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ABSTRACT

Based on a large amount of data acquired from both in situ field surveys and four sets of
remote-sensing images from 1975, 1990, 2000 and 2008, the types, status and spatial distribution
of aeolian sandy lands, as well as the dynamcis rules and response mechanisms of this land to
climate changes and human activities over the past 34 years, were studied in the Yarlung Zangbo
River basin. The floristic features, classification and sorting of native psammophyte vegetation,
as well as the population structure, spatial distribution and association of several psammophyte
populations, were studied systematically, whose purpose was to provide theoretical foundation
for potential species resources and plant configuration modes for vegetation restoration on sand
dunes. The suitable plant species and best sowing period on sand dunes in the alpine valley were
tested and determined by field artificial seeding trial from 2008 to 2011, and the habitat stress
factors influencing seed germination, emergence and plant growth greatly were discussed. The
purpose of this study was to provide a scientific basis for ecological security barrier construction
and vegetation restoration and reconstruction of aeolian sandy land under special climate zone
on the Tibetan plateau. The results showed:

(1) There was a total of 273 697.54 hm” of aeolian sandy land in the Yarlung Zangbo River
basin in 2008. In different wide valleys of the basin, the area of aeolian sandy land exhibited a
decreasing trend from the headwater area to the middle and lower reaches. The Maquanhe wide
valley contained the largest proportion of aeolian sandy land (50.28% or 137 622.94 hm?),
followed by the Shigatse wide valley (25.52% or 69 861.15 hm?), the Shannan wide valley
(19.11% or 52 310.08 hm2) and the Mainling wide valley (5.08% or 13 903.37 hm®) . During
the period from 1975 to 2008, aeolian sandy land in the basin exhibited a slow increasing trend,
which increased by 10.5% over 34 years, especially during the period from 1990—1999 and it
spreaded most quickly, whereas in the 2000—2008 period its mean annual increase rate was the
slowest. The aeolian sandy lands in the basin were found to increase further due to the slow
na‘tural desertification process under the arid and windy climate conditions of this region, and the
combined effects of natural and anthropogenic factors. These factors stimulated and promoted
the processes of anthropogenic acceleration and aggravation.

(2)The source area of the Yarlung Zangbo River belongs to the cold and semi-arid highland
climate zone with the mean annual precipitation of 206.12 mm, annual mean temperature of
2.77°C, maximum temperature of 10.72°C and minimum temperature of —4.81°C, mean annual
wind speed of 2.92 m/s, annual sunshine hours for the 3 295.16 h from 1973 to 2007. There was
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an obvious increasing trend for daily mean temperature in recent 35 years, especially after 1986,
the mean temperature of the linear growth rate was 0.77°C/10a, which was higher than that of
0.47°C/10a in the past 35 years and the average of 5 stations around Mt. Qomolangma region of
(0.23°C/10a) . The fluctuation of mean annual precipitation was larger, and its increasing trend
was not significant. The declining trend of mean annual wind speed was significant.

Soil and water loss in the source area of the Yarlung Zangbo River was serious, and the area
under soil erosion above light was 18 933.33 km?, accounting for 71.86% of the total source area.
Freeze-thaw erosion was the major form of soil erosion, accounting for 82.53%, while wind
erosion occurred only in wide sections of this river valley, accounting for 5.33%, and water
erosion, often mild in intensity, was small in area. Geographical distribution of the soil erosion
was highly influenced by altitude with significant vertical differentiation. The area of aeolian
sandy land in the source area was 1 257.43 km® in 1975, 1 281.78 km® in 1990, 1 359.7 km® in
2000 and 1 376.22 km” in 2008, respectively. Aeolian sandy land exhibited a increasing trend,
and it had increased by 118.80 km? in the past 34 years.

(3) The annual mean temperature presented a significant increasing trend and the linear
growth rate was 0.27°C/10a from 1957 to 2007 in the middle reaches of the Yarlung Zangbo
River. The warming trend was more obvious in autumn and winter than that in summer. The
minimum precipitation occurred in the 1980s. Annual precipitation increased from 1957 to
2007, while it was not significant. Annual precipitation from 2000 to 2007 was roughly equal to
that in the 1990s or 1960s. Annual precipitation cycles were obvious with 3 years, 8-11 years
and 30 years, especially 11 years. The increasing trend of precipitation was the most obvious in
spring, while it was not significant in autumn and winter. Precipitation took on the decreasing
trend in summer. Spring precipitation could supply soil water during drought and prevent
desertified land spreading.

(4)The area of aeolian sandy land around Lhasa Airport in 2008 was 42 462.38 hm?, versus
40 737.30 hm® in 1975, 41 440.61 hm® in 1990 and 42 068.89 hm? in 2000, representing a 4.23%
increase from 1975 to 2008. The areas of aeolian sandy land caused by windblown sediments
and wind erosion in 2008 totaled 33 088.87 hm” and 9 373.51 hm?, respectively, representing
77.9% and 22.1%. The increased area of aeolian sandy land mainly resulted from the abundant
sand source, region’s harsh climate and fragile environment, combined with a warmer and drier
climate that accelerated the desertification process. The air temperature increase appeared to be
the main driving factor for the development and spread of aeolian sandy land. The slightly
higher precipitation and lower wind speed in this region since 2000 were natural factors that
slowed the expansion of aeolian sandy land during this period, and an increased area of forest
plantations, combined with a declining area of bare riverbeds, also slowed this expansion,
possibly by preventing or reducing sand transport from riverbeds and dunes to river banks and
hillsides in the valley.

The area of aeolian sandy land around Shigatse Peace Airport in 2008 was 49 871.61 hm?,
versus 4 4071.38 hm® in 1975, 46 334.59 hm” in 1990 and 49 064.70 hm® in 2000, representing
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a 13.57% increase from 1975 to 2008. The areas of aeolian sandy land caused by windblown
sediments and wind erosion within 100 km from Shigatse Peace Airport in 2008 totaled
26 656.61 hm” and 8 588.06 hm?, respectively, representing 75.6% and 24.4%.

(5) Artemisia wellbyi, Artemisia younghusbandii and Sophora moorcroftiana are the major
psammophyte populations on the aeolian sandy land in the middle reaches of Yarlung Zangbo
River, whereas few studies were carried out to examine their spatial distribution or their spatial
association. Population spatial patterns of these species were therefore studied, the objectives
were mainly to illustrate how spatial scales were related to population their patterns, and to
provide theoretical foundation for vegetation restoration on sand dunes. The population structure
of Artemisia. wellbyi on semi-exposed sandy gravel land and semi-fixed sandy land were that of
a growing population, while A. younghusbandii and S. moorcroftiana on fixed sandy land both
had the structure of a declining population. Artemisia wellbyi and A. younghusbandii both had a
clumped distribution at different scales, while the distribution pattern of S. moorcroftiana
changed from clumped to random to clumped to random as the scale increased.

There was a scale effect among the studied populations, and positive spatial association
occurred mainly at certain scales. Spatial association was often affected by plant size and
environmental heterogeneity. The degree of aggregation weakened with increasing plant size.
The smaller size class had a clumped distribution, and the larger had a random distribution or
random and clumped. The positive spatial association between different size classes of the same
species appeared to weaken when the difference of plant size became greater and even changed
into negative spatial association, while the spatial association of various size classes at a smaller
scale often was positive or independent.

(6) The areas along the middle reaches of the Yarlung Zangbo River and their tributaries,
the Lhasa River and the Nianchu River, are the center of social and economic development in
Tibet, and also regions that are seriously affected by acolian sands. The regions alongside the
Yarlung Zangbo River and the Lhasa River, especially around the Lhasa Airport and Lhasa City,
covered with rolling sand dunes are serious in hazard in Tibet. Based on systematic analysis and
summarization of the successful experience of air seeding in low altitude regions, feasibility
study was carried out of air seeding in the alpine aeolian sandy land in Tibet from the aspects of
precipitation, temperature, sunshine, landform, and wind regime. The advantage conditions of
simultaneity of rain and heat, and matching of light, temperature and water, greatly favored the
growth of plants. Meanwhile, frequent change of wind direction during the early sowing period
from May to July helps cover the seeds with sand. Thus, selection of seeds of native plant
species, adaptable to the particular habitat of the alpine aeolian sandy land, and solution to the
problem of relocation of sown seeds are the two keys to the success of the experiment on air
seeding.

(7) Soil moisture content is one of the limiting factors for natural vegetation succession in
alpine river valleys on the Tibetan plateau. The soil moisture contents at different depths all

showed strong temporal variability, with the mean soil moisture ranging from 4% to 6% in
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spring, from 6% to 14% in summer and from 9% to 12% in autumn. The soil moisture content
over the upper 60 cm was the key factor that restricted the seed germination and seedling
growth, and it affected vegetation coverage and density. The precipitation, variations of river
water level, elevation as well as landform types were the main factors determining the variations
of soil moisture content in different seasons. The study of spatio-temporal variability of soil
moisture and its effect on vegetation in aeolian sandy land have important implications for the
ongoing vegetation restoration.

(8) The soil of aeolian sandy land in the middle reaches of Yarlung Zangbo River was
neutral, alkaline or strong alkaline, and soil organic matter and total nitrogen content were rather
low, whereas total phosphorus and total potassium were very high. The correlation between
different soil nutrients and the content of clay, silt, very fine sand, fine sand was strong, whereas
the correlation was negative or weak between different soil nutrients and the content of medium
sand, coarse sand, very coarse sand. The clay and fine sand content made larger contribution to
the soil nutrients content. The aeolian sand movement, which caused the continuous swing of
moving sand dunes and the migration and loss of the finer sand particles, affected the soil
nutrients content and their redistribution process for different aeolian sandy land types greatly.

(9) The plant height and plant size growth of northern China’s psammophyte species were
larger than that of native psammophyte species in the field artificial seeding trial, and the species
such as A. sphaerocephala, Hedysarum scoparium, Calligonum mongolicum, H. fruticosum var.
mongolicum and S. moorcroftiana all exhibited good adaptability to moving sand land. So far as
the status of reproduction of the testing species, A. sphaerocephala began to flower and seed in
the second year, while H. scoparium and C. mongolicum began to flower and seed in the third
year, it was the most important finding that A. sphaerocephala, H. scoparium and C.
mongolicum were all able to complete the life cycle in the alpine valley under the special climate
zone on the Tibetan plateau, however, the reproducibility of A. sphaerocephala was weak, but
H. scoparium and C. mongolicum both showed strong reproducibility. The morphological
characteristics and different parts of sand dunes influenced the trial results of field artificial
seeding greatly, and the vegetation coverage varied from 5% to 40% on different sand dune
types. The approach which sowed seeds into footprints trampled on slope sand land by feet
following the contours of mountain artificially proved to be a good measure to improve the

results of field artificial seeding trial.
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