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Abstract
To improve the irrigation water management in oasian context, evapotranspiration assessment is required. In Tunisian
oases, date palm (Phoenix dactylifera L.) is the main crop and its water use is an essential evapotranspiration element. In
this research, sap ﬂow measurement was implemented to assess the date palm transpiration inside an irrigated-drained
ﬁeld within which the shallow-groundwater level and the water balance elements were continuously monitored. The site
is a Tunisian Saharan oasis, stamped by waterlogging and salinity manifestation and by low-frequency and irregular
ﬂooding irrigation. The cropping system is two-storey palm/grass layered system. This paper focuses on one-year period
sap ﬂow measurements using a recalibrated Granier's TDP-method. Results showed that the instantly transpiration
varied with the air temperature and was high related to the shallow water table nycthemeral ﬂuctuation. The daily
transpiration ranged between 0.5 and 3.5 mm d-1 with a clear seasonal variation. A water stress appearance according to
water delivery frequency during the summer season was also revealed. The one-year-cumulated date palm transpiration
was about 730 mm and represented almost 60% of the overall oasis deduced evapotranspiration. From this experiment
case, it was noted that the date palm tree transpiration reﬂect a modest water consumption (35 to 45%) relatively to the
surrounding high evaporative demand and it can be deduced that date palm tree, in itself, isn't a great water consumer in
such cropping conditions. After more validation, these elucidations should be considered to rethink the date palm
irrigation scheduling and the water management practices inside oasis schemes.
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Introduction
The irrigation water management and its rational use in
arid and hyper-arid zones, such as oases context, requires an
accurate quantiﬁcation of the different water balance terms,
including canopy transpiration reﬂecting the net crop waterconsumption (Brunel et al., 2006). This knowledge is crucial
to sustain a balanced functioning of a date palm oasian agrosystem knowing a continuous enlargement in many hyperarid regions of the world as in the North-African Saharan
zone, posing thereby many challenge aspects, agrosocioeconomic and hydrological, very dependent on
environmental, climatic and soil conditions (Sellami, 2008;
Bouarfa et al., 2009; Mekki et al., 2013). Establishing
exhaustive water balance and assessing evapotranspiration
inside oasian schemes is thereby a key task to optimize the
water use efﬁciency and to sustain water resources,
especially if water is scarce, expensive and brackish as in
most Tunisian Saharan oases (Sellami, 2008; Bouarfa et al.,
2009; Mekki et al., 2013; Ben Aïssa et al., 2013; Hachicha
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and Ben Aïssa, 2014; Omrani, 2015).
The scientiﬁc efforts invested in this research topic are
relatively recent for oasian context and, given their still too
narrow analysis, spatially and temporally, haven't far served
as an effective aid to decide on a more efﬁcient water
management inside date palm groves (Carr, 2013). Scientiﬁc
research must, thus, invest in both ever more relevant
methodological approaches and more useful modeling.
Requiring deeply studies and research (Al-Muaini et al.,
2019), it's clear that, depending of the biological aspects
determining the date palm yield and the fruit quality, the
transpiration constitutes an indispensable indicator to put in
relation with the production factors and the local water
quality and management constraints (Zhen et al., 2019).
Numerous methods and approaches are used to estimate
crop evapotranspiration at different scales. For continuouscover crops, the choice is so large. However, for sparse crops
or row-cropped trees, like palm groves, orchards and forest
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analyze the water balance, in connection with irrigation
depth and frequency, inside an irrigated-drained ﬁeld
reﬂecting overall the water management complexity within
the oasis (Ben Aïssa et al., 2013). In this paper, some results
relating to the date palm sap ﬂow magnitudes and variation
are presented with the monitored water balance components
(irrigation, drainage, water-table ﬂuctuation, water
salinity),. Among the several developed and used sap ﬂow
thermal methods, the Granier's thermal dissipation probe
(TDP) technique, known for its simplicity and convenience
for continuous measurements (Fuchs et al., 2017) was
selected and applied for the experiment of this study.

stands with sampling and representativeness problems,
adequate methods are few (Granier, 1985). Among these
methods, sap ﬂow measurement is widely referenced for
direct whole-tree transpiration assessment and several
thermal methods are developed and used since some thirty
years (Poyatos et al., 2016). The trunk sap ﬂow measurement
has been validated to monitor in situ trees' transpiration at
different ecosystems such as savannahs (Do and Rocheteau,
2002b), forest stands (Granier, 1987; Köstner et al., 1998),
fruit orchards (Cabibel et al., 1991b; Ben Aïssa et al, 2000),
tropical palms (Dufrêne et al., 1992; Roupsard et al., 2006;
Madurapperuma et al., 2009), date palm groves (Ringersma
et al., 1996; Sellami and Sifaoui, 2003; Sperling et al., 2012;
El-Khoumsi et al., 2017; Al-Muaini et al., 2019). It has the
advantage to integrate roots and canopy heterogeneities
through the trunk as a unique pathway of ascending water
(xylem crude sap) respecting the soil-plant-atmosphere
continuity.
As a contribution to these scientiﬁc investigations, we
conducted this experiment aiming to apprehend the water
balance inside an oasian cropping system with a particular
focus on the date palm transpiration as a key component. In
Fatnassa' date-palm grove, our oasian experiment site for
several years (Ben Aïssa et al., 2005), we tried to assess and

Materials and Methods
Experiment site: context and speciﬁcity
The Fatnassa oasis scheme (33°,8N; 8°,7E), located in
the north side of the Nefzawa Tunisian Saharan oases region,
with about 150 hectares of irrigated area, was chosen as site
to conduct this experiment (Picture1). This oasis, right-on
the edge of a big salty lake called "Chat El-Jerid", is prone to
waterlogging and salinity manifestations with a rather
unfavorable water availability compared to many other
oases in the region (Ben Aïssa, 2006; Hachicha and Ben
Aïssa, 2014).

Picture 1. Geographic location of the experiment site
(Left: Map of Tunisia ; Right: satellite photo of the oasis from Google Earth on 2007)
from deep fossil groundwaters is distributed in concreted
channels and provided to farmers' plots in water turn. On the
ﬁeld, the water supply is carried out by total surface ﬂooding.
Its frequency in the experiment ﬁeld, observed by
continuous monitoring, is almost monthly with some turn
irregularities, especially in summer season due to the high
water demand and water scarcity (Ben Aïssa, 2006). At the
approach of winter, the water turn is more regular; given the
decrease of the crops water needs but also because of the
farmers' voluntary irrigation reduction while the harvest
season.
The drainage is deﬁciently assured by a subsurface PVC
pipes system prone to mineral and root clogging (Ben Aïssa
et al., 2013). The shallow saline water-table regenerated by
irrigation with cyclic presence events near the soil surface is
in close interactions with the soil, the crops and the different
water and salinity management practices (irrigation,
drainage, pumping etc.). The shallow groundwater table is
thereby in a high dynamic and its ﬁne-scale level monitoring

The climate is continental Saharan, with high daily and
seasonal thermal amplitudes and irregular yearly rainfall less
than 100 mm. The mean potential evapotranspiration is
about 1800 to 2000 mm yr-1 and the water deﬁcit is
continuously high overall the year (Floret and Pontanier,
1982). The soil inside the oasis is mostly gypsiferous or
gypseous ﬁne sand regenerated from eolian deposit of gypsic
aridisoils active dunes. These soils, poor structured, are
known by their instability, their rather high porosity and their
weak water retention capacity. Some characteristics of the
study site soil are presented thereafter (Table 1).
The experiment ﬁeld consists of a 0.8 hectare plot
containing 20-year-old "Deglet Nour" date palms planted in
a 200 trees per hectare (7m per 7m) density. The average
palm-trees height within this plot is ~8 m. The low canopy
layer, underlying the palm-trees, consists mostly of sparse
fodder and alfalfa crop almost renewed every 3 years
(Picture 2).
As in most Tunisian oases, the irrigation water coming
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The heating voltages, provided by rechargeable battery, were
regulated to have continuously a 200 mW constant power at
each heated probe. Following a failure at one of the powerregulator output terminals, one of the singular sensors was
left permanently without heating while recording its signal.
The sensor signals were logged by a CR10x data logger via
an AM416 multiplexer (Campbell Scientiﬁc) at one minute
steps and averaged every 15 minutes. The data recovery was
performed periodically using a laptop PC.
Given the date palm trunk thickness and hardness, some
methodological adaptations about the installation and the
insulation were however implemented compared to that
prescribed by Roupsard et al. (2006) on Coconut palm.
Indeed, on each palm tree, the sensor probes were installed at
~8 cm depth radially into the trunk North-direction side and
at 1.5 m height above ground. Since we used 2 cm length
probes, to reach the trunk sapwood, we performed 5 cm
diameter and 6 to 8 cm depth holes using hole saw and wood
chisel and without removing the old leaves pruned stubs
traditionally left on the stem. At the bottom of each hole, it
was drilled, using a 2 mm wick, 20 mm depth again to insert
ﬁtly the probes. After probes insertion, the wide bored holes
were insidely masticated and then sealed with polystyrene
cylinders to avoid sapwood desiccation (Picture 3, a). Each
sensor was protected from direct sunshine by a PVC bafﬂe
covered by a reﬂective screen (Picture 3, b). For a better
protection, the sensor set was ﬁnally well-covered with palm
ﬁbrillum to give the same color as the trunk. (Picture 3, c).

constitutes an important tool to apprehend the hydric
functioning within a groundwater-soil-plant-atmosphere
continuum (Ben Aïssa et al., 2013).
Moreover, the low soil water retention capacity and the
low irrigation frequency confer a determining contribution
of the shallow water-table in the water supply for the grown
crops (date palm and fodder), well known for their
developed root system and their salinity and gypsum
tolerance (Ayers and Westcott, 1985). In such context, the
practice of irrigation corresponds de facto to manage the
shallow water table with high capillary rise than to maintain
a weak useful reserve in a high macro-porous gypseous
sandy soil.
Sap ﬂow measurement and calculation
On-the ﬁeld installation plan and handling
During this experimental work, on-the ﬁeld sap ﬂow
measurement has been performed in accordance with
Granier's heat dissipation method (Granier, 1985; 1987)
recalibrated for tropical palms by Roupsard et al. (2006).
Four neighboring fully-grown date palm trees (square mesh
7 x 7 m²) of the "Deglet Nour" variety were equipped with
sap ﬂow sensors. The locally-made sensors (TDP type) used
in this experiment, having 20 mm in length and 2 mm in
diameter, were manufactured according to Roupsard et al.
(2006) prescriptions. As a result, the sensors are almost
identical and accept the same calibration and calculation
equations as that elaborated and validated by these authors.

Table 1. Some soil characteristics in the studied ﬁeld

Picture 2. Deglet Nour date palm trees inside the
experiment ﬁeld (Photo taken by I. BEN
AISSA)

Picture 3. Details of the TDP Sap ﬂow sensor installation on the
date palm trunk with adopted insulation precautions
(Photos taken by I. BEN AISSA)
power (Granier, 1985). The sensor consists of two
cylindrical needles containing Cu/Cs thermocouples
mounted in opposition. They are inserted radially into the
stem sap-wood containing the xylem bundles ensuring the

Granier's TDP sap-ﬂow calculation: a brief theory
overview
The measurement principle is a convective cooling, due
to the circulation of the sap, of a heated probe at constant
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For Sc calculation, an investigation has been conducted
through observations of many fresh cuts made on date-palm
stems in the oasis. This appreciation has been performed in
other similar works on palm stems (Dufrêne et al., 1992;
Ringersma et al., 1996; Sellami and Siffawi, 2003; Roupsard
et al., 2006). For more accuracy, some recent studies
(Sperling, 2012; Fathi, 2014) tried to differentiate a radial
conduction variation inside the date-palm stem but the
results are various. For our case, visual observations lead us
to consider, in a simpliﬁcation trend, that the whole whitecolored sapwood section is uniformly sap conductive. A cut
of a "Deglet Noor" palm trunk (having the same age and size
as the studied trees) lead to estimate, through difference in
color, that Sc is about 7 dm², representing ~52% of the total
stem section area (Picture 4).
At a tree-scale, the measured sap-ﬂow is expressed as:
· Hourly sap-ﬂow (L h-1); this expression is used to
characterize and compare the actual and nycthemeral sap
ﬂow kinetics.
· Daily cumulated sap-ﬂow (L d-1); which corresponds to
the daily transpiration expressed in (mm d-1) on an area
basis. For this, given the date palm plantation density
within the experiment ﬁeld, a relative occupation area of
~50 m² is allocated for each tree.
In order to extrapolate transpiration from tree-scale to
ﬁeld-scale, we have considered via simpliﬁcation that the
studied palms (equipped with sap-ﬂow sensors) are
representative of the whole ﬁeld. The studied trees have
nearly the same trunk perimeter of about 130±2 cm. From
where, we estimate a daily transpiration (Tp), at the ﬁeldscale, by the following equation:

crude-sap ascension. A gap of about 10 cm separates the
heated needle (high) from the second needle (low)
monitoring the reference trunk temperature below the
heating point. The decrease in the temperature difference
(DT) between the two needles is related to the ﬂux density or
sap velocity calculated by an empirical formula based on two
sap ﬂow conditions:
(i) at zero sap ﬂow, we record a temperature difference
called DTref or DTmax and
(ii) with non-zero sap ﬂow, we record a temperature
difference called DT
These thermal differences will be the basis for
calculating the ﬂux density () written as follows:

f = a .(K ) b

(1)

where f is the sap ﬂux density (m3 m-2 s-1) or also sap
velocity (m s-1), a and b are two calibration coefﬁcients and
K is a dimensionless term called the Flow Index and
calculated as follows (whith, DTmax and DTf are the same
parameters mentioned above):

é DT - DTf ù
K = ê max
ú
DTf
ëê
ûú

(2)

Date-palm sap-ﬂux density calculation
The sap ﬂux density is calculated from an empirical
model established for forest species (Granier, 1985, 1987)
and fruit trees (Cabibel et al., 1991b). On palm trees (oil and
coconut palms), Roupsard et al. (2006) recalculated a and b
adjustment coefﬁcients after a locally-made probes
calibration in the laboratory and validated in a coconut palm
ﬁeld by comparison to the eddy covariance ﬂuxes. The new
adopted coefﬁcients are 315.10-6 and 1.231 for a and b
respectively, and we write:

f ( m s -1 ) = 315.10 -6.( K )1.231

24 h

Tp ( mm d -1 or kg m -2 d -1 ) = å ( Sf .3600)
t =1

(5)

where Sf is the single-tree sap ﬂow (m3 s-1) calculated by
meaning measurements made on three palms, N is the
number of palms per ha of ﬁeld area (N ≈ 200 trees per
hectare).
Climatic parameters
Given the lack of an in situ weather station, we tried to
ensure an under-palm-canopy air temperature monitoring
using a Cu/Cs thermocouple, lodged inside a ventilated box
and logged by the same CR10x at the same time step as the
sap ﬂow. Moreover, the under-palm-canopy air temperature
and relative humidity were also, but irregularly, half-hourly
logged at 1.5 m height above ground using an EL-USB2
Lascar's sensor nearby the instrumented trees.
For above-canopy meteorological investigations, the
daily climatic data, relating to the region in which the studied
oasis is located, were furthermore collected from a
governmental weather station located at Kébili city, about 20
km straight far from the experiment site.
Water table level, water and salt balances monitoring
The shallow water-table level was continuously
monitored at two hand-augered observation wells dug
between the ﬁeld boundaries and the unique drain pipe
crossing the ﬁeld. A barometric-compensated pressure
sensor is immersed, at each observation well, in the water
table to monitor its level ﬂuctuation. The details of all the
devices installed in the ﬁeld to monitor water table level,
irrigation and drainage are well described by Ben Aïssa et al.
(2013).

(3)

For this experiment, since we used the same locallymade probes as Roupsard et al. (2006) with the same heating
power (200 mW), the same a and b equation coefﬁcients
were adopted (Formula 3) without further probes
calibration. After a sensors installation tuning, in particular
concerning the needles insertion depth and insulation, the
preliminary recorded signals from the heated sensors evolve
coherently with rather synchronous kinetics but,
nevertheless, with differences in DTmax and DTf offsets and
amplitudes. The DTmax values vary from day to day and
differently for each sensor. Therefore, the consideration of a
main DTmax on ten days envelope as mentioned by Granier
(1987) seemed to be a supplemental source of error (Rabbel
et al., 2016). Thus, to compute the ﬂux index over a day we
considered DTmax recorded during the two nocturnal periods,
preceding and succeeding the diurnal period of the
considered day.
Date-palm transpiration assessment from sap-ﬂux
density
From the above formula, the total sap ﬂow (Sf) passing
through the stem is estimated as follows (where Sc is the sapconducting (sapwood) section area, estimated in m²):

Sf ( m 3 s -1 ) = f .Sc

N
.10 -3
10000

(4)
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with contrasted weather conditions shows, that during the
summer season (Figure 2, a), the air temperature is
maximum two hours after the sap-ﬂow reaches its maximum
and it then decreases much less rapidly. This is can be
explained by the fact that Sf (or transpiration) is a
physiological phenomenon related also to the intercepted
solar radiation, to the vapor pressure deﬁcit and to the plant
water status controlling together the stomata regulated
opening and the water loss from leaves to the atmosphere.
While Ta, pure physical, is inﬂuenced by the surrounding
environment thermal inertia from where its evolution is
slower than Sf. In winter season (Figure 2, b), the hourly
kinetics are more synchronized or showing a small delay of
the sap ﬂow compared to the temperature with much lower
maximum values than in summer. But, we have to indicate
that Ta presented on these ﬁgures was measured under palm
canopies and it can thereby be inﬂuenced by shading.
The day-night shallow water table ﬂuctuation as
related to the transpiration activity
On the ﬁgure 3, The curves of the instantaneous datepalm sap-ﬂow and the ﬁne-measured water table level
evolving during 10 summer season consecutive days (236 to
245 DOY) succeeding an irrigation event, are presented. On
the water table level curve, a day-night oscillation is clearly
noticed during the groundwater table drawdown phase. This
nycthemeral shallow groundwater level ﬂuctuation is
characterized by a faster diurnal drawdown than during
nocturnal period. This ﬂuctuation was assumed by many
authors to be directly related to the phreatophytes
evapotranspiration activity and magnitude (Loheide II et al,
2005). In our experiment ﬁeld, the evapotranspiration
outﬂow, occurring during the diurnal phase, is added to the
drainage and downstream outﬂows, resulting thereby in a
faster diurnal drawdown. During the nocturnal phase,
evapotranspiration is almost zero and only drainage and
downstream outﬂows which continue to drive the water table
drawdown (Ben Aissa et al., 2013).

Picture 4. Cuts on date palm trunks to investigate the
conductive sapwood area and to identify the Sf
probes insertion depth (Photos taken by I. BEN
AISSA)
Results and Discussion
Hourly sap ﬂow variation with the under-canopy
measured air temperature
The Figure 1 illustrates the hourly averages calculated
from 14 days continuous measurement series related to air
temperature; Ta (°C), and to sap ﬂow; Sf (L h-1) during the
summer season (233 to 246 DOY). During this period, Ta
varied from 25 to 48°C characterizing a high evaporative
demand. From these hourly rates (averaged from 15min step
records), we can perceive that Sf curves (of two presented
palms) are fairly synchronous and very close during this
period of measurement. The maximum hourly ﬂow values,
observed in the middle of the day, ranged between 12 and 17
L h-1 corresponding to 1.7 and 2.4 L dm-2 h-1 of ﬂux densities.
At this hourly time-scale, the ﬁgured courses shows a close
relation between Ta and Sf. This concordance seems
however less clear on a daily time-scale.
The comparison of the hourly averages during two days

Figure 1. Daily courses of two neighboring palm trees (P2 and P3) sap ﬂow (Sf) of and of the under-canopy air temperature (Ta): a
series of 14 days measurement during summer season (233 to 246 DOY)
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Figure 2. Daily courses of the date palm sap ﬂow (L h-1) and of the under-canopy measured air temperature (°C): A comparison
between two evaporative demand contrasted sunny days; (a) DOY 239: Summer day with high evaporative demand, (b)
DOY 10: Winter day with low evaporative demand

Figure 3. Temporal variation (236 to 245 DOY) of the date palm sap ﬂow and of the depth to the shallow water table from the land
surface (DWT) monitored inside the experiment ﬁeld (10 min step values); (The irrigation event has occurred within
DOY 235 and 236).
date-palm transpiration assessment by sap ﬂow
measurement. The shallow water table nycthemeral
ﬂuctuation signal could therefore be valued to investigate
the evapotranspiration ﬂow of the total above-ground
canopy inside the oasis scheme and to know more about
the shallow groundwater contribution to this ﬂow feeding.
Moreover, the hypothesis that date-palm behaves as a
phreatophyte and can extract his water needs from the
shallow groundwater seems to be demonstrated by this
phenomena concomitance. In the literature, some authors
mentioned that, being a tree of the desert, date palm requires
sufﬁcient soil moisture in their rooting zone (1.2 to 2 m
depth) which is totally provided by a shallow (but non salty)
water table or partially by regular adequate irrigation
(Nixon, 1951; Munier, 1973, Liebenberg and Zaid, 2002;
Chao and Krueger, 2007; El-Khoumsi et al., 2017).

To demonstrate this relation between evapotranspiration
outﬂow and the groundwater day-night oscillation, we
superimposed the water table level and the instantaneous
date-palm sap-ﬂow courses. By curves observation, it can be
seen clearly the synchronized evolving of the two
phenomena. Indeed, after a nocturnal water table slow or
zero drawdown phase, during which transpiration (sap ﬂow)
is almost zero, begin a more accelerated drawdown phase
concomitant to the diurnal transpiration activity rise. It can
be deduced here that the diurnal water table drawdown
acceleration is, at least partially, driven by the date palm
transpiration outﬂow. Similar results were found and
discussed by Loheide II et al (2005) for some desert shrubs.
The concomitance of the drawdown acceleration
course and the sap ﬂow diurnal rise confers moreover, at
least qualitatively, a more methodological strength to the
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(between July and May of the following year). During
monitoring summer season, (July-September), the daily
palm transpiration averages ranged from 75 to 160 L d-1 tree-1
which equivalent to 1.5 to 3.2 mm d-1 (Figure 4). During this
critical water-need period, we received three monthly
irrigation events of about 150±10 mm depth for each one.
These three water deliveries are clearly differentiated
through the consequent water table level raising (Figure 4).

Transpiration variation at daily time scale and with
the irrigation frequency
Like at the hourly time-scale, sap ﬂow averages show a
high variability. Indeed, daily cumulated sap ﬂow varied
overall from 25 to 175 L d-1 tree-1. Converted to mm d-1 unit
(on the basis of planting density), daily transpiration varied
thereby from 0.5 to 3.5 mm d-1 with an average of about 2 mm
d-1 calculated over on the entire measurement period

Figure 4. Temporal variation of the daily cumulated date-palm sap ﬂow (L d-1 tree-1) in relation to the irrigation events and the
shallow groundwater depth (from DOY 196 to DOY 276).
It remains, however, an accurate evaluation of the low
DTf were rather small (about 2.5 to 3 °C). This offset
layer (forage crops and bare soil) contribution into the
shouldn't be neglected since it can also induce an
overall evapotranspiration. At the scheme scale it was
overestimation of DTmax whose consequences on the ﬂux
deduced from salt and ionic balance (input-output) a yearly
values
can be signiﬁcant (Peters et al., 2018).
overall evapotranspiration of almost 1100 to 1200 mm yr-1
The non-zero DT offset, recorded under without-heating
during a normal water supply functioning year (Marlet et al.,
condition, appears to have a signiﬁcant effect on actual sap
2007).
ﬂow values which seem generally overestimated at the
Noticed sources of error that may affect the datemorning beginning (usually from sunrise to four hours later)
palm sap ﬂow measurement accuracy
and then underestimated towards the afternoon (Figure 7).
In addition to the difﬁculty to localize the zero sap ﬂow
However, this offset seems to have a less signiﬁcant effect on
state and the derived DTmax determination inaccuracy
the 24-hours cumulative ﬂux since the afternoon
described above, we distinguished, from the permanently
underestimation will be compensated, ever partially, by the
unheated sensor signals or even from the other sensors when
morning overestimation. The use of this without-heating DT
the power supplying battery is running out, a non-zero and
offset to correct the under-heating sensor signal was tried to
repetitive temperature difference (DT) between the higher
improve results accuracy (Figure 7). The corrected signal
and lower sensor needles. The hypothesis of an equal
seem to be more coherent even concerning the daily
temperature at the two needles insertion points under
evolving. However, since the unheated sensor was mounted
"without-heating" condition has a priori not been validated
on a distinct palm tree, we think that using its signal to
under ﬁeld conditions (Cabibel et al., 1991a; Lu et al., 2004;
correct the other trees' sensors signals is not much accurate.
Hölttä et al., 2015).
Despite the thermal insulation precautions being taken
The temperature difference (Figure 6) is sharply negative
during the installation, the observed non-zero DT offset,
(-0.2 to -0.6 °C) at the beginning of the day (between 7am
appears to be generated by thermal interferences related to
and 11am, depending on the season) and gradually reversed
external environment in particular to an air-soil temperature
the rest of the day to almost +0.3 °C with a daily and seasonal
gradient which is rather variable during the day (Cabibel et
variation. This signal, common to all sensors under withoutal., 1991a ; Do and Rocheteau, 2002a). A better protection of
heating state, is then a not hazardous phenomenon,
the trunk base by shading-nets was attempted to attenuate the
especially since it is repetitive with an observed effect of the
observed artifact peaks (Shackel et al., 1992; Roupsard et al.,
daily solar and thermal cycle.
2006). Regardless of the artifact origin, a signal correction
By superimposing the calculated ﬂux density kinetics
and a measurement improvement should be implemented for
and the without-heating signal drawing(Figure 7), it has been
a better measurement accuracy. There were some
noted that this offset can inﬂuence instantly ﬂux density
methodological attempts to skirt these temperature gradients
values, in particular by an early morning maximum
by implementing cyclic heating (Do and Rocheteau, 2002b)
appearance. Therefore, if we don't take this DT offset into
or by appending in-opposition a cold sensor on the same
account, we can be misled to explain this maximum by a
trunk (Lu et al., 2004). A deeper investigation and research
greater morning transpiration activity. Consequently, we can
need to be performed to apprehend the artifact origin and to
even lose accuracy on the ﬂux density calculation since the
therefore suggest the reliable correction.
daily recorded amplitudes between maximum and minimum
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Figure 5. Seasonal means of the daily date palm transpiration (mm d-1) inside the experiment ﬁeld. Y bars represent ±Standard
deviation

Figure 6. Seasonal variation of the DT signals recorded under without-heating state: highlighting of the non-zero thermal offset
between the upper and lower needles of sap ﬂow sensor. 15 days of the middle of each season are presented on this ﬁgure

Figure 7. Comparison of the DT signals recorded under heating and without-heating state during ﬁve summer days: Approach to
correct a heated sensor signal using a concomitant without-heating signal
At the end of this work, the issued results showed that the
instantly transpiration varied with the measured air
temperature and was high-related to the monitored shallow
water table nycthemeral ﬂuctuation. The latter could
therefore be valued to investigate the evapotranspiration
ﬂow of the total above-ground canopy and to know more
about the shallow groundwater contribution to this ﬂow
feeding.

Conclusion
This experiment tried to assess the date palm
transpiration using the sapﬂow measurement and to
investigate its hourly, daily and seasonal variation over oneyear in relation to the main study site conditions (high
evaporative demand, saline shallow water table, distant
water supply deliveries)..
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The daily transpiration rate, one-year-averaged at
~2 mm d-1, ranged between 0.5 and 3.5 mm d-1 with a clear
seasonal variation. Seasonal transpiration measured by this
experiment ranged between 1.5 (winter season) and
2.6 mm d-1 (spring and summer seasons). During the summer
hot season, a suspected-water-stress appearance according
to water delivery frequency was also revealed. Indeed, the
transpiration rate declined in few days after the irrigation
events and could indicate a stress status related also to a
detrimental salinity at the tree rhizosphere vicinity.
The one-year-cumulated transpiration was about 730
mm and represented almost 60% of the 1200 mm deducedevapotranspiration for the overall oasis. From this
experiment case, it was noted that the yearly date palm tree
transpiration reﬂects a rather modest water consumption (35
to 45%) relatively to the surrounding Saharan high
evaporative demand ranging between 1650 and
2000 mm yr-1. It can therefore be deduced that the date palm
tree, in itself, isn't a great water consumer in such cropping
conditions. After more results validation, these quantitative
elucidations should be considered to rethink the date palm
irrigation scheduling and the water management practices
inside oasis schemes.
Moreover, this work has revealed the existence of some
uncertainties sources that can inﬂuence the sap ﬂow
measurements. All these issues should be considered in the
future for a methodological improvement and more accurate
results.
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