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Effect of soil water change on photosynthetic characteristics of Taxodium
distichum seedlings in the hydro-fluctuation belt of the Three Gorges Reservoir

Area
LI Chang—Xiao] 2 , ZHONG Zhang—Chengl 2 , LIU Yun?® (1. College of Life Sciences, Southwest China Normal University ,

Chongqing 400715 ,China;2. The State Education Ministry’s Key Laboratory for the Eco-environment of Three Gorges Reservoir Area, Southwest
China Normal University, Chongqing 400715, Chinas 3. College of Agronomy and Life Sciences. Southwest Agricultural University 400715,
China). Acta Ecologica Sinica,2005,25(8) :1953~1959.

Abstract; Four different kinds of water treatment were applied to examine the photosynthetic characteristics of Taxodium
distichum seedlings in the hydro-fluctuation belt of the Three Gorges Reservoir Area. The aim was to shed light on the plant’s
physio-ecological adaptation to changing water levels for revegetation purposes. The water treatments were normal growth
water condition (CK). light drought water stress (T1), growth under soil water saturation (T2) and growth with soil
submersion (T3). T3 had the lowest content of photosynthetic pigment; T1 and T2 did not differ from CK in the content of
chlorophylls and carotenoids. The ratio of chlorophylls a to b in four groups ranged 2. 043 ~ 2. 691 and chlorophylls to

carotenoids 3. 079~4.514. In group T1 the seedlings of T'. distichum had lower apparent light use efficiency, lower apparent
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CO, use efficiency and lower net photosynthetic rate, with the net photosynthetic rate 24. 9% lower than that of group CK.
However, T2 and T3 did not differ from CK in apparent light use efficiency, apparent CO, use efficiency and net photosynthetic
rate. The water use efficiency of four treatments consistently increased as treatment was prolonged; the average water use
efficiency of T3 was the lowest while that of CK showed highest. Correlational analysis showed that the net photosynthetic rate
of T. distichum seedlings was positively related to transpiration rate, stomatal conductance, water use efficiency. apparent
light use efficiency and apparent CO, use efficiency. but highly negatively related to the ratio of chlorophylls a to . Net
photosynthetic rate was not significantly related with the content of chlorophylls, content of carotenoids, the ratio of
chlorophylls to carotenoids. relative air humidity and intercellular CO, concentration. Transpiration rate positively correlated
with stomatal conductance and negatively to water use efficiency. The results showed that different water treatment could
effectively influence the T'. distichum seedlings’ content of photosynthetic pigment, leaf gas exchange and apparent resources
use efficiency. The results verified that the species T'. distichum takes on the features of a water-tolerant and hydrophilic
plant, which can be considered as one of the species for the building of protection forest system of the hydro-fluctuation belt in
the Three Gorges Reservoir Area, and should not be planted in drought soil condition.
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Table 1 The results of ANOVA of the effects of different water treatment on the physiological characteristics of T. distichum seedlings
Character F  F value Probability Significance
ChlsCa+0b) (fw) 40.157 0. 000 % % %
ChlsCa+0b) (dw) 50. 022 0. 000 * % %
Car (fw) 30. 196 0. 000 * % %
Car (dw) 42.524 0. 000 * % %
a/b Chls a/b 20. 202 0. 000 * % %
/ Chls/Car 33.052 0. 000 * * %
Pn 34.524 0. 000 * % %
Tr 52. 658 0. 000 * % %
8 100. 743 0. 000 * x %
CO, Ci 1. 055 0.373 ns
WUE, Water use efficiency 18. 223 0. 000 * % %
LUE, Light use efficiency 35.109 0. 000 % ¥ %
CO, CUE, CO, use efficiency 26. 627 0. 000 * % %
Significance levels: % x % p<C0.001; % % p<C0.01; * p<<0.05; ns p=>0.05; “fw” ,“dw”
;“fw” refers to fresh weight, and “dw” means dry weight
2.2
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Fig. 1 The change of photosynthetic pigment content of T'. distichum seedlings under different water treatment (£+SE)
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Fig. 2 The change of Pn, Tr and g, of T'. distichum seedlings under different water treatment(4SE)
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Fig. 3 The change of WUE, LUE and CUE of T'. distichum seedlings under different water treatment (+SE)
2
Table 2 Correlations between Pn and other parameters in 7. distichum seedlings
Pn Tr gs WUE LUE CUE Chls(dw) Car(dw) Chls a/b  Chls/Car
Tr 0.303" "
gs 0.352* " 0.891**
WUE 0.364"* —0.683"" —0.539" "
LUE 0.999" * 0.315" " 0.364" " 0.354" "
CUE 0.967" " 0.254" 0.307" " 0.393" " 0.964 "~
Chis(dw) 0.021 —0.421** —0.488* 0.414** —0.027 —0.036
Car(dw) —0.013 —0.474* " —0.499* 0.414** —0.094 —0. 060 0.820" "
Chls a/b —0.273** —0.180 —0.347** —0.028 —0.274" " —0.311"* 0.223" 0.142
Chls/Car  —0.029 0.112 —0.072 —0.150 —0.024 —0.122 0.428" " 0.121 0.397" "
RHi 0.053 —0.102 0. 145 0.209* 0. 051 0.140 —0.215* —0.037 —0.551*" —0.748"~
Ci 0. 059 0.152 0.132 —0.143 0.067 —0.195 0. 056 —0.076 0.184 0.357*
* % a=0.01 ( ) o* a=0.05 ( ), * % Correlation is
significant at the 0. 01 level (2-tailed); % Correlation is significant at the 0. 05 level (2-tailed)
3
. 36.47% 33.41%. .
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CK o s s
CO, N s
. s CO, ( 1, s
CO, s s o
Chls/Car 3:1 Chisa/b 3:1 ,
s 3+ 0190
s s . Chls/Car
3:1 s
Chls a/b 3:1 , a b
(20,217 f2z] Chls a/b

,CK.T1. T2 T3 4

g Tr
) b

3.960.2.972.3. 904

CO,

[23.24.25]

4. 004 pmolCO,/(m? * s),

T2.T3

CO,



1958 25
. Pn  Tr ,T3 Pn=—0.0014T7*+
0.1467Tr—+0. 9905, R=0.715, 4 (0.352" "),

References :

(1]

[2]

[3]

[4]

[5]

[7]

L8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Diao C T, Huang J H. A preliminary study on land resources of the water-level-fluctuating zone in the Three Gorges Reservoir. Resources
and Environment in the Yangtze Basin, 1999, 8 (1): 75~80.

Zhang H ], Gao Z Q. Xie M' S, et al. Overall arrangement of multi-functional protection forest system in the Three-Gorge Reservoir Area
of the Yangtze River. Resources and Environment in the Yangtze Basin, 2000, 9 (4): 479~486.

Huang J H. Development and utilization of land resources of water-level-fluctuating zone in the Three Gorges Reservoir. Jowrnal of
Southwest China Normal University (Natural Science), 1994, 19 (5). 528~533.

He W M, Ma F Y. Effects of water gradient on fluorescence characteristics and gas exchange in Sabina vulgaris seedlings. Acta
Phytoecological Sinicas 2000, 24 (5): 630~634.

Liu W L, Xie S X, Yu L F. Physiological response of several karst common tree species seedlings to water stress. Guizhou Science,
2003, 21 (3): 51~55.

Chen D X, Li Y D, Luo T S, et al. Study on photosynthetic physiological ecology of Cryptocarya chinensis in tropical mountain rain forest
in Jianfengling, Hailan Island. Forest Research, 2003, 16 (5): 540~547.

Ma C C, Gao Y B, Wang J L. et al. Ecological adaptation of Caragana opulens on the Inner Mongolia Plateau: Photosynthesis and water
metabolism. Acta Phytoecological Sinica, 2004, 28 (3): 305~311.

He Z A, Chen W D, Gao Z J, et al. Investigative study on the property of urban greening trees in submersion. Hu’ nan Science and
Technology of Forestry, 1997, 24 (2). 70~72.

Xiao W F, Li ] W, Yu C Q. et al. Terrestrial animal and plant ecology of the Three Gorges of Yangtze River. Chongqing: Press of
Southwest China Normal University, 2000. 1~20.

Wang Q M, Jiang Z P, Li X S, et al. Studies on the variation of provenances and families in Genus Taxodium: Introduction to the
genus. Journal of Jiangsu Forestry Science and Technology, 1995, 22 (2): 14~18.

Hu X S, Wang S J. A review of studies on water stress and drought tolerance in tree species. Scientia Silvae Sinicae, 1998, 34 (2) .77~
88.

Hu Z S, Xu C Q, Fu R S. Physiological response for Castanea henryi seedling under water stress and the action of 6-BA. Journal of
Fujian Forestry College, 2000, 20 (3): 1~4.

Bragina T V, Martinovich L I, Rodionova N A, et al. Ethylene-induced activation of xylanase in adventitious roots of maize as a response
to the stress effect of root submersion. Applied Biochemistry and Microbiology, 2001, 37 (6): 618~621.

Nijs I, Ferris R, Blum H. Stomatal regulation in a changing climate: A field study using free air temperature increase (FATI) and free air
COy enrichment. Plant, Cell and Environment, 1997, 20: 1041~1050.

Long S P, Baker N R, Raines C A. Analyzing the responses of photosynthetic CO; assimilation to long-term elevation of atmospheric CO,
concentration. Vegetation, 1993, 104/105: 33~45.

Penuelas J, Filella 1, Llusia J, et al. Comparative field study of spring and summer leaf gas exchange and photobiology of the
Mediterranean trees Quercus ilex and Phillyrea latifolia. Journal of Experimental Botany, 1998, 49 (319): 229~238.

Zou Q. Experimental introduction of plant physiology and biochemistry. Beijing: Chinese Agriculture Press, 1995. 36~309.

Du R Q. Biostatistics. . Beijing: Higher Education Press, 2003. 104~116.

Pan R C, Wang X J, Li N H. Plant physiology.. Beijing: Higher Education Press, 2004. 64~68.

Scholes J D, Press M C, Zipperlen S W. Differences in light energy utilization and dissipation between dipterocarp rainforest tree
seedlings. Oecologia, 1997, 109: 41~48.

Lee D W, Bone R A, Tarsis S L, et al. Correlations of leaf optical properties in tropical forest sun and extreme-shade plants. Am. J.
Bot. , 1990, 77: 370~ 380.

Ronzhina D A, Nekrasova G F, P’yankov V 1. Comparative characterization of the pigment complex in emergent, floating, and

submerged leaves of hydrophytes. Russian Jowrnal of Plant Physiology, 2004, 51 (1): 21~27.



8 : 1959

[23] Anderson P H, Pezeshki S R. The effects of intermittent flooding on seedlings of three forest species. Photosynthetica, 1999, 37 (4):
543~552.

[24] Eclan J] M, Pezeshki S R. Effects of flooding on susceptibility of Taxodium distichum L. seedlings to drought. Photosynthetica, 2002, 40
(2): 177~182.

[25] Wang G B, Cao F L. Effects of soil water and salt contents on photosynthetic characteristics of T'axodium distichum. Journal of Nanjing

Forestry University (Natural science edition), 2004, 28 (3): 14~18.

(1] , . . , 1999, 8 (1): 75~80.

[2] , , - . . 2000, 9 (4): 479~486.

[3] . . ( ), 1994, 19 (5): 528~533.

[4] . . . . 2000, 24 (5): 630~634.

[5] , . . . , 2003, 21 (3): 51~55.

[6] . . .o . , 2003, 16 (5):
540~547.

[7] . . . . . 2004, 28 (3): 305~311.

[8] . . - . . 1997, 24 (2): 70~72.

[9] , , - . : ,2000. 1~20.

[10] , , . : . . 1995, 22 (2): 14~18.

[11] . . . . 1998, 34 (2): 77~88.

[12] . . . 6-BA . . 2000, 20 (3): 1~4.

[17] . . : , 1995. 36~39.

(18] . . . ; , 2003.104~116.

[19] . . . . . : . 2004. 66~68.

[25] s . . ( ), 2004, 28 (3): 14~18.



