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Photosynthesis responses of endemic shrubs of
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Under the native habitat conditions, the seasonal gas exchange characteristics of two natural endemic
plant species, Calligonum taklimakanensis B.R. Pan & G.M. Shen and Tamarix taklamakanensis M.T. Liu,
which are located in the hinterland of the Taklimakan Desert, are measured and compared by Li-6400
photosynthesis system. The results indicate that temperature (C), solar radiation (PAR), soil water con-
tent (SWC), and other environmental factors have obvious seasonal variations and the gas exchange
characteristics of two plants have different changes in different growing seasons. For C. taklimakanensis,
both in July and September, its daily changes of net photosynthetic rate tend to be obvious double peak
curve, but in July its peak appeared earlier. Besides its maximum net photosynthetic rate (P...x), apparent
quantum efficiency (@), range of effective photosynthetic radiation significantly less than that in Sep-
tember. Moreover, its water use efficiency (WUE) in July was also lower than that in September due to the
higher transpiration rate (T,). For T. taklamakanensis, although its daily change of net photosynthetic rate
is a single peak curve in September, its peak time has not changed, and except that its WUE is higher in
September like C. taklimakanensis, the maximum net photosynthetic rate (P,.x), apparent quantum effi-
ciency (@), light saturation point, and range of effective photosynthetic radiation has not changed or
slightly declined. That is to say C. taklimakanensis select a season that habitat was better (like September)
to progress relative effectively photosynthesis accumulation, in contrast, T. taklamakanensis still keep a
relatively stable photosynthesis rate in different growth seasons. The difference of gas exchange chara-
cteristics of the two plants in different seasons shows that adaptation strategies of the two plants to ex-
treme conditions in desert are different. Besides, both the higher photosynthetic accumulation rate and
the higher water use efficiency in September also indicate that these two endemic desert shrubs possess
the abilities and strategies to make the best of limited natural resources.

adversity, Calligonum taklimakanensis, Tamarix taklamakanensis, gas exchange characteristics, adverse environments, adaptive
strategies, desert plant

As global climate changed and a series of environmental —_——
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problems aggravated, such as high temperature, drought,
land desertification, salinization, biodiversity loss, the
plant ecophysiology characteristics under the adverse
environment have become focused problems!' ).

In recent years, many scholars, from different views

like anatomy, physiology, biochemistry and ecology,
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investigated comprehensively physioecological re-

sponse of plants to special environmental conditions:

476" salinization'” ~*), high temperature!'®™ '

[13-15]

drought
and strong solar radiation

Because the plant photosynthesis is the most impor-
tant chemical reaction on the earth, and is also one of the
most sensitive reactions of plants to environmental con-
ditions, and its characteristics can express growth status
and habitats of plants objectively and accurately. There-
fore, the response and adaptation of photosynthetic
characteristics under adversity stress became a key and
hotspot field in plant ecophysiology study. A large
number of studies found that adaptation ways of plant
photosynthetic characteristics to adversity stress were
varied. Different plants under stress can use a great vari-
ety of means to deal effectively with the disadvantage
effects of special circumstances on growth, for instance,
through increasing the potential photosynthetic capacity,
improving water use efficiency, accumulating and dis-
tributing of photosynthetic products effectively, self-
adjusting transpiration rate and stomatal open extent,
and choosing a favorable time to progress photosynthe-
sis rapidly in order to take full advantage of limited re-
sources!'® ],

Therefore, it was clarified further that adaptation
mechanisms of the plant physioecological, and particu-
larly the changes mechanism of photosynthetic gas ex-
change characteristics under adverse habitat conditions
will provide a theoretical basis for us to deal effectively
with environmental deterioration and use reasonablely
plant resources, and especially to understand the physio-
ecological adaptation mechanisms of the desert plants to
extreme environmental conditions. It has important scien-
tific guidance significance in studying processes of
ecophysiological, safety of ecosystems and the restora-
tion and reconstruction of damaged ecosystems of arid
area ecosystems[3].

The Taklimakan Desert is one of world-famous ad-

(231 and its natural conditions

verse environment regions
are extremely harsh, with high temperature, low humid-
ity, high radiation, and more blown sand. Thus, only en-
demic plant species such as Calligonum taklima-
kanensis B. R. Pan & G. M. Shen, Tamarix taklama-
kanensis M.'T. Liu and Cynanchum kashgaricum Liou f.
are distributed in this area. During the long-term adapta-
tion process, these plants all had biological characteris-

tics of being photophil, resisting atmospheric drought,

and abiding high temperatures, wind erosion, sand bur-
ied and saline environment, and evolved the survival
rules of adaptation deserts habitats, using fully and ef-
fectively all kinds of resources and maintaining the fastest
growth and the least consumption. However, the number
of the existing population of these plants was very small
because their natural reproductions were very difficult
under adverse habitat and limitation of resources condi-
tions. Therefore these plants have been the rare species
in China®. Particularly, 7. taklamakanensis has be-
come gradually endangered species and been embodied
by China Plant Red Data Book as the national third-level
protected plants'®, and C. taklimakanensis is even a
new species discovered and named only in recent
years*. However, due to abominable of environmental
conditions and short of deeply study, knowledge of them
is still very scarce until now, and they were still only
superficial or even in the exploring stage. In recent years,
with global changed lasting and oil-gas resources of
Tarim Basin exploited cosmically, the native habitats of
these natural endemic plants were disturbed to different
extents. In order to better protect and use these rare and
endemic plants, it is necessary that their ecophysiology
characteristic was studied deeply through modern ex-
periment means.

The aim of this study is to understand photosynthetic
physioecological characteristics of both 7. taklama-
kanensis and C. taklimakanensis, the natural endemic
shrub in the hinterland of desert, and furthermore ex-
plore and understand adaptation mechanism and strategy
for these two endemic shrubs to the extreme environ-
ment of desert hinterland by measuring the response of
their seasonal gas exchange characteristics to environ-
mental factors such as temperature, radiation, soil mois-
ture and air relative humidity, and then to provide the
theoretical support for protecting effectively and using
sustainedly natural and rare species under adverse envi-
ronments.

1 Study area

The natural conditions of Taklimakan Desert are ex-
tremely harsh with annual mean temperature of 12.4°C,
extreme minimum temperature of —20.2°C, extreme
maximum temperature of 45.6°C, =10°C annual ac-
cumulated temperature of 4 621.8°C, frost-free period of
283 d, average annual precipitation amount of 11.1 mm,
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annual average evaporation of 3 638.6 mm, annual av-
erage relative humidity of 29.4%, annual sunshine hours
of 2 571.3 h, annual average wind speed of 2.5 m-s ',
and wind season is from April to August with average
wind speed of 3.2 m-s', maximum instantaneous wind
speed of 24 m-s™' and frequently gale!*’\. Since surviv-
ing and reproducing of the natural vegetation are greatly
limited by adverse environmental conditions, species
and numbers of plants are very limited in this region.
There are only natural vegetations of 12 species in 9
families in hinterland areas, which are not affected by
rivers®®].

The study area is in the hinterland of the Taklimakan
Desert (40°02.823'N, 84°18.272'E), and the sample
spots are located in a lowland among dunes, and sur-
rounded mostly by tall and flow complex dune with
flowed aeolian sandy soil; average groundwater depth of
1.3 m, salinity of around 5.1 g/L, and the higher concen-
tration salt ions: Cl~, Na', K, SOf‘, HCO;, Mg2+. The
major natural distribution plants are 7. taklamakanensis,
C. taklimakanensis and some associated perennial herbs,
such as Cynanchum kashgaricum and Hexinia polydi-
chotoma.

2 Materials and methods

2.1 Plots and sample strains

Plots were chosen in inter-dune plains where the number
of vegetation was relatively more centralized than other
places in the hinterland of the desert. In April 2006, ob-
servation well was dug in advance in the plot. Then, 2
826 m” large observational plot was designated, with the
well as the centre and 30 m as a radius, in which 5 T.
taklamakanensis and 5 C. taklimakanensis were selected
randomly, which have relatively healthy and similar
growth, and made a mark.

2.2 Soil moisture and underground water

Within two meters around observation well, three points
were chosen randomly to drill soil sample stratified
which start from the surface and take 20 cm as a layer,
until contact with groundwater, and is final total nine
layers. The soil samples were weighed immediately after
bringing back to get wet weight, and then dried at 105°C
until constant weight by oven, and weighed dry weight
after cooling. Then weight percentage of water content
of soil samples of each layer was calculated.

Groundwater level was recorded every time, and the
water samples of observation well were collected and
brought back to laboratory for analyzing water quality,
such as, salinity, mineralization, hardness and content of
water-soluble salt ion.

2.3 Plant gas exchange parameters

The seasons in Taklimakan Desert is changing very sig-
nificantly. Considering plant growth cycle and the cli-
mate change, summer (July) and autumn (September)
were chosen to measure plant gas exchange parameters
because there are less wind-blown sand as well as obvi-
ous difference in temperature, humidity and intensity of
radiation in these two seasons. Mature leaves or assimi-
lation twigs were chosen on the top of new branches
from every sample individual chose which exposed to
the sun, and then their gas exchange characteristics was
measured by using Li-6400 photosynthesis system
(LI-COR, Lincoln, USA), in clear and calm weather.

(1) Daily change. The observations in vivo was car-
ried out every two hours in the period from 08:00 to
20:00 in a fine day both in mid July and late September
2006, using standard chamber (2 cm x 6 cm) which both
upper and lower are transparent, for measuring and re-
cording physiological index of gas exchange: net pho-
tosynthetic rate (P,), transpiration rate (7), stomatal
conductance (Gjy), intercellular CO, concentration (C)),
and at the same time, recording the micro-meteorologi-
cal parameters: photosynthetically available radiation
(PAR), air temperature, leaf temperature, air relative
humidity, ambient CO, concentration (C,) and so on.
Both T. taklamakanensis and C. taklimakanensis have 5
replications respectively in every observation.

(i1) Light response curve. Light response curve was
measured using 6400-02B LED Light Source chamber
(2 cm % 3 cm). Measurement temperature was set up a
constant of 30°C according to environment climate
characteristics of high temperature and high radiation of
the hinterland of the desert. CO, concentrations was
taken the ambient concentration and ensured its changes
range was not more than one day normal fluctuations.
Light intensity decreased gradually at 11 grads from
2000 pmol-m 2-s™ to 0 umol-m™-s™', and the maxi-
mum, minimum time waiting for the balance and the
maximum allowable deviation scope was set up. After-
wards, data were read and record by automatic observa-
tion procedures of the instrument. Every kind of plant
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measured repeated 3 times.

The relevant parameters of light response curve were
calculated by non-rectangular hyperbolic model®” and
derivation calculus to quadratic equation fitted between
P, and PAR™":

p _ IPAR By — J{(#PARIP 1 )? — 4K x px PAR By}
2k

where P, is net photosynthetic rate; @ is the apparent

quantum efficiency; Py is the maximum photosynthetic

- Rday >

rate; K is convexity; Rqay 1s dark respiration coefficient;
PAR is photosynthetically available radiation.

Namely, the maximum net photosynthetic rate (Ppax),
the apparent quantum efficiency (@), convexity (K) and
other model parameters were calculated first by model
stepwise regression analysis, and then beeline equation
of net photosynthetic rate when photosynthetically
available radiation (PAR) was below 200 umol-m_z-s_1
was derived, and its intersection with the X-axis is the
light compensation point, and then derivation calculus to
the quadratic equation fitted P, and PAR is light satura-
tion point”".

2.4 Measurement of leaf area

Although leaves or twigs of 7. taklamakanensis and C.
taklimakanensis are irregularly shaped assimilation or-
gan, their stomata is evenly distributed on the surface,
and so put them evenly in leaf chamber when measured
to avoid each other overlaying and in order diffuse light
can be full of the whole leaf chamber, and all leaf sur-
face exposed in the leaf chamber can accept equal
light-shine, thus, total surface area of all folioles or as-
similation twigs can be seen as photosynthetic effective
areal'’l. After photosynthetic effective area and physio-
logical parameters measured, fixed observation leaves or
assimilation twigs were cut down and scanned, their
actual leaf surface areas were calculated by area analysis
software Delta-T Scan (Cambridge, UK). Finally, actual
physiological parameters were calculated in accordance
with the actual photosynthetic effective area.

All data were handled by the Microsoft office Excel

and then analyzed statistically by SPSS13.0 for windows.

3 Results

3.1 Environmental factors in different growing sea-
sons

In different seasons, the observation results of the
groundwater level and water quality showed that: the
level and quality of water overall were changed insig-
nificantly, except the total alkalinity increased slightly,
the remaining indicators were descend a little in Sep-
tember compared with that in July (Table 1); and the soil
moisture changed obviously in nine soil layers from
surface to 160 cm, as shown in Figure 1, and from 20
cm below the surface, in September, soil moisture of
these soil layers were higher than that in July, and its dif-
ferences reached a extreme significant level ( = -4.91, P
=0.001).

Soil water content (%)
0 8 16 24 32

40}

80

120+

Depth of soil layer (cm)

160 +

Figure 1 Change of plots soil moisture in different growing seasons.

During the same period, meteorological observations
of microhabitat showed: in July and September, the
maximum values of environmental factors, such as tem-
perature, relative humidity and radiation are 46.6°C,
38.8°C, 5.81%, 6.31%, 1985 pumol-m™>-s™' and 1813
pumol-m-s™' respectively, and the mean values are
also reached 38.°C, 31.1°C, 12.3%, 14.1%, 1289 umol -
mZ-s', and 1053 pmol-m2-s" in the observation pe-
riod from 8:00 to 20:00 (Figure 2). So both in summer

Table 1 Change of plots groundwater level and water quality in different growing seasons

Groundwater level ~Total alkalinity ~ Total hardness ~ Mineralization  Salinity Major salt ion content (g/L)
(m) (mmol/L) (mmol/L) (gL (gL CI  Na'+K' SO  HCO; Mg*
July 1.28 3.24 18.99 5.19 5.05 1.956 1.463 1.164 0.198 0.178
September 1.31 3.64 17.94 5.08 4.90 1.881 1.425 1.117 0.222 0.170
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Figure 2 Changes of plot environmental factors in different growing seasons.

and fall, the desert hinterland have shown a significantly
climate characteristics of high-temperature, low humid-
ity and high radiation, and the habitat in July is harsher
than in September. Test of significance of difference
showed that, in different seasons, except for the change
of air relative humidity was not significant (¢ = —1.106,
P =0.311), radiation intensity reached a significant level
(z = 2.674, P = 0.037), and the seasonal differences of
temperature even reached an extremely significant level
(z=8.451, P < 0.001), moreover, the ambient CO, con-
centrations also have extremely significant level (¢ =
-10.2, P <0.001).

3.2 Gas exchange characteristics in different grow-
ing seasons

The daily changes process of gas exchange indicated
that in different months C. taklimakanensis had higher
net photosynthetic rate than 7. taklamakanensis, and had
obviously phenomenon of photosynthesis midday de-
pression that is the net photosynthetic rate dropped sig-
nificantly around 14:00, and showed a double-peak
curve change, but the appeared time of the first of peak
in different seasons is different, such as in July is 10:00,
while in September was moved late to 12:00; and T.
taklamakanensis compared with C. taklimakanensis only
in July put up slightly double-peaks curve change and the
peak before the lunch break presented around 12:00, but
in September from 10:00 to 18:00 7. taklamakanensis
always maintained a relatively stable net photosynthetic
rate (Figure 3a).

Stomatal conductances of two shrubs in different

seasons were both largest between 10:00 to 12:00.
However, unlike net photosynthetic rate of 7. takla-

88

makanensis which was lower than that of C. taklimak-
anensis, the stomatal conductance of 7. taklamak-
anensis was significantly greater than C. taklimak-
anensis both in summer and fall (Figure 3b).

Figure 3¢ showed that transpiration rate of the two
plants in July was significantly higher than that in Sep-
tember, and their peak also appeared in July (16:00)
posterior to in September (14:00), and transpiration rate
of T. taklamakanensis in all periods of the daily course
was almost higher than that of C. taklimakanensis, espe-
cially in July. The differences of intercellular CO, con-
centration of daily change process of the two plants were
also very obviously, corresponded to the smallest of the
open extent of the two plants stomatal in the early
morning and evening (Figure 3b), intercellular CO,
concentration of their were the highest in that time, and
in the rest periods of a day, the changes of intercellular
CO; concentration were relatively smooth, but in the
period from 10:00 am to 18:00 pm, the intercellular CO,
concentration of 7. taklamakanensis was far higher than
that of C. taklimakanensis (Figure 3d).

3.3 Photosynthesis ability in different growing sea-
sons

Light response curve of the two plants was calculated
and analyzed by non-rectangular hyperbola model and
the results showed that the potential photosynthesis ca-
pacities of them were different in July and September.
The maximum net photosynthetic rate (Pp.x) and appar-
ent quantum efficiency (@) of T. taklamakanensis had
not big seasonal variety, and these in September were
only slightly higher than that in July; but these of C.
taklimakanensis increased very substantially from July
to September like the maximum net photosynthetic rate
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Figure 3 Changes of the photosynthesis parameters of two plants in different growing seasons.

(PAR) increased from 10.78 pmol CO,-m *+s™' to 17.53
pmol CO; - m -5, and the apparent quantum efficiency
(@) increased from 0.013 to 0.023 (Table 2). It was indi-
cated that in September the capacity of photosynthesis of
C. taklimakanensis is substantial increased, but that of T.
taklamakanensis is unchanged essentially.

Table 2 Changes of maximum net photosynthetic rate (Ppay), convexity
(K), the apparent quantum efficiency (@) and dark transpiration coeffi-
cient (R,qy) and light saturation point (LSP) and light compensation point
(LCP) of two plants in different growing seasons

T. taklamakanensis C. taklimakanensis

Species

Jul. Sept. Jul. Sept.
P (pmol-m ™57 10.17 10.45 10.78 17.53
K 0.52 0.81 0.94 0.68
@ (mol-mol ™) 0.016 0.018 0.013 0.023
Raay (mmol - m?2-s! 1.83 1.58 1.69 1.68
LCP (umol-m™2-s™)  124.6 89.7 120.9 71.5
LSP (umol-m2-s") 1761.8 1348.4 1410.6 1796.1

Though ANOVA, C. taklimakanensis’ determination coefficient of
light curve and the model both in July and September are 0.998 (R* =
0.998), but T taklamakanensis’ in July is 0.998 (R* = 0.998) and that in
September is 0.996 (R* = 0.996).

The similar trend has also appeared in light saturation
point (LSP) and light compensation point (LCP) of the
two plants. C. taklimakanensis’ light compensation point
in July to 77.5

in September, and its light saturation

fell from 1209 pmol-m?2-s™
pmol -m -5

point rose from 1410.6 pmol-m™>-s™" in July to 1796.1
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pumol-m™-s™' in September, and its increase of light
saturation point reached 385.5 umol - m2-s” from July
to September. However, during the same period, 7.
taklamakanensis’ light saturation point decreased by
413.4 umol-m-s™". That light use ability of two plants
showed significant differences, and in September its
light compensation points were more obvious decline
and its capacity of using low light has increased.

3.4 Water use efficiency in different growing seasons

Water use efficiency (WUE) in different growing sea-
sons was also changed. The daily average and maximum
water use efficiency of C. taklimakanensis is far higher
than that of 7. taklamakanensis (Table 3) that showed
accumulation capacity of photosynthetic carbon assimi-
lation of C. taklimakanensis was significantly stronger
than that of 7. taklamakanensis under the same habitat.
In terms of the same species, compared with July, in
September the average water use efficiency of C.
taklimakanensis and T. taklamakanensis increased
46.7% and 91.8% respectively, and the daily maximum
water use efficiency increased 86.9% and 132.1% re-

Table 3 Compared WUE of two plants in different growing seasons

Ave. WUE Max. WUE
Species (umol CO, - mmol ™' H,0) (umol CO, - mmol ™' H,0)
Jul. Sept. Jul. Sept.
T. aklamakanensis 0.49 0.94 0.78 1.81
C. taklimakanensis 1.52 2.23 2.44 4.56
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spectively. The results also showed that two plants in
September have both accelerated to some extent the ef-
fectively photosynthetic accumulation with the seasonal
changes of environmental conditions.

4 Conclusions and discussions

As endemic shrubs in the Taklimakan Desert, both 7.
taklamakanensis and C. taklimakanensis have high ad-
aptation ability to the adverse environment of the de-
sert’®®]. Particularly, in July, the harshest environmental
conditions, both of them can maintain effectively normal
growth. However, through studying their gas exchange
characteristics found that the strategies of adapting ex-
treme environmental conditions of two species are dif-
ferent.

4.1 Response of gas exchange to adverse environ-
ment

C,4 plants are usually considered to be distributed mostly
in high-temperature and arid region, because it can adapt
to that environment better"). However, in this study, C.
taklimakanensis as a typical C, desert plant®?, but its
responses to the changes of the desert adverse environ-
mental conditions are more sensitive than T.
taklamakanensis, a C; plant. C. taklimakanensis chose
the way of maintaining only necessary growth that is
reducing the growth speed and processing photosynthe-
sis midday depression to withstand the adverse envi-
ronments, especially, the stress of high temperature, low
humidity and strong radiation at noon, in July, the envi-
ronmental conditions are more harsher. During photo-
synthesis lunch break, C. taklimakanensis’ stomatal
limit value (L) reduced, but its intercellular CO, con-
centration (C;) increased and therefore it could be con-
sidered that lunch break caused by the non-stomatal lim-
iting factors according to the method of Berry and
Downton****. That is to say, adverse environmental
conditions have affected the photosynthetic activity of
the leaf cells, and thereby debased the plant’s capacity
of photosynthetic carbon assimilation, therefore C.
taklimakanensis’ maximum of net photosynthetic rate
and the apparent quantum efficiency were significantly
lower than the other results of Calligonum in Su’s and
Deng’s studies?®*.

As to the transpiration rate, although Calligonum is
generally considered as desert plant which is provided
with the characteristic of high photosynthesis and low

transpiration®”), in this study, C. taklimakanensi always
has a high transpiration rate, which, to a certain extent,
restricts the accumulation of photosynthesis product of
C. taklimakanensis, but it may be also a necessary strat-
egy formed through long-term adaptation to withstand
initiatively adverse environmental. Gong’s study have
also suggested that all of desert plant have not low tran-
spiration characteristic, especially, Calligonum just has a
high transpiration rate under high temperature and low
humidity environment conditions!®’,

As a C; photosynthesis plant, 7. taklamakanensis’ net
photosynthetic rate is significantly lower than C.
taklimakanensis’, but T. taklamakanensis’ degree of
sensitivity to the environment is far smaller than C.
taklimakanensis’. Not only its daily process of the net
photosynthetic rate shows only weakly double-peak
curve, but also its apparent quantum use efficiency had
maintained a relatively high level in July. These showed
that 7. taklamakanensis still have a strong ability to as-
similate CO, under extreme environments in July, but its
accumulation of photosynthesis efficiency is very low
and its daily average water use efficiency is only 0.49
pmol CO,-mmol 'H,O (Table 3), which is because 7.
taklamakanensis chose the way of high transpiration rate
to resist actively high temperature and low humidity
climate of desert (Figure 3).

During photosynthesis lunch break, its stomatal limit
value (L) increased, but its intercellular CO, concentra-
tion (C;) decreased, which showed that photosynthetic
activity of leaf cells of 7. taklamakanensis have been not
affected by the environmental factors at noon. T.
taklamakanensis is only by adjusting open and close of
the stomatal and transpiring plentifully to resist the im-
pact of high temperature and low humidity, therefore T.
taklamakanensis has more stronger tolerance ability to
extreme environments of the hinterland of desert, which
is also one of the important reasons that 7. taklamak-
anensis can become the most widely distributed natural

plants in the Taklimakan Desert!**.

4.2 Adaptation of potential photosynthetic capacity
to the adverse environments

In addition, responses of two plants to the adverse envi-
ronment also express in changes of their potential pho-
tosynthetic capacity. Studies about photosynthetic ca-
pacity of many desert plants showed that July and Au-
gust are generally the peak period of plant growth, but
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due to the impact of stresses of drought and other ad-
verse environmental factors, plant photosynthesis rate of
this period will be lower than that of the time in mature

3737 Two plants in this

phase, the end of September!
study also showed a similar phenomenon. But the envi-
ronmental conditions of the hinterland of the Takli-
makan Desert is much harsher than that of other areas,
so it is completely possible that the accumulation of
plant photosynthesis was impacted and inhibited by
more environmental factors. Because compared with
July, the environmental conditions in September became
better apparently (Figure 2), the potential photosynthetic
capacity of C. taklimakanensis has raised in large ex-
tents (Figure 3, Table 2), which is same as Haloxylon
ammodendron, another C, desert plants, their peak pe-
riod of photosynthesis will shift backward when they
undergo the stress of environmental conditions™®). It is
indicated that C. taklimakanensis like most desert plants
is provided with a characteristic that to evaded a harsh
environment and made full use of limited resources to
accumulate substance.

Compared with C. taklimakanensis, T. taklama-
kanensis’ photosynthesis rate did impact relatively
smaller by environmental factors in July, so in Septem-
ber, the environmental conditions are better, its transpi-
ration rate decreased a little, and except its water use
efficiency increased markedly, the others like the
maximum net photosynthetic rate, the apparent quantum
use efficiency and photosynthetic effective radiation
range were not increased and even slight declined. It
was showed that 7. faklamakanensis has maintained a
relatively stable photosynthetic capacity at least within
the growing season from July to September, and its
growth did not affect significantly by the alteration of
environmental conditions, and it is also reflected from
another point of view T. taklamakanensis have very
strong adaptation ability to adverse environmental.

4.3 Response of water use efficiency to adverse en-
vironments

Many studies concluded that desert plants have higher
water use efficiency, particularly, when water is scarce,
for ensuring water use effectively and withstanding

1 Casper B B, Forseth I N, Wait D A. A stage-based study of drought
response in Cryptantha flava (Boraginaceae): Gas exchange, water
use efficiency, and whole plant performance. Am J Bot, 2006, 93(7):
978 —987

2 Dwyer S A, Ghannoum O, Nicotra A, et al. High temperature accli-

(14381 ‘But in fact, desert plants often took

on very high transpiration rate to reduce leaf tempera-
ture in order to prevent its leaves from burning by high
temperature”’?. Liu*” believed that only succulent
xerophytes will maintain low transpiration rate and the
transpiration rate of some less-succulent xerophytes was
even more than that of mesophyte, and xerophyte only
in the drought period maintained a low transpiration to
save water. Water use efficiency of both C. faklimak-
anensis and T. taklamakanensis in this study, was lower
than that of the relevant research results of other desert
area plants?®>*!
the two species had always maintained a high transpira-
tion and need a lot of water to withstand the high tem-
peratures hurt its leaves. The difference between C.
taklimakanensis and T. taklamakanensis lie in that al-
though capacity of tolerance extreme environment of 7.
taklamakanensis was more greater than that of C.
taklimakanensis, due to the different ways of photosyn-
thetic carbon assimilation and the differences of plant

drought stress

] because in the entire growing season

own transpiration characteristic, water use efficiency of
C. taklimakanensis has always been higher than that of T.
taklamakanensis, but when environmental conditions
were improved the elevated extent of water use effi-
ciency of T. taklamakanensis was greater than C.
taklimakanensis. It is fully showed that environmental
factors have a marked impact not only on the ability of
plant photosynthesis, but also on the ability of water
consumption and water use of plants. And such a great
effect, from another perspective, also reflected under the
current growth environment that although the soil mois-
ture have a significant difference between summer and
fall, it do not affect the need of water consumption of
plant transpiration, especially in summer, plants instead
can always maintain more higher transpiration level.
That is said that in the natural vegetation distribution
area, groundwater and soil moisture are fully able to
meet the need of water consumption of plants growth
and there is no water scarceness or drought stress that is
also the most important reasons why the natural vegeta-
tion still can survive and multiply under such harsh en-
vironmental conditions in the hinterland of the Takli-
makan Desert.

mation of C4 photosynthesis is linked to changes in photosynthetic
biochemistry. Plant Cell Environ, 2007, 30(1): 53— 66

3 Jiang G M. Review on some hot topics towards the researches in the
field of plant physioecology (in Chinese). Acta Phytoecol Sin, 2001,
25(5): 514—519

YAN HailLong et al. Chinese Science Bulletin | December 2008 | vol. 53 | Supp. Il | 84-92 91



14

20

21

22

92

Rouhi V, Samson R, Lemeur R, et al. Photosynthetic gas exchange
characteristics in three different almond species during drought stress
and subsequent recovery. Environ Exp Bot, 2007, 59(2): 117—129
Zhuang L, Chen Y N. Physiological response of Tamarix ramosissima
under water stress along the lower reaches of Tarim River. Chin Sci
Bull, 2006, 51(9): 1123 —1129

Gong J R, Zhao A F, Zhang X S. A comparative study on succulentx-
erophytes and mesophytes for their response to drought stress (in
Chinese). J Beijing Norm Univ (Nat Sci), 2005, 41(2): 194—198
Tuna A L, Kaya C, Ashraf M, et al. The effects of calcium sulphate on
growth, membrane stability and nutrient uptake of tomato plants
grown under salt stress. Environ Exp Bot, 2007, 59(2): 173—178
Tezara W, Martinez D, Rengifo E, et al. Photosynthetic responses of
the tropical spiny shrub Lycium nodosum (Solanaceae) to drought, soil
salinity and saline spray. Ann Bot, 2003, 92(6): 757 —765

Wang Y X, Sun G R, Wang J B, et al. Relationships among MDA
content, plasma membrane permeability and the chlorophyll fluores-
cence parameters of Puccinellia tenuiflora seedlings under NaCl
stress (in Chinese). Acta Ecol Sin, 2006, 26(1): 122—129

Aranjuelo 1, Irigoyen J J, Sanchez-Diaz M. Effect of elevated tem-
perature and water availability on CO, exchange and nitrogen fixation
of nodulated alfalfa plants. Environ Exp Bot, 2007, 59(2): 99—108
Li J G, Huang J H, Wang Q, et al. The response of content of en-
dogenous hormones and osmotic regulaters in Haloxylon ammoden-
dron leaves to high temperature stress (in Chinese). J Nanjing Forest
Univ (Nat Sci), 2005, 29(6): 45—48

Taub D R, Seemann J R, Coleman J S. Growth in elevated CO, pro-
tects photosynthesis against high-temperature damage. Plant Cell
Environ, 2000, 23(6): 649—656

St Clair S B, Lynch J P. Differences in the success of sugar maple and
red maple seedlings on acid soils are influenced by nutrient dynamics
and light environment. Plant Cell Environ, 2005, 28(7): 874 —885
Zhang S R, Ma K P, Chen L Z. Photosynthetic gas exchange and
leaflet movement of Robinia pseudoacacia in relation to changing
light environments (in Chinese). Acta Bot Sin, 2002, 44(7):
858—863

Jiang G M, Zhu G J. Effects of natural high temperature and irradia-
tion on photosynthesis and related parameters in three arid sandy
shrub species (in Chinese). Acta Phytoecol Sin, 2001, 25(5):
526—531

Otieno D O, Schmidt M W, Adiku S, et al. Physiological and mor-
phological responses to water stress in two Acacia species from con-
trasting habitats. Tree Physiol, 2005, 25(3): 361 —71

Niu S L, Jiang G M, Lei G P, et al. Comparison of gas exchange traits
of different plant species in Hunshandak Sand Area (in Chinese). Acta
Phytoecol Sin, 2003, 27(3): 318—324

Bloch D, Hoffmann C M, Marlander B. Impact of water supply on
photosynthesis, water use and carbon isotope discrimination of sugar
beet genotypes. Eur J Agron, 2006, 24(3): 218 —225

Xu H, Li Y. Water use strategies and corresponding leaf physiological
performance of three desert shurbs (in Chinese). Acta Bot Bo-
real-Occident Sin, 2005, 25(7): 1309—1316

Yan H L, Zhang X M, Xu H, et al. Responses of Calligonum arbor-
escens photosynthesis to water stress in Tarim Highway Shelterbelt
(in Chinese). J Desert Res, 2007, 27(3): 460—465

Li W, Cao K F. Effects of drought stress on photosynthetic charac-
teristics and Chlorophyll Fluorescence parameters in seedlings of
Terminthia paniculata grown under different light level (in Chinese).
Acta Bot Boreal-Occident Sin, 2006, 26(2): 266—275

Barth C, Krause G H, Winter K. Responses of photosystem I com-
pared with photosystem II to high-light stress in tropical shade and sun

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

leaves. Plant Cell Environ, 2001, 24(2): 163—176

Stefan K A, Christina A, Andrea F, et al. Contrasting patterns of leaf
solute accumulation and salt adaptation in four phreatophytic desert
plants in a hyperarid desert with saline groundwater. J Arid Environ,
2004, (59): 259—270

Hu Y K, Pan B R. The vegetations and its features along the Takli-
makan Desert Road line (in Chinese). Arid Zone Res, 1996, 13(4):
9—14

Fu L G. China Plant Red Data Book (in Chinese). Beijing: Science
Press, 1992

Pan B R, Shen G M. The endemic plants and new species of Genus
Calligonum in Xinjiang. In: Abstracts of the 70th Anniversary of the
Botanical Society of China (in Chinese). Beijing: Higher Education
Press, 2003. 51

Zhou Z B, Xu X W. Experiment on planting the introduced plants in
the hinterland of the Taklimakan Desert (in Chinese). Arid Zone Res,
2004, 21(4): 363 —368

He X D. Study on the natural plant community in the hinterland of
Taklimakan Desert (in Chinese). J Desert Res, 1997, 17(2): 144—148
Walker D A. Automated measurement of leaf photosynthetic O, evo-
lution as a function of photon flux density. Philosoph Trans Royal Soc
Lond B, 1989, 323: 313—326

Su P X, Cheng G D, Yan Q D, et al. Photosynthetic regulation of C,4
desert plant Haloxylon ammodendron under drought stress. Plant
Growth Reg, 2007, 51: 139—147

Jiang G M, Chang J, Gao Y B, et al. Plant Ecophysiology (in Chinese).
Beijing: Higher Education Press, 2004

SuP X, An L Z, Ma R J, et al. Kranz anatomy and C, photosynthesis
characteristics of two desert plants, Haloxylon ammodendron and
Calligonum mongolicum (in Chinese). Acta Phytoecol Sin, 2005,
29(1): 1—7

Berry J A, Downton W J S. Environmental regulation of photosyn-
thesis. In: Govindjee NY, ed. Photosynthesis Vol. II. New York: Aca-
demic Press, 1982. 263 —343

Xu D Q. Some problems in stomatal limitation analysis of photo-
synthesis (in Chinese). Plant Physiol Commun, 1997, 33(4): 241 —
244

Deng X, Li X M, Zhang X M, et al. A study of the gas exchange
characteristics of four desert plants (in Chinese). Acta Phytoecol Sin,
2002, 26(5): 605—612

Su P X, Yan Q D, Zhang L X, et al. Characteristic in photosynthesis,
transpiration and water use efficiency of Haloxylon ammodendron and
Calligonum mongolicum of desert species (in Chinese). Acta Bot
Boreal-Occident Sin, 2003, 23(1): 11—17

Ma Q L, Wang J H, Ji Y F, et al. Photosynthesis physiological char-
acteristics of Haloxylon ammodendron under different soil moisture
grades (in Chinese). Acta Bot Boreal-Occident Sin, 2003, 23(2):
2120—2126

Gong J R, Zhao A F, Huang Y M, et al. Water relations, gas exchange,
photochemical efficiency, and peroxidative stress of four plant species
in the Heihe drainage basin of northern China. Photosynthetica, 2006,
44(3): 355—3064

Jiang T R, Zhang L X, Bi Y R, et al. Effects of water stress on gas
exchange characteristics of Haloxylon ammodendron leafs (in Chi-
nese). ] Lanzhou Univ (Nat Sci), 2001, 37(6): 57—62

LiuJ Q, PuJ C, Liu X M. Comparative studies on water relations and
xeromorphic structures of some plant species in the middle part of the
desert zone in China (in Chinese). Acta Bot Sin, 1987, 29(6):
662—667

Deng X, Li X M, Zhang X M, et al. Study on gas exchange of Tumarix
ramosissima Lbd (in Chinese). Acta Ecol Sin, 2003, 23(1): 180— 187

YAN HailLong et al. Chinese Science Bulletin | December 2008 | vol. 53 | Supp. Il | 84-92




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


