2007 31 2 320~ 325

Journal of Plant Ecology Chinese Version

271018

Quercus acutissima

0.002 cm s !
0.001 cm s~!

80 20 30 min 60 130 110 min
170 160 90 min

SPATIAL VARIATION OF SAP FLOW OF QUERCUS ACUTISSIMA AND ITS LAG
EFFECT DURING SPRING

ZHAO Wen-Fei WANG Hua-Tian™ QI Li-Yun and ZHANG Ying-Hui
College of Forestry  Shandong Agricultural University ~Taian — Shandong 271018  China

Abstract Aims Water consumption of single trees can be estimated by measuring the sap flow rate in trunk
sapwood . Previous studies of sap flow had problems researching temporal correlations between environmental
factors and sap flow because there is a lag time between environment and sap flow due to stomatal regulation in
the leaf and water capacitance in the inner tissue of the trunk. Although this method has been used extensively
for forest trees it has not been reported for Quercus acutissima .
Methods We used a micro-meteorological station and thermal diffusion probes to measure daily meteorological
factors such as total solar radiation R,  net solar radiation TBB  air humidity RH,  air temperature
TP, wind speed W, soil temperature TPs  soil relative humidity RHs and the diurnal course of
sap flow at lower 1.3 m mid 4.5 m and upper 8.0 m heights of 40 a Quercus acutissima trunk in May
2005. The research site was on a south-facing hillside of Tai Mountain at the Forestry Centre Forestry Science
Academy of Taishan. Weather factors were sampled at 30 s intervals and recorded as 10 min averages. Sap
flow velocity SFV  was recorded by a Delta-T data logger at 10 min intervals. The temporal response of SFV
to climate forcing factors was investigated using cross-correlation analysis over a range of time lags from — 100
min to + 180 min.
Important findings Patterns of daily and diurnal SFV fluctuation were different at the three trunk heights.
SFV in upper trunk sapwood changed quickly and peaked >0.002 em s™'. SFV in the lower trunk changed
slowly and was no more than 0.001 ecm s~'. SFV in the mid-trunk was intermediate. The main environmental
factors correlated with SFV were TBB TP, RH, although their effects were not similar to each other TPs
and RHs were not significantly correlated to SFV . TBB showed the strongest positive correlation with
SFV. TP, and RH, had weaker correlations positive for TP, and negative for RH,,. Correlations ranged from
0.265 to 0.944 for TBB versus SFV from 0.409 to 0.869 for TP, versus SFV and from - 0.406 to
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—0.159 for RH, versus SFV. The correlation of sap flow and environmental factors indicated that there were

lags between SFV and TBB TP, and RH,. Upper mid and lower trunk lag times were about 80 20 and 30
min respectively for SFV versus TBB 60 130 and 110 min for SFV versus TP, and 170 160 and 90 min

for SFV versus RH, .
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Fig.1 Diurnal sap flow velocity at different trunk height of Quercus acutissima
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Fig.2 Diumnal fluctuation of total and net solar radiation R, a and wind speed b in Quercus acutissima plantation May 30 — June 3
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Table 1 ~ The peaks and time of mean sap flow velocity and main environmental factors in different height of Quercus acutissima trunk
Peak time 0’ clock
Date Lower trunk Mid-trunk Upper trunk Net solar Air temperature Air humidity
1.3m 4.5m 8.0m radiation TBB TP, RH,
May 30 13 00 9 00 14 00 12 00 15 00 0 30
May 31 11 30 10 30 11 30 11 20 13 40 19 00
June 1 12 00 12 00 16 00 12 40 13 40 530
June 2 11 30 9 30 15 30 11 50 13 00 10 00
June 3 12 30 9 30 16 00 12 10 15 40 24 00
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Table 2 Analysis of the lagging effect between sap flow and environmental factors

Lower trunk 1.3 m Mid-trunk 4.5 m Upper trunk 8.0 m
Lag time
min
v T v R, verss ST v, verss T v,
- 100 0.878 0.487 -0.165 0.810 0.409 -0.159 0.936 0.613 -0.243
-90 0.893 0.520 -0.182 0.825 0.442 -0.174 0.941 0.641 -0.258
-80 0.906 0.553 -0.198 0.839 0.475 -0.189 0.944 0.668 -0.273
-70 0.915 0.584 -0.214 0.851 0.506 -0.204 0.943 0.693 -0.288
-60 0.922 0.615 -0.230 0.862 0.537 -0.219 0.939 0.717 -0.302
-50 0.927 0.644 -0.245 0.871 0.567 -0.234 0.932 0.740 -0.316
-40 0.929 0.671 -0.260 0.878 0.596 -0.249 0.922 0.761 -0.328
-30 0.930 0.697 -0.274 0.884 0.623 -0.263 0.908 0.780 -0.340
-20 0.928 0.722 -0.288 0.887 0.650 -0.278 0.891 0.798 -0.351
-10 0.924 0.745 -0.301 0.886 0.676 -0.213 0.872 0.813 -0.361
0 0.918 0.766 -0.313 0.884 0.700 -0.305 0.851 0.827 -0.371
10 0.909 0.785 -0.324 0.879 0.722 -0.317 0.827 0.838 -0.378
20 0.897 0.801 -0.334 0.872 0.741 -0.329 0.803 0.847 -0.384
30 0.884 0.816 -0.343 0.864 0.760 -0.339 0.778 0.854 -0.39
40 0.868 0.829 -0.351 0.854 0.776 -0.349 0.751 0.859 -0.3%
50 0.850 0.840 -0.358 0.841 0.791 -0.357 0.724 0.863 -0.398
60 0.830 0.850 -0.365 0.827 0.803 -0.365 0.695 0.864 —-0.401
70 0.809 0.857 -0.371 0.812 0.814 -0.372 0.665 0.864 -0.403
80 0.785 0.863 -0.376 0.79%4 0.824 -0.378 0.633 0.862 -0.405
90 0.760 0.866 -0.381 0.774 0.831 -0.383 0.600 0.857 -0.406
100 0.733 0.868 -0.385 0.752 0.837 -0.388 0.565 0.851 -0.4006
110 0.704 0.869 -0.388 0.728 0.841 -0.392 0.530 0.843 -0.405
120 0.673 0.868 -0.391 0.703 0.843 -0.395 0.494 0.833 -0.405
130 0.642 0.865 -0.3% 0.676 0.844 -0.397 0.457 0.823 —-0.404
140 0.609 0.861 -0.395 0.648 0.843 -0.399 0.420 0.810 -0.402
150 0.575 0.855 -0.397 0.619 0.840 -0.400 0.382 0.795 -0.400
160 0.540 0.847 -0.398 0.588 0.836 -0.401 0.344 0.780 -0.398
170 0.505 0.838 -0.398 0.557 0.830 -0.402 0.305 0.764 -0.395
180 0.468 0.828 -0.329 0.525 0.823 -0.401 0.265 0.746 -0.401
V Velocity TBB Net solar radiation TP, Air temperature  RH, Air humidity
2~3
1.0m s™! 1.5
m s
2
- 100
wm?~0 600 ~800 w m?
3

80 20 30 min
60 130 110 min

90 min 160 min
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