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COMPARISON OF GAS EXCHANGE TRAITS OF DIFFERENT PLANT
SPECIES IN HUNSHANDAK SAND AREA
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Abstract Net photosynthetic rates Pn  transpiration rates FE and water use efficiencies WUE of 97
species among different habitats of Hunshandak Sand Area in Inner Mongolia were investigated. The results
showed that some species such as Salsola collina  Setaria viridis
Caragana microphylla and some other species which possess the C4 photosynthetic pathway or with nitrogen fix-

Agriophyllum pungens  Artemisia ordosica
ation ability had higher net photosynthesis rates > 30 pmol CO; m™* s™!  while most of the species which
possess the C; photosynthetic pathway or lacked nitrogen fixation ability had lower photosynthesis rates 1.29-

10 pmol COs m~% s~! . Species with transpiration rates between 2-10 mmol H,0 m™2

s~ comprised 71%
of the species studied. The selected species which have high photosynthetic capability should be preferentially
used in rehabilitating degraded grassland. Of the plants measured C, species are mainly distributed on fixed
sand dunes. The differences between C4 and C3 species decreased gradually with increasing soil moisture. Of
the habitats studied the values of both Pn and E of grasses and shrubs were found to be in the order of wet-
land > lowland > fixed dunes whereas those of trees were in the order of fixed dune > lowland. The order
of WUE was opposite to those of Pn and E. Gas exchange traits of three growth forms growing in different
habitats were widely different. In fixed dunes Pn of three growth forms were not greatly different while the
highest £ and WUE were found in grasses and trees respectively.

Key words Photosynthesis Habitat C4 pathway Shrub Grass Hunshandak Sand Area

In natural ecosystems different plant species have
different physiological strategy to adapt to the habitat. For
example the plants growing in an arid habitat can adapt
to the habitat by some changes in ecophysiological traits
such as higher water use efficiency WUE and midday
closing of stoma Sala & Tenhunen 1994 Jiang & Zhu

2001 . Photosynthesis and transpiration are the most im-
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portant ecophysiological traits embodying plant’ s adaptive
strategy. Some ecological factors such as light water

temperature  CO, concentration and mineral nutrient sup-
ply on which plants depend may influence most of the
physiological process such as the photosynthesis and tran-

1995 Valladaves & Allen 1997
As such the study of changes in photosynthesis and tran-

spiration  Lawlor
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spiration in response to changes in environmental habitat habitats i.e. fixed sand dune lowland and wetland.
is one of the cores of ecophysiological studies. Recently The soil water content in different habitats is shown in
the studies on photosynthesis of different species have at- Fig. 1 A . Three functional types including trees

tracted more and more attention from the ecophysiologists
1997 Prado & De Moraes 1997
. In order to fully understand the

Bassow & Bazzaz
Jiang & Dong 2000
importance of species in constituting an ecosystem and the
response of species to variable environment the ecophysi-
ological traits especially the photosynthetic rate need to be
intensively studied.

Hunshandak Sand Area with a width of 50-300 km
and a total area of 52 000 km’

important sandy areas in China located within 200 km on

is one of the five most

the north of Beijing. It is considered as one of the major
sources of sandy storm in Beijing and the active sand
dune is moving 1.8 km per year toward the capital of Chi-
na. The restoration of degraded ecosystem in Hunshandak
is now the most important task to protect the environment
surrounding Beijing and Tianjin as well as to favor the
2008 Olympic games. A careful comparative study of pho-
tosynthetic rate transpiration rate and water use efficiency
of its vegetation could provide the ecophysiological basis
of the choice of species we need to regenerate the degrad-
ed land there. Although some researchers have done such
kinds of study in other areas Jiang & He 1999 Xiao &
Zhou 2001

area.

no such study had been done in this sandy

The aims of this study are 1 to compare the photo-
synthesis transpiration and water use efficiency of a large
number of arid sand plant species distributed in the vari-
ous habitats of Hunshandak Sand Area and in order to re-
veal the significance of plant diversity as a natural re-
source and then to provide some useful guides to vegeta-
tion recovery 2 to study the distribution of C4 plant a-
mong three habitats and their photosynthetic traits 3  to
compare the photosynthetic rate transpiration rate and
water use efficiency of different functional types of plants
living in different habitats and then to exploit their adap-
tations for increasing productivity in unfavorable habitats

i. e. arid areas.

1 Materials and methods

1.1 Study area

The study was carried out in Hunshandak Sand
Area located in the south part of Xilingele plateau of In-
about 42°23' N and

112°23"E . The climate is temperate semiarid with an

ner Mongolia Autonomous Region

annual mean temperature of 1.7 °C  annual precipitation
of 250-400 mm and annual potential evaporation of 2 000-
2 700 mm. Because of the extensive coverage by sand and
remarkable landscape heterogeneity the substrates here

are highly diversified creating the highly varied micro-

shrubs and grasses have developed in these habitats
with shrubs and grasses being the predominant ones. All
the species tested in our experiment excepl Zea mays
Salix matsudana  and  Lycium chinensis are naturally
growing ones. The names of species distributed in the
three habitats are listed in Table 1. The identification of
C, plants were based on the studies of other people Li

1993 Tang et al. 1999 .
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Fig.1 Soil water potential A  distribution of Cy plants B and their

corresponding photosynthetic rates C  among three habitats.

1.2 Gas exchange measurement

Net photosynthesis rates and transpiration rates were
measured simultaneously by using an open infrared gas
analysis system LCA-4 Analytical Development Company
Limited ADC Hoddesdon England

Measurements
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were performed from 8:00 — 10:00 am on clear days in
August PAR >1 200 pmol m™% s=' . About twenty
species were measured everyday. Most of the measure-
ments were made on shrubs and grasses. The leaves mea-
sured of shrubs and grasses were about 8 cm below the
tops of plants while those of trees were on the tip of low-
er branches. Three leaves of each species were measured
and each leaf was repeated three times. The leal chamber
of LCA-4 was placed directly under sunlight.
1.3 Data analysis

All data were entered into a portable computer with
the LCA-4 program. Values of WUE were calculated by
Pn/E. The ultimate date was the average of three leaves
dates. The analysis of original Pn E and WUE data of
different species was performed using the EXCELL pro-
gram in Office 2000. Significant differences between
growth forms in different habitats were reported
otherwise indicated. The figures were drawn by Sigmaplot
4.0 software.

2 Results

2.1 Physiological traits of different species

Net photosynthetic rates transpiration rates and wa-
ter use efficiency were quite different between different
species Table 1 . The highest Pn was recorded in Sal-
sola collina in fixed sand dunes with a value of 36.2 pmol
COy m™2 7!
Orostachys malacophyllus

if not

while the lowest one appeared in

also in fixed sand dunes.

Table 1 Net photosynthetic rates Pn  transpiration rates

E  and water use efficiency WUE

Some species of  Chenopodiaceae Leguminosae
Gramineae such as Agriophyllum pungeus  Salsola colli-
na  Corispermum heptapotamicum  Setaria virids ~ Cara-
gana microphylla  Melilotoides suaveolens — etc. which
possess C4 photosynthesis pathway or with nitrogen fixation
capability had high photosynthetic rates while most of the
Compositae and Gramineae species which have the C;
photosynthesis pathway had relatively low photosynthesis
rates. 50% of all the species had photosynthesis rates of
10 =20 pmol COs m™% ™1 22% of less 10 pmol CO;
m~* s~ ' 21% of 20-30 pmol COy m~>* s~ ' and 6%
above 30 pmol CO; m~* s~! Fig.2 . Transpiration rate
varied from 1.55 mmol H,0 m~2s~! Cynanchum the-
sioides in fixed sand dune to 23.19 mmol H,0 m™2 s~!
Kobresia bellardii in wetland ~ Tablel . A large per-
centage of species 75% had rates of transpiration be-
tween 1.55 — 10 mmol H,O0 m~>* s~! Fig.2 . Water
use efficiency also differed greatly from species to species
in a range from 0.323 pmol COy mmol ™ 'H,0  Allium
to 8.894 pmol COy
mmol ~'H,0  Amaranthus retroflexus in lowland — Table
1 . 88% of species had WUE from 0.32 to 4 pmol CO;
mmol ~ "H,0  while 29% from 3 to 6 pmol COs mmol =

H,O0. Only two species

tenuissimum in fixed sand dune

Amaranthus retroflexus
Chenopodium aristatum had WUE above 6 pmol COy
mmol ~'H,0.

i.e.

of different plant species with different

growth forms on the fixed sand dunes lowland and wetland in the Hunshandak Sand Area

Habitats Families Species Growth - Photosyn thesis n Jumo{ £ rﬁnmolﬁ WUE ‘?mol
form pathway COs m™* 57! H,0 m~% s~! CO; mmol™'H,0

Fixed dune  Ulmaceae Ulmus pumila T 17.26 £2.10 4.24+0.79 4.07+0.5

Rosaceae Malus baccata T 12.61+£1.45 2.52+0.45 4.99+0.56

Salicaceae Salix gordejevii S 14.03+£2.09 2.4+0.41 5.85+1.40

Salix psammophila S 17.42+4.43 4.62+0.80 3.77+0.84

Leguminosae Caragana microphylla S 32.03+6.25 9.62+0.68 3.33+0.59

Astragalus efoliolatus G 14.12+1.18 19.3+0.29 0.73+0.28

Thermopsis lanceolate G 7.15£1.77 2.71+0.81 2.62+0.29

Liliaceae Allium tenuissimum G 1.46+1.30 4.51+0.16 0.32+0.70

Crassulaceae Orostachys malacophyllus G 1.29+£1.28 3.02+2.31 0.50+0.58

Chenopodiaceae Chenopodium glaucum G Cy 29.04+3.01 22.02+5.36 1.32+0.40

Bassia dasyphylla G Cy 18.01+0.42 7.48+0.73 2.41+0.21

Agriophyllum pungens G Cy 30.73+3.38 9.42+1.33 3.26+0.53

Corispermum. heptapotamicum G Cy 22.34+8.07 6.84+1.76 3.26+2.03

Salsola collina G Cy 36.22+7.32 6.44+1.23 5.63+0.84

Gramineae Penniselum cenlrasialicum G Cy 28.61+1.50 10.2+0.48 2.81+0.58

Carex duriuscula G 11.72+3.84 3.97+1.50 2.94+1.65

Calamagrostis epigejos G 5.72+1.42 2.51+0.54 2.29+0.19

Setaria viridis G Cy 32.44+1.06 20.8+0.35 1.55+0.42

Leymus chinensis G 2.09+2.79 3.02+1.68 0.69+1.56

Compositae Heteropappus hispidus G 9.41+1.75 2.04+0.91 4.61+3.77

Sonchus oleraceus G 13.21+1.68 4.69+0.64 2.81+0.47

Artemisia ordosica G Cy 36.14+5.92 16.06 +3.42 2.28+0.76
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Artemisia argyi G 10.31+3.47 4.53+0.91 2.28+0.35

Echinops gmelini G 17.62+2.62 5.97+0.34 2.94+0.46

Caryophyllaceae Dianthus chinensis G Cy 25.92+1.86 11.4+1.10 2.26+0.32
Silene repens var. latifolia G 11.63+1.20 5.62+0.87 2.07+0.22

Ranunculaceae Thalictrum squarrosum G 14.02+1.19 3.96+0.65 3.53+0.81
Clematis aethusifolia G 12.17+0.82 3.73+0.51 3.24+0.57

Caprifoliaceae Lonicera chrysantha S Cy 24.12+2.36 4.28+0.40 5.61+1.51
Asclepiadaceae Cynanchum thesioides G 5.74+1.59 1.55+0.46 3.67+0.53
Saxifragaceae Ribes pulchellum S 19.63+2.18 5.92+1.22 3.32+0.58
Polygonaceae Polygonum divaricatum G 12.42+2.41 4.52+0.77 2.74+0.29
Umbelliferae Ferula bungeana G 15.61+1.94 3.11+0.25 5.02+0.72
Lowland  Betulaceae Betula fruticosa S 12.74+£2.27 3.32+0.29 3.81+£0.57
Gramineae Agropyron cristatum G Cy 29.33+£3.04 10.3+0.84 2.86+0.21
Cleistogenes squarrosa G Cy 27.72+2.20 11.03+1.16 2.53+0.20

Achnatherum splendens G 11.95+£2.50 5.99+0.99 1.99+0.19

Panicum miliaceum G Cy 20.32+2.21 5.32+1.05 3.81+0.16

Zea mays G Cy 27.51+0.85 9.91+0.24 2.77+0.69

Setaria italica G Cy 26.18+0.59 8.20+0.23 3.18+0.87

Compositae Artemisia dracunculus G Cy 26.31+1.85 12.80+2.19 2.06+0.34
Artemisia annua G 12.44+1.06 7.46+£0.55 1.66+0.22

Inula britanica G 14.72+1.79 2.82+0.59 5.21+0.69

Cirsium esculentum G 6.18+1.92 2.64+0.64 2.34+1.33

Aster tataricus G 13.31+1.83 7.02+0.43 1.89+0.98

Artemisia dracunculus G Cy 28.10+2.19 18.44+0.34 1.53+0.81

Saussurea japonica G 7.19+7.31 3.73+4.54 1.95+0.19

Artemisia demissa G 15.06+7.76 8.35+£5.19 1.80+£0.22

Heteropappus altaicum G 17.41+£1.86 8.55+0.51 2.03+1.21

Leontopodium leontopodioides G 5.97+1.06 9.11+0.39 0.66+0.49

Cirsium japonicum G 14.43+7.18 7.47+3.14 1.93+0.11

Leguminosae Sphaerophysa salsula G 14.31+£3.06 7.93+1.62 1.8+0.32
Melilotus suaveolens G 23.90+1.83 13.2+0.26 1.81+0.68

Melilotoides ruthenica G 18.75+2.81 5.28+1.02 3.55+0.33

Pisum sativum G 7.33£5.70 7.82+2.74 0.93+0.35

Medicago falcata G 15.91+1.14 18.2+0.37 0.88+0.43

Amorpha fruticosa S 27.14+2.37 8.14+0.68 3.33+0.28

Gueldenstaedtia multiflora G 13.74+7.21 10.2+5.42 1.34+0.26

Hedysarum scoparium G 28.53+1.50 7.04+0.84 4.05+£0.35

Oxytropis glabra G 20.06 £4.95 11.04+£4.31 1.81+0.23

Rosaceae Sanguisorba officinalis G 5.04+0.99 5.83+0.28 0.86+0.44
Agrimonia pilosa G 13.06+6.92 7.54+4.70 1.72+0.18

Potentilla strigosa G 21.62+1.91 9.69+0.45 2.23+0.54

Ranunculaceae Anemone silvestris G 14.03+6.38 12.3+3.09 1.14+0.34
Nymphoides peltata G 12.94+5.08 5.92+2.39 2.18+0.20

Chenopodiaceae Suaeda glauca G 16.13+1.06 9.59+1.76 1.67+0.17
Chenopodium aristatum G Cy 22.72+2.35 3.75+0.39 6.06+1.18

Amaranthaceae Amaranthus retroflexus G Cy 22.04+2.00 2.47+0.53 8.89+1.52
Liliaceae Allium condensatum G 9.07+6.61 5.22+5.59 1.74+0.45
Asenescens G 3.81+6.36 2.36+3.18 1.61+0.29

Umbelliferae Bupleurum sibiricum G 9.11+5.21 8.06+£2.84 1.13+0.17
Cnidium monnieri G 9.04+0.91 5.11+£0.16 1.77+0.67

Campanulaceae Campanula rutundifolia G 14.14+1.00 15.7+0.40 0.90+0.47
Loganiaceae Buddleja alternifolia G 12.62+6.35 17.90+£3.27 0.70+0.36
Salicaceae Salix matsudana T 6.98+£5.64 2.51£2.69 2.78+0.17
Solanaceae Lycium chinensis S 26.46 £ 1.41 6.77+0.45 3.90+0.53
Equisetaceae Equisetum ramosissimum G 14.13+2.16 13.80+1.01 1.02+0.19
Iridaceae Iris lactea var. chinensis G 12.17+£1.48 6.32+0.23 1.91+0.20
Urticaceae Urtica cannabina G 18.61 £2.63 3.28+£0.36 5.67+0.96
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Cruciferae Thellungiella salsuginea G 5.98+2.11 1.56 £0.35 3.83+£1.32
Wetland ~ Gramineae Phragmites australis G 6.54+2.19 3.09+0.58 2.12+1.50
Echinochloa crusgalli G Cy 17.64 +2.61 10.71£2.05 1.64+0.18
Eragrostis pilosa G Cy 17.15+1.88 13.73+£0.51 1.25+0.65
Cyperaceae Scirpus yagara G 18.81£1.06 10.10+£0.40 1.87+0.52
Kobresia bellardii G 26.64+5.14 23.20+£6.90 1.15+0.64
Compositae Taraxacum dissectum G 29.16 £3.18 10.8+0.32 2.69+2.28
Saussurea runcinata G 17.82+£3.19 9.77+0.32 1.82+2.25
Xanthium stbiricum G 17.53 £1.07 4.77+0.37 3.67+£0.43
Plantaginaceae Plantago major G 10.37+2.17 2.48+0.57 4.15+£0.44
Crassulaceae Rhodiola rosea G 15.54+£3.12 8.41+0.33 1.84+2.25
Juncaceae Juncus gracillimus G 34.91+2.85 9.11+0.68 3.84+0.24
Gentianaceae Nymphoides peltata G 9.37+2.82 4.76 +0.35 1.97+2.22
Polygonaceae Polygonum hydropiper G 10.45+2.43 5.36+0.37 1.95+2.11
Scrophulariaceae Linaria vulgaris G 10.72+£2.42 3.90+0.55 2.75+2.16
Myrtaeear Rhodomyrtus G 16.91 £2.90 5.51£0.36 3.07+£2.37
Ranunculaceae Halerpests ruthenica G Cy 28.63+1.59 13.40+0.43 2.14+0.53
Rosaceae Potentilla flagellaris G 9.79+2.01 5.26+0.31 1.86+0.38
G. Grasses S. Shrubs T. Trees
= I according to their growth forms i.e. trees shrubs and
£ . e Sand dune . .
~ grasses. Different trends of Pn and E appeared for differ-
go30f ent growth forms among the three habitats the orders of
5 ? those for both shrubs and grasses were wetland > lowland
E_, %l 20 Wetland > fixed dunes p < 0.01  while those of trees were
E S " v v 7 * Lowland fixed dune > lowland p < 0.01 . The order of WUE
23 J&r v, for the three growth forms was just opposite to that of Pn
2 L APES * : gléﬁgngand dune and E. Among the three growth forms in the same habi-
[= = . . . .
o 0 v Lowland tat the order differed in different habitats. In both low-
® _ .
= WE land and fixed dune the orders of Pn were shrubs >
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Transpiration rate (Z)

(mmol Hy0 -m-2.s71)

Fig.2 The relationship of transpiration rate £ net photosynthetic rate
Pn  and water utilization efficiency WUE in different

habitats of the Hunshandak Sand Area

2.2 The distribution of C4 plants in different habitats
and their net photosynthetic rates

The percentages of numbers of C4 plant species dif-
fered in different habitats Fig. 1B which were 30 %
19.2 % and 11.8 % in fixed sand dune lowland and
wetland respectively. Among the three habitats the order
of soil water potential was fixed sand dune < lowland <
wetland Fig. 1A that is to say where water potential
was higher the C; percentage was lower. In the same
habitats  Pn of C4 plant was higher than that of C; plant.
But the differences between them decreased with the in-
creasing soil water content until they were about equal in
wetland. The order of Pn in C4 plants was fixed sand
dune > lowland > wetland whereas the reverse trend
was found in C; plant Fig.1C
2.3 Differences among habitats

Differences in Pn E and WUE among plants living
in different habitats in Hunshandak Sand Area were shown
in Fig.3. Because the species composition differed among
different habitats we only grouped the figures of species

grasses > trees while those of K were grasses > shrubs
> trees. Different orders of WUE were found in fixed
sand dune and lowland which in the former was trees >
shrubs > grasses while that in the latter was shrubs >
trees > grasses.

3 Discussion
3.1 Interspecific differences in Pn E and WUE

A number of authors have found significant interspe-
E and WUE even for
species living in very similar habitats Smith & Grifftus

1998 . These differences are the result of natural selec-
tion. Our measurements made on the 97 species distribut-
ed in Hunshandak Sand Area showed that species with
higher Pn such as Agriophyllum pungeus  Corispermum
heptapotamicum ~ Salsola collina  Setaria viridis
gana microphylla and etc. belong chiefly to Gramineae

Chenopodiaceae and Leguminosae in both lowland and
fixed sand dune. Species in Chenopodiceae owe their high
Pn to the C; pathway while some species in Legumi-

cific differences in rates of Pn

Cara-

nosae including Hedysarum scoparium  Melilotus suave-
olens Caragana microphylla owe their high Pn to nitro-
gen fixation ability 1996 . In degraded e-
cosystems nutrients especially N is absence. Plants of

Tan et al.

Leguminosae can compensate N through its nitrogen fixa-
tion ability therefore they had higher photosynthetic rate
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Zanetti & Hartwig 1997 . Such kind of result has also
been reported by others Li et al. 2001 . The patterns
of Pn. E and WUE in Hunshandak were to some extent
in agreement with other authors. Jiang and He 1999
had also found that species from Chenopodiaceae and
Leguminosae in Maowusu Sand Area had higher Pn. But
its physiological mechanism is not made clear thus the

corresponding research needs further be studied.

35
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Fig.3  Comparison of net photosynthetic rates Pn A transpiration

rates E B and water utilization efficienc WUE
C of trees shrubs and grasses in different habitats

of the Hunshandak Sand Area

One species  Orostachys malacophyllus ~ with the
CAM photosynthetic pathway was observed in this study
which was found in lowland. This is the strongest evi-
dence of the dryness and hotness of the habitats.
Agriophyllum pungens and Salsola collina  were

found frequently in fixed sand dune. High Pn and WUE

ensured their high efficiency of utilization of light and wa-

ter in arid environment. Therefore they can survive in
shifting sand dune and become the pioneer species of
fixed sand dune. Such traits should be fully used by hu-
man. People can use abundant seeds of Agriophyllum
pungens or Salsola collina at the transitory period of ade-
quate rainwater to accelerate the fixation of sand dune.
Other species such as Juncus gracillimus — Artemisia or-
dosica and Caragana microphylla which with their high
Pn and WUE can efficiently utilize resources to get high
productivity and to adapt to Hunshandak environment
much better than others should be preferentially used in
reconstructing the degraded grass land  especially
Lonicera chrysantha and Caragana microphylla — which
could be used either to decelerate wind or to fix sand.
3.2 The distribution of C4 plants

The ecological significance of C4 has been studied in
detail. The common view that C4 plants are mainly dis-
tributed in dry and hot area has been confirmed by re-
searchers Smith 1997 . Our results also showed that Cy4
plants in Hunshandak Sand Area primarily occupy the en-
vironment where the temperature and light are abundant
but water is scarce that Cs plants can not grow well. Such
traits may be simply a correlated characteristic of their o-
rigin in tropical environments. Ludlow 1980 also point-
ed out that the higher water use efficiency of C, plants was
related to a greater drought tolerance or ability to with-
stand low water potential. This may be a proof that Cy4
plants are more advanced in evolution than C3 plants Ed-
wards & Furbank 2001

The high photosynthetic rate of C, plants is not abso-
lute. It can only be displayed in an environment where it
is well adapted otherwise the competitive advantages will
not be brought to effect. Pearcy et al. 1981 had drawn
a conclusion after comparing C4 and C; plants under natu-
ral understorey environment that the photosynthetic behav-
iors of these two species were remarkably similar in spite
of the differences in photosynthetic pathway. Similar re-
sults are shown in our study that Pn of C4 plants in wet-
Fig.1C . In
addition the photosynthetic pathway is not fixed. For ex-
ample CAM route can be stopped and replaced by Cy4

land were not higher than that of C3 plants

route in humid seasons but back to CAM route again if
another dry season comes Ehleringer 1979 . The per-
centage and Pn of different photosynthetic types is just
the physiological response to environment. It is such flex-
ible physiological response which enables plants to make
full use of natural resource in a variable environment.
3.3 The differences in gas exchange traits among plants
from living in different habitats and in different growth
forms

The characteristics of gas exchange discussed above
were also strongly habitat-dependent. From Fig. 3 we
can see that shrubs and grasses had similar adaptive
strategies to environment. In their own habitats
the environment was drier shrubs and grasses have lower

where
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Pn and E but higher WUE. This showed that drought
may be the limiting factor to the Pn of grasses and shrubs
in Hunshandak Sand Area. But species can overcome lim-
itations through physiological changes. In order to use wa-
ter more efficiently in dry environment shrubs and grass-
es lowed their transpiration rates though at the expense of
Pn . Similar results had also been reported by other au-
thors  Terwilliger & Zeroni 1994  Filella et al. 1998
The WUE difference of three growth forms among habitats
indicated that species are forced to survive in dry habitats
rather than they prefer to live in such water- short condi-
tions.

Only three species of trees live in this area. Ulmus
pumila and Malus baccata are indigenous while Salix
matsudana is introduced . The indigenous trees could keep
moderate Pn throng the long history of adaptation and
natural selection but the introduced one had very low
rates. Though the trees had low E they waste large
amounts of water because of the big surface. So planted
trees may not survived in Hunshandak Sand Area where
water is scarce as evidenced by lots of dead Salix matsu-
dana there after one year’ s planting. From the above
analysis it can be see that the selection of growth forms
is important in reconstructing the degraded grassland.
Shrubs and grasses especially the species with C4 photo-
synthetic pathway or with the nitrogen fixation ability
should be preferentially used.

Although in this study a large number of species
were studied not all of the species in the sand area were
examined. However this study does provide a useful
guide for more comparative and experimental studies.
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