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from sap flow data
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Abstract Acacia mangium is one of the frequently-used pioneer tree species of re-vegetation in degraded hilly lands in the
southern China. Transpiration of four sample trees estimated from the xylem sap flow was measured using the Granier’ s
heat-dissipation probes over a period of four months. Sapwood depth was highly correlated with the tree diameter at the
breast height. Environmental factors including solar radiation net radiation air temperature air relative humidity soil
moisture and wind speed were measured simultaneously with the sap flow. Time lag between the sap flow and canopy
transpiration during the measurement period was found to be 1 h. Canopy stomatal conductance g, of the Acacia mangium
was calculated by inverting the Penman-Monteith equation. As the transpiration from Acacia mangium was strongly
controlled by g, We have analysed the relationships between g, and environmental parameters. The results indicated that g,

decreased exponentially with the increasing of vapour pressure deficit VPD  with the additional effect from temperature
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and solar radiation. As the measurement was mainly undertaken during the wet season

no obvious water stress was

observed. A Jarvis-type model was further set up to describe the response of the g, with the environmental parameters. It

performed well to express the variation observed in g,. The sequence affecting the accuracy of model for environment factors

is vapour pressure deficit > solar radiation > air temperature. This model will be very helpful to simulate the dynamic

photosynthesis and as well to simulate the energy and water balances in the Soil-Plant-Atmosphere Continuum SPAC . Our

research also demonstrates that the Granier’s probes can offer a way to measure g, accurately and continuously.
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Table 1 Tree characteristics of A. mangium
m m . m .
Tree No. Height DBH Canopy area Sapwood depth Sapwood area
1 17.9 0.2388 10. 84 0.0217 0.0137
2 19.3 0.2929 17.37 0.0254 0.0201
3 22.8 0.3289 40.24 0.0279 0.0248
4 19.5 0.3751 47.71 0.0311 0.0316
1.4
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Fig. 3 The relationship between canopy stomatal conductance and

Fig. 2 The relationship between the canopy stomatal conductance and temperature of Tree No. 1
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Table 2 Fitted value of parameters for mode of Tree 1

Parameter All data n =689 A Period A n =294 Period B n =395

k, 132.632 19.030 135.646 30.748 93.479 15.59%

k, 0.008 0.000 0.008 0.001 0.006 0.000

k, -1.084 0.036 -1.145 0.111 -0.983 0.042

k, 0.002 0.001 —-0.007 0.001 —-0.003 0.001

R? 66.7 70.5 60.4
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Fig.5 Scatter plot of residuals of the predicted values on period A and Period B

R VPD
R, T
> >
3 2~4
Table 3 Fitted value of parameters for models of Tree 2 ~4

Parameter 2 Tree No.2 n =689 3 Tree No.3 n =683 4 Tree No.4 n =688

k, 32.652 7.779 30.208 7.080 92.124 17.765

ky 0.028 0.001 0.003 0.000 0.006 0.000

ky -1.668 0.062 -1.011 0.046 -1.234 0.049

k, 0.004 0.001 -0.008 0.002 0.005 0.001

R 59.3 45.3 57.1

4
Table 4 Determination coefficients in models from one to three variables for different trees
Model 1 Tree No. 1 2 Tree No.2 3 Tree No.3 4 Tree No.4
fRs fVPD fT 59.3 66.7 45.3 57.1
f Rs f VPD 58.6 66.5 42.8 56.3
fR [T — — — —
fveh fT 54.6 48.6 39.7 46.8
f Rs — — — —
fvePD 52.2 45.1 38.3 42.4
/T — — — —
3
Granier Penman-Monteith
1 Granier

Penman-Monteith

27

http //www. ecologica. cn



4130 27

3 Jarvis
> > 28
Jarvis
Jarvis > > Co,
4
4
13
Jarvis
References

1 Pataki D E Oren R Katul G et al. Canopy conductance of Pinus taeda Liquidambar styraciflua and Quercus phello under varying atmospheric
and soil water conditions. Tree Physiology 1998 18 307 —315.

2 Granier A. Evaluation of transpiration in a Douglas fir stands by means of sap flow measurements . Tree Physiology 1987 3 309 —320.

3 Jarvis P G McNaughton K G . Stomatal control of transpiration scaling up from leaf to region. Advances in Ecological Research 1986 15 1 —49.

4 Lindroth A. Canopy conductance of coniferous forests related to climate. Water Resources Research 1985 21 297 —304.

5 Granier A Loustau D. Measuring and modeling the transpiration of a Martime pine canopy from sap flow data. Agriculture and Forest Meteorology
1994 71 61 —81.

6 Herbest M . Stomatal behaviour in a beech canopy an analysis of Bowen ratio measurements compared with porometer data. Plant Cell and
Enviorment 1995 18 1010 —1018.

7 Ogink-Hendricks M J . Modeling surface conductance and transpiration of an oak forest in The Netherlands. Agricultural and Forest Meteorology
1995 74 99 —118.

8 Lloyed J Frace J] Miranda AC et al. A simple calibrated model of Amazon rainforest productive based on leaf biochemical properties. Plant Cell
and Environment 1995 18 1129 —1145.

9 Pan Z G Feng S Lin H S. The introduction growing and using of Acacia mangium. Tropical Forestry 1996 24 4 144 —152.

10 Zeng X P Zhao P Peng S L. Study on the water ecology of artificial Acacia mangium forest in the Heshan Guangdong Province. Acta
Phytoecologica Sinica 2000 24 4 420 —424.

11 Zeng X P Zhap P Peng S L. Study on the water ecology of three understoy plants in a leguminous mixed forest in Heshan Guangdong. Ecological
Science 1999 18 4 1—5.

12 Zhao P Rao X Q Ma L. Application of Graniers sap flow system in water use of Acacia Mangium forest. Journal of Tropical and Subtropical
Botany 2005 13 6 457 —468.

13 Zhao P Rao X Q Ma L. Sap flow-scaled stand transpiration and canopy stomatal conductance in an Acacia mangium forest. Journal of Plant
Ecology 2006 30 4 655 —665.

14 Sun G C Wei CZ Zhao P. Photosynthesis and transpiration in leaves of some woody legume plants in the dry season. Trop. Subtrop. For.
Ecosys 1990 7 60 —68.

15  Campbell G S Norman J M. An introduction to environmental biophysics second edition . US Springer-verlag Press 1998 40 —45.

16 ~ Monteith J L. Unsworth M H. Principles of Environmental Physics. Edward Arnold London 1990.



10 Acacia mangium 4131

17 Granier A Loustau D Bréda N. A generic model of forest canopy conductance dependent on climate soil water availability and leaf area index.
Annual Forest Science 2000 57 755 —765.

18 Jarvis P G. The interpretation of variation in the leaf water potential and stomatal conductance found in canopies in the field. Philosophical
Transcations of the Royal Society of London B 1976 273 593 —610.

19  Chuang Y L. Oren R Bertozzi A L et al. The porous media model for the hydraulic system of a conifer tree linking sap flux data to transpiration
rate. Ecological Modeling 2006 191 447 —468.

20  Peramaki M Nikinmaa E Sevanto S et al. Tree stem diameter variations and transpiration in Scots pine an analysis using a dunamic sapflow model.
Tree Physiology 2001 21 889 —897.

21 Granier A Bréda N. Modeling canopy conductance and stand transpiration of an oak forest from sap flow measurements Annual Forest Science
1996 53 537 —576.

22 Hinckley T M Brooks J R Cermark J et al. Water flux in a hybrid poplar stand Tree Physiology 1994 14 1005 —1018.

23 Ma L Zhao P Rao X Q et al. Effects of environmental factors on sap flow in Acacia mangium Acta Ecologica Sinica 2005 25 9 2145 —2151.

24 Thorley ] HM Johnson I R. Plant and Crop Modeling. Oxford Clarendon Press 1990.

25  Stewart ] B. Modeling surface conductance of pine forest. Agriculture and Forest Meteorology 1988 43 19 —35.

26  LuP Yunusa IAM Walker R R et al. Regulation of canopy conductance and transpiration and their modeling in irrigated grapevines. Functional
Plant Biology 2003 30 689 —698.

27  Oren R Pataki D E. Transpiration in response to variation in microclimate and soil moisture in southeastern deciduous forests. Oecologia 2001
127 547 —559.

28 QiH YuGR Liu Y F. Study of Jarvis model on stomatal conductance of mandarin leaf. Chinese Journal of Eco-Agricultre 2004 12 4 43
—48.

9 1996 24 4 144 ~152.

10 2000 24 1 69 ~73.

11 1999 18 4 1 ~5.

12 . Granier . 2005 13 6 457 ~468.

13 Sap Flow . 2006 30 4 655 ~665.

14 1990 7 60 ~68.

23 2005 25 9 2145 ~2151.

28 2004 12 4 43 ~48.

http //www. ecologica. cn



	10b 37.pdf
	10b 38.pdf
	10b 39.pdf
	10b 40.pdf
	10b 41.pdf
	10b 42.pdf
	10b 43.pdf
	10b 44.pdf
	10b 45.pdf
	10b 46.pdf

