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Figure 1. Stem heat balance.
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Figure 2. Outline of soybean crop experiment.
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Figure 3. Comparison of sap flow rate by the stem heat
balance method (SHBM) and gravimetric tran-
spiration rate from September 8 to 10, 2010.
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Figure 4. Relationship between the conventional stem
heat balance method based on the stem-surface
temperature difference and the corrected heat
balance method by the temperature difference
in the stem.
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Figure 5. (a) Diurnal change of temperature inside stem

and air temperature in the green house, and (b)
diurnal change of stem-surface and stem-inside
temperature differences on September 10, 2010.
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Figure 6. Change in temperature differences AT at the stem surface and AT” inside the stem versus gravimetric transpira-

tion rate.
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Figure 7. Diurnal change of the stem heat balance compo-
nents on September 10, 2010 under constant
heat input P (W); vertical Q. and radial Q. con-
ductive heat (W), and heat carried by flowing
sap, Q/ (W).
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Figure 8. Comparison of sap flow rate by the stem heat
balance method based on the stem-inside and
the stem-surface temperature differences and
gravimetric transpiration rate.
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Figure 9. Relationship between sap flow rate by the com-
bined stem heat balance method and the
gravimetric transpiration rate.
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Table 1. Daily transpiration rate measured by gravimetric method, the combined
stem heat balance method and the conventional stem heat balance

method.
Date Gravimetric Combined SHBM Conventional SHBM
[gd'] [gd']  Difference [%] [gd']  Difference [%]
Sep. 8 1019 1097 8 1169 15
Sep. 9 1321 1331 1 1553 18
Sep. 10 1203 1229 2 1456 21
Total 3543 3657 3 4178 18
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Study on Sap Flow Rate Measurements by Stem Heat Balance Method
— Application to Soybean Crops —

Kazuro Momn ", Tomoki SAKAGUCHI, Tomohide SHIMOTASHIRO,
Hiroki Hryama and Shin-ichi TAKEucHI"

(Laboratory of Water Use Engineering)

Summary

The conventional stem heat balance (SHB) method based on the stem-surface temperature measurements correctly esti-
mated the transpiration rate of soybean crops in a plastic pot measured using an electronic balance in cases of a sap flow
rate less than 100gh”. However the transpiration rate over 100gh” was overestimated using the conventional SHB method.
The corrected SHB method by the stem-inside temperatures instead of the stem-surface temperatures was applied when the
convective heat, Qp, by sap flow is greater than the conductive heat loss, Q,, in the radial direction. The estimated sap flow
rate using the corrected SHB method agrees well with the transpiration rate over 100 gh™ obtained from the gravimetric meas-
urements using the electronic balance. Thus, in this study, the combined SHB method, in which the conventional SHB
method for Q;<Q, and the corrected SHB method for Q;=Q, are applied, was examined to measure the sap flow rate of
the soybean crops. The root mean square difference between the hourly transpiration rate using the combined SHB method
and the gravimetric method was 7gh™ and the correlation coefficient was 0.992. In the experiment investigating the daily tran-
spiration rate of the soybean crop, the difference between the combined SHB method and the gravimetric method was

within 3%, while the conventional SHB method overestimated by 20%.
Key words: Sap flow rate, Stem heat balance method, Transpiration, Soybean
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