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Introduction

Neglecting the water requirements of trees can result in inefficient irrigation practices, leading to either water
wastage or drought stress. Effective irrigation management necessitates precise information on the quantity and
pattern of water consumption by trees. To achieve optimal irrigation, a reliable method for quantifying plant
water needs is crucial, ensuring that trees avoid drought stress. Current methods for assessing tree water
requirements often focus on specific components, such as stems or leaves. These techniques typically require
manual intervention, which is time-consuming and resource-intensive, thereby restricting their application
mainly to research environments.

Materials and Methods

A sap-flow meter device was developed to generate a heat pulse in a tree trunk at 15-minute intervals. The
device comprises measuring probes, a processing unit, and a data logger. For a comprehensive evaluation, device
probes were positioned on the trunk of a Ficus benjamina tree within a controlled environment at two distinct
heights. The resulting sap flow through the vascular tissue was then compared to data obtained using the
lysimetric method. The Ficus benjamina tree, with a trunk diameter of 3.5 cm and a height of 196 cm, was
prepared during the summer of 2022. By measuring the rate of heat pulse dissipation and applying heat transfer
principles, sap flow is estimated under the assumption that heat transfer occurs primarily through the sap flow
within the vascular tissue. This estimation was achieved using the heat ratio method (HRM).

The trunk was triple drilled with holes of 1.5 mm in diameter and 25 mm in depth. Following drilling, the
probes were inserted into these holes (Figure 1). To prevent heat transfer from the probes to the surrounding
environment, the trunk was wrapped with glass wool insulation. To assess the reliability of the device, the
lysimetric method was employed to measure tree transpiration. For this purpose, the soil surface of the pot was
covered with cellophane to ensure that evaporation and weight loss of the pot occurred exclusively through the
tree's leaves. Hourly measurements of the pot's weight were taken using a digital scale. Changes in the pot's
weight indicate the amount of water evaporated, which corresponds to the water transpired by the tree through its
vascular tissue.

Results and Discussion

The results showed that the sap-flow meter device slightly overestimates the tree's water consumption
compared to the values obtained using the lysimetric method. Sap flow and transpiration follow a similar trend,
both escalating throughout the day and reaching their highest levels in the early afternoon. This value reached
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17.98 ml h! for sap flow and 16 ml h* for transpiration (by lysimetric method), followed by a rapid decrease in
the late afternoon as the air cooled down. In addition, the results of device measurements showed that spraying
water on the leaves lowers both the rate and volume of sap flow. When the canopy becomes wet, the evaporation
of water from the leaf surface leads to a drop in the temperature, which in turn significantly slows down the flow
of sap.

The vi/v; ratio is not constant over time, making it crucial to choose the right starting point for measurements
to ensure effective data acquisition during the device's operational cycle. It is essential to measure (by the
device) the difference between temperature probes 40 seconds after heat pulse generation. The sap flow and
transpiration followed a similar trend during the experiments. The sap flow and transpiration increased
throughout the day, peaking in the early afternoon. On the first day, sap flow reached 17.98 ml h, while the
second day recorded an even higher rate of 19.75 ml h™. Correspondingly, the transpiration measured using the
lysimetric method peaked at 16 ml h%, followed by a rapid decline in the late afternoon.

Conclusion

The results obtained from the developed device indicate several key findings. Sap flow and transpiration
exhibit a similar trend during the test period, with the estimated sap flow value being approximately 30% higher
than that obtained using the lysimetric method. The device effectively demonstrated the impact of surface
irrigation; spray irrigation influences the sap flow rate such that when the canopy becomes wet, the sap flow rate
decreases significantly. Additionally, sap flow and transpiration are positively correlated with air and canopy
temperatures, and negatively correlated with relative humidity. Following calibration, the results show that the
heat pulse method can accurately and effectively measure sap flow in the vascular tissue of trees.

Keywords: Heat ratio method, Lysimetric, Sap flow, Water tension
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Table 1- Correction factor for the effect of tyloses (Burgess & Downey, 2018)

(o i) o ;5 o
Wound diameter (cm)

0.17
0.18
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0.2
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0.26
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0.3

c d
1.6565 -0.0014 0.0002
1.7070 -0.0014 0.0002
1.7701 -0.0017 0.0002
1.8292 -0.0019 0.0003
1.8909 -0.0022 0.0003
1.9554 -0.0025 0.0004
2.0226 -0.0029 0.0004
2.0685 -0.0031 0.0005
2.1932 -0.0038 0.0006
2.3448 -0.0047 0.0008
2.4908 -0.0057 0.001
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Fig.3. Glass wool insulation at the connection point of the probes with the tree

P g 00l 90l C83 gy 4l )3 Hho 4 S35 (5yle
A5 35 10 Caow 4 e (pl il o s (slasiyl dils y> o
s 6358 e gy ol 3 S (o0 e jhio 4 daxe
bopsd ploy g5 Sl 48 5,8 (o )8 (isu ) giled
ober (Sd g5 (o) Cund Jhgy &Sl > 4 W om0
4 Comnd gl it cge BBl 930 (258 ol 0y
ilio o (DUGAS, 1990) ulSs> 395 oo sasws¥ ;Mo
G905 Sl il ol ey @ Ay ol Bl )30l ol
ol Olie QI pogad > (ol s SIS )3 (6 oY
S50l ) 93 m (S SWE (iomen 9 59) Jobo )3 0
pbl L (Burgess et al., 2001) o, San 5 ap 2)S° 55055 1,
'Ll )l pogndlST c5 50 (g9 (HRM (2g)) arlie (2,

Ly aoliie gl

P Gl ahold o1y cd a3 il b copu £ S

9y 5 4SS Cewl 4568 i Olyuss e o ol 4y VO
45 GlasgSa A e o (P92 9 sl 593) 390 Jsb 5 wlde
o b bawlgl b g 4l (3Bl 59y Jsb 3 (il el sy
cF/Y\ )9) 9 V/Y\ cmh™! c\f'\/? /Y’ )9) JLl .)5> )l_\.&a w‘).u.;u.’
g ials absjlis 3lgl 5 o] JWs 4 g odwwy YIAY cmn™!
Al ol gy ple & S () cnl @98 bl Sl (S 48 e
95 slagl ) GxSoilil g S90S (il b

1- Eucalyptus marginata

(S AaswY) 323 5 slo el Ol @159, 5 534
5 (@owglyr o) oyt ol wislucSy aljy) o5
9 ¥ S )5 eloxis (9S8 €353 53 (G ptewmaY (09)) (3%
g Sloyds Gy o S (ol b gilles .l onds &3l 0 S
S (e G903 0y93 Jobo 53 alie X9, I 5y
2 9 4B8b il 5oy ok p> 3y 9 Sloyed by Sgpsbas
Jol 39y 2 0pd Gl e 395 jladie gl 4 ol auslyl
(VEVSIVY) g3 5oy 55 5 WIAA mI L Ly Ly (VE-V/S/Y-)
U9y Ao By e iomed B (g pSojlasl VYO ml ht
2Ol JW5 g ey V& MERT Jlads & g5 93 52 )3 (6 ytemmnY
2 G5 sly syoyedly il alily Ly ialS plilas Sl
g oo 043 jlses 1D (NS Gjguods &S LS ploul il Jobo
FVL (L) 3 55 g 0ped ly> dwalie & S5 (¥ JSK5)
Sl e 4 b8 93 ()1 lsad ol izren .l gl (L]
5S35 (B JSB) VEA/EIYA gy 53 005 JiSis ol &S y5boas
o] il e (5 JSLE)VEVSIYA 59, 55 a5} ond LSt alé
by B VBN 9y 00 aS col s ol 4 M
w8l 05 el B T e g ol 00 ()bl (slophad (o
oS (HBly s)laie jl 035 (e 0y (b Jle imes
15 oy Loy &S Canl ol ol GMES] oyl o el i
Sosed by e Cund OIS oo L;Lb:.ﬁﬂ eld sl



YWY o (20 503101 sl (3l b 32 (o ol y2r S 0 Soe (3l 9 Sl oyl 1o g 0013 59005

Wb ol 55 cos cd oS (bbb 439 bl jgy p Ll e ByA bl |, .(Burgess etal., 2001) uisb g0 (wsSee
d)591> j).»e.\a.wﬂ uT)OwJQJW dgdume j).: dl.bacb)9)b °J“‘°Lf"“°LS’)|)> ‘_)«JL» sy )I.\.O.opu.u)béfwl u.g.l!bo.)})m
A8 4S cowline e C)‘..I RSy ULM: ly o.\,isu,\:}im OL{)??CAA&‘

25

20 —e— Lysimetric

15 —o— Sapflow

10 '}/

Lysimetric / Sapflow (ml.h-1)

5 O < A >

0 P I 1 1 1 I 1 I 1 1 P I 1 1 1 I 1 I 1 I I 1 1 1
o o o o o ’ o o o o o o o o o o o o
o ™ 5] o ™ 5] o ™ 5] 5] o ™ 5] o ™ 5] @
o ™ (e} (2] N — < M~ o @ © (2] N — < M~ o
— — i i N — i — — N i

2022-9-11 2022-9-12 2022-9-13
Time

wielunSy o 03k 53 (g ytamnY 65031l 5 (HRM) (lesS s g &0 016503l (slojesd oy aligy (5SU —€ JSud
oliulojl 4 o yiawd pae e 4 b o > 0313 0345 A (so3b

Fig.4. The daily pattern of the sap flow measured by HRM and lysimetric measurement in a one-hour period; no

lysimetric measurements for periods marked with A were recorded due to lack of access to the laboratory at night
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Fig.5. Daily pattern of sap flow, measured hourly using the HRM method and lysimetric measurement at higher
installation place, A and B mark peak sap flow.
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Fig.6. The pattern of changes in the speed of the thermal pulse by the heat ratio method (HRM) in the Ficus
Benjamina tree in a period of 15 minutes; A and B are the points where the sap flow is reversed
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Fig.7. Changes in the v1/v2 ratio by the heat ratio method (HRM) for the Ficus Benjamina tree with a wound
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Fig.8. Temperature graph of downstream thermometer over a two-hour period on the first day (September 11,

2022)
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Fig.9. Temperature of the downstream thermometer over a one-hour period with one-second intervals between
the readings
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Fig.10. Sap flow rate pattern with hourly readings, with A and B showing the effect of water moisture on the
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