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Preface

Soil salinization is a serious environmental problem in the world,
especially in developing countries, as population is growing and urbani-
zation is speeding in these lands, so that the demand on living goods
such as grain, vegetables is increasing which leads to environment wors-
ening, loads on the farmland rising, soil degrading, e. g salinization
and desertification. Meanwhile the demand on lands for infrastructure
construction, industrial development, social progress & urban area en-
larging, ecological construction and so on is gradually expanding, which
causes farmland area to decrease. Thus it is vital that how to realize har-
monjous development among population, resources and environment on
the earth.

There is 0. 95 billion ha salt-affected soils on the earth, of which
nearly one tenth of it is in China, distributed mainly in Huang-huai-hai
region, three-river plain area and northwestern semi-arid and arid area,
eastern coastal beach lands as well. In view of the environmental situa-
tion the country faced currently, no doubt, saline soils are important
land resources and should play crucial role to speed up socioeconomic
development. The key is how to understand and recognize soil saliniza-
tion, how to cope with it as well. In this year national tenth session of
National People’s Congress fifth conferences, Premier Wen Jiabao seri-

ously pledged that, must guarantee the national 1. 8 billion Mu ( Chinese
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acres 1/15 ha) cultivated land “the red line” not to be able to break
through , this was the critical issue concemned with the food of 1. 3 billion
people. In this kind of situation, the improvement, amelioration and ex-
ploitation of salt alkaloid has the extremely vital significance.

In view of the fact that the above mentioned conditions, I drafted
the book based on some personal superficial understanding on soil salin-
ization and the coarse researches in this field, hoped to be helpful to
promote the study as a foot stone. This book in fact is the author standing
on senior’s shoulder, summing up experiences from formerly salt alkaloid
improvement, by the help of currently emerging ecology theory and
methods, to approach that saline soil how to utilize and exploit as the re-
sources. Hence it emphases on ecological amelioration from the angle of
vegetation restoration instead of physical methods. Based on this consid-
eration, the part of general remarks in this book partially introduced the
salt alkaloid characteristics and formation, the resources condition and
distribution, the improvement progress, the ecology rehabilitation princi-
ple and the technology, the mechanism of plant salinity-tolerance and the
salt-resistant plants selecting & breeding, as well as afforestation tech-
niques. In the behind several chapters, salinity tolerance features of
trees in different growing stages were separately discussed based on the
experiments of seed germination and pot trial of seedlings under salt
stress, in addition to some parameters concerned with salt resistance of
forest stocks. Finally, as the example, the planting techniques of Nitrar-
ia sibirica in worst salt-affected soil and its effect on soil amelioration

were introduced.

Zhang Jianfeng
October, 2007



Abstract

With socio-economic development and population growth in the
world, it is increasing that concerns of the effects of global climate
change on food and fiber production, new questions and challenges have
arisen. In recent years, prolonged drought and frequent flooding have
been attributed to global climate change and the deterioration of the envi-
ronment. Meanwhile environmental problems are more and more critical ,
of which soil salinization is one of the types of human-induced degrada-
tion in all over the world. For example, before extensive land clearing
occurred , native vegetation used most of the water in the soil and unused
water leaked into the groundwater. However, the replacement of native
plants with shallow-rooted crops and pasture grasses has led to more wa-
ter leaking into the groundwater, causing watertables to rise. As the wa-
tertable nears the ground surface, waterlogging begins and salt stored in
the soil is mobilised, creating saline seeps. Water and salt emerge in the
floors and sides of valleys, forming salt crusts, killing plants, aiding ero-
sion as plants die, and increasing the salinity of streams.

How to balance and harmonize economic development and environ-
mental protection in resource-limited areas is becoming a world-wide
concern.

The effective way to reclaim and utilize saline soil is by ecological

rehabilitation which focusing on planting trees. The key for forestation in
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these areas is tree species selection and breeding sali-tolerant plants. In
view of this it is a fundamental step for tree species selection to probe sa-
linity tolerance features of trees in different growing stages.

In this study the experiments of seed germination and pot trial of
seedlings under salt stress were conducted, through these trials charac-
teristics of salinity tolerance of trees in stages of seed germination and
seedling establishment were approached. Meanwhile some parameters
concerned with salt resistance were measured for trees growing in saline
soils to describe the effects of salinity on tree growth. Besides of these
contents the experiment of Nitraria sibirica planting in worst salt-affected
soil was included as well, capability of salt tolerance and planting tech-
niques of the tree were concluded based on the test as well as the effect
of the plantation on plant community coverage and soil conditions were
studied.

From the experiment of seed germination the resulis were given that
Cedrela sinensis, Chionanthus retusa and Rhus chinensis were salt tolerant
to some extent. When salinity was 0. 4% , their germination percentage
all were over 80% ; with salinity increasing the percentage fell, sapling
growth too. Additionally the inhibition of single Na™ to seed germination
was stronger than compound salts Na* + K*, which suggested that K~
could alleviate jeopardizing of Na". By regression analysis the regression
equations between salinity and germination rate were built, which shown
that the relation all were negative linear for the three species, and corre-
lation coefficients were high.

The concept of Index of Salinity Tolerance was defined based on the
experiment, which covered more information on seed germination under
salt stress. Thus using the parameter could compare salinity tolerance
among various species as well as among different salts.

The pot culture experiment with 4 clones of poplars and willows was
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performed to study salinity tolerance merits of trees in seedling stage.
The results indicated that salts inhibited establishment and growth of
seedlings. With salt concentration rising survival rate, seedling height &
weight, toot weight and leaves weight all declined; shoots newly sprou-
ted decreased as well. However proline content in leaves increased while
chlorophyll content reduced. The regression equations between salts and
proline contents were binomial, while for chlorophyll were linear.

Addition of NaCl into soil not only had adverse influence on plants,
also on soil itself. In the test two soil enzymes, i. e. B - glucosidase and
L-asparaginase , both belonging to amidohydrolase, were analyzed. The
results shew that the activity of two enzymes fell with salinity increasing.

As above mentioned, the concept of Index of Salinity Tolerance for
seedling growing under salt stress also here defined to modify the param-
eter of survival rate and to compare effects of different salts on tree
growth and development.

Some physiological parameters involved were measured such as pro-
line content, bound-water percentage and relative electrical conductivity
for totally 13 species such as Nitraria sibirica, Ulmus pumila and so
forth. The results indicated that the stronger for trees to salt tolerant, the
higher the values of these parameters. Also the content of some elements
such as Cu®*, Mn*", Fe*', Mg’*, K*, Na*, Ca’* was analyzed,
which indicated that the contents were different among various tree spe-
cies. Moreover the values changed when they grew in saline soils. It was
argued that extra Na* was harmful to plants. Its absorption was related
with the levels of other ions in addition to the general nutrition condition
of the tree. By the analysis it was concluded that the ratios of Na*/ K™ |
Na®/ Ca’* and Na*/Mg’" were quite different in leaves and in roots a-
mong different species. Generally spoken the ratios change reflected that

the state of trees uptaking salt ions and nutrients.
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The trial of Nitraria sibirica planting in worst salt-affected land in
Yellow River delta region was initiated during the study. Seedling plant-
ing and direct seeding both were available for plantation establishment.
The survival percentage could reach 90% even when growing the tree in
soil with salinity 0. 6% ~1.5% and it grew fast. In the 3™ year after
planting plant community coverage reached 85% when initial plantation
density was 4995/ha; and the coverage could be 80% when density was
2505/ha. In forested land salinity was reduced and soil quality as well
as soil nutrition were improved. For Nitraria sibirica forestation in this

region, site preparation is a key to success.

Key words: Tree; Salinity tolerance; Growing stage
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