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Difference of measured sap flows of Bambusa chungii using thermal dissipation probes at
different lengths and their in situ validation. ZHAO Ping” ", MEI Ting-ting, ZHU Li-wei,
NIU Jun-feng, NI Guang-yan ( South China Botanical Garden, Chinese Academy of Sciences
Guangzhou 510650, China). Chinese Journal of Ecology, 2014, 33(5) . 1420-1428.
Abstract: Thin bamboo wall may easily be penetrated through when installing the common type
TDP sensor of 20 mm long for sap flow measurement. Differing with the case of thermal conduc-
tion in wood, the part of the upper probe penetrating into the bamboo cavity dissipates heat in a
way of radiation. Hence, the dissipation, together with those unevenly distributed water-conduc-
ting units within the bamboo wall, may result in measurement inaccuracy of sap flux density and
shorter probes have been recommended in general. However, lacking of in situ validation of shor-
ter probes limits their applications for accurate sap flow measurements. In this study, sap flow of
Bambusa chungii was simultaneously monitored using self-made 5, 8 and 10 mm long TDPs in the
field for testing their applicability as well as providing technical supports after theoretical analy-
ses. Experimental results indicated that the difference between the fitted equation for calculating
sap flux density that was established for B. chungii and the empirical one that was originally pro-
posed by Granier was mainly due to the significant deviation of the parameter a. Such a discrep-
ancy may be preliminarily resulted from the heat accumulating effect in the bamboo cavity that
causes higher temperature in the area around the upper probe as well as the lower thermal diffu-
sion coefficient (h,) of bamboo wall that, with a low water content, may also hoard heat and
thus generate larger temperature difference between upper and lower probes. In addition, the way
to insert probes into the bamboo wall also affected the measurement and might be another impor-
tant factor leading to significant variation in monitored sap flux density of B. chungii even with
TDPs at the same length. Further analyses on h, of surrounding media of TDP provided reasona-
ble explanation for these discrepancies.

Key words: Bambusa chungii; thermal dissipation probe; sap flux density; thermal diffusion co-
efficient.
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Table 1 Culm morphology of Bambusa chungii

FEAT Hg# (em) A (a) BEJR (em)
1 6.7 4 0.60
2 7.1 6 0.55
3 6.5 2 0.70
4 8.0 4 0.70
5 7.5 3 0.70
6 7.3 5 0.65
7 7.4 7 0.75
8 7.2 6 0.80
9 7.4 5 0.80
10 7.2 3 0.65
11 7.8 4 0.95
12 6.9 4 0.90
13 6.7 3 0.80
14 7.5 2 0.70
15 7.1 2 0.80
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Table 2 Verified formula of sap flux density and related parameters from different excised experiments

R Fh JAF G — B Hafd  JEBME ORI
(kg - m™2 - AR AIREEL 5L

BN (Bambusa chungii) F =541xk"8¥ (g - m™2 « s7')  F,=0.541xk">8 4.5 1.27 AL
2 FEBRA ( Quercus gambelii) Fy=5.79x102xk" ¥ (m - s7')  F,=5.79xk"* 48.7 1.12 Taneda et al. ,2008
AESE KWL (Acer grandidentatum) F;=0.55x1073xk"%(m - s7')  F,=0.55xk"* 2.8 0.83 Taneda et al. ,2008
ZE [EARM ( Quercus gambelii) F,=5.81xk"3(g - cm? - s71) F, =58 1xk!"% 488 1.53 Bush et al. ,2010
ZHIEIE( Gleditsia triacanthos ) F,=3.07xk"*(g+em? - s7')  F, =30.7xk"* 258 1.14 Bush et al. ,2010
WM VbH ( Elaecagnus angustifolia) F;=0.93xk"% (g« em? - s7')  F,;=9.3xk"% 78 1.34 Bush et al. ,2010
R ( Sophora japonica) F,=1.19xk" (g - cm? + 57! F,=11.9xk"% 100 1 Bush et al. ,2010
o [C 247 ( Populus fremontii) [Fi] Granier 24 7% F;=0.119xk"2 1 1 Bush et al. ,2010

P d
FRINAE ( Tilia cordata) [d] Granier 237X F,=0.119xk"% 1 1 Bush et al. ,2010

d
FEAT ( Phyllostachys heterocycla) Fyy=1.35%F _mpp F,=0.161xk"* 1.35 1 Kume et al. ,2010
p

11 ( Bambusa blumeana) Fo sup =1.15%XF _mpp F,=0. 137xk" 2 1.15 1 Dierick et al. ,2010
BRI FERE( Fagus grandifolia) F i savimerric = 2 S0TXF g_pp F,=0.298xk"% 2.51 1 Steppe et al. ,2010

2010;Steppe et al. ,2010) , 75 Z 5 H A2, LA B 45
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Fig.1 Ratio of sap flux density of 8 mm vs. 5 mm and 10
mm vs. 5 mm probes in Bambusa chungii
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Table 3  Relationships of sap flux density between upper
and lower positions of same culms

FAT S R B R n
Bl Fop: Foom= 2.44 0.92 415
B2 F“I,: Fypm=1.51 0.98 847
B4 Fipt Fion=0.98 0.98 648
B5 Fop: Fapn=1.24 0.97 271
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Fig.2 Relationships between the sap flux density of Bam- 20l &i,/ A§§
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2P 2 (R 40 cosdS O , I E (2 SEPRIRV2 45 .
TEIERR LML H AR 2 BE iR 2505, %% 8 F1 10 mm
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Fig.3 Comparison of sap flux density in Magnolia denu-

date monitored by probes of different lengths before (a)

and after (b) calibration
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Table 4 Significance test of difference for sap flux density
in Bambusa chungii and Magnolia denudate monitored by
probes of different lengths

HESR

T Ff ERes S HE EREE n
AT Fopmt Fspn =1.397 <0.0001 ** 275
Fypm s Fsppy =1.086 <0.0001 ** 275

<0.0001 ** 275

<0.0001 " * 275
0.0536 270
0.0275 " 275

1
2
3 Flomm: Fspm=1.808
4
E 2R 1
2

Fiomm : Fsun=0.979
* o HREFWMRE, « HERDE,

VR T 2 PR 2 {5 A R PR R I AR A AT O
L6 ATULE Hy, 8- i th A% L F {8 Pifi < B2 1T
Hahn o AR AR ION , AR Y F R A R
M 2E R IEARC (B 7)) UhBIREN B, T %2
B) R 22 B R, ASXEBRAR | B T L 45 1048 2 HL 3
—E (130 mA) ,HEFB , EBE i Ad BH A I




XA N TR B A BRI 58 3 AT ( Bambusa chungii ) WU A4 22 57 53 BT F AL 56 UE 1425

1000 >
T o //

. o -7

's sof oo o

o &

i 60 o .7

# o .

e [w(mil /’

5 o

b2y s

& py

% Y  B1(8 mm vs. 5 mm)
g ° o B2(8 mm vs. 5 mm)
:‘gl A B4(10 mm vs. 5 mm)
| o B5(10 mm vs. 5 mm)

40 60 80 100
TAI8FIL0 mmiRSH B M EE (g - m™ +s7)

E4 HRZFREZNAEAKERGVNEMRIRREE

Bt

Fig.4 Comparison of sap flux density monitored by differ-

ent length probes after eliminating the difference caused by
installation methods in Bambusa chungii
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Fig.5 Relationship between the ratio of sap flow moni-
tored by probes of different length and that of maximum
output voltages
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Fig.6 Relationship between the maximum output voltage
and the length of the probe
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Fig. 7 Relationship between temperature difference and
output voltage of thermocouple
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Fig. 8 Relationship between the maximum temperature
difference and thermal diffusion coefficient in Bambusa
chungii
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Table 6 Physical parameters for the upper sensor

WEFKE R e B
(mm) (n?) MIPR(W)  HIE(mV)
5 3.14x107° 0. 06084 0.334

®7 WIEXWPEIHRRARNELLGRSHE
Table 7 Theoretical and experimental parameters for the
sap flow formula of the calibration experiment
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