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Abstract: The European “Green Deal” strategy is aimed at making Europe the first climate-neutral
continent by 2050 through integrated actions relying on healthier agricultural systems grounded
in (environmental and economic) sustainable practices, including soil carbon management and
biodiversity enhancement. In this vein, the present study contrasts the economic-environmental
performances of conventional (deep tillage) and conservative (no-tillage and soil ripping) practices
for two varieties of durum wheat (Triticum turgidum spp. durum), namely a modern (Anco Marzio)
and an ancient landrace (Saragolla Lucana) variety in the Basilicata region (Southern Italy). Field
and laboratory analysis (granulometry, mineralogy, and geochemistry) as well as satellite data
(RapidEye) were used to characterize the soil and vegetation patterns. The empirical results indicate
a higher biomass production and vegetative potential together with higher grain yields in soils
managed with conventional deep tillage compared with soil managed with conservative practices.
Similarly, the modern wheat variety exhibited better performance with respect to the old landrace.
The soils managed with conventional practices had a distribution of exchangeable macro-nutrients
characterized by a reduction in Ca+ and an increase in Mg2+ and K+ between pre-sowing and
post-harvesting. Such a distribution was also genotype-dependent, with a higher variability for
Saragolla Lucana than Anco Marzio, showing a diverging adsorption of macro-elements between the
modern and ancient landrace varieties.

Keywords: VHR satellite; RapidEye; Saragolla Lucana; durum wheat; conservative tillage; sustainability;
district resilience

1. Introduction

The main goals set up by Agenda 2030 [1] involve both emerging economies and
advanced countries with disadvantaged rural districts affected by social inequalities, de-
mographic aging, and environmental degradation [2]. To cope with climate warming and
food security challenges—in line with Agenda 2030—the European Commission recently
presented a new strategy called “the European Green Deal” [3], a set of initiatives for the
transition to a greener economy. The ambitious goal of the strategy is to make Europe
the first climate-neutral continent in the world by 2050, implementing integrated actions
focused on a circular economy, ecosystems and biodiversity, and transport, green, and
healthier agriculture systems. Among these initiatives, the “Farm to Fork strategy” sup-
ports the shift of the focus of production from compliance to performance (with reference
to farmers involved in the sustainable management of soil carbon, refined management of
nutrients, and reduction of emissions) together with a containment of land abandonment,
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improving both socioeconomic dynamics and biodiversity sinks [4–7]. At the same time,
cultivated areas have been decreasing steadily in Europe in the last decade (−0.9% between
2010 and 2019 in the EU-27). Arable land decreased by about 2.7% in 2019 compared with
2010, being at least in part replaced by woody crops, permanent meadows, and pastures [8].
An evident decline in farmland area has been observed in Italy, especially in “inner areas”
(as clearly outlined in the National Strategy for Inner Areas (SNAI) [9,10] of Southern Italy,
where a lack (or inadequacy) of infrastructure amplified the economic gap with Northern
Italy [11]. Cereal crop surfaces decreased by 14,7% between 2010 and 2019 to just under
3.1 million hectares, determining the increased imports from the United States of America,
Brazil, and Canada [12].

The Basilicata region in Southern Italy ranks third for durum wheat cultivated surfaces
in Italy after Apulia and Sicily. In line with national trends, Basilicata has experienced a
continuous decrease in agricultural surfaces, with a significant rate of loss especially in
areas already specialized in cereal crops. Considering the last inter-census period, agri-
cultural areas and farm numbers decreased by 10% and 34%, respectively [13]. Nearly
35% of the agricultural area of Basilicata was cultivated with cereals, of which durum
wheat was the dominant crop (over 70%). Areas more devoted to cereal crops are located
in the Vulture-Melfese district (northern part of Basilicata) and in the so-called Hills of
Matera (southeastern part of Basilicata). Despite the inherent land abandonment, cereals
maintain a strategic role in local agriculture, both in terms of surface areas and production
value (nearly EUR 150 million per year [14]). The persistent decrease of land devoted to
cereal production was frequently associated with lower profitability when compared with
more valuable crops (e.g., vineyards, olive groves, and orchards) and moderate-to-low
competitiveness of farms in Southern Italy within progressively globalized markets, where
emerging products from developing countries gain market shares due to the cheaper labour
costs [15]. Finally, climate change (i.e., droughts, intrinsic changes in rain seasonality, and
an increase in extreme events) negatively impacted yields of different crops, including
cereals [16–21]. Preserving these traditional crops by adopting economically and envi-
ronmentally viable solutions means avoiding a generalized loss of income for farmers
with the consequent depopulation of marginal areas. These strategies indirectly contribute
to preserving landscapes against hydrogeological risks and land and water degradation,
urban sprawl, as has been typical of rural communities for centuries [6,22–35].

Research may indicate possible alternatives in managing agricultural areas in a more
sustainable way, contributing to preserving the environmental quality and the economic
resilience of rural districts. In this vein, our study aims at evaluating the environmental fit
of various agricultural practices that involve (1) the adoption of conservative tillage systems
vs. conventional practices and (2) the use of modern (Anco Marzio) vs. ancient landrace
(Saragolla Lucana) varieties. These findings may provide farmers with useful indications
about the profitability of embracing environmentally friendly solutions (no tillage and
minimum tillage) and high-quality genotypes (old landraces). To this aim, field surveys,
soil laboratory analysis, and satellite image processing were implemented to characterize
soil and biomass production in two sites of northern Basilicata, where both conventional
and conservative agricultural practices were commonly adopted for the cultivation of
durum wheat. In particular, the investigations conducted with the help of remote data
provide a snapshot of the spatial patterns of high- and low-yield areas in order to make
more informed decisions about agricultural management.

2. Study Area

Two areas within northern Basilicata (Southern Italy) renowned for agricultural pro-
duction are studied here (Figure 1). To avoid the influence of different weather conditions
in wheat growing, both conventional deep tillage (DT) and conservative agricultural
practices (CP) were implemented in each site by dividing the fields into two sub-areas
(see Section 3.1):
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• A DV area in the Lavello countryside, where the Anco-Marzio durum wheat variety was
cultivated by implementing deep tillage and conservative no-tillage agricultural techniques;

• A CA area in the Venosa countryside, where the Saragolla Lucana durum wheat variety
was cultivated by managing the soil with conventional deep tillage and conservative
ripping practices.
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(Geological map of Italy, 1:100,000 scale).

The tested genotype of durum wheat (Triticum turgidum spp. durum) is representative
of modern (Anco Marzio) and old landrace (Saragolla Lucana) varieties. Most of the wheat
flour commonly consumed derives from modern wheat varieties bred after the so-called
“Green Revolution” (since late 1960s). They are characterized by the replacement of old
low-yielding cultivars with more productive varieties which are generally not as tall to
prevent bending and adapted to high-input agriculture [36,37].

Anco Marzio is a variety registered in 2003 (Pedigree Stot//Altar84/ALD) with a
medium-early cycle, plant height of 70–80 cm, high electrolytic weight, and a low ver-
nalization request (alternative). The average productivity is quite high (4–6 t/ha) with
conventional agronomic practices and high input. Higher yields are frequently observed in
the optimal agronomic contexts of Northern Italy (>8 t/ha) (National Council for Agricul-
tural Research and Economics, former Experimental Institute for Cereal Growing, Database
of Durum Wheat National Network http://qce.entecra.it/frduro/dblist3.asp, last access
24 February 2022). For pasta production, its semolina showed a high protein content and
low cooking loss [38].

Saragolla Lucana is an ancient variety of durum wheat, and it was the first variety of
durum wheat recovered and registered with the Italian Ministry of Agricultural, Food
and Forestry Policies (MIPAAF) as a “conservation variety” in 2014 (DM 14A00355, Italian
Official Gazette, GU series 22—8 January 2014). Conservation varieties are defined by
the EU Directive 2009/145/EC as “the landraces or varieties of agricultural plant species
which are naturally adapted to local and regional conditions and threatened by genetic
erosion“ which are listed within national catalogues. At the national level, Italy has adopted
this directive by providing the “Guidelines for the conservation and characterization of
plant, animal and microbial genetic resources for food and agriculture” edited by the
MIPAAF—Italian Ministry of Agricultural, Food and Forestry Policies in 2013.

In these guidelines, conservation varieties represent a subset of the local varieties
(i.e., varieties that lack “formal” genetic improvement and are characterized by specific

http://qce.entecra.it/frduro/dblist3.asp
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adaptations to the environmental conditions of the area of cultivation, such as being tolerant
to the biotic and abiotic stresses of that area) and must meet the following additional
requirements: “be of interest to a conservation program; be accompanied by information
derived from an official examination or by inscriptions, characterizations, knowledge and
other details obtained from competent authorities or organizations; not be entered in the
Community Catalogue for at least two years; not be protected by either community or
national property rights; be identified by the area of origin, and meet the limited DUS
(Distinctness, Uniformity and Stability) requirements for those characteristics determined
by technical questionnaires (Community Plant Variety Office—CPVO or International
Union for the Protection of New Plant Varieties—UPOV)”. Precise requirements must also
be met for the production of seeds, including the seed reproduction area.

The Saragolla Lucana variety was widely cultivated in northwestern Basilicata (espe-
cially in the municipalities of Palazzo San Gervasio, Forenza, Maschito, Banzi, Genzano di
Lucania, Venosa, Montemilone, and Lavello). With the Green Revolution, it was replaced
by more productive and small-sized modern durum wheat varieties. Today, these landraces
are recovered thanks to the commitment of the Lucanian Cerealists Association of ancient
varieties (ALCAV), the Council for Agricultural Research and Economics (CREA), and the
Basilicata region. Saragolla Lucana has a medium-late cycle and is different from modern
Saragolla with an early cycle, plant height of 140–160 cm, a high electrolytic weight, and a
low gluten content.

2.1. Soils

Continental and marine sedimentary sequences are dominant in northern Basilicata
(Figure 1). In detail, the DV study site is representative of soils developed above the
recent (Olocene) terraced alluvial sediments of the Ofanto River, mainly consisting of
sandy gravels and sands. According to the soil classification of the region (available at
http://www.basilicatanet.it/suoli/regpedologiche.htm, last access 7 February 2022), the
studied topsoils belong to shallow, poorly developed horizons that formed in flat areas
at altitudes ranging from 100 to 400 m above sea level (samples from DV1 to DV6 were
included in this soil classification). As for the CA site, the investigated soils (samples from
CA1 to CA6) formed on the Pleistocene terraced deposits, mainly consisting of polygenic
conglomerates locally embedded with sandy levels. These soils are from the top of a deep
and well-developed profile in which the gravelly skeleton is abundant. In the study area,
this soil type generally consolidated within sub-flat areas occurring at 230 to 700 m above
sea level.

2.2. Climate

The climate of this rural district falls between two sub-groups of the Köppen–Geiger
classification system: Csa and Bsk (i.e., the hot summer Mediterranean climate and the hot
semi-arid climate, respectively) [39,40]. In other words, agricultural areas experience typical
hot and dry summers and mild winters, while rainfall occurs prevalently in the autumn-
to-winter period [41]. The daily mean air temperature and rainfall amounts for the year
2015 were derived from the weather stations of Lavello and Venosa (source: the regional
network of the Agency of Development and Innovation in Agriculture (ALSIA)), which are
close to the studied farms. As reported in Figure 2, the weather station of Lavello showed
mean values of temperatures (15.3 ◦C) slightly higher than those at the station of Venosa
(15.0 ◦C), whereas the amount of precipitation was rather similar (about 650 mm/year).

http://www.basilicatanet.it/suoli/regpedologiche.htm
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weather stations of (a) Lavello (location of DV study site) and (b) Venosa (location of CA study site)
(source: ALSIA network of Basilicata).

3. Materials and Methods

Laboratory and satellite analyses were used to characterize the soil matrix and vegeta-
tion patterns. The soil samples were primarily analyzed to identify significant differences
in the pre-sowing soil characteristics that could affect wheat growth under deep and con-
servative tillage. High-resolution satellite data were elaborated to evaluate the different
biomass vegetative conditions of the wheat fields with the different tillage types. Image
processing and spatial analysis provided simple statistics and were carried out in a GIS
environment (QGIS 3.14.15; see http://qgis.osgeo.org, last access 7 February 2022).

3.1. Sampling

As durum wheat was planted during the autumn of 2014 and harvested in late June
2015, two fieldworks were performed in October 2014 and July 2015 to collect representative
samples of the topsoil before seeding and after harvesting, respectively. During each
fieldwork, six samples per area were collected (Figure 3), following a sampling scheme
with 100-m long regular steps. In detail, at the DV site (Figure 3a), samples from DV1
to DV3 were taken from the soils managed with deep tillage, and samples from DV4 to
DV6 were from a soil under conservative practice (no tillage;). Similarly, at the CA site
(Figure 3b), CA1–CA3 samples were collected from a deep tillage soil, and the CA4–CA6
samples were representative of a conservative practice (ripped soil).
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nomic practices (CP). (b) CA study site with deep tillage (DT) and ripping technique as conservative
practices (CP) (background image from Google Earth).
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3.2. Grain Size Analysis

Granulometric analysis was carried out on all samples with the aim of detecting
the percentage of grain size fractions composing the studied soils. The wet sieving and
fractioned sedimentation methods were accomplished following the pretreatment and
treatment activities described by Summa [42]. About 30 g of each sample was selected by
quartering and then subjected to analysis. The wet sieving method was performed by using
American Society for Testing and Materials (ASTM) standard sieves for the separation of
the >2 mm and from 2 mm to 63 µm grain size fractions. Particles with diameters less
than 63 µm were separated by fractioned sedimentation based on Stokes’s law and divided
by siphoning in the following fractions: 63–2 µm and <2 µm. During the settling time,
flocculation, linked to the presence of colloidal particles in the samples, was avoided by the
additional dilution of the sample in distilled water or by using a few drops of NH3 as a
deflocculating substance.

3.3. Mineralogical and Physical-Chemical Analysis

The mineralogical characterization of soils was carried out by means of X-ray diffrac-
tion analysis (XRD) of both the powdered bulk samples and <2 µm fractions. A Rigaku
D/MAX-2200/PC diffractometer equipped with Cu Ka radiation, a secondary monochro-
mator, and a sample spinner was used for the analyses at the Laboratory of Medical and
Environmental Geology of the Institute of Methodologies for the Environmental Analysis
of the Italian National Research Council (IMAA-CNR). Randomly oriented powders were
used for the XRD analysis of the bulk, and oriented aggregates were used for the XRD
analysis of the <2 µm fractions. Following a consolidated method [43,44], four types of ori-
ented aggregates (air-dried, solvated with MgCl2, solvated with ethylene glycol overnight
at 60 ◦C, and heated at 375 ◦C for 8 h) were analyzed and compared for the identification of
clay minerals. Diffraction data were recorded between 2◦ and 70◦ 2θ for the bulk powders
and between 2◦ and 33◦ 2θ for the <2 µm fractions. The mineral phase identification
was realized by means of Winfit software [45]. The full-width half maximum (FWHM)
and the peak areas of the principal diffraction peaks were also measured to quantify the
mineralogical phases [46]. The characterization of mixed-layer clays was accomplished by
following the Moore and Reynolds procedure [43].

The physico-chemical analyses of soils were aimed at the determination of the pH,
electrical conductivity (EC), and contents of the main soluble and exchangeable cations
(such as Mg2+, Ca2+, Na+, and K+). The pH and EC values were obtained, conducting
measurements of a suspension following a formal methodology (Italian Law no. 79, 11 May
1992, “Official methods of soil chemical analysis”). The cation concentrations were detected
by inductively coupled plasma optical emission spectrometry (ICP-OES) using a Varian
Vista-MPX spectrometer at the IMAA-CNR laboratories. ICP-OES was performed on
supernatants resulting from the soil/water suspensions (4 g of sediment dispersed in
40 mL of distilled water) after mechanical shaking (12 h), centrifugation (4000 rpm for
30 min), and filtering (with Whatman® Grade 40, Ashless filter paper). An additional
pre-treatment with ammonium acetate instead of distilled water was also carried out on
all samples following the procedure suggested by Chapman [47]. The cation contents
were used to calculate the geochemical indices, including the cation exchangeable capacity
(CEC), exchangeable sodium percentage (ESP), exchangeable calcium percentage (ECP),
exchangeable magnesium percentage (EMP), and exchangeable potassium percentage
(EPP), which were suitable to assess the water–rock interaction processes affecting the soil
matrix [23,48,49].

3.4. Satellite Data Analysis

To analyze the wheat plant biomass, a high-resolution RapidEye image, taken when
it was cloud-free over the study areas, was acquired on 30 May 2015 during the top peak
of the phenological stage of the cereal crops in the examined fields. The peak occurs in
correspondence with the earing and flowering phases of the wheat (phases 7 and 8 in
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Figure 4). The characteristics of the acquired satellite image and the corresponding tile are
shown in Figure 5.
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synchronous orbit, each of them carrying an identical multispectral push broom imager.
RapidEye was the first commercial imagery (available since August 2008) to supply an
individual band in the red edge wavelengths (Figure 6), which is linked to critical crop
parameters such as chlorophyll content, biomass, and water content. Actually, RapidEye
data have been conceived mainly for use in agriculture and forestry [50,51].

The RapidEye sensor acquires from the visible to the near infrared wavelengths in five
spectral bands as follows: B1 = blue (B), 440–510 nm; B2 = green (G), 520–590 nm; B3 = red
(R), 630–685 nm; B4 = red edge (RE), 690–730 nm; and B5 = near infrared (NIR), 760–850 nm.

A radiometrically corrected and orthorectified (application of Toutin’s orbital model
with 10–12 ground control points and the nearest neighbor resampling method) product
(orto_3d_ATM product) was used in the WGS84 projection system at UTM zone 33 north
with a 5-m pixel size. To estimate the biomass production and compare the wheat vege-
tation characteristics of the two sites, the multispectral RapiEye bands were combined to
obtain various vegetation indices. A vegetation index is a linear (or nonlinear) combination
of reflectance at different wavelengths to enhance or reveal specific and normally hidden
information about vegetation (see, for example, [52]) starting from correctly preprocessed
images [53]). Depending on the used spectral bands, some indices were correlated to

https://terraevita.edagricole.it


Agronomy 2022, 12, 597 8 of 22

the presence of particular chemical pigments (e.g., chlorophylls, carotenoids, or antho-
cyanins), other indices were correlated to the moisture content of the covers, and the
remaining ones were correlated to the vegetation vigor and density. They were analyzed
directly as proxy (surrogate) variables or adopted to implement models (mainly based on
empirical regression techniques) for monitoring vegetation cover characteristics (see, for
example, [54]).
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For the purpose of this study (i.e., the evaluation of two diverse management regimes
(conventional vs. conservative) and varieties (modern vs. ancient landrace)), we used
vegetation indices as proxy variables to compare the plant vigor, biomass production, and
chlorophyll content of the analyzed wheat fields. Based on these premises, we adopted
the Normalized Difference Vegetation Index (NDVI) [55] and its Red-Edge NDVI version,
considered to be reliable proxies for vegetative status evaluating plant biomass in natu-
ral [51] and agricultural ecosystems [52,56–58] and identifying vegetation stressed by soil
contaminants [59–61] or meteo-climatic factors [62–65]. As they are sensitive to the level of
photosynthetic activity, the biomass production refers to live mass residing above ground
and able to implement the photosynthesis process. Additionally, for wheat plants, they
showed a high correlation with the aboveground plant biomass and biomass vigor (see,
for example, [66–68]). In addition, the NDVI acquired in the wheat flowering stage also
had good correlation with the final yield [69]. The former index was estimated by adopting
RapidEye bands 3 and 5 (RED and NIR), whereas bands 4 and 5 (RED-edge and NIR) were
combined as follows for the latter index:

NDVI =
(NIR − RED)

(NIR + RED)
NDVIre =

(NIR − REDedge)
(NIR + REDedge)

NDVIre was proposed to increase the sensitivity to the chlorophyll content and mini-
mize the effects of a dense canopy [57]. Chlorophyll, as with other pigments, absorbs light
at the blue and red wavelengths, whereas the scattering due to a leaf’s internal structure
occurs in the NIR region. Thus, the red edge inflection point (REIP, Figure 7) was considered
the optimal indicator of the chlorophyll content since it defined the limit of chlorophyll
absorption. Indices based on the REIP were devised for sensors with very narrow bands.
Even if the ted edge band (B5) of RapidEye was too wide to precisely identify the inflec-
tion point and estimate the chlorophyll content, it was proven to be useful for biomass
estimation in the presence of high values of the leaf area index (LAI) because it reduced the
saturation effect [57,68].
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Chlorophyll is a proxy for the nitrogen content in crops, and for that, it has a crucial
role in estimating crop yields by considering that the nitrogen-based fertilizers are costly
inputs for agricultural management. Identifying the real needs of nitrogen-based fertilizers
in farms has both an economic and an environmental scope. On the one hand, the use of
unnecessary additional inputs is avoided, obtaining yields with minor costs. On the other
hand, water degradation connected with an excessive intake of nitrogen due to runoff from
treated soils is avoided [70]. To estimate the chlorophyll content in the analyzed crops by
using a broad band sensor such as RapidEye, the Modified Chlorophyll Absorption Ratio
Index (MCARI) [71] was elaborated upon as a modified version of the original chlorophyll
absorption ratio index (CARI [72]), adapted from narrow to broad bands based on the
following formula:

MCARI = [(ρ700 − ρ670)− 0.2 ∗ ρ700 − ρ550)] ∗ (ρ700/ρ670)

In addition, we adopted the Modified Triangular Vegetation Index-1 (MTVI-1) as a
proxy for the biomass density [73], and it was calculated as follows:

MTVI1 = 1.2 ∗ [1.2(ρ800 − ρ550)− 2.5 ∗ (ρ670 − ρ550)]

4. Results
4.1. Compositional Features of Soils
4.1.1. Grain Size Distribution

The results of the granulometric analysis revealed no significant differences in the pre-
sowing conditions between the soils under conventional or conservative tillage practices.
A very poor gravel component (4% in DV1 only) was characteristic of the DV samples
(Figure 8a). Among the other grain size fractions, the silty one was the most abundant,
with contents varying in a range between 53% and 64%. As for the sandy and clayey
fractions, values ranged from 26% to 37% and from 7% to 11%, respectively. Based on this
composition and following the Italian Geotechnical Society (AGI) classification criteria [74],
the DV soils were classified as weakly clayey and sandy silt.

The granulometric composition of the CA soil samples differed from that of the DV
samples mainly because of their higher amounts of gravel and clay components (Figure 8b).
In the CA soils, the gravel content fluctuated from 4% to 8%, and the clay amount was
stable in the range of 13–24%. The sand and silt fractions showed contents varying between
18% and 28% and from 46% to 58%, respectively. Such a grain size distribution suggests
that the CA soils were made up of weakly gravelly, sandy, and clayey silt [74] that mirrored
the lithological characters of the geological bedrock. No significant differences aere found
between the soils devoted to conventional (deep tillage) and conservative (ripping) man-
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agement. The grain size distribution did not represent an element inducing differential
growth of wheat plants while comparing the two types of management practices in the
respective sites.
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4.1.2. Mineralogy

The XRD results suggest that the investigated soils had a similar mineralogical com-
position mainly consisting of phyllosilicates, quartz, calcite, plagioclase, K-feldspar, and
dolomite. In all the samples, phyllosilicates were the most abundant mineralogical phases,
with contents close to (or higher than) 50% of the total composition. Among carbonates,
calcite was the prevalent mineral, while dolomite was observed in trace amounts. Quartz,
plagioclase, and K-feldspar completed the mineralogical association without significant
differences among the analyzed samples, both between the sites and between the tillage
practices (Table 1).

Table 1. Mean mineralogical composition of the bulk (Qtz to Tot Phy) and <2 µm fractions
(I-M to Kao) of the studied samples grouped by tillage practice (Qtz = quartz; Cal = calcite;
Dol = dolomite; K-fld = K-feldspar; Plg = plagioclase; Tot Phy = total phyllosilicates; I-M = illite-
mica; I/S = illite/smectite; Chl = chlorite; Kao = kaolinite; tr = 0 ÷ 3%; + = 3 ÷ 10%; ++ = 10 ÷ 20%;
+++ = 20 ÷ 40%; ++++ = 40 ÷ 70%; and +++++ = 70 ÷ 100%).

Tillage Practice Qtz Cal Dol K-fld Plg Tot Phy I-M I/S Chl Kao

Conservative ++ ++ tr + + ++++ +++ ++++ + +
Conventional ++ + tr + + +++++ ++++ +++ + ++

The analysis performed on the <2-µm specimens documented how the investigated
samples were characterized by a fine fraction mainly composed by expandable interlayered
illite/smectite minerals, whose amounts were higher than those of the clay minerals and
phyllosilicates such as illite, chlorite, and kaolinite. Different from the DV soils, only traces
of chlorite and kaolinite were detected in the CA site.
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4.1.3. Geochemistry

Based on the laboratory measurements of the pH and EC parameters and following
the soil classification proposed by the United States Department of Agriculture [75], pre-
seeding soils were classified as weakly alkaline (DV site) with a mean pH = 8.2 and quite
neutral for the CA site, showing a mean pH = 7.7. By grouping the samples according
to tillage practice (Table 2), the soils for conservative practice (CP) had mean pH values
marginally higher than those devoted to conventional deep tillage (DT) which, in turn, had
a wider pH variability (6.8–8.3). Similar to the pH, the electrical conductivity of the CP
soils was generally higher than those recorded for the DT soils (641 vs. 280 µS/cm), but
in this case, the CP soils showed a higher EC variability (∆EC 575 µS/cm). The highest
values were found in the DV sites, where no-tillage conservative practices were adopted.
In particular, we found these values to be 898 µS/cm in DV4 and 703 µS/cm in DV6 (see
Figure 3 for the sampling scheme). In the second sampling (i.e., after harvesting), the
difference in pH (CP vs. DT) slightly increased due to a pH reduction in the DT soils (mean
values from 7.9 to 7.3). Conversely, the EC was generally reduced in all the samples in soils
managed with both conservative and conventional tillage practices.

Table 2. pH and EC values (Min = minimum, Max = maximum, Mean, and SD = standard devi-
ation) of DV and CA topsoil collected during the first (before seeding) and second (after harvest)
sampling campaigns.

Tillage Practice

Before Seeding
(First Sampling)

After Harvest
(Second Sampling)

pH EC
µS/cm pH EC

µS/cm

Conservative (CP) Min 8.1 323 8.1 316
Max 8.2 898 8.2 409

Mean 8.2 641 8.2 355
SD 0.1 238.8 0.1 42.1

Conventional (DT) Min 6.8 195 6.5 96
Max 8.3 471 8.1 280

Mean 7.9 280 7.3 189
SD 0.1 96.6 0.8 715

By using ICP-OES analysis, the concentrations of Mg2+, Ca2+, Na+, and K+ in the
investigated samples were the base of the (geo)chemical indexes delineating the most
relevant geochemical properties of the investigated soils [76,77]. When comparing the
data that refer to the two samples (before seeding vs. after harvest) and the tillage types
(conservative vs. conventional), only a few changes of exchangeable cations were observed,
although constant values for the CEC were detected. As shown in Figure 9, among the
exchangeable cations, Ca was always the most exchangeable element, followed by Mg,
K, and Na. The pre-sowing distribution of interchangeable cations was very similar for
soils managed with conventional and conservative practices. Therefore, this ensured no
influence on the availability of macronutrients for the cultivation of wheat plants within
the subzones managed with the two different tillage practices.

The post-harvesting contents of the alkaline and earth alkaline cations were basically
constant in the conservative soils, whereas they proved to be more variable in the conven-
tional ones. The ECP decreased in conventional soils, whereas the EMP and EPP showed
the reverse pattern. Such a behavior is explained by the higher absorption of Ca and lower
absorption of Mg and other macro-nutrients, as shown by Pandino et al. [78] in durum
wheat in conventional vs. conservative practices in Sicily. Such a behavior is dependent on
the genotype [79], as confirmed by our results, where the reduction in ECP was higher for
Saragolla Lucana (decreasing range in CA samples: 10–30%) than for Anco Marzio (decreasing
range in DV samples: 2–10%) for the same conventional practice (deep tillage).
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4.1.4. Remote Sensing

The NDVI, NDVIre, MCARI, and MTVI-1 maps clearly outlined the differentia-
tion of crop growth in the DV and CA study sites and within the specific sub-areas
(Figures 10 and 11). Such variability profiles can be associated with different health states
or phenological development stages and can be in turn associated with important factors of
both human and natural origins, such as sources of seeds, the speed of the wind, sunshine,
and air temperature. For the DV study site (Figure 10), all the biophysical variables showed
heterogeneous phenological patterns. The values of each index were medium-high in both
sub-areas (conservative and conventional tillage management). However, the NDVI, ND-
VIre, and MTVI-1 maps showed areas with low values mainly localized in the deep tillage
side (especially on its border side and particularly marked around the upper-right corner).
In these areas, low-density crop vegetation corresponding to low NDVI and MTVI-1 values
was present. This was mainly linked to poor accessibility to the edge areas for agricultural
machines, determining a sub-optimal distribution of the seeds during sowing. Similarly, in
these areas, the MCARI showed low chlorophyll levels.

In the CA site, where the ancient variety (Saragolla Lucana) was planted, the NDVI,
NDVIre, and MTVI-1 maps showed similar spatial patterns with heterogeneous values that
were typically lower than in the DV site with the modern variety (Anco Marzio) (Table 3).
The NDVI mean was <0.6 in CA and >0.75 in DV. Similarly, the NDVIre mean was <0.40 in
CA and >0.40 in DV. These lower values in CA were particularly intense in the chlorophyll
proxy map (MCARI < 20,000, with very few exceptions in the sub-area managed with deep-
tillage; see Figure 11). Within the CA site, the sub-area under conservative ripping practice
was characterized by an average crop density lower than the values in the deep tillage
sub-area (NDVI difference of ~12%), documenting the presence of some environmental
constraints. Similarly, the other indices delineated reduced values for the chlorophyll
content and biomass production (Table 4). In such a case, these results may be associated
to the irregular topography of the study area (Figure 12). The areas with very low NDVI,
NDVIre, and MTVI-1 values were concentrated in the “upstream areas” and along the line
circumscribing the two parcels.

For the DV study area with the modern Anco Marzio variety, the sub-area managed
with conventional deep tillage had higher (~3%) average values for the NDVI and NDVIre
compared with the untilled sub-area. This similarity in the mean values of the indices for
the differently managed sub-areas originated from two different conditions. On the one
side, the sub-area under deep tillage was more heterogeneous (from very low to very high
scores), with the corresponding values of the vegetation indices fluctuating largely over
time, while the sub-area under no tillage was more homogeneous, reaching medium-high
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values for the indices on average. Such behavior was also clearly identifiable in the map of
the MCARI.
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conservative (no tillage, left side) and conventional (deep tillage, right side) practices.

For the CA study area, the differences between the mean values of the adopted remote
sensing indices were more evident when comparing the two management approaches (up
to approximately −47% for the MCARI in favor of conventional practices; see Table 4).
Compared with conservative practices, the conventional deep tillage sub-area reached the
highest values for the NDVI (0.96 vs. 0.86), the largest range (0.70 vs. 0.62), and the highest
variance (0.018 vs. 0.014), reflecting a greater heterogeneity typical of micro-conditions
underlying such a practice.

As noted above, the biomass production in the DV site was substantially higher than
in CA site, highlighting a greater production of Anco Marzio durum wheat with respect to
Saragolla Lucana. Both the NDVI and NDVIre showed higher mean values for DV compared
with CA (Figure 13). Within each site, the vegetative performance in soils managed with
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conventional deep tillage was higher than those obtained with conservative practices (~8%;
see Table 4 for the other indices). Productivity data provided by the farmers (2.2 t/ha for
conventional practices vs. 1.8 t/ha for conservative practices at the DV site and 2.0 t/ha
for conventional practices vs. 1.4 t/ha for conservative practices at the CA site) confirmed
the gap found with the satellite-derived vegetation indices between conventional and
conservative tillage practices. Differences in the yields between tillage management types
(conservative lower by about 0.5 t/ha than conventional) were in agreement with those
found in Southern Italy [78,80] and, more specifically, in the close Collina Materana (Hills
of Matera) district [81].
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Table 3. Average values and standard deviation (SD) of vegetation indices by DV (with modern
Anco Marzio variety and CA with old Saragolla Lucana landrace) and type of tillage management
(conventional and conservative), as well as the respective grain yield.

NDVI NDVIre MCARI MTVI1 Yield (t/ha)

DV fields
Modern Variety

Conventional
Mean 0.783 0.442 120,777.22 451.42 2.2

SD 0.13 0.078 413,825.23 146.78

Conservative
Mean 0.759 0.428 33,390.763 448.43 1.8

SD 0.099 0.056 24,873.96 112.55

CV fields
Ancient Variety

Conventional
Mean 0.588 0.360 9368.96 238.66 2.0

SD 0.135 0.07 10,273.42 80.71

Conservative
Mean 0.522 0.320 6363.84 198.06 1.4

SD 0.126 0.06 3794.31 71.83

Table 4. Performance of conservative tillage management (no tillage and ripping) with respect to
conventional deep tillage for the different vegetation indices and grain yields.

Conservative vs. Conventional

NDVI NDVIre MCARI MTVI1 ∆Yield (t/ha)

DV Site: Modern Variety −3.2% −3.3% −261.7% −0.7% −0.4
CA Site: Ancient Variety −12.6% −12.5% −47.2% −20.5% −0.6
Average −7.9% −7.9% −154.5% −10.6% −0.5
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The obtained grain yields also supported the difference in biomass production found
between the two sites, with a reduced amount of grain in CA for the landrace with re-
spect to the modern varieties in DV for both conservative and conventional practices. The
difference in favor of the modern Anco Marzio variety amounted to +0.2 t/ha for conven-
tionally managed fields and increased up to +0.4 t/ha in the case of fields managed with
conservative practices (Table 5).

Table 5. Performances of the modern wheat variety (Anco Marzio) with respect to the ancient landrace
variety (Saragolla Lucana).

Modern vs. Ancient

NDVI NDVIre MCARI MTVI1 ∆Yield (t/ha)

Conventional +24.9% +18.6% +92.2% 47.1% +0.2
Conservative +31.2% +25.2% +80.9% 55.8% +0.4
Average +28.1% +21.9% +86.6% 51.5% +0.3

Conversely, the difference (irrespective of site and variety) in the satellite-based
biomass production for the three evaluated tillage practices (deep tillage, no tillage, and
minimum tillage (i.e., soil ripping)) was not proportional to the grain yield (NDVI values for
conventional deep tillage in CA were lower than conservative no tillage in DV). Such perfor-
mances highlight a genotype dependency (lower vegetation indices for the Saragolla Lucana
in CA than Anco Marzio in DV) together with an evident micro-climate influence and prove
to affect durum wheat production in Southern Italy [79,82]. In particular, Saragolla Lucana
with its medium-late cycle (contrary to the medium-early cycle of Anco Marzio) could not
have already reached the phenology peak at the date of image acquisition, showing lower
values for the vegetation indices.

Use of a REDedge band for analysis at the aggregate levels of biomass productivity
did not add more specific information. The RapidEye REDedge band (B4) provided lower
NDVI values (vs. RED B3) with a similar response pattern (Figures 10 and 11). Conversely,
in the assessment of spatial heterogeneity of the wheat vegetative status, the NDVI map
based on the RED band showed a higher variance (mean of sub-areas = 0.014) compared
with the map based on REDedge (mean of sub-areas = 0.005). However, such a higher
variability induced the saturation of some pixels on the map of the standard NDVI (mainly
in the DV area, about 3%), as highlighted for crops with dense canopies such as maize and
soybeans [57,83]. Therefore, the usefulness of the REDedge band from sensors with broad
spectral acquisitions such as RapidEye was strictly analyses-dependent for crops with a
reduced canopy density, such as durum wheat.

5. Discussion

This study evaluated the performance of a modern (Anco Marzio) and ancient landrace
(Saragolla Lucana) variety of durum wheat (Triticum turgidum spp. durum) by adopting
conventional deep tillage and environmentally sustainable practices. The empirical results
documented a higher biomass production and vegetative vigor, as well as higher grain
yields in soils managed with conventional deep tillage compared with farms adopting
conservative practices, as is generally found in the first years from the adoption of conser-
vative techniques [84]. Higher yields with conservation practices are usually reached over
the long term thanks to the improvement of soil conditions. However, other studies have
shown a variability in yield performances between wet and dry years, with an advantage
to conservative practices in dry conditions [81,85–87].

The vegetation indices derived from the RapidEye optical imager suggest that for
low-density canopy cultivations (such as durum wheat), the adoption of sensors with
narrow spectral acquisitions in the REDedge band (e.g., on emerging UAV sensors for field
assessment [88,89]) is useful for assessing the spatial heterogeneity of the vegetative status.
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The use of a hyperspectral satellite such as PRISMA with a high signal-to-noise ratio [90,91]
is more appropriate for large-scale assessments.

Although the empirical survey was carried out over a 1-year field campaign, the
results of exchangeable macro-nutrients showed a reduction in the ECP in soil managed
with conventional deep tillage and an increase in the EMP. Similar results were obtained for
durum wheat in Sicily, where the comparison between conventional versus conservative
practices showed a higher absorption of Ca and lower absorption of Mg and other macro-
nutrients [78]. In addition, the observations of a pool of Italian durum wheat varieties
showed a significant influence from environmental factors [82] and the wheat genotype [79]
on the concentration of mineral elements. Our findings are in agreement with the genotype
dependence hypothesis. With the same conventional practice (deep tillage) and distribution
of exchangeable cations in the soils before seeding, the comparison of pre-sowing and post-
harvesting showed a reduction in the ECP which was higher for Saragolla Lucana (10–30%)
than for Anco Marzio (<10%). Other studies also showed a genotype dependency for micro-
nutrients, where conservative managements for durum wheat cultivation (Claudio and
Saragolla varieties) had the higher values of Fe, Mn, and Zn [78]. Further investigations are
required to better define the genotype dependency for biomass production and vegetation
vigor derived from satellite data. Some differences in rainfall distribution during the grain-
filling period (less homogenous rainfall in CA vs. DV) and in granulometric composition
(higher amounts of gravel and clay components in CA vs. DV) could have also influenced
the yields in the two sub-areas managed with the same tillage practice [92,93].

The grain yields do not support the adoption of conservative practices, even consider-
ing the reduction in production costs (less labor hours, fuel, and fertilizers). For the same
agricultural campaign (2014–2015), a study of farms specialized in durum wheat cultivation
with conventional tillage, minimum tillage, and no tillage in an area close to our study
sites (Collina Materana) documented a negative cash flow for all the tillage systems in the
absence of CAP payments, with minor losses for no tillage in an area [81]. Moreover, in a
3-year assessment, the no-tillage cash flow became the most economically viable, as the
grain yield was demonstrated to be more stable in rainfall variability.

Use of the traditional landrace Saragolla Lucana may support differentiated farm
strategies in highly competitive and demanding markets. Thanks to globalization and
the homogenization of food and fiber products, consumers are becoming more and more
demanding of higher quality, safe, and tasteful (traditional) goods [94,95]. Consumers
associate tradition with native varieties of durum wheat and recognize traditional pasta
made from landrace varieties worthy of higher economic value [96]. Before the COVID-19
pandemic hit, the EU food industries were already subject to changing consumer behaviors,
and these emerging trends—the Farm to Fork strategy and the general awareness of the
need for a higher degree of sustainability and healthy and nutritious food—are forcing
suppliers to adapt [97].

6. Conclusions

The implementation of more systematic field sampling is necessary to identify the
best agronomic practices for the Saragolla Lucana variety, aimed at diversifying productions
and increasing local competitiveness. As stated by the United Nations Development
Programme (UNDP), the current COVID pandemic offers a tremendous opportunity for
reaching the 2030 Agenda and the Sustainable Development Goals (SDGs). The FAO
estimates for global wheat production in 2020–2021 have been valued at 776 million tons,
which is 2.1% above the previous year’s production. Wheat trade is forecasted to further
expand by 1.8 percent in 2021–2022 [98]. An increase in agricultural areas for the sowing
of cereals is expected in Italy [99]. Together with more general evidence concerning the
importance of traditional farming, these trends delineate a fundamental opportunity to
support the choice of economical and environmentally sustainable agronomic practices
that reinforce the resilience of rural districts. Wide-ranging practices are especially needed
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in terms of both agricultural techniques and landraces and may bridge the gap in crop
yield between conventional practices and modern wheat varieties.
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