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Abstract: Reduction of water availability imposes the agronomic issues of increasing the storage
capacity of the soil and improving the use of rainwater or irrigation water. A field experiment in
2021 was conducted in a 5-year-old peach orchard in a Mediterranean environment to study the
effect of mixed composed amendments (ACM), applied in different amounts, on the dynamics of
soil water status. Water balance was monitored during the peach vegetative reproductive cycle on a
daily scale. Three treatments of mixed composed amendments (ACM) were compared: A0, control;
Al, with amendment (10 t ha™); and A2, with half dose of amendment (5 t ha™). On a seasonal scale,
soil water content increased by 27% and 33% in Al and A2 compared to A0, while relative extracta-
ble water varied between 0.41 (A0) and 0.65 (Al and A2). Both soil water balance indicators show
that storage capacity increases with the addition of amendment. Improved soil storage capacity was
associated with higher values of stem water potential (throughout the growing season) and stomatal
conductance (at the end of the season). Shoot and fruit growth observations were consistent with
soil water content dynamics.

Keywords: relative extractable water; stem water potential; stomatal conductance; fruit volume;
shoot growth

1. Introduction

The observed reduction of water availability [1] imposes water saving in every hu-
man activity and every production sector. Climate change has led to an increase in tem-
peratures of +1.5 °C [2] and a decrease in total annual rainfall [3,4], with an increase, in
general, in the intensity of rainfall events [5]. According to Trenberth [6], the increase in
rainfall intensity is mainly caused by air humidity, which affects rain or snow rates, but
not the total annual precipitation, at least locally. Very intense but short-lasting rainfall
does not allow soils to store water [7], and 40-50% of rainfall [8] is lost through runoff [9].
In areas where rain is the primary source of water, a decrease in soil organic matter (SOM)
can negatively impact the effective use of intense limited precipitation, due to a decrease
in infiltration and hydraulic conductivity and an increase in runoff and erosion [10].

Extreme precipitation events and an increase in the drought period have occurred in
the Mediterranean region in recent decades [11-13]. In the Mediterranean region, where
rainfall is characterized by scarcity and extreme variability in space and time [14], daily
storms of hundreds of millimeters are common [15,16]. Zittis et al. [17] reported that the
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frequency of extreme rainfall events in the region has increased since the 1980s. Addition-
ally, Tramblay et al. [18] found that drought duration in the Mediterranean has increased
by up to 60% over the past century, with the most significant changes occurring in south-
ern Europe and the Middle East. As reported by Rashid, A. and Ryan, J. [19], Mediterra-
nean-type soils typically have a high pH and low organic matter content due to the pres-
ence of free CaCO:s [20] and the effect of high air temperature; as a result, nutrients defi-
ciencies are the primary limiting factor for crop production in these kinds of soils, fol-
lowed by soil water stress. According to Umer et al. [21], calcareous soils dominate in arid
and semi-arid regions due to low leaching; they contain excessive amounts of calcium
carbonate (CaCQOs) that alter soil properties associated with plant growth, such as water-
holding capacity and nutrient availability. Soil pH is an important factor that affects plant
growth and development, particularly under drought conditions. It influences nutrient
availability, soil structure, and microbial activity in the rhizosphere [22]. In alkaline soils,
for example, nutrient uptake is hindered due to the formation of insoluble metal hydrox-
ides [23]. Drought stress, on the other hand, can have significant impacts on the physical,
chemical, and biological properties of soil. It can alter soil structure, reduce water infiltra-
tion, and increase soil compaction [24]. According to Fernandez et al. [25], agricultural
soils in many Mediterranean regions are often subject to severe degradation, which in-
cludes a decrease in soil organic matter and an increased risk of erosion and desertifica-
tion. As SOM decreases, the fertility of the soil negatively impacts its physical, chemical,
and biological properties. As a consequence, soil limits its capacity to store water in the
soil profile, and agronomy prescribes measures to improve water storage in the soil
[10,25]. Several studies [26—-29] have shown how agronomic techniques such as tillage, the
use of mulches, and crop residue management can improve soil water storage. Moreover,
the addition of organic matter can improve soil structure, water infiltration, and soil po-
rosity [30,31]. Increasing the amount of soil organic matter in the soil can be achieved us-
ing organic amendments; in particular, mixed amendment, made from diverse organic
materials such as animal manure and plant residues, contributes to the enhancement of
soil’s physical, chemical, and biological properties [32], resulting in a crucial input for sus-
tainable agricultural production, promoting long-term soil conservation and restoration
[33]. Municipal waste has been used for many years as a soil conditioner for agricultural
soils, is an economically attractive alternative to disposal by landfill and/or incineration,
and it also constitutes an important organic mass for the formation of stable humus [34]
and contributes to the improvement of soil fertility [35]. Several studies [36,37], however,
have shown a possible negative impact from the use of organics, causing land and water
pollution. As a function of this potential risk of pollution, in Italy, the ACM used in agri-
culture must comply with the legislation (Legislative Decree n. 75 of 29 April 2010) that
regulates its sourcing, production, and application amounts (see Table 2). Indeed, Legis-
lative Decree n. 75/2010 also considers the possible emissions of pollutants on a large scale,
attending to the possible negative effects on biodiversity but allowing its use in biological
agriculture. The employment of organic amendments could be a farm-scale solution to the
problem of soil water storage capacity. This hydrological parameter indicates the capacity
of the soil to accumulate water (rain or irrigation water) and then make water available
for crops. On a laboratory scale, studies have shown that the capacity of soil to accumulate
water is proportional to its organic matter [38,39] content. Moving from the laboratory to
the field scale, rather than the intrinsic hydrophilic capacity [40], the benefit of applying
organic matter to the soil depends on the ability of organic matter to structure the soil [41],
form aggregates [42,43], and, consequently, increase soil porosity [44]. In addition to these
effects, which occur as a result of repeated treatments over years, under actual growing
conditions, there is a further immediate benefit resulting from the application of amend-
ment to the soil, which reduces water loss through evaporation [45].

To monitor the effect of amendment on SOM and water retention, total organic car-
bon (TOC) can be taken into account [46—48]. Moreover, the effect of amendment supply
on soil water status can be evaluated via a simple index of drought stress, the relative
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extractable soil water (REW), which describes the soil water reserve in terms of relative
value, together with plant-based indices, such as stem water potential and stomatal con-
ductance [49-51].

Then, the improvement in the nutrient conditions of the soil and the amount of water
available due to the employment of organic amendment can enhance the growth of the
plants. Even if several studies analyzed the use of soil amendment combined with chem-
ical/organic fertilizer in peach orchards, focusing on its effects on (i) physical, chemical,
and biological soil properties [52-54]; (ii) carbon dynamics [55]; and (iii) nitrous oxide
emission [56], few studies had analyzed the use of soil amendment alone to promote peach
tree growth [57].

The hypothesis posed in this study involves adding organic amendments to the soil.
Two different quantities of mixed amendment—without adding chemical/organic fertiliz-
ers—were employed in a peach orchard located in a Mediterranean area to test (i) the
increase of water storage and TOC along the soil profile; and (ii) the improvement of the
peach orchard performance.

2. Materials and Methods
2.1. Experimental Site and Crop Management

The study was carried out during the 2021 growing season (May to September) in
southern Italy (Rutigliano, lat: 40°59’, long: 17°02) in an experimental farm of the Council
for Agricultural Research and Economics (CREA). The experimental site is under the Med-
iterranean climate, characterized by warm and dry summers, with minimum and maxi-
mum annual air temperatures ranging from 0 to 5 °C and 32 to 43 °C [26], respectively.
The annual rainfall is 560 mm [58]. Rains are distributed mainly in autumn and late win-
ter, and they are negligible in the spring-summer period [59]. No significant difference
was identified between experimental fields, and the average physicochemical characteris-
tics of soil were reported in Table 1. Soil texture was classified as clay—loam [60].

Table 1. Physical-chemical properties of the soil collected at the experimental site.

Parameter Average *sd
Sand (g 100 g™) 21 0.6
Silt (g 100 g™) 37 2.9
Clay (g 100 g™) 42 3.6
E.C. (dSm™) 0.6 0.05
Field Capacity (m® m-3) 0.36 0.03
Wilting Point (m3 m™) 0.22 0.02
SOC (g kg™) 14 1.1
Total N (g kg™) 15 0.2
Available P (mg kg™) 71 3.1
Exchangeable K (mg kg™) 540 61

Observations were carried out on a 5-year-old peach orchard of late ripening cv. Red-
call, grown in a traditional pot, and grafted onto rootstock GF677, spaced 5.0 m x 5.0 m,
and managed according to standard agricultural practices. Soil water content in volume
at the field capacity and the wilting point are 0.36 and 0.22 m® m3, respectively (measured
in Richards chambers). The soil water reserve was low (70 mm) because the root system
did not develop below 0.5 m in this site. At 0.5 m of depth, there is a parent rock that
reduces the capacity of the root systems to expand beyond this layer. Water was provided
by a drip irrigation system with two drippers per tree and a flow rate of 16 L h' per drip-
per. The scheduling irrigation was performed using the FAO56 approach reported by Al-
len et al. [61] The required meteorological data were measured by a standard meteorolog-
ical station near the experimental field. The seasonal irrigation volume of 116 mm was
supplied to restore 100% of the crop evapotranspiration. A total of around 20 irrigations
were carried out—2 irrigations per week, with an average duration of 4 h per irrigation
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session. Other agricultural practices, such as weed and pest control, were executed ac-
cording to the local farmers’ best practices for production.

2.2. Experimental Design

The choice of the soil amendment to be used and the quantities to be administered
was made according to the prescriptions of the Legislative Decree n. 75 of 29 April 2010

(Table 2).

Table 2. D.Lgs n. 75/2010 “Reorganization and revision of the regulations of fertilizers”.

Requirements and Other Require-

Type of Component Preparation Minimum Titerin ments and Use- Notes
Amendment Method Useful Elements  ful Substances
and/or Substances to Clarify
The following parameters of biologi-
Product obtained through cal nature are also set:
a controlled process of - Salmonella: absence in 25g is sam-
transformation and stabi- . . ple as is;
L. . Maximum moisture: - ..
lization of organic waste . — Escherichia coli in 1g of sample as
. . 50% Moisture .
which may consist of the is;
) . . pH: 6.5t0 8.5 pH e o/ 11 b:
organic fraction of munic- . . Germination index (30% dilution)
. . Organic C on dry mat- Organic C on o
ipal solid waste from sep- .. o must be > 60%;
. . ter minimum: 20% dry .
arate collection from ani- . . ; — Thallium: less than 2 mg kg on
. ... Chumicand fulvicon Chumicand . . .
ACM mal waste including live- dry weight (only for soil condition-

dry matter minimum:
7%.

fulvi d
stock slurry, waste from ulvicon dry

. . L Organic nitro-
agro-industrial activities

ers with algae).
Maximum heavy metal contents (ex-

Organic nitrogen on
dry matter: >80% of to-
tal nitrogen
C/N maximum: 25

gen on dry
C/N
Salt content

and untreated wood and
natural textile processing,
sewage and sludge, as
well as the matrices pro-
vided for green com-
posted soil amendment.

pressed as mg/kg dry matter): Cd
0.7; Cu 70; Ni 25; Pb 45; Zn 200; Hg
0.4; Cr (total) 70; Cr (VI) 0.
Recommendations for the use of
ACM in arboriculture is on average
from maximum 25 t ha™! to minimum
1.5 tha!

Three different amounts of soil amendment (Table 3) (treatments) were applied
(ACM, Fertileva srl, Evainfruit: Amendmented Mixed) at the beginning of the vegetative
season (12 April 2021) along the rows: no ACM—control (A0); 10 t ha™ of ACM (A1); and
5 tha of ACM (A2). Treatments were arranged under a randomized complete block de-

sign (RCBD) with three replicates. The ACM was spread and buried manually in the top
10 cm of soil.

Table 3. Determined values of ACM, Fertileva srl, Evainfruit: Amendmented Mixed.

Source-Determined Values: Product Complying with the D.Lgs n. 75/2010

Moisture (%) 31.80

pH (unit) 7.66

Organic carbon [C] (% DM) 35.90
Humic and fulvic carbon (% DM) 12.40
Organic nitrogen [N] (% DM) 2.60

Carbon/Nitrogen ratio [C/N] 13

Copper [Cu] (mg/kg DM) 57.8
Zinc [Zn] (mg/kg DM) 142
Salt content (meq/100 g) 22.40
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To evaluate the effect of the different amounts of ACM on the soil, as well as on the
tree performances, within each treatment, three plants, similar in terms of dimensional
vigor and health status, were chosen in correspondence with the soil moisture probes.

2.3. Soil Water Monitoring
2.3.1. Soil Water Content

Soil water content (SWC) was measured using capacitive probes (TEROS11, Decagon
Devices Inc., Pullman, WA, USA), starting from 1 May 2021. The daily soil water content
is determined by measuring the water content by volume using probes connected to a
data-logger (TE-CR1000, Campbell, Kenton, NJ, USA), and data were transmitted to a web
server via LAN or GSM mode. Data download is available through an online platform to
which the data-logger is connected. Soil-specific calibration functions were used to calcu-
late volumetric SWC according to Mastrorilli et al. [62]. Three plants were monitored for
each treatment. For each plant, three capacitive probes were installed horizontally in the
soil profile and transversely to the row at —0.1, —0.3, and —0.45 m from the soil surface to
intercept the dynamics of the SWC below the drip lines. Soil water content was deter-
mined daily for the soil profile (0.5 m) by integrating the values measured at each depth
[26].

2.3.2. Relative Extractable Soil Water (REW)

Relative extractable soil water (REW) describes the soil water reserve in terms of rel-
ative value [63]. REW describes the availability of soil water in the root zone thoroughly,
as it is derived from data that are estimated through probes set up in the soil in the root
zone. It is most often used as a simple index of drought stress, as the REW can be calcu-
lated from the soil water content in the root zone at a given time, as follows:

REW = SWCday - SWCmin/SWCmax — SWCnin.

SWClaay is the daily soil water content (m3 m=), SWCnin (m® m3) is the minimum water
content detected, while SWCmax (m? m=) is the maximum water content consumed by
plants throughout the root zone during the irrigation season, or the water field capacity.
The REW ranges from 1.0 (maximum soil water content) to 0 (minimum soil water con-
tent). Daily REW values for the experiments were calculated from daily SWC measure-
ments.

Because a critical, site-specific value of matrix potential was not available for as-
sessing soil water deficits, it was assumed that water supply stress occurs when REW falls
below the threshold of 0.4 (REW), triggering stomatal regulation [63—-65]. The REW
threshold < 0.4 is commonly used in various ecosystems [66]. In addition, the duration of
water supply stress was calculated as the percentage of days in the growing season with
a REW less than 0.4.

2.4. Soil Laboratory Measurements

Undisturbed soil cores were collected in 2021 during the entire vegetative period and
the plant’s vegetative rest period —4 April, 31 May, 5 July, 13 September, and 8 Novem-
ber—within each experimental treatment in triplicate, and the average value was re-
ported. Soil samples were collected at 0-0.10 m depth. Total organic carbon (TOC) and
physical indicators were measured on the soil samples.

TOC was quantified on dried and 2-mm sieved samples, following protocols re-
ported in Ferrara et al. [67,68]. In detail, for TOC quantification, soil samples were ground
to a fine powder (0.5 mm) using an agate ball mill. TOC was determined by the TOC Vario
Select analyzer (Elementar, Hanau, Germany) [69], which performs catalytic oxidation of
the specimen at high temperatures in the presence of air.

Soil physical indicators resulting from bulk density were not statistically different
among the treatments.
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2.5. Plant Water Monitoring
2.5.1. Stem Water Potentials and Stomatal Conductance

The stem water potential is the ecophysiological parameter that is directly related to
the soil water status. Plant water status was characterized for each treatment by stem wa-
ter potential (Ws;, MPa) and stomal conductance (gs, mmol m= s), measured at midday
since stem water potential and stomatal conductance are more closely correlated with leaf
water status at midday [49,50].

Stem water potential was measured using Scholander-type pressure chamber (Soil
Moisture Equipment Corp., Santa Barbara, CA, USA) at 12:00 p.m., once or twice a month
on six plants per treatment, selecting two leaves per plant [70].

According to Gaeta et al. [51], in a late ripening peach cultivar such as Redcal, only
stem water potential is not completely informative of plant water status because of its
conservative or iso-hydric behaviour. The stomatal conductance was considered as an-
other plant-based index and was measured using an open-circuit infrared gas analyzer
with an LED light source (Li-COR6400XT, LI-COR, Lincoln, NE, USA). For each treatment,
well-exposed leaves were selected in three replicates to the east and west sides of the can-
opy. Light intensity was held constant throughout the three treatments by adjusting the
light source LED to the natural irradiance experienced by the leaf immediately before
measurement. The values observed on the west and east sides of the canopies were aver-
aged for each plant.

2.5.2. Fruit and Shoots Growth

The fruit growth trend was monitored during the season through a digital gauge im-
plemented with a datalogger capable of memorizing and conserving data (HK-Horticul-
tural Knowledge s.r.l. Bologna, Italy) for twelve fruits per treatment in the triple replica-
tion. Fruit volume (V, cm?®) and absolute growth rate (AGR, cm?® day™') were calculated by
considering the form of the peach as a spheroid and by measuring the three axes of each
peach [26]. Absolute growth rate (AGR, cm?® day') was calculated using the following for-
mula:

where V1 and V0 are volumes measured at time t1 and t0, respectively.

The mean shoot length was assessed using a meter. For each treatment, two trees
were considered on which four shoots were measured along the four cardinal points (N,
S, W, E).

2.6. Statistical Analyses

The data were analyzed via a one-way ANOVA (A0, Al, and A2) per season (2021).
The differences in each treatment were assessed using Tukey’s honestly significant differ-
ence (HSD) test.

To verify the correlations among stem water potential and relative extractable water,
stem water potential and stomal conductance, and relative extractable water and stomal
conductance, the Pearson correlation coefficient was determined. The confidence limits
used in this study were based on 95% (p < 0.05).

The statistical analyses were computed using the statistical software R (R Develop-
ment Core Team, http://www.r-project.org. accessed 10 March 2023).

3. Results and Discussion

This study, carried out here in a peach cropping system, is a rare example [52] of a
field evaluation of the benefits of amendment application to soil water status. The study
methodology included three agronomic criteria for evaluating the effects of amendment



Water 2023, 15, 1708

7 of 21

supply to the soil: soil water status, total organic carbon, vegetation water status and
growth analysis of vegetation.

3.1. Weather Conditions

Figure 1a shows the evolution of daily air temperature values (°C) (average, mini-
mum, and maximum) and daily precipitation (mm d-!) during the observation period
from bud opening (1 May 2021) to the end of the productive season (30 September 2021).

The average air temperature during the observation period was 23 °C. The minimum
temperature fell below 10 °C only five times: at the beginning of the growing season (9
May 2021), during the first stage of the second phase of fruit growing (3 June 2021), and
at the end of the vegetative cycle (24 September 2021), which did not affect peach tree
productivity. The maximum temperature reached values between 35 and 40 °C several
times during the growing season between 20th of June and 20th of August.

The five drops below 10 °C, as mentioned above, did not affect peach tree productiv-
ity as they did not result in any significant stress or frost damage [71].

Rainfall recorded during the observation period amounted to 124 mm. The daily val-
ues of global radiation (Rg) and vapor pressure deficit (VPD) are shown in Figure 1b. Ra-
diation follows the circadian pattern and decreases in daily values from June to Septem-
ber, with only a few days of cloud cover during the first 20 days of June. The daily mean
values of vapor pressure deficit (VPD) during the peach crop cycle ranged from 1 to 1.5
kPa, with higher values occurring regularly between mid-June and the end of August.
VPD is a measure of the evaporative demand of the atmosphere and is related to the
plant’s ability to transpire water. As VPD increases, it is likely that the plant is more sen-
sitive to water stress, especially during the most important stages of fruiting. Previous
studies have shown that high VPD values can negatively impact peach tree growth and
fruit quality [72]. Therefore, the observed higher VPD values in this study could have af-
fected the plant’s water use and productivity. Studies conducted on peach trees in similar
Mediterranean environments have shown [73-75] that peach trees have good resistance
to irrigation deficit conditions. This characteristic can be advantageous for saving high-to-
moderate irrigation volumes without compromising soil quality and peach orchard per-
formance. According to a study by Rolbiecki et al. [76], it is estimated that due to climate
change, there will be an increase in the water requirements by peach trees of about 26%.
The irrigation volumes supplied in the peach orchard of this study were able to restore
the evapotranspiration of the crop, so the plant was able to avoid water stress, even under
high VPD conditions.
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Figure 1. (a) Daily air temperature values (average, minimum, and maximum) and total precipita-
tion; (b) daily values of global radiation (Rg) and vapor pressure deficit (VPD).

3.1.1. Soil Water Content

Figure 2a shows the daily soil water content in the A0, A1, and A2 treatments. A clear
difference in SWC between A0 (0.28 m3m-3) and the two conditioned soils, A1 (0.30 m?
m) and A2 (0.30 m®m™3), at the start of monitoring season (May) is due to the time lapse
between the soil amendment spreading (12 April 2021) and the beginning of the monitor-
ing period (1 May 2021). SWC values of the three treatments ranged generally between
the wilting point (before irrigation) and field capacity (after irrigation). Irrigation sched-
uling prevented the soil from exceeding field capacity and never allowed the soil to reach
the wilting point, despite a weather pattern leading to high levels of evapotranspiration.
The higher the evapotranspiration rate of the atmosphere, the earlier the soil moisture
approaches the wilting point. Values of soil water content close to the wilting point were
observed only in the case of the A0 treatment (without soil amendment). The value closest
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to the wilting point was approximately 0.25 m? m= in the A0 treatment at the end of the
production cycle, after irrigation was stopped. The behavior of the two treatments that
received the amendment (regardless of the amendment amount) differs from the treat-
ment without soil amendment. The seasonal values of soil water content for Al and A2
are systematically +13.8% and +11.4% higher than in AQ, respectively.

Figure 2b summarizes, on a seasonal scale, the mean soil water content for the three
treatments, with significant differences between soil with amendment (Al and A2) and
the control (A0). Figure 2b further shows that the variability of soil moisture data during
the peach tree growing season is significantly higher in the treatment without soil amend-
ments than in the two treatments that received soil amendments.

It is observed that adding amendment to the soil not only raises the measured soil
moisture values but also reduces the fluctuations around the seasonal mean value. This
means that where amendment has not been added to the soil, the crop is exposed to po-
tentially dangerous fluctuations in soil moisture during the growing cycle. These moisture
variations are reflected in the plant performance, which appears to be more exposed to
the risks of water stress.

0.40 - — A0
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—_ A2
FC
0.35
= c
£0301 b
(&)
B
n a
0.25-
wp
0.20 |
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Figure 2. (a) Soil moisture values in the three treatments; (b) soil water content averaged on the
peach tree growing season. Different letters indicate a significant difference (p-value < 0.05). A0 =
control; Al = complete dosage of soil amendment; A2 =half dosage of soil amendment; WP = wilting
point, FC = field capacity.
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3.1.2. Relative Extractable Water

Considering the threshold of drought stress index is 0.4 [77,78], the seasonal REW
values for AQ were close to the threshold (Figure 3a), which could indicate a risk of soil
water stress. The two treatments that have benefited from the ACM (either complete dos-
age, Al; or half dosage, A2) had REW values far from the critical stress threshold during
the whole peach tree growing season (see Figure 3a). The statistical analysis (Tukey’s
HSD) showed that REW for A1 (0.66) and A2 (0.61) were significantly different from A0
(0.50). At the seasonal level, the mean REW values showed that irrigation planned to avoid
any water stress in the soil (irrigation performed by returning 100% of the ET0) was effec-
tive and that the use of soil conditioner improved the soil water condition in direct pro-
portion to the quantity.

The analysis of the REW values on a monthly scale (Figure 3b) reveals that the peach
tree stand suffers soil water stress (particularly when the regular water supply is inter-
rupted, e.g., in September) if the crop does not benefit from the ACM. The risk of soil
stress does not occur when the soil receives a complete dose of soil amendment (A1) and
only rises at the end of the cycle, i.e., in September (Figure 3b), in the case of a reduced
supply of soil amendment (A2). The monthly analysis of the REW values indicates that
soil water stress occurs in September in the treatments that did not receive amendment
and in the treatment that had half a dose of amendment.

The average maximum and minimum values of REW were 0.72 and 0.22 for A0, 1.00
and 0.35 for A1, and 1.00 and 0.28 for A2, respectively. In particular, REW for A0 goes
below the 0.4 threshold on 20% of the days in August and 68% of the days in September
(Figure 3c), according to [47]. The A2 treatment experiences water stress on 16% of the
days in August and 67% in September (Figure 3c); and soil water stress did not occur on
any day except for in September (35% of the days in the month) in treatment Al. It was
possible to better understand the contribution of soil amendment treatments, compared
to AQ: a full-dose organic matter supply, as in Al, guarantees better soil water retention
such that no water stress is generated on any (or almost any) of the days of the season.
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Figure 3. (a) Seasonal relative extractable water (REW) during the peach tree growing season. Dif-
ferent letters indicate a significant difference (p-value < 0.05); (b) REW values at monthly scale; (c)
number of days with REW < critical REW value (REWc = 0.4). A0 = control; A1l = complete dosage of
soil amendment; A2 = half dosage of soil amendment.

3.2. Total Organic Carbon

The TOC measurements in Figure 4 show how the total amount of organic carbon in
the soil varies during the 2021 growing season. At the beginning of the season on 12 April,
when the amendment had not been applied, all the samples measured the same amount
of TOC in the soil. After amendment supply, the TOC levels in the soil of the three
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treatments changed considerably, especially in A1, while remaining relatively constant in
the control (A0). The trend of TOC in A2, although higher than in A0 throughout the sea-
son, always remained lower than the treatment with Al. Note that on the 11th of Novem-
ber, all three treatments showed the same amount of TOC in the soil. The TOC variations
measured in different periods, even beyond the growing season, have shown how the
amendment increases the total amount of carbon in the soil relative to the greater amount
of water in the soil [47]. The peak recorded in Al on 31 May, as reported by Batiot et al.
[79], is probably due to the high amount of rainfall [80], which caused a higher TOC con-
centration to be recorded. However, the TOC value for A1 showed a downward trend,
probably due to lower soil moisture availability [81]. Furthermore, it can be seen that in
the last measurement taken in November, the TOC in the three treatments is almost iden-
tical, probably also due to the low temperatures, as reported in a study by Lepisto et al.
[82].

36

12-04-21 31-05-21 05-07-21 13-09-21 08-11-21

Figure 4. Total organic carbon (TOC) during the investigated season. Different letters indicate a sig-
nificant difference (p-value < 0.05). A0 = control; Al = complete dosage of soil amendment; A2 = half
dosage of soil amendment.

3.3. Plant Water Monitoring
3.3.1. Stem Water Potentials and Stomatal Conductance

Figure 5a shows the evolution of the stem water potential during the peach growing
season. The trends of SWC described in Section 3.1.1 are in agreement with the patterns
of stem water potential. During the whole crop cycle, the highest stem potential values
were observed in treatment Al, where the soil amendment was supplied in a complete
dose. The lowest potential values were measured in the treatment without soil amend-
ment.

The differences in stem water potential values between the treatments were not sig-
nificant (Figure 5a) along the season, except on 9 September, when Wst was equal to —1.37,
-1.59, and -2.10 MPa for A1, A2, and A0, respectively. According to Rahmati et al. [78], a
value of Ws equal to —1.5 MPa could be considered as the threshold for peach water stress.
According to these results, risks of water stress should arise at the beginning of September
in treatment AO. The pressure chamber technique [83,84] measures leaf potential, i.e., ex-
presses the force with which water is retained by leaves. This measurement makes it pos-
sible to assess the water status of the plant, to identify when the plant enters a water stress
condition [85].
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The stem water potential values confirm what was also observed for REW. Only in
September were the stem water potential values measured in the treatment without mod-
ification statistically lower than those measured in the two treatments with modification.

The conductance values over time, shown in Figure 5b, did not statistically differ
among the three treatments. The highest conductance values were measured at the begin-
ning of the cycle from the first fully developed leaves.

The irrigation schedule set out by the experiment protocol ensured the stomatal
opening and, as a consequence, the gas exchanges during the whole vegetative period of
the peach tree. In our study, data on stem water potential and stomatal conductance (Fig-
ure 5a,b) showed no significant differences between treatments except at certain times;
this is because stomata opening is not only determined by stem water potential, but also
by PAR levels, evapotranspiration demand, and CO: concentration within the sub-sto-
matal chambers [86]. Stomatal behavior is also influenced by agronomic treatments [87],
but these are seldom revealed in field trials [88].
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Figure 5. (a) Stem midday water potential (Wst): different letters indicate a significant difference (p-
value < 0.05); (b) stomal conductance (gs) during the investigated season. There was no significant
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difference between the treatments (p-value <0.05). A0 = control; A1 =complete dosage of soil amend-
ment; A2 = half dosage of soil amendment.

3.3.2. Sensitivity of Plant Water Status Indicators

Figure 6a shows the relationship between REW and W« when the values of the dif-
ferent treatments during the season are combined. A good exponential increase of Wst was
obtained as REW increases, with maximum levels of REW at values above —1.00 MPa (12
= +0.47). A similar exponential relationship was observed between REW and gs, with the
latter reaching a plateau of around 1.3 mmol m=2 s (Figure 6b; 12 = +0.49). These two
relationships seem to be in agreement, as reported by Alcaras et al. [89]. The correlation
between stem water potential and REW was significant (Figure 6a). Regardless of the ex-
perimental treatment, the relationship confirms that in peach trees, the stem water poten-
tial follows an exponential function of the relative extractable water (REW) [89]. Since the
scheduling irrigation was carried out in full irrigation conditions (100% ETO0), the stomatal
conductance seems to show no significant differences among the treatments studied,
probably because the amendment resulted in an improved situation compared to the con-
trol treatment, which well exceeded the stress threshold of —1.50 MPa only in September.
In a previous study [51], in moderate and severe water stress conditions (about 50% of the
full irrigation), the xylematic potential results were not completely informative regarding
plant water stress in late-ripening peach cultivars, and therefore should be used with cau-
tion as a plant water indicator; instead, the stomatal conductance could be a useful index.

In Figure 6¢, the correlation between Wy and gs is reported and compared to previous
figures, a lower correlation is noted (R?=+0.38). In addition, the gs measurements fall for
all treatments in a range of 0.07 (mmol m=2 s) to 0.12 (mmol m2 s™), with Ws from -1.5
(MPa) to -1.1 (MPa). It should be added that the measurements carried out on 1 June in
all three treatments show a higher stomatal conductance compared to other days, which
is linked to a higher value of stem water potential equal to about -0.66, -0.64, and —0.66,
respectively, in AQ, Al, and A2. These differences were found between the different dates
between Ws, and gs, according to Ahumada et al. [90], can be influenced by agronomic
factors and climatic conditions.

Figure 6b,c shows the relationship between the measurement of stomatal conduct-
ance with REW and stem water potential. The relationship confirms that irrespective of
the experimental treatment, conductance in peach trees follows the REW, and the stem
water potential, according to an exponential function and a quadratic function, is poor but
significant (p > 0.05). Stomatal conductance is a direct function of the stem water potential
[66] and is indirectly related to the soil water status.



Water 2023, 15, 1708

15 of 21

Fas - Treatment
S - = A0
= N a1
| 3 . A2

R=+0.38,p=0.16

015
b gs (mmol m-s-)

R =+0.47, p=0.051

Treatment

st (MPa)

1.5

0.00 0.25 0.50 0.75 1.00
REW

- -
€025

°
i
)

R=+0.49, p = 0.063

Treatment

gs (mmol m2s+)
o
o

04 06 08 1.0

Figure 6. (a) Relationship between stem water potential and REW; (b) relationship between stomatal
conductance (gs) and stem water potential (Wst); (c) relationship between REW and stomatal con-
ductance. A0 = control; Al = complete dosage of soil amendment; A2 = half dosage of soil amend-
ment.

3.4. Fruit and Shoot Growth

The AGR values for fruit (Figure 7a) show an increasing trend in July until reaching
a plateau and then decreasing at the beginning of August. The season’s fruit growth rate
in AO was lower than Al and A2, except on 5 August, when the shoots reached their max-
imum length (Figure 7b). Shoots grow quickly from May to 5 August, showing differences
between the treatments (Figure 7b). The fruits” volume shows a slow increase at the be-
ginning, when the shoots are very active, then it increases considerably until the harvest,
when there is no more competition with shoots (Figure 7c). The presence of soil amend-
ment influences the three measured morphological parameters: AGR, shoot length, and
fruit volume. Without soil amendment, growth rates are lower. Although the effect of the
two soil amendment amounts is not significant for fruit growth, treatments Al and A2
showed higher growth rates than A0 before harvest. In our study, we also noticed how
the fruit growth rate and shoot length are influenced by the application of the amendment
[91]. As reported by Nair and Ngouajio [92], the fruit growth measured during the season
seems, in the smallest part, to be influenced by the application of the amendment because
the growth of fruit is also influenced by different climate factors. The results discussed so
far show that the addition of amendment does indeed affect the amount of water in the
soil. This improvement in soil water content is also observed at the plant level when
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analyzing the behavior of stem water potential over time (and less clearly with stomatal
conductance). The stem water potential indicates the improved hydration status of the
plant tissue when adding amendment to the soil. Consequently, the analysis of fruit and
shoot growth indicates greater growth in treatments with greater soil water availability,
i.e., where amendment has been added to the soil.
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Figure 7. (a) Absolute growth rate (AGR) of fruits (cm® d'); (b) growth of shoots (cm d-!); (c) growth
of fruit volume (cm?3). Different letters indicate a significant difference (p-value < 0.05). A0 = control;
A1 = complete dosage of soil amendment; A2 = half dosage of soil amendment.
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4. Conclusions

This study shows that the addition of ACM to the soil at the beginning of the irriga-
tion season increases the daily soil water content with the use of both complete (A1) and
half (A2) dosages, with a slightly better performance for Al in terms of soil water content.
These results were better clarified by the use of the REW water stress index. The increase
in soil water content led to an increase in the values of Ws (stem water potential) above or
near the water stress threshold (—1.5 MPa). Moreover, an improvement in the total organic
carbon in the soil with the amendment supply was measured. The correlation between
stem water potential and REW was significant. In late-ripening peach cultivars with con-
servative behavior, it is important to consider the right index when detecting the plant
water status. In fact, in conditions of slight water stress, the stem water potential has con-
firmed reliability as a plant-based index. However, it is advisable to combine it with sto-
matal conductance in conditions of moderate and severe water stress. Further analyses
are necessary to investigate the relationship between stomatal conductance and soil water
storage. Improvements in soil water content also influence the plant with respect to in-
creased fruit and shoot growth. Considering that the dose of the amendment did not affect
the variability in soil and water parameters and plant performance in general, it would be
desirable to use the halved dose to reduce management costs. Additional studies should
deepen the soil amendment-soil-plant relationship, following annual applications, to
highlight the medium-to-long-term effects of the amendment on soil water storage and
the improved crop production. Providing sustainable methods by which to retain as much
water as possible within the soil, while limiting its evaporation as much as possible, will
be essential.
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