PHOTOSYNTHETICA 41 (4): 565-569, 2003

Effects of elevated temperature on growth and gas exchange
in dominant plant species from Maowusu sandland, China

Chun-Wang XIAO™", Guang-Sheng ZHOU", and R. CEULEMANS"

Laboratory of Quantitative Vegetation Ecology, Institute of Botany, The Chinese Academy of Sciences,
Beijing 100093, P.R. China”

Department of Biology, Research Group of Plant and Vegetation Ecology, University of Antwerpen (UIA),
Universiteitsplein 1, B-2610 Wilrijk, Belgium™

Abstract

We compared the effect of elevated temperature on morphological development, biomass accumulation and allocation,
and gas exchange of three dominant plants (Caragana intermedia Kuanget H.C. Fu, Hedysarum mongolicum Turcz., and
Artemisia ordosica Krasch.) growing in Chinese Maowusu sandland. Plants were grown in two temperature chambers
(25/20, 28/23 °C, day/night) during 60 d. Tree height, number of leaves, and leaf area were increased in C. intermedia
and H. mongolicum seedlings, while in A. ordosica temperature only affected tree height. Elevated temperature
increased biomass and reduced the root: shoot ratio in C. intermedia and H. mongolicum seedlings, but not in
A. ordosica seedlings. The net photosynthetic rate (Py) and transpiration rate (E) were increased at days 40 and 60 in
C. intermedia and H. mongolicum seedlings, while in A. ordosica seedlings no significant effects on E were observed,
and Py was increased only at day 60. Water use efficiency (WUE) was reduced at days 40 and 60 in H. mongolicum
seedlings, and at day 60 in C. intermedia seedlings. No temperature effect on WUE was observed in A. ordosica seed-

lings. These different responses indicate that climate change could alter plant communities in Maowusu sandland.
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Introduction

It is now predicted that future increases in greenhouse gas
emissions are projected to increase global atmospheric
temperature by 1.4-5.8 °C in the next 100 years as a
result of the impacts of human population growth
(Houghton et al. 2001). Change in the exchange of mass,
energy, and momentum resulting from atmospheric war-
ming will influence the establishment, survival, and re-
production of plants (Woodward 1992). In the past
decades, some of these responses to climate warming
have been studied in various terrestrial species (e.g.
Chapin 1983, Farrar 1989, DeLucia et al. 1992, Harte and
Shaw 1995, Schwarz et al. 1997, Gunn and Farrar 1999,
Loik et al. 2000). Plant morphology, biomass, and phy-
siology for most of these species were affected by climate
warming.

Maowusu sandland, located on the middle part of
Chinese north desert (37°30'-39°20'N, 107°20'-113°30'E)
(Yao et al. 1992), contains typical deserts, desertified
grasslands, as well as typical grassland. And Maowusu
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sandland is one of the shrub and sub-shrub 'kingdoms' in
the global temperature arid zones, where Caragana
intermedia Kuanget H.C.Fu, Hedysarum mongolicum
Turcz., and Artemisia ordosica Krasch. are the dominant
shrubs and sub-shrub, and they have been used by local
people as feed for livestock as well as to protect against
desertification (Zhang 1994). At present, climate is war-
ming in the Chinese north desert, such that these ecosys-
tems may already be experiencing climate stress (Chi
1994). Field studies and simulated drought effects on
growth and gas exchange in the three dominant species
have been reported previously (e.g. Jiang and He 1999,
Xiao and Zhang 2001, Xiao and Zhou 2001), but the tem-
perature effects associated with climate warming have not
been reported. The main objective of this study was to
assess how elevated temperature affects morphology, bio-
mass, and gas exchange in the three dominant species,
and how they adapt to elevated temperature by different
eco-physiological and structural adjustments.

Abbreviations: E — transpiration rate; Py — net photosynthetic rate; WUE — water use efficiency.
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Materials and methods

Plant species and experimental design: Caragana
intermedia Kuanget H.C. Fu belongs to the family of
Fabaceae, and is a deciduous shrub that occurs in the
Inner Mongolia Autonomous Region, Ninxia Autono-
mous Region and Shanxi Province of China. The shrub is
typically about 0.7-3.0 m tall and has odd, plumose,
compound leaves. It is one of the dominant shrub species
that fixes soil and reduces wind speed, and thus actively
mitigates desertification in Maowusu sandland. Hedysa-
rum mongolicum Turcz. belongs to the family of Faba-
ceae, and is a deciduous sub-shrub occurring in Northeast
China, Inner Mongolia Autonomous Region, Xinzang
Autonomous Region, and Shanxi Province of China. This
species is about 1.5-2.0 m tall with odd, plumose,
compound leaves. It is one of the dominant plants in
fixed dune and semi-fixed dune in Maowusu sandland.
Artemisia ordosica Krasch. belongs to the family of
Asteraceae, and is a deciduous sub-shrub and occurs in
Inner Mongolia Autonomous Region, Ningxia Autono-
mous Region, and Shanxi Province of China. The species
is about 0.6-1.0 m tall with plumose, full split leaves. It
is also one of the dominant plants in the semi-fixed and
fixed dunes in Maowusu sandland.

Seedlings were grown for 60 d in two CMP3000
chambers (1.5x0.8x1.5 m), in Beijing, China. Seeds of
C. intermedia, H. mongolicum, and A. ordosica were col-
lected randomly from one mother tree per species at
Maowusu sandland (39°29.66'N and 110°11.47'E, altitude
1295 m) in 1999. Seeds were germinated separately in
sand and then transplanted into pots. The pots were filled
with sand collected from Maowusu sandland and 10 gra-
nules of slow releasing fertiliser (14 % N, 14 % P, 14 %
K) was added at the start of the experiment. Physical and
chemical properties of the sand are as follows: diameter
of grain size 0.5+0.063 mm; water capacity 5.73 %; pH
8.3; organic matter 0.462 %; total N 0.0337 %; total P

Results

Morphological development: The three species showed
different responses of tree height, number of leaves, and
leaf area to elevated temperature (Fig. 1). Tree height of
C. intermedia and H. mongolicum seedlings was signifi-
cantly enhanced already at day 40, while in A. ordosica
seedlings, changes were only observed at day 60
(Fig. 1A). Elevated temperature increased the number of
leaves in C. intermedia and H. mongolicum seedlings
from day 40 onwards, but in A. ordosica seedlings, no
significant changes were observed (Fig. 1B). Elevated
temperature increased leaf area in C. intermedia and
H. mongolicum seedlings from 30 d onwards, but leaf
area of A. ordosica seedlings was never stimulated
(Fig. 1C).
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0.0261 %; total K 0.0385 %. After two weeks, 25 seed-
lings per species were transferred to the chambers.

The mean growing-season temperature in the area of
origin of the seeds was about 25 °C during daytime and
20 °C at night. Therefore, chamber temperatures were
maintained at 25/20 °C (day/night) in the ambient treat-
ment and 28/23 °C in the elevated treatment. In the two
chambers, temperature was examined using a thermo-
couple sensor. The photosynthetically active radiation in
both chambers was about 300 pmol m” s™ and frequently
checked using a LCA-4 portable photosynthesis system
(ADC, Hoddesdon, UK). Soil water content was about
4.0 %, which is the mean growing-season moisture
content in the area of origin.

Measurements: Net photosynthetic rate, Py [pumol m™
s'] and transpiration rate, E [mmol m™ s"'] were mea-
sured at days 40 and 60 with a portable photosynthesis
system (LCA4, ADC) on the uppermost, fully expanded
leaf of C. intermedia, H. mongolicum, and A. ordosica
seedlings. Water use efficiency, WUE [mmol mol'] was
defined as the ratio of Py to E.

Ten seedlings were non-destructively sampled, and
height and number of leaves (leaves > 5 mm long) at 10
day intervals, and leaf area (using a CI-203 area meter,
CID, USA) were determined. After 60 d, ten seedlings
were harvested to assess biomass. Roots were carefully
excavated with a spray gun, and the sand was recollected
and checked thoroughly for living roots that had broken
off. Root, branch, and leaf dry masses were determined
after 48 h in an oven at 85 °C.

Statistical analysis: Data were processed separately for
the three species. Standard error (SE) of each treatment
was calculated. To test for temperature effects, t-test was
performed for each species.

Biomass distribution: At the end of the experiment,
elevated temperature enhanced total tree biomass in
C. intermedia and H. mongolicum seedlings, but not in
A. ordosica seedlings (Fig. 2). Elevated temperature en-
hanced shoot growth more than root growth in both
C. intermedia and H. mongolicum seedlings, and reduced
the root : shoot ratios (Fig. 3). In A. ordosica seedlings,
neither root biomass nor shoot biomass was affected by
the elevated temperature.

Gas exchange: Leaf Py, E, and WUE were determined at
days 40 and 60 of the experiment. Py was significantly
increased at days 40 and 60 in C. intermedia and
H. mongolicum seedlings, while in A. ordosica seedlings
only at day 60 (Fig. 4). A significant increase of E in
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elevated temperature was obtained at days 40 and 60 in
C. intermedia and H. mongolicum seedlings, but not in
A. ordosica seedlings (Fig. 4). In C. intermedia seedlings,
WUE was not affected by elevated temperature at day 40,

Discussion

The tree height, number of leaves, leaf area, and total
biomass of C. intermedia and H. mongolicum seedlings

16 25

but decreased at day 60. In H. mongolicum seedlings,
WUE was significantly reduced both at days 40 and 60,
while in A. ordosica seedlings, WUE was never affected
by the elevated temperature treatment (Fig. 4).

exposed to elevated temperature were significantly
increased. This is agreement with similar works
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Fig. 1. Developmental changes of C. intermedia (A, A), H. mongolicum (o, m), and A. ordosica (o, ®) grown at 25/20 (A, o, o) and
28/23 °C (A, m, @) for 60 d. (A) Tree height per plant, (B) number of leaves per plant, and (C) leaf area per plant. Points represent

treatment means, standard error bars are shown one-sided.

A a
03 b
0.1 .2 L
. m e
B
a

02 -

TOTAL BIOMASS
PER PLANT [g]
o
N

b

SHOOT BIOMASS
PER PLANT [g]

a
. a
0.05 -
a
0 il |

C. intermedia H. mongolicum A. ordosica

ROOT BIOMASS
PER PLANT [g]
o
IS
I

Fig. 2. Biomass per plant of C. intermedia, H. mongolicum, and
A. ordosica grown at 25/20 (white bars) and 28/23 °C (black
bars) after day 60 of treatment. (A) Total, (B) shoot, and (C)
root biomass per plant. Boxes represent treatment means, stan-
dard error bars are shown one-sided. Treatments with the
different letters are significantly different (p<0.05) according to
t-test.
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Fig. 3. Root : shoot ratio per plant of C. intermedia, H. mongo-
licum, and A. ordosica grown at 25/20 (white bars) and
28/23 °C (black bars) for 60 d. Boxes represent treatment
means, standard error bars are shown one-sided. Treatments
with the different letters are significantly different (p<0.05)
according to t-test.

(Clarkson et al. 1986, DeLucia et al. 1992, Mitchell at al.
1993, Harte and Shaw 1995, Henry and Molau 1997,
Gunn and Farrar 1999). No significant temperature ef-
fects on number of leaves, leaf area, and biomass were
observed in A. ordosica seedlings all through the experi-
ment, and similar result was observed by Chapin and
Shaver (1996), Jones et al. (1997), and Stenstrom et al.
(1997). However, under the elevated temperature treat-
ment, biomass accumulation was decreased for shrubs
and herbaceous perennial species (Harte and Shaw 1995)
and drought-tolerant tree species (He and Dong 2003).
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The biomass allocation is greatly affected by tempera-
ture change (Farrar 1989, DeLucia et al. 1992, Rawson
1992, Gunn and Farrar 1999). In this study, the elevated
temperature significantly decreased root : shoot ratio in
C. intermedia and H. mongolicum seedlings. Obviously a
large proportion of photosynthates of the two desert
species will be allocated to the above-ground plant parts,
which maintains these species to capture more pho-
tons. However no significant temperature effects on
root : shoot ratio were found in A. ordosica seedlings.
Because biomass allocation patters will often affect the
competitive relationship among species in plant com-
munities (Aerts et al. 1991), we could estimate that
C. intermedia and H. mongolicum seedlings will possibly
increase their competitive ability in plant communities of
the Maowusu sandland under elevated temperature. This
interpretation, however, is made cautiously, since the ele-
vated temperature treatment concerns only two months.

The responses of Py to elevated temperature varied
largely for different species (Chapin 1983, Sun and Sweet
1996, Schwarz et al. 1997, Leverenz et al. 1999, Sheu
and Lin 1999, Loik et al. 2000, He and Dong 2003). In
this study, significantly positive temperature effects on
leaf Py were observed in C. intermedia and H. mongoli-
cum seedlings at days 40 and 60 of this experiment. Py
responses of the two species to elevated temperature ex-
plained the temperature effects on their growth very well.
We can thus estimate that there is a positive feedback
among photosynthetic products, biomass, and leaf deve-
lopment of the two species under the elevated tempera-
ture range of this experiment. In A. ordosica, responses of

CP1 CP2

=
o

Px were significant at day 60 but not significant at day
40. Obviously the different morphological and physio-
logical characteristics had no integrated response to the
elevated temperature, but there would probably be tempe-
rature lag effects on growth of A. ordosica seedlings. Si-
milarly, Polygonum bistorta also had internal lags that
would delay the response to temperature changes (Chapin
et al. 1995, Diggle 1997).

We expected that evapotransporation would increase
under elevated temperature and the upper sand strata
would become drier, leading to lower E and higher WUE
in the three species. However, the expected changes in E
and WUE were not observed in this experiment. E was
significantly increased at days 40 and 60 and WUE was
significantly decreased at day 60 in C. intermedia and
H. mongolicum seedlings. No significant temperature ef-
fects on E and WUE were observed in A. ordosica seed-
lings. Based on these results, we can estimate that the po-
sitive elevated temperature effect on the two species
might change under more drought environments. For
plants exposed to soils dried by elevated atmospheric
temperatures, water potential may be decreased, leading
to reductions in photosynthetic CO, fixation (Loik et al.
2000). In fact, a significant decrease in Py for the two
species was observed under drought environment (Xiao
and Zhang 2001, Xiao and Zhou 2001). In addition, some
characteristics of the two species, such as lower WUE
and lower root/shoot ratio, increased soil water consump-
tion under elevated temperature possibly to enhance the
drought effect on their growth.

N
N
T
T

3]

o
T
o

RATE [umol i’ s']
A~
I

111

o

o

N

-3 N
T
Q

[mmol mi? §']

o

1§

e

i ah

[mmol mol"]

WATER USE EFFICIENCY TRANSPIRATION RATE NET PHOTOSYNTHETIC

C. intermedia H. mongolicum A. ordosica C. intermedia H. mongolicum A. ordosica

Fig. 4. Net photosynthetic rate, transpiration rate, and water use efficiency of C. intermedia, H. mongolicum, and A. ordosica grown at
25/20 (white bars) and 28/23 °C (black bars) at day 40 (CP1) and day 60 (CP2). Boxes represent treatment means, standard error
bars are shown one-sided. Treatments with different letters are significantly different (p<0.05) according to t-test.
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Overall, the results of this experiment indicated diffe-
rent responses of the three dominant desert species to ele-
vated temperature. Furthermore, the results help to pre-
dict how these species would change their ecological
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