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Effects of severity of water stress on gas exchange characteristics of Caragana

intermedia seedlings
GUQO Wei-Hua'' %, LI Bo?, HUANG.Yong—-MeiZ, ZHANG Xin-Shi* °** (1. College of Life Science, Shandong

University, Ji’nan 250100, China; 2. College of Resources Science, China Ecological Capital Assessment Research Center, Beijing Normal
University, Beijing 100875,China; 3. Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy of Sciences, Beijing
100093 ,China). Acta Ecologica Sinica,2004,24(12):2716~2722.

Abstract: Water availability is one of the major limits for the plant growth and development, and the way an environmental
factor such as water can affect plant growth is to influence plant physiological process and conditions. The physical
environment in arid and semi-arid areas may become more and more severe because of global warming and local drying.
Experimental evidences for the effects of precipitation change, especially of severity of water stress, on plant individuals are
important basis for further understanding interactions between ecosystems and climatic system. Caragana intermedia, a
dominant planting shrub in Huangfuchuan Watershed in Inner Mongolia, survived the three-year severe droughts from 1999 to
2001, while other planted shrubs such as Hippophae rhamnoides died back then. We conducted a controlled experiment to
simulate variable water stress, including normal precipitation, slight drought, drought and extreme, in order to examine the
effects of the eco-physiological characteristics and eco~physiological adaptive strategies of C. intermedia under different water

supply conditions.

The experiment site was located at the Ecological Field Expertment Station of Beijing Normal University in Huangfuchuan

ELHMB - EXFFLAEMARLERYERNH (G2000018607) ; M BB L AR LS WBITH B (20030422030)

WA H 3 :2003-12-18; #1T H 83 :2004-04-19

EEWA - B OELA68~), &, LA EAN, B4, TENFHEDERASEWR. E-mail: weihuaguo@263. net
» R AEH Author for correspondence. E-mail: zhxsh@public. bta. net. cn

B ALARREHBRS TR .FEBE
Foundation item:State Key Basic Research and Development Plan of China (No. G2000018607); Ministry of Education on Doctorial Discipline

(No. 2003042
Received date . 2003-] Accepted date:2004-04-19
Biography :GUQO Wei-Hua, Ph. D. candidate, mainly engaged in plant physio-ecology. E-mail; weihuaguo@263. net



12 B4 BIOE F.AREERKS B X EE 0 L4018 AR A R AE B 52 ) 2717

Watershed (39°45. 10'N, 111°07.49'E, 1 099 m), built in April 2002. One hundred and sixty of one-year-old C. intermedia
seedlings of approximately the same size from the Shagedu Nursery near the Experiment Station were randomly divided into
eight groups, and then were planted respectively in eight cement pools. There is an approximate 20% of precipitation as a loss
in the forms of runoff and seepage under the same natural conditions according to a runoff experiment done locally. The annual

average precipitation of 40 years (1961~ 2000) in Huangfuchuan Watershed was 389. 75 mm. We use 315mm of artificial

water-supply amount to simulate normal condition of annual precipitation. According to the criteria given by the National
Climate Center of China, the designed water-supply levels of 315mm represent normal precipitation, marked as W4. Similarly
227.5, 167, 115mm were used for slight drought (W3), drought (W2) and extreme drought (W1) conditions respectively. A
replicated group was set relative to the above different water treatments respectively. The water supply proportion of each
treatment in each month of the year was determined based on the mean precipitation in each month during 1961~ 2000 in the
study area. Soil water content and soil temperature were measured.during the experimental period. Photosynthesis rate,
transpiration rate, environmental factors and leaf water potential were measured on July 10, 2002.

Soil temperature decreased distinctly with the increase of the water supply. Generally, soil water content increased with
the water supply, but that of the highest water supply (W4), was not the largest, due to the increases in total leaf area and
transpiration rate, which resulted in the significant increase in total transpiration and much excessive water consumption.

Ci/Ca, an indicator of drought-resistance, implied that the moderate water stress (W2) could improve the drought-
resistance ability, and furthermore, the drought-resistance ability under extreme drought was higher than those under the
other two treatments. The moderate water stress could improve WUE at the cost of net photosynthetic rate and transpiration
rate. As an early indicator of water stress, premature closure of stomata of C. intermedia seedlings under all water conditions
from extreme drought to normal precipitation indicated that they were all affected by water stress to different extents. With
Increases in water stress, transpiration water loss and leaf water potential, stomatal conductance, transpiration rate and net
photosynthesis rate decreased accordingly. This mechanism helps plants by avoiding the injury to mesophyll tissues under
excessive water loss.

Water stress reduced the net photosynthesis rate. With increases in water stress, the diurnal pattern of net photosynthetic
rate shifted from a typical single-peaked curve gradually to a double-peaked one that signifies midday depression of
photosynthesis. According to the criteria suggested by Farquhar and Sharkey, the midday depression of photosynthesis in the
drought and extreme drought conditions may be attributed to stomatal limitation or non-stomatal limitation, i. e. decline of the
photosynthetic capacity of mesophyll cells, respectively.

During the whole growing season, C. intermedia grew well under normal precipitation, ordinarily under slight drought
conditions. Under drought and extreme drought conditions, it adapted itself to environment through intrinsic physiological
regulation. In comparison with H. rhamnoides, a widely artificially planting shrub species in the western Loess Plateau in the
past years, it had better potential to adapt to arid environment and is expected to play a more important role in ecological
construction.
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depression of photosynthesis
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Table 1 ANOVA results of the effects of water gradient on the eco-

physiological characteristics of C. intermedia seedlings
FFAE F{H BEH

Characteristics F value Significance
+EEBEEB Ts, Soil temperature 8. 695 * * %
T+ 45 K& 4,Soil water content 4. 529 * %
G ##E Pn, Net photosynthesis rate 7. 941 * % *
S BE g.» Stomatal conductance 40. 718 % % %
% HE 2 Tr, Transpiration rate 52. 547 X ¥ ¥
SERE Flow, Flow 0. 645 ns
H H IR TI, Leaf temperature 0. 353 ns
fa g COz/ Kk | COy Ci/Ca, Intercellular

C 8. 325 % % %
CO,/atmospheric CO;
KAOFHRE WUE, Water use efficiency  27. 327 % % %
Yo RE R 2L # LUE, Light use efficiency 3. 366 %
CO, B E CUE, CO; use efficiency 5. 449 % *
SF.PR&I{E Ls, Stomatal conductance
C . 8. 325 ¥ ¥ %
limitation
H B 7K # ¥, Leaf water potential 16. 760 % ® *

B EF K Level of significance; * % * p<{0.001, » * p<C

0.01, * p»<0.05, ns p=>0.05; n of ¥ is 28, and n of others i1s 126
27 1 Tr 2 ap
26 : ab 6L b [* qi'
~~~ + be C +
£ a5t B ¢ s
Iyl Tl 4t
23 3
Wl W2 W3 w4 Wl W2 W3 W4
4+ # Treatment
1 HEEETHM LRI KR @KL
Fig. 1 Changes of soil temperature (T’s) and soil water content (&)

along with water gradient

REERELHENRERGE, LB E (TN 363 Kl EE
FEHE(E SE), +EBE KB @O0 RNMNEHENFEFHE(E SE);
% Duncan FHEHUBREE, ARFEBFERERBE (»p=0.05); W1
~W4 3% 4 FK4 3 (CF[E]) The error bars represent standard

errors (SE) of the means. Values of soil temperature (7T's) are

means of 363 values + SE and values of soil water content (§) are
means of 40 values 4 SE. According to Duncan multiple range test,
the values with different letters are significantly different, at the O.

05 level. W1~ W4 represent four water treatments (the same below)
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Fig. 4 Changes of net photosynthetic rate (Pn), substomatal CO; concentration (Ci) and stomatal limitation values (Ls) of C. intermedia

under different water supply treatments
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