRZDE 0T 3750 Tx
<, HOBREHT THBOBREEIEL T 5,

4) EEORM

PLED 3 i i D R TH 348, FEOR
W ERTEVRO—2TH S, ZOHURIZHA
FIZE < MO Sh BN (Glycyrrhiza ularensis) , BRI
(Ephedra distachya) DE LT EMTH S, BRI AK
BT HROM kg 2 MDIS 2 £i2 &k D 0.5haDEY
AESEX N, KM kg 2N OB Z &1k ) 0.15haDF
HyExhs e S, 1982EN 53 1 HOBRTIE,
ATALDASBEIIZA > TERIY 217 - T/,
15% DM ELEMD I L > THEEhTHW3 E0#|
mEH D (BiE, 1985).
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6. BILEHROHRAXF

A ARSI L ORMLAE THiT 5 Z i3 T
METH 5. {7, LBRD XS IZERISBILEHMIEL &
L, 20%~50%EEERIMET LTOE8IRTIR, #
hEQRTS, H30IRELTHEE 3L EER
DHBTH 3. BLEMORBIZHBERATHEDIEK
DI BHETH 3.

1) H\TEH->TRETS (HFMHHL)

REHEOEE B X ON OB D & — WAL L, §ib%
R&GTsL, BROBITIN L EH L 238, fhidEn
BEIfILTL 3. DETIRZhEHEFRILE O, 19606
ROiciR e hh, ¥R EhADIF19704ERI2 % -
THhoThHD, BUE, 2EMIZIHE S h 5 EAekEHH
B (FlE, 1989). HEOBHBUZ & » TRIL
LZ-Botid, BMRAVMAMH- THSEMANE, LER
oo Tn3, ZRUIIDTEL, REDEES
BB T HIBOMAMENE T LTV 5. HTFRTIC
&0 LB X ch, BEAMOREMBEXH
3. IOk, PEFGISRUL KT, —fHz 34
~ 4 SEOBFHEILIC & 0 D L7~ 221504 2 12
EREBIENTES (FHIEA, 1989). 7=75L, HFLLE
fLLitika gL hdkbhi=0, FiEEROL S Hkb
AL, HRIERIEOME &5 LORIORAIZE
AEZ¥EL, EIcRMMEREETS, ZOFECLD
HR L =SB OYH2 LTI+ 5 (1, %
7).

OXiEAYYR-3I /Koy Th o758, BIELT
VEEAE £ 2 RHEMIA 3 & 2 ) BEEAREAHE L T
Rz U, & ISEBIT - 2. 15E%ICHIE
25%h580% KL, EMRIIAY &~ 7= 450
kg A6 1,875kgiz, #4fHicme 2.

Z DBOTEORERBNZ MY 5 F ToREZ{LDR
BEAsE, 1H44 28 (= / 305 % Setaria
spp., X & i /\Digitaria spp.x E) Mk HERE, B
¥4 2R (Aneurolepidium spp., Calamagrostis spp.
BE) MELAE R BB, 2 U TMEASREL T
B4 RN (YT R, 3o EoRE) HBLRE
LB R X h e,

QLSBT Tdh - 72, @iz k> Thig & h,
WEFHA & % - T bl % 20 SERIEE AL £ 47
o, LI EFROBHERS 24T, 204E%IZ12E7E
KD IEX (Antemisia halodendron) % B EFiL L, %

FAOREE S FHISRIBL 2. 413012 30cm A 5 65cm
IZE< &Y, HIEIZ5 %7 565%IML, £z~
28— Nl b 2kgh 5 1,125kg & 53 KIML 7.

Zhoid, Bicpis ah il % 15~ 200 B
BRIz ko, BN hBRiORidIc’ITTL,
BRA4E~SHHD N7 TH 5 (KAWANABE et al.,
1996),

@F # (1981) kA, NAH YAt A Fng
(Lespedeza dahurica) H30DEPitis , BEML %D 2 £
Bi2i2225~40.7%MML , 3EEIZIZ505%MmL 7=,

OEHEABIE T, BFRILOS 2 £0EwRIT
FEDTO%RMUL 7= (4 SCFi, 1988).

Zhoi3 2~ JEEDHFICE D, X E50%~70
%EDoNIHTHD. FEREOKIHZ Lhi, 19754
25 19854 & TIZHTF M L 2 ST RS 2,866km? 12
BE&

2) ISy -nauqLTicL3HB (85

LB EEMO LA TS THL %, ey T
LEHBELES LT, 20X AT Sk (hETEH
EEZOWRENE, KN, MEHRRIE b VRiSx
BHET, BATRIEEhTWEN) TH5, Zof
Eick D, REOEOKIAS L SIRE L T2 THiLY
EFilB, WAL -TIE, LERELS LT GBRIK
KOMTFABOT, S0HR) 2845, ZOHk
DFEIZo Y 7OLV. LaRN (1956 309-314) bk ~<T
w3,

HIEITE, 1960 - HM0N YOALRG B & 8 3 5 7=
BT 7Y THLLEA, fholid v EmRrEL <
B EAMBARROT o R (#, RRK). Thrds
EkoT, IOHEIZKHBBRRAMGE S, RE
BRUCEBL, EALHIETYE | mPIZ10KL LD E
WEA 2R (/L% %F F %, Pennisetum flaccidum
&) MHhE, BIBL 2~ 3ERICHNEL, 4
ROBOEEAER E 0, 3EIIZRITDLSHE, 45
B25R 3HLLLOERRE XS (#iFH, 1974).

BUE, COHIRIZE o TR S h 2B Lol
B~y g—nkzl, pEOFEGHE, LR
DR REEE>TW S,

ZOHBBUZBRONBA S 5 (HiEH, 1979, H,
1984).

D1l m?H7=0104KL LY A4 2Bkt s b h
W, R K OTUE RSO A B < Rk, 35
HWAFIZ B THRMWIETE B,

QOB HIEITITRE D LAY ORI W% L,
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£6. BIPBHZOREMHIM * DHERBOEL (HHIKE100EF5%). (HilE, 1979)

Yv7ryv

rhass AXTTFARE

(Aneurolepidium chinense) (Hierochloa grabra) (Calamagrostis epigeios) (Arundinella hirta) (Spodiopogon sibiricus)

%0 T8 SINLEEF A YNy
1 18 325
2 413 2,200

33 0.36 0.49
368 5.95 1.60

CUNLERF R, Ty w7 713 IH R i,

&7, BBHC LB LEMFEO L. (Hu et al., 1989)

BR300 LIBRSFE (em) i dRglx
MK (kg/m°) 0~10 26 1.60
10~ 20 3.82 252
KR (g/cmd) 0~10 1.67 152
10~20 1.62 1.61
fLBSE (%) 0~10 35.8 415
10~20 37.7 38.1
EAR¥ (cm/min) 0~10 0.25 0.84
10~ 20 0.25 0.75

VU LR EMNY, TRHIOMEERRI O AKX EF
FOLS LEBBEIHELTHMMELD (£6). B
EMENEAEME T 2003, LIRS M H D RED
ERAREENEZ L, HEXUEhTARAESIZES
KREMARAIIL S -DTH S (7 - (3%, 1980).
QBIBHZ & » T HEOHRIMIMEEI A S L < B a h b
(7). WiEESEOMME AL ER TS (Huet al,
1989).
@IERIEMET (2 9% 4 & RN 8 T B
Bij) 12BN & L 2SS, EmhUIsURE 3
SIS BV IED 2%~ 3B B H, H6IE
~ THEDSIERIUEL 2D, 10FRITIZITDKRHEIZIN
S TLEW, M TTOWREIER TS, LALEEN
Bl (U AT FEGA L) OBMAIZIZELAHL
EPEE 2 EA I BIZH L S XD, JLOD 2 f4C
BAHN, BSEISIKTLTL 3.
ZDHEOERE LT, /oo THRL RO AR £k
O THHENH S, NFHYIZENTZDEL
TR LUZRBERERUC & B L, B3, 4EOEHRI N
i<, BOSEMISIETLTL 345, LN 16.8%~66.5
%IRIMUL 2= (W5 A, 1987).
FANOEEE LT, BLEDT T v - 0P,
INEEF PR A RRIL W2 F32h o £NREL .
PIELIRF L+ 3 L FEu EnEEYNA o h3(E
A, JEOR L ED IR 0.9t /hats kL T g EiHL 3
FE~ LM DT EMIRIZ2.2t/ha s & > 72 (Hu et al.,
1989).
BLEOMBRRS A ST ud, BEhEThSsREL

TR A HHT 3L~ a2 24t/ha~2.9t/ha
(20, XD LG~ 20fzm4 3 Z & ik & h 3.

3) PRI LZBE

WS TSRO MREIZ & 2 B {E Sisbod SR A3 1970
TR OME -7, COHFETHMT S Lok, 4
L FRIEX (Artemisia ordosia) . 437 3 X (A
halodendron), 7THALL ZAX X, LIHFEX SN
(Astragalus adsurgens), TVW7 7L T 7, TEINE
(Melilotus suavelens), >+ # 7 ¥ %€ V% (Astragalus
melilotoides), ** A F ¥ (Lespedeza hedysaroides) s
ETHh3,

MR G 2 ik 5 BB, 1 IRAKS &
LOFETH D, RS S L Fokht S 11
BMENE LTHETH S, Zofl, BV E R0
T, MR TELEWMNERTH 5 (T, 1988).

HEE X ZFSEICEDT, MTHARFLTE
EHVHELY, The i LoREREEEL T, o
Be LTidiEhh, Wk kU sio N L REE D A8
L, HREBEHE U TIRRZEDNHTO 6 Fshiih & IS
AoTHHRE THBEL T 5,

AR DU DN T 2 ~ 3 DF AR REHAR
5.

DL 74 FE 2 VS ALOMBERIBE 17> T 5 %0
A Hiti34,081kg/ha T, HHAXD47%kg/haizxfL, 85
fSizRImL 2= (4, 1988).

QW RERIBIZ I  TRTRRGRIC & 2 RIS
EF - 85H, SRS FERICIIMOEEIZYy/ s aE
FH40% ., A A FNEHN30%, 7HALL Z X AH10
%T, Wiz & 8 12/ & 5125 2 fE12976kg/ha,
5 :12135,560kg/ha & @5 < e - 7= (¥, 1986). LB L 7-
O, OIRTEOEI KL 7= TH 5.

QORI ESBIEDR L (7T m~15m) BR)PEIZEHN
TALF 2 3 EXOMMRRE LR, RBIFL YA
PHVRUEEAF L T Sl RUSRMI L iR 35% &
L, WAEITABZLEHIIMPLTIORE LS
(3F, 1982). F7:. RIHEMOLEFEL T BIAHE
BFEEPETIZ% TH > 72, BHPETIZ18%
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#8., ARG TR L 25Ut EEMROEL. (7, 1986)

LIFFEAV XN FThLLAZX A AA A EnE
BRLDEY  (Astragarus adsurgens) {(Caragana microphylia)  (Lespedeza bicolor) 0O BAHit
2 581.2 363.7 - 31.6 976.5
3 1,598.2 135 60.0 345.0 2,016.7
4 3,578.2 75.7 71.2 459.1 4,184.2
5 4,081.5 888.7 590.3 5,560.5
X W - - - - 476.2

CHELh -7, LOBMEHD. Zho IR EER
DRBED O, 2FITH S,

ZD &S, MEBREOH BRI HELLC
Ly, EiET 5 ORI L > TRE S,

4) ZAFHYICL BEMEEROHR

BHEIZ R A A H Y (Puccinellia chinampoensis) (=
Lo THRBTBZIEMNTE S, ZORIHEYHSDE
LB AT 3 B TR A<, PHIZ 9 ~10,
THUERERA03%~04%T, (FHhDEIEZ LT
A 2Ry MG KSET TS, TGt BEMNE D,
ZOfMRHEEIE, WAL TRE KW SAEEFFIC
Lid 3 & dh, REMEE LTHIREh TV S,

HHERRRIZH T BRI, X HEH T ALLE
D4 Wikl 2,160kg/ha~2,377kg/ha & F\WMiiAE o h
. 3HERKBEOLYBESERIT, 2L D18%N 5
022%~024%IZfK T L7, X AEHvIBENLRTE
WEBE BTS2 L, BELBERR TSI LS
TES (B HE, 1986), TOHEEC K BEMENIOH
RIHERHRIZREL T3,

RARHYELRIRDIT AR HKEHY (P tenuifolia)
SRBRICEEELEL ., EPRIZFE2E,GHHEE T
L L T3,300kg/hall LT -7 (FfiEAH, 1980).

B L o HURSU AR BT S BADX AFH YD
#AlE, Wil SERE T3 40kg/ha —45kg/ha T, @R}
H2 T2 55kg/ha~60kg/haTdh 5. BHHDONK TIE
200kg/ha~250kg/ha % ¥6fi¥ 5. BiEOHAOHKDE
fiZ, 50cm X 50cm, XX 15ecmAGEL T3 (M ¥
Flig A, 1987).

5) LSHYFEXALJINCE DM, EiRih, et
NHA
Wi, R, NEeRBERLIHEEAYYL
(Astragalus adsurgens) 12k > THBTE 3. ZDHZ
LERTARDOHEN TS 55, BEREHCL TTHB LR

BN —D L k> T3, MAHEEMRSE<,
metk, mEH:, dHEMESREC, 4, AL BT
BDTC, WEE LTHERIZ N33 TELS, LI
B, ShoBEEEIZVEKAVLhTVS,

LIYFEA VY NDERRIYLS, ANF PO
&S5 HBAMHTEMMNYEITIELIZ0emiz Az, ¥
12 150cmIZ53E L, EHritid 1,635kg/ha& -7 (8 -
¥, 1990).

LTHFE A Y NOFRFMEWITE D, ORLDIE
[EEN LI TH 3. FOUPRBROBERILIRD
£5TH3,

©6 » AMOFfBERBRIC kL, FEEHIIT ALY
FATFIZEEBOH, TLTI LT 7 L RAELTRE
TEDOMRRE ok TOWHIZOVLTIZ E S ICHER
DL H S (4 #H, 1987).

QLIFXEA VTN L EETALT 7L
T7-TAXA ) F+ EFRHUFALL =R L DMICH
thitic ke ax2nu, £/, hiERREAohir -
= (F 3K 1983).

@LIHFEAVINE0%, FDROFE20%DEA
FRCRIABIE A M U 2A, RIS A
bhilchos: (F #H,1987).

D&, BIIHT IS E D L/TEI LR
Tk Wnis,

PlEodmiid, HIEHSH & Wb R RT TR 3
Hehsfitas s, Zoft, MREREELMHECE
358, BRECITHERNIOGIGEERT 5%, &
& i U TN A R ¥ 3 ik, RAMIRTIZKD
WRTEHEEELNH B,

B O
AWROYMIZIE, MEEA - 4 4 > RSO CFR
94ENE) A1, RIMENZHN LI EMOBELL E T,
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LHBAEHE - ANESHCEE - BRI KEHERF (1994): [7ithd] fedbol
.

Mg@aHiA - 8 ERA99D: thEGIESIZ BT S/ L ¥EF
¥ (Aneurolepidium chinense) FiMEDR{LDIRKE & WWHE(R 2,
[ At 2 ié] 37:91-99.

SIS - SPHERHE - B AEA - (1 BEBD - OB KAR(1993):
E YL 350 B L0 (Aneurolepidium chinense) Wil it
L diefia. 2ERLE 7 0k, THARE 2R
39: 93 -100.

NISAREA: - 1 WS4 - IPINGLEE - & R - SEFRHE - B
H(1994): W T A VLR 7 9 7OREE 43R, 1 B
& RN, [HAKEE2E] 40: 294-300.

CERFEAE - (IR - DB G (1989): DRIADR -
F7 2] #EH.

W ST (1984): HAMTERh S DRI A EL . [hIEIBER ]
3 ZI0): 44-46. (P IHEE)

Yl OB - 98 - ¢ FTEE(1985): BT BIAIXEL AR
ORI AR, T ACIESIX A BBy e thi i il 2
A [:297-301. (silslds)

B i1 (1988) : 4AM0CE-FRP GG MR iR, [ 4D X /Ry
BRI R R SO 1 251-261. (shLElsS)

] FERE - b &6 - M BR(1988): B TE SR WHTIANE G- 14K
fﬁi;{tllﬂli,’{?ﬂ%ﬂdl'&ﬂg—#ﬂ’-ﬁﬂ‘ﬁ?.’:’&)'(ﬂ&] 11: 354-358.(H18]
)

M BEAG (1986): v NIBTRIGA A BHE RN S b
F5—191: 21-26. Ch 63

A D245 (1988): SRABAUNL W b RS T WU IBR  Fl0 H 2
Fdk, DbIERIGE 52000 27-20. O EE)

% (1(1985): AR BUERER IR RhIEM R iR . [UCdL
XA g BRek p iat R R e 1:238-241. (v [8)dH)
4 @7 (1987): rh4THEZ A x San 46 AR 2B 2. [hl)

TR 5 -0 37-39. Ol R

4 BU(1988): YHTREX LRl HitiRER, DhEGHE] F=
19: 13-16. (1)

4 2 (1988): RHELAIRUEIERM " ZIL” I REs .
[BUAEs X A nest ke i at @ 2 dascile ) IF: 359-362. (i[E]

Hi
[ 5]

W EIL BB A% XM - E O TANQ1987): BRSO KR
HREIEEE. DbIERET 582500 20-23. (PIHEE)

i FESH(1988): XA RHOT I REL Y, [ ACILIBIX 4 AR AR AR

Beelit R e O] 1 26-29. (i [535)

ORR - KM(1980): T L IRBLE ¢ RS
AR, ISR S LR R AT T SSIUE: 89-94. (\IF
ML BRI

WK M X% KMAO97): BEE ISR R R
ks, THERHEPER) B—— 70 11-17. GhEES)

WOwEE - I OERM - B 11979): LRIRIENVIIETR. (4

Wy

[Pt Rt

159

MIRERRE R 8 S — 18 30-40.(+h|HI &)

MOV - iR M- R IRE(1989): FHOWHRIL RIS
AR, O S [hEIRUR R G R 158-162,
FrEp k. O )

BE B - S - E SFRL(1980): AR FEREBIML i 7.
[l EIEERE ) S5 13-21. (P[RS

FOW(198]): A AMURMIRRET AP, [SEFHEYPR) 5
JLIBE 110 Ofe[EER)
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oYy - WEHI(1990): RN AR L A TAUIREREBR T .
W MR TRAENVRAGIIIZR, B8] WFEHARE
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Present Situation of Desertification and Measures of Vegetation Improvement of
Grasslands in North-Eastern China and Eastern Inner Mongolia

Sukeo KawaNABE*, Yinhao NAN**, Toshio OsHIDA***, Zhenwu Kou**, Deming JIANG** and Jun WEI**

Informations on grassland desertification during recent 40-50 years in regions of north-eastern China and Inner
Mongolia were reviewed reffering some 40 literatures mostly in Chinese. Original vegetation types are meadow steppe
and typical steppe. The former is characterized by Aneurolepidium chinense and the latter is consists of Stipa grandis
and S. baicalensis etc. Areas of degraded grassland accounted for 1/3 of total area. Above ground biomass decreased
from 2.2-3.0t/ha in the 1950's to 0.75-0.90t/ha in the 1990's. Degradations were mainly caused by salinization and/or
alkalization of soil and by sand drifting. Other causes, such as overgrazing, collection of fuels and medicinal plants, and
practical countermeasures against desertification were also presented.

Key Words: Biomass of grasslands, Countermeasures of degradation, Desertification, Degradation of Chinese grassland

* Association of greening desert and grassland of Inner Mongolia,China. c/o Azabu University, 1-17-71, Fuchinobe, Sagamihara,
Kanagawa 229-8501, Japan.
** Institute of Applied Ecology, Chinese Academy of Sciences. 72, Wenhua Road, Shenyang 110015, China.
*** School of Veterinary Medicine, Azabu University. 1-17-71, Fuchinobe, Sagamihara, Kanagawa 229-8501, Japan.
(Received : July 29, 1998; Accepted: October 22, 1998)
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g =

KEED R - Lt H» 6 I & » TAKPIZE
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Proceedings of Third Symposium on Aeolian Dust Originated
from Arid and Semi-arid Lands

The Dust Storm Research Group*

Total amount of wind-blown dust carried from the arid and semi-arid areas is estimated to 3,000 megatons annually.
Especially a dust storm event, in which a vast amount of sand and soil particles is blown into the atmosphere by strong
wind, causes serious damage to human activities, as well as to the social and economic environment of the areas.
Furthermore, wind-blown particles reaching to the upper troposphere are transported to East Asia and Pacific Ocean,
cause a strong impact on the climatological and meteorological environment of the earth. It is therefore very important
and urgent to study the behavior and environmental consequence of aeolian dust.

The Dust Storm Research Group (Chairman: Prof. Masatoshi YOSHINO, professor emeritus of Tsukuba University)
have organized symposium annually since 1996. The primary object of these symposiums is to provide a forum to
exchange current scientific views and information concerning aeolian dust. In 1997 and 1998, the symposium was held
as RIKEN Symposium supported by the Japanese Association for Arid Land Studies, the Remote Sensing Society of
Japan, the Earth Environment Research Committee. The third symposium entitled “Aeolian Dust Originated from Arid
and Semi-arid Land” was held at RIKEN, Wako, Saitama, on September 24, 1998. Total of fifty researchers of various
scientific fields engaging aeolian dust participated at the discussion. There were fourteen presentations including a
synoptic description and diagnostic studies of selected cases, theoretical approaches, physical and dynamical analysis,

characteristics of various scales, and impact on human activities and environment. These reports are the proceedings of
the symposium,

* The Institute of Physical and Chemical Research (RIKEN). 2-1, Hirosawa, Wako, Saitama 351-0198, Japan,
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An Overview and Problems of the Climatological and
Human Geographical Studies on Dust Storm

— Dust Storm and Human Life in China —

Masatoshi YosHINO*

1. FAMAP—LDEHR

AR —LDEFE, ZITTIE 4] @GR
500-1,000m T/#EJ14-6#% (10m/skL ), ) (38R
500-1,000m 2324 11 436-88 (17m/sBh L), [ 1338
FR2500m LA T TRASH A, ZhLl Ll 20m/slLl) &F
3, BETIE, Biok o TELBIPREITL > TSN
R dh, R OBAE, BRA50mBLUF TlhikB
MA25m/s Bl L&A, 10 L&A, 2m/sBL LicT 5
BEuEND B,

2. BREFTX DA P—LOBT

KEZABBHA 2T LRI 6 00T, HFICh
BIEELL KB, 1949-1990 D 4t TR OB
1950, FEEBI08 A, K&V (Hizk) 1346,000, KR
OfEE (§F) 4,000, HAFEI226 71T, HAH - B
RS I MOMFHEL T 5B, X1 131949-19904F
DREBMORAKANBEDO R EGHTH S, LT 7 L
N AL At TT20mEl L\, ¥ 2 52
BO7TOA, XD 2V HART LA WHTE N,
[ 2 1B DALPGEIZ J51F BHEH - PigbE O £ X b
A F—LORGRTHS. EERMKIE3 250, L,
SMAT 7Y - NIERT, 249V - NEHIZADD
BRIV EHIENE L, RONTHLDE IS5 Hh o nb
WET3E0, 2S5 HBIZAS>THRET S L0
»5.

B, s 3 MK (1949-1990F) D5,

3. BMARIL

ZAZ LA b—00 [5] & [Fis) ARSI, 1950
EAIZ5001, 19604F4Ci2 80, 1970441z 13[@, 19804F
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Outbreak of Dust Storm and Long-range Transport of Dust
— A Brief Review —
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1. BUBHIC

ROIHEIABE A S DR & 2 Mz D0 THE, Rduil e
WHIBE» RN ED oM TE S, AR TIR, X
SUoPIzHOl RN EE T — o UL & 2 P ORAURGHE
FEAL - KAANOHIRAEE Ehh» TS (7
& ZiE, IPCC, 1995). X 51z, BEMidy & DEMT S X b
I— TS NDEHENDERD, WEO—RERENL -
HERBBOM PSR HE 2 M E R - R B h
TW3 (& AL, DUCE et al., 1991; DAYAN et al., 1991).
ZODEIIZHE S X P DORE - BRIZNT 2 HFRISEFE
BIZZOTEMEAMLTE LS ICBbhD. 22 Ti].
19804 LA ESD & N T & UK & 2 b DR & ki
B3 5 RLRESUE & BB E F L ORFRIC DV TS 5.

2. FZAMT7IMTL—IDEREBIBE

RERD & 2+ DK hAD i kE 3,000Mt/y (TEGEN
and FUNG, 1994) , 7 7 Y 7 KBEICERIZBR - T & 4E 60 ~
460MtE DX A P MBI THBLRAMEShTE
D, ZD551/2h51/3FILAMEICETLTWSE
DHEE 55 (SwaP et al., 1996). 23 LAAIZL B %
RPN T~ e Ay AL ] P SN A RT -

-y BWTIE, T BEGREOHR S A b
DRI - T =0 9/ INOBHRIZONT/Ny 2 b TV
2 b ) —F-ik (REIFF et al., 1986) CHISBHG % H AR
HEHED 70 DI RMED G h T E 2, BT, Hiktuiig
RO AIK Tld, CARLSONIC & 3% —HD BLREFR ©

Meteosat % it 7= dust optical depth 4T iRA 65N T
123 (Jankowalk and TANRE, 1992). & 512, ¥ T4 ¥
BRI Y SV S VW EDORBOROEMH ¥ X b
BREUPIZKINE R TOEDVWBEDL T Fh, 205
B EDKIED IMHEHEZBIN ERTVRBZD»? ZOR
{2 LU T ¥ NOAA® AVHRR % Meteosat D5t - o] fid
{24 I\ T Dust outbreaks DIFHHIMGFE R & 2 b §i5%
ROEN - FLEHEENMMRSGNTES: (Swap et al.,
1996; MOULIN et al., 1998%), L2 L, ¥k i 7o7 -

2— 35 & THIZT DV T X Dust outbreak D LAY - B2 ()
REEIZ DD TORERBII R R+ A2 e Bbh 3.

3. 42 MEREOHERR

BUE & 2 P OREOTMFHIM L TiE, Hfd < »
SWEMEDOENTETEH D (GILLETTE ef al., 1982;
GILLETTE and Passl, 1988), # X F D R4 & Threshold
friction Veloc-ity & DBR* R4 it & Ground surface
characteristics « DR EF L < BRXEIA T3, T
LefRE Lo, SeRMi: & ARG, 5 MR £ 2
b DR Gt % G4 5 Wind Erosion Model 5 h
(MARTICORENA and BERGAMETTI, 1995, 1996; SHAo0, 1996)
EHIZRAMET L EMAADETH 2 FORY: L REB
SR OKBMNITbh TR, Thoid, SoFEMAIIMH
b L 723KI0E 70 (LEE, 1983; WESTPHAL ef al., 1988) %
2RICET N (WESTPHAL et al., 1987) TH -7-DH, 9%
ERIZABE, GCMAEMWAZRZA Y - LOHER
(JoussAUME, 1990; TEGEN and FUNG, 1994) %EAfrbh 3
K HTES,
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PR32 (X1 2E), Snao 50 Integrated System i
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1997). Erosion Model{d Threshold Friction Velocity &
Friction Velocity 7 5 # 2 F @it A5 %, Zhs
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B 1) O W1 e B e o115 E I 1114 R DT L e
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Transport Model{$ New South Wales A“7:¢) HIRES # fii
Wy, AN illiE source, sink W& E 4 A Rl
WO SRS 5. PENREBUSRITE 2 A TR -7
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1$45 0.057 O HEN A2 RIS 5, EFEO G
GISOL Y 2= 3 YO 105D 50km A » ¥ 4 OFFEE
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7z¥ 1 Principle Component Analysis % 1]\ T GISH#to
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1.3 U &

MR EORMETH 5. #5%, PEKRBEO DRI
Tid, LU RE T 5. BoLifohi-pl
13 LD MEMBRIC R > THARICIRKT 2, Wi APEIC
AOPTHARIEE S BMEh 34, RAKTE PR
FudLisBllich s, &zl sl G
Abh3, K1, HROKRE, M, LIUHTH
ZBAMBREHIEDOERHEAERLZEDTH S

B, Az 5 EpREHURORMAEL, (His, 1991)
A 1914-1979FF65 EMD B Az 507 5 ABIRE A Y (F440).
B: 1952-1979 £ ihHRIZ 3513 3 27 LMD M EVBIR

(ERRUE, W),
Co GBI - MBI THEA 5 LU 0 (1%, HifRIE)

(#1h, 1991). WFhe, FEOKELE - 2DIE,IC
KEOW2E— 20BN S,

RO LS EREARO KETHEIZOWT
&, Hi RN TDOhTW3, #FE, K7V 7ILEk
W, HHOBRARIRIETENAE TS B LS
BHEhT\5 (Tanaka et ol, 198974 E). LA Lk
5, MHWONMMETCEHNEYNAEL, ZOHR
BEEEMTHES VD AEh ToAn (B -
NI, 1996). HEIFEZ oY = 2 b T3, KD ETK
FEL W= NBORE TCONBOHENH O N Eh
205 % (MITSUTA, 1994).

WhWED & & 5 < 5 ¥l I O IR T,
KURAEDY, WhiroBD), B, ABSIHC & 3 9Eko
HEITAFEGN AR 2 D225 5. ZO &S Kb
ARUWT B0, AErCOBBOZOEND, 2
L TEHBRES A ERMITFMT AL 3EHETH S, [
213, 19863 HOEMBRREFHNFLLT, ¥05<H
YR EREE T30 RS E I - L
&DTHS (WPHEH, 1998). TDYIab—v gV
k3L, 20 9°n v PEREONIE, 5 L4831
AEALL FoWlRIZEYuCiEh, 5-6HTH
AEAIZET S, RCHATRERE AL RET
3, HAIZETIOIZHTSHEME2-3HTHS
(Kai et al., 1988). ZD &S IZHHILRET LOREIC
&0, PO MHRRICNT 3 BRABERXO Ta 20
PRI R & <YL 2,

AR T, 1990-1992 00 R LS X 558 |-
KR XA T — 2 £ HOT, hWEIKBEIZ BT 5 800
HORAHUE PR, MO RABEREERT 5.

* S i R AR AN IR
TR F 1 LR TYF - A—-THRASH
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* Communications Research Laboratory, Ministry of Posts and Telecommunications. 4-2-1, Nukui-Kitamachi, Koganei,

Tokyo 184-8795, Japan.

** Institute of Desert Research, Chinese Academy of Science. Lanzhou 730000, People’s Republic of China.
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Shapatou(SRS)
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X1, ¥E30km % THOLT o/ L EGIE S0,

% (Depolarization Ratio) MR &EH T3, ELILIE
KEAATFIHTEL 7o LD FHERAERTE
DT, RM 1 EZBIZBBANRZ TS LOWEERT S
DThH5, £, BERHEESOTFREERS N
THRERERIDIRERTEOT, ZoffinkEn
EEIRER T4 2L 80, 270/ L3NFHBTRC
RE£<, AL TP L, MREE RN
3. REEANTIRBERTEA 5 20km RO Mk % %
DRnEENhS, ZORFKEzT A LY r R
LIHITH, FTHRREICHISHFELTED, TOERS
ISRBOWHETH B EFEISRTVS, 191EDEFY
FKIUERD & 5 2 KB Z LM & 5 £ RO
{LAMDRRIBADEAND - 211213, BDTAEL
MELCDORKIE T 7 2 S ARGA Bl & vz (R>10) 2%,
BETIEF Y ROBELUIC K > TR Eh 7O L
D Y DEWFHVEFE S, SRk & h, B h5E
WIRR=L1~12BEO/NE Zffilc > TV 3,

—f, MBI, RS, RN, LN
T, R4 SRBORMB A>T 5, X2 137
TN E W7 2 S AEIE R HD—FTH B,
Zhiz19984-6 H11HIZBMlEhi= & DT, WT»
5 3 ~ 4 kmf+ UL H TRD TR S OBEOIEOKOE
fEXEREhi:, BEREEXKREWZ LS, ZOF
BHRER T2 L BATOAEZ EXD2D , Bl
hEOBBEHR TS 2L 54ELB L, ZOROAEY
THER T TRREhTWEEILNhE, ZDES5%
TROBOBIZLELROTRICBM N, HANEE
AERUSHTh T 28FE, BELTTEL, UFRIZE
HINE < DEMERIT- AR T3, X3 1319974ED 7
8Bzl Eh7- R TH 5. WEHNEAI10%F
JEDMEK~ 2 km{FEDORFE , CHENEA40% /A
%2 ~SkmfHEOKMABIUE i, Zhd 20D
3%, TOMIE, ZOBISITEWOICEEL Tk,
LD TORGIH L TREHMIc Kk E Sl ERLTE
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Shapatou(Lecroy) Depolarization Ratio (%)
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IBC (1.5-6km, Monthly Average), 1997, Shapatou
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m
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Month

X1 4. FHHE 1.5~ 6km DG IELRBATLIED 5T,

O, RFHMROREIRTh-EELILhS, Zh
O _ERD 6 km (B RICREHBE Hihmsd TN & ek Z L
FEANB3[/HBMEhTHETENE, ZND2~5km
BRI BEREHEDARE LRHRIETH > L E LI
<K, DB THE LY 5 h CGRITH T & 11BN T
DT H - TR B,

TRTEUN S W ADENFRORMEMHIZL-TES
ELL s RE 29I, BELS~ 6 kmORBIDHKTHK
HABORIE AL AR N4 ISR T, %AREL
FREUL T 4 4 —iZ & > TR S W B IEE S > 58
EMShAYHRRT, TOBEHPMORTHERIRL =

SHEAD 7 o S KT O TR & S ISRRs R
ERY, 5T, ZORICREh-FFBL, 1.5~ 6 km
DN 5N FOEROEHEMORHEBETRTEOLE
ABILNTES. XZEUNOEMITIILENE L OB
N FARFE TRICE > T\ L by b,

TR LB, 54 # 12k 3820 pEny
K, 3R ENICHOBOASHFHETSLHETOE
DEDT, A +—LBEDKEZFEHFONMRIEGEL
Tzw, OBRIFES F0 -84 BRI O
wrdEhs,
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¥ WIND EROSION MODEL

kR B F #i*

A Brief Review of Wind Erosion Model

Hideki NAGASHIMA*

1.3 U & £

I & B & LN e TR BER L NETH D,
2l AL1983 N ANKEL Yy CRELEX AR —
LTIZ2000i by DL A Kbh, ThiciEd s, 4
DO FRZFN3400 b >, 110 P IS5EL, #EREH
45T H F & GbhTivvd (RAUPACH, 1994). Dk
S5 7 “WIND EROSION" (27§ A&, 4T
121930z & 2TV B A, ZhEERIVFIEDO% L
LTIY - 2Dz Bacnowp (ffl £1E, BAGNOLD, 1941)
THhAI. =5, HOWRIDOBIYEWOMKENRL
LdDT, BB TIR A BTH by, LIRDER]
Wik, etk 2520, MikhE, SETE I
£<H5. LrL, BEHETOLLFHMFGO LA
5, EMIZIZBAGNOLDD IR EF L E LD E T AIZE
FRERMY 2 4 LA MDA, CHEPILS 7 2 ) H DR
FIZED 190D T a1 6iibhi. ThHlddK
RO ED & LFM I E WL DD A — 3255
L&D ET3BEDT, WIND EROSION EQUATION
(WEQ) &0i¥h (CHepiL and WOODRUFF, 1963), & & &
FHHBAMA ShkAs (WoopRUFF and SIDDOWAY,
1965) , BV IRIHIEhTE TV 5.

—J7, BRSO REIZ L & 2 OGHER R DIX
WAL XA TETWBDALELT, BEIXFr—L Y
BWkb, ARV FZE, $50IZHADERLFHN (K
&%) AP B Mivnizk > T3, RWEQ
(Revised Wind Erosion Equation: BonpY et al., 1980) ,
WEAM (Wind Erosion Assessment Model: SHAO et al.,
1996) , WEPS (Wind Erosion Prediction System) % &I
I B EF L H 19804 A & 1980 F-(RUZ T T, 74

H, A-ALIYTEHEETHRERTVS,

ANGE T, BTS00 1%L WEQ % Milit
{ZReview L , T4 ~ 4 A KZDWERU (Wind Erosion
Research Unit) THI% L Ty WEPS (WAGNER, 1996;
HAGEN et al., 1998) {22V TH4 3.

2. HBEOHE

WO YT 524012 M 20713, BacNolb LI
KEL DD, BUIRAREHEUE, BUEOSTLM, W
REREEIZOSVTHRA SR TS, & < {ZSaltation
LI R 2 BEZEI X2 HmE IOV TIE,
BaGNOLD, OWEN, LETAU, KAWAMURAZ &2k 3 ARAM
FBXATVWS, LML, Zhsiznfh RS
[, BERMUE, BRIIEONBIZE->THY), ZORTR
K EZMUT AV, T, 0.05-0.06mmELFOHIA N
%0 particle (3 7kRe S A8 <, $IRTELARILBUIC & » T
WL % &N D, ZDSuspension &I IEh 3
EIEELZ & 2 ER RO, AP AD Bt~
& LTI “Saltaion bombardment” &3 &5 L
5h T3 (SHAO et al., 1993).

3. WIND EROSION EQUATION

1950-1960 412 58 3% L 7= Wind erosion equation {3,
HEHBOHLMREL dkE/$T 4 - 2L, E/OD
FirEILREZRRRI AL #HME L THREE A,

CuepiL and WooDRUFF (1963) (2 ki3, Wind erosion
Lk THkbh 3 HIROEIE (ton/year) (T,

E=F (C,KLV) 1)

* RRORE AR

(244 : 1998411 A 100, 28 : 1998411 A30A)

*Department of Ocean Sciences, Tokyo University of Fisheries. 4-5-7, Minato-ku, Tokyo 108-8477, Japan.
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# 1. Soil erodibility.

Soil erodibility I for soils with different percentages of nonerodible fractions as determined by standard dry sieving*

Perceentage Units
of dry soil
fractions 0 1 2 3 4 5 6 7 8 9
>0.84mm
tens tons/acre
0 - 310 250 220 195 180 170 160 150 140
10 134 131 128 125 121 117 113 109 106 102
20 98 95 92 90 88 86 83 81 79 76
30 74 72 71 69 67 65 63 62 60 58
40 56 BYl 52 51 50 48 47 45 43 41
50 38 36 33 31 29 27 25 24 23 22
60 21 20 19 18 17 16 16 15 14 13
70 12 11 10 8 7 6 4 3 3 2
80 2 - - - - - - - - -

* For a fully crusted soil surface, regardless of soil texture, the erodibility I is, on the average, about 1/6 of that shown.

tLhobdhsd, 2z,

113, soil erodibility % 6 b4 /37 2 — 4T, LIS
BAHENY 2 Dry sieving %17 - 7= & 2 DRi£0.84mmEl Lo
-0 L WA IR 5.

Ci3, Local climatic factor T, -t & 13E&mD
ANNTI8F A—2{LEh3B,

Kix, L3Aiio roughness %,

Li3, H%& LT3 field D equivalent width ¢, Ao
AT E B S DT,

Vit, Vegitation index T, fiED &% 5RO A,
M ET I A—2{LEhTV 3,

Zhomiig 2 — s EpEhkLHLnRE b L
123 3.

WoODRUFF and SIDDOWAY (1965) {Z & % Kansas state
DFTIX, % ¥ Dry sieving® ¥ » 5 & & ¥ 7= Soil
erodibility (I) 325% &k >T3, LSBT, #1
& 1, Potential soil loss (E1) {3, 86tons/acre& % 3.
KiZ, 41 i3 Local climatic factor (C) T, Kansas®#}
R TII50%E k> T B, ThEENZRL, B2
BPi D erodibility i3 43tons/acre & &£ 5. LUFIEXEA RO
VRS & L ¥ /-TableXChart # 4 BV TRAIE 6 h
ik IR (E) 12, 15tons/acrek s> T 5,
D& EFEIFERHLHMLTHB L5112, #bHT
RORRE D THD, &/ 37 A~ 2 S RMEEL
LN BN, O, it ICH IR LEORR
OS2 Tk ERRE LA dins itz s L, 20
HOXKLHKETFLORLEE>TNS,

B4 1. Wind erosion climatic factor.
Wind erosion climatic factor C' (per cent) for Kansas
and parts of Nebraska, Colorado, Oklahoma, New
Mexico, and Texas. Similar maps for other parts of
the USA are availale from the Erosion Research
Laboratory at Manhattan, Kansas.

4. WIND EROSION PREDICTION SYSTEM

WEQIZAbBH LW EF L & U TV WERU A YR
L7=WEPS{Z, 720 Submodel & 420 Data base 7 &
£ % “Process-based, daily time-step computer model” T



55, M212FZOME%E, K312 IaL—2 3 Lk
DEEEX %7$. WEPSO Bz, KRFHbA & 0 Soil
loss, Plant damage, PM-10 emission Diffli& 5 b h
5,

Wind Erosion Prediction System

(WEPS)
Output
User K Filea
Interface Main
Report <~
Piles f_____ ———
Saved
l.ny::Run (O] Hydrolo sy
‘H—“_ Inpat i
R
_ pn: (ﬂ Maasgement

(—)‘ -}

1
|
1
]
]
]
|
]
]
]
|
]
!
|
]
]
(-) Crop E
]
1
]
]
|
]
]
|
1
|
]
1
1
1
1

___v._
(ﬁ Decomposition
—_vﬁ

Crop and P .
Desomposition 1 ( Brosion
!
__________ ]
== Weather
DATABASES I
____________ !
SUBMODELS
Ix12. WEPS System,
North
simulation
region angle

barrier
[/

accounting
region

sinudation region

43. WEPSO Y 2 b —2 u Vi
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WEPS {544 WEQ & DR |- THI%E3 5 &

(1) Nonuniform area # W DK/ > Z L NTEZDT,
Wind erosionD M4k #iRB T2 5. (WEQ:
Single, uniform, isolated field # W% &£ 4 3)

(2) Soil loss®D &% 6F, deposition 4 FHTE 3,
(WEQ: *I-151f) % Erosion O A DiTHiffi)

(3) Grid Z'& @ Estimation Z£ DT, 2 XJC%B) T Erosion
EiHliTE 5. (WEQ: MO It~ =8 L To
JHEiTH 3)

(4) Daily time-stepZLD T, —2NDA XY t» 5, HiE
ZLE T, HENZM I ENRS, (WEQ: KIIEPEY
DADIE %5 5)

(5) Sz H7- B LNIBREMNIALZ LN TES,
(WEQ: Ni—Z b &MmilkiEL LT, 735 X — 2 it
¥3)

(6) Kix%FErosioniz &k 3, XiIREDLELEEF L
{ZFeedback C% 5. (WEQ: Feedback T Z\»)

Bl Eo k512, WEPS (Wind Erosion Prediction
System) (., Wind erosion!ZI{fkd 3 Li8bh3lELA
EDT ot 2 EJMAAL, Simulation Model Tdh 3.
ZHhiz £ h % Submodel DV & D “Erosion” (i 2)
TiE, 1) FEBLRIE OIS, 2) BRAMBLGEIE DG, 3)
Grid point Z ¥ {2, soil loss/deposition ? 5, 4) Soil
surface variables® update 2 X1T > Tv5%. &4, 20D
Submodel® % A C. Suspension discharge (SD) % %)
LTEh, AOBIEBLCHMETDH S A, SDIdSaltation
/creep discharge & HPHIAEUDWTH D, 2O, HH
6 & F Tl WZ L A Saltation bombardment D BEZ ¢
EREhTOLREVSTENESS,

51X #®

BaGNoLp, RA. (1941) : The Physics of Blown Sand and Desert
Dunes. London, Chapmann and Hall.

Bonby, E., Lviks, L. and Haves, W.A. (1980) : Computing soil
erosion by periods using wind-energy distribution. J. Soil Water
Cons., 35: 173-176.

Cugri, W.W. and Woonrurr, N.P. (1963) : The physics of wind
erosion and its control. Ady. Agron., 15: 211-302.

HaGEN, L.J., WAGNER, L.E. and Skipmore, E.L. (1998) : Wind
erosion process in WEPS: 1. Analytic solutions and sensitivity
analyses for saltation/creep and suspension components. 1998
ASAE Annual Internationl Meeting, Orlando, Florida.

RauracH, M.R. (1994) : Simplified expression for vegetation
roughness length and zeroplane displacement as functions of

canopy height and area index. Boundary Layer Meteorol., 71:
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211-216.

SHAO, Y., RauracH, MLR. and FiNDLATER, P.A. (1993) : The effect
of saltation bombardment on the entrainment of dust by wind.
J. Geophys. Res., 98: 12719-12726.

SHAO, Y., Rauraci, M.R. and Levs, J.F. (1996) : A model for
predicting aeolian sand drift and dust entrainment on scales

from paddock to region. Aust. J. Soil Res., 34: 309-342.

WAGNER, L.E.(1996) : An overview of the wind erosion prediction
system. Contribution from USDA-ARS in Corporation with
Kansas AG. Exp. Station, Cotnribution No. 96-205-A.

WoobkuFF, N.P. and Sippoway, F.H. (1965) : A wind erosion
equation. Soil Sci. Sec. Am. Proc., 29-5: 602-608.
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F L) TA) TCOBREET 7T a S ILD

R 20N & b s S JL N

v ANDInH

B RS I O

Long-term Migration of Radioactive Aerosols in Chernobyl
and Applications to Barchans in Deserts

Yuko HaTANO*

1. Fxv/ 74 OHKSHEE

198644 H26 Iz Z 5= F x 0 7 74 VI )15k
AR lieTid, KOO BN PERERIA Az e £0h
(K1), B EO 728 | I 7 22 U A (plume)
DIET KD B ERERI A RO & e, Okl FizfED
Fid 7, BOHPERERRE, & 2 PR35 L 220 (Cs
Sr D HREMEITAD) i-m%tﬁ?ﬁkhf%mmb

Stratosphere

Troposphere

e
@

{1, F 2274 0o B,

4 SO NZ LD FO PR A KR F 8T ) o A
R Lz, ZO7 ) a— 230 A B Lz. 7)) a—
LAz EEN D TR HIEREAIL <12{E S . BRI
AFoilEh, -y smkomiigla kI Lz,
B Endiflio s 5, I HEFaaBodEE £ Tk
AN, TH—LTY Ao TILEREREFH ELE, 5
WATIEAR T, Wi (285 5 2 O PEm U I B0 B 6
NHORL N AR 720, REIZE D - TRYE
e LB 7=,

720 (RuFEOAER) , OB EEhtoen
(Pu, UZ), iRz > THAESIBEEZNL Y, 55T
JEOF AT 2 HAUTIIZ L - THO BRI B R
64 (PHFiffresuspension) 7w LLxD, FLT
TN THUN EIZFED RS 5 (P deposition) . Z D
DR L O 7@ B TORAGT RIARNZHz 5 T
HHHEA ORI ADTH S,

Fr s TANEFOEBTE, LI 102 1
(2 7o o TEE0E H O 7 o L o2 %
ELSmOF & THbE LTy B . R BIB YD o il
BOWR ZX 2125, 7)) vy E R OTE
13891.5-15 mmTH %,

Frb s TAVRERIZI T, A ailEiEY 3 4
L= g vyMrbhTER, LL, ZHho ek
WEAHWNTH A28, THRERRASEL THa0,
T O F=¥ R FOEIB TSI & W ICTh T L £ 5.
&G MBI RIS 2 A R A s e 2 v S R
HETETH A0, JMNIhi 5T F ISR &
FEALNTWDTHS, THLSBIOREARRL -
(Harano, Y. and Hatano, N., 1997 ; HATANO ef al., 1998).
LTIz Z s b5,

2. BREORBET IV

ZZTIET 20RO 5 ¥
FEFLTHSD., AEFNLIZED,
L2 (DI E T S

FEH D HAMAZEIT S, &SRR D K

SR CIaBF ARz DR TRO L 9 BB TH

DG FIIPETT %45 A
KD 3OO T A

* BEEA B2 dF LR i e

* The Institute of Physical and Chemical Research (RIKEN), Computational Science Laboratory. 2

(245 1998411 101, 2R 199811 A30H)
-1, Hirosawa, Wako, Saitama 351-0198, Japan.
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2N

(£ S
pastal
Koporoa
SRR

NS

N

i~
£E N - A —

P42, F o 740 ORI & K IERE
Kb 4 km, AV#UEs 2 94 F X7 - 2Dl
HI, "4 UNITNPP" 12000 & - 7= 4 PO A5,

I
(1)

C.._,e*ll tﬂl/.’i

ZIT HRN SO A, A i = (i
SEHO) + (DI JAZ ) + (el FARND#E
)+ &3z, —KEBEDETH TS nt
AT ko THRR A PHRME - AR D4 4 2 L S HLD
PranhHi & & &,

TRl 2 0 &AM SRR (K=& 56
O KEOPIE / HIE) 13RO & 5 TR
+5:

K(t) ~t 3 (2)

FRI3 Db AW TG & R TORIET —
Z OEEE 23

g (1) ~T2 (3)

D& 5, ZHhIEMaNDELBROTIZ L B 7 5

AL E EDNEE HT S,

HLOTIMZDOWTF L s 74 ) WO Iz F — 4
27 4y b LERRER3 AT, B2 TFillizon
T3 GARGER & 282l 7 — # 485012 7 4w b L 724
K(t) ~t% (GarGER ef al., 1997) LRz k< —#L T
W ([4). FAEIOTINI20TE, GARGER 5 A
Sl — 2 &R LT L 22 B 2 o (1) ~ 7 032008
(GArGER ef al., 1994) & KA L ~BL T 5,

LR PRSI & S Bk 7 o s e i s PHT
W, BROTINT R B2 S L 72RO K5 L BHih
A AT Sz k- TR his.

aC
dxo

%+v]g—j+vg +AC=6(x1) 8(x2) 8(t) (4)

ZZTw, widthEhy y HHod0nd, s
Bud s L AR il & . I o) 5 LT 02 i3
MERAREEZ BOT, () ERERE a5,

ZITHRTNEZ LI, BB R Ty 4412
ATV A O TR L, 2 ORI I 245 -
TWBIZETH S, ZHULELHEPLG T CorrSIN-OBUKHOV
DR &I,

it 1) >~ 851743 (5)

s, REFLTE, MO D A
NETENKEABMTEHS. L) G AL &2
Lo T Lo 3 20 FlAHErNI S,

F 2 P OPREEZ 2T, ARO[,
OARTEIZ & - TPHRERE A E <MD 20 o 22 [BiAS
B, UL, TTTIRMNCEBSGMZS 2 T
DF — 4 &2MHBTHTLEMEOT -HWE L THED
T, PHBHZES vy 4+ 32 23 Bk LTLE
FEELD,

3. F/ TAVENHOBEGADERA

AT F L EHROMAMMEITIETOTO S 0, F
T A ) PO L AR OREBSIZH LTS
KON 2OTIZ A PAERS, F2C, O 24
2D TH LA 0 (1) ORIFICERO Bl & i 2 h
7= BKr OHHEO 1,100km 1247 B HHIGE UG (2) Atk
Lo KRR O T a s LIRS, 20200
BAEOT = 21Z20T, Lo Tl 3 A Lf, SKr
DOF — 2 EGIEFORD DIRPTIZ LD 6 (T) ~T ¥ ¢h 5 2
EAVRERTV S (GiFrorp, 1991), Lk 7 /L
DIFFTREHUEE 513, 57— 4 25-1/3 00 K%



Concentration in the air [Bq/m3]

Concentration in the air [Bq/m3 ]

T

134Cs at Point 60.1 ]
(Pripyat) ]

Days since 4/26/1986

1000 2000 3000 4000

.5000

137Cs at Point 60.1 1
(Pripyat)

0 1000 2000 3000 4000

Days since 4/26/1986

5000

187

"E o [ T |I:‘4' T . T

g FN\ Ce at Point 60.11
= o P (Pripyat) }
= T 2 b
2 f 1
=0t 1
= r E
-% 107 | 1
§|0-"r FEFE BN BT B 11
£ 0 1000 2000 3000 4000 5000
1) Days since 4/26/1986

E KT e Lo

g F\ Ru at Point 60.1 1
= B (Pripyat) 1
£ 107 o 3
£ . F ;
s'r 1
c r 1
2 107§ 4
g 1
8]()-"' ]l P L 2l 3
5 0 1000 2000 3000 4000 5000
@]

Days since 4/26/1986

3. RATOU 4 km DI 21T B 31Cs, ¥7Cs, MiCe, 'CRuD A& BRIE.
P RMF — 2 O 6 7 . AR EF A& S A (1) O Pl

10° por—— Ch S
}‘ .\. ......... Baryshevka — - K4 = 6% 4 0,001
\ "\.. ----- Ki=t' —-+*=K5=1-(1+at"} exp(-at’)
10" N ~.. — — -K2 = exp(-0.15 °%) + 0.00001  ==~*=- KB =t™
102 HY,
S
X a2 [ "
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Aney ey N e e J?’é'“a"‘z” “T’é:;“a”' sanvary 1986 ]
10-6 ..# A*. .*. % .} Y Y, 9,1
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(24, PHEGHOWIMIE ZDT 4 7 1 V7,
HHIIZ 209 4 b, Fx s T4 VDN (BAFMOR L6km) &80 > 27 H OB (RBHOH
160km) D& 0. FIFIZVINOTHAEHK 0) THRBLEA TS, 74 57 4 v ZIHILITOMY .
K1 : GARAND € F L (1991) ; K2 : ANspAUGH € 7L (1975) : K3 © Hoerze €7 (1992) ; K4 © LinsLey
EF L (1978) : K5 | MAKHONKO € 7 /L (1992) : K6 : GARGER 512 & B JMHfD <A b7 4 o F (1997).
BEXRDEFL (KI-K5) (2TMA L A > TOAU, GaRGER 5 (3B 4 HIMB AR L, M4 ¢ & < FeRlfd

E-BEBIEERNALL,
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5. (a) 7 Fr&E, (b) CCNEIE. WiHLEo(N~T14
1205 T 5,

LI ZEAbha B (Hartano et al, 1999). otk
HHIIE, -0y BT TR TR LK
LGRS, MIAIECO2, NOk, SOk, OzAifiEh s
LHEZLNTWAS, J2EHSH (CCN, Cloud Condensation
Nuclei) &3 FYOUEIZ 20T, 06 ORI E 4
Kbz, BrS3ET=1HOL ZAT-1/30O0H» 54
NTVHOMBEMEZE, ZHZLHLLFOIFN A r— 1
TR G) BN T ThnEHELEI LGNS,
2O LI, SKroA S, dbhiEO 7 — 2 OMA Y
THI3 BT, 20k, *rDEFILITIEEA
SGHA MRS TTE T dh B Z LAk X h b,

4. FEEOQONILNQBEADOKER

PLEOWFRTHO S R MO A | o ey
ORI ET 5, ZORMTE, fElmidim
PO O EBEERTED, Fo/ F4) O
TR E W 6 012 % - 72 CORRSIN-OBUKHOV O R A,

150 ggassg

BI6, MOHOMMAERE L2 Z L2k EOBIAEDH S,
(a) BeA s — 2, Sy &JERT S, (b) HIA#
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DIERSLD B 1E . W88 50um A0 MR HER T ©
&Y, W7 27D LB AR I ERIR O 2
izl (72 & Z21E, TavLor and McLENNAN, 1985) .
SEERIE PO RIZ B O T A e & 55D, L Lk
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(Upper Continental Crust: UCC) @ ‘-84{b “¢-#UiK (TavLor
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LiZaVF 54 FOWTHME L 22O N & YbD il
DORTHY, Eu/Eu* &123 > F 54 b OETHIBEIEL
7= 380 Eu D F2fllfifi & Sm & GA DA & AL 2 Eu®
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