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Abstract: Semi-arid conditions are favorable for the cultivation of late ripening peach cultivars;
however, seasonal water scarcity and reduction in soil biological fertility, heightened by improper
soil management, are jeopardizing this important sector. In the present two-year study, four soil
managements were compared on a late ripening peach orchard: (i) completely tilled (control);
(ii) mulched with reusable reflective plastic film; (iii) mulching with a Leguminosae cover-crop
flattened after peach fruit set; (iv) completely tilled, supplying the water volumes of the plastic
mulched treatment, supposed to be lower than the control. Comparison was performed for soil
features, water use, tree functionality, fruit growth, fruit quality, yield and water productivity. Even
receiving about 50% of the regular irrigation, reusable reflective mulching reduced water loss and soil
carbon over mineralization, not affecting (sometimes increasing) net carbon assimilation, yield, and
fruit size and increasing water productivity. The flattening technique should be refined in the last part
of the season as in hot and dry areas with clay soils and low organic matter, soil cracking increased
water evaporation predisposing the orchard at water stress. The development and implementation of
appropriate soil management strategies could be pivotal for making peach production economically
and environmentally sustainable.

Keywords: mulching; flattening; irrigation; photosynthesis; transpiration; soil quality; water stress
integral; fruit growth; water use efficiency; productivity

1. Introduction

Fruit growing is a key sector for the Mediterranean economy, society and environment. It is the
highest value among the agricultural productions, representing 17% of the total EU agricultural turnover
(FAO—Food and Agriculture Organization of the United Nations, 2018). Furthermore, orchards
contribute to land preservation via stewardship and climate regulation through evapotranspiration [1]
and represent one of the most typical fruit crops of the Mediterranean Basin [2], thus being at the basis
of both its economy and dietary culture.

Fruit growing has a double-faced nature. On one side, the great demand of high-quality products.
The fruits, most of which are delivered to the fresh market, are asked to meet the consumer demand
with very high-quality standards [3] as fruit consumption improves health and well-being [4]. This, at
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world level, makes the fruit sector very competitive, creating concerns and often pushing the fruit
growers more on the yield than in quality production. Orchard intensification techniques are one of
the results from this request. On the other side, society has expressed concern about the exploitation of
agricultural inputs because of their dramatic impact on natural resources and ecosystem functioning [5].

Peach is among the most representative and valued fruit species in the Mediterranean Basin.
The southern Italy environment is usually hot and dry until the beginning of autumn, therefore is
particularly suitable for early and late ripening peach cultivars. However, late cultivars are more water
demanding due to the long-lasting persistence of fruits on the plant [6].

Climate change and foreseeable future resource limitations (mainly water) threaten Mediterranean
fruit production. The secure supply of high-quality fruit is under jeopardy because of increased heat
and water stress conditions [7], reduced productive land [8], decreased soil fertility due to intensive
management practices, reduced water availability and competition for water with other productive
sectors and human activities [8]. In Mediterranean countries, the reduction in organic matter, which
impacts soil fertility, is a common occurrence, for climatic reasons [9]. This is often aggravated by
improper management of the residues of agricultural products, the low use of organic amendments
and the rapid mineralization of the organic compounds due also to intensive tillage practices [10].
A multi-year life cycle assessment study showed that fertilizers and energy consumption (i.e., electricity,
fossil fuel) and water were the main impact factors in peach cultivation [11]. Fertilizers and energy
consumption are indeed indicated to be the most impactful on emissions and climatic disorders.
Climate change, with its increased temperatures, can have negative effects on tree productivity if
scheduling irrigation is not applied properly. However, agriculture is already the main user of water,
consuming about 70% of freshwater, and it must achieve savings, rather than further increases, in its
water needs [12]. Water scarcity can be tackled by improving water saving techniques. In particular the
rational management of soil can increase water use efficiency either through decreasing soil evaporation,
using artificial [13–15] or natural [16,17] mulching material, and increasing soil water holding capacity,
via decompaction and organic matter enrichment. Recent experiences in horticultural crops [18,19]
reported that water and N recycling at agroecosystem level can be enhanced by cover crop practice and
natural mulching covering techniques, independently from the soil management strategy. The authors
pointed out that the improved nitrogen surplus was not sufficiently retained in the agroecosystem
without cover crop. On the contrary, the practices adopted in the treatments with the cover crop or
temporary intercropping considerably improved the N self-sufficiency of the system. Beneficial effects
have been found in grapes [20,21]. Grape ecosystem services provided by Mediterranean vineyards
are particularly threatened, because soil functions are often impaired by yearly repeated intensive
agricultural practices or weed and pest management. The authors demonstrated that the potential of
soil management practices to enhance soil functioning, can be promoted by the presence of a cover crop,
even temporarily, in the inter row [20,21]. Moreover, Almagro found that improved soil management in
rainfed Mediterranean agroecosystems can be a powerful strategy to mitigate the current atmospheric
CO2 increase, through soil carbon sequestration and stabilization [22]. However, few publications
on the effect of orchard floor modification on fruit trees, in general, and on peach tree development
and functioning, including fruit production, in particular, are available [23]. These authors found that
changed soil management practices such as zero tillage, supply of organic amendments, understory
mowing, retention of crop residues, can result in worthwhile gains within a long-term period. In
a Mediterranean peach orchard, these gains can include increased production and also increased
sustainability with higher level of soil organic carbon and litter carbon pools [23]. However, to date,
orchard soil and water management often rely only on grower and extension service experience or, in
the most advanced cases, are driven by data on soil water content and/or climate conditions and plant
status [24–26]. Real-time tree performance, as well as the inter-relation among the different chemical,
physical and microbiological variables affecting soil fertility, is little considered. Solutions to the major
threats encountered by the fruit production sector may be found through approaches that consider
the soil–plant system as a whole and, therefore, address improving the entire orchard performance to
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cope with water scarcity and climate change [27,28]. Since orchards are particularly complex systems,
different methods and approaches should be adopted under different, even contrasting, pedo-climatic,
economic and social conditions [29]. Even lesser explored in horticulture, the use of different mulching
material in the fruit orchard is deserving of particular interest. The use of plastic mulch was adopted
with the aim of increasing the water use efficiency in a dryland rainfed area. However, the plastic
adopted in the mulching was dark in color with negligible results on light diffusion and probably
enhancing soil temperature [30,31]. Recent studies pointed out the positive effect of mulching with
high-reflective biodegradable plastic film on productivity and water use efficiency on peach [15].

The aim of the present study was to investigate the effect of four different orchard floor
managements on tree functionality, productivity and water consumption of a late ripening peach
cultivar orchard under semi-arid conditions. The comparison was performed among the following
treatments: (i) completely tilled, (ii) mulched with reusable and reflective plastic film, (iii) mulching
with a Leguminosae cover crop flattened after peach fruit set, with the aim of increasing the organic
matter and water holding soil capacity; (iv) completely tilled and reducing irrigation at the same
volumes supplied to the plastic mulched treatment.

2. Materials and Methods

2.1. Experimental Set-Up and Pedo-Climatic Conditions

The trial was carried out in 2015 and 2016 at the Experimental farm of the Council for Agricultural
Research and Economics (Research Centre for Agriculture and Environment), in southern Italy
(Rutigliano, lat.: 40◦59′ N, long.: 17◦01′ E, alt.: 147 m asl) on 3-year-old peach (Prunus persica (L.)
Batsch var. laevis) trees of a late ripening cultivar “Calred” [32] grafted on Missour rootstock, trained
as slender spindle and spaced 4.0 × 2.5 m. The experimental site is under the Mediterranean climate,
characterized by warm and dry summers. The average air temperature throughout the year and during
the vegetative–reproductive season is 15.5 and 20 ◦C, respectively, and the annual rainfall is about
535 mm, mainly concentrated in the autumn and late winter periods and usually greatly reduced, or
absent, in the spring–summer period [33].

Four different orchard managements were tested: soil tilled (T); inter-row mulching with a
reusable and machine-resistant reflective plastic film (C/820 Black Silver Orchard; thickness: 100 µm;
Ginegar Plastic product Ltd., Ginegar, Israel) to reduce soil evaporation and to increase the diffuse light
(M); inter-row mulching with horse bean (Vicia faba. L.) sown in November and flattened after peach
fruit set forming a natural mulching on the soil (F). The last treatment (S) was established on tilled
soil supplying the same irrigation volume of M that was supposed to be lower than the control (T) as
evaporation was limited by the plastic mulching. Since horse bean contributed to Nitrogen fixation, N
supply on F treatment was halved in comparison to T, M and S, while the Phosphorus and Potassium
supply was increased by 25% in order to feed the service crop.

In order to verify the homogeneity of soil characteristics at the beginning of the trial, as well as to
evaluate the evolution of the soil conditions as a function of the four treatments, three soil samples per
treatment were collected at the beginning of the trial (before flattening period), after the harvest of the
first year and at the end of the second year (just before the winter pruning). Soil was evaluated for
its physico-chemical traits: soil texture by hydrometer method, total carbon organic content (TOC,
%) by the dry-combustion procedure with a TOC Vario Select analyzer (Elementar, Germany), pH,
electric conductibility (EC, dS m−1), N (g kg−1, Kjeldahl procedure) and P (mg kg−1, Olsen method)
content. Soil texture was similar among the four treatment and it was classified as clay loam [34]. Soil
water content in volume at field capacity (FC, −0.03 MPa) and wilting point (WP, −1.5 MPa) were
0.34 m3 m−3 and 0.21 m3 m−3, respectively (measured using the Richards chambers). At 0.6 m of depth,
the parent rock is present; this reduces the capacity of the root systems to expand beyond this layer.
At the beginning of the trial also, the evaluated chemical trait results were not statistically different
among the treatments (Table 1).
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Table 1. Soil chemical traits at the beginning of the trial (14 April 2015) after the harvest of the first year
of the study (24 September 2015) and before the winter pruning of the second year (16 December 2016).
Within each date and for each variable, different letters indicate a statistical difference at p ≤ 0.05.

Date Treatment
N P pH EC TOC

(g kg−1) (mg kg−1) (dS m−1) (%)

14/04/2015

T 1.06 34.40 8.43 0.17 1.05 a
M 1.00 28.32 8.38 0.17 0.98 b
F 0.98 44.70 8.42 0.17 1.03 a
S 1.20 41.48 8.40 0.14 1.05 a

F-value 3.08 1.45 0.47 4.12 10.72
p-value 0.129 0.334 0.715 0.081 0.013

24/09/2015

T 1.21 42.05 8.33 0.18 1.22
M 1.15 35.87 8.26 0.18 1.16
F 1.00 53.00 8.32 0.19 1.18
S 1.17 51.46 8.21 0.20 1.22

F-value 1.30 1.49 0.94 0.05 0.95
p-value 0.372 0.325 0.489 0.981 0.484

16/12/2016

T 0.68 37.97 ab 8.31 0.19 1.11 a
M 0.66 39.83 ab 8.38 0.12 1.20 a
F 0.94 52.36 a 8.27 0.17 1.18 a
S 0.75 27.14 b 8.33 0.13 0.99 b

F-value 1.07 5.53 0.28 0.43 8.57
p-value 0.392 0.010 0.838 0.736 0.002

2.2. Water Supply and Soil Water Content

Water was supplied with drip irrigation system having 2 drippers per tree, and a flow rate of
8 l h−1 per dripper. Volumetric soil water content (SWC) was measured by capacitive probes (10HS,
Decagon Devices Inc., Pullman, WA, USA) linked to dataloggers (Grillobee, TecnoEL, Italy). For each
treatment, three points were monitored. Capacitive probes were installed horizontally into the soil
profile, on the row at 0.3 m from peach trees and at −0.1, −0.3 and −0.5 m from the soil surface, in
order to intercept the dynamics of soil water content below the dripping lines. For each treatment,
water content in the whole soil profile was calculated averaging the values of the three depts in each
of the three points. Probes were previously calibrated in order to measure the volumetric soil water
content (SWC) and identify the intervention threshold (IT). The IT corresponded to the SWC at which
the readily available water was completely used. The IT of 0.26 m3 m−3 was adopted; this value was
obtained considering a depletion fraction (fraction of available soil water that can be depleted from the
root zone before moisture stress) of 0.5 [35]. When the IT was reached, the amount of water necessary
to return at FC was supplied [36]. T, M and F were irrigated monitoring the SWC while S received the
same water volume of M.

2.3. Leaf Functionality and Tree Water Relations

Three plants similar in canopy size and potential crop load were selected for each treatment. At fruit
cell division, pit hardening, fruit cell expansion and close to the harvest stages, leaf net photosynthesis
(Pn, µmol m−2 s−1), stomatal conductance (gs, mol m−2 s−1) and transpiration (Tr, mol m−2 s−1) were
measured on well-exposed leaves placed on the east and west side of the canopy, 4 times during the
day (9.00–17.00 h), with an open circuit infrared gas analyzer fitted with an LED light source (Li-COR
6400XT, LI-COR, Lincoln, Nebraska, USA). At each time of the day and canopy side, light intensity
was maintained constant across the 4 treatments, setting the LED light source at the natural irradiance
experienced by the leaf immediately before the measurement. The values obtained on the west and
east side of the canopy were averaged for each tree. At the same time of measure, stem water potential
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(Ψs, MPa) was measured on the same trees belonging to the 4 treatments according to [37]. Pn and Tr,
collected during the day, were integrated [38], providing the specific amount of CO2 (ΣPn, mol m−2)
and water (ΣTr, mol m−2) fixed and transpired by a square meter of leaf during the time of measure.
To take into account the amount of energy used by trees to raise water from the soil during the time of
measure, the water stress integral (SΨ, GPa) was calculated as the difference between the integral by
time of stem water potential and the integral by time of the minimum stem water potential measured
in the same time range [39,40].

2.4. Fruit Growth and Productivity

The fruit growth pattern was monitored during the season by means of a digital caliper
implemented with a datalogger able to store the data (HK—Horticultural Knowledge s.r.l. Bologna,
Italy) on twelve fruit per tree. The fruit volume (V, cm3) and the absolute growth rate (AGR, cm3

day−1) were calculated assuming the shape of the peach as a spheroid and measuring the three axes of
each peach [15].

At harvest (ready for hand selection: when fruit flesh firmness was around 3–5 kg cm−2), the
number of fruits per tree (NF), the average fruit weight (FW, g), the yield (Y, t ha−1) and the irrigation
water productivity (WPi, kg) of fresh fruit per cubic meter supplied with irrigation [41] were evaluated
on the same trees monitored for fruit growth and leaf functionality. The total soluble solids content
(TSS, ◦Brix), flesh firmness (FF, kg cm−2) and the percentage of fruit skin red overcolor (RC, %) were
measured on 10 fruit per tree.

2.5. Statystical Analysis

For each period of measure soil data, ΣPn and ΣTr were subjected to ANOVA. Fruit growth data
(V and AGR) used for the statistical analysis were obtained averaging the measures taken on each
tree. A by-time repeated ANOVA was performed analyzing separately the data of fruit cell division,
pit hardening, fruit cell expansion and ripening stages, respectively. Three productivity, water use
efficiency and fruit quality variables were tested by means of an ANCOVA considering the number of
fruits as the covariate variable.

3. Results

3.1. Pedo-Climatic Conditions

The two-year study’s thermic patterns during the experiment period (1 June–10 September) were
almost comparable with an average minimum, maximum and average temperature of about 20.6, 29.5
and 25.0 ◦C, respectively. The year 2015 was less rainy than 2016 with a cumulative rainfall during
the period of 126 mm. The year 2016 showed a cumulative rainfall of 206 mm till 31 August and an
additional 147 mm of rain fallen in the first fortnight of September (Figure 1).

Soil measurements were performed on 14 April 2015, 24 September 2015 and 16 December 2016,
before peach’s full bloom, after the harvest and before the winter pruning of the second season,
respectively. At the beginning of the trial, the soil chemical traits evaluated resulted in being not
statistically different among the four treatments (Table 1). N, P, pH, conductibility and total organic
carbon content were about 1.0 g kg−1, 37.2 mg kg−1, 8.4, 0.16 dS m−1 and 1.0 g kg−1, respectively.
After the first harvest, the treatments continued to be similar for soil chemical traits. At the end of the
two-year trial, S showed the lowest value of P and TOC while the highest P content was recorded for F,
followed by T and M (Table 1).

3.2. Water Supply and Soil Water Content

In order to have all the treatments at the same soil moisture conditions at the beginning of the
experiment, three and two full irrigations were provided regardless of the treatments in 18 May,
29 May and 5 June in 2015, as well as in 6 June and 14 June, in 2016. In 2015, the seasonal water
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supply was 1557 m3 ha−1 for T and F, and 815 m3 ha−1 for M, S. The irrigation season lasted about
4 months (Figure 2A). In 2016, T and F received 1810 m3 ha−1 while M and S 1023 m3 ha−1 and the
duration of the irrigation season was about 3 months (Figure 2B). M and S received about 50% less
water than T and F in both years. Soil water content remained between the field capacity (FC) and
the intervention threshold (IT) till the end of July in T, M and F during the two seasons. In the same
period, S showed SWC lower than IT for several days (Figure 3, June–July). From the beginning of the
irrigation season till the end of July, M and F showed the highest SWC values (average SWC of 0.32
and 0.33 m3 m−3 in 2015 and 2016, respectively, for M; 0.31 and 0.32 m3 m−3 for F). In the same period,
T revealed SWC similar to M and F, in 2015 (average of 0.31 m3 m−3), while in 2016, it decreased at an
average value of 0.29 m3 m−3. The average SWC of S in the same period was 0.29 and 0.26 m3 m−3

in 2015 and 2016, respectively (Figure 3). Due to local watershed restrictions occurring during the
period August–September for both the years, the irrigation frequency (number of peaks in Figure 3)
was reduced for all the treatments. In this period, the SWC of T, F and S fell below the intervention
threshold several times and in S it reached the wilting point; M showed the highest soil water content,
rarely below IT (Figure 3). In this period, the comparison between T and F, receiving almost the same
water volume in each irrigation, showed that in August–September, after water supply SWC declined
faster in F than in T, reaching values lower than T and close to WP at the end of the irrigation season
(Figure 3).Appl. Sci. 2020, 10, x FOR PEER REVIEW 6 of 21 
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3.3. Leaf Functionality and Tree Water Relations

Full bloom occurred on 7 April and 14 March in 2015 and 2016, respectively. Leaf gas exchange
and stem water potential measures were performed 55, 86, 87, 88 and 120 days after full bloom (DAFB)
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in 2015 (1/6, 2/7, 3/7, 4/7 and 5/8), and 92, 107, 120, 135, and 163 DAFB (14/6, 29/6 12/7, 27/7 and 24/8)
in 2016.Appl. Sci. 2020, 10, x FOR PEER REVIEW 7 of 21 
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3.3.1. Season 2015

At 55 DAFB, when water supply differentiation was not established yet, cumulative
photoassimilation (ΣPn), transpiration (ΣTr) and the integral water stress (SΨ) were similar among the
four treatments (Figure 4; Table S1). The average air temperature (Tair) and vapor pressure deficit (VPD)
during the measure period (9:00–17:00) were 29.9 ◦C and 2.3 kPa, respectively; the midday stem water
potential was around −0.9 MPa and the average stomatal conductance was about 0.164 mol m−2 s−1. At
86–87 and 88 DAFB, trees were at the end of the pit hardening stage and water supply was differentiated
among the four treatments. At 86 DAFB, the average VPD and air temperature were 3.5 kPa and
36.4 ◦C, respectively. A slight reduction in ΣPn and ΣTr were observed in S, while the water stress
integral SΨ was statistically lower in S and F in comparison with T and M (Figure 4; Table S1). The
midday stem water potential was around −1.2 MPa in M and T and −1.5 MPa in F and S. The average
gs recorded during the measure period was about 0.102 mol m−2 s−1 for M and T, 0.094 mol m−2 s−1 for
F and 0.085 mol m−2 s−1 for S. At 87 DAFB, the average VPD was about 4.5 kPa and the air temperature
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recorded during the time of measure was about 37.5 ◦C. S showed the cumulative photoassimilation
and transpiration to be lower than the remaining treatments (0.142 and 72.5 mol m−2, respectively).
The highest SΨ was recorded in M (−3.6 GPa), followed by T (−7.0 GPa); F and S showed the lowest
values of the water stress integral of about −10 GPa (Figure 4; Table S1). The midday stem water
potential was −1.1, −1.25, −1.3 and −1.4 MPa in M, T, F and S, respectively, while the average gs was
around 0.105 mol m−2 s−1 in M, T, F and 0.064 mol m−2 s−1 in S. At 88 DAFB, the average VPD and
the air temperature of the period of measure (9:00–17:00) were 3.8 kPa and 37.1 ◦C, respectively. The
highest cumulative photoassimilation was recorded on M (0.25 mol m−2), followed by T and F (0.198
and 0.188 mol m−2, respectively). S revealed the lowest ΣPn (0.125 mol m−2) and the same trend was
observed for the cumulative transpiration (Figure 4A,B; Table S1). The average gs recorded during the
period was 0.134 mol m−2 s−1 for M followed by T and F, with an average gs of about 0.096 mol m−2 s−1

and S (gs, 0.057 mol m−2 s−1). M had the highest SΨ (−2.5 GPa) followed by T (−6.7 GPa); the lowest
SΨ values were recorded in F and S with values of −14.2 and −17.2 GPa, respectively (Figure 4C). At
120 DAFB, trees were in the full fruit cell expansion stage. The average (9:00–17:00) air temperature
and VPD were 33.5 ◦C and 2.5 kPa, respectively. The lowest ΣPn and ΣTr were recorded in S (0.166
and 48.6 mol m−2, respectively) while the remaining treatments were similar (Figure 4A,B; Table S1).
The same trend was observed for SΨ reaching the lowest levels of the season (Figure 4C; Table S1). The
midday stem water potential was −1.4, −1.5, −1.6 and −1.8 MPa for M, T, F and S, respectively, and the
average stomatal conductance recorded within the measure period (9:00–17:00) was around 0.106 mol
m−2 s−1 for M, T, F, and 0.066 mol m−2 s−1 for S.

3.3.2. Season 2016

At 92 DAFB, when water supply was the same for all the treatments, no differences were recorded
in terms of cumulative photoassimilation, transpiration and water stress integral; the average VPD and
air temperature during the period of measure (9:00–17:00) were about 2.0 kPa and 29.4 ◦C, respectively;
the midday stem water potential was −0.6 MPa and the average gs was about 0.182 mol m−2 s−1. At
pit hardening (107 DAFB), ΣPn, ΣTr and SΨ were similar among the treatments (Figure 5; Table S1).
Average air temperature and VPD were 29.6 ◦C and 2.4 kPa, respectively; the midday stem water
potential was −0.8 MPa and the average gs was 0.115 mol m−2 s−1. At the beginning of fruit cell
expansion (12 July, 124 DAFB), the average VPD was about 4.5 kPa and air temperature 37.6 ◦C. T and
F showed the highest ΣPn (around 0.23 mol m−2), while the lowest one was recorded on S (∼0.15 mol
m−2). M revealed an intermediate ΣPn of 0.18 mol m−2 (Figure 5A; Table S1). The highest cumulative
transpiration was recorded on F (146.1 mol m−2), followed by T (127.0 mol m−2); the lowest ΣTr was
observed in M and S with an average cumulative transpiration of 89.8 mol m−2 (Figure 5B). The average
gs during the period of measure was about 0.107 mol m−2 s−1 for T and F and 0.073 mol m−2 s−1 for
M and S. F and T had a quite similar water stress integral (−3.9 GPa), higher than SΨ recorded in S
and M of about −12 GPa (Figure 5C). The midday stem water potential was −1.0 MPa for T and F,
and −1.3 MPa for S and M. At the fruit cell expansion stage (135 DAFB), the average air temperature
and vapor pressure deficit recorded during the period of measure were about 32.5 ◦C and 2.8 kPa,
respectively. M and F showed ΣPn and ΣTr higher than T and S (Figure 5A,B; Table S1). The average
gs recorded from 9:00 to 17:00 was about 0.118 mol m−2 s−1 in M and F, and 0.098 mol m−2 s−1 in T and
S. The water stress integral was −7.8 GPa in T, followed by M (−10.6 GPa); S and R had the lowest SΨ

of about −14.8 GPa (Figure 5C; Table S1). The midday stem water potential at 135 DAFB was about
−1.0 MPa in T, −1.1 MPa in M and −1.3 MPa in F and S. Close to the harvest (163 DAFB), the average
Tair and VPD were 29.1 ◦C and 1.9 kPa, respectively. M showed a cumulative net photoassimilation
and transpiration higher than T and S and the lowest values were observed in F (Figure 5A,B; Table S1).
The average stomatal conductance followed the same trend with gs of 0.126 mol m−2 s−1 in M, about
0.099 mol m−2 s−1 in T and S, and 0.064 mol m−2 s−1 in F. SΨ in M was −4.4 GPa, higher than T and S
(~−9.0 GPa); the lowest water stress integral was observed in F with SΨ of −13.4 GPa (Figure 5C). The
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midday stem water potential followed the same trend with values of −1.4, −1.6, −1.6 and −1.8 MPa
recorded in M, T, S and F, respectively.Appl. Sci. 2020, 10, x FOR PEER REVIEW 9 of 21 
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3.4. Fruit Growth and Productivity

3.4.1. Season 2015

At the end of the fruit cell division stage (38–77 DAFB), no differences for fruit volume were
recorded among the four treatments while the average AGR values observed in M and S were lower
than those measured on T and F (Table 2; Figure 6). During the pit hardening stage (77–105 DAFB), the
fruit volume was similar among the treatments (Table 2), and the absolute growth rate was higher in
T, M and F (~0.59 cm3 day−1) than in S with an AGR value of 0.43 cm3 day−1 (Table 2). The reduced
AGR in S was observed starting from 94 DAFB (Figure 6B). In the full fruit cell expansion stage
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(105–125 DAFB), T, M and F continued to have fruits bigger than S (Table 2) with a difference between S
and the remaining treatments growing progressively (Figure 6A). The average AGR recorded between
105 and 125 DAFB was higher in M, T and F (~1.07 cm3 day−1) than in S with an AGR of 0.73 cm3 day−1

(Table 2). F maintained an AGR similar to M and T till 115 DAFB; afterwards it decreased, reaching
values closer to S (Figure 6B). During the last days before the harvest (125–148 DAFB), M and T showed
an average fruit volume (~105.8 cm3) higher than F and S with a value of about 88 cm3 (Table 2). The
same behavior was observed for the absolute growth rate with values of about 2.34 cm3 day−1, for M
and T and 1.86 cm3 day−1 for S and F (Table 2).
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Table 2. Average fruit volume (V) and absolute growth rate (AGR) recorded for T, M, F and S treatments
in different fruit growth stages (Days After Full Bloom range, DAFB Range), in 2015. Within each stage,
a by-time repeated ANOVA was performed. For each variable, different letters indicate a statistical
difference at p ≤ 0.05.

DAFB Range Treatment
V AGR

(cm3) (cm3 day−1)

38–77

T 23.18 0.58 b
M 20.93 0.49 c
F 21.46 0.65 a
S 21.00 0.51 c

F-value 3.14 5.25
p-value 0.108 0.041

77–105

T 41.35 0.61 a
M 37.95 0.60 a
F 39.42 0.58 a
S 36.56 0.43 b

F-value 3.56 5.83
p-value 0.088 0.033

105–125

T 61.77 a 1.09 a
M 59.42 a 1.16 a
F 58.13 a 0.98 a
S 50.13 b 0.73 b

F-value 5.08 9.14
p-value 0.044 0.012

125–148

T 104.46 a 2.26 a
M 107.10 a 2.42 a
F 91.26 b 1.86 b
S 85.28 b 1.87 b

F-value 5.30 5.06
p-value 0.040 0.044

In 2015, the third leaf season for the peach orchard, the harvest was performed in two picks: on
3 and 7 September, 149 and 153 DAFB, respectively. A late fruit drop occurred during the season
modifying the initial crop load imposed. The ANCOVA revealed the significative effect of the number
of fruit as the covariate variable for the yield (F = 63.26; p < 0.001), fruit weight (F = 19.98; p = 0.001) and
water productivity (F = 30.98; p < 0.001), whose values have been adjusted accordingly. The yield was
similar among the treatments (~11.00 t ha−1), while the fruit fresh weight was higher in M and T (166.9
and 149.4 g, respectively) than in F and S with values of 112.9 and 93.6 g, respectively (Table 3). Water
productivity was higher in M and S (average of 12.01 kg m−3) than in T and F with an average value of
6.93 kg m−3 (Table 3). No differences for the total soluble solid content was observed, recording an
average value of about 18 ◦Brix. The percentage of fruit skin over color was higher in M (~92.3%) than
in the remaining treatments (~56.7%) while the flesh firmness was higher in F, followed by T, S and M
with values of 3.7, 3.0, 2.8, and 2.2 kg cm−2, respectively (Table 3).
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Table 3. Yield (Y), fruit fresh weight (FW), water productivity (WPi), sugar content (TSS) flesh firmness
(FF) and fruit skin red overcolor, measured on the 4 treatments under investigation in 2015. Data were
subjected to ANCOVA analysis, considering the number of fruits per tree as a covariate variable and
were adjusted accordingly. For each variable, different letters indicate a statistical difference at p ≤ 0.05.

Treatment
Y FW WPi TSS FF RC

(t ha−1) (g) (kg m−3) (◦Brix) (kg cm−2) (%)

T 11.91 149.45 a 7.22 b 18.07 3.01 ab 58.33 b
M 10.82 166.94 a 12.23 a 17.34 2.18 b 92.31 a
F 10.96 112.91 b 6.64 b 18.73 3.70 a 55.00 a
S 10.44 93.61 b 11.79 a 18.37 2.85 ab 56.67 a

F-value 0.70 17.59 17.32 2.02 5.12 7.48
p-value 0.571 <0.001 <0.002 0.169 0.019 0.005

3.4.2. Season 2016

During the pit hardening (57–107 DAFB) and the first part of fruit cell expansion stages
(107–140 DAFB), no differences for fruit volume and AGR were recorded among the four treatments
(Table 4; Figure 7). Afterwards (140–164 DAFB), the average fruit volume for the period was similar
among the treatments, while the absolute growth rate was higher in M and T (5.89 and 5.16 cm3 day−1,
respectively) than in S and F, with values of 4.63 and 4.31 cm3 day−1, respectively (Table 4). Starting
from 150 DAFB, a divergent pattern for AGR was observed comparing T and M versus F and S: while
in the former treatments AGR continued to increase, in the latter ones it decreased (Figure 7B). Close to
the harvest, the fruit volume of M and T was higher than F and S (Figure 7A).

Table 4. Average fruit volume (V) and absolute growth rate (AGR) recorded on T, M, F and S treatments
in different fruit growth stages, in 2016. Within each stage, a by-time repeated ANOVA was performed.
For each variable, different letters indicate a statistical difference at p ≤ 0.05.

DAFB Range Treatment
V AGR

(cm3) (cm3 day−1)

57–107

T 35.99 0.73
M 33.19 0.59
F 35.45 0.73
S 35.11 0.69

F-value 0.44 2.59
p-value 0.731 0.149

107–140

T 77.81 1.94
M 73.17 1.64
F 80.54 2.02
S 73.17 1.77

F-value 1.85 1.67
p-value 0.239 0.271

140–164

T 190.61 5.16 a
M 180.13 5.89 a
F 182.93 4.63 b
S 180.27 4.31 b

F-value 0.36 8.51
p-value 0.785 0.014
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Figure 7. Fruit growth (A) and absolute growth rate (B) pattern recorded in 2016 on T, M, F and
S treatments.

In 2016, the harvest occurred on 26 August (165 DAFB) with a single pick. Even in this season a
late fruit drop affected the imposed crop load. The ANCOVA showed a significant effect of the number
of fruits as a covariate variable for yield (F = 126.95; p < 0.001) and WPi (F = 76.84; p < 0.001), whose
values have been adjusted accordingly. Y was similar for the four treatments, with values ranging from
16.78 t ha−1 (M) to 13.56 t ha−1 (F). Fruit fresh weight was higher in M (256.65 g) than in T (234.46 g) and
the lowest values were observed in S and F with FW of 216.92 and 211.65 g, respectively (Table 5). The
highest WPi was recorded in M (16.2 kg m−3), followed by S (14.03 kg m−3), T (8.38 kg m−3) and F with
WPi of 7.45 kg m−3 (Table 5). No difference in terms of sugar content, flesh firmness and percentage of
red overcolor was observed among the treatments (Table 5).
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Table 5. Yield (Y), fruit fresh weight (FW), water productivity (WPi), sugar content (TSS) flesh firmness
(FF) and fruit skin red overcolor, measured on the 4 treatments under investigation in 2016. Data were
subjected to ANCOVA analysis, considering the number of fruits per tree as a covariate variable and
were adjusted accordingly. For each variable, different letters indicate a statistical difference at p ≤ 0.05.

Treatment
Y FW WPi TSS FF RC

(t ha−1) (g) (kg m−3) (◦Brix) (kg m−2) (%)

T 15.25 234.46 ab 8.39 b 14.16 4.58 84.07
M 16.78 256.65 a 16.22 a 13.75 4.96 93.89
F 13.56 211.65 b 7.45 b 14.13 4.26 93.33
S 14.35 216.92 b 14.03 a 13.78 3.58 84.63

F-value 0.19 3.49 4.56 0.73 0.76 2.38
p-value 0.899 0.052 0.026 0.553 0.539 0.125

4. Discussion

The thermic pattern during the two years of study was quite similar and in line with the average
of the site while year 2015 was less rainy than 2016 (Figure 1). The similar chemical–physical conditions
of the soil recorded at the beginning of the trial suggested that the starting point for the four treatments
was the same (Table 1). At the end of 2016, the different floor and water managements affected the soil
chemical features (Table 1). S, subjected to water restriction and tillage, showed a decrease in TOC
and assimilable P. As observed in other studies, under semi-arid conditions the high temperature
and evapo-transpirative demand of the environment, jointly with the low soil moisture lasting for
long time during the year, may have increased the mineralization processes, reducing the already low
organic carbon in the soil [10,42,43]. An additional, related consequence could have been the reduction
in P in its assimilable form in the tilled treatment subjected to water shortage [44]. A decrease in P in its
assimilable form was observed in an evergreen forest, in the Mediterranean area, subjected to drought
stress [45]. M, experiencing the same water supply of S, did not show a decrease in TOC suggesting the
positive role of artificial, reflective mulching in preventing organic matter over degradation (Table 1).
The use of organic mulching (F) did not affect TOC, while it was not possible to verify if the increase in
P occurring in this treatment was given by the floor management per se or to the increased amount of
P supplied as fertilizer to feed the service crop (Table 1). Artificial reflective mulching reduced soil
evaporation behaving as a physical barrier against the water loss but also reducing solar radiation
absorption by the soil and the wind speed at the surface [46]. Even when receiving about 50% less
water than the control (T), M maintained SWC higher than T for most of the irrigation season in both
years (Figure 3). These preliminary results confirmed what was observed in other studies on rain-fed
peach orchards where mulching with plastic film reduced water loss of about 15% in comparison with
tilled soil [14]. The flattening technique (F) ameliorated SWC conditions in the rainier year (2016) till
the end of July. Afterward, its SWC dropped faster than T after irrigation, in both the years (Figure 3).
This rapid water depletion might have been attributable to the disruption of the natural mulching
and to the onset of relevant soil cracking occurring in clay soils, low in organic matter [47]. August
was characterized by a general water limitation caused by watershed restriction usually occurring
in this area (water demand for crop and for civil use increases in this period). Under this stressful
condition, M continued to maintain SWC higher than the remaining treatments (Figure 3); only in a
few cases its soil water content dropped below the IT, assuring an adequate soil moisture for all the
season long [13,15]. When the soil evaporation was not contrasted, the reduction in water supply (S),
produced a progressive consumption of the readily available water with values of SWC very low and
below the IT (Figure 3).

Soil and water management strategies affected leaf functionality and water relations in peach trees.
In both the years, when water supply was not yet differentiated among the four treatments and SWC
was within the readily available water range (Figure 3), T, M, F and S behaved similarly (Figures 4 and 5)
for carbon assimilation (ΣPn), water transpiration (ΣTr) and plant water status, expressed as water
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stress integral (SΨ). Reflective mulching, preventing the excessive soil evaporation and increasing
the diffuse light, maintained the pedo-climatic conditions favorable to photosynthetic activity of
leaves [13,14] for the entire vegetative–reproductive season in the two years of study (Figures 4A and
5A). Excluding the measure performed in 2016 at 124 DAFB (12 July), ΣPn, ΣTr and SΨ in M were
similar, and in some cases higher than T receiving double the amount of water (Figures 4 and 5). When
water shortage was associated to tillage (S), tree water status (SΨ) was affected and net photosynthesis
was subjected to stomatal limitation (reduction in average gs and ΣTr) and probably to non-stomatal
limitation as well (Figures 4 and 5). Previous research in pear, apple, peach and grapevine suggested
that stomatal closure could affect leaf thermoregulation inducing the increase in leaf temperature and
raising the activity of photorespiration [48–50]. This process is a photoprotective strategy for the plant,
but it means a loss of carbon in terms of biomass accumulation [51–53]. The use of natural mulching
associated with full irrigation (F) did not affect leaf functionality (ΣPn and ΣTr) in comparison with T
till the end of July, in both years (Figures 4 and 5). This suggested the absence of such competition
between the main and the service crop and the positive effect of the flattening technique in controlling
weeds. This positive effect was already observed in vegetable crops [54,55]. In August, when the
flattened crop was disrupted and the soil cracking caused a rapid water depletion (Figure 5, 163 DAFB),
SΨ, ΣPn and ΣTr values in F were the lowest of the four treatments. From a leaf functioning point of
view the use of the flattening technique for all of the dry season appeared to be detrimental under
particular pedoclimatic conditions such as hot summer, clay and poor of organic matter soils.

The differences among the treatments appeared more evident when high temperature and VPD
were associated with soil moisture limitation. The comparison between the days 86 and 87 DAFB of
year 2015 revealed that SWC did not change markedly within each treatment as well as SΨ (Figure 4C).
However, at 87 DAFB, the environment was more water demanding than the previous day: the average
Tair and VPD passed from 36.4 to 37.5 ◦C and from 3.5 to 4.5 kPa, respectively. As a consequence, soil
with an adequate SWC allowed leaves to maintain the stomata opened, increasing ΣTr and ΣPn. On
the other hand, S, having a low SWC, reduced gs and leaf transpiration [56], thus carbon assimilation
(Figure 4A). Trees, being in the middle of the Soil Plant Air Continuum (S.P.A.C.) were strongly
influenced by the status of rhizosphere and air. The comparison between F and S at 86, 87 and 88 DAFB
revealed that, even if the two treatments had the same SΨ and midday stem water potential, S showed
a cumulative net photosynthesis and leaf transpiration lower than F (Figure 4). The same behavior
was observed in 2016, comparing M and S at 124 DAFB and F and S at 135 DAFB. This late ripening
peach cultivar seemed to have a “pessimistic” (also called conservative or near iso-hydric) behavior.
At low soil water content and high vapor pressure deficit, S sustained its stem water potential, at
the same level of F, above a safe threshold to prevent embolism [57,58]. This defense strategy was
at the expense of CO2 fixation since it was regulated by stomatal closure [59,60]. These findings are
in contrast with those described by Xiloyannis et al. (1980) on another late ripening peach cultivar
considered aniso-hydric [61], suggesting the needing to deepen this issue.

During the first year of study, the pattern of fruit growth of the four treatments was similar till
the end of fruit cell division stage (38–77 DAFB); however, M and S, receiving less water, showed an
average absolute growth rate lower than T and F (Table 2). This difference was completely recovered
in M during the pit hardening stage (77–105 DAFB), while S continued to have an average AGR lower
than the remaining treatments (Table 2). Passing from pit hardening to the fruit cell expansion stage
(105–125 DAFB), peach fruit became more water and carbon demanding [62]. Water shortage, jointly
with the reduction in net photosynthesis, led to fruit growth limitation. As revealed by the average
V and AGR in the period 105–125 DAFB (Table 2; Figure 6), the reduced AGR initially observed in S
during the pit hardening (77–105 DAFB) resulted in fruit size lower than the remaining treatments
(Table 2). In August, during the last part of fruit cell expansion and close to the harvest (125–148
DAFB), fruit growth was limited even in F, suggesting that the rapid water depletion occurring in this
period affected fruit volume and growth rate (Table 2, Figure 6). All the advantage of F on S was lost,
and, at the end of the season, the two treatments showed the smallest fruits (Figure 6, Table 3). The
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same behavior was observed in 2016. The rainier season alleviated the effect of water shortage and till
140 DAFB (first part of fruit cell expansion) no differences were recorded among the treatments for
fruit volume and AGR (Table 4, Figure 7). During the last part of fruit cell expansion (140–164 DAFB),
even in this season, F and S showed the lowest average AGR (Table 4), fruit volume (Figure 6) and fruit
size (Table 5).

Fruit yield was generally low considering that Calred is a late ripening cultivar. However, it
should be taken into account that this cultivar was subjected to a late fruit drop in both the years
and that, probably, trees were not at a fully mature productive status, as in 2015 and 2016, they were
at third and fourth leaf, respectively. The different orchard floor management and water supply
did not affect yield, but the fruit size with biggest fruit picked on T and M (Tables 3 and 5). Water
productivity of M was about 70 and 90% higher than T suggesting that the use of artificial reflective
mulching could be considered a water friendly strategy in rainfed [14] as well as in irrigated peach
orchards (Tables 3 and 5). Although in 2015 peaches seemed to ripe earlier in M in comparison with
the remaining treatments (Table 3), fruit quality (TSS, FF and RC) was generally not affected by the
different managements (Tables 3 and 4).

5. Conclusions

Under semi-arid conditions and where water supply is limited, the choice of an appropriate
orchard floor management could be of pivotal importance for getting the peach production both
economic and environment-friendly. Even receiving about 50% of the regular irrigation, reusable
reflective mulching reduced water loss and soil carbon over mineralization, not affecting (sometimes
increasing) net carbon assimilation, yield, and fruit size. As a consequence, water productivity was
drastically increased. These first results suggested that the reflective mulching strategy could be
considered to be water and soil “friendly”. This management technique is firstly described and
explored on a peach orchard, thus the studies on the development and the use of alternative material
for mulching should be explored. The flattening technique as mulching strategy should be refined
for the final part of the irrigation season, especially in those hot and dry areas with clay soils, low in
organic matter, thus predisposed to cracking.
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