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ABSTRACT

In the Mu Us Sandland, water is one of the limiting factors for the functioning of the
ecosystems and the shrubs are favored over trees and grasses in the sandy
substrate. The comprehensive understanding of the role of shrubs in the natural
ecosystems is very important but insufficient at present. In this research, the above
problems were approached by the methods of ecophysiology with emphasis on both
the structural and functional aspects of the sandy shrubs. The main results are given in
the following.

(1)The functional types of the indigenous shrubs can be distinguished as (a)
drought tolerator and (b) competitive consumer. This division scheme can be useful
in the ecological research and was obtained by considering (a) some important soil
physical an climatic characteristics in this area; (b) conspicuous differences in the
structure and function of the leaves obtained for the shrubs growing at the habitats of
different water availability; (c) leaf water relations parameters deduced from the
pressure volume method.(d) the constraint of water budget to the vegetation coverage
of the indigenous shrubs.

(2) Some new understanding of the ecology for some dominant shrubs were
obtained: (a) The very low transpiration rate of S. vulgaris can be explained directly
by the restricted stomatal distribution; (b) the dominance of A. sphaerocephala and A.
ordosica dominates at the different stages of the dune succession can partly be
explained by their differences in both the structural and functional features; (c)
although H.mongolicum has special features to adapt to drought stress , it is less
tolerant to drought than most shrub growing at similar habitats as indicated leaf
anatomy and water relations parameters;(d) the adaptation of S. psammophila to the
different micro habitats of the sand dune lies more in the morphological plasticity than

the physiological regulation.

Keywords: Mu Us Sandland, shrub, ecophysiology, leaf structure, water relations,

transpiration, water balance, plant functional types
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Chapter 1 Introduction

Water is generally considered to be one of the limiting factors in natural ecosystems. For
vascular plants living under the continental climates, especially those growing in desert
areas, shortage of water is a basic problem that must be addressed by them in their
evolutionary history, because the vascular plants, unlike animals capable of foraging from
one place to another, generally anchor at particular sites and hence have to rely solely on
the leaves and root systems for various resources. More over, water even serves as a major
driving force in the actions, reactions and interactions of ecological processes at different
levels. As a result, the study on the ecology of plants as influenced by water deficit has
received much concemn (Li, et al,1964; Fahn, 1965; Walter, 1974; Lin and Huang, 1978,
Evenan et al, 1982; Yong, 1992; Zhang,1994). Mu Us Sandland is so special in both the
ecological and geographical characteristics, as will be discussed in the coming paragraph,
that specific research shouldn't be skipped.

Mu Us Sandland, being the majority of the Erdos ecotone connecting the eastern
temperate forest to the western desert, has been considered to be of great importance in
both the theoretical and applied ecological research (Li, 1990; Zhang, 1994). It boasts
several characters of great ecological importance, which deserves being highlighted. First, it
has a set of heterogeneous landscape units, 1.e., the sand dune, the hard ridge, the soft ridge,
and various combinations of the three, that are edaphically distinctive from one another and
exist alternatively in space, forming a mosaic. This pattern has recently been conceptualized
as the 3-circles' systems (Zhang, 1997), which can lead to marked redistribution of rainfall
water across different landscapic units and thus have important ecological implications
(Gao and Zhang, 1997). Secondly, a remarkable and usually very steep climatic gradient
exists ranging from the southeast to the northwest part of the region. This poses a
fundamental control  over the natural vegetation (Li, 1962), and, as a result, forms a
'natural laboratory' for the study of the adaptation of plants to their specific environments.
Thirdly, water availability changes remarkably both in space and time. Annual rainfall
decreases from about 360mm of the southeast part (say, near Dongsheng) to less than
200mm in the northwest desert area (say, near Dengkou); the existence of the different
landscapes enables the horizontal redistribution of rainfall water; the natural vegetation is
frequently affected by the spring drought. As an important center of desertification, this
area is very sensitive under the influence of global climatic change (Ci, 1994).
Consequently, forth, a varied types of the sandy shrubs become flourished, which are able




to survive severe stresses and disturbances. As the sandy substrate prevails and the shrubby
vegetation dominates in this semi-arid area where drought stress occurs frequently, the
ecophysiological features of different sandy shrubs has been considered to be related to the
basic ecological processes in the disturbed area(Liao and Zhang, 1992; Zheng, et al, 1992;
Dong, et al, 1994; Yang, et al, 1994).

However, the present day knowledge is far from complete concerning the overall
patterns of the functional ecology of different sandy shrubs indigenous to this area. One of
the serious problems is that, in this area, the research on the functions of the major
shrubs(i.e., water relations and photosynthesis) has been more emphasized whereas that on
the structural aspects (i.e., morphology and anatomy) has been relatively ignored.  This
doesn't say that the research on the anatomical features of plants growing in arid areas in
general has been rare. In fact, it must be admitted that there has been a number of
successful research in this respect (Fahn, 1964; Lee and Chang, 1981; Zhao and Huang,
1981; Fahn, 1982). More over, contrary to the prediction of Bonner (1963) that nothing
new in the field of plant anatomy would be discovered, the past decades has witnessed the
powerful influence of the anatomical approach in plant physiology, genetics and ecology
(Fahn, 1982). This influence will surely be furthered if the traditional anatomical
methodology 1s utilized from new view points. Actually, the major ways by which the
vascular plants function are largely the same. For example, they require the same
resources (light, water and nutrients), and use them in similar ways (Duarte, et al, 1995).
As a result, the anatomical structure of the leaves of a broad range of plant types ought to
be comparable in relation to their common functions. However, in the present day
research, the functional aspects and structural aspects of ecophysiology were usually
dealt with seperastely by different authors, and thus comparative study becomes
difficult. The first aim of the present research is to seek a comprehensive
understanding to the ecological strategies of the dominant shrubs here in adapting to
drought stress by regarding the structural and functional aspects as complementary
and mutual strenghtening.

The second aim of the present study is to propose an appropriate scheme of the
functional types (FT’s) for the indigenous shrubs in this area. The reasons are as follows.
First, it has been widely accepted that the prediction of the behavioral patterns of natural
vegetation in response to global environmental change should be based on the plant
functional types (PFT’s) rather than the plant species (Korner,1993; Aguiar, et al 1996;
Pugmann, 1996). Secondly, as pointed out earlier, Mu Us Sandland is dominated by a

rich shrub and semi-shrub species, most of which occupy special ecological niches not




only within the environmental gradient ranging from the southeast to the northwest Erdos ,
but also in the different landscapes, or the '3-circles' systems of the Mu Us Sandland
(Zhang, 1997). So, it is not appropriate to group them into one functional type according
to their common growth form. As the shrubs play a leading role in the natural vegetation,
the appropriate functional types of the dominant shrubs should be representative of the
basic functional characteristics of the native vegetation.  Thirdly, the shrub-dominated
vegetation of Mu Us Sandland, the major part of Erdos ecotone, is very sensitive to global
climatic change (Ci, 1994; Zhang, 1994). According to Chen (1997), the major ecotone
boundaries in Erdos Plateau has been predicted to change sensitively in response to the
possible global climatic change. However, as the information of the functional
characteristics of the major shrubs within each biome are mainly lacking, further predictions
to the possible behavior of the sandland ecosystems becomes difficult. Forth, as the
structure and function of natural vegetation is strongly constrained by genetic and
physiological characteristics of the dominant species, the methods of ecophysiology can
be powerfully useful in assessing the functional types of palnts (Larcher, 1975; Larcher,
1995).

The present study will highlight both structurally and functionally the ecological
differences of the dominant shrubs occurring at the different habitats within the
environmental gradient. The majority of the present study will not rely on the comparisons
among the closely related species, which will yield phenotypic plasticity, but depend mainly
on the comparisons among the shrub species belonging to different families, which might
be helpful in discovering the intrinsic adaptational features of different species (Duarte, et al,
1995).

The main focus of the subsequent chapters are given as follows. Chapter 2
summarizes the materials and methods used in the present study. Chapter 3 discusses the
major environments constraints for the functioning of the natural vegetation in Mu Us
Sandland, including the climatic gradient from the southeast to the northwest part of the
Erdos Plateau, and the typical soil physical characteristics. In Chapter 4, both the Light
microscopy and the Scanning Electron Microscopy (SEM) are utilized in the observation
of the major structural feature of different shrubs related to the adaptations to drought
stress. It will be found in this chapter that anatomical research can be powerful in the
successful interpretations of some important ecological features that are otherwise hard to
be explained from other view points. Chapter 5 includes the experimental study on the
water relations of the major shrubs using the pressure-volume method. This method,

though inevitably destructive, can be used to generate the possible relations between




water content and potential in plant leaves as happened daily in their natural conditions. In
addition, it is especially useful in detecting the occurrence of zero turgor point in plant
tissues, the point at which the protoplasm is drawn away from the cell walls due to
excessive water loss. Chapter 6 deals with the water balance of the major indigenous
shrubs as a natural consequence of the interaction between the drought stress and
functional adaptations of the shrubs. Chapters 7 and 8, deal with the case studies on Sabina
vilgaris, Salix psammophila. These two species are highlighted in separate chapters,
because they are both special and representative of the different indigenous shrubs in this
area. The specialty of Sabina vulgaris lies mainly in that it can powerfully limit
transpirational water loss, both structurally (by restricting the stomas mainly in the lower
portions of the leaflets, covering about 1/10 to 1/8 of the total leaf area. See Chapter 4 for
details) and functionally (by control of stomatal opening), and also in that the vegetation
coverage in typical dune habitat can be so high that the dunes can be covered completely. S.
psammophila frequently occurs in the edges of lowland covered with sand where its root
systems can often absorb water directly from ground water table. However, this shrub can
also spread to the dune slopes with its root systems highly developed to collect sufficient
water(Masuda, 1992). So, the comparative study on the water relations of S. psammophila
growing at different habitats is required. The concluding chapter, Chapter 9, is devoted to
the discussion of the plant functional types (PFT's) for the major indigenous shrubs in this
area, which is important in both the theoretical and applied issues. It might provide new
insights to the theory of stress ecology of plants (Grime, 1979; Grime,1985). In addition,
the major PFT's, as the representatives of the majority of indigenous shrubs, can be studied

intensively so as to be used in the ecological predictions of the long term and regional scale.










































































































































































































































































































