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Abstract

Agro-hydrological models are considered an econ@nat simple tool to quantify crop water
requirements. In the last two decades, agro-hydrcdd physically based models have been
developed to simulate mass and energy exchangegses in the soil-plant-atmosphere
system. Although very reliable, due to the high bemof required variables, simplified
models have been proposed to quantify crop wateswoes.

The main aim of the paper is to propose an amentofelRAO-56 spreadsheet program in
order to introduce a more realistic shape of thesstfunction, valid for mature olive orchards
(Olea europaeal.). The modified model is successively validategy means of the
comparison between measured and simulated soilr veat@ents and actual transpiration
fluxes. These outputs are finally compared witrsthobtained with the original version of the
model.

Experiments also allowed assessing the abilityimlkated crop water stress coefficients to
explain the actual water stress conditions evatuair the basis of measured relative
transpirations and midday stem water potentials.

The results show that the modified model signifttaimproves the estimation of actual crop
transpiration fluxes and soil water contents uratel water deficit conditions, according to
the RMSEs associated to the revised model, regulsiignificantly higher than the
corresponding values obtained with the originakiaar.

Keywords
FAO-56 agro-hydrological model, Water stress FumtWater uptake ability, Table Olive
orchards. Midday Stem Water Potential, Relativen$paration.
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Introduction

The quantification of crop water requirements afjated land is crucial in the Mediterranean
regions characterized by semi-arid conditions, whevater scarcity and increasing
competition for water resources are pressurizimgéas to adopt different water saving
techniques and strategies, which may range fronmals periodic estimation of the soil
water balance terms to a precise assessment obtalngnd spatial distribution of water
exchange within the soil-plant—atmosphere contin@fdravenzano et al., 2013).

The knowledge of actual transpiration fluxes cdovalthe correct estimation of crop water
requirements and to dispose of irrigation managersieategies aimed to increase water use
efficiency. Physically based and stochastic hydyiclal models, although very reliable, in
relation to the high number of variables and thenglex computational analysis required
(Laio et al., 2001, Agnese et al., 2013), canntirobe applied. The use of simplified models,
considering a simple water bucket approach, magtbee represent a useful and simple tool
for irrigation scheduling.

FAO Irrigation and Drainage Paper 56 (Allen et dl998) provides a comprehensive
description of the widely accepted Penman-Monteitfethod to estimate reference
evapotranspiration from standard weather data ésulan affordable procedure to compute
actual crop evapotranspiration under standard amdstandard (stressed) conditions. A first
amendment of the algorithm, was recently proposeRdllo et al. (2012) for arboreal crops
in order to allow irrigation scheduling under sailater deficit conditions; with this
modification the eco-physiological factor, affecteglthe crop stress, was separated from the
Management Allowed DepletionMAD) term, more related to the farmer choices and
dependent on aleatory variables like the econoautofs.

Even if several studies have been carried out @retez et al.,, 2001; Testi et al., 2004;
Ezzahar et al., 2007; Er-Raki et al., 2008; Cameniadit al, 2013) on the evaluation of olive
water consumptions and in particular on the partitiof the components of crop
evapotranspiration in semiarid areas, a few studiagse been considering the eco-
physiological processes influencing the kineticrobt water uptake. This missing feature
represents a limitation of the available versiorthef model that schematizes the crop water
uptake by means of a transpiration reduction famctn which the stress coefficieri, is
assumed linearly dependent on the soil water depleh the range between a certain critical
value and the wilting point. Actually, the shapekgidepends on eco-physiological processes,
like plant resistance/tolerance/avoidance to wstierss and soil water availability in the root

zone. For xerophytes crops like olives, Rallo amdvenzano (2013) recognized a convex
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shape of the&s relationship and also that crop water stress cmmditoccur for soil matric
potentials lower than -0.40 MPa. Moreover, it wémwged that the reduction of actual
transpiration becomes severe only under extremerwlaficit conditions.

The main objective of the paper is to propose aaraiment of FAO-56 original spreadsheet
program and to assess its suitability to simulatelet olive QOlea europaeal.) water
requirement under soil water deficit conditions.plarticular, a more realistic shape of the
water stress function, valid for the consideredpciie introduced into the model in place of
the original liner function; the validation is filg carried out through the comparison between
measured and simulated soil water conte®®/C3¥ and actual transpiration fluxeJyJ.
Outputs of the amended model are then compared thidbe obtained with the original
version. Finally, the measured relative transpregi and midday stem water potentials
(MSWB are used to evaluate the ability of simulatedsstrcoefficients to explain the actual

crop water stress conditions.

Overview on FAO-56 dual approach model and critical analysis

FAO 56 model evaluates the root zone depletion @dily time step with a water balance

model based on a simple tipping bucket approach:
D =D,-(P-RQ)- | +ET, + DF (1)

where D; [mm] and D; _; [mm] are the root zone depletions at the end of idand i-1
respectively,P; (mm) is the precipitationRQ the surface runoffET;; [mm] is the actual
evapotranspiration andP; [mm] is the deep percolation of water moving ofitttte root
zone.

The domain of the depletion functiob;, is between 0, which occurs when the soil is at th
field capacity, and a maximum value, correspondmnthe total plant available wateFAW

[mm], obtained as:
TAW=1000( SWG - SWg) 2

where SWG. [cm® cmi®] and SWG,, [cm® cmi®] are the soil water contents at field capacity
and wilting point respectively arig} [m] is the depth of the root system.

In absence of water stress (potential conditidmg, crop potential evapotranspirati&; is
obtained multiplying the dual crop coefficienkgf + Ke) and the Penman-Monteith reference
evapotranspiration ratd; Ty, (Allen et al.,, 1998). In particular the “dual pr@oefficients

approach”, as explained in FAO 56 paper, splitssihgleK, factor in two separate terms, a
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basal crop coefficientKq, considering the plant transpiration and a soil pevation
coefficientKe.
When water represents a limiting condition, theabagop coefficients Ky, has to be
multiplied to a reduction factoKs, variable between 0 and 1. The reduction factor loa
express by:

=_TAW=D 3)

TAW- RAW

whereRAW[mm] is the readily available water, that can lamed multiplyingTAWto a
depletion coefficient,p, taking into account the resistance of crop toewadtress. In
particular, when water stored in the root zoneowsdr thanRAW (B>RAW) the reduction
coefficient Ks is lower than 1, whereas f@; <RAW resultsKs=1. Values ofp, valid for
different crops, are proposed in the original pediion (Allen at al., 1998). Considering that
the termp depends of the atmospheric evaporative demandaidn for adjusting for ET.
is suggested (van Diepen et al., 1988).
The soil evaporation coefficienke, describes the evaporation componenE®df. When the
topsoil is wet, i.e after a rainfall or an irrigai eventKe is maximum. Dryer the soil surface,
lower is K¢, with a value equal to zero when the water contérgoil surface is equal to
SWG,,. When the topsoil dries out, less and less watevailable for evaporation: the soil
evaporation reduction can be therefore considerepoptional to the amount of water in the

soil top layer, or:

Kr |:|(K(:_max - ch)
K, =MIN (4)

ew ¢ _max

whereK; is a dimensionless evaporation reduction coefiiciepending on the cumulative
depth of water evaporated from the topskil,is the fraction of the soil that is both exposed
and wetted, i.e. the fraction of soil surface framich most evaporation occurs aligl maxis
the maximum value oK. following rain or irrigation;K¢ max represents an upper limit of
evapotranspiration fluxes from any cropped surfasbereas the terni., depends on
vegetation fraction cover and irrigation systene, lditter influencing the wetted area.

The evaporation decreases in proportion to the atmfuvater in the surface soil layer:

_TEW- D

e,i-1

" TEW- REW (5)
whereDe .1 is cumulative depth of evaporation (depletionnirthe soil surface layer at the
end of (i-1)th day [mm]TEW[mm] is the total evaporable water from an effestdepth £

4
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of soil surface subject to drying, aREW[mm] is the readily evaporable water, representing
the maximum depth of water that can evaporate fromttipsoil layer without restrictions.
WhenTEWis unknown, it can be estimated BEW=1000GWG.- 0.5SWG)Ze, whereZe is
usually assumed equal to 0.10-0.15 m. On the ditved, REWcan be estimated according to
soil texture (Allen et al., 1998).

Buckets models are very sensitive to the rootingtld@arameterZ;, directly influencing the
ability of the plant to extract water. Errors irs itleterminations determine an incorrect
estimation of soil water stress coefficient andinaiécated by Er-Raki et al. (2008), the values
of simulated evapotranspiration increase with iasmeg Z.. In fact, higherZ causes

increments off AWwithin the root zone and, according to eq. 3, $e@mdhigheiKs values.

Materials and methods

Investigations were carried out during irrigatieasons 2009, 2010 and 2011 (from April 15,
DOY 105 to September 30, DOY 273) in the experiraefarm “Tenute Rocchetta”, located
in Castelvetrano (Sicily, UTM EST: 310050, NORD®68561). The farm, with an extension
of about 13 ha, is mostly cultivated with tableveligrove Qlea europaed.., var. Nocellara
del Belice), representing the main crop in the mumding area. The experimental plot is
characterized by 17 years old olive trees, planted regular grid of 8 x 5 m (250 plants/ha);
the mean canopy height is about 3.7 m and the gedraction of vegetation cover is about
0.35. Irrigation is practiced by means of pipelinggh on line emitters installed along the
plant rows. Each plant was irrigated with four B &mitters. Soil textural class, according
USDA classification, is silty clay loam.

Standard meteorological data (incoming short-wagkarsradiation, air temperature, air
humidity, wind speed and rainfall) were hourly eclied by SIAS (Servizio Informativo
Agrometeorologico Siciliano), with standard equiprnseinstalled about 500 m apart from the
experimental field. Net radiatioR and its components were measured with a 4-componen
net radiatiometer (NRO1, Hukeseflux). AccordingA8CE-ESRI, the standardized Penman-
Monteith method (Allen at et al., 2008) was useddlzulate atmospheric water demand.

A preliminary investigation on the root spatialtdisution was carried out in order to identify
the soil volume within which the highest root déyss localized and where most of water
uptake processes occur. A more detailed descrigtfathe soil physical properties and the
root distribution is presented and discussed imoRaid Provenzano (2013).
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Irrigation scheduling followed the ordinary managetpractised in the surrounding area.
The total irrigation depth provided by the farmesiequal to 80 mm in 2009, 33 mm in 2010
and 150 mm in the 2011.

Soil and crop water status measurements

During the investigation periods, soil water comdewere measured with Time Domain
Reflectometry (TDR 100, Campbell Inc.) and Freqyemmomain Reflectometry (FDR,
Diviner 2000, Sentek) probes. On the basis of éiselts of Rallo and Provenzano (2013), the
soil volume in which most of the root absorptiorcurs have been considered, in order to
install the soil moisture probes and to disposa presentative measure of the ave@geC

in the entire system (Xiloyannis et al., 2012).plarticular, the soil volume where 80% of
roots are localized, can be assumed as a paraietepiith a length equal to the tree spacing
(5.0 m), a width of 1.5 m and a depth of 0.75 mfeReng to this soil volume, spatial and
temporal variability of soil water contents was ntored, from the soil surface to a depth of
100 cm, using a FDR probe. Five access tubes wstalled along two parallel directions, the
first below the irrigation pipeline, at distancdslo0 m, 2.0 m and 2.5 m from the plant and
the second along a parallel direction, at a digasfc0.50 m from the first and about 1.0 m
and 2.50 m from the plant. In this way it was pbigsito take into account the spatial
variability of soil water content after irrigatiorAdditional measurements of soil water
contents were carried out using nine TDR probesiecied to a multiplexer. The probes,
having a length of 20 cm, were installed belowithgation pipeline, at the same distances of
the FDR access tubes, but opposite side of the, phathe layer 10-30 cm, 35-55 cm and 60-
80 cm. Values of soil water contents measured \WR and TDR systems were then
averaged in order to determine, for each measureray, a single value of SWC
representative of the soil layer where most ofrtiag absorption takes place.

Transpiration fluxes were monitored on three counsee trees, selected within the field
according to their trunk diameter, so that they barconsidered representative of the grove,
using standard sap flow sensors (Thermal Dissip&i@bes, Granier, 1987). For each plant,
two probes were installed on the north side ofttbhek and then insulated, to avoid the direct
sun exposure. The measurements acquired by theemsors were then averaged. The central
plant was the same in whi§WCswere measured.

Daily values of actual transpiration were obtairt®d integrating the sap flux, under the
hypothesis to neglect the tree capacitance. Dadlyspiration depth [mm was obtained
dividing the daily flux [I d'] for the pertinence area of the plant, equal tor#0Then, in
order to evaluate a representative value of thedst@nspiration referred to the entire fiatd

6
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was necessary to up-scale the plant fluxes by derieg, as a proximal variable, the ratio

between the average Leaf Area Inde&) (m” m?), measured in field, and the average value,
LA, (m? m®), measured on the plants in which sap fluxes wegitored.

In the same trees selected for transpiration measemts, midday stem water potentials
(MSWB were measured in 2009 and 2011 by using a preshamber (Scholander et al.,

1965), according to the protocol proposed by Tuendarvis (1982).

Amendment of the FAO-56 model and parameterization of soil and crop

FAO 56 model has been applied i) in the originahfaand ii) in its amended version, in
which the stress function, the threshold valuehef $oil water content below which water
stress occursSWC* and the minimum seasonal value of soil watereamntecognized in the
field, SWGin, were experimentally determined.
In the first case, the model parameter p was ass@aeal to 0.65, as indicated in table 22 of
the original paper, corresponding for the invesadasoil toSWC*=0.20, whereaSWG; and
SWG,, were considered equal to 0.33 and 0.13, determauwdrding to the soil water
retention curve, for matric potentials of -0.33 &&nhd -1.50 MPa respectively.
In the second case, in order to consider a molestieavater stress response of olive crops,
the original function, as implemented in the modeis modified according to the
relationship proposed by Steduto et al., 2009, hiciw K is a function of the relative
depletion,Dyer:

e s —1

e -1 (6)

wherefs is a fitting parameter characterizing the shapthefstress function. The value fof

Ks=1-

was assumed equal to 2.89 as experimentally detedhiiy Rallo and Provenzano (2013).
Relative depletion can be determined as:

_ SWC- swc
 SWC - SWC @)

in the domain of soil water contents determiningess conditions for the crop
(SWGinrk SWCGSWCH.
Fig. 1 shows the water stress function, as impleetkim the spreadsheet program.

Figure 1 — Water stress functions for table olive mhards, as implemented in the
spreadsheet

The shape of the considered function evidencestligatvater stress models is convex and

demonstrates that water stress becomes more arelseeere at decreasing soil water status
7
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(Drel tending to 1); therefore, the reduction of actuahspiration is critical only for the most
extreme water stress conditions. Moreover, the fireablicrop water stress function allows
smoothing the unrealistic angular point indicatimgthe K¢ linear relationship, the passage
from no-water stress to water stress conditions.

Under the investigated conditiorBWC*andSWG,i, was assumed to correspond to a matric
potential of -0.4 MPa representing the threshotulsvgater status separating a condition of
negligible water stress (relative transpiratiomapproximately equal to 1) from a condition in
which relative transpiration decreases with soilevaontent (Rallo and Provenzano, 2013).
On the other side&SWG,;=0.07 n? m>, lower than the measured wilting point of 0.13m’,
represents the minimum soil water content measdrgthg the investigated seasons. The
choice to consideBWG,i, as the minimum seasonal value of soil water cameognized in
the field and not the soil wilting point, as traolitally used for most crops, followed the
suggestion of Ratliff et al., 1983 and, more relgendf Pellegrino et al. (2006). This
assumption allowed to consider the strong abilftplive trees to extract water from the soil
even below the soil wilting point and consequemtlynore coherent evaluation of the crop
water availability (Lacape et al., 1998).

The depth of the root systeidy, was assumed equal to 0.75 m, as obtained orasis bf the
measured root distribution, corresponding to thie lager within which 80% of roots were
encountered (Martin et al., 1999).

The average value of basal crop coefficient, inrthe and late stage seasons, was considered
equal to 0.60, as recommended from Allen et al98)%nd recently verified in the same
experimental field (Minacapilli et al., 2009; Camited et al., 2013).

Simulations were run during the three investigatears, from DOY 105 to DOY 27For all
the investigated periodSWG. equal to 0.33 rhm™ was considered as initial condition, as a
consequence of the copious precipitation occumetie decade antecedent mid of April each
year.

The values of the simulations variables, used patifor the original and modified models,
are showed in Tables 1.

Tab. 1 —Values of the variables used for the simuians carried out with the original and
modified FAO 56 model.
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Performance of the models

The performance of the models was evaluated bydhiemean square error (RMSE), and the

mean bias error (MBE), defined as:
1 N
RMSE= (ﬁz (;Fj (8)

1 N
MBE=—)>d (9)
N 7=
whereN is the number of measured datais the difference between predicted and measured
values (Kennedy and Neville, 1986).
An additional Student t-test was applied, as prefddsy Kennedy and Neville (1986):

(N -1) MBE?
= 1
t \/RMSE— MBE (10)

To determine if the differences between measuretl ssamulated soil water contents are
statistically significant, the absolute value o€ tbalculated must be less than the critidal
value (), for a fixed significance level. In this analyses significance levetr=0.05 was

assumed.

Results and discussion

Fig. 2 shows the temporal dynamic of measiB¥ICsduring the investigation periods 2009,
2010 and 2011 (2a-c), as well as the estimatechpaterop transpiration (dashed lind),
and the measured actual transpiratidg,in the same time intervals (2d-f). In additiore th
figure displays the corresponding simulation resulbtained by considering the original
(light line) and the modified (bold line) version$ the model. At the top of the figure the
water supplies (precipitation and irrigation) alsoashown.

As can be observed, compared to the original verdiee amended model, provides better
estimation in terms of either actual transpirafiomes and soil water contents.

The statistical comparison, express in termRMSE and MBE associated t&WCand T,

simulated by modified and original models are pnése in table 2.

Fig. 2a-i - Temporal dynamic of observed and simuted SWCs and T, fluxes during
2009, 2010 and 2011. Potential transpiration fluxeand total water supplies are also
shown
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Tab. 2 -RM SEs and MBEs associated t®8WC and actual T, simulated with the
original and modified models

A substantial agreement between measured averdgsager contents in the root zone and
the corresponding values, simulated with the revisedel, is generally observed, with a root
mean square error variable between 0.03 and 0.09.

Moreover, after a first simulation period in whittte results of original and amended models
are identical (absence of crop water stress), tiginal model determines a systematic
overestimation o6WG with RMSEvariable between 0.05 and 0.10. The better esomaif
minimum values oSWCobtained with the modified model is a consequerfoeonsidering
SWGiin in place ofSWG,, allowing a better modeling of the root water kptability, as
actually recognized for olive trees.

As can be observed in fig. 2d-f, the seasonal teoidactual daily transpiration fluxes
simulated with the modified model, in all the intgated periods, generally follow the
observed values witRMSE on average, equal to 0.54 mm if consideringredldata. Despite
the reasonable global agreement, some local disccegs can be observed in the periods
immediately following irrigations (wetting events) which peak values of, due to the
quick decrease of the depletion, are simulateds €laidence is corroborated by Liu and Luo
(2010) and Peng et al. (2007), who observed tleatttal approach of FAO-56 is appropriate
for simulating the total quantity of evapotranspom, but inaccurate in simulating the peak
values after precipitation or irrigation.

The highest differences between simulated (modifieddel) and measured actual
transpiration fluxes, observed from mid of July awdl of August 2010RMSE=0.78 mm),
could be due to the neglected contribute to tramgpn of the water stored in the tree. After
any input of water in the soil, in fact, even thediied model does not consider the water
redistribution processes occurring in the soilwal as the tree capacitance effect, taking into
account the increasing water stored in the leavem)ches and trunk of the tree. Anyway,
contribution of the tree capacitance on transmratifluxes needs a more specific
investigation, in order to further improve the FAB-model framework. In addition, the
result could be also due to the circumstance that @ prolonged drought period, it is
possible that trees activate the portion of the syetem placed outside the soil volume where
soil moisture was actually monitored.

On the other hands, if comparing the original ahé tevised version of the model
characterized of averageMSE values (all the data) equal to 1.40 mm and 0.54 mm
respectively (table 2), it is evident that for babie simulations the predicted transpiration

fluxes are coincident during the first period ahsiation (absence of crop water stress) and

10
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become quite different in the subsequent dry peri@d). 2). The quickest reductions of
actual transpiration fluxes, visible for the origirmodel, are a direct consequence of the
adopted linear stress function, detecting a ragaiction of theks coefficient since the initial
phase of the crop water stress.

Moreover, during dry periods, despite simulat8WG were generally higher than the
corresponding measured, the values of actual tiratem resulted systematically lower.

Table 3 shows the statistical comparison in term$&todent-t test. As can be observed,
differences between measur8iVCand T, values and the corresponding estimated by the
revised model are statistically not significant=0.05) in 2009 and 2011, while they are
always significantly different when the original ded is considered. According to this result,
it is evident that the modified model considerabthyproves the estimation of soil water

content and actual transpiration fluxes.

Tab. 3 — Student-t related toT, and SWC obtained with the original and modified
model. The corresponding critical t-values are alsshown

Fig. 3a-c shows, from the beginning of July to thed of September each year, the
comparison between actual measured cumulative piration fluxes together with the
corresponding predicted by the original (light )irmd amended (bold line) version of the
model. As discussed, except that for a certain tgstienation observable since the end of
July 2010, compared to the original model, the riediversion estimates quite well the
cumulative crop water consumes during the exampesds.

Fig. 3a-c - Comparison between cumulative tree traspiration fluxes simulated by
the models for a) 2009, b) 2010 and c) 2011 seas@md corresponding measured
values (white circles)

The better performance of simulated transpiratlores obtained with the modified model is
therefore consistent with the combined effectshefitnprovedSWCestimation and the more
adequate schematization of the stress function.

Additional simulations evidenced that, assumingdbpletion fractiorp, as computed on the
basis of experimentafWC* and SWG,,, without modifying the stress function, slightly
improve the estimation of soil water contents aciia transpiration fluxes compared to the
original version of the model (data not showedg thuthe increased total available water and
to the reduced slope of the stress function. Tésslts indicated that the impact on simulated
variables §WCandT,) is mainly due to the shape of the stress functioore than the choice
of SWC*andSWGn.

11
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In order to assess the ability of simulated cropewatress coefficient to explain the actual
water stress conditions, fig. 4a-c shows the tealpalynamic of measured relative
transpirations and simulatd€y values obtained with the original (light line) antbdified

(bold line) model. Midday stem water potentials aleo shown in the secondary axis,

whereas total water supplies are presented abtheftthe figure.

Fig. 4a-f - Temporal dynamic of measured relative ranspiration, T, T.;", and
simulated water stress coefficient, K during 2009, 2010 and 2011. Measured
midday stem water potential (MSWP) and total watersupply are also shown

As can be observed, both the models determines iek qocreasing of the relative
transpiration immediately after irrigations, simijato what observed for actual transpiration.
Even in this case the modified model allows to dregxplain the dynamic of relative
transpiration, showing a convex curve reflecting tmarked tendency of thEg(SWC)
relationship. Conversely, the stress coefficientudated by the original model systematically
underestimates the relative transpiration with g@posite tendency, certainly due to the
misrepresentation of the stress function. Additilgnaif the amended model allows
determiningKs values not lower than 0.6, as observed in thel fial terms of relative
transpiration, with the unmodified model unreatidowerKs are displayed, with a minimum
of about 0.1. In the same figure it can be eviddribat the water stress coefficients follow
the general seasonal trend observed for midday wger potentials.

Fig. 5a-b illustrates the predictéd values, as a function dISWPs,respectively obtained
when the original and the modified model are cosr®d. The regression equations,
characterized by &0.06 and 0.46 respectively, are also shown. Asbeaobserved in the
figure, Ks values estimated with the modified model are dattarazed by a lower variability
compared to those evaluated with the original FAOntodel; furthermore, for the revised

model, the fitted regression allows to explainthgance of the considerddSWPdata set.

Fig. 5a-b - Relationships between water stress dbeient, K, and midday stem
water potential, MSWP, in the original (left) and modified (right) FAO 56 model

This result is well in agreement to the relatiopsbkperimentally obtained in 2008 using
independent measurements of relative transpiraod midday stem water potential
(unpublished data) and evidences how the modifiedahis able to properly reproduce, for

the investigated crop, the stress conditions asgrazed in the field.
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Conclusions

In the paper, an improvement of FAO 56 spreadspemjram, aimed to consider a more
realistic convex shape of the stress function fmugdht tolerant crops like olive trees, has
been proposed and assessed.

The suitability of the amended agro-hydrologicaldelowas verified according to soil water
contents and actual transpiration fluxes measurgthgl the three irrigation seasons 2009,
2010 and 2011. At the same time, the ability of thedel to simulate crop water stress
coefficients was also verified on the basis of mtependent dataset of midday stem water
potentials measured in the field.

Compared to the original version, the modified maws a better modelling of the root
water uptake ability and consequently to predigteqwell the soil water contents in the root
zone, with differences generally not statisticalignificant ¢=0.05). In fact, the assumption
of the minimum soil water content measured in fie&f in place of the traditionally used
wilting point, allowed taking into account the raatility of olive trees to extract water from
the soil.

The amendment of the original model also permittedonsiderable enhancement in the
estimation of actual transpiration fluxes, as conéid by the Student-t test applied for the
three investigated seasons. The better performahsemulated fluxes is consistent firstly
with the combined effects of the more realistic esohtization of the stress function and
secondly with the improved estimation of soil watentent thresholds.

The underestimation of actual transpiration flugbserved in the period from mid of July to
the end of August 2010 could be due to the solima explored by the roots and/or to the
neglected contribute of the tree capacitance,a@lad the water stored in the leaves, branches
and trunk of the tree. This aspect needs a morefspavestigation in order to verify the

possibility of a further improvement of FAO-56 made
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