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Abstract: Based on stem analysis and sap flow measurement, this study was conducted in subtropical China to clarify the
primary productivity and the contribution of afforestation to carbon cycling, as well as the coupling relationship between
carbon sequestration and water use. The growth model for Pinus dliottii was established, including volume table, biomass
equation, diameter increment efc. Sap flow was measured for interpreting the relationship of primary productivity with water
use. The diameter increment declined even from the beginning of afforestations which implies the inadaptability of the exotic

species in China. The stand density was reduced from the initial 5 000 stems/hm’ to the present 1 599 stems/hm’ in 20
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years by self thiming. The stand stock was 157 m’ /hm” with its maximum of 209 m’/hm’, and the volume increment was
22 m'/ (hm® a ). The above-ground biomass was 72.061 t/hm’, and its growth rate was 8 493 kg/ (hm” a ) or 4 370 kgC/
(hm® a ), which is approximately consistent with the result (NEE ) by means of eddy covariance. The sap flow velocity was
21 495 em’/ (em® a ), and the total transpiration through canopy layer was 4 769. 643 t/ (hm* a ) or 477 mm in terms of
precipitation, which accounted for 48 % of the annual rainfall. The maximum sap flow per year was about 634 mm. The
ratio between water consumption and dry matter accumulation was 562 1. There was a significantly positive correlation

between NPP and sap flow velocity, in both daily value and monthly average.
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Fig. 1 Seasonal pattern of temperature and precipitation
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Table 1 The general parameters of productivity of slash pine plantation
ltem Max2005 Mean2005 Max2004 Mean2004
Density (stem/hm? ) 2000 1599 - -
DBH (cm ) 19.0 16.7 18.1 15.7
DBH In-bark DBH (cm) 16.0 14.1 15.5 13.6
Basal area (m? /hm? ) 44.0 33.1 42.5 31.9
Inbark basal area(m?/hm? ) 31.4 23.7 29.5 22.2
Stock (m*/hm?) 209 157 199 137
Stock irrbaﬂ((m3 /hm2 ) 176 132 155 116
Biomass of trunk (kg/hm?) 62497 46890 54102 40843
Biomass of hranch(kg/hm2 ) 23021 17302 20841 15654
Biomass of foliage (kg /hm?® ) 10482 7869 9424 7071
Above ground (kg /hm? ) 96000 72061 84267 63568
15 . 2004 Data are based on 15 plots, and values in 2004 are estimated
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Fig. 3 Seasonal change of sap flow velocity in 2004 ( sample trees Fig. 4 Temperature of canopy layer in relation with season
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2 2004
Table 2 Water transpiration of individual trees in 2004
Tree number -1 -2 1-3 Average
Sap flow velocity (g/ (cm® - a) ) 18693 23402 22392 21495
DBH overbak (cm) 15 21.2 24.7 20.3
DBH inbark (¢cm) 12.7 17.8 20.7 17.1
Foliage biomass (g/stem ) 4273 8884 12289 8482
Leaf area(m?/stem) 25.81 53.66 74.23 51.23
Sap wood area(cm? /stem ) 126. 6 248.7 336.4 237.6
Sap flow bulk (kg/ (stem' a) ) 2367 5820 7532 5240
Transpiration rate(g/ (g a) ) 554 655 613 607
Transpiration rate (Kg/ (m?- a) ) 91.7 108.5 101.5 102.3

3.2.2

transpiration rate is the ratio of yearly water consumption to foliage biomass or leaf area

3 (2004 )
’ Table3 Productivity and water use efficiency of slash pine forest in
BIOME-BGC stand level
2004 (NPP ) Ttems
Parameters
° ’ Aboveground biomass (t/hm?) 63.568
5 - NFPP 5 ’ ’ Biomass increase (t/ (hm?- a) ) 8. 4929
NPP ( Leaf area (n? /hu ) 47578
5) (R =0.6945, p<<0.001 ), . Leaf biomass (1/hm?) 7.071
NPP . Carbon storage (t/hm? ) 32.713
arbon increase 2 a .
NPP ( 6) , Carbo (t/ (hm?- a)) 4.371
Water consumption of stand (t/ (hm?-a)) 4769.5
’ ’ Transpiration speed (kg/ (kg a )) 674.5
’ 7 ° NPP Transpiration speed (kg/ (m?-a)) 100. 2
Ty = - 0. 5813 + Water consumption factor(g/g) 561.6
24 301 5x (Rz =0. 6929, p<0 001 )o Carbon accumulation factor (t/t) 1091.3
4 Biomass maintaining factor(t/t ) 75.0
, 20
4.1
20a 72.061 t/hm’, 8.4929 t/ (hm’- a ) ( 4.371 t
). 4769 t/ (hm’- a ), 561 1.
75 . 1994 ~2004 10a 4.78 t/
(hmz' a), 10a 2 .
2004 O, (NEE ) 423.8 oC/m” " (
823.6g/m’ ) 437.1 g C/m’ . .
. , NEE
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