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Satellite Image of Thar Desert and Desertification/Land Degradation by the Human Activities
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Photo 1. NOAA/AVIHRR false color image of Thar Desert, February 4, 1992,
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Photo 2. Moving sand dune of Osian area in Thar Desert. Photo 3. Open pasture land of Khabrakalan area in Thar Desert.
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Photo 4. Dung cakes used as fuel in arid area
of Rajasthan.

Photo 5. Nadi (water tank): A traditional rainwater harvesting system for
domestic use and livestock consumption.
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Photo 6. Fetching drinking water for long Photo 7. Saline soil land in Jaisalmer.
distance in arid area near Jodhpur. (i TE Tadakuni Mivazaki)
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Climatic Changes and Other Causative Factors
Influencing Desertification in Osian (Jodhpur)
Region of the Indian Arid Zone

A.S. Rao* and T. MivYAzZAKI**

An analysis on the secular changers in annual rainfall, frequency of droughts, population and
livestock growth rates in Osian (Jodhpur) region was made in order to reveal the causative fac-
tors for desertification in the Indian arid region. The Osian region experienced an arid climate
with the mean annual rainfall of 286 mm and the Thornthwaite’s moisture index of —84.5. The
historical weather data at Jodhpur showed that although, arid climate was persistent in the re-
gion, it shifted to semi-arid climate in 10 years and to dry sub-humid climate in 1 year from 1901
to 1994. There was an increase in the long-term annual rainfall of Osian by 64.2 mm from 1957
to 1994 and of Jodhpur by 55.0 mm from 1901 to 1994, showing rainfall is not a causative factor
influencing desertification in the region. However, periodic cycles in the annual rainfall with re-
versing trends were observed with a lag of 5 to 12 cycles.

Osian region experienced droughts of moderate intensity in 7 years and of severe intensity in
5 years during the study period. Pearl millet yield varied from 480 kg/ha in a drought-free year
(1992) to 11 kg/ha in a severe drought year (1981). Overall pear]l millet production has estab-
lished a decreasing trend due to consecutive droughts from 1985 to 1988. Besides climatic con-
straints, the pressure of human population which increased by 401% from 1901 to 1991 and live-
stock by 1279% from 1956 to 1992 are found as the major factors for desertification in the region.

Key Words: Climatic changes, Indian arid region, Desertification

(Rao, 1996 a). sometimes they occur in clusters

1. Introduction

The hot arid zone in northwest India extends
with an area of 0.32 million km? Annual rainfall
in the Indian arid region of Rajasthan varies
from 150 mm to 600 mm with a decrease in rain-
fall or an increase in aridity from eastern part to
western part of the region. Besides lower
amount of rainfall, the high inter-annual vari-
ability in annual rainfall considerably influences
the food and fodder productiton of the region. At
Jodhpur, drought conditions of moderate inten-
sity occurred in 18 years, whereas severe
drought conditions in 9 years during 1901-1994

during the consecutive years, with large cumula-
tive impacts on land resources. Extreme air tem-
perature as high as 48°C prevail in months of
April and May with the annual mean air tem-
perature of 26.7°C., Evidences in support of cli-
matic amelioration in northwest India were re-
ported. Since 1939 A.D., most of the stabilized
dunes in the eastern part of Jodhpur district
have been eloded and reduced in height by 3 to 5
m (GosH e al., 1977). About 971.50 km? or 46.12%
of the Thar Desert region is vulnerable at an in-
tensity of high to medium rates and 53.88% of
the area with medium to slight vulnerability of
desertification due to enlargement of the areas
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of salt-affected soils, sand dunes, sandy cover,
shifting sand and hummocks (SHANKARNARAYAN,
1981).

The paleoclimatic studies of Thar Desert
showed that the region never remained in the
arid phase as it is presently experiencing (SINGH,
1971; Rao, 1992). Most of the deserts and semi-
deserts have shifted in latitude and varied in ex-
tent during the recent geological history (HARE
and KENNETH, 1983). In these deserts, the mod-
ern phase of climate began in about 10,000 B.P.,
but aridity in the Sahara and the Indus Valley
took place from 3,000 to 5,000 B.P. (HARE, 1983).
According to PANT and MALIEKAL (1987), the
arid phase of northwest India has a history of
about 3,000 years. SINGH (1977) reported from his
stratigraphical and palynological studies that the
desertification in Rajasthan might have started
around 4,000 B.P. WINSTANLEY (1973 a, b) re-
ported that the rainfall at Bikaner and Jaisalmer
in the Indian arid region was favorable from

1700 to 1930 and has been unfavorable since 1970.

PANT and HINGANE (1988) concluded that the
northwest India covering the climatological sub-
divisions of Punjab, Haryana, western Rajasthan
and western Madhya Pradesh experienced and
increasing trend in the mean annual rainfall
(141.3 mm/100 years) and southwest momsoon
seasonal rainfall and a decreasing trend in air
temperature (—52°C /100 years) contradicting the
earlier studies made by WINSTANLEY (1973 a, b).
Rao (1996 b) also observed an increase in the

secular varjation in annual rainfall at Gangana-
gar in the region, which is exposed to canal irri-
gation during the last six decades. The present
paper investigates the climatic changes, drought
aspects, population and livestock trends which
influence desertification in Osian (Jodhpur) re-
gion of the Indian arid region.

2. Materials and Methodology

A research programme at Osian in Jodhpur
district (Latitudes 25.85° N - 27.62° N and Longi-
tudes 71.78" E -~ 73.86" E) in the Indian arid re-
gion (Fig. 1) on the “Evaluation of Interaction
between Biotic Activities and Desertification in
Arid and Semi-Arid Areas of the Thar Desert of
Rajasthan, India” was taken up cooperatively by
the CENTRAL ARID ZONE RESEARCH INSTITUTE,
Jodhpur (India) and the NATIONAL INSITUTE FOR
ENVIRONMENTAL STUDIES TsukuBa (Japan). The
rainfall records of Osian from 1957 to 1994 and
of Jodhpur from 1901 to 1994 were collected for
studies on climatic changes, rainfall characteris-
tics and drought aspects of the region. Long-
term changes in annual rainfall have been stud-
ied by estimating linear trends using simple re-
gression analysis with time as the independent
variable. The moisture index was defined by the
following formula ;

Moisture Index =

Annual rainfall —Potential evaporanspiration
Potential evapotranspiration

X100
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Fig. 1. Location of Jodhpur and Osian.



and was computed using THORNTHWAITE and
MATHER (1955) method. The shifts in climate
were worked out based on Moisture Index value
from 0 to —33.3 dry sub-humid, from —33.4 to —
66.5 semi-arid and less than —66.6 arid climate.
Droughts were quantified using the annual de-
parture of aridity index (Percentage ratio of an-
nual water deficiency to potential evapotranspi-
ration) from its normal (SUBRAHMANYAM and
SUBRAMANIAM, 1964). According to the above
classification, a drought of moderate intensity
occurs when the departure value was between —
0.5 %X Standard deviation to —1.0XStandard de-
viation and a drought of severe intensity, if the
departure value was less than —1.0 XStandard
deviation.

The population and livestock data were col-
lected from the published reports of Census
(GOVERNMENT OF INDIA, 1991) and INDIAN STATIS.
TICAL ABSTRACTS (1950-1992) and yield data of
pearl millet from Bureau of Economics and Sta-
tistics, Rajasthan state, Jaipur.

3. Results and Discussion

1) Climate and rainfall characteristics

The Osian region experienced an arid to ex-
treme arid climatic conditions with a mean an-
nual rainfall of 286 mm ranging between 88 mm
and 615 mm. The average number of rainy days
(rainfall >2.5 mm/day) were 15 days in a year.
The southwest monsoon rainfall commences
around 25 th June and continues for a period of
10 weeks. The historic rainfall records showed
that the commencement of sowing rains (rainfall
>25 mm/week) in the region occurred early (be-
tween 4 June and 1 July) in 409 of the years, at
normal dates (between 2 July and 29 July) in
539% of the years, whereas late rains (30 July or
later) in 16% of the years. The coefficient of
variation of annual rainfall was 39.3% indicating
large year-to-year variation in annual rainfall in
the region. Frequency analysis of annual rainfall
at the stations showed that the annual rainfall
was mostly confined between 250 and 350 mm
with a probability of occurring every alternate
year. The annual rainfall, at the stations ex-
pected once in 5, 10, 25, 50 and 100 years of re-
turn period were 383, 459, 555, 626 and 697 mm,
respectively. The recorded 1-day highest precipi-

tation at Osian was 123.5 mm on 28 th July, 1988,
whereas the estimated probable 1-day maximum
precipitation was 136.0 mm. The rainfall and its
distribution play a key role in wind erosion/dust
phenomena in the region. The average frequency
of duststorms at Jodhpur was 8-10 days/year,
depending upon the previous year’s rainfall. But
in recent years after 1989, the rainfall was high
and the dust activity was considerably reduced.
The Jodhpur station near Osian receives a mean
daily solar radiation of 19.8 MJm™. The mean
air temperature varied from 224 to 41.6Cin
summer and from 9.5 to 26.7°C in winter. The re-
corded extreme air temperatures were —3.3 and
48.9C. The area also experiences low humidity
(25-819%) and strong winds (8.8-25.6 kmph) favor-
ing evapotranspiration as high as 1,842 mm/year.

2) Trends in annual rainfall

An analysis on secular changes in the annual
rainfall of Osian showed an increasing trend in
the rainfall by 64.2 mm/38 years during 1957-
1994 (Fig. 2). But, there was quite considerable
inter-annual variability in rainfall with periodic
trends reversing with a lag of 5-12 years. There
was a sharp fall in annual rainfall by 124.7 mm/7
years during 1957-1963, whereas a gradual in-
crease by 115.3mm/12 years during 1964-1975.
The trend was then shifted sharply to a lower
side by a decline in rainfall by 184.9 mm/12
years during 1976-1987 and then again a sharp
increase by 201.5mm/7 years during 1988-1994.
These trends clearly indicate that the rainfall of
the region highly fluctuated and any increase or
decrease in annual rainfall pertained to only
short periods of few years and then the trend re-
versed, the overall trend being marginally rising
during the period. It is very important to note
that the decrease in annual rainfall during con-
secutive years in certain periods leads to severe
land degradation. An increasing trend in annual
rainfall at Jodhpur location was also observed
(Fig. 3) at a rate of 55.0 mm/94 years during
1901-1994. The location received an annual rain-
fall of 1,152.3 mm in 1917, but next year 1918,
there was only 37.9 mm of rainfall. This exem-
plifies an extreme variability in annual rainfall
of the Indian arid region.

The annual mean moisture index for the area
was —84.5 and varied between —32.0 and —98.0.
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Fig. 2. Annual rainfall trend (1957-1994) at Osian.
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Fig. 3. Annual rainfall variability (1901-1994) at Jodhpur.

Using the annual moisture index values, the
study on shifts in climate over Osian Showed
that the area remained mostly in arid phase
from 1957 to 1994, except in 1975 and 1994 with
semi-arid climatic conditions. Similarly, at Jodh-
pur, the area experienced mostly arid climate
from 1901 to 1994 except in 10 years (1908, 1916,
1927, 1967, 1973, 1975, 1976, 1979, 1990 and 1994)
with semi-arid climatic conditions and in one ex-

ceptional year (1917) with dry sub-humid climate.

3) Trends in human/livestock population
Though the overall rainfall of Osian region is

in an increasing trend, the increase in human
population and livestock builds up pressure on
sharing of land resources. The human population
of Jodhpur district has increased from 0.42 mil-
lion in 1961 to 2.13 million in 1991 (Table 1 and
Fig. 4). As shown in Table 2, the population in-
crease during 1901-1991 in the region was by
4019%. The decadal change in population showed
that the growth was increased up to 45% per
decade till 1971-1981, but during the recent dec-
ade of 1981-1991, it was low (28%). The popula-
tion trends remained the same for the entire Ra-
jasthan state, but at a lower rate(+3269%) dur-



Table 1. Change in human population (% 1,000) of Thar Desert.

o

Period Jodhpur district Rajasthan state
Rural Urban Total Increase Rural Urban Total Increase
(%) (%
1901 311 114 425 0 8,743 1,551 10,294 0
1911 320 114 434 2 9,508 1,476 10,984 7
1921 279 104 383 -10 8,817 1,475 10,292 0
1931 313 130 443 4 10,019 1,729 11,748 14
1941 390 168 558 31 11,747 2,117 13,864 35
1951 449 223 672 58 13,015 2,955 15,970 553
1961 619 265 884 108 16,874 3,281 20,155 96
1971 783 368 1,151 171 21,222 4,544 25,766 150
1981 1,088 580 1,668 292 27,051 7,210 34,261 233
1991 1,381 747 2,128 401 33,840 10,040 43,880 326
50 500
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Fig. 4. Population trends of Jodhpur District and Rajasthan State, India.
Table 2. The percentage of decadal variation of population from 1901 to 1991.
Period Jodhpur district Rajasthan state
Rural Urban Total Rural Urban Total
1901-1991 +345 +556 +401 +287 548 +326
1981-1991 +27 +29 +28 +25 +39 +28
1971-1981 +39 +58 +45 +28 +59 +33
1961-1971 +26 +38 +30 +26 +39 +28
1951-1961 +38 +19 +32 +30 +11 +26
1941-1951 +15 +33 +20 +11 +35 +15
1931-1941 +24 +29 +26 +17 +22 +18
1921-1931 +13 +25 +16 +14 +17 +14
1911-1921 —13 -9 -12 =7 0 —6
1901-1911 +3 +1 +3 +9 5 +7




ing 1901-1991. This showed that the population
in arid regions has increased at a higher rate
than in other climatic regions. With a result, the
per unit availability of rainfall is reduced lead-
ing to overexploitation of ground water reser-
voirs, an important causative factor for initiat-
ing desertification and land degradation in the
region.

A total of 131 plant species with fuel and fod-
der economic utility have been found in the re-
gion (Davaxa, 1992). Among the most predomi-
nant trees, cineraria  (Fig. 5) and
Zizvphus menmularia are the best top feed spe-
cies for cattle, sheep and camels. The trees also
lopped/cut for fuelwood consumption and used
as the main sources of energy for cooking in vil-
lages.

The livestock census of Jodhpur district (Ta-
ble 3) Showed that the population increased
from 1.43 million to 3.26 million with an overall
increase of 127% during 1956-1992 in Jodhpur
district while in Rajasthan state, it increased
from 32.05 million to 39.72 million during 1956-
1988 (Table 4).

The grassland productivity of Thar Desert re-
gion can sustain 13-30 adult cattle units (ACUs)/

Prosopis

100 ha, depending upon the condition of range
(Brumvaya and Anuga, 1969), while on an average
there are 316 ACUs/100 ha as per the Census of
1992. The severe drought occurred in 1987 and

Prosopis cineraria is a common tree in the In-
dian arid region used for fuel and fodder and
pods as a vegetable. It also protects soil from
wind erosion.

Fig. 5.

Table 3. Livestock (< 1,000) census of jodhpur District.

Period Cattle Buffaloes Sheep Goats Camels Total Increase
(”l))
1950 467 56 578 307 26 1,434 0
1961 532 58 485 338 39 1,452 1
1966 607 57 663 375 45 1,747 22
1972 426 48 683 673 a6 1,886 32
1977 531 75 1,015 752 60 2,433 70
1983 527 99 1,148 834 50 2,658 85
1988 343 73 769 H8H 41 1,811 26
1992 627 490 1,139 954 50 3,260 127
Table 4. Livestock (> 1,000) census of Rajasthan State.
Period Cattle Buffaloes Sheep Goats Camels Total Increase
(%)
1950 12,073 3,440 7.373 8,730 436 32,052 0
1961 13,136 4,019 7.359 8,052 570 33,126 3
1966 13,123 4,222 8,806 10,323 654 37,128 16
1972 12,470 4,592 8,056 12,162 745 38,525 20
1977 12,896 5,072 9,938 12,306 752 40,964 28
1983 13,466 6,035 13,386 15,609 753 49,249 54
1988 10,916 5,575 9,913 12,593 72

1 39,718 24




poor rainfall in previous and subsequent years
caused declining of livestock population, particu-
larly sheep and goat by 59% in the Jodhpur dis-
trict and 309% in the Rajasthan state. Overgraz-
ing of the pasture lands has deleterious effects
as the successive triggers on the vegetaion, re-
sulting in less inferior and palatable species. But,
after 1988, most significantly, the sheep and goat
population has increased again by 98% and 71%,
respectively. Sheep and goat are considered to
be the vegetation devastators due to their inher-
ent grazing habits of low level vegetaion (Fig. 6)
responsible for desertification. The degraded
lands were found to have higher albedo which
may have impacts on the rainfall processes of
the region. Albedo values in the Indian arid re-

ion were 20-22% over grasslands of Lasiurus
g

| EES :&
Fig. 6. Overgrazing the surface vagetation by ani-
mals like goat is a major factor in land deg-
radation in the Indian arid region.

Fig. 7. Shifting sand dunes invade fertile cultivated
lands. Pearl millet is sown on these sand
dune lands during rainy season.

sindicus, Cenclirus ciliaris and Cenchrus seligerus,
23-259% over degraded bare loamy sands and 25-
30% over sand dune areas of Thar Desert (Fig.
7). Similar high albedo conditions over the cen-
tral and northern Sahara, eastern Saudi Arabia
and southern Iraq resulted in a negative radia-
tion balance at the top of the atmosphere on hot
summer days (CHARNEY, 1975).

4) Impact of droughts on crop production

The root cause of droughts in the Indian arid
region is due to failure of monsoon currents ar-
riving in northwesterly direction from the Bay
of Bengal and in northeasterly direction from
the Arabian Sea. Recent studies on interactions
between global circulations and drought showed
that the E1 Nino phase of the Southern Oscilla-
tion (ENSQ) has most impact on India through
drought. While ENSO events cause summer
drought with a reduction in food grain during
monsoon period, the winter rainfall was usually
enhanced consequently with an increase in the
winter crop production (SuiNma, 1987 ; W.M.O.,
1994).

Food and fodder production in the Indian arid
region is considerably influenced by frequent
droughts. For example, in high rainfall years
like 1983, the grain yield of pear] millet in Jodh-
pur district was 336 kg/ha, whereas in low rain-
fall years like 1981, the yield was only 11 kg/ha

Table 5. Area and production of pearl millet in Jodh-
pur District.

Period Area Production  Productivity
(>1,000 ha) (1,000 ha) (kg/ha)
1978 642 109,192 170
1979 556 31,712 57
1980 625 39,978 64
1981 626 6,890 11
1982 542 36,885 68
1983 571 192,351 336
1984 516 98,247 179
1985 625 14,388 22
1986 643 30,888 48
1987 160 8,961 19
1988 710 100,098 141
1989 627 132,061 210
1990 656 253,615 387
1991 574 83,190 144
1992 685 328,736 480
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Fig. 8. Influence of rainfall on pear! millet production in Jodhpur District.

(Table 5 and Fig. 8). In Rajasthan State, the
productivity of pearl millet varied from 578 kg/
ha in 1992 and to 89 kg/ha in 1979 (Table 6)
showing that there was less impact of drought in
other semi-arid region compared to the arid re-
gion of Jodhpur. Osian area experienced moder-
ate drought in 1958, 1960, 1962, 1972, 1981, 1991
and 1993 and severe drought in 1963, 1969, 1985,
1986 and 1987. The above analysis on drought at
Osian showed that the region experienced mod-
erate drought once in every 7 years, whereas se-
vere drought once in 5 years. The productivity

Table 6. Area and production of pearl millet in Ra-
jasthan State

Period Area Production Productivity
(X1,000ha) (X1,000kg)  (kg/ha)
1978 4,533 1,147,292 253
1979 4,266 380,734 89
1980 5,032 1,135,162 226
1981 4,945 803,890 163
1982 4,808 1,389,580 289
1983 4,996 2,450,812 490
1984 4,367 1,598,698 366
1985 4,769 731,329 153
1986 5,281 1,015,113 192
1987 3,571 462,794 130
1988 5,708 2,694,244 472
1989 4,928 1,829,771, 371
1990 4,855 2,491,864 513
1991 4,597 1,071,674 233
1992 5,002 2,893,480 578

trend of pearl millet (Fig. 8) during 1978-1987 is
decreasing due to reduction in yields caused by
successive droughts during 1985-1987, Although,
pearl millet requires 300-500 mm of rainfall in-
creased demand for food production has forced
this crop to cultivate in the areas under the low
rainfall conditions. This has inevitably lead to
land degradation/soil erosion from the ploughed
fields, particularly in drought periods.

The fodder production also considerably influ-
enced by the vagaries of rainfall in the region.
Studies on fodder production under different
drought conditions in relation to livestock re-
quirements of arid Rajasthan showed that the
fodder production was adequate to feed their
23.3 million cattle only during the years with
high rainfall, whereas it meets 44% of the re-
quirement during the normal rainfall years
(SHANKARNARAYAN et al, 1985). During periods
of severe drought like in 1987, fodder was
brought from distant places to feed animals kept
in various drought relief campus.

4. Conclusions

The causative factors for desertification in the
Thar Desert in India were identified as climatic
variability resulting in droughts, and increase in
human and livestock population.

There was no significant change in the long-
term annual rainfall in the Indian arid region
during 1901-1994, rather a small increase in the



annual rainfall trend by 64.2mm in 38 years at
Osian and 55.0 mm in 94 years at Jodhpur were
observed. Periodic changes in the trends of the
annual rainfall with trends reversing with a lag
of 6 to 11 years were observed. Droughts occur
in the Indian arid region with an average fre-
quency of once in three years influencing consid-
erably food and fodder production.

The human population of the region increased
by four times (+4401%) during 1901-1991 which
resulted in overexploitation of groundwater, cul-
tivation of marginal and dune areas, accelerat-
ing the desertification. The food production and
population increase were quite imbalance.

The livestock population also multiplied by
127% during 1956-1992, particularly that of
sheep and goat which triggers desertification due
to overgrazing and lopping/cutting trees for fod-
der purpose, more so in drought years.

In this area, arable farming is not economical
due to frequent droughts, but even in such low
rainfall years, fodder production was favorable.
The pressure of population, however, has obliged
continued growing of food crops in preference to
fodder grasses. This has resulted in, during
drought years, scarcity of both food and fodder.
It should be noted that, rainfall in this region is
sufficient for adequate fodder production even in
drought years. Optimization of livestock produc-
tion and use of marginal lands for increased fod-
der production rather than for cultivation of
food crops have been suggested.
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AV FERDOAS Ty (Pa 7= 2BlF3
WELICEEZ2 B IIZTRKRENLE ZDMWOER

74, A.S.* - HREE""

A 2 PR TN 2 RBT 20122 3 F7— MDA+ 2 T 212 TR SR, THIED> g,
ANBICEGORIMEDBI 2 5 2 o 72 o 2 7 > MBI EBERT bt 286 mm,  THORNTHWAITE D55 —
84.5 ART AR ABATICIT 5, U3 F7— MBI 3 BN T — 213, TOMBTEREAMIFCTVS 3w
2, 1901 fF20 &5 1994 SEDMNC 10 FMEGab R %, £ 20 1 SERPEREN AR 2 SR L 22,

1957~1994 {EDWIM, A > 7 > T3 64.2 mm DEHLOMMAH ), £ 72 1901 ~1994 DM 2 3 F7— T3 55.0
mm Db H -7z, M, &AL T o TIHPEBED T 22 T, LV THE2%5HBEEBRL Tvw3, ZoiEn
2= 2Ly P ORI FIE O e (1992 4E) 13 480 kg/ha T, SBIEDTHE D04 (1981 4E) 13 11 kg/ha Th
o7z, 23— 3Ly b ERELR 1985 SR 5 1988 ARl 2 AR AL & U ML oM AR L 2. KR BERO
134012, 1901~1991 4E42 401% 42 % » 22 A LIRS, 1956~1992 41 127% & % » 22K GO, S ol 3
AWTALEIN & e - Ter B, BT 2 W SR I RR IO APR O B EHIB EHC L Broe— 2 L o F B i
MY 2D, FHOMRELIENEMRIIHLRETNETHB EHHYL 2. Forz, I ORBRTIREILETTIC
A BN E U CREET T &0, CLAEHERZTL ) NrBiTh s,

* A PP YR EF R AT, s KT,
*x [ESLEUR AT HUER RS R > 5 —  (BUWRAS T I RWABIARTEE AT, SRR RO AF AL RE)
(A4 1996 422 J§ 20 H, 2P 1997 4£6 J]1 6 1)
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HEPESY 7 A VIEDA T AICEIT 5
RixRRE & LR

#1 KA

1.3 L ®»

R OFR Y 4 7V ABIRKICIR T 52 7 7=
A LB, AR, Ail & KR AHREREN, "D
#" Bl “FHEOME (ZEbNOOhsEvbLE, Hi
g 4 7 naBERKIE e T s, 2772
> AR T 2RO A R U ARREIE S 75
2 h WIRRBIC AT 5 AT L RS L Tw5, 2
NHDFT L A EL AU E, THIC R T A
RORRIGEFELEE Ly, L L, &l Atz
EoT, BEUOALR, ATR, HARREOSR, ik
{b & MR E e EAEL (%), BRIBRRIIN2 Dl
MEph 2 BiIcE-Td (HEHIA, 1994, 1995 %
BF, 1995, 1997),

AEEE, 22 I2h o BRNFT P AL BT BIEED
A ORLFRARIL, B2 ¢ k- B - BEO SRR OB
HOTE - iR HEOKBEEW LT ST, 2D
W hsdrdr 2 ZREEW L0 L, ZOMRT &3
GERRLBLOTH S,

2. FFSCibLR - HF

1) FR#HROEE

THTBMAR A ELUARIK N, (MY, 1987) (kB &, Hriktia R
MR E2 IR E LC, it icRysns. Kl
PR EREHMBRICHE ATV 3 2 ) skl dinlic g
L, #79=h>Bhiliids) iUz h 5. 5 281
NWEHIF53T km? T, F DRI fiR T 5 £ME
NE T T2k WEDNiIHULH33. 81 km?Th 5,
SGURIZABENE T, JERICHEEL TH Y, EEEHNSE
PRkiti225-100mm TH B, Lo L, &zl <
LW, FNTIEH DHURMTHEL Z L2h
% (HEF 1992), MBRNOTINIETXTCE 77=h>
WL T 5 £ ) A2 O INERAT RS & K

-E B OE BT

DMT K TEEEN TV 5, HlROFIC & 221403
AINE L, HEEMEEEL TS, L, ZFWilc &k 2803
JEIC A E WV, BRI EIc el L T 5, DIl
WAL ESRIN D § -12% Lo 2o vy, BLCHS, #oKic &
YN R D, FZIETEVGIARL, ISR EREL L
LE o Ehb B (NP, 1995, 1997 . B, 1996).
ABLTIR, §7I2hoBiRndTL 2A24EH, &
PSS, B, HASC T T, SRR RO
DWTHEITI 2 22T 5. L8 T 2 AULPI SRR (T
7 2) WX 9B - ili & G (34 > ) b
B ooy 7Y - A L, R A T 2 R34
(FL ) HMEDI2W - i & wHHE (¥ XL R)
IRTEAR M 4 0L - i, A T 2 RIGHIE (R—7
v) MK 7 - i, EEEA T S ATETHERE G
HMOBROI I E BARICHILT 2 (1),

2) FRRAH

FoRHE, FRSH R SETRATTM ThES R
BRI (1985-1991), BrifEEiT FEMHEER
SHIC kB T4 (1993) 1 (1989-1994) & [EIK
BB ER 25 FL SRR 5 W) 4 (1993) Fois (1 R #E 3119920 2
L, IhLEMoT, F7 7oA YDBEOFT LA
2B BN, BB - WRI OB, B bk
Hodi - WCERUBHBIIB - ITRAKO T £ 1T- 72,
ARIZ BV TAIC B{E T — £ 13, T L Efis (5
SEAIAR (3 BOFIC BT B Wl ERR o ffits, LFENtES
BROBRL ARZ ERTILHNLNTH S, KT
X & noiARESC MR R TH B). T4
bHb, BUl (BUBIRBUTER & by, THREMR, &
FLThH2) ITEITNTHRLKRSLLNTH B,
7272 L ARBF 72 0 IS BERTRHC (3 Frn A I SR A ¥
SYHAITEN T LW,

o AR &0, DETIE TRRSRE, & Lo
i, FObEBROLICER L THA S e ARBIRTE & 1K
L TES s (MR, 1996) HA® T, ICH

o BRATREE
o BRI REL RS

({4 1 19964105129 H, <¢8 199746 /16 1)
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BT, 37 A 7 PGS B S e § PR,

WL 22 EMliE T dh 5, 2o mHBDENTT, 195241961
EOMNATE TN L HHRUBAEL, Yoo BIssisimiz
BEARL 72, 19924F IS W GEAT L C v & AR SR [ o
BANIINT TH 5 G5k, 1994). ZonpcT,
SEAT L 72 PR R [ o AR5 1L T d 5.

s A pEA B L A R o BTl 0, I
B (ERSARE « WL 23t OSBRI TH & (Hisseit
MBI 4, 1989).

HUAE, FIHITHE Zc okHC L i e i 4 2
AT — 2 mE N T W T, Pt e
BEHEREIZ OV T, AR TlEb v, KT, v
A TN RELNMEE LD T B Y, —flhEil
BEE 22 PIC & B R I AT h L TW B 4 T &
AN B B L E K .

3. M B HE - REORBRR

1) A7 A08 - 4 - HE - BEOGERRKR

AR, F 7 T BRI B A AT - A TR
LRPESE (B - Bk - Mok - E) ka <Lz, ™
2UZRF L 90z, 19894 5199345 £ TO Iz B - bk -
HGE - MEOREPE IR 2 WL 22, 19894 ik

& 100

80 |-

60 [

20

1989 1990 1991 1992 19934F

B2, 277=H @47 2125058 - bk- 80 -
W HEE O Nk,
(FEHE - PrEHI T EE,  1990-1994)

FHEAUEIL TH - 1297,
W 2 5 -7z,
B 1 RPESE TR L T, RICHREE &Y 300
YETH Y, WAL s, BRI B F LR
DG %, 19894E.70 5 19934F £ TOHLH T & &
B (H3), B bk 40 - mELHREESIC S S
WA E H E DL Tuevdewn, Zauid, B - k- 4k
W WO IR TH DL RN T 5,

19934F 12 (2 80(ECIc kL, 1989



7222, 199341k, THED A X D IR K AR
L, OB TRERIILYVMIEE 12, T
B, 199D LD MERHIZ N DAL RRE L
7N, 1989 WA L ILITRIL TH - 72,

2) RB- HIHO - M - HE - RRORRERR

- bR BOH - B RAEENT E W - i TA S
&, FHCAE, WERO IS E RO Tk E v
A%, RIS & i PS4 TG (1), LAl
Ahts, WTFNOMBTLEZMZ TvWa, LERI,
ALTR o BT R gk i D S 1 SROE R DEESIL 198841 TN
199341125, 60512 e » 72, MURINL T Tal UYL 5, 34%

0 10 20 30 40 50 60 70 80 90 100
M3, 2752 il AT L AZBIT B M- 80

HEDREPERTNIHE(%).
(YO Fro#ial 4%, 1990-1994)
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127 2o, 0 1 KIEXEOREPES A LBIZ I & Y
MAMELTH T L3 AL » T b, HHGRORTEW T
L MDA TH B,

WE 10l & BT XU 1 KPR ILE IS /)
B, B 2R E W 3K RENIFL C, HIG
BAPEMTIRZEN0%, T3% % o5, JEEEE
TAZ I Feh L ENAT L AW TIR, ZTNEIH %
BEf)ili & 35 R ORBUI SN TH B, iR, KBTI
15k 91z, IS, FHEROBNTEIR (11
B, Ui ) 1L BRIENY b TS,

3) MRMEMARE L IRTEERE

(1) et o

B S (ORI, o 4, L%, bV ED
2L, SARA Y OBA UG, wLEETD) 3%
LrroaL ke L, UKL KE, VL EThH
B, SORMERR NG (RIS L 2 B o
PR T, IR TR 2RI B A, b
0 2 3 R UMD BEIEWO P ORI W0 B
WMAIEER F )V Eb-Tuin (1, H5). I3
IHIRAERE W DS0%EL F, b7 o oL 28EERNIE
VZ40% LA L, ® OO RN T %L T £ din B,
B 5 ASRE & 90z, JEOE, SRR I A & ¢
g7z, 19884E o frkt a3 2578 + ~ Th -
7255 1990412 1219884F & D 234&E b >~ MmL, 19924:1c
1219904F £ ) & H4221& b > BimL, 19934F.12 (319924
EN TN CRMU 7, B RN RER, Shich

M4, 27 7=h 8047 L 2z B U1 - N OIEFENLE - bk - 808 - dEofd:i,

(YEKL : Prostdid 48, 1990-1994)



K1, 77 7=hWlndT e 212 B 55TED MR MR B L U,
F7Eoal, Zofbe frliiEtho it

19884 19904 19924 19934
S pENE (& | >) 257 280 301 308
AT BRI R 5 % tg) E; 1$) g;
ben Iy IR AT E%) Lo e - -
Ml (LRI N 5%) g) t% ﬁ) ta

(Yek @ 3frgaleal 465, 1989-1994)

@ F > 350

B U 7z, 19884 (i 1N F > T - 7z 84 pE it
(X, 1990, 1991, 1992, 19934F |z # #1 & 1227, 32
Ji, 35H, 31h bkl od (#2), 19934 MME L
TWwaaid, SWLVWHKRKEF L TH D,
R DHLIIZ & 5 &, EIFMANRITED Tk, &
W [EOBCED SIS AL, PSR ECTT A SR I
FEHEL TV b, MTIC BT 2 ETE A e R R
LM+ s Ths.
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250 | ¢
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o fh oo fx B AE Y

4) RIESHDLE

19854F X 19914E.00 % 2 T4 L b 4 T & 2|2 51T
AW - im0 o 55 1 Sk Nk R i it 12 b B R pE
V{ Lfiligd, $72chb (RIPEP Y LM% (70) + 45 1 KoEdE
AEPEM(T) ) T 2oitilE, 19914F 12 (2 19854F 1 Mol
L, dEfbenvafll, wrass, Tl 22, A
MORM T L7z, R T, 198541 HAL &

v
X5, & 77=h i+ 7Ty 202 B 5 bRk i,
(Vek} - FomsiatFa, 1989-1994)

Hhrweroay a2

HTEhdr ot L, Bk, ki ey ol
AREE T A Iz v, AR BEHTRRE ) Do

& B (Pt R G SR 1 4y, 1993), 2 7
F=H IC W T L 2ok icWinoldin Th 4 b
B, BNOFEFIEBIADELL LTV BNTH S,
(2) #IEEME

F 77 A T, SRR LS e e
DML KE v, fzE Z2I1E, WEDEERZOWTH
A FIE LR TRV B RE Shi o ElE o g
WTh ), F2lwditofiopEE—anfEihch 5
(#F, 1996). # 7 7~H BT A3 EALEDAT
DA THALITHIE S LTy b, EifEoddmat & Az

K2, ZII=h WA T L R B HIRENMI O RN -
1 AN72 ) o pedit,

Mz ) D PERE -

AR L Th - 2R AN9914E 12 HAWL O 3 (58
L7z F82, 1985400 — Al iGar 22 NIz & 2 W41l
E I H AR L, T9914E1C £ F 1L 153065 £ 40
ficeofe, ZhUL, BEEL X 27, T7H=R
P EOMNT P THE, MRA, T AN 55K
Mg DRl 22 E AR E TN T H 5.,

Wb, HETITEI—0 Y DBDRE AR
SR OB i LT 2z, Wefll, A,
PHITERTRTI NI o—FOBEMTH -2, ZD
b, CoMBMIZRIRICEENTWE, &2, #- &

L7

IR ATHER

19884 19904% 19914F 19924 19934
gl (5 k) 14 22 32 35 31
HAE A 22 ) ot (kg/ha) 795 1,035 1, 230 1, 065 1, 005
1 ANz ) okpitin (kg/A) 21 31 44 48 42

(FekE: Pl e, 1989-1994)



7 X O, T - R & Rl TR, R
Fi - S FOMMERTH L, ERMIZAT, o 4. EEREOER
#E n‘im”éﬂkriﬂfr’ BRI AE CIRTEL TS (3

Vi, 1987). = 9 L 7-3iriion s By HE 0y 20 15 5t 5, 1) 1TA%Y COﬁﬂﬂEW%EEE
W4T 2 o HLkE o R SR BH O 3% 2 ik 2 ifion 72 2 & 7, g A L e PR i WK = LT Ao R AT i L
flili S i o RO RIC R E G2 0, T b v, By 2= RO F T L A BT A AL DI
t, WA 1L 1984 GRS LD & R IECHR T o0 i o & o BmEE AT, B % T S, T IHEERIZ400 A
37248 ZORA 19 ENH R B b AT ML 72, SRR LEE~OB R LT, 777 <
IhI. A T, Aoz i b LT, 1TAS
Pk ZE, TR S T A RO R 720 o fri R A B R RTI L T B, ok E, W
HRffidn Th A TANER ) [ZE e BT EWET 2 - e T AN 72 0 o Fr R A BE & 19854 &
Tiklllc iR FIFE N TH Y, TEAHMmNE G- Ty 9L CILES 2 &5 (M6), T~NToH+T A TLA
5. ZOiEh, i, Edkr EAmE o E L il My 7 1) o frbeE bk pE AR L 22 RRC AEE T o Nt A*
A T DL WA sl e S EL LAY, 19854F v, FopTd, Abiber difiliz & A FIRIL T O R
174 6 -Fich &, 19884F12134 7 T4 @ HC, 1991402 7 72 h L WENAT > ADWTIRIERTH 5.
24 148 9 T HGic ks L 7z, ZFORHNZDWT, KIZHFEL v,
FITHT 4 198945 12 EF A & REPRBIFCHR & L TaFl & Bl Lik~cze b 90z, 35 1RpESE (R - #k - 40 - #
e, FREA~o ARSI E, HlE BN TS ¥) ORI, BB T L ATIRREY,
A, MM Tasods, L LTHAT, &2, M, AL A T L A BT AN E oK, I,
FATOPREME L CLHEATH- 72, BlfE, Eaokih A7 2o [ & R 2o 2siili 7 & o S v SRz
[E4E1210-30 b > Td B, HIH OB L 2000443 D 0 k= bheFHEILND,
WEEh AT A BLE, HlINoO#EIoib& e LT 275w H WAL o A+ T L ARRINUIRD#IZ
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5. CERSBX T BT TH ), EESIIA200H
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v 2L, KEidEDLREROE I, OB,
BUAF2 70 8D U e i L w2, o
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B DEDT S SIS 72,
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S0 ORERIZ1988, 1990, 1993442, HIHIKK
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F Ao, HULMHTY 22 D) o #E 0 2k g i b 19884E ) 795
kg/ha &, IEEGFEN19914E A1, 230kg/ha 12 L4 L 7-
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iz iz 8 L Lo KR AHEIZ25H & B (M, 1987 .
Z=, 1991 W, 1992), #hirodBEho M L M, AE
128 2A—FALBETIHEL H 2 (Xia ef al, 1993),
Z 9 L @b iiT b b - C, Ml AT S A TR
Hemiflion ik &R A O RmE ARmzgveo < 2
AT E L (IR, 1994, 1997). 2 Dl AkXx L4k
DR H D,

5. HEAFENKORR & LR

1) $rtthiE s OHMIKR

B8iciamt kolz, 227=H Wil AT e 2
5 WAk O RN B EE LRI & - Tt 9 A5, i
ey, HEBICHNORHDORE { oo TETWw b,

P L < AL = e Rl AR R S AU T A
D, MR AZMRIOT0-90%% L5 A, 1988419934
73 6 NS A S AL A o TR o G a b iE 12, 907
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AW S frz, oY THEL 2 S XN 2 v, 1Y
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40
O & #- 1z 850k & LA BEHR
ZE Iz X 5 by
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o
P
20 | ;/% —
P L]
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M8, #2772 lnAT L AW THLIBIKSE U
72 ME o i i, (e Ml 145, 1989-1994)
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8 onfdim) 2 yHE T AUE, BdEdew U FEUERIZ I, i
2R 2 A A MRS & A E 0122 B v L
WHETH D,

— N H 2T, RO T BEA S 5, BB
odibds, KPR THEER 5210w 24 2v, H
Modihtd HBHC AR S BRERESR BEUs S A0,
EwiflilchdZ 3T Ticmshizasnsg FHEE
Ar, 1996 5 5EF, 1997) ) TH DL, f212L, TOMRRE
sz ¥ 7 7= h i oz k- TE»H
N, BDAT > ATIEHEDTT & AN 2% T
L. ZHU ity LI TE AR E oilig s
rirboTwd, FLHBIZE-T, 472 2Dk
WEFH WIS N, W& S ST 2L )12% 5
#ly m s (B 1987).

ANIEEIZ & » TERBOEER AT Z L IIHLTH
A, ZAUS I HOS o B IR o i K T
HHZEETTIZHMLAGY) THL, LrL, Liko
$ WA s BT, ZOMIZ OV T HBONITEAR
WEC, B RO S B S A HOEA WL TR B,
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The Economic Development and Land Degradation of Oases in the Taklimakan

Desert in Xinjiang, China

Yongzhi Liu* and Masatoshi YosHiNO**

In the oases of the Taklimakan desert, the northwest part of China, the agricultural production plays a deci-
sive role in the social and economic development. In order to clarify the change of the agricultural production in
the oases, the agricultural land use, grain yield, change of population and desertification were analyzed. The
main results obtained are summarized as follows:

(1) Recently, the gross productions of agriculture, forestry, animal husbandry and fishery have been increas-
ing greatly. Especially in the northern part of the Taklimakan Desert, the gross yield of agriculture raised
markedly between 1988 and 1993.

In the oases of the southwestern and southern parts of the Taklimakan Desert, increases of cultivated and
sown areas are relatively less than increase of population. So, in spite of increases of the grain yield per unit
area and total areas of cultivated and sown lands, increase of grain yield per capita is only a little. Total
amount of the other agricultural production increased greatly. For example, the gross production and per capita
yield of cotton are the largest in China.

(2) The cultivated areas have been increased by reclaiming wasteland. But, on the other hand, the cultivated
areas are decreasing by desertification and by changing land use for forestry, animal husbandry, housing and so
on. It is clear that the cultivated areas should have to increase in accordance with increasing rate of population.
Ecological and environmental problems in the oases, which are deeply related to this discrepancy, are different
in the northern, southwestern, southern and southeastern parts of the Taklimakan desert, respectively.

Key Words: Economic development, Land degradation, Taklimakan desert, Oasis, Arid land agriculture

* Graduate School of Aichi University. 1-1 Machihata-cho, Toyohashi, 441 Japan.
** [Institute of Geography, Aichi University. 1-1 Machihata-cho, Toyohashi,441Japan.
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Controlling Permeability and Salinity in Sandy
Soils with Ammonium Humate

Yuuki Yazawa®, Yutaka SHiNoDA**, Fumihiko YAzaki®
and Tatsuaki YAMAGUCHI"

It is well known that inappropriate irrigation in the field of arid land may often causes
salinity hazard through the accumulation of salts in soil by rising ground water levels. For the
purpose of improvement of such saline soil the main demand is to leach water-soluble salts.
Moreover, in order to prevent from further accumulation of salts, the control of water
movement in soil is necessary for conservation of crop field.

Typical features of saline soils are also the shortage of humified organic matters and the low
biological activities. Supplement of natural organic materials to the soil is considered as effec-
tive way for sustainable cultivations improving the above-mentioned problems. Tropical peat,
which is originated from rain forest trees and widely distributed in the tropical zones especially
Southeast Asia, is an attractive choice of the natural organic material for this purpose because
of its high content of humic acid and high water holding capacity. However, this high water
holding ability of raw tropical peat affords simultaneously a disadvantage for transportation to
an arid region from economical point of view. In order to reduce the transportation mass, hu-
mic acid, the main soil component, was extracted from raw tropical peat (Kalimantan, Indone-
sia) in the form of ammeonium salt in this work. Thus, ammonium humate was examined for the
possibility as an organic ameliorant for saline sandy soil.

At first, a model saline soil column was prepared in a lysimeter with beach sand (Kujyukuri)
as the reference for the real saline sandy soils. Through the evaporation test, the distribution of
moisture content and ionic concentration of Na* and Ca?* in the column were measured. A di-
lute solution of ammonium humate was fed to the top of the lysimeter with modelled sand col-
umn. By this treatment, the increasing permeability of the column by the complex formation be-
tween humnate and Ca?* was observed by the surface analyses, ESCA and SEM. This means the
fixation of soluble Ca?* as well as the fixation of ‘humate, namely the supplement of organic
substance on sandy particles. Furthermore, the leaching out of considerable amount (90%) of
Na* in the form of water-soluble sodium humate was found in the effluent, from the bottom of
the lysimeter, remaining some part (2mM - kg~!) of NHs* in the sandy soil to be expected a
nutrient for plants.

Key Words : Ammonium humate, Cation exchange, Permeability, Leaching, Sandy soil

trolling the movement of water and leaching of

1. Introduction

It is well known that inappropriate irrigation
may often cause salinity hazard through an ac-
cumulation of salts at the soil surface by rising
ground water levels. Various methods for con-

water-soluble salts in the desert soil have been
studied in many branches of science and technol-
ogy (MATSUMOTO, 1994). Among them, the use of
such organic materials containing humic acid as
peat and weathered coal for improving the
water-retention of deserts has become more no-

* Department of Industrial Chemistry, Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275, Japan.
+* Department of Civil Engineering, Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275, Japan.

(Received, February 28, 1997 ; Accepted, July 28, 1997)



ticeable recently (YAMAGUCHI ef al., 1993, 1994).

Tropical peat was introduced as an organic
material for the above-mentioned purpose in this
work, since it has higher humic acid content
than other peats (YAamAacucH! ef «l., 1997). Tropi-
cal peat is an organic deposit formed from the
decomposition of rain forest trees (RADJAGUKGUK,
1991 ; Yamacuchi, 1992), and most of the tropi-
cal peat is distributed in the coastal lowlands of
Southeast Asia, principally in Indonesia, where 4
million ha have undergone some form of devel-
opment.

On actual application of tropical peat to an
arid land, reducing the transportation mass was
necessary from the economical point of view. In
order to reduce the transportation mass to an
arid land, it was tried in this study to extract
neat humic acid from the raw tropical peat. Al-
though humic acids are usually extracted by us-
ing an aqueous NaOH solution, humic acids in
tropical peat was directly extracted as ammo-
nium humates by using aqueous NH;OH solution
to prevent from further soda-alkaline hazard of
the applied arid land. The powdered ammonium
humate differs from humic acid in being freely
soluble in water, therefore it might be useful in
terms of transportation costs and construction
costs as an ameliorant (YAzAwA ef al, 1996 a;
YamacucHr ef al., 1997).

In this paper, the effect of water-soluble am-
monium humate on permeability, water retentiv-

ity, leaching, and fertility in sandy soils was ex-
amined with a lysimeter (Yazawa ef al, 1996 a, h).

2. Experimental

1) Extraction and characterization of ammo-

nium humate

The untreated tropical peat excavated in
South Kalimantan, Indonesia was selected in this
examination. The raw material was firstly
treated with 1 M-HCI aqueous solution, and then
extracted with an aqueous 0.1 M-NH.OH solu-
tion. After centrifugation, the supernatants were
carefully separated and concentrated by a rotary
evaporator. Ammonium humate was finally
freeze-dried and reduced to a powder for storage.
The extraction scheme of ammonium humate is
shown in Fig. 1 (YamacucHr ef al, 1997 ; WATANABE
el al, 1994) and its main characteristics are
shown in Table 1. The extraction yields of hu-
mic acid were calculated from the weight ratio
of the extract to the dried raw material. The to-
tal acidity and cation exchange capacity were
measured using the barium acetate method (HAa.
rApA and INoko, 1980), the content of carboxyl
groups by using the calcium acetate method (Yo.
NEBAYASHI, 1988), and the content of phenolic hy-
droxyl groups by using the colorimetry with
Folin-Ciocalteu's reagent (TsuTsuki and Kuwa.
TSUKA, 1978). The elemental carbon, hydrogen,
and nitrogen were analyzed with a YANACO

Tropical peat |wm

Step |

Acidification , 1M-HCI, 2h
Filtration

(soluble)

(insoluble)

|(Fulvic acid +Metal cation) solutionl |Humic acid, Humin|

Step Il

Extraction, 0.1M-NHsOH, 24h
Centrifugation , 3000rpm

/
(soluble)
| Ammonium humate solution |

(insoluble)

Step il

Acidification , 1M-HCI, pH1
Centrifugation , 3000rpm

Concentration
Step IV | Freeze drying

\
(soluble)

(Insoluble)

*Freeze drying

|Fulvic acid solutionl

|Humic acidl Ws

| Ammonium humate|

Fig. 1. Preparation of humic acid and annomium humate.



25

Table 1. Characteristics of humic acids and ammonium humates extracted from tropical peat.

(moisture and ash-free basis)

Raw material

Tropical peat
(South Kalimantan)

Sample? RT HA AH
Extractant® - Na NalP NH; NH,
Extract [wt%] - 58.2 56.4 51.6 -
Ash content [wt%] 6.4 38 2.7 1.3 0.9
Functional group content [cmol-kg!]
COOH 191.3 303.0 311.0 291.0 N.D.®
Phenolic OH 3.8 5.8 5.7 5.6 N.D.®
Elemental analysis [wt%]
C 53.3 54.7 55.6 55.9 52.6
H 3.8 4.7 4.7 4.8 5.2
N 0.8 1.2 1.0 1.6 6.2
N-NH;: 0.1 0.0 0.0 0.5 4.2
oY 35.7 35.6 36.0 36.4 35.1
Of% 6.2 9.8 10.0 9.4 -
Atomic ratio [mol%]
H/C 84.9 102.4 100.7 102.3 117.8
N/C 1.3 1.9 1.5 2.5 10.1
0o/C 50.3 48.9 48.6 48.9 50.1
of/0 17.4 27.5 27.8 25.8 -
Degree of humification [—]
log K - 0.64 0.64 0.60 -
RF = 325 34.8 33.4 -
Molecular weight [—] — 39,000 32,000 44,100

33,300

D RT: Raw tropical peat, HA: Humic acid, AH: Ammonium humate

2 Na: NaOH, NHi: NH4OH, NaP: NaOH/NaiP.07
30 : {Total-(C+H+N+ASH)}

4 0Of: O of functional group (COOH + Phenolic OH)

5 N.D.: Not detected

MT-5 CHN analyzer, and the oxygen weight
percentage was calculated from the difference
(HAarADA and INOkoO, 1980). Ammonium nitrogen
was measured with ion chromatography (Shi-
madzu LC-10 AD) (HaTANoO, 1986 a, b). The mo-
lecular weight distribution (number average mo-
lecular weight) was performed using gel permea-
tion chromatography by HPLC (Millipore Co.
Waters 600, Column: TOHSOH TSKgel G 2000
SWxi. +G 3000 SWyi) (YONEBAYASHI, 1989).

2) Test method

(1) Modeling of salt-accumulated sandy soil

Since it is difficult to get enough soils from
the local desert, the sandy soil of Kujyukuri
Beach (Japan) with a comparatively similar par-
ticle size distribution was used as a model. After
solar drying and sieving (<2 mm), the soils were
saturated with a saline solution.

The pH and EC values of soils were measured

in the suspension (soil : water=2:5 for pH, 1:5
for EC) (TaKIJIMA, 1987; Uwasawa, 1994). Water
soluble ions of soils were measured by ion chro-
matography (HaTAaNo, 1986 a, b) in the suspen-
sion (1:5). The test method for particle size dis-
tribution of soil was performed using a JSF T
131 as classified by the international method to
give the following particle sizes: clay (grain
size . ~0.002 mm), silt (0.002~0.02 mm), fine
sand (0.02~0.2 mm), coarse sand (0.2~2.0 mm),
and gravel (2.0 ~mm).

The characteristics of typical sandy soils from
deserts or crop field are also listed in Table 2 as
the reference.

(2) Experimental system with lysimeter

As shown in Fig. 2, an unidimensional experi-
ment of soil was performed by a lysimeter with
a cylindrical plastics column. The lysimeter was
fitted with a constant head permeable column (¢
5.0x33.0 cm). Column I was used for leveling the



(1) Chemical properties

Table 2. Basic properties of sandy soil samples.

. " ECt  Cation Concentration [cmol-kg ']  TDCY  Anion Concentration [cmol-kg™!]%  TDC3

Sample pHY . °° X S a1 " z i T

#Sam ] Na K Mg Ca [molkg?] CI HCO:  NO: SO;  lemol-kg™!
Khafji in Saudi-Arabia (inland)  9.03 36 0.04 0.02 0.02 0.10 0.18 0.01 0.21 0.00 0.02 0.2
Khafji in Saudi-Arabia (near beach) 8.07 1777 0.36 0.14 0.18 1.65 5.33 0.28 0.55 0.02 509 5.95
Rivadh in Saudi-Arabia (case 1) 827 53 0.04 0.01 0.02 0.07 0.4 0.02 0.17 0.00 0.02 0.22
Desert Riyadh in Saudi-Arabia {case 2) 860 13 0.08 0.03 0.05 0.14 0.30 0.08 0.19 0.06 0.05 0.39
Wadi el Natrun in Egypt 8.40 479 032 0.11 0.06 0.93 1.42 0.25 0.34 0.00 1.08 1.67
Sakhara in Egypt 8.83 532 1.25 0.11 0.06 0.35 L7 0.97 0.05 0.11 0.31 144
Keergin in China 9.80 321 047 0.09 0.02 0.03 061 0.07 0.75 0.00 0.06 0.89
Field Fukang China 847 5,340 25,07 0.29 1.33 3.90 34.67 6.61 37 L.14 15.93 2145
"% Kangping in China 873 L0681 562 003 008 029 612 12 009 068 084 303
Beach Kujyukuri Beach in Japan 6.45 575 0.12 0.08 0.01 0,03 0.4 0.09 0.02 0.04 0.02 0.17

! suspension (2 : 5), ¥ suspension (1:5), # lon chromatography, ¥ Total dissolved cation (=Na+K + Mg +Ca),
# Total dissolved cation (=Cl+HCO3+NO3+S0s)

(2) Physical properties

Particle size distribution [%] 7

Semple s [g-em 40 Clay Silt Fine sand Coarsesand  Gravel® 150 e}
Khafji in Saudi-Arabia (inland) 255 8.81 1.73 13.59 73.95 2.32 =
Khafji in Saudi-Arabia (near beach) 2.69 14.13 262 7.01 76,24 0.00 -
Riyadh in Saudi-Arabia (case 1) 2.61 10.46 0.58 6.84 82.12 0.00 -
Desert Rivadh in Saudi-Arabia (case 2) 260 11.04 301 2231 63.64 0.00
Wadi el Natrun in Egypt 267 4.89 127 446 80.33 9.05 5.23
Sakhara in Egypt 267 5.56 0.99 9.92 83.53 0.00 441
Keerqin in China 2.56 10.35 2.03 J4.80 52.82 0.00
Fie Fukang China 2.55 22.27 21.63 al.75 1.35 0.00 0.21
Kangping in China 250 10.73 7.10 34.69 4748 0.00 -
Beach Kujyukuri Beach in Japan 274 487 0.80 545 88.88 0.00 10.40

O JSF T 111-1990, 7 JSF T 131-1990, ® International method (Clay :
Fine sand : 0.02~0.2, Coarse sand : 0.2~2.0, Gravel: 2.0~), 9 JSF T 311-1990 (15C)

-
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Fig. 2. [llustration of lysimeter test.



water head, column II was used for an evapora-
tion test or preparing salt accumulated soil, and
column III was used for the permeable test, the
leaching test and the fertility measurement. In
order to minimize the movement of soil, a po-
rous plate was fitted on the bottom of the col-
umn and it was covered with two filter papers (5
C, ¢5.0) with glass balls, (¢ 0.5) between the fil-
ter papers (L1 ¢f al,, 1994 ; BRONSWILK, 1991).

(3) Evaporation test

The sand column’s surface was heated for 24
hrs at 85C and 15% RH by both a light and
heater (temperature of outside was 25°C). The
moisture content and the salt concentration of
twelve samples collected from infinite depth (in-
tervals of 2.5cm) were measured to observe
their change with the soil depth. After these
measurements, ion exchanged water (50 ml) was
added to these dried samples (10g), then they
were agitated. The dissolved ions were analyzed
by ion chromatography and the salt concentra-
tion was calculated.

(4) Permeability test

In consideration of the result of the evapora-
tion experiment, sandy soil was placed in a per-
meable column so as to have a similar salt con-
centration distribution. The permeability of soil
was measured in accordance with JSF T 311
(Fig. 2). The ammonium humate solution of pre-
determined concentration was poured onto the
top of the column so that it might become a con-
stant water head. From the time change of the
water flux quantity, the coefficient of permeabil-
ity k (cm-s™") of soil was calculated by the fol-
lowing equation :

L-Q

k= A-At

(1)
where L, Q, AH, A and t denote the length of
sand column (cm), the quantity of water flux
(cm®), the difference of water head (cm), the sec-
tional area of sand column (cm?), and the time
duration (s), respectively.

(5) Leaching test and fertility measurement

Ammonium humate solution was poured into
the sand column that was regulated to have the
predetermined salt concentration distribution,
and the concentration change of the ingredient
(ion and organic substances) in the effluent was
measured. Water soluble salts in the outflux so-
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lution were measured by the ion chromatograph,
and the concentration of humate was measured
simultaneously by using the spectrophotometer.
The salt concentrations, the quantity of ammo-
nium ion and organic matter remaining in the
soil after flooding with an aqueous ammonium
humate solution (1 g-17', 1,000 ml) were also ana-
lyzed. The organic matter content of soil was
analyzed by the JSF T 231 method.

3) Surface analysis of the sand particle

After the permeable and leaching test, the
sand particle surface was analyzed by SEM (T
220 A) and ESCA (JPS-90 SX).

3. Results and Discussion

1) Distribution change of moisture content and
the salt ingredient in sandy soil column by
evaporation test
The distribution figure of moisture content

and the salt ingredient concentration after the
evaporation examination is shown in Fig. 3. The
moisture content was constant below —15cm,
but above —15cm it decreased. The reason was
considered to be that the vapor phase and the
liquid phase of soil water were in equilibrium,
and the boundary side (=evaporating side) be-
tween a capillary action and a gravity action
was generated in the fixed depth. That is, the
water flux density in the soil indicated the de-
gree of dryness. The water flux density is corre-
lated with the water potential gradient and the
hydraulic conductivity, and is calculated by the
law of Darcy formula.

The water potential gradient is affected by
gravitational potential, capillary potential and
osmotic potential. It was because clear that this
action influenced also the movement of a water-
soluble salt ; therefore, the salt concentration on
the surface of sandy soil was notably high.

The sodium ion concentration was slightly
higher than calcium ion in all layers of the sand
column. Moreover, it could be understood that
the salt distribution in sandy soil also influenced
the salt concentration of ground water. This is
because the salt of monovalent cation is highly
soluble into water. These dissolved substances
are left in the evaporation process of water, and
accumulated on the evaporating zone.
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Fig. 3. Effect of evaporation on moisture content and ion concentration in the lysimeter.
drying time : 24 h, heat : 85°C humidity: 15%

2) Controlling permeability by ammonium hu-

mate

The permeability of various soils is shown in
Table 1. The water permeability of soil closely
correlates with the particle-size composition. For
example, the sandy soil sample from Fukang
(China), which has a high content of clav-like
substances, shows a low water permeability. In
the case of this soil, easy accumulation of salts
can be suggested.

The calcium ion concentration distribution in
the sand (Kujyukuri Beach) column was investi-
gated as a model for the result of Fig. 3. The

[Case I]

Ammonium humate
{ Powder )

Ammonium humate
( Solution )

[Case II]

2@ + @ 0@ oD + 2@°

Ammonium humate

change of the permeability coefficient with the
calcium ion and ammonium humate concentra-
tion is shown in Table 3. The permeability coef-
ficient decreased sharply in relation to the in-
crease in calcium chloride content in sandy soil
and ammonium humate concentration. This is
because ammonium humate reacts with calcium
ion in the sandy soil to give insoluble calcium
humate. And ammonium humate becomes hydro-
phobicity (Case I) and polymerizes (Case II) by
reaction with divalent metallic cations. By these
reactions, metal humate forms a thin laver be-
tween sandy particles.

Calcium humate
( Coagulum )

3

Calcium humate



Table 3. Permeability coefficient of the modelled sa-
line sand (Kujyukuri) through salt solutions.

CaClz [mol-kg~1]

0.0 0.1 0.2
ATl 0.0 10.40 10.25 10.00
o 05 8.50 6.28 5.83
£ 1.0 6.60 1.42 2.97
0.2 mol-kg~! chlorides/1.0 g-1-' AH
Na K Mg Ca
6.19 6.52 5.46 2.97

AH: Ammonium humate (10-%cmes— !, 15°C)

Moreover, in comparison, the divalent cations
had a lower permeability in soil than the mono-
valent ones. This effect originated from the cat-
ion exchange reactivity of ammonium humate ;
therefore, divalent metal humates of a low solu-
bility, were generated in connection with the in-
crease in the cation exchange capacity (Fig. 4).
In consideration of the characteristics of humic
acids, the cation exchange ratio of humates was
related to the amount of carboxyl or carbox-
vlate group and the molecular weight. A series
of cation exchange reaction formula is estimated
as follows.

Hum (COOH), @ nH "+ Hum (COO )

Humic acid Humate polyanion

Hum (COOH), + .NH.OIH =
Hum (COO"NH "), + 1.0 &

Ammonium humate

(monovalent cation)
Hum (COO NH,"), + .MCl =

Metal chloride

(6)
Hum (COO M"), + , NIH.CI
Metal humate
(divalent cation)
Hum (COO"NH; "), + - MCl: =
(COO )7_1 Metal chloride
Hum P oMb e 0
(COO )n B

Metal huamte n=132~143

The addition of ammonium humate to a real
desert soil (Wadi el Natrun, Table 2) gave it a
very low permeability coefficient compared with
the sand of Kujyvukuri Beach. This was because

Humic acid
—Phenolic OH COOH—;

g| K
S mg
o
Ca™ i
‘Ba % ;

0 100 200 300
CER [ cmol(+) - kg-'(Humate)]
m: Metal ion @:NHa* @:H?*

Fig. 4. Comparison of cation exchange ability of am-
monium humate with some metal ions.
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Fig. 5. Comparison of leaching effect with amnonium
humate aqueous solution and ion exchange
water.

there are much calcium, clay and silt contained
in the desert soil which can form various insol-
uble metal humates.

3) Leaching effect by ammonium humate

The concentration change of the water-soluble
ingredient in effluent solution from the lysimeter
is shown in Fig. 5. As compared with ion ex-
changed water, ammonium humate solution had
a high leaching effect. Inasmuch as the perme-
ability of soil became lower, that is, osmosis
speed declined, salt in sandy soil was certainly
dissolved (or removed). Moreover, in connection
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with the removal of water-soluble salts, the con-
centration of humate increased from the ingredi-
ent in the effluent. Then, the amount of required
ammonium humate could be calculated by meas-
uring the effluent.

The leaching effect by ammonium humate,
and the concentration distributions of salt ingre-
dients were checked. The rate of removal was
decreased in the order of Na'>K"™>Mg' >
Ca®" for the cations and in the order of SO >
Cl->HCO;~ for the anions. Furthermore, the
rate for cation removal was lower than that for
anion removal in saline sandy soil. Concentra-
tion of ammonium humate and ammonium ion in
elution increased with the removal of salts in
sandy soil. These tendencies were based on such
adsorption characteristics that the ions in the
soil water were adsorbed to a particle by the
electric charge. The adsorption is correlated
with Hofmeister's elution permutation, the pore
character and diffusion of the particle based on
the Einstein-Stokes formula (Oor and IwaTa,
1988). However, since its diffusion through a
capillary tube, a pore in the soil, it becomes rate
determining, the diffusion coefficient falls off.

4) Organic substance supply by ammonium

humate

A distribution of ammonium ions and the
organic-matter content of sandy soil is shown in
Fig. 6. The concentration distribution of ammo-
nium ion and organic matter correlated with the
initial calcium ion concentration distribution.
This is because water-soluble humate reacted
with calcium ion in sandy soil, and insoluble cal-

cium humate was immobilized onto soil particles.

From this result, it was understood that the low
permeability and leaching effect of sandy soil

was influenced by formation of calcium humate,

Simultaneously, it was also expected to have a
manure-like effect.

In the desert soil, humate might be accumu-
lated on the surface affording a low water-
ermeability effect. Since the moisture content
was highly correlate to the organic-matter con-
tent, a low permeable layer and water retentive
layer might be formed.

5) Surface analysis of sand particle
In order to analyze the above-mentioned

NH; cont. [mmol- kg-1]

Depth of soil [cm]

00 02 04 06 08 1.0
Organic matter cont. [%]

* : Sandy soil of Kujyukuri Beach, Japan.
Ca’tonc. distribution;

f 0.20(mol/kg), ¢ 0.02,

1g/l Ammonium humate solution ; 1000ml.

Fig. 6. Effect of addition of ammonium humate and
Ca%* on organic matter and NH:" content in
the lysimeter*,

changes in character of sandy soil, surface
analysis of the sand particle (Kujyukuri Beach)
was performed by the observations of SEM and
ESCA. The SEM photographs of the sand parti-
cle are shown in Fig. 7. The salt-free sand parti-
cle (a) has sharp grain form, and their pores are
large. The salt accumulated soil (b) has rounder
sand particles, and the pores are smaller than
these of the washed sand. The sand particles
that were treated with ammonium humate (c)
formed a film between particles, although the
grain form was slightly different from the saline
soil’s one.

According to ESCA, there was almost no dif-
ference in the chemical composition of the
washed sandy soil. A very small quantity of salt
had adhered to the unwashed sandy soil SiO:
surface. Treatment of saline sandy soil with am-
monium humate formed a thin humate layer on
the sand particle surface. It was understood that
calcium humate had adhered to the SiO, sand
surface. By carrying out ammonium humate
processing on saline sandy soil, it could be con-
cluded that the ammonium humate adhered
firmly to the salt, and the void between sand
particles were narrowed by this reason, afford-
ing a lower water permeability.



(b) Salt accumulated
sand soil

(a) Salt - free sand soil
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(c) Sand soil treated with
ammonium humate

Leaching with
ammonium humate

Fig. 7. SEM and ESCA of sandy soil particle.

4. Conclusion

By adding ammonium humate solution into the
salt accumulated sandy soil, soluble salts in the
soil were removed by forming as insoluble com-

plex (Ca®*) or by leaching as soluble one (Na" ).

Simultaneously, organic matter and ammoniac
nitrogen can be provided to the soil. Conse-
quently, the mobility of water can be inhibited to
the maximum extent by formation of a low
water permeable layer in the sandy soil.
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Arid Land Reclamation with Natural Organic Materials

—Effect of Peat-Sapropel Based Ameliorant on Green Cabbage and
Wheat Cultivation in the Egyptian Western Desert—

Tatsuaki YaAMAGUCHI®, Yasushi NisHizak1®, Toyohiko HAYAKAWA®,
Mamdouh Riap**, Michael IBRAHIM"®""
Nikolai BamBaALOV™**"

LE R

, Nabil Fanous***,
, Guennadi SokoLov****

The application on sandy soils of high efficient polyfunctional organic and organo-mineral
materials or ameliorants which are based on natural raw materials, may be considered as eco-
friendly method really and essentially improving the complex soil properties and resulting in in-
crease of agricultural crop yields.

In order to follow and compare the impacts and efficiency of different natural organic materi-
als on desert sandy scil never cultivated before under arid conditions in Egyptian Western De-
sert, peat moss, compost and peat-sapropel (lacustrine deposit) based ameliorant were applied
at the same dosage, 1 wt% of dry matter content to the soil. Then, green cabbage and wheat
were cultivated there under the limited water supply (75% and 50% to the local standard) by
dripping and sprinkling, respectively.

The superiority for improvement of soil conditions, resulted in the best plant growth and de-
velopment, was given by the peat-sapropel treatments. The positive stimulation effect was elu-
cidated for the peat-sapropel on plants rooting and root system development processes, namely,
high rate and strong development of surface part of plants by rational water consumption and
efficient accumulation of biomass by plants and efficient transpiration process. It should be
noted that the additional mineral fertiizer was not necessary on the peat-sapropel plots of
wheat cultivation. This means balanced nutrients are also supplied from the peat-sapropel.

As a result of soil reclamation, the yield of green cabbage head and wheat grain for the peat-
sapropel treatments reached up to 3.7 X10*kg/ha (15 ton/acre) and 0.74 X 10'%kg/ha (3 ton/acre),
respectively. These are satisfactory levels to their local productions in the Delta Area, Egypt.

Key Words: Egyptian desert, Sandy soils, Field experiment, Green cabbage, Wheat, Natural

organic materials

1. Introduction

The question what are the rational ways and
effective means to transform the moving sands
into stable fertile lands is under the discussions
and investigations of many scientists and practi-
cians around the world now. The reclamation of
sandy soils is of great actuality not only for the

countries with vast desert territories, but also
for such European countries as Belarus, Poland,
Ukraine and others that have no deserts, but are
of vast territories covered with sands and sandy
loams in temperate humid zone. Solving the
problem of soil erosion and sand removing has
rather long history and some of satisfactorily
outcomes (experiences of China, Ukraine, Middle
East countries, efc.).

* Chiba Institute of Technology, 2-17-1, Narashino, Chiba 275, Japan.
** Undersecretariat for Afforestation, Ministry of Agriculture, Cairo, Egypt.
*»* Goil, Water and Environment Research Institute, Agriculture Research Center, Giza, Egypt.
=*+x [nstitute for Problems of Natural Resources and Ecology, Minsk, Belarus.
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36

As quite effective means for that are consid-
ered the tree plantation or afforestation, and
there are some divisions for afforestation which
functioning successfully under the Ministries of
Agriculture in different countries, for instance in
Egypt. Some Japanese technologies succeeded in
several deserts and countries bringing good re-
sults and experience into the deal of deflation
processes removal (TovaMa, S. and Tovyama, M,
1995). There were obtained significant positive
results in the improvement of water-sorption
properties of sandy soil, when applying super ab-
sorbent polymers (TAHARA el al, 1994; HoRri-
UCHI et al, 1995; Tovama, S. and Tovama, M,
1995).

However, essentially positive improvement ef-
fects of natural and natural based organic com-
pounds noted by CaARry (1990), Gorovaya (1993)
and others. And the positive data were also ob-
tained in tests with brown coal as ameliorant ap-
plication on salt-marshes (ALEKSANDROV ef al.,
1993). Furthermore, the superiority of peat was
shown due to its longer period of time action
and higher resistance to salt affect (YAMAGUCHI
et al., 1993 ; YamacucHi and TSUKAKoOsHI, 1993 ;
Uomorl et al., 1995 a).

The utilization of natural organic and inor-
ganic raw materials creating the new sorts of
polyfunctional soil-improvers or ameliorants on
their base, might be expected as eco-friendly and
considered as general and effective way for de-

sert sandy land reclamation. The properties of.

different kinds and varieties of liptobioliths (i.e.
coal, peat, sapropel efc.) studied thoroughly. Fun-
damental descriptions of the properties of
liptobiolith-based ameliorants were done by
LisutvaNn and KoroL (1975), LisHTvAN et al
(1989) and LoroTko et al. (1992). The long-term
investigations and practices of the ameliorant
application as organic fertilizer and soil condi-
tioner during several decades allowed to accu-
mulate numerous data for different soil-climatic
zones. Belarussian ameliorants represent of tech-
nologically treated liptobioliths products with
conditioning and balancing additives. One of
those materials has been selected as an organic
ameliorant for field tests conducting in Egypt.
That material had been worked out by Academy
of Sciences of Belarus and manufactured in that
country. The experience of several decades

sandy and sandy loam soil cultivating in Belarus
and test results obtained on newly cultivated de-
sert soils in UAE (BamsaLov and SokoLov, 1993),
where had been tried : peat, sapropel, glauconite,
zeolite, phosphogypsum, efc. being accounted in
developing different kinds of soil ameliorants.
The main principles and basic technological re-
quirements to produce high efficient organo-
mineral fertilizers and ameliorants on the base
of peat-sapropel and their impacts on soil regime
and properties discussed at International Sympo-
sium in Minsk (SokoLov ef al, 1995; SzAIDAK
and SokoLov, 1995). General informations for
sapropel (lacustrine deposits), their classification,
properties and efficiency of agricultural utiliza-
tion were presented by LoroTKo and EvDoKI
MOvA (1986), Kurzo and Bogpanov (1989) and
Uomori et al. (1995 b).

2. Materials and Methods

1) Natural organic materials

For this test, 12 tons of peat-sapropel based
ameliorant, produced by BEL Industrial &
Building Association, Minsk, from raw materials
excavated from Chervonoye Lake, were trans-
ported from Belarus to Cairo by shipping.

In another course of our study, the peat appli-
cation to a sandy soil was found to improve es-
sentially its water-air, ion-exchange, biological
and nutritive regimes, and enrich the soil with
valuable organic compounds (JIN and YAMA-
cucll, 1996). This prompted us to select peat
moss as one of comparative variants. Thus, peat
moss (Shamrock, Bord na Mona Co., excavated
and packed in Ireland) widely introduced into
the domestic market was applied in the test on
green cabbage. Furthermore, the compost from
the municipal waste of Cairo City was intro-
duced from the standpoint of the utilization of
the locally produced organic resources.

2) Field tests

On the basis of the prescribed results, the field
tests have been conducted on sandy never culti-
vated before lands in the Western Desert of
Arab Republic of Egypt, at Egyptian-Japanese
Friendship Forest in Wadi el Natrun, Behaira
Governorate, where is ca. 120 km to the north-
west from Cairo City (Fig. 1). The field tests



were realized in frame of the international pro-
ject “Desert Land Reclamation by DBelarussian
Peat/Sapropel” with the participance of the
Ministry of Agriculture and Land Reclamation,
Egypt and Chiba Institute of Technology, Japan.
The specialists for peat, sapropel properties and
soil ecology from Belarussian Academy of Sci-
ences took part in planning and fulfillment of
experiments, 0o,

The experimental land (60 m> 1350 m) had been
leveled according to its natural declining before

the tests works started. The land was never cul-

3

tivated observing no plant activity and by a sort

of sand characterized as presented in

Table 1 and Fig. 1.

corse

The irrigation water was obtained from the
ground water under 100m by pumping. The
chemical characteristics of the irrigation water
are shown in Table 2. It shows rather high val-
ues of pH and EC.

(a) Green cabbage

Total area was 19m by 40.5m and divided
into 9 plots. One plot size was 77 m". Three vari-
ants of organic materials such as ; A: lIrish
[Egyptian compost; C:
sian peat-sapropel were applied in the repetition

peat moss; B: Belaru-

as illustrated in Fig. 2. The dosage of every or-
ganic materials added into the soil was equiva-

40.5m
135m o
E
A B Cc -
B G A E
WESTERN DESERT b
et
Lake Qarun c A B
\_ 8mnvd 6mm/d dmm/id )/
N
‘ Water supply
P, 2 rangeme sriments vy Tre
cagd EASTERN DESERT Fig. 2. Arrangement of experimental plots (green
P ) cabbage).
A: Peat moss, B: Egyptian compost, C: Peat-
sapropel
Fig. 1. Location of experimental field (Wadi el Dripping system, No. of drippers and plants:
Natrun). 154/plot
Table 1. Characteristics of the sandy soil.
- [on coneentration (cmol/Kg) Cation _ Maximum water  Permeability
pll 1EC exchange  Density . . P
KCl) (uS/cm) P P holding capacity coefficient
: D/ C ~ r <~ 9 cape y g/cme 0 dem
s syjom K+ Mg G Cl- HCO: NO: SO (emol/Kg) (% (10-%cm/s)
8.44 479 0.32 011 0.06 093 0.25 034 000 1.08 2.0 2.67 22 5.53
Table 2. Characteristics of the irrigation water.
EC T.5.5% SARD lon concentration (cmol/1)
oH ) " . M
PR es/em) opm) (emol/)? T Ng K- Mg?*  Ca®® Cl HCO:~  NOs—  S0¢
8.39 969 405.0 2.0 0.40 0.02 0.07 0.14 0.31 0.07 0.00 0.25

# Total soluble salts " Sodium adsorption ratio=Na

/4 (Ca®t+Mg®+) /2



lent to 1 wt% of its dry matter content to the
weight of 0-20 ¢m soil layer.

Drip irrigation sysem was used with the space-
ment between plastic pipes of 1 m and between
drippers of 50 cm. Three levels of water supply
were realized for every culture as follows:
1009, 75% and 50% to the standard plants
water requirements. The standard water require-
ment for green cabbage was equal to 8 mm a
day, which determined from the local climate
parameter (ErL-GiBaLl and Bapawi, 1978). Thus
the irrigation was carried out in the change of
its level, namely the watering for 1 hour a day
using the dripper of 4 L/h as the standard 1009
level (8 mm/d); 75% level by 45 minutes water-
ing (6 mm/d) and 50% level by 30 minutes water-
ing (4 mm/d).

The local variety of green cabbage used was
“Batta”. Its seeding time was on December 3 rd,
1995, and the harvesting on February 10 th, 1996,
namely the duration of 70 days. In accordance
with the local technology 4 seedlings were
planted around of each dripper. The superfluous
plants were picked out on the last decade of De-
cember, thus one cabbage plant was left per
dripper. The total plants number per each one
plot area was equal and consisted of 154 plants.
On January 17 th at 45 days after the planting,
the height of plant and the size of leal were
measured at the site, and the dry weights of root
and head were measured after drying in a oven
at the Soil, and Water Environment Research In-
stitute. After harvesting on Feburary 10th, in
addition to the vield of green cabbage head, such
plant—average parameters as number, length
and width of leaves, length and diameter of
stems, length and weight of roots were measured
finally.

Super Porometer LI 1600 (LI Cor. Ltd.) was
used for the estimation of plant transpiration in-
tensities. Diffusive resistance, transpiration ve-
locity and leaf temperature were measured on
January 24 th, 1996, 18 days before the harvest-
ing.

(b) Wheat

Area of 40 m by 60 m was devided to three
sections according to the level of the water
supply, 100%, 75% and 50% to the standard
water requirement calculated from the local pa-
rameters (EL-GiaLt and Bapawi, 1978). The

standard water requirement for wheat was equal
to 8 mm/day. The irrigation was performed by
sprinkler system (Dan Sprayer). Seven sprinkler
heads (4 X2 mm) per section was set at the cen-
ter in a line on the height of 1.5 m from the
ground. Thus, each section was further devided
into 12 plots (5 mx10 m) as shown in Fig. 3, in
accordance with three variations; A: control,
B: Egyptian compost, C: Belarusian peat-
sapropel, consisting of with and without the ad-
ditional artificial NPK fertilizers. The dosage of
organic materials was similar to the green cab-
bage cultivation.

The local variety of wheat,“Hybrid Giza 527,
was seeded by manually scattering on December
5 th, 1995. After one week, mixtures of NPK fer-
tilizers ; ammonium nitrate (140 kg/acre), super-
phosphate (100 kg/acre) and potassium sulfate
(100 kg/acre) were added to the soil of the fertil-
ized plot.

After the harvesting on May 1st, 1996, the
number of leaves and the plant height were
measured for the typical plant of each plot as
their growth parameter, and the summarized
weights of straw and grain were recorded at
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least three data from each plot. And a statistical
test of significance for the yields was performed
by student’s t-test based on the data from the
control plot.

3) Characterization methods of sandy soil and
organic materials

The granulometric distribution of the initial
soil was measured by the method of JSF (The
Japanese Society of Soil Mechanics and Founda-
tion Engineering) T 131-1990. The composition
of small particle size was submitted to the min-
eralogical analysis with a X-ray diffractometer
(RINT-2000). The three-phase distributions of
the original soil and treated one were checked
by the method of JSIDRE (Japanese Society of
[rrigation, Drainage and Reclamation Engineer-
ing). The filtration coefficient of the sandy soil
was measured by the method of JSIF T 311-1990
with constant water head.

The maximum water holding capacity of the
sandy soil was measured by the standard method
of Japan Soil Association (Nihon Dojyo Kyokai,
1990).

The cation exchange capacity of the sandy
soil was measured by using barium acetate
method (Harapa and Inoko, 1980). The ionic
contents of the water (50 ml) extract from the
soil (1 g) were performed by ion chromatography
(Shimadzu LC—10 AD). The pH and EC values
are measured in a suspension of the soil in de-
salinified water of 1 to 2.5, and 1 to 5, respec-
tively, in weight.

Characteristics of the organic materials were
determined by the method of JSF T 211-1990
(pH), JSF T 231-1990 (organic matter content),
and JSF T 232-1990 (humus-like substance con-
tent). Nutrient contents, Ze total N, total P:0s
and total K:0, are measured by Kjeldal method,
molybdenum reagent and atomic ahsorption, re-
spectively. Trace metal contents of organic ma-
terials and vielded wheat grain were determined
by atomic absorption measurement (Hitachi AA
180-50) of the HI solution of their combustion
ashes.

3. Results and Discussions

1) Characteristics of sandy soil of the experi-
mental field

In general, the reasons of low fertility and pos-
sibility of desert sand being transfered by wind
are features of the granulometric composition.
The sandy soil of the experimental field also has
very low fraction of colloidal particles under
0.01 mm size (Fig. 4). The mineralogical analysis
by X-ray diffraction showed actually no clay
mineral other than quartz was presented even in
the small size fraction under 0.002 mm. Such
granulometric and mineralogical composition
does not allow sandy soils to organize soil ag-
gregates and form agronomically valid deflation-
stable structure, and affords very low cation ex-
change capacity of sand upmost 2.0 cmol/kg.
Lower maximum water holding capacity (229)
and higher filtration coefficient (5.53>10 %cm/s)
of the sandy soil are also matter of utmost con-
cern. The laboratory test of three-phase distribu-
tions of the sandy soil after 24h of the water
penetration through the sand column are illus-
trated in Fig. 5. The neat sandy soils may hold
in fixed condition not more than around 2% of
moisture. Due to these factors, a contrasting
water regime is done in sandy soils, when a wet-
ted soil loses moisture, resulting in the change of
soil medium concentration and pH value. By ad-
dition of 1 wt% (dry base) of peat moss or peat-
sapropel to the sandy soil, their water holdings
were improved greatly up to around 8% and
129, respectively, of moisture (liquid) content.

2) Characteristics of the organic materials

Main properties of the organic materials are
listed in Table 3.

The special features of the peat moss are low
pH value and low nutrient contents. The botani-
cal composition of the Irish peat moss by 909 is
represented of sphagnum mosses (Fuscum, Mag-
ellanicum, and Angustifolum). The degree of or-
ganic matter decomposition through an optical

30

20

Quantity[wt%]

10

10" 10° 10 10°
Particle size [mm]
Fig. 4. Particle size distribution of the sandy soil
(JSF T 131).
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microscopic  measurement around 209
(Methods of Determination of Botanical Compo-
sition and Degree of Decomposition, GOST
28245-89, State Standard, Moscow (1994)). This

means it has rather high content of fibric compo-

was

nent, keeping higher water holding capacity even
toward a saline solution (Yamacuchr and Tsu.
KAKOsHI, 1993).

The local compost as one of the most popular
fertilizing and soil improving materials in that

Liquid
(2.2%)

Original

7 Liquid
Liquid (8.1%)

(12.3%)

Peat-sapropel

added 1wt%

Fig. 5. Three phase distribution after 24h of water
penetration (JSIDRIE method).

Peat moss
added 1wt%

was the Ministry of

Agriculture, Egypt and applied also to the soil.

country introduced by
The origin of the compost is from treated city
wastes. The utilization of similar composts, as it
is said, enriches soil with organic matter and nu-
trients, but it may be unsafety in fact, from
ecological and hygienian points  of view.
Although humus-like substances are not found in
the compost, it contains other tnurient compo-
nents (Table 3). Harmful metals are
contaminated in it also. Actually, undesirable

heavy metals, Pb (79 ppm), Cd (<10 ppm) and Cr

heavy

(45 ppm) were detected by the atomic absorption
spectrometry. As another starting items of the
compost attracting to tests conducting was fol-
lowing its term-action effect in soil, as far as
some data show (SToaT and MaArTIN, 1990) that
decomposition and synthesis processes of com-
paratively“young” and, in opposite, “old” or-
ganic substances peat moss in different ways.
The lack of humus-like substance in the compost
used in the test means that it is rather “voung”
in the composting process. Substantially, non-
endurable bad smell had generated from it at the
initial stage.

The peat-sapropel contains balanced NPK nu-
trients with trace elements, which are basically
originated from lacustrine deposite, and is ex-
pectable to act effectively as mentioned above.

3) The effect of the organic materials on the
growth of green cabbage
The differences in plant growth and develop-

Table 3. Basic characteristics of organic materials applied in the experiments.

. Peat Moss Cn‘mpost Peat - sapropel
(Ireland) (Egypt) (Belarus)

Moisture content, % G0 25 50
pH (KCI) 3.7 6.5 6.5
Organic matter content, % to dry matter 97.5 54.0 75.0
Humus-like substances content, % to dry matter 59.2 ND* 43.0
Nutrients content, % to dry matter :

Total N 1.3 23 3.0

Total P-0s 0.01 1.40 1.00

Total K20 0.03 2.00 1.30
Trace elements ND Fe,Zn,Mn,Cu,B, Fe,Mn,Cu,Zn,

Ph** Cr=* Cd** Mo, B

* ND: not detected
** Undesirable elements



ment between tested organic materials were ob-
served very soon after seeding, ie after one
week. There were more strong plants with har-
moniously developing and normal leafs color on
the peat-sapropel plots within all irrigation lev-
els. Differences between the organic materials
were increasing following the plant vegetation.
The data measured at 45 days after the planting
(Table 4) illustrate the developing state in plants
and show that the root system as well as the sur-
face part of plants on the peat-sapropel plots is
several times stronger than those on the compost
plots, and especially, on the peat moss plots.
Cabbage head forming started much earlier in
the peat-sapropel plot, too. The similar regulari-
ties were observed for all water supply treat-
ments. An example at 75% irrigation level (6
mm/d) is shown in the photo (Fig. 6).

To estimate the water transpiration process
the porometry measurements were done on Janu-
ary, 24 th 1996, 7.e. 52 days after the planting. As
shown in Table 5, the leaf diffusive resistance
decreased from the plots of the peat moss appli-
cation (2.47 s/cm®) to that of the compost (2.26 s/
cm’) and to that of the peat-sapropel (2.22 s/cm?).
The speed of transpiration, on the contrary, in-
creased essentially from the lowest (5.97 pg/cm?®/
s) on the peat moss plots to the highest (7.27 ug/
cm’/s) on the peat-sapropel plots. At the same
time the state of plants (dimensions, common
view, leaf color, etc.) was excellent. The tem-
perature of leaf was just the same as it was in

Table 4.

other variants. Thus the highest intensity of
water transpiration process was observed on the
plots where the peal-sapropel had been applied.
The plants consumed waler rationally for neces-
sary physiological processes realizing and accu-
mulated their biomass effectively.

Green cabbage yields and average plant pa-
rameters data (Table 6) show that all advan-
tages in plant growing conditions which have
been stimulated by the peat-sapropel application
summed up in final results, where the increase of
vield reached 438% to the reference (peat moss

treatment) vield on 8 mm/d of water supply.
460% on 6 mm/d, and 516% on 4 mm/d. Those
for the compost treatment constituted of : 3369%,
285% and 271%, respectively. Following reduc-

Fig. 6. Green cabbage growth after 45 days.

I: Peat moss, E: Egyptian compost,

B: Peat-sapropel

Green cabbage plants parameters® after 45 davs (Jan. 17, 1996).

. . Height of plant
Organic material St oL pian

Length of leaf

Width of leaf Dry weight (g)

(cm) (em) (cm) Roots Head part
Peat moss 144 9.0 7.1 0.17 1.32
Egyptian compost 22.8 15.0 13.3 0.45 2.41
Peat-sapropel 35.6 20.4 20.6 2.09 18.56

@ Typical 15 plants by each organic material have been measured and averaged for all variations of water supply.

Table 5. Porometry measurement data of green cabbage® (Jan. 24, 1996).

. - Diffusive resistance
Organic material

Transpiration velocity

Leal temperature

(s/cm?) (ug/em?/s) ('c)
Peat moss 247 5.97 25.0
Egyptian compost 2.26 6.96 24.1
Peat-sapropel 2.22 7.27 24.5

“ Typical 5 plants by each organic material were measured and averaged.
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Table 6. Yield® and morphological measurement™ of green cabbage (Feb. 10, 1996).

. Water Numer Leaf Leaf Stem Stem  Root  Plant i . s o
Orgtan} cl supply of length  width length diameter length weight P]am(;)e'ght 1 Oylizrl/c:la ) Y;S:a(tf)
matenal  mmiday) leafs  m)  m)  (m)  (m) m) (@)
4 302 220 150 6.2 124 318 48.0 362+33 6.18£0.74 100
Peat moss 6 36.5 23.8 16.8 49 1.08 32.0 23.4 378x16 7.41+0.25 100
8 396 206 166 3.9 1.02 314 23.1 43254 8.65+0.99 100
4 496 299 221 6.5 144 324 59.0 1,050+92  20.76+1.73 336
Compost 6 54.8 310 224 6.6 1.46 36.8 72.0 1,078 +66 21.25+1.24 285
8 582 336 234 7.1 148 360 1280 1,172+£68  23.23+1.24 27
4 668 296 288 7.7 211 416 972 1,610+126 31.88+297 516
Peat-sapropel 6 602 336 310 80 202 448 1260 1,740+228 34.35+4.45 460
8 776 394 328 82 248 514 1780 1,890+105 37.31%3.46 438

® Yield of cabbage and average plant weight were calculated on the basis of weight and number of plant, and expressed

by the mean+S.E.

Y Typical 15 plants were taken from each plot for morphological measurements.
© Percentage against the yield of peat moss plot in each water supply level.

Table 7. Variation analysis of green cabbage yield (Latin square design).

Factor Sum of square Degree of freedom Mean square Fo
A': Organic material 110,295 2 55,147 1,250 *
B: Water supply 1,756 2 878 20*
C: Position 228 2 114 3

Error 88 2 44 -

Total 112,367 8 - -

2 005, 190
F3 (001) = 900

ing the irrigation levels there were observed de-
crease of the yield for all the variants, but that
took place on the peat-sapropel treatment essen-
tially less than in each other, i.e. the compost
and peat moss treatments. It should be noted
that even under 4 mm/d of watering the level of
yield for plots improved by the peat-sapropel
was 3.7 time higher of that for 8 mm/d of water-
ing on the peat moss treatment, and 1.4 time
higher of that on 8 mm/d irrigated plots with the
compost application.

All plants measurements and their growth
monitoring allowed to conclude that any kind of
suffering due to water deficit could not be ob-
served even on minimal (4 mm/d level) irrigation
treatment in this experiment. This could also be-
come clear from the variation analysis by Latin
square design (Table 7) showing a very large
contribution of the factor of organic materials,
but far less contribution of water supply within
the prescribed levels of this experiment.

4) The effect of the organic materials on the
growth of wheat

After harvesting on May 1st, 1966, the plant
height and the number of branch of typical
wheat plant were measured as parameters of the
plant growth, and the threshed plant was submit-
ted to measure the weight of straws and grains
as parameters for yield. The results are summer-
ized in Table 8. The applications of organic ma-
terials, the compost and the peat-sapropel,
showed significant differences (p<0.05) in the
every parameters, however there observed no
significant positional deviation between the plots
of the same condition.

A satisfactory amount of grain yield of around
0.7x10' kg/ha(=3ton/acre) was obtained as to
the peat-sapropel application with 8 mm/d irri-
gation level. This amount is comparable yield to
the local production of the same variety in the
Delta Area. The differences between the peat-
sapropel plots with and without the addition of
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Table 8. Yield® and morphological measurement of wheat® (May 1, 1996).

: Water ~ Number of branches  Plant height (cm) Straw yield (10'kg/ha) Grain yield (10'kg/ha)
Organic supply
‘material (¢ /dav) Fertilized Nontertiized Fertilized Nontertized . Fertilized  Non tertilized  Fertilized  Non tertilized
4 2.75 1.25 68.8 17.3 052+£0.06 004001 031+0.03 0.04%0.01
Control 6 4.00 1.75 67.0 46.3 0.61+0.05 0.07+0.03 0.38%£0.12 0.07+0.01
8 4.00 2.00 69.5 50.8 0.81+0.05 0.09+0.02 0.50+£0.01 0.10+0.01
4 5.00 4.75 85.0 63.3 1.17£0.08 0.67+0.11 0.64+0.02 0.40%0.12
Compost 6 5.25 5.25 85.5 655 1.25+0.08 0.84%£0.07 0.70%£0.03 0.47+0.03
8 5.70 6.00 83.8 69.8 1.17£0.10 0.75£0.05 0.72+0.03 0.47+0.09
4 7.50 7.50 93.0 815 1.21+0.02 0.81+0.05 0.69+0.03 0.49+0.05
Peat-sapropel 6 8.67 8.25 91.5 93.0 1.32+0.03 1.30+0.09 073+£005 0.66+0.04
8 9.25 10.50 105.6 93.5 1.41+0.04 1.31£0.08 0.77+0.04 0.75+0.04

a) The values of yields are the mean *S.E. of at least 3 data from a plot.
b Significantly different from the value for the control at p <0.05.

NPK fertilizers are not so much as compared to
the compost plots or the control plots. This
might be because enough nutrients, especially to-
tal nitrogen, have been orignally presented in the
peat-sapropel.

Dramatically poor yields were given by the
control plots without fertilizer. The yields were
less than 15% to that of the peat-sapropel plots.
However, as for the control plots with fertilizers
and 8 mm/d irrigation level were obtained two
third of the grain yields to the peat-sapropel
plots with the same conditions.

Different from the peat-sapropel plot, there
showed great effect of fertilizers for the grain
yields from the compost plot. This might be at-
tributable to the low degree of composting of the
compost used in the experiment, offering low
level of effective nutrients to the plant. The elu-
cidations of the term effect on the compost are
continuing at the same site. No harmful heavy
metal was detected from the yielded grain from
the compost plot.

The effect of water supply was not so drastic
for the organic materials treated plots between
100% (8 mm/d) and 50% (4 mm/d) to the water
requirement. As a matter of fact, the reduction
of water supply is of the greatest interest in this
area, the midst of desert. The trials for further
reduction are also in progress.

4. Conclusion

Green cabbage cultivated on plots reclaimed
by the peat-sapropel application of 1 wt% of dry
matter content to the sand grew up and devel-
oped much more intensively than those in refer-
ence treatments with the same level dosage. It
was observed by the peat-sapropel treatments
that the rational water consumption by growing
green cabbage plants with comparatively not
high transpiration intensity and most intensive
accumulation of dry matter by plants even under
unfavorable water supply (50%) to the local
water requirement. Excellent effect of the natu-
ral organic materials were also observed for the
wheat cultivation. From the control plots (with-
out organic materials application) obtained not
more than 15% of grain yield to that from the
peat-sapropel treated plots. There was no princi-
pal necessity also in additional mineral fertilizer
droppings on the peat-sapropel plots during the
wheat plants vegetaton period.

Mentioned priorities are the result of essential
improvement of the properties and soil regimes
optimizing by peat-sapropel based ameliorant in-
troduced into the soil, giving a comparative level
of yields to those from the Delta Area of that
country.
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Desert Area in the World from the Viewpoint of Development

Yasuko NisHIGAMI*

The Earth’s deserts have recently attracted much attention with relation to the serious issue of global
warming. Carbon dioxide (CO2) has been responsible for over half the enhanced greenhouse effect in the past
and is likely to remain so in the future. Utilizing solar radiation from the Earth’s deserts is proposed as one
measure for restraining massive release of CO2 due to fossil fuels consumption. Planting trees in the vast arid
regions for reduction of the atmospheric COz concentration is also suggested.

The definition of desert has not been clearly established until now and various values have been reported
as to the area of the world’s deserts. The boundaries of deserts are not as clear as national boundaries and the
distinction between desert and semi-desert is difficult. In this study the four kinds of deserts were classified
according to the distance from shoreline from the viewpoints of development and utilization.

Deserts are very dry with little rainfall with the result that there is little or no vegetation. Using the world
annual precipitation data (0.5° latitude/longitude mesh data) from Global Ecosystems Database of U. S. Na-
tional Geophysical Data Center (NGDC), four kinds of deserts were defined. The distribution of deserts are
given in the same mesh data as the precipitation data. The annual rainfall is less than 25mm in the ultra-
desert, 25mm and 50mm in the super-desert, between 50mm and 100mm in the desert, and between 100mm and
250mm in the semi-desert, respectively. The area of each is 287.4 Mha, 266.7 Mha, 442.6 Mha and 1,318.1 Mha,
respectively. The world’s total desert area is 2,314.8 Mha.

The four kinds of desert were also classified according to every 100km distance from sea. Industries and
factories for solar energy utilization will in general be more favorably located near the shoreline. Afforesta-
tion in arid regions requires water and the supply of fresh water by distillation of sea water will be one possi-
ble option. Desert areas nearer to the sea and having more abundant sunshine will be preferred for develop-
ment. Ultra-desert has the most abundant solar radiation and its area increases according to its distance from
shoreline up to a 900km distance. Semi-desert has a little rainfall and its area decreases with increasing dis-
tance from shoreline. Desert areas therefore have advantages and disadvantages with regard to the quantity of
solar radiation and the distance from shoreline.

Many global environmental issues are arising nowadays and solutions are required for sustaining future
development. Abundant solar energy and vast unused desert land may come to play important roles in the fu-
ture. The classification of world deserts according to distance from the shoreline as provided in this study
gives much important information for future desert development.

Key Words : Desert area, Precipitation, Shoreline, Solar energy, Desert development

* Research Institute of Innovative Technology for the Earth (RITE). 9-2, Kizugawadai, Kizu-cho, Soraku-gun,
Kyoto 619-02, Japan.
(Received, April 25, 1997 ; Accepted, July 28, 1997)
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Salt Efflorescent Materials in Saline Lands of Xinjiang, China

Akihiko OkADA*, Sadayo YaBuki®, Cong-Qiang Liu**, Akira UEDA""",

LE R R J

Zi-Li FaAN**** and Qing CHANG

In the saline lands and deserted lands in Xinjiang, China, ie, the peripheries of the
Taklimakan Desert in Tarim Basin, the southern periphery of Zhungar Basin and the central
part of Turpan Basin, salt accumulation is conspicuous in the damp areas where the ground
water level is shallow. Generally the vertical distribution of water-extractable Na*, Ca?*, Mg?*,
Cl- and SOs2- in the soil profiles indicates the surface deposition of salts due to the capillary
evaporation of salt-containing water under the dried environment. The major salt materials
occurring in the soils of saline lands are halite (NaCl), thenardite (Na2SOs) and gypsum (CaSOs*
2H:0), and accessory minerals such as bassanite (CaS0i°0.5H:0), glauberite (Na2S04-CaS0s),
eugsterite (2 Na:S04+CaSO0;-2H:0), hexahydrite (MgSOs-6H:0), kieserite (MgSOs-H20), bloedite
(Na:SOs- MgS0s-4H:0), konyaite (Naz50s+MgS0:-5H20) and humberstenite (KsNazMgz (SO4)
(NO3) 2-6 H20) were locally found. These salt species could have precipitated by the evapora-
tion of the capillary-rising, aqueous solution through the soil pores from the ground water level.
The most probable sources which supply salt-constituting chemical species to the saline lands
are: (1) the Tertiary salt deposits in the Kunlun and Tianshan Mountains around Tarim Basin
and the Huoyanshan Mountains in Turpan Basin, and (2) the Quaternary salt crusts and the
present-day redeposited salt materials occurring in the subsurface of diluvial-alluvial fan sedi-

ments.
Key Words : Evaporite, Desert, Xinjiang
1. Introduction

In the arid and semiarid environments, the salt
accumulation in the soil brings about the degra-
dation of lands by the loss of vegetation, and is
regarded as one of the most serious factors caus-
ing desertification. As concerns the salt accumu-
lation to the environment, there exist several im-
portant geochemical problems to be solved, i.e.,
(1) mineral or chemical species occurring in the
saline lands, (2) accumulation and precipitation
mechanisms, and (3) sources and transportation
mechanisms of salt species. During 1987-1994,

we made field surveys and geochemical investi-
gations of the saline lands distributing at the pe-
ripheries of the desert areas in Xinjiang, China
by the cooperative studies between Japan and
China (Okapa ef al, 1992 a, b, 1994, 1995).

2. Sampling Sites

Salt material, soil, river water and ground
water samples were collected in and around the
saline lands distributing at the margins of the
desert areas in Xinjiang, China. In several saline
lands, soil profile samples were collected at in-
tervals of 5-10cm from the surface of the

* [nstitute of Physical and Chemical Research. Wako, Saitama 351-01, Japan.

** [Institute of Physical and Chemical Research.

Present address: Center for Geosciences, Chinese Academy of

Sciences. Datun Rd., Chaoyang, Beijing, People’s Republic of China.
*** Mitsubishi Materials Corporation. Kitabukuro, Chmiya, Saitama 330, Japan.
+**» Xinjiang Institute of Biology, Pedology and Desert Research, Chinese Academy of Sciences. Beijing South Rd.,

Urumgi, Xinjiang, People’s Republic of China.

(Received, May 30, 1997 ; Accepted, July 28, 1997)
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ground to the depth of 1.0-1.5m. Fig. 1 shows
the sampling sites in this work, i.e, (1) northern
part of Tarim Basin (Kuerle, Luntai, Kuche,
Akesu), (2) western and southwestern parts of
Tarim Basin (Kashi, Shache, Yecheng, and sa-
line lands along the Kashi, Tizinap and Yer-
giang Rivers), (3) southern part of Tarim Basin
(Moyu, Hetian, Luopu, Cele, Yutian), (4) eastern
and southeastern parts of Tarim Basin (Yuli,
Tieganlike, Ruogiang, Qiemo, Minfeng), (5) Tur-
pan Basin, (6) southern part of Zhungar Basin
(Fukan, Mosuowan, Jinhe, Yining) and the
Pamirs (Tashikuergan). Tarim Basin is an arid,
closed basin occupied mostly by sandy Takli-
makan Desert. The annual precipitation and
evaporation are <50 mm and 2,000-3,000 mm, re-
spectively, in the western and south-western pe-
riphery of the Taklimakan Desert in the Tarim
Basin, and <20 mm and 3,000 mm, respectively,
in Turpan area (Zuu ef al, 1986). A salt lake
called Aiding-hu locates at the lowest location in
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and Taklimakan Desert area. The annual pre-
cipitation is about 200 mm in the southern part
and 100 mm at the central part of the desert in
the Zhunger Basin.

3. Experimental Method

1) Chemical analysis

The water-soluble components in soil samples
were extracted by the following procedure. Add-
ing 5 times the quantity of distilled water to the
air-dried soil sample, the soil-water mixture was
shaken for 1-2 hours. The water extracts were
recovered by filtration using 0.2 mm pore-sized
membrane filter. The quantitative analysis of
cations in water-extracts was carried out using a
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HIC-6 A ion chromatograph analyzer.
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Fig. 1. Sampling sites of salt materials in Xinjiang.



2) Mineralogical Analysis

Salt grains in the soil samples were separated
by hand-picking under the microscope. The iden-
tification of salt mineral species was carried out
by the analysis of X-ray diffraction powder pat-
tern obtained by Debye method using Gandolfi
cameras, 114.6 mm and 57.3 mm in diameter, un-
der the Ni-filtered Cu Ka radiation. Scanning
electron microscope, JEOL JSM-840 A, equipped
with a LINK 10000 energy dispersive X-ray de-
tection system, was used for the observation of
the morphologies and occurrences of salt miner-
als and the determination of their chemical com-
positions.

4. Result and Discussion

1) Vertical distribution of salt species in the

soils of saline lands

Figure 2 (1)-(5) shows the vertical distribution
of water-extractable ionic species in the vertical
soil sections collected at the sampling sites. Ba-
sically, the distribution patterns are formed both
by the capillary rising of the ground water and
the evaporation of water at the ground surface
leaving residual salt precipitates. The salt accu-
mulation in the soil and the subsequent forma-
tion of saline lands by this process is common in
the arid zone of the world. The most typical ex-
ample is shown in the distribution pattern found
in the saline land at Yima, Tarim Basin (Fig. 2
(1)-A and B), which shows the highest concentra-
tion of water-soluble ionic species just at the sur-
face of the ground. However the vertical distri-
bution of Na*, Ca?*, Mg?*, Cl- and SO#  con-
tents from the surface to the near surface zone,
about 40 cm in depth, of the several sampling
sites shows conspicuous distribution patterns
which indicate the salt removal by wash-out af-
ter the surface accumulation of salts. Tenta-
tively we classified into 5 groups according to
the degree of the salt removal in the surface
zone of the soil section. Group 1 in Fig. 2 (1)
shows the saline soils which have not been or
have little been affected by salt depletion. The
surface accumulation of salts is conspicuous as
indicated by the steep increase of all of the Na*,
Ca?*, Mg?', CI~ and SO~ species to the surface
of the ground. Group 2 in Fig. 2 (2) shows that a
slight salt removal is observed at the surface of
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the ground as indicated by the slight decrease of
Mg ion to the surface. It is because Mg salts
such as magnesium sulfate hydrates and magne-
sium chloride hydrates are most water-soluble
among the soil salt precipitates in the saline
lands, and because the removal of Mg salts by
wash-out is expected to appear at first compared
with other salts found in the saline lands in Xin-
jlang, e.g, halite (NaCl), thenardite (Na.SO),
gypsum (CaS0;-2H:0) and so on. Group 3 in Fig.
2 (3) shows the group which was affected by fur-
ther salt removal from the soil of the surface
zone. All of the Na*, Ca?**, Mg?*, Cl~ and SO~
species are decreasing toward the surface. Group
4 in Fig. 2 (4) shows that the decrease of ionic
species at the surface zone is more distinct and
more advanced. In Fig. 2 (4)-A and B, the salt
precipitates consisting mainly of NaCl and Na:
SO, concentrate at the subsurface zone, about 2-
5cm in depth. This could be caused by the wash-
out of salt precipitates from the surface and by
the downward shifting of redissolved salts to the
subsurface due to a small amount of rain water.
In the case of Group 5 in Fig. 2 (5), NaCl concen-
trates at deeper subsurface zone, compared with
the cases in Fig. 2 (4), and CaSO; salt (gypsum)
distributes broadly at the depth deeper than 20
cm from the surface. Both sampling sites of Fig.
2 (5)-A and B locate in the flood plain at the sub-
urban area of Yecheng situated in the south
western part of Tarim Basin, and consist mainly
of thick fluvial sediments. In the vertical section
of the sediments, there exist a lot of salt layers
composed of gypsum (CaSO;-2H:0), which could
have been brought by the river water and sea-
sonal floods for years from the salt deposits of
the mountain areas. In comparison with the dis-
tribution pattern of CaSOs salt (gypsum), NaCl
concentrates at the subsurface zone, 10-30 cm in
depth. This fact indicates that the distribution of
NaCl is affected by the capillary evaporation to-
ward the surface of the ground because of the
easier solubility in water. The decrease of NaCl
concentration at the surface could be influenced
by the wash-out by seasonal precipitation or
floods.

2) Occurrence of salt minerals in the saline soils
In the closed arid basins, e.g, Tarim Basin and
Turpan Basin, saline lands distribute in the des-
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A: Gedaliang, Jiashi (Sample No. 911015-1)

B: Yima, Zepu (Sample No. 911010-1)

C: Tuoyibao, Shaya, Akesu (Sample No. 921015-2)

D: Tarim River side, Yuli, Kuerle (Sample No. 921012-1)
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Fig. 2 (1). Water-soluble salt concentrations in the soil profiles of Group 1.
Water-extractable ionic species concentrate just at the surface of the ground.
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Fig. 2 (4). Water-soluble salt concentrations in the soil profiles of Group 4.
Most of water-extractable ionic species are depleted at the surface, and concentrate at the subsurface zone.

A Yiufuer-kebagiang, Atushi (Sample No. 921015-2)
B: Meiqitiji, Yuepuhu (Sample No. 911014-1)
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Fig. 2 (5). Water-soluble salt concentrations in the soil profiles of Group 5.
Vertical distribution of water-extracted ionic species in the soil section in the flood plain.

A : Kekeya, Yecheng {Sample No. 911011-3)
B: Jiangge-kesi, Yecheng (Sample No. 911010-2)

part of the Tarim Basin, eugsterite (2Na:SO;-
CaSO0;-2H-0) and bloedite (NazSO.-MgSO4-4HzO)
are commonly present in addition to halite
(NaCl), thenardite (Na:SQ0s) and gypsum (CaSO;*
2H:0). Eugsterite has been so far found in the
arid lands of Turkey, Kenya and U.S.A. (VER-
GOWEN, 1981; SKARIE ef al, 1987), but is a com-
mon accessory salt mineral in Xinjiang, China,
especially in the salinized areas of Taklimakan
Desert margins and Turpan Basin where both
thenardite (Na.SO,) and halite (NaCl) are found
as salt efflorescents (Fig. 3 (1)-E). Magnesium-
bearing salt species widely distribute in the
saline lands along Kashi River and Tizinap
Rivers in the western and southwestern areas of
Tarim Basin in contrast with the northern part.

Compared with the western and southern parts
of Tarim Basin, magnesium supplied by the
river system seems to be much lower in the
northern areas. A rare occurrence of potassium-
and nitrate-bearing salt mineral, humberstonite
[KsNazMg: (SOs) s (NOs).+6H-0], is found as finely
powdery efflorescence on the surface of halite
crust covering the saline soils at Shaya in the
northern area of Tarim Basin (Fig. 3 (1)-F). This
mineral has been found in Chile and U.S.A. to
date (MROSE et al., 1970; ERICKSEN ef al, 1988).
In Xinjiang, it has been reported that nitrate
content of soil is rather high, 0.01-0.16 and 0.01-
0.09 wt.% in Turpan Basin and Tarim Basin, re-
spectively (WEN, 1965), but the source of nitro-
gen has not yet been clarified.



Table 1. Evaporite Minerals in Saline Lands of Xinjiang, China

Tarim Basin

Central Region

Mazatage halite (NaCl), gypsum (CaSO.-2H20), anhydrite (CaSQOs)
Northern Region

Cedaya halite (NaCl), eugsterite (2Na:SO:-CaS0,-2H:0)

Luntai halite (NaCl), eugsterit (2Na:S0,-CaSO,-2H:0)

Shaya (Tarim River side, 30 km SSE of Shaya)
halite (NaCl), eugsterite (2Naz:SO;+CaS0Os-2H:0),
humberstonite [NazKiMg:z (SOs) s (NOas)2+-6H20]
Kuche (Yanshuigou) halite (NaCl)
Yangdouma (Muzati River side) halite (NaCl), thenardite (Na:S0.),
bloedite (Na:S04+MgSQOs-4H20)
Tuman (Tuoshigan River side) halite (NaCl), thenardite (Na:SOy),
bloedite (Na2S0s-MgSO,-4H20)
Akesu Reservoir (along Tuoshigan River) eugsterite (2NazS0,4-CaS04-2H:0)
Baishitukeman (Akesu River side) halite (NaCl), thenardite (NazSO1)
Akesu halite (NaCl), thenardite (Na:SOs)
Yijianfang halite (NaCl), thenardite (Na2S0.)

Western Region
Tazihong halite (NaCl), thenardite (Na2S0Qy), bloedite (Na2S0,- MgSQO;-4H:0),
konyaite (Na:S0,-MgS0;-4H:0), eugsterite (2Na:S0;-CaS0O;-2H20)

Yapuquan halite (NaCl), bloedite (Na:SO; - MgSQOy-4H:0)

Yingjisha halite (NaCl), thenardite (Na:S0s), vanthoffite (3Na:SOs-MgSQOy)
Yima thenardite (Na:SOy), eugsterit (2Na2:S0,4-CaSQO,-2H20)

Kekeya gypsum (CaSO.-2H-0)

Kekeya (Yerqgiang River side)
halite (NaCl), thenardite (Na2S0Os), hexahydrite (MgSQ,-6H20)

Jiangelesi gypsum (CaS0s-2H:0), eugsterite (2Na:S0;-CaS04-2H:0)

Meiqitiji halite (NaCl), thenardite (Na2S0y), bloedite (Na:SO:-MgSO4-4H:0)
Wuke halite (NaCl), hexahydrite (MgS0,-6H:0), starkeyite (MgSQ,-4H.0)
Yangdaman halite (NaCl), thenardite (Na:SQy), bloedite (Na:SO; - MgSO;-4H:0)
Gadaliang thenardit (Na:S0s), hexahydrite (MgSOs-6H20),

eugsterite (2Na»S04-CaS0,-2H:0)
Youguerkebaqiang thenardite (Na2SO0y)
Bageawati thenardite (Na:50)
Jiashi (Kezilesu River side)
gypsum (CaSO;-2H:20), hexahydrite (MgSOy-6H:0)
bloedite (Na:SO; - MgSO,-4H:0), eugsterite (2Na;S04+-CaS0,-2H.0)

Southern Region

Hetian halite (NaCl), bloedite (Na2S0: - MgSO;-4H20),
eugsterite (2Na2504-CaS0;4-2H:0)

Buya halite (NaCl), thenardite (Na:SOs), gypsum (CaSO,-2H:0),
konyaite (Na:SOs- MgSO0,-5H:0), hexahydrite (MgSO4+6H:0),

Luopu bloedite (Na2:SQ;-MgSOs-4H:0)

Aqikeshan halite (NaCl), glauberite (Na:SOs-CaS0s), bassanite (CaSO:+0.5H-0),
celestite (SrSOs)

Cele gypsum (CaSOs-2H:0)

Yutian halite (NaCl), thenardite (Na250,), starkeyite (MgSO,+4H:0),
celestite (SrS0,)

Paheqi halite (NaCl), thenardite (Na2S04)

Yaogantuokelake halite (NaCl), thenardite (Na.SO4), hexahydrite (MgSO;-6H:0),
starkeyite (MgSQs-4H-20)

Yingbage thenardite (Na:SOy)

Minfeng bloedite (Na2SO0s* MgSO,-4H:0)

Andier halite (NaCl), thenardite (Na:S0s), hexahydrite (MgSQOs-6H:0),
konyaite (Na2SOs- MgS0,-5H:0)

Sudong halite (NaCl), burkerite (Na2C0z+2Na2504)

Qiemo halite (NaCl), thenardite (Na2SO0s), gypsum (CaSOs-2H:0),

eugsterite (2Na:S0;-CaS0s-2H20)

Eastern Region

Yuli halite (NaCl), eugsterite (2Na:S0,-CaS0s-2H:=0)
Tieganlike gypsum (CaS0;+2H:0), eugsterite (2Na2S0,-CaS0;-2H:0)
Luobuzhuang halite (NaCl), eugsterite (2Na»SQ4-CaS0s-2H:0)

Ruoqiang halite (NaCl), kieserite (MgSQ;-H20)
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Tashishayi thenardite (Na2SOs)

Washixia gypsum (CaSO; - 2H:0), bassanite (CaS0s-0.5H:0),
dolomite (CaMg(CO3)2)

Jianggeshayi thenardite (Naz2SOs)

Turpan Basin

Yemushi halite (NaCl), thenardite (Na:SOs), gypsum (CaSQs-2H-0)

Xiaocaogou halite (NaCl), thenardite (Na:S0u), gypsum (CaSOs-2H:0)
eugsterite (2Naz250;-CaS04-2H20)

Taoergou epsomite (MgSQs+7H20), hexahydrite (MgSOs-6H:0),

pentahydrite (MgSOs-5H:20), starkeyite (MgSQO4-4H:20),
kieserite (MgSQs - H20), gypsum (CaSO4-2H20)
Hongqixiang thenardite (NazS0s), eugsterite (2Na2504-CaSOs+2H20)
Aidinghu Lake halite (NaCl), thenardite (Na2SOx), gypsum (CaSOs-2H20)
Huoyanshan Qianshadi thenardite (Na:SOs), glauberite (NazSQs-CaSO0s), gypsum (CaSQs-2H:0)
bassanite (CaSQ;s - 0.5H20)
Wudaolin epsomite (MgS0;+7H20), hexahydrite (MgSQ4+6H20), thenardite (Na2S04)
Saierkepu halite (NaCl), thenardite (NazSQu), anhydrite (CaSOs),
gypsum (CaS0;-2H20), bassanite (CaS0;+0.5H20),
eugsterite (2NazS04-CaS0O,4-2H20)
Shenquan halite (NaCl), calcite (CaCQOs)

Zhungar Basin

Southern Region

Qitai halite (NaCl), thenardite (Na2SO)

Tianchi gypsum (CaS0s-2H-0)

Fukang thenardite (NazS0s), gypsum (CaSO4-2H20)

Shibadaoliang gypsum(CaS0,-2H:0)

Liuhudi bassanite (CaSO4-0.5H:0)

Daquangou thenardite (Naz2SO0u), glauberite (Na2S04-CaSO04), gypsum (CaSOi-2H:0)
bassanite (CaSQO:-0.5H20)

Mosuowan bassanite (CaSO:-0.5H20)

Ganhezi thenardite (Na2SQs)

Gaoquan thenardite (NazSOs)

Jinghe eugsterite (2Naz:S0:-CaS0s-2H:0)

Aibihu Lake halite (NaCl), thenardite (Na:SQy), eugsterite (2NazSOs-CaS0,-2H:0)

Sailimuhu Lake thenardite (Na2:S0s)

Yining gypsum (CaSOs-2H20)

Yamatu Bridge (Yili River side) thenardite (Na2S0s)

The Pamirs
Gaizi pentahydrite (MgS0:+5H20), starkeyite (MgS0s-2Hz0)
Tashikuergan mirabilite (Naz2S0:+10H20)
Bulunkoule halite (NaCl), thenardite (NazSO.)

Kalakuli Lake halite (NaCl), thenardite (Na2SOs), bloedite (Na2S04-MgSO,-4H:0),
konyaite (Na:SO;-MgSOy-5H:0)

Dabudaer thenardite (Na2S04), konyaite (Na:SO«-MgSQs-5H20)
Liangtai thenardite (Naz2S0,)

Maza thenardite (Na2:S0ys)

Kalagigu thenardite (Na2S0x)

Kalasu halite (NaCl), thenardite (Na2SOy)

Yanqi Basin

Bositenghu Lake halite (NaCl), thenardite (Na2SQx)
Kumishi halite (NaCl)

Chaiwopuhu Lake thenardite (Na2SO;)

Dabanchenghu Lake halite (NaCl), thenardite (Na2SOu)
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Fig. 3 (1). SEM images of salt minerals in saline lands of Xinjiang, China.

- Halite ervstals (center) and thenardite at the back., Yingjisha, Tarim Basin (scale: 10 mm)
. Thenardite from Tarim River side, south of Shaya, Tarim Basin (scale: 10 mm)

: Gypsum from Liuhudi, Zhungar Basin (scale: 10 mm)

. Bloedite from Tazihong, Tarim Basin (scale: 10 mm)

: Eugsterite from Honggixiang, Turpan Basin (scale: 10 mm)

: Humberstonite from Shaya, Tarim Basin (scale: 1 mm)

: Konyaite from Tazihong, Tarim Basin (scale: 10 mm)

H:

Hexahydrite from Jiashi, Tarim Basin (scale: 10 mm)
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Fig. 3 (2). SEM images of salt minerals: partially dissolved appearances.

A1 Surface etched halite from Xiao-caogou, Yemushi, Turpan Basin (scale: 10 mm)
B Round-shaped halite and fine-grained bassanite from Aqikeshan, Tarim Basin (scale : 10 mm)

D: Partially dissolved bloedite from Tazihong, Tarim Basin (scale: 10 mm)

3) Genesis of saline minerals, and natural

water chemistry

In the arid environments, water moves up to-
ward the ground surface through the soil pores
by the capillary-rising in the area where the lo-
cal ground water level is shallow. Water-soluble
salts deposit near the surface of the ground due
to the vaporization of water, and thus saline
lands are formed by the salt accumulation in the
soil. In Xinjiang, the ground water is brought
about by river and glacier waters infiltrating
into the underground aquiferous layer. The river

waters in Xinjiang is generally Ca-HCO; type in.

the upper reaches near their sources at mountain
areas such as the high altitude zones of Tian-
shan and Kunlun Mountains, but the water qual-
ity changes to Na-Mg-SO:-Cl-types at the oasis
zone in the lower reaches, increasing the con-
tents of Na, Mg, SO, and Cl, and finally shifts to
Na-SO;-Cl-type (usually C1>S0,) in the desert
area in the basin (YABUKI ef al., 1996). Figure 4
shows the chemical trend of cationic and anionic

species of waters in Turpan Basin. As stated by
HArpIE and EucsTER (1970), the initial Ca-HCO:-
typed, unsaturated water might change to the
Na-Mg-50,-Cl-typed water, depleting Ca by the
sequential separation stages of the primary cal-
cite (CaCOy) precipitation and the following gyp-
sum (CaS0;-2H:0) precipitation, during evapora-
tive concentration. EucstTir and Harpie (1978)
proposed that the Na-SO:-Cl-type brine in Saline
Valley and Death Valley, U.S.A., was formed
from the Na-Mg-SO:-Cl-type brine by the re-
moval of Mg due to the precipitation of Mg sili-
cate minerals such as sepiolite and palvgorskite.
In Xinjiang, however, there is no evidence indi-
cating the deposition of significant amount of
such Mg-rich silicates in and around desert areas.
Although it has been known that the basaltic
rocks due to the Quaternary volcanic activity
distribute in a few places in the upper valley of
the Keriva River (MiNiSTRY OF GEOLOGY AND
MINERAL  REsources, PeopLEs REPUBLIC OF
Cuina, 1993), the water chemistry of the Keriya
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Ca (Na+K) (HCOH-C OJ) Cl

Fig. 4. Chemical trend of major cations and anions of natural waters in Turpan Basin (%meq/l).

The water quality changes from the Ca-HCOs type in the mountain area to the Na-SO:-Cl type in the desert area through
the Na-Mg-S0:-Cl type in the oasis zone. This trend coincides with that of waters during evaporation to form finally a Na-

S04-Cl rich brine.

River system is not so drastically changed by the
local presence of the Mg-rich basaltic rocks
(YANG ef al, 1993). The most probable interpre-
tation for the transition of the Na-Mg-SO:-Cl-
type to the Na-SO:-Cl-type of the water quality
during the evaporative concentration is as fol-
lows. When Mg?* becomes higher in content in
the brine during the evaporation process, Mg*’
exchanges Na*, being absorbed on the surface of
mineral grains such as clay minerals, and thus
the water quality changes from the Na-Mg-SO:-
Cl-type into the Na-SOs;-Cl-type by the increase
of Na* and the decrease of Mg?’ in water (YANG
et al., 1993).

In Xinjiang, Quaternary-deposited and also
present-day redeposited thenardite (Na:SOs)-
and halite (NaCl)- enriched salt deposits are
found in great amounts in the alluvial-diluvial
fan sediments and the flood plain sediments
around the desert areas. Addition of Na and SO
or Na and C! to the local waters by the redisso-
Jution of these salt deposits could be most re-
sponsible for the formation of Na-SO,-Cl-type so-
lutions around and inside the desert areas in
Xinjiang.

4) Post-crystallization process on the surface
of saline lands
Sequential precipitation of salts in the order of
solubility is expected to occur toward the
ground surface, when the local ground water

moves upward through soil pores by capillary
rising. However it is usually quite rare to find
such sequential precipitation of salt species in
the vertical section of soil of saline lands. Rather
two or more kinds of salt species are frequently
found coexisting on the surface of the ground in
saline lands. For example, halite (NaCl), thenardite
(Na»SQy), bloedite (Na.SO,*MgS0,-4H:0), konyaite
(Na:SO;-MgS0,-5H:0) and eugsterite (2Na:SOs-
CaS0s-2H:0) were found to be present together
as salt efflorescence in the saline soil at Tazi-
hong in Tarim Basin. This fact could be ex-
plained by the continued dissolution and repre-
cipitation of salts on the surface of the ground of
the saline land. The partial dissolution of pre-
existed salts on the ground forms a new concen-
trated salt solution, from which different kinds
of salt species precipitates during evaporation of
water. The continuing partial dissolution and
reprecipitation are most responsible for the for-
mation of inhomogeneous salt aggregates com-
posed of various mineral species. In Fig. 3 (2),
the surface morphology of salt crystals such as
halite, thenardite, bloedite and so on show water
-etched appearances, indicating the occurrence
of partial dissolution of salts on the surface of
the ground in saline lands. Especially around the
marginal areas of the Taklimakan Desert, the
annual precipitation is usually small in amount,
but the seasonal occurrences of floods occur due
to the summer rain and the thawing of snow and
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glacier ice on the surrounding Kunlun and Tian-
shan Mountains areas.

5) Sources of salt materials, and related geo-
logical environment of surrounding areas
Possible sources of salts are:

(a) Rainfall (sea spray)
(b) Surface runoff

(c) Ground water

(d) Airborne dust

(e) Vegetation litter

(f) Weathering of rock
(g) Sediment (evaporite)

Of these, the salt supply from the ancient sa-
line sediments and the salt transportation by the
ground water system and the seasonal surface
runoff could be most important for the forma-
tion of saline lands in Xinjiang.

In saline lands of Tarim, Turpan and Zhungar
Basins in Xinjiang, one of the most likely
sources supplying salts is salt deposits lying in
the sedimentary layers occurring in the moun-
tain areas, especially Tianshan and Kunlun
Mountains, around the upper reaches of the riv-
ers which flow into the basins. In the Kunlun
Mountain Ranges located along the southern
margin of the Tarim Basin, the high altitude
zone, higher than 5,000 m from sea level, consists

of Paleozoic metamorphic and igneous rocks, the

middle-high altitude zone, 3,000-5,000 m from sea
level, is formed of Paleozoic and Mesozoic sand
stone, shale, limestone and granite. The middle
altitude and low altitude zones locating at the
northern side of Kunlun Mountains (<3,0600 or
3,500 m areas in altitude), are chiefly composed
of Mesozoic and Cenozoic conglomerate, sand
stone, shale, limestone and so on, and these sedi-
mentary layers include gypsum and halite layers
of marine evaporite origin (WEN, 1965). The
Tianshan Mountain Ranges located in the north-
ern side of Tarim Basin is composed of varieties
of rock types. The high and high-middle altitude
zones consist mostly of Paleozoic metamorphic
and igneous rocks, a part of the high-middle alti-
tude zone, low altitude zone and front zone are
composed of Mesozoic and Cenozoic sedimen-
tary rocks. Especially, a great amount of halite
and gypsum of marine origin are present in the
Cretaceous and Tertiary layers of the low alti-
tude zone at the southern foot of the Tianshan

Mountain Ranges (WEN, 1965). The salt deposits
and carbonate rocks formed at the marine trans-
gression to the western Tarim areas at the late
Cretaceous and early Tertiary Periods distribute
at the southern front of Tianshan Mountains, the
northern front of Kunlun Mountains and the
Mazatage Mountains (TANG ef al, 1989; Ma et
al,, 1991). In the Huoyanshan Mountains of Tur-
pan Basin, there exist Cretaceous sand rocks
and mud rocks comprising gypsum layers and
thick Tertiary sandy and muddy rocks contain-
ing halite and gypsum layers of lacustrine origin
(ref. Geological Map of Turpan Basin). In addi-
tion to these salt deposits of marine and lacus-
trine origins, the Quaternary salt deposits which
accumulated at the subsurface of the alluvial-
diluvial fans extending at the foot of Tianshan,
Kunlun and Arjin Mountains is another impor-
tant source of salt materials. Especially, miner-
alized masses consisting mainly of gypsum dis-
tribute widely in the fan sediments and fluvial
terrace sediments extending from Yecheng, Pis-
han, Qiemo to Ruogiang at the southern margins
of Tarim Basin (CHEN ef al, 1991). Around the
marginal areas of the Taklimakan Desert in
Tarim Basin, there are seasonal floods in spring
and summer in the flood plains extending at the
foot of Kunlun and Tianshan Mountains
(YosHINO, 1997). The flood water brings about
not only reaccumulation of salt materials in the
sediments but also enlargement of saline lands
by dispersing water-soluble salts. The conspicu-
ous regional variation of stable isotope ratios of
Sr and S of salt precipitates in the saline lands
suggests that the occurrence of these local salt-
supplying sources (YABUKI ef al., 1993, 1996).

4. Conclusion

The vertical distribution of water-extractable
Na*, Ca**, Mg?*, CI- and SO~ in the soil pro-
file indicates that the deposition of salts in the
surface zone of the ground are caused by the
capillary rising of salt-containing ground water
under the dried environment. The distribution of
salts is usually highest in concentration at the
top surface of the soil section as indicated by the
soil profiles of -Jiashi, Zepu, Akesu and Kuerle.
However, the vertical distribution pattern of
Na*, Ca?*, Mg?*, Cl- and SO~ in the soil pro-



files is affected by the action of water such as
raining and flood. Namely, the peak of easily
soluble salts is inclined to shift to the subsurface
zone due to the penetration of rain water to the
ground and the wash-out of salts by flood water.
Especially, as seen in the flood plain at Yecheng,
the deeper, downward shifting of Na and CI
peaks and the decrease of Ca, Mg and SOZ- to-
ward the ground surface show the influence of
flooding water. In Xinjiang, China, i.e., the pe-
ripheries of the Taklimakan Desert in Tarim
Basin, the southern periphery of Zhungar Basin
and the central part of Turpan Basin, it was
found in this work that various kinds of
evaporitic salt materials are present in saline
lands. The major salt materials occurring in the
soils of saline lands are halite (NaCl), thenardite
(Na;S0s) and gypsum (CaS0;-2 H:0), and acces-
sory salt minerals are bassanite (CaSO;-0.5H:0),
glauberite (Na;SO,-CaSO0y), eugsterite (2Na:SO,*
CaSO0;+2H:0), hexahydrite (MgSQ,-6H:0), kiese-
rite (MgS0s-H»0), bloedite (Na:SO-MgSO,-4H:0),
konyaite (Na:50s-MgSO0;-5H:0) and humbersto-
nite (KaNa7sMg: (SOs) s (NOs)2-6H:0). It is inter-
esting that such rare minerals as eugsterite, kon-
yaite and humberstonite were found in Xinjiang.
Of these, the occurrence of humberstonite at
Shaya, Xinjiang, is the third one next to Chile
and US.A. As seen in the chemical trend of
natural waters in Turpan Basin, the water qual-
ity is inclined to change from the Ca-HCO; type
in the source of mountain area to the Na-SO,-Cl
type in the desert area concentrate through the
Na-Mg-SO4-Cl type in the oasis zone. This trend
is coincident with the chemical trend of natural
waters during evaporation, and also explains the
dominant occurrence of gypsum, thenardite and

halite during the process of evaporitic precipitation.

The most probable sources which supply Na*,
Ca?*, Mg?*, Cl-, and SO¢&~ to the saline lands
are: (1) the Tertiary salt deposits mostly con-
sisting of halite (NaCl) and gypsum (CaSO,2H:0)
which distribute in the Kunlun and Tianshan
Mountains around Tarim Basin and the Huoyan-
shan Mountains in Turpan Basin, and (2) the
Quaternary salt crusts and the present-day rede-
posited salt materials in the subsurface zone of
diluvial-alluvial fan sediments.
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