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RESPONSES OF GAS EXCHANGE CHARACTERISTICS IN LEAVES OF LEYMUS
CHINENSIS TO CHANGES IN TEMPERATURE AND SOIL MOISTURE

XU Zhen-Zhu ZHOU Guang-Sheng” and LI Hui
Laboratory of Quantitative Vegetation Ecology Institute of Botany — Chinese Academy of Sciences  Beijing 100093 China

Abstract Drought and high temperature often occur simultaneously in arid and semiarid regions but few in-
vestigators have studied the interactions between these two stresses. Our objective was to compare the effects of
soil moisture temperature and their interactions on the photosynthesis and growth of Leymus chinensis. Plants
were subjected to different soil moisture regimes relative soil water content ranged from 25% to 80%  at tem-
peratures of 20 23 26 29 and 32 °C in a controlled environment. Under sufficient soil moisture conditions
both net photosynthetic rates and water use efficiency decreased with increasing temperature whereas both stom-
atal conductance and transpiration rates increased. There were no significant effects of soil moisture alone on
net photosynthetic rates but significant soil moisture-temperature interactive effects were observed net photo-
synthetic rates increased under conditions of moderate soil drought at 20 — 26 °C but were significantly reduced
under drought conditions at extremely high temperature 32 “C . Water use efficiency showed a similar re-
sponse to changes in temperature and soil moisture as net photosynthetic rates. Soil moisture did not signifi-
cantly affect leaf stomatal conductance or transpiration rates indicating that higher adaptive ability to soil
drought may be exhibited under these experimental conditions. However under all soil moisture conditions
both net photosynthetic rates and water use efficiency always decreased with increasing temperature whereas
both stomatal conductance and transpiration rates always increased with increasing temperature. Leaf biomass
also responded to changes in soil moisture and temperature. The leaf biomass was greatest under conditions of
light to moderate soil drought at temperatures from 20 — 26 “C but decreased with decreasing soil moisture at
higher temperatures of 29 °C and 32 °C. Leaf biomass of plants grown at 26 °C was greatest under sufficient
soil moisture and light drought conditions but the leaf biomass at 23 °C was greatest under moderate to high
drought conditions. These results suggest that the optimal growing temperature might be lowered under droughty
conditions. Leaf biomass was reduced in plants grown at higher temperatures 29 °C and 32 °C  under all soil
moisture regimes. Interactions between water stress and temperature were highly significant for several physio-
logical processes examined. Leaf gas exchange characteristics and growth were more impacted by drought con-
ditions at high temperatures than at low temperatures. Similarly the productivity of L. chinensis was reduced
more by the combined stresses of drought and high temperature than by either stress alone and much of the ef-
fect was on photosynthetic processes. Our research suggests that the decreased precipitation and increased tem-
peratures forecasted for this semi-arid region due to global climate change could adversely affect the distribution
and abundance of L. chinensis. To conserve this species future research should focus on ways to enhance the
drought tolerance of L. chinensis at high temperatures.
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Fig.1 Effects of temperature and soil moisture on photosynthetic rate A P,  water use efficiency B WUE  stomatal conductance C G,

and transpiration rate D T, in the leaves of Leymus chinensis

CHAL~® 20 23 26 29 32 °C Represent 20 23 26 29 and 32 °C treatments respectively Vertical bars
indicate SE of the mean n=6  Control LD 60% ~65% Light drought Soil moisture is 60% ~65%  MD
50% ~55% Moderate drought Soil moisture is 50% ~55%  SD 35% ~40% Severe drought Soil moisture is 35% ~40% VD

25% ~30% Very severe drought Soil moisture is 25% ~ 30%
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Table 1 Effects of temperature and soil moisture on leaf biomass of Leymus chinensis mg plant ™!
Temperature
Soil moisture 20 C 23 C 26 C 29 C 32 C
Control 53.50° 63.09" 91.61" 65.20° 47.04°
LD 90.07* 76.63" 120.03 36.73 22.87"
MD 64.17" 84.21° 70.65¢ 27.69° 18.92™
SD 32.02° 64.71° 51.92¢ 12.86" 13.94°
VD 21.78° 41.59¢ 35.81° 14.57¢ 10.20°
0.05 Within each temperature values followed by the same letter are not significantly dif-
ferent at p <0.05 according to Duncan’ s Multiple tests n=3 LD MD SD VD 1 See Fig. 1

2
Table 2 Analysis of variance of leaf biomass and photosynthetic parameters from five soil moisture and five temperature levels
Soil moisture Temperature Interaction
Variables df F P df F P df F P
LB 4 17.905 <0.001 4 23.851 <0.001 16 2.448 0.008
P, 4 22.869 <0.001 4 64.818 <0.001 16 2.252 0.015
[eX 4 0.437 0.782 4 176.996 <0.001 16 2.921 0.002
T, 4 5.548 0.010 4 411.697 <0.001 16 3.280 0.010
WUE 4 11.130 <0.001 4 82.287 <0.001 16 1.594 0.105
LB Leaf biomass P, Net photosynthetic rate G, Stomatal conductance T, Transpiration rate

WUE Water use efficiency
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