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Abstract

Purpose

Floods are considered the major threat of soil suitability loss for agricultural purposes in floodplain
agroecosystems. The present work questioned 1) how does the flooding affect soil of agricultural
lands? i1) can the mixing of deposited sediments with the covered soil be considered a suitable practice

to keep soil functionality?
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Materials and methods

The study was conducted in three croplands of Emilia—Romagna region affected by floodings in May
2023. The sampling concerned both the deposited sediments and the covered soil, then mixtures of
deposited sediment and covered soil at 1:1 ratio (soil-sed) were also obtained. These samples were
analysed for the main physicochemical properties, the water infiltration and the crusting index.
Results and discussion

The deposited sediments had a lower amount of nitrogen (-47 %), organic C (-47 %) and available
phosphorus (-60 %), and a higher silt content (+ 17 %) compared to the covered soil. The obtained
soil-sed had a lower amount of such nutrients than covered soil. Further, the higher silt content in
soil-sed than in covered soil does not help the accumulation of such nutrients and lowered the water
infiltration. The soil-sed had a higher crusting index (+24 %) compared to the covered soil suggesting
a higher probability of soil to promote surface runoff.

Conclusions

In the investigated study sites, the flooding had a marked effect on soil physical properties because
of the higher silt content and the lower organic carbon content of deposited sediments compared to
covered soil. To face such issues for allowing agricultural productivity, the addition of organic

amendments can be suggested due their cost—effectiveness.
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River-floodplain ecosystems provide many valuable ecosystem services to humans that include the
provisioning of water for drinking and irrigation, food (e.g., fishes and crops), fiber and biochemical
resources (Petsch et al. 2023). In addition, soils developed in these ecosystems rank among the most
fertile soils and, therefore, underlie the most productive agricultural regions at global scale. Humans
heavily modified the shape of these ecosystems through the creation of the reclamation and drainage
network (Cazorzi et al. 2013; Poesio et al. 2023). Despite the intense urbanization and land use change
for agricultural purposes that floodplains have underwent (Dryden et al. 2021), the drainage canal
networks faced an under-investment in their provision and maintenance (Scheumann and Freisem
2001) with insufficient evacuation of water runoff in large parts of the reclaimed areas (Curtis and
Campopiano 2012). Consequently, the expected increase of the precipitation intensities due to the
climate change could generate an increasing number of floods (Marchi et al. 2010; Volosciuk et al.
2016). Alfieri et al. (2015) projected a 220% increase in flood risk in Europe by 2080, and Marchi et
al. (2010) highlighted that the Mediterranean region is the most affected area to floods. Consequently,
floods are regarded as major determinants of the vulnerability of floodplain agroecosystems
(Rosenzweig et al. 2014; Stevanovi¢ et al. 2016) and increasing the risk of permanent loss of soil
suitability for agricultural purposes (Sugianto et al. 2022). In this sense, recent studies suggested that
food security is under critical risk in numerous countries due to flooding (Balana et al. 2019; Del
Ninno et al. 2003; Vahedifard et al. 2016). It is therefore pivotal to understand how these extreme
events may impact upon soil functioning and how we may be able to better manage soils to prevent
a loss in ecosystem service provision.

Up to now, a large plethora of studies carried out in arable lands focused mainly on the influence of
floods on soil metal contaminants (Bednérova et al. 2015; Maliszewska-Kordybach et al. 2012;
Marrugo-Negrete et al. 2019), soil organic carbon dynamics (Sanchez-Andrés et al. 2010; Uddin et
al. 2019), and soil nutrients (Sanchez-Rodriguez et al. 2019; Venterink et al. 2006; Woodward et al.
2015). Conversely, little attention has been paid to the influence of flooding events on soil physical

properties since floods often are accompanied upstream by erosion processes and sediment
3
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transportation. In fact, on one hand, in mountain and/or hill lands, heavy and prolonged rain may
cause severe soil erosion leading to permanent soil loss from an area (Borga et al. 2014) especially in
uncovered fields (Cerda et al. 2021; Chowaniak et al. 2020) and the increase of sediment load within
the watercourses. On the other hand, inundation of floodplains has proved an important natural sink
for suspended sediment which deposit because of the decreasing water velocity. Walling and He
(1997) highlighted that the proportion of deposited sediment may vary between flood events and both
within and between different floodplain sites. Deposition of suspended sediments into the floodplain
ecosystem is therefore of great ecological significance, particularly because the fertility of this
ecosystem depends largely upon the quality of the deposited material. It is expected that coarse soil
texture promotes water infiltration (Dexter 2004), but there are some evidences that also fine textured
soils have high water infiltration rates (Basset et al. 2023; Fischer et al. 2014). Despite their fine
texture, these soils might show higher infiltration rate compared to coarse textured soil because fine
particles can act as cementing agents for aggregation, resulting in a higher mean weight diameter
compared to coarse materials (Basset et al. 2023; Fischer et al. 2014). Conversely, soils characterised
by high amount of silty particles are more erodible and have lower water infiltration capacity than
both coarser and finer textured soils (Comino et al. 2016; Knapen et al. 2007).

Europe has experienced several catastrophic floods in the last decades with vast social and economic
impacts on the affected areas (Hall et al. 2014). The frequency and the magnitude of the floods have
differed between Continental and Mediterranean regions in Europe, with a tendency of the latter to
produce more extreme floods (Gaume et al. 2009; Norbiato et al. 2009). Generally, the floods
occurred in the last decades are defined as flash floods (Kaffas et al. 2022) namely floods associated
to short, high-intensity rainfalls, mainly of convective origin that occur locally (Marchi et al. 2010).
The rising hazard of flash floods at European scale create significant challenges for agricultural lands.
Subsequently, farmers need prompt plans for the recovery of their arable soils. Specifically, to make

the flood—affected soil again productive as soon as possible, the land managers should adequately
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address farmers on sediment management, therefore if farmers can till the sediment into the soil, or
if physical removal is required, or soil amendment should be added.

Because of the rising concern of the impact of floods on arable soil and the requirements of the
farmers to know a short—term action for reclaiming their lands, the main aim of the present work was
to define the short—term impact of the alluvial sediment deposition on the soil physical conditions of
agricultural lands. The secondary aim was to evaluate the physicochemical properties of soil resulting
by the mixing of deposited sediments and the covered soil.

The findings obtained by this study can be considered novel because of the paucity of knowledge

concerning the prompt post—flooding management of arable soils.

2. Materials and Methods

2.1. Study area

The Emilia—Romagna region (northern Italy) has experienced heavy rains in May 2023. The amount
of water that fell — about 500 mm of rain in 15 days, more than half the average annual rainfall in
the region — was extraordinary and exacerbated by a monthslong drought that had left the soil
struggling to absorb all that rain. Over twenty rivers and streams burst their banks, causing flooding
in 37 municipalities, and also hundreds of landslides occurred in hilly and mountain areas (Arrighi
and Domeneghetti 2024).

The Eastern part of Emilia—Romagna Region (province of Bologna and Ravenna) was the most
affected area to floods through the flooding of Santerno, Lamone and Savio streams (Fig. 1).

The Santerno stream is 103 km long and rises in Tuscany (Fig. 2). The stream flows northeast through
the Apennine and drains within Reno River. The Lamone stream is 88 km long and rises at the border
between Emilia—Romagna and Tuscany (Fig. 2). Such stream flows northeast through the Apennine
and drains within the Adriatic Sea. Both Lamone and Santerno streams originate in mountain areas
characterized by turbidites of the Miocene intercalations of sandstone and mudstones (Tinterri et al.

2012). To reach the lowland, both streams cross hilly areas with a geology composed mainly by Plio-
5
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Pleistocene marine deposits with a predominantly clayey-marly lithology which are highly vulnerable
to erosive processes. The Savio stream is 126 km long and rises on the Apennine of Emilia-Romagna
(Fig. 2). Such stream flows northeast through the Apennine and drains within the Adratic sea. Unlike
the streams, Savio stream cross mostly areas characterized by the presence of silty and clay-silty
material.

At lowland, three areas affected by floods of Santerno (SN), Lamone (LM) and Savio (SV) streams,
respectively, were selected (Fig. 2). The areas were croplands cultivated as wheat without any rotation
and located at 1 km apart from embankment breaks. The thickness of sediment deposited on flooded
soils varied among the sites and ranged between 12 and 17 cm. Specifically, the thickness of the
deposited sediments was 12, 17 and 15 cm for SN, LM and SV, respectively.

From the geomorphological viewpoint, such areas are characterised by sandy-loamy paleochannels
interspersed with flat or depressed landlocked areas with a silty-clayey composition (RER 1999).
According to soil service of Emilia—Romagna Region (RER, 2021), soils were classified as Fluvic
Cambisols (loamic, calcaric) for SN and Fluvic Cambisols (siltic, calcaric) for LM and SV. As for
most of the Po plain, during the 19'" century, the areas were converted from water-saturated marshes
into farmlands through the construction of channels and drainage system (D1 Giuseppe et al., 2013;
Brandolini and Cremaschi, 2018). Nowadays, these areas are intensively cultivated lands,

characterized by a favourable flat topography and water availability for irrigation.

2.2. Sampling and analysis

In early August 2023, prior sampling, the Ap horizon and sediment spatial variability by taking into
consideration their thickness was evaluated. Such assessment was carried out by manual auger holes.
Because of the low visible variability, three pits for each area were dug down to 30 cm depth. These
pits were in croplands, cultivated exclusively with wheat, and situated 1 km away from embankment
breaks. Samples were collected from each pit, including both the covered soil (the Ap horizon) and

the deposited sediment. Both layers were easily recognizable (Fig. 3) since the sediments had a lighter
6
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colour compared to the covered soil, and the structure was platy with weak aggregation or single grain
(Schoeneberger et al., 2012), while the covered soil had a brownish colour and with a moderate stable
subangular blocky structure (Schoeneberger et al., 2012).

The collected samples were air-dried and sieved through a 2 mm sieve. For each sampling point, three
types of mineral materials were prepared: covered soil, deposited sediment, and a 50% mixture of
covered soil and deposited sediment (referred to as soil-sed). Additionally, an aliquot of each mineral
material was powdered.

The amounts of sand (2 mm < @ < 0.05 mm), silt (0.05 mm < @ < 0.002 mm) and clay (@ < 0.002
mm) were estimated by the pipette method after dispersion of the sample with a sodium
hexametaphosphate solution (Gee and Bauder 1986). The soil pH was measured potentiometrically
in the 1:2.5 mineral material:water suspension with a Crison pH-meter. The total calcium carbonate
(tCaCO3) content was measured by volumetric analysis of the carbon dioxide released by the reaction
of powdered mineral material samples with a 6 mol/L HCl solution (Loeppert and Suarez 1996), using
a Dietrich-Fruehling apparatus. Total organic carbon (TOC) and total nitrogen (TN) contents in
powdered mineral material were quantified by a CHN elemental analyser (Flash 2000, Thermo Fisher
Scientific, USA) after addition of hydrochloric acid to remove carbonates. Available P was extracted
with 0.5 mol/L NaHCOs3 (Olsen et al. 1954). The extract was filtered through a Whatman 42 filter
paper, and the content of available P (Poisen) was then determined by the molybdenum blue method
using an ultraviolet spectrophotometer (V-530, Jasco, Hachioji, Tokyo, Japan). The cation exchange
capacity and the exchangeable Na, K, Ca and Mg were analyzed using the Papanicolaou (1976)

method.

2.3. Soil water saturation and water infiltration
The water infiltration speed and the soil saturation were evaluated by controlled laboratory column
test (Fig. 4) by adapting the methodology used by Yan et al. (2023), Lee et al. (2022) and Sileshi et

al. (2014). We have chosen such methodology because it allows to observe the water infiltration
7
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though we are aware that it cannot provide information about water infiltration kinetics. In addition,
the chosen methodology is easy to use and easily reproducible. Hence, to evaluate the water
infiltration speed and the soil saturation, a total of 27 columns were built with 100 mm diameter
plexiglass pipes, each 800 mm long. The bottom of the columns had a polypropylene tissue at 0.02
mm mesh to contain the mineral material. The soil filling height of the soil column was set to 35 cm,
and the soil column was packed at the bulk density of 1.50 g cm™ using 2 mm sieved material.

The infiltration speed was visually estimated in each column using distilled water. About 2.75 L of
water was poured into each column at the beginning of the infiltration speed experiment. The water
infiltration speed and the soil saturation were determined by recording every 30 minutes the height

of water above the soil surface and the depth reached by water, respectively.

2.4. Calculation of the crusting index

Soil crusting can be a serious problem for soils with poor aggregate stability (Hardie and Almajmaie
2019). It leads to decreased infiltration speed, reduction of soil moisture, increased runoff and reduced
groundwater recharge (Algayer et al., 2014; Le Bissonnais, 2016; Wang et al. 2016).

The crusting index (CI) was calculated as follow (FAO 1980; Moncada et al. 2014; Rémy and Marin-
Lafléche 1974):

Cl =(0.75 x Sic + 1.5 x Sif)/ (clay + 10 X SOM)
where Sic, Sir and SOM are the contents (%) of coarse silt (& 50-20 um), Sir = fine silt (& 20-2um)

and soil organic matter, respectively. SOM content was calculated as TOCx1.724.

2.5. Statistical analysis
One-way ANOVA with Fisher LSD test was used to examine the differences related to the measured
physical-chemical properties among the mineral materials in each site. Data were processed using R

4.3.0 software.
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3. Results

Soils that underwent flooding had a silty clay loam texture (Fig. 5a) and showed alkaline features
with pH ranging between 8.0 and 8.2 (Table 1). The deposited sediments showed a silt loam or silt
texture (Fig. 5b). Because of this, the deposited sediments showed a generally higher amount of silt
and a lower amount of both sand and clay compared to the covered soil (P < 0.05). The pH of the
deposited sediments showed similar values to those observed in soil with exception of SV where
sediments had lower pH compared to the covered soil (P < 0.05). Unlike pH, the tCaCOj3 content did
not show differences between soil and sediments in SV, while higher values were observed in
sediments compared to soils in both LM and SN (P < 0.05). In addition, the sediments had a generally
significant lower amount of the major nutrients (i.e., TOC, TN and Poisen) compared to covered soils.
While the CEC and the exchangeable base content did not show significant differences between soil
and sediments (P > 0.05).

Because of sediment features, if mixed with the covered soil at 1:1 ratio, we observed a decline of
soil property qualities. The texture changed from silty clay loam to silt loam and the lowering of the
concentration of the major nutrients was also observed.

In addition, it was observed a generally reduction of the water infiltration speed and a rising of the
crusting index. Specifically, both in LM and SV the water infiltration speed was reduced by the
sediment addition to the covered soils (Fig. 6). Indeed, through the infiltration experiment it was
observed that the entire column of covered soils reached the water saturation in less time (11 and 13
hours in SV and LM, respectively) compared to sediments (19 and 21 hours in SV and LM,
respectively). Because of the longer time of sediments to reach the water saturation, the soil-sed
mineral material took 15 and 17 hours to reach such saturation for SV and LV, respectively.
Noteworthy, at water saturation phase, while the covered soils adsorbed 1.53 L of water, on average,
the sediments, and the soil-sed adsorbed on average 0.98 and 1.09 L, respectively. Unlike the LM

and SV sites, no differences about water infiltration occurred among covered soil, sediment and soil—
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sed in SN. Specifically, SN showed a water saturation time of about 7 hours and the adsorbed water
was on average 1.57 L.

Regarding to the CI, the deposited sediments showed higher CI values compared to soil (P < 0.05).
Because of this, the mixing with sediments increased the CI values of the soil (Fig. 7).

4. Discussion

The investigated areas had similar soil types (i.e., Fluvic Cambisols) with a higher silt content in LM
and SV considering whole soil profile (RER, 2021). The covered soils had a silty clay loam texture
which is recognized to be suitable for the cultivation of several annual crops (Maleki et al. 2017,
Nasrollahi et al. 2017; Ostovari et al. 2019; Radocaj et al. 2020; Turley et al. 2003). The alkalinity
of soils can be mainly attributed to the presence of calcium carbonate (Chorom and Rengasamy 1997)
which is widely found in Po plain (Amorosi et al. 2021; Bianchini et al. 2019; Bruno et al. 2022). The
investigated covered soils showed a TOC content less than the threshold of 2 % for sustaining soil
functions (Grilli et al. 2021; Loveland and Webb 2003) probably due to the tillage practices which
are recognized to prevent organic C accumulation (e.g., Krauss et al. 2022; Singh et al. 2020).

The sediments accumulated on the soil reflected the grain size composition of hilly areas crossed by
the streams. In particular, the silt loam and silt textures of deposited sediments can be attributed to
intense erosion processes occurring in such hilly areas characterized by a lithology mainly composed
of soft marls and mudstones which are recognized to be easily erodible (Martinez-Hernandez et al.
2017; Mathys et al. 2005; Zondervan et al. 2020). Our findings are in accordance with Lopez-Tarazon
et al. (2009) who stated that the transport of high amount of silt and its accumulation in the lowlands
is a common phenomenon in Mediterranean areas that experience variable climatic conditions with
long dry periods and storms of high rainfall intensity.

The higher contents of TOC, TN and Poisen in the covered soil than in sediments can be attributed to
the generally use of amendments and fertilizers in the arable lands. However, we cannot exclude that
the lower amount of such nutrients in sediments compared to covered soil might be due to the lower

amount of the finer materials (i.e., clay) which might have prevented the adsorption of organic
10
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molecules and nutrients (Junakova et al. 2017; Virto et al. 2008; Wiseman and Piittmann 2005). As
expected, the mixing of the deposited sediments with the covered soil generally produce a soil layer
characterized by a lower amount of TOC, TN and Poisen compared to the covered soil suggesting a
worsening of soil quality if such practice is carried out. In fact, it is recognized that soil organic carbon
promotes several ecosystem functions such as the formation of stable aggregates, nutrient availability,
microbial functioning, water retention, permeability, aeration and drainage (Milne et al. 2015) which,
in turn, are important for plant growth and yield (Lal 2020). In addition, it is important to mention
that the lower amount of both TOC and clay contents compared to the covered soil might increase the
risk of loss by leaching of nutrients (Kanthle et al. 2016; Nguyen and Marschner 2013; Tahir and
Marschner 2017). Therefore, the mixing of the deposited sediments with the covered soil might
significantly reduce the ability of soil to provide those ecosystem functions needed to allow a fruitful
crop. Furthermore, because of the vulnerability of Po plain and floodplains to eutrophication of their
waterbodies (Lucas et al. 2022; Musacchio et al. 2021; Voccia et al. 2022), the mixing of the deposited
sediments with the covered soil could also cause ecological health risks.

The accumulation of sediments also worsened the capacity of soil of SV and LM areas to allow water
to get in soil. The reduced water infiltration speed of sediments and/or their mixing with soil might
be ascribed to the fact that the deposited sediments are without aggregates or with weakly stable
aggregates because of their low clay (somehow mostly replaced by silt) and organic matter contents
(Almajmaie et al. 2017; dos Reis Ferreira et al. 2020; Krause et al. 2018). The lack of stable
aggregates, which is an indicator used to quantify the soil structure (Six et al. 2000), has a key role in
seal formation, namely the orientation and packing of dispersed soil particles which have
disintegrated from the soil aggregates due to the impact of rain drops (Morin 1993). Also, the presence
of unstable aggregates could lead to soil slaking, packing and compaction which promote surface
runoff and could prevent both plant root development and seedling emergence (Canton et al. 2009;

Grandinetti et al. 2022; Morin 1993; Lado et al. 2004).
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In addition, it is important to mention that sealing of soils due to aggregate breakdown could be
further promoted using Na—enriched irrigation water which can cause clay dispersion (Bedbabis et
al. 2014; Lado et al. 2005; Mandal et al. 2008). This fact can be considered particularly meaningful
for the agricultural land of the Po plain which is experiencing saltwater intrusion in the waterbodies
used for irrigation purposes (Antonellini et al. 2008; De Feudis et al. 2021; Luo et al. 2023).
Noteworthy, the reduction of water infiltration was not observed in SN likely due to the higher amount
of sand within both covered soil and deposited sediments compared to the other study sites. Indeed,
it is recognized the major role of sand amount on water infiltration (Bens et al. 2007).

It is important to highlight that, although the different influence of sediment accumulation on water
infiltration of the sites, in all cases the presence of sediments increased the CI which would confirm
the presence of weakly stable aggregates (Darboux and Le Bissonnais 2007). In accordance with
Gicheru et al. (2004), the instability of aggregates can be attributed to the relatively high silt content
exacerbated by the low organic carbon content. In addition, because of the lack of stable aggregates
in deposited sediments, the sediments and the sed—soil showed very high and high risk of a slaking
crust, respectively, while such risk was negligible in soils covered by sediments (Fourvel et al. 2019).
Considering crust formation and reduction of water infiltration, the studied flood—affected areas
showed an increased risk of water erosion likely due to the high silt content in the sediments.
Overall, in the investigated study sites the flooding had a marked effect on soil physical properties.
To face soil properties issues for allowing agricultural productivity, several pedotechniques were
proposed in the literature (e.g., Buondonno et al. 2018; Lo Papa et al. 2018; Manfredi et al. 2022). In
the present study, to cope with the worsening of soil physical properties, the addition of mineral
substrate can be performed though it generally results expensive (Dazzi et al. 2019). However, since
the organic matter is considered pivotal for aggregate stability (Smith et al. 2015; Soinne et al. 2016),
the improvement of the investigated soils can be carried out through the use of organic amendments
(Annabi et al. 2011; Giinal et al. 2018) which is generally considered a cost—effective practice (e.g.,

Ahmad et al. 2008; Mekuria et al. 2013). In this context of organic material addition, it is important
12
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to mention the development of pedotechnologies aimed to restore soils considering their intrinsic

features (Buondonno et al. 2018; Manfredi et al. 2022).

5. Conclusions

The main findings of the present study showed that the deposited sediments had a lower amount of
nitrogen, organic C and available phosphorus, and a higher silt content compared to the covered soil.
This fact would indicate the lower chemical and physical fertility of sediments compared to the
covered soil. However, due to the high costs for sediment removal, most of the farmers of the flood—
affected areas in Emilia—Romagna region mixed the deposited sediments with the covered soil. Our
findings showed that such practice cannot be considered suitable for soil functionality. Indeed, beside
to dilute the nitrogen, organic C and available phosphorus in soil, the mixing practice increased the
silty mineral particles which, in turn, do not help the accumulation of such nutrients. Further, the soil
resulting from the mixing practice showed a lower capability both for water infiltration and to be
easily water saturated. This might be ascribed to the fact that the deposited sediments are without
aggregates or with weakly stable aggregates because of their low clay (somehow mostly replaced by
silt) and organic matter contents. The presence of unstable aggregates would explain the higher
crusting index compared to the covered soil suggesting a higher probability of soil slaking, packing
and compaction which promote surface runoft and could prevent both plant root development and

seedling emergence.
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Tables
Table 1. Concentrations of total carbonates (tCaCOs), total organic C (TOC), total N, (TN),
exchangeable Ca, exchangeable Mg, exchangeable K and available P (Poisen), pH and cation exchange
capacity (CEC) values of covered soil (Soil), deposited sediments (Sed) and in soil:sediment mixture
at 1:1 ratio (Soil-sed) in areas affected by Santerno, Lamone and Savio stream floodings. Different
letters within each study area indicate significant differences (Fisher LSD test, p < 0.05). Standard

errors are in brackets.

SANTERNO LAMONE SAVIO

Soil Sed Soil-sed Soil Sed Soil-sed Soil Sed Soil-sed

pH 811 816 8.16 800 799 7.08 824 790 807
(0.01) (0.02) (0.02) (0.03) (0.02) (0.03) (0.09) (0.09) (0.03)
tCaCOs 172¢c 222a 200D 217b 246a 245a 270b 300a 278ab
gkg™ 4) ) ®) (2) ®) (6) 3) (14) (14)
TOC 135a 7.01b 12.4a 146a 105b 11.0b 90 90 90
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684  Fig. 1 Map of the flooded areas of Emilia—Romagna region (Italy) and location of embankment failure

685  for the Santerno (SN), Lamone (LM) and Savio (SV) streams (ERCC, 2023)
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687  Fig. 2 Map showing the lithology of the areas crossed by Santerno (SN), Lamone (LM) and Savio
688  (SV) streams and sampling areas (Emilia—Romagna region, Italy)
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690  Fig. 3 Picture showing a representative 0 — 30 cm depth soil pit of the investigated sites.
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Fig. 6 Temporal variation of water saturated soil and infiltrated water for covered soil, deposited
sediment and covered soil-deposited sediment mixture at 1:1 ratio (Soil-sed) collected from areas

affected by the flooding of Santerno, Lamone and Savio streams
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Fig. 7 Crusting index for covered soil, deposited sediment and covered soil-deposited sediment
mixture at 1:1 ratio (Soil-sed) collected from areas affected by the flooding of Santerno (SN), Lamone

(LM) and Savio (SV) streams
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