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Environmental response of intrinsic water use efficiency of Pinus thunbergii in Dalian City
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Abstract: Based on Pinus thunbergii growing in Dalian City we developed the time series of tree
radial growth tree—ring stable carbon isotope ratio ( 8" C) and intrinsic water use efficiency
( WUE,) in the period of 19512010 and studied their variation and the climate related signifi—
cance. Radial growth of the pines showed a decrease trend tree—ring 8" C decreased slightly but
WUE, increased significantly ( P<0.05) after 1980. Climate factors affected tree—ring width §"C
and WUE, of the pines and the effects showed seasonal variation. Temperatures respectively showed
positive and negative correlations with radial growth of the pines in summer and winter while
monthly precipitation and relative humidity in June had positive correlations with tree—ring width in
general. Monthly temperature had weakly positive correlations with 8" C and WUE; in March—Sep—
tember and slightly negative correlation during the rest months of a year. Precipitation and relative
humidity respectively had negative correlations with " C and WUE; in general. The rapid warming
environment in the city contributed to the WUE;, increase of urban trees.

Key words: Pinus thunbergii; tree ring; stable carbon isotope ratio; intrinsic water use efficiency;
climate change.
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Table 1 Statistics of STD

Statistical item Value
0.223
Mean sensitivity
0.261
Standard deviation
0.481
First order autocorrelation
12.407
Signal to noise ratio ( SNR)
0.924
Expressed population signal ( EPS)
0.301
Correlation between trees
69.6
Variance in first eigenvector ( %)
0.80 1954

Starting year of subsample signal strength ( SSS) >0.80
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Fig.2 Variation of tree ring width §”C and WUE,.
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Fig.3 Correlations between the first difference variables of pre—

cipitation ( a) relative humidity ( b) and temperature ( c¢)

from 1951-2010 and the first difference variables of tree ring

width (W) tree ring 8 C and WUE, respectively.

11 s"C
5.8 10 ( P<0.05) ;
8"C (11
) 12.1.8.10 s"cC
( P<0.05) . . .
+ 36.0%- 42.2% 54.3% 61.7%
s"c K s"cC
(r  =-0.280 P<0.05).
2.4
( 2) 58~111
(P<0.01).
28.12
0.461 pmol - mol ™' e

pmol * mol ™!
1950—2010

pmol * mol !

-1
a .

(r

3.1

(10—11

7\8

SPC

3" C

26

d"C
3.2

( WUE))

98.7%

Co,
K
=-0.304 P<0.05) .

)

23-24

8" C

25

"¢

.2000

27-28 .

29-32



2854

28

33

34

Co,

34

35

25

36-39

24 37 40

26 “ ”»

1 McPherson EG Simpson JR Xiao Q et al. Million
trees Los Angeles canopy cover and benefit assessment.
Landscape & Urban Planning 2011 99: 40-50

2 Roy S Byrne ] Pickering C. A systematic quantitative
review of urban tree benefits costs and assessment
methods across cities in different climatic zones. Urban
Forestry & Urban Greening 2012 11: 351-363

3 ChenZ He X CuiM et al. The effect of anthropoge—

nic activities on the reduction of urban tree sensitivity to

10

11

12

13

14

15

16

17

18

climatic change: Dendrochronological evidence from
Chinese pine in Shenyang City. Trees: Siructure and
Function 2011 25: 393-405

Leavitt SW  Wright WE Long A. Spatial expression of
ENSO drought and summer monsoon in seasonal 8" C
of ponderosa pine tree rings in southern Arizona and New
Mexico. Journal of Geophysical Research 2002 107: 43—
49

Pefiuelas ] Canadell JG Ogaya R. Increased water—use
efficiency during the 20th century did not translate into
enhanced tree growth. Global Ecology and Biogeogra—
phy 2011 20: 597-608

McCarroll D Loader NJ. Stable isotopes in tree rings.
Quaternary Science Reviews 2004 23: 771-801
Farquhar GD Ehleringer JR Hubick KT. Carbon iso—
tope discrimination and photosynthesis. Annual Review of
Plant Physiology and Plant Molecular Biology 1989
40: 503-537

Bacon M. Water Use Efficiency in Plant Biology. Ox—
ford: Blackwell 2004

Chen T ( ) Qin D-H ( ) He Y-Q (

) et al. The pattern of stable carbon isotope ratios
in Sabina przewalskii. Journal of Glaciology and Geocryo—
logy ( ) 2002 24(5): 571-573 (in Chi-
nese)

QianJ LvJ Tu Q et al. Reconstruction of the climate
in the Tianmu Mountain area Zhejiang Province in the
last 160 years by 8" C sequence of tree ring a-cellulose.
Science China Earth Sciences 2002 45: 409-419

Xu H ( )  Hong Y-T ( ) Zhu YX (

) et al. Information on climate change recorded in
8"”C and 6" 0 series of Pinus koraiensis tree ring cellu—
lose in Anto area. Geology Geochemisiry (

) 2002 30(2): 59-65 (in Chinese)
Deng Z-W ( ) Qian JL ( ) Tu Q-P
( ) et al. Effects of environmental factors on
8" C azimuth distribution in Cryptomeria fortunei tree
ring in Tianmu mountain regions. Acta Phytoecologica
Sinica ( ) 2003 27(1): 93-98 (in
Chinese)
Liu X-H ( ) Qin DH ( ) Shao XM
( ) et al. Stable carbon isotope of Abies spectabi—
bis from Nyingchi County of Tibet Autonomous Region
and its response to climate change. Journal of Glaciology
and Geocryology ( ) 2002 24(5): 574-578
('in Chinese)
Stokes MA  Smiley TL. An Introduction to Tree Ring
Dating. Chicago IL: The University of Chicago Press
1968
Holmes RL. Computer—assisted quality control in tree—
ring dating and measurement. Tree-Ring Bulletin 1983
43. 69-78
Cook ER. A Time-series Analysis Approach to Tree—ing
Standardization. Tucson: PhD Thesis. Tucson AZ:
University of Arizona 1985
Fritts HC. Tree Rings and Climate. London: Academic
Press 1976
Loader NJ Robertson I  McCarroll D. Comparison of
stable carbon isotope ratios in the whole wood cellulose

and lignin of oak tree—rings. Palaeogeography Palaeo—



2855

19

20

21

22

23

24

25

26

27

28

29

30

climatology Palaeoecology 2003 196: 395-407
Francey RJ Allison CE  Etheridge DM et al. A 1000—
year high precision record of 8" C in atmospheric CO,.
Tellus 1999 51: 170-193

Zhang X-. ( ) He X-Y ( ) Chen ZJ
( ) et al. Responses of Pinus sylvestris var.
mongolica radial growth to climate warming in Great
Xing’ an Mountins: A case study in Mangui. Chinese
Journal of Applied Ecology ( ) 2011 22
(12): 3101-3108 ( in Chinese)

Cook ER Kairiukstis LA. Methods of Dendrochronolo—
gy: Applications in the Environmental Sciences. Dor—
drecht: Kluwer Academic 1990

Wigley T Briffa KR Jones PD. On the average value of
correlated time series with applications in dendroclima—
tology and hydrometeorology. Journal of Climate and Ap—
plied Meteorology 1984 23: 201-213

Chen Z Sun Y He X

width chronology and its relation to climate conditions in

et al. Chinese pine tree ring

the Qianshan Mountains. Frontiers of Foresiry in China
2008 3: 381-392

Song L. ZhuJ Li M et al. Intrinsic water use efficien—
cy in wet and dry years at young and old plantations of
Pinus sylvestris var. mongolica in semiarid China. Jour—
nal of Forest Research 2015 20: 263-271

Farquhar GD O’ Leary MH Berry JA. On the relation—
ship between carbon isotope discrimination and the inter—
cellular carbon dioxide concentration in leaves. Austra—
lian Journal of Plant Physiology 1982 9: 121-137

Su B ( ) Han X-G ( ) Li LH (

) et al. Response of 6" C value and water use effi—
ciency of plant species to environment gradient along the
grassland zone of Northeast China transect. Acta Pyhto—
ecologica Sinica ( ) 2000 24(6): 648—
655 (in Chinese)

Ben-Asher J Garcia AGY Hoogenboom G. Effect of
high temperature on photosynthesis and transpiration of
sweel corn ( Zea mays L. var. rugosa) . Photosynthetica
2008 46: 595-603

Liu Y9 ( ) Tao F4. (

crop water use efficiency to elevated temperature and

) . Response of

CO, concentration: A review. Progress in Geography (
) 2013 32(3): 416-424 (in Chinese)
Avola G Cavallaro V. Patane C

and photosynthetic water use efficiency in response to

et al. Gas exchange

light CO, concentration and temperature in Vicia faba.
Journal of Plant Physiology 2008 165: 796-804
Collino DJ Dardanelli JI. De Luca MJ et al. Tempe—
rature and water availability effects on radiation and wa—
ter use efficiencies in alfalfa ( Medicago sativa 1..) . Aus—
2005 45:

tralian Journal of Experimental Agriculture

383-390

31

32

33

34

35

36

37

38

39

40

Gratani L. Varone L. Crescente MF. Photosynthetic ac—
tivity and water use efficiency of dune species: The in—
fluence of air temperature on functioning. Photosyntheti—
ca 2009 47: 575-585.

Zhou X Ge ZM Kellomaki S et al. Effects of elevated
CO, and temperature on leaf characteristics photosyn—
thesis and carbon storage in aboveground biomass of a
boreal bioenergy crop ( Phalaris arundinacea L.) under
varying water regimes. Global Change Biology Bioener—
gy 2011 3: 223-234

Schleser GH. Investigations of the 8" C pattern in leaves
of Fagus sylvatica L. Journal of Experimental Botamy
1990 41: 565-572

Erice G Sanz-Saez A Aranjuelo I et al. Photosynthe—
sis N, fixation and taproot reserves during the cutting
regrowth cycle of alfalfa under elevated CO, and tempe—
rature. Journal of Plant Physiology 2011 168: 2007-
2014

Sarieva GE  Kenzhebaeva SS  Lichtenthaler HK. Adap-
tation potential of photosynthesis in wheat cultivars with
a capability of leaf rolling under high temperature condi—
tions. Russian Journal of Plant Physiology 2010 57:
28-36

Ogaya R Peuelas J. Comparative field study of Quercus
ilex and Phillyrea latifolia: Hotosynthetic response to ex—
perimental drought conditions. Environmental and Experi—
mental Botany 2003 50: 137-148

Gao Y Zhu X Yu G

threshold for terrestrial ecosystem carbon sequestration in

et al. Water use efficiency

China under afforestation. Agricultural and Forest Meteo—
rology 2014 195/196: 32-37
Picotte ]  Rosenthal D Rhode J

ses to temporal variation in moisture variability: Conse—

et al. Plastic respon—

quences for water use efficiency and plant performance.
Oecologia 2007 153: 821-832

Raschke K Resemann A. The midday depression of
CO, assimilation in leaves of Arbutus unedo L.: Diurnal
changes in photosynthetic capacity related to changes in
temperature and humidity. Planta 1986 168: 546 —
558

Leavitt SW. Seasonal “C/">C changes in tree rings:
Species and site coherence and a possible drought in-
1993 23:

fluence. Canadian Journal Forest Research

210-218

com

1975

. E-mail: ruanyanan@ 163.

2017 28(9): 2849-2855

Ruan YN Xiao YN Yang LX e al. Environmental response of intrinsic water use efficiency of Pinus thunbergii in Dalian City

China. Chinese Journal of Applied Ecology 2017 28(9): 2849-2855 ( in Chinese)



