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Abstract: Proximal plant-based monitoring provides high-resolution data about trees, leading to
more precise orchard management and in-depth knowledge about the tree physiology. The present
work focuses on continuous real-time monitoring of olive cv. 'Ascolana Tenera' on an hourly time
span during the third stage of fruit growth (mesocarp cell expansion) under mild water stress
conditions (PStem above -2 MPa). This is achieved by mounting dendrometers on the root, trunk,
branch, and fruit to assess and model the behavior of each organ. The diameter variation of each
organ at various time intervals (daily, two-weeks, and entire experiment), as well as their hysteretic
patterns relative to each other and vapor pressure deficit, has been demonstrated. The results show
different correlations between various organs, ranging from very weak to strongly positive.
However, the trend of fruit versus root consistently shows a strong positive relationship throughout
the entire experiment (R? = 0.83) and good across various two-week intervals (R? ranging from 0.54
to 0.93). Additionally, different time lags in dehydration and rehydration between organs were
observed, suggesting that the branch is the most reactive organ, regulating dehydration and
rehydration in the tree. Regarding the hysteretic pattern, different rotational patterns and
characteristics (shape) were observed among the organs and in relation to vapor pressure deficit. This
research provides valuable insight into the flow dynamics within a tree, models plant water relations
and time lags in terms of water storage and transport and could be implemented for precise olive tree
water status detection.

Keywords: Olea europaea L.; hysteresis; continuous plant-based monitoring; time lag; diameter
fluctuation; dendrometer; water flow dynamics

1. Introduction

Precise farming management involves high-resolution data collection from sources such as
micro-climates, soil, plants, and fruits, followed by the implementation of appropriate agronomical
practices [1,2]. In the olive, continuous monitoring aims at applying real-time optimization to orchard
performance [3-5] and it can be obtained using proximal plant-based sensors mounted in contact
with the surface of the organs of the plant such as the root, trunk, stem, leaves, and fruit [6,7].

This kind of sensing has been investigated in several studies on olives. For instance, Cuevas et
al. [8] measured the trunk diameter variation to obtain an index for water stress. Brunetti et al. [9]
used a custom leaf sensor to continuously monitor leaf water status as an applicable tool for precision
irrigation. Khosravi et al. [10] monitored fruit diameter and simulated a model for olive maturation
detection in the cultivar ‘Frantoio’. However, there are some challenges regarding the application of
continuous monitoring using proximal plant-based sensors in olive orchard, such as the difficulty of
replicating on many trees [11], and wide genetic diversity of olive, which leads to various

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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physiological and morphological mechanisms, requiring the development of cultivar-specific
thresholds [12], or developing not cultivar specific methods.

To deal with these challenges various solutions have been provided. Several research suggested
the application of innovative methods for evaluation of sensor output data such as hysteresis
phenomenon [13-15]. Hysteresis is defined as a non-linear loop-like behavior that does not show
affine similarity with respect to time [14,16]. In olive, Khosravi et al. [5] developed a method using
detection of different hysteresis curves for fruit diameter versus Vapor Pressure Deficit (VPD) and
suggested a non-cultivar-specific model for setting quantitative index of water status detection.
However, this method has been tested just on the Proximal fruit-based sensing and should be
examined for other tree organs.

Another suggested solution was to combine non-continuously measured parameters with
continuously measured data. Hernandez-Santana et al. [17] measured stomatal conductance in a non-
continuous manner and correlated it with continuously measured sap flow. This study suggested the
possibility of estimating stomatal conductance in olive trees automatically and continuously under
field conditions by using sap flux data.

Some other advanced research combined different continuous plant-based measurements.
Rodriguez-Dominguez et al. [18] used stem sap flow and leaf turgor pressure to model the response
of trees regarding different levels of water stress and prioritized implementation of different sensors
according to the different levels of stress. Marino et al. [4] combined three different sensors, including
sap flow, leaf turgor pressure, and fruit gauge, to identify the most efficient one for detecting mild
water stress in two Sicilian olive cultivars. The results suggested that a combination of sensors could
detect water stress in olives earlier than a single sensor. Additionally, different responses were
reported between these two olive cultivars. Therefore, more studies combining various sensors are
needed to reveal different response of various organs and to establish more robust models in different
climates and olive cultivars.

This research examined four different organs of the olive tree, including root, trunk, branch and
fruit by mounting proximal plant-based sensors (dendrometer) to evaluate the evolution of each
organ on the same tree during the third stage of olive fruit growth (mesocarp cell expansion). The
specific objective was to continuously describe the behavior of the “Ascolana Tenera’ olive cultivar
under mild water stress conditions. To our knowledge, no other studies have yet continuously
monitored olive trees through root, trunk, branch and fruit diameters.

2. Materials and Methods

2.1. Site Description and Phenology

The experiment was conducted in 2023 in 14-years old olive trees (Olea europaea L., cv. “Ascolana
Tenera’) at the commercial olive orchard of Olive Gregori, in Montalto delle Marche, Ascoli Piceno,
Italy (latitude 42° 580 5700 N; longitude 13° 380 2100 E; altitude 310 m asl). The olive trees were
planted with a northwest to southeast orientation, according to a 7.0 x 7.0 m array (204 trees per
hectare) and trained as free open vase. The soil had a clay texture and the agricultural operations,
pest control and fertilization practices were conducted in accordance with organic farming practices.
The full bloom occurred on the 31st of May (DOY 151) and the pit hardening on the 29th of July (DOY
210). Olive trees were rainfed during 2023.

2.2. Plant Measurements

The diameter of root, trunk, branch, and fruit were monitored by automatic dendrometers from
August 14th (DOY 226) to October 8th (DOY 281), 2023. Sensor’s installation consisted in two
different sensors set. The first set of sensors (Ecomatik GmbH, Munich, Germany) was installed on 3
representative trees and consisted in one root dendrometer (model DD-RO), one trunk dendrometer
(model DD-L1), two branch dendrometers (model DD-S2) and two fruit extensimeters (synonyms of
fruit gauge/dendrometer, model DF6). This resulted in a total of 3 root dendrometers, 3 trunk
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dendrometers, 6 branch dendrometers, and 6 fruit extensimeters. The second set of sensors, installed
in 3 representative trees consisted in a branch dendrometer and a fruit extensimeter of the same
model as before, making a total of 3 branch dendrometers and 3 extensimeters. Totally we examined
the diameter of 3 roots, 3 trunks, 9 branches, and 9 fruits. All sensors were connected to low-power
Long Range Wide Area Network, (LoRaWAN) nodes (Ecomatik GmbH, Munich, Germany). The
LoRa nodes were integrated via a LoRaWAN gateway, which establishes the connection to the
Internet and the LoRa server for storing the measurement data.

Regarding the root dendrometer, the north-west side of the trunk at about 40 cm from the base
was excavated to a depth of approximately 30 to 45 cm to locate a lateral root with a diameter of
around 1 cm, upon which the dendrometer was mounted. Trunk dendrometers were installed on the
northern side of the trunk at a height of about 40 cm from the ground, in areas free of scars and other
irregularities. Fruit extensimeters were mounted on the same side of the trunk as the trunk
dendrometers, at a height of about 1.2 meters and positioned at the midpoint of the canopy. Branch
dendrometers were mounted on the same branch as the extensimeters.

The collected data underwent standardization using z-scores method [19] with the following
equation:

z = (x-mean)/SD @

where z is the standardized value, x is the value of the existing data, and mean is the average of all
data and SD is the standard deviation. The standardized value could range from negative to positive
value, according to the distance from the mean of the data.

On all the trees with the installed sensors, the stem water potential (¥Stem) was measured at
midday every 3 to 4 weeks (Table 1) using a pressure chamber (model 1000, PMS Instrument Co.,
Albany, OR, USA) on apical shoots (with 3-5 pairs of leaves) covered with aluminum foil
approximately 1 hour before the reading [20]. These measurements were conducted during midday
solar time. Table 1 shows that even though the trees were not irrigated, they maintained a mild water
stress.

Table 1. Stem water potential (¥Stem) from DOY 194 to DOY 265. Each value represents the average of fifteen

measurements.
DOY wStem (MPa)
194 -1.49 +0.18
213 -1.89 £ 0.22
240 -1.89 +0.20
265 -1.36 £ 0.03

2.3. Meteorological Data

The climate of the study area is Mediterranean, and according to the Képpen—Geiger climate
classification, Montalto delle Marche falls under the Cfb category, which is characterized by warm
temperatures and high humidity, particularly during the summer months [21]. The meteorological
data were sourced from the nearest  Regional meteorological station
(www.protezionecivile.marche.it), located approximately 6 km away from the orchard. Vapor
Pressure Deficit (VPD) was computed using the formula recommended by Monteith and Unsworth
[22]:

VPD = (1 - (RH/100)) x SVP and SVP (Pascals) = 610.7 x 10°(7.5T/(237.3+T)) @)

where RH is the relative humidity, SVP is the saturated vapor pressure and T is the temperature (°C).

The VPD and rainfall data captured during the experiment (DOY 226 to DOY 281) are reported
in Figure 1. The highest hourly VPD measured was 4.46 kPa on August 25th (DOY 237). The lowest
value of VPD was 0.00 kPa on the 30th and 31st of August, as well as on the 14th, 15th, 16th, 17th,
18th, 23rd, 24th, 25th of September, and on the 5th of October (DOY 242, 243, 257, 258, 259, 260, 261,
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266, 267, 268, and 278, respectively) due to an increase in relative humidity to 100%. The highest
daily average of VPD was 2.71 kPa on August the 26th (DOY 238), whereas the lowest was 0.14 kPa
on September the 15th (DOY 258). The daily mean VPD during the experiment was 1.23 + 0.58 kPa.
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Figure 1. The hourly and daily trends of vapor pressure deficit (VPD) and rainfall throughout the experiment
period (from day 226 to day 282 of the year, DOY) were obtained from the nearest Regional meteorological

station (protezionecivile.marche.it).

Throughout the experimental period, the total cumulated rainfall was 42.4 mm, with peak
hourly and daily values reaching 19.6 mm hour-1 and 20.6 mm day-1, respectively, recorded on
September the 23rd (DOY 266).

2.4. Hysteresis Pattern

Considering hysteretic behavior as an indirect response of vegetation to diurnal changes in the
external environment [23], the daily hysteretic pattern of different organs versus VPD has been
monitored. VPD has been selected not only as one of the most significant variables but also as a driver
for transpiration in plants due to its crucial role in plant growth and productivity [24]. To describe
the hysteresis rotational pattern, the terms clockwise and anticlockwise were used. Additionally, the
hysteresis form was characterized as either partial or complete. A partial hysteresis curve appeared
only during part of day and did not represent the entire day. In contrast, a complete hysteresis loop
represents the entire day (see [5,15]).

2.5. Data Analysis and Visualization

Descriptive statistics were conducted on the output of different sensors, obtaining the mean,
maximum, minimum and standard deviation. A regression analysis was performed to evaluate the
linear relationship between the organs over the entire experiment period and across four different
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time intervals. The coefficient of determination (R2) was calculated. Data analysis and graph
visualization were performed using SigmaPlot 14.5 (Systat Software, Inc., San Jose, CA, USA).

3. Results

3.1. Fruit, Branch, Trunk and Root Sensing

Standardized diameter measurements throughout the experiment period are presented for root
(Figure 2D), trunk (Figure 2C), branch (Figure 2B), and fruit (Figure 2A). Considering the initial and
the ending point of experiment, Table 2 displays the growth in standardized diameter for all the
considered organs. Interestingly the growth rate was not the same among the different organs. The
root showed the highest increase in the standardized diameter (3.37 units), followed by the fruit
(3.28), trunk (2.95) and branch (1.64).

Table 2. Statistical indices of different organs of the trees for the entire experimental period.

Description =~ Number of Mean Max Min  Std. Dev Initial Ending
records point point
Fruit 1344 -0.009 157 -174 0.99 -1.71 1.57
Branch 1344 -0.018 158 -2.54 0.93 -0.32 1.32
Trunk 1272 1.3E-11 144 -1.99 1.00 -1.60 1.35
Root 1344 -0.003 105 -2.39 0.97 -2.39 0.98
2 2
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Figure 2. Continuous measurements of diameter of olive fruit, branch, trunk and root during the experiment
period (from DOY 226 to DOY 282): (A) fruit; (B) branch; (C) trunk; (D) root. A and B represent the average of
nine replicates, while C and D represent the average of three replicates. Missing data from 238 to 241 day of the
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year (DOY) for trunk diameter. For the trunk diameter (C) some data are missing due to a malfunctioning of the
IOP.

Furthermore, there was notable daily diameter fluctuation in all the organs with different rates.
The highest daily diameter fluctuation was found for the branch, followed by the trunk, and the
lowest was registered for the fruit, followed by the root (Figure S1).

Regarding the correlation among different organs, a strong relationship was observed between
the trunk and the fruit (R? = 0.93) and the trunk and root (R? = 0.90), followed by a moderately strong
correlation between the fruit and the root (R?=0.83). Conversely, moderate-to-weak correlations were
found between the branch and the root (R? = 0.57) and the branch and the fruit (R? = 0.45) (Figure 3).
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Figure 3. Linear regression comparison of different tree organs during the experiment period (from DOY 226 to
DOY 282). Blue lines represent confidence intervals, and red lines indicate predictions.
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These various associations suggest different degrees of influence or interaction between the
studied components. However, considering the physiological changes during the different stages of
the plant growth, capturing the mentioned associations throughout shorter intervals is beneficial.
Therefore, the experimental period is divided into four time-intervals, each lasting 14 days (Figure
52).

The trend for the root vs. the fruit exhibited a relatively consistent, strong, positive relationship
across the four intervals, with R-squared values ranging from 0.54 to 0.93 (Table 3). On the contrary,
there was minimal or very weak correlation between the other organs (ranging from R2 =0 to 0.49),
with an exception in the third interval (from 254 to 267 DOYs with intense rains), where a strong
correlation between root and trunk (R? = 0.95), trunk and fruit (R? = 0.83), and moderately strong
correlation between root and branch (R? = 0.63) and trunk and branch (R? = 0.65) were observed.

Table 3. R-squared (R?) values of linear regression between the organs across four different time intervals of the

experiment.
226 to 239 240 to 253 254 to 267 268 to 281

Description (DOY) (DOY) (DOY) (DOY)
Root vs Trunk 0.22 0.49 0.95 0.29
Root vs Branch 0.00 0.06 0.63 0.00
Root vs Fruit 0.93 0.69 0.81 0.54
Trunk vs Branch 0.44 0.27 0.65 0.29
Trunk vs Fruit 0.29 0.20 0.83 0.42
Branch vs Fruit 0.00 0.00 0.34 0.00

3.2. Daily Trend of Fruit, Branch, Trunk and Root and Hysteresis Curves Versus VPD

Regarding the daily pattern of the sensors, the root in 60.7% of cases (34 out of 56), the trunk in
91.1% of cases (51 out of 56), and the branch in 98.2% of cases (55 out of 56) were characterized by
shrinkage from mid-morning to early afternoon, followed by an expansion from late afternoon to
early morning (Figure 4). However, the duration, initial point, finishing point, and slope of daily
shrinkage and expansion were dissimilar among different organs. The shrinkage for the root and
trunk started around 6:00 to 8:00, while for the branch started around 4:00 to 6:00. The expansion for
the root and trunk began around 15:00 to 17:00, whereas for the branch started around 13:00 to 15:00
(Table S1). For the fruit, this daily pattern was observed only in 41.1% of cases (23 out of 56) (Figure
4) with starting shrinkage around 8:00 to 9:00 and expansion around 17:00 to 18:00 (Table S1). In the
remaining cases (33 out of 56), the daily trend for the fruit diameter was observed as an increase, with
variations in duration and slope across different hours and days (Figure S3).
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Figure 4. Continuous measurements of diameter of the fruit, branch, trunk and root on a single day interval of
the experiment (DOY 228). Fruit and branch represent the average of nine replicates, while root and trunk
represent the average of three replicates. For better illustration of daily fluctuation of each single organ, a

different range for y axis has been used. .

In most of the cases, the circadian variation of the diameter versus VPD formed a hysteresis
curve, although with varying magnitude, frequency, and rotational pattern (Figure 5).

In details, the hysteresis loops of diameter versus VPD were observed in 66.1% of cases (37 out
of 56) for the fruit, 87.5% of cases (49 out of 56) for the branch, 94.3% of cases (50 out of 53) for the
trunk, and 64.3% of cases (36 out of 56) for the root. The rotational pattern of the hysteretic pattern
for fruit, trunk and root was clockwise, whereas for the branch it was anticlockwise (Table 4).

Moreover, hysteretic patterns among each organ were observable, like before, with varying
magnitude, frequency and rotational patterns (Figure 6). The most frequent daily hysteresis was
formed in the relation between the branch and trunk in 100% of the cases (56 out of 56), while the
least frequent one was observed between the fruit and root in 33.9% of the cases (19 out of 56) (Table
4).
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Figure 5. Hysteresis curves of the diameter of the fruit, branch, trunk and root versus the Vapor Pressure Deficit
(VPD) on a single day interval of the experiment (DOY 235). The yellow point shows the starting point of the
curve, and the arrowed black lines show the rotational pattern. For better illustration of daily hysteresis curve

of each single organ, a different range for y axis has been used.

Table 4. Frequency of appearance of different hysteresis curves and rotational patterns, and frequency of days
with no hysteresis pattern for different sensor outputs versus VPD and versus each other during the entire
experiment period. There are 4 missing data points for fruit vs branch, fruit vs trunk, branch vs trunk, and trunk

vs root, and 3 missing data points for trunk vs VPD.

Description Complete Partial Rotational pattern No hysteresis
Fruit vs VPD 5 32 Clockwise 19
Branch vs VPD 26 23 Anticlockwise 7
Trunk vs VPD 32 18 Clockwise 3
Root vs VPD 19 17 Clockwise 20
Fruit vs Branch 5 28 Anticlockwise 19
Fruit vs Trunk 2 29 Clockwise 21
Fruit vs Root 4 15 Anticlockwise 37
Branch vs Trunk 46 6 Anticlockwise 0
Branch vs Root 20 23 Anticlockwise 13

Trunk vs Root 28 11 Clockwise 13
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Figure 6. The hysteresis curves of different plant organs in relation to each other on a single day interval of the
experiment (DOY 235). The yellow point shows the starting point of the curves, and the arrowed black lines
show the rotational pattern. For better illustration of daily hysteresis curves, a different range for y axis has been

used.

4. Discussion

The daily trends of the fruit, branch, and trunk were consistent with the expectations: shrinkage
from mid-morning to early afternoon, followed by an expansion from late afternoon to early
morning. The highest variation rate was in the branch and could be due to the synergistic effect of
water absorption by both fruits and leaves, which created the largest daily fluctuation compared to
fruit and trunk. Regarding the daily dynamics of the olive root, there are no previous research studies
to compare with our results; however, it could be described similarly to the other considered organs
(trunk, branch, and fruit) but with higher daily variability in recorded data compared to the other
organs. This variability could be influenced by other factors such as soil/root hydraulic [25], dynamic
of wetting and drying [26], root temperature and biomass [27]. Another type of continuous olive root
monitoring, not using a dendrometer, was conducted by Villalobos et al. [28], where they measured
diurnal variation of root conductance by combining microtensiometers and sap flow sensors. This
approach was based on simultaneous determinations of sap flow and xylem water potential, which
allowed them to estimate the temporal variations of root hydraulic conductance in olive trees. It was
observed that root hydraulic conductance was proportional to transpiration, and the daily variation
showed an inverted pattern than the diameter measured in our trial, that is an increase during the
day and decrease in the night. Although the actual regulator of these changes was not identified.

It can be hypothesized that the continuous flow of water from root to fruit, affected by VPD,
creates similar daily fluctuations in the root and the other organs. Additionally, since the trees used
for our experiment did not experience severe water stress (Table 1), we observed a quick response of
the root system to available water [29], resulting in a visible uniformity in daily diameter fluctuations
(shrinkage and expansion) between the root and the other organs.

It is interesting how the shrinkage occurs with a different timeline among the considered organs:
first occurring in the branch, followed by the trunk and root (simultaneously), and finally in the fruit
(Table S1). This could be due to the water transpiration of the leaves, which affects the branch first
and then moves toward the trunk and root. The withdrawal of water from internal storage
compartments can contribute to 10-50% of a tree's daily water usage, depending on factors such as
species, ecosystem type, and tree size [30,31]. Water storage as a homeostatic mechanism is
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particularly crucial in olive trees. During peak transpiration, they rely on stored water, which is later
replenished, allowing roots to absorb water at moderate rates over an extended period [31]. In the
expansion phase, the branch is again the first organ to react (expand), followed by the trunk and root
(simultaneously), and finally the fruit (Table S1). These aspects are more evident in Figure 6, where
the best hysteretic curve (loop-like behavior) is observed in the branch versus fruit, showing the
highest time lag between the start of shrinkage in the branch (4:00 to 6:00) and fruit (8:00 to 9:00) and
the start of expansion in the branch (13:00 to 15:00) and fruit (17:00 to 18:00). Consequently, a more
obvious hysteretic pattern is observable, while the mentioned time lags in the trunk versus root are
the lowest; therefore, the hysteretic magnitude in root versus trunk is not very clear. The time lag in
dehydration and rehydration in different organs could be used as a signal for detecting different
levels of water stress or as a time sensitive early warning for irrigation management. Interestingly,
the time lag in rehydration was described in other fruits, such as nectarines, by Scalisi et al, [32],
where they continuously monitored fruit and leaf hydration and explain that it could represent an
early warning for water stress not influenced by the fruit development stage.

We could assume that through all studied organs in this research, considering the initial time of
shrinkage and expansion (Table S2), higher daily fluctuation (Figure 52) as well different rotational
pattern of hysteresis versus VPD (anticlockwise), branch is the most reactive organ which regulate
dehydration and rehydration in tree.

The hysteretic pattern is an indirect response of vegetation to diurnal changes in the external
environment [23], with VPD being the major factor affecting the diurnal hysteresis loop [13,15]. In
our study, among organs, the trunk showed the highest frequency of hysteresis curve appearance
versus VPD, followed by the branch. About the relation of organ between each other, the relationship
between trunk and branch showed the highest frequency of hysteresis curve appearance, followed
by the branch versus root, and the trunk versus root. This suggests that the trunk and branch are
suitable indicators for hysteretic pattern recognition, serving as useful tools for precision tree
management. Although, in our research the frequency of daily hysteretic pattern of fruit versus VPD
was lower compared to the other organs, another study by Khosravi et al. [5] examined four different
olive cultivars under deficit irrigation regime and demonstrate that magnitude of daily hysteresis
curve of fruit versus VPD could be used as a non-cultivar specific index for monitoring water status.
Therefore, it can be expected that this non cultivar specific index could be observed among organs
with the highest frequency of hysteresis curve appearance versus VPD, such as the trunk. The lower
frequency of the daily hysteretic pattern of fruit versus VPD could be a result of rain [10]), as rain can
alter the daily dynamics of olive fruit growth by affecting the relative growth rate of the fruit [33].
The hysteretic pattern of the olive trunk was also reported by Fernandez et al. [34], who showed a
hysteresis curve with varying magnitudes in the relationship between diurnal courses of trunk
diameter variation and sap flux. They observed the same trend in trunk diameter variation as we did.
Additionally, they mentioned that when using trunk-based indices, factors such as plant age, size,
and crop load should be considered. Another study by Moriana et al. [35] reported similar results
regarding trunk variation. Furthermore, they noted that the relationship between trunk-derived
indices of maximum daily shrinkage (MDS) and midday stem water potential values of -1.5 MPa or
greater (under light water stress conditions, as in our experiment) is linear, with increasing MDS
values corresponding to a decrease in stem size. The authors proposed that the reduction in MDS
might be caused by decreased transpiration due to the progressive closure of stomata under severe
water stress. They concluded that, although there isn't a direct relationship between MDS and stem
diameter in olive trees, the observed response patterns could be explained by the effects of
transpiration and soil water deficits on both variables.

The results of our study showed a good correlation between olive root and fruit in both the long
term (entire experiment) and the short term (14-day intervals) (Table 3 and Figure 3). This suggests
that the root and fruit are well-aligned. It suggests that to monitor the flow dynamics within a tree
and model plant water relations and time lags in terms of water storage and transport capacities, fruit
and root data could be effectively coordinated.
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However, with the increasing available water caused by rain in the third time interval (DOY 254
to 267), the correlation between root and trunk increased notably. This could be the result of positive
root pressure due to the rising soil humidity level and, at the same time, a decrease in the average
VPD during this time interval (Table S2). This change in the correlations between parameters
throughout the season could be caused by variations in the radial resistance between xylem and bark
on a diurnal and seasonal basis, which affects the water flux between these two tissues [36]. Therefore,
trees need to optimize water flow through their tissue compartments and ensure a certain level of
coordination between capacitance, vertical water flux in the xylem, transpiration, and radial water
movement in the phloem [31].

5. Conclusions

Our study presents insights into the organ correlations within olive trees, particularly in relation
to water storage and transport under mild water stress conditions. The daily shrinkage and expansion
patterns of the fruit, branch, trunk, and root followed expected trends, with the branch playing a role
to control the process of dehydration and rehydration, likely due to its function in the different leaf
and fruit water use. The observed hysteretic patterns, particularly the strong relationship between
the trunk and branch versus VPD, suggest that these organs are useful indicators for precise water
status detection and irrigation management. Additionally, the significant correlations between the
root and fruit indicate the potential for coordinated monitoring of plant water relations, while the
influence of rain on the dynamics between the root and trunk highlights the complexity of
environmental factors affecting tree water balance. The findings underscore the importance of
considering time lags in organ dehydration and rehydration as priority means of physiological
coordination and early signals of water stress, offering a practical tool for optimizing orchard
management and irrigation practices. Further research can focus on the application of different levels
of water stress and on considering different olive cultivars, as olive species (Olea europaea L) has a
very wide genetic diversity.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: The daily trends of diameter fluctuation throughout the experiment
period.; Figure S2: Continuous measurements of diameter of olive fruit, branch, trunk and root in four time-
intervals, each lasting 14 days: (A) from DOY 226 to DOY 239; (B) from DOY 240 to DOY 253; (C) from DOY 254
to DOY 267; (D) from DOY 268 to DOY 281. Data of fruit and branch represent the average of nine replicates,
while data of trunk and root represent the average of three replicates. Missing data from 238 to 241 day of the
year (DOY) for trunk diameter. For better illustration of daily fluctuation of each single organs, different range
for y axis has been employed; Figure 53: Continuous measurements of diameter of olive fruit in two single day
interval of the experiment with continuous growth trend. A: 22th of September (DOY 265); B: 30th of September
(DOY 273). For better illustration of daily fluctuation, different range for y axis has been employed; Table S1:
Starting time of shrinkage and expansion for different organs during entire experiment period; Table S2: Weather

parameters in four intervals.
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