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Introduction and Development of Sap Flow Probe
for Transpiration Measurement of Perennial Trees
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Abstract

Xylem sap flow has been used to investigate globally:trees water use in particular temperate crops.
However, such investigations have absented many tropical species. To extend the application
and mitigate such problem, the dual and single thermal dissipation probes had been developed. The dual
probes were installed and tested with longan-tree (Dimocarpus (ongan). The single probe was calibrated
with four tropical fruit species; durain (Durio zibethinus L.), mango (Mangifera indica), longkong (Lansium
domesticum Corr. ) and mangosteen (Gareinia mangostana Linn.). The results showed that the dual probes
supplied with constant power were’ able,to record daily transpiration in agreement with the theory.
The single probe supplied with transient power provided measurements with high precision as indicated by
the coefficient of determinatiof values in Burio spp., Mangiferai spp. and Lansium spp. (R°= 0.92, 0.82 and
0.79, respectively) and low cotrelation.in-Garcinia spp. (R*=0.21). The results confirm that the homemade
sap flow sensors are ablesto monitor water use of selected tropical fruit trees. However, more research in
applications is furthef required.
Keywords: sap flow, thermal dissipation probe, tropical fruit tree
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iuﬂ‘ULLUaﬂ‘Uaﬂ‘W‘U Tuaneuszinaiinasly Sap flow mmmmﬂmumwmwum L‘Uu 84U (McClymont et al.,
2009) LLEJ‘UL‘IJa (Fernandez et al., 2008) wazugnan (Tognetti et al., 2004) L‘WE]LWJJ‘VN‘UilJ’lmLLa ABMATNYDY
HAKER Twawnimﬂwﬂmmﬂmamﬂimmmﬂmuwmﬂﬂaﬂuiwmau‘m wazUununslithuesand
NAIMNTTHU 819 EJmmea (Yin et al., 2004, Benyon 1999; Dye and Olbrich, 1993) uaglilau (Martin, 1999)

nsTamsaetnvesiadiesugessidnnseiing sauunld 3 Uszian leud 1. aunanl1uieu (Heat
Balance) (Sakuratani, 1981, 1984) 2. n15U IW1AIUSOU (Thermal Dissipation) (Granier, 1987) uag 3. wuuWad
mmsau (Heat Pulse Velocity) (Green et al., 2003) waﬂmﬂmanmaam 3 Uszian Ao msmammms
Wasuulasnnudoursasueed deduiusiunisandosimiunisie xylem WaDnIIN3ANEUNY D IR
Podrindmiun1sly Sap flow Tudszmelng UszneumeaesUsenvan fe ssdanuidaldunsvaty uay mumu
mﬂm'}umﬂauﬁmaq wﬂwmﬂﬁmm Sap flow Ingin3deanlne LLauLm%ﬁﬂiﬂ’]EJIUUiuW]ﬂENﬂau‘UNQ’mﬂ muu
miﬂﬂmummmﬂi asdifloauguees Sap flow ¥in Thermal D|55|pat|on wagnuztnsleau Sapflow
1mﬂumﬁm sufmagoumslaufuieidulinasioou Hur Wi8u Nzshe avanes wazsann Lieliliians
‘UsuLuumwmaamsmﬁuaﬂuwauaﬂmumummum

aunIaluazisnig

NINAUNYULYDS

nﬁﬂsuwﬁmwuwas Sap flow %A Thermal Dissipation Tunsnuidld Thermocouple Type-T L‘LJ‘L!
LszluLsUa'ﬂfﬂmiL‘LJaEJuLLiJaWENEJmMmJ 1n® Sap flow silniUsyneudaimuees 2 % Aasalsontsinludiuenile
Iiduiedideni (sapwood) TuLLuaiﬂma\‘ia’mu ANAN 20 Tadlues M’J‘U‘Lmﬂ’ﬂ’]ilﬂi‘“LLﬂlﬂ/ﬂMLﬂﬂﬂ’l’]ﬂJiau e
mmmmwﬂumm (Figure 1) L@Jauu’ﬂ,‘wamumuwaimvmmﬂwmmmmeﬁmi mwamwﬂmmwuma‘im
UuLLa”GI’JaN (AT ) Waeuly auwuﬁﬂ‘uamﬂmmL‘iwmi‘wamummu wavnsdnsaneni vesite Tuaaniediladl
MsAet ﬂ’]ﬂ’l’mLLG]ﬂ91’Ni“"Vi’)’NE’Jiu‘MﬂmGI’JUULLa"’M’Ja’N%”?NWﬁﬂ (L et al.; 2004; Granier, 1987)

Figure 1 The configuration of sap flow probe; thermal Dissipation sensor.
Source: http://www.plantsensors.com/
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dle U, A Smsianunuintuvestiniluaniy sapwood (Ldm?2h?), K #e dwiinislna, AT o
fio AnAuuANsnsgaMigsansEInwIwasiuL (T,) wagdians (T,,) fdnsiluafugud, AT fe ARy
Lmﬂmmmmm NI ULLIAIUY (T, o) WAy f7814 (Tow)wamﬂwaim a waz B Ao Ardulsy ans
wuuaamﬂmauummwmawuaaLazjuLszJaiLLaWLua"Lu

Smnslthussuefaus e J; ﬂmmawuwmmwuﬂwamu visowhuiuileldfidadion
Iviannu (active xylem) Asauns
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) dle T e amwmﬂ%mmamimauwamuwsa (LhY) wae A, fio fuitwiidadiilvasin visewhfuiud
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2. ¥ANN15YBINTSIRAMUSBURUUAAY .

nsldwuges Sap flow wila 2 7 Tnglilnnszuansauuusieiilos awilviinaaamsnasgungilag
5350918 (Natural temperature gradient: ANT) A1 ANT 813fia1lags +1 °C Tug91989A829AY Lage13d -2 °C
Tudrsnanarstuilvinisussananauas LL*LJamsua:,Jaamﬂmﬂ‘mamaauﬂummLammmﬂmm’lmamLﬂaau
(Do et al., 2011) mauuwvaLﬂuﬂﬁamwﬁwamaqamuﬂﬂmﬁsimw Do et al. (2011) 3slaWnunsgtiuinenszualn
Twnnsiadnlugusvuta-Unanseualnil Falurreiilnnszualnihasvhlivans I ininnusou (Heating)
warlurieiitinnszudlyishnsiainasfuas (Cool ing) LalANAULANANTZ AN UL LD TAUTULAZ LGOI AUAT
Senszuulvienudeunuudangm (Transient thermal dlSSlpatlon meéthod: TTD) miﬂLLUUmﬂﬂﬁwmmume
\wULg3aLYIIN1T Heating 10 u1¥ mueag Cooling 10 w1¥t wazduiinvagayn 10 3w 7 Tnefinnuenmnssnses
ammmﬂﬂjmmmmmumﬂmmu’gmlmmﬂ

AT, =AT,, — AT

e AT, AeAnuunnssvesgamgiilugistes Heatinglaz Cooling fidasimslvalas, AT, fie A1
LLmﬂmwaqammuL%uLﬁnaimuuLLavmammaamvaw Heating uaz ATy ABANUANANYDIQUNTIIUIYSTH?
UuLLavmmaLmamvsz Cooling ‘wamwmﬂuaim

fufudiinsinavenmuives Sap flow a2 9 syuu TTD (K, ) Auiadlansdl
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== &
AT

a

a
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waziile ATa max ﬂammumﬂmwaaammmiuivav Heating wag Cooling &g mamamwmﬂmmmtﬂuﬂua
uaz AT, A ﬂ’J’liJLLGmGlN‘UENE)mMﬂMIuS”EJ‘” Heatmg wag Cooling mmwmﬂ‘maim

AT indgg s nsugesutn 1 9% mmﬂwmuuaimmuaau Heatmg 10 w9l (939 5 W9 ey
e Coong 10. w1 aﬂwmvammmmuwﬂlm Fan g 2 Feen TCO ﬂamammwmumm%umaiﬂau Heatmg (0
wi), T, A9 mamwﬂwmumﬂwuwaima Heating AU 10 W17 Way T, ﬂamammwmumﬂLezmmiaima BIp)
Cootlng ASU 10 W9 wag T, T, wag T, ﬂamammmmaawamammaLualﬂusumum sap flow fivyan 0, 10 way
200479 BANAIAU (ASU 1 59UNITIA)
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Figure 2 The signal collected from single sap flow probe with heating and cooling every 10 minutes.
Source: Do et al. (2011)
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a1y 99g 20 U yunanduruguena1adsiu 13 - 15 wufwms (Figure 3A) '1/1maaumsuuwﬂmamalumﬂaumwmu
ilgvattnunss sunethuusi Jinaynsanns 9elunsruansIvLIA 135 mA LuuAa (constant heating)
Juiindeyanme Data logger U CR1000 (Campbell Scientific, UK) ﬂmsnmimaammawammmmmL‘UaauLL‘Uaa
Tupnunanansiu-nansiu
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Ivaveslilvasinuieulivesiiviogne Ineufisnsnslvasilumgs Tufindeyase Data logger §u CR1000
(Campbell Scientific, UK)

Figure 3 Sap flow installation: (A) field test with longan tree (B) calibration of single probe
compared with commercial product.
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ey m‘wawnmﬂﬁumm 6.00 . (Figudre 4) m‘;LLUammaammmwumuwﬂaamwhamu U, donnaasnunIs
mauﬂuiamwﬂmm (Figure 5) ImawmwmsmwwaaawlwmawuaEmiamiﬂmmnm 7.00 - 9.00 u.
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Figure 4 The signal collected from dual sap flow probe n ree in 24 hours.
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Figure 6 The calibration results of single sap flow probe, correlation between flow coefficient (K) and flow
rate; (A) single probe with longkong (B) single probe with durian (C) single probe with mango (D)
single probe with mangosteen (E) commercial probe with longkong (F) commercial probe with
durian (G) commercial probe with mango and (H) commercial probe with mangosteen.
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| _ 3a79al

Wwulwes Sap flow aia 2 %1 AawITu 1Wun1siaulagldfuiuunisuszAvgues Granier (1987)
dnwaugnisoenuuuLaznsyhumileuiuynUsznns wilwwwesvin 1 v lWunsiwnseyeanisaaeuves
Do et al. (2011) fmunmadanissrenseualiuas gnsAuIMdeyanwwgesviia 2 \fieandninaves
AIAIUANYDIQUNNIIAUTITUYIR Y38 ANT ﬂ’liﬂ@]ﬁ@Umﬂ%ﬂujﬁNL“ZI“LJL“EJEJ?UUW 2 wiuaualelinanimageu
aennaosunguiana (Lu et al, 2004; Granier, 1987) uenaninmsnsaaiannuuiuduwuwosuila 1% fuiiy
Adulinadiosfeuiidulinaasugisasing Firnsldieuiesd sap flow Anwnsldiveddnaiiodeu
MﬂﬂmwmummmﬂﬁﬂﬂmﬂUW%Tumeauau (McClymont et al., 2009, Femandez et al., 2008; Togneétti
et al., 2004; Yin et al., 2004; Benyon, 1999; Martin, 1999; Dye and Olbrich, 1993)mumﬂﬂmuwmma Fia
o maamuqmaumsﬂiummLmﬂmmu IGE mﬂ%ﬂumjmwumummLmumﬂauﬂmm aerinudn R Tutlsnn
fidAouties Feorainaindnuvarmeneinavesiodidsdy sapwood Liidoremsldivudos Sap flow
WUy Thermal Dissipation (Bush et al., 2010)

. , ., 83U . y

LwuLEes Sap flow MiaLLTwgesIuTin 2 W wazele 1 W ddneniwdezlalunsAnwinisaien

vesliinaduduuniou lnowuweseiln 2 % Iwﬂwmsuummauaimmqmmaﬂmwg LAZASATIFOUATINLLILEN

voawulweiviln 1 % Auduyiiou ursie uavanines liir1 R’ Aoudiegs uazslamlussn NANSNAFOUT N

s Sap flow ATy frnuansnsalitunmsinwnismetilinadiestould edadsimudosdinsding
ianfuseludmiumsuszgndlinulueunan

AnAnssuysenan
N33R MUILYULRS Sap flow Lasunuatuanunl33v89In d1UnUNAINITITENITNEAT
(29AN1TUMIYY) SHALATINTG CRP5905010570 wazadsAnwideyasmaauinluatudle lasunuatduayy
n1sadgaIndrdneunemuaiuayunisive aeldlasenns nsfnyinansy yuresan eI ATuLUsAe
nsuAnd v nas Lt UL Javinannsaans dayg1auil RDG6120031
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