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Abstract. The importance of effective stormwater management through detention basin 
arrangement has become increasingly evident due to recurring extreme events in recent 
years. Limitations of the traditional detention basin include a reduced ability of basins 
to infiltrate water due to compacted soil and the carbon cost associated with the Diesel-
powered tractors with lawn shredders. This study aims to compare six different agronom-
ical management approaches for detention basins to improve the water storage capacity 
and the carbon sequestration potential, including the cultivation of crimson clover, white 
clover, tillage radish, and two mono-dicotyledonous mixes, against the conventional sta-
ble lawn-based approach. The trial was conducted in the detention basin in Castelletti 
(Firenze, Italy) for one growing season (2020/2021) according to a randomized complete 
block design with 9 replicates. Soil physical and chemical properties, as well as soil water 
storage capacity, were assessed to determine the feasibility of agronomical manage-
ment for detention basins. Results indicated that the different treatments significantly 
influenced aboveground biomass production, soil organic carbon (SOC) stock, carbon 
sequestration potential, and water storage capacity. Specifically, crimson clover exhibited 
the highest aboveground biomass of around 6 t ha-1 among the treatments, while tillage 
radish demonstrated the greatest carbon sequestration potential (4.58 t CO2 ha-1), stable 
carbon stock in soil (1.14 t S-SOC ha-1), as well as the highest potential for improving the 
water storage volume (389 m3 ha-1) in the topsoil (0-20 cm) of the detention basin. The 
findings suggested also that the sowing of different mono-dicotyledonous plant mix were 
poorly effective in improving carbon sequestration potential and water storage volume 
compared to conventional basin management. To sum up, this experiment has demon-
strated that alternative agronomical management practices can enhance the capacity of 
detention basins to store carbon and stormwater. These results provide valuable insights 
for improving the sustainability and functionality of detention basins.

Keywords: carbon sequestration potential, stable soil organic carbon, soil water stor-
age, detention basin, drainable porosity.

INTRODUCTION

The recurring extreme events of the last years have highlighted the 
importance of appropriate stormwater management. Excessive stormwater 
usually poses problems for rural communities and their livelihoods. The rate 
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of soil impermeabilization, as well as the loss in water 
storage capacity of agricultural soils, have dramatically 
soared the water stream flow, determining the increase 
in soil erosion (Adobati and Garda, 2020). Management 
plans have been formulated by the European Environ-
ment Agency (EEA) to keep the water cycle as sustainable 
as possible (EEA, 2016). Different strategies accounted 
for in the best management practices (BPM), have been 
developed to reduce flooding risk, improve water quality, 
and recharge groundwater, such as the construction of 
swales, infiltration basins, retention basins, and detention 
basins (Davis et al., 2017; Lam et al., 2011). Those basins 
had been commonly known since ancient times, but with 
the increase in flooding events, their construction has 
recently gained attention. Although those ponds’ gener-
al aim is to reduce stormwater peak flow of torrents and 
rivers, some distinctions have to be made.

Swales are ditches designed to collect, store, and 
reduce water runoff both in urban and rural environ-
ments, while improving the rate of stormwater that 
flows toward the groundwater (Sañudo-Fontaneda et al., 
2020). Infiltration basins are ponds whose primary func-
tion is to improve the amount of water that infiltrates 
into the soil, hence their design has to facilitate the 
water flow from the ground surface to the groundwa-
ter (Di Lena et al., 2023). Retention basins are the most 
commonly designed structures for the mitigation of 
flooding events involving a permanent pool made with 
landscaped banks and surroundings (Acheampong et 
al., 2023). Detention basins are designed to temporarily 
store stormwater, but most of the time of the year they 
are free from water (Sharior et al., 2019), therefore this 
lead to their putative use for agricultural purposes out-
side the rainy season.

Generally, detention basins allow the handling of 
a higher water volume than that of the usual riverbed; 
when the river flow is lowered, the basin-stocked water 
flows back to the river (Emerson et al., 2005). They could 
be used for managing and treating surface water run-
off from impermeable surfaces such as roads (Griffiths, 
2017). The conventional management of (dry) detention 
ponds consists of a soil bed where native plant species 
capable of tolerating periodic inundation are left to grow 
up and periodically mowed (Emmerling‐DiNovo, 1995). 
Limitations of the traditional detention basin include a 
reduced ability of basins to infiltrate water due to com-
pacted soil. One cause of this is that the soil at the bot-
tom of these basins may become overly compacted dur-
ing construction. Further, these basins are typically 
planted with turf grass that is shredded and mowed reg-
ularly 1-2 times a year to control the growth of above-
ground biomass and the formation of shrubs. However, 

tractor traffic on lawns can have a significant impact 
on reducing the maximum root number and air-filled 
porosity in the upper 5 cm of soil, thereby decreasing 
the soil infiltration rate (Sveistrup and Haraldsen, 1997). 
Thus, a significant volume of water passes through these 
basins without the opportunity to infiltrate into the 
basin soil. Infiltration of precipitation and runoff water 
is an important green infrastructure goal, since infiltra-
tion recharges groundwater, decreases total runoff, and 
helps remove pollutants from the runoff water. Further, 
while lawns can function as “carbon sinks,” their benefit 
is often outweighed by the carbon cost associated with 
their maintenance, specifically Diesel-powered tractors 
with lawn shredders.

The soil properties of detention basins can be 
improved by adopting alternative agronomical manage-
ment while providing environmental and ecosystem ser-
vices. For example, lawn management can be substituted 
by the cultivation of a specific crop that might enhance 
the soil water storing capacity. In this context, the soil in 
detention basins can be periodically tilled using a chisel 
plough and harrow to facilitate water accumulation but 
also to avoid the excessive soil compaction, that com-
promises detention basin functionality. In addition, the 
putative crop should produce both high aboveground 
and root biomass to increase carbon sequestration; pre-
vious properties could be satisfied with the sowing of 
different clover species, which usually occur in frequent-
ly flooded habitats (Huber et al., 2009).

However, few studies have been realized on the 
effect of tillage management on the soil properties of 
detention basins. Moreover, during the water storage, 
detention basins represent also a humid area, where 
some ecosystem functions could be achieved, such as 
wastewater treatment and the creation of wildlife habi-
tats (Sharma et al., 2023).

The agronomical management of a detention basin 
could take into account that it is a periodically flooded 
soil; hence, some soil properties alterations should be 
observed. According to Schroer et al., (2018), the sedi-
ments transported by the water flow toward the deten-
tion basins are capable of increasing the carbon, nitro-
gen, and phosphorus concentration in soil. Accordingly, 
the basin could also support plant growth and reduce 
the carbon concentration in the atmosphere. In terms of 
nutrient load, the analyses of the water inflow revealed 
a significant amount of phosphorus and nitrogen that 
could be useful for plant growth (Wissler et al., 2020). In 
the same study, it was demonstrated that unmaintained 
detention basins were able to sequester higher amounts 
of carbon concerning maintained ones over 20 years; 
however, the maintenance they considered was only the 
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turf grass mowing. Other authors reported an increase 
in soil particulate organic carbon (POM-C) concen-
tration in a detention basin as a consequence of runoff 
water flow (Stanley, 1996). On the other hand, no signifi-
cant changes in organic matter (OM), carbon, and nitro-
gen concentration were observed in turf-grassed deten-
tion basins for the 0-5 and 15-20 soil layers (McPhillips 
et al., 2018). 

Consequently, this work aimed to compare six dif-
ferent management of the detention basin to improve its 
capacity to stock carbon and store stormwater. Specifi-
cally, the sowing of different species of clover, the sow-
ing of tillage radish, and the sowing of two crop mixes 
made of graminaceous and leguminous plants termed 
Fascia Tampone and Rustico Dicotiledoni were com-
pared to the conventional management of the detention 
basin, consisting in the growth of a stable lawn, which 
is periodically mowed. Some soil physical and chemical 
properties and soil water properties were measured for 
the different treatments to assess the feasible agronomi-
cal management of the detention basins, which are com-
monly considered marginal areas. 

MATERIALS AND METHODS

Experimental setup

The trial was carried out at the detention basin of 
Castelletti (Signa, Florence, Italy, 43° 47’ 49” N, 11° 4’ 
51” E) that are managed by the local land requirement 
consortium (Consorzio di Bonifica 3 Medio Valdarno; 
CB3MV) , from October 2020 to September 2021. The 
test site consisted of a surface of 4.2 ha that was sub-
divided into 15 adjacent watersheds around 2500 m2 
in size. The area was recovered with some projects that 
aim to restore traditional lowland agricultural hydrau-
lic arrangement patterns and establish areas to promote 
biodiversity. The experimental design was a randomized 
completely block design, consisting of 15 blocks identi-
fied with the different treatments (3 blocks for treat-
ment); for each block, 3 replicates were considered, 
hence a total of 9 replicates for treatment were obtained. 
According to the initial characterization, the soil was silt 
loam textured as the percentage of sand, silt, and clay 
were 21.7%, 53.8%, and 24.2%, respectively. The soil pH 
of the detention basin was neutral (7.19) with an average 
bulk density of 1.45 t m-3.

Before the arrangement of the trial, the detention 
basin was managed with a stable lawn, and the soil was 
periodically tilled with a plough and harrow; before 
the sowing of different plants, the soil of the detention 
basin was ploughed and harrowed using moldboard 

plough and disk harrow, respectively. Six different man-
agement of the detention basin were compared: the sta-
ble lawn (SL) was considered the control as it was the 
conventional management before the arrangement of 
the trial; crimson clover (CC; Trifolium incarnatum L.); 
white clover (WC; Trifolium repens L.); tillage radish 
(TR; Raphanus sativus L. var. Longipinnatus); a mono-
dicotyledonous mix called OP-Rustico dicotiledoni 
(RD), a mono-dicotyledonous mix called OP-Fascia tam-
pone (FT). The species description for each treatment is 
reported in Table 1. No fertilizers and pesticides were 
applied over the entire field. CC, FT, RD, TR, and WC 
were sowed at a seeding rate of 25, 35, 55, 18, and 25 kg 
seeds ha-1, respectively. The TR root system is mainly 
composed of a taproot with only some fibrous lateral 
roots. RC and WC have both fibrous lateral roots and a 
taproot. SL is mainly composed of graminaceous species 
with fibrous roots, while FT and RD are mixtures com-
prising both graminaceous species with fibrous roots 
and leguminous species with both fibrous lateral roots 
and a taproot. The biomass collection for each treatment 
was carried out on May 21’. A sampler of 25 cm*25 cm 
was used to collect the aboveground biomass of the dif-
ferent treatments. The dry weight of the plant biomass 
was measured after oven drying at 70°C, until reaching 
constant weight. 

Fuel consumption for the different management

The data of diesel fuel consumption (L ha-1) for 
the specific agricultural operations were provided by 
CB3MV. The main fuel-consuming activity was plough-
ing at 30 cm depth because of the high energy require-
ment for moving a huge amount of soil (Table 2). Also, 
the preparation of the seedbed for the cultivation of CC, 
WC, FT, and RD represented a highly energy-consuming 
activity. The following activity that requires high-energy 
consumption was the soil disk harrowing, which was 
null for the conventional management of the detention 
basin. As regards the management of the aboveground 
biomass, all the treatments required two grass shredding 
per year, except the TR which requires only one per year. 

Soil sampling and analyses

The collection of soil samples was carried out accord-
ing to the core sampling method; specifically, three sam-
ples for the plot were collected and mixed for 3 different 
soil depths (0-5, 5-10, 10-20 cm) both as disturbed and 
undisturbed samples. Disturbed samples were collected 
to determine some soil chemical properties, while soil 
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physical properties were measured on undisturbed sam-
ples. The first soil sampling was carried out in August 
2020 for the initial characterization of the soil, and after 
the soil tillage, the second sampling was performed 
(October ’20); in September ’21 after the first growing 
season, the subsequent soil samples were collected. 

The collected samples were air-dried and filtered by 
a 2-mm sieve. Soil Organic Carbon (SOC; g C kg-1) was 
measured on disturbed soil samples using the CHNS 

elemental analyzer (Thermo Fisher Scientific, Waltham, 
MA, USA). Starting from the SOC it is possible to deter-
mine the amount of stable organic C by subtracting 
the Labile organic C from the SOC; labile organic C is 
obtained through the addition of particulate-organic 
carbon (POM-C; g C kg-1) and Permanganate-Oxidable 
Carbon (POX-C; g C kg-1). The determination of both 
POM-C and POX-C in soil was assessed through the 
methods proposed by Cambardella and Elliott, (1992) 
and Blair et al., (1995). Briefly, POM-C was measured 
by dissolving 10 g of soil into 30 mL of sodium hex-
ametaphosphate (5 g L-1). The dispersion was left for 15 
h on a reciprocal shaker; then the dispersion was fil-
tered through a 53-μm sieve. After various water rins-
ing, it was dried overnight at 50°C. The resulting dried 
sample was ground using a mortar and pestle and then 
subjected to the CHNS elemental analyzer. Regarding 
POX-C, a solution of KMnO4 (52.625 g L-1) was used for 
the oxidation of the soil sample. The soil containing 15 
mg of SOC was dissolved in 25 mL of the KMnO4 solu-
tion and left shaking for 1 h. Afterward, the tubes were 
centrifugated at 3500 rpm for 5 minutes and the result-
ing supernatants were diluted to 1:500. The absorbance 
of the sample was measured at 565 nm using a spectro-
photometer. The bulk density (BD; t m-3) of the deten-
tion basin for the different treatments was measured on 
undisturbed soil samples using cylinders of known vol-

Table 1. Description of the species for the different treatments (SL: stable lawn; CC: crimson clover; WC: white clover; TR: tillage radish, 
FT: OP-Fascia tampone; and RD: OP-Rustico dicotiledoni).

Herbaceous species in the different treatments

SL CC WC TR FT RD

Bellis perennis L. Trifolium incarnatum 
L. Trifolium repens L.

Raphanus sativus  
Var.Longpinnatus 

L.H.Bailey
Achillea millefolium L. Achillea millefolium L.

Bromus hordeaceus L.       Dactylis glomerata L. Leucanthemum vulgare 
Lam.

Cynodon dactylon L.       Festuca rubra L. Lotus corniculatus L.

Lolium perenne L.       Lolium arundinaceum 
L. Medicago sativa L.

Holcus lanatus L.       Lolium perenne L. Onobrychis viciifolia 
Scop.

Hordeum murinum L.       Lotus corniculatus L. Phacelia tanacetifolia 
Benth.

Plantago Media L.       Onobrychis viciifolia 
Scop. Plantago lanceolata L.

Cichorium intybus L.       Phacelia tanacetifolia 
Benth. Salvia pratensis L.

        Poa pratensis L. Silene vulgaris Moench.
        Trifolium pratense L. Trifolium pratense L.
        Trifolium repens L. Trifolium repens L.

Table 2. Diesel fuel consumption (L ha-1) of the different manage-
ment of detention basin (SL: stable lawn; CC: crimson clover; WC: 
white clover; TR: tillage radish, FT: OP-Fascia tampone; and RD: 
OP-Rustico dicotiledoni) for the different agronomical practices 
(ploughing, disk harrowing, sowing, first and second shredding 
operations).

Diesel fuel consumption per treatment  
(L ha-1)

SL CC WC TR FT RD

Ploughing (30 cm)   60 60   60 60
Disk Harrowing   33 33 33 33 33
Sowing   6 6 6 6 6
Shredding 1st time 25 25 25 25 25 25
Shredding 2nd time 25 25 25   25 25
Total fuel consumption 50 149 149 64 149 149
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ume. The SOC stock, the POM-C stock, and the POX-C 
stock of the 20 cm layer for the different treatments were 
calculated according to the following formulas:

SOC Stock =  (1)

POM-C Stock =  (2)

POX-C Stock =  (3)

Where SOCSept’21 is the amount of organic C meas-
ured in September ‘21, is the bulk density measured in 
October ’20, SOCOct’20 is the amount of organic C meas-
ured in October ’20, POM-CSepts’21 is the POM-C meas-
ured in September ’21, POM-COct’20 is the POM-C meas-
ured in October ’20, POX-CSepts’21 is the POX-C meas-
ured in September ’21, POX-COct’20 is the POX-C meas-
ured in October ’20 and is the bulk density measured in 
October ’20. The previous parameters were used to cal-
culate the stable SOC stock (S-SOC; t ha-1) as follows: 

S-SOCstock = SOCstock -(POM-Cstock + POX-Cstock) (4)

The calculation of the drainable porosity (%) for the 
determination of the water storage volume (WSV; m3 
ha-1) for the different treatments was assessed through 
the soil water retention curve. Specifically, the water per-
centage at field capacity was measured through the water 
retention curve using Richard’s plate apparatus (Rich-
ards and Fireman, 1943). The estimation of the total 
porosity was calculated as follows: 

Total porosity [%]=  (5)

Where BD is the bulk density measured, and 2.65 
is the estimated real density. Accordingly, the drainable 
porosity was calculated as the difference between the 
total soil porosity and the water percentage in the soil 
at field capacity. Lastly, the WSV was calculated as the 
amount of drainable porosity in the topsoil (20 cm). 

Statistical analysis

The comparison among the means of different treat-
ments for each variable was assessed according to the 
one-way ANOVA. The parameters which resulted signifi-
cantly were compared through a post-hoc Tukey’s Test. 

RESULTS AND DISCUSSION

Weather description 

The climate of the area is Mediterranean with an 
average annual rainfall and a mean annual temperature 
of 872 mm and 15.25°C, respectively (Figure 1). No sig-
nificant differences were observed in the annual rainfall 
amount between the long-term average (2001-2020) and 
the 2020/2021 growing season. However, by compar-
ing the monthly data, it was observed that rainfall that 
occurred during the 2020/2021 growing season exceeded 
the long-term average in October, December, and Janu-
ary, leading to the flooding of the detention basin for 4 
days in December and January. On the other hand, the 
area experienced a low rainfall amount concerning the 
long-term average in November 2020 and March 2021. 
The temperature pattern of the 2020/2021 growing sea-
son was quite similar to the long-term trend of temper-
ature, except for the spring months when the average 
monthly temperature of the 2020/2021 growing season 
was lower than those reported for the long-term.

Aboveground Biomass yield 

The different treatments significantly affected the 
amount of aboveground biomass (AG-y) produced over 
the detention basin (Figure 2). The AG-y produced by 
the different treatments ranged between 2.71 and 6.04 
t ha-1 of DW. Specifically, CC highlighted the best per-
formance, accounting for 6.04 t ha-1 of AG-y. Indeed, 
Knight, (1985) reported that CC can successfully and 

Figure 1. Walter-Lieth diagram of the climatic conditions at Cas-
telletti, Florence, Italy. Grey and striped histograms indicate the 
rainfall amount of the long-term (2001-2020) and 2020/2021 
growing season, respectively; gray and dashed lines show the tem-
perature trend of the Long-Term and 2020/2021 growing season, 
respectively.
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rapidly grow in a wide range of climatic and soil con-
ditions. The observed yield of CC was similar to that 
reported in SARE Outreach, (2007), indicating that 
crimson clover can reach 7 t ha-1 DW in good growing 
conditions. The AG-y of WC was significantly lower than 
that of CC, resulting in 34.2% lighter than WC; in fact, 
WC AG-y was more negatively affected by soil flooding 
than CC was. The WC susceptibility to flooding was also 
been described by Huber et al., (2009). The AG-y in SL 
was significantly lower than that measured in WC but 
not significantly different from CC and TR. The AG-y 
in SL, mainly composed of graminaceous plants includ-
ing common ryegrass, was consistent with the average 
annual AG-y value of approximately 5 t ha-1 reported by 
several authors for common ryegrass (Vinther, 2006). 
The AG-y value measured in TR was 3.43 t ha-1 and was 
consistent with that reported by Cottney et al., (2022) for 
the tillage radish sowed in September. The aboveground 
biomass of the two herbaceous mixes, FT and RD, were 
significantly lower compared to the other treatments.

Carbon Stocking capacity

After 1 year, the SOC stock ranged between -0.08 t 
ha-1 in FT to 1.25 t ha-1 in TR (Table 2). The TR treat-
ment produce the highest significant increase in SOCs-
tock, followed by CC and WC. The SOCstock variation 
in SL was not significant, and a not significant negative 
variation was observed in FT and RD. The labile C stock 
ranged between -0.08 t ha-1 in FT to 0.12 t ha-1 in WC. 
However, no significant differences in labile C stock 

were detected between the six treatments. The S-SOC 
stock ranged between -0.05 t ha-1 in FT to 1.14 t ha-1 in 
TR. The TR treatment produce the highest significant 
increase in S-SOC stock, followed in decreasing order 
by CC and then WC. Further, the S-SOC stock vari-
ation in SL, FT, and RD was not significant. These val-
ues are consistent with Franzluebbers et al., (2012) who 
observed that after the conversion of an arable cropping 
system into perennial grassland the rate of C accumula-
tion down to a depth of 20 cm has an initial value of 0.8 
t ha-1 y-1. Probably for mixes containing grasses as in FT 
and RD, the time required to recover the oxidized car-
bon through soil tillage is longer than a single year of 
cultivation. As reported by Li et al., (2020) and Liu et 
al., (2015) the tap-root system may have a higher impact 
on increasing SOCstock in soil than the fibrous roots. 
Therefore, the differences between the treatments can 
be attributable to the different root systems of the plant 
species in the six treatments.

Carbon sequestration

The annual amount of fixed CO2 ranged between 
-0.29 and 4.58 t ha−1, respectively in FT and TR, when 
considering the whole SOCstock (Figure 3). According 
to our results, TR was the best treatment in terms of 
annual carbon sequestration potential, resulting in sig-
nificantly higher carbon sequestration of 53.65% and 
62.43% concerning CC and WC, respectively. The annu-
al carbon sequestration rate SL (0.30 t CO2 ha-1y-1) was 
significantly lower than that calculated for CC and WC. 
Lastly, negative values of carbon sequestration were cal-
culated for RD and FT, indicating that the carbon that 
was released into the atmosphere by these treatments 
was higher than that incorporated in the soil. Specifical-

Figure 2. Aboveground biomass yield (AG-y; t ha-1 Dry weight) for 
the different management of detention basin (SL: stable lawn; CC: 
crimson clover; WC: white clover; TR: tillage radish, FT: OP-Fascia 
tampone; and RD: OP-Rustico dicotiledoni). Error bars represent 
the standard deviation (n=9). The letters indicate significant differ-
ences between the treatments according to the post-hoc Tukey’s test.

Table 3. Changes in SOC stock, Labile C stock, and Stable C stock 
(S-SOC) for the different treatments (SL: stable lawn; CC: crimson 
clover; WC: white clover; TR: tillage radish, FT: OP-Fascia tam-
pone; and RD: OP-Rustico dicotiledoni). Standard deviation values 
are reported in brackets (n=9). The letters indicate significant differ-
ences among the treatments according to Tukey’s test (p<0.05).

Treatments SOC stock
t ha-1

Labile C stock
t ha-1

S-SOC stock
t ha-1

SL 0.08 (0.18) c 0.07 (0.1) 0.01 (0.13) d
CC 0.59 (0.12) b 0.05 (0.12) 0.54 (0.14) b
WC 0.47 (0.04) b 0.12 (0.06) 0.35 (0.08) c
TR 1.25 (0.56) a 0.11 (0.26) 1.14 (0.21) a
FT -0.08 (0.03) c -0.08 (0.1) 0 (0.09) d
RD -0.01 (0.02) c 0.04 (0.07) -0.05 (0.08) d
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ly, FT showed a significantly lower carbon sequestration 
potential than RD. The amount of annual CO2 seques-
tered by SL was in agreement with that reported by Yang 
et al. (2019) for topsoil (20 cm) with 8 species making 
up the grassland system. However, the potential carbon 
sequestration of the same author for a single species 
system was lower than we have observed. On the other 
hand, our results were not consistent with the estimation 
of carbon balance for Western Europe by Dondini et 
al. (2023) for an unimproved grassland system of about 
4.40 t CO2 ha-1 y-1. However, the value of carbon balance 
these authors estimated for unimproved grassland was 
quite similar to the value of the carbon sequestration 
potential of TR. 

Water Storage Volume

The correct management of the detention basin was 
also assessed through the calculation of its capacity to 
store water (Figure 4). Our results highlighted significant 
differences in the WSV among the different treatments, 
ranging from 258 to 389 m3 ha-1 for RD and TR, respec-
tively. In particular, the highest WSV value was detected 
in TR, which was significantly higher than CC and WC 
by 6% and 8% respectively; the average WSV value of 
CC (364 m3 ha-1) was significantly higher than that of 
WC (356 m3 ha-1). Lastly, the lowest average WSV values 
were detected in RD, which were not significantly dif-
ferent from that detected in SL and RT, indicating that 
the behavior of FT and RD in determining the WSV was 
very similar to that of SL. The WSV values of the latter 
were quite similar to those reported by Zhu et al. (2022) 
for the topsoil (20 cm) of mountain grassland. Similarly, 
the WSV values observed by Otremba et al., (2021) were 

around 280 m3 ha-1 considering the 0-35 soil layer after 
one year of alfalfa and orchard grass cultivation. On the 
other hand, similar results for clover WSV values were 
obtained by Fang et al., (2023). The good performance in 
terms of WSV obtained by TR could be determined by 
the wide holes that taproot leaves in the soil (White and 
Weil, 2011). 

CONCLUSIONS

The different plants in the agronomic treatments 
were rapidly adapted to the detention basin conditions, 
especially the crimson clover that produced the highest 
aboveground biomass yield. Regarding the increase of 
soil organic carbon, the best performance was obtained 
by the tillage radish, which could represent a good 
strategy for increasing soil stable organic carbon. Like-
wise, tillage radish was also enormously effective in 
increasing the water storage capacity of the detention 
basin, followed by the crimson clover and white clover. 
In summary, the results emphasize the importance of 
plant selection for the effective management of deten-
tion basins. Crimson clover and tillage radish emerged 
as promising options for maximizing aboveground bio-
mass production, improving soil organic carbon stock, 
enhancing carbon sequestration potential, and increas-
ing water storage capacity. The findings provided valu-
able insights for the design and implementation of 
sustainable and efficient detention basin management 
strategies, highlighting the role of specific plant species 
in achieving desired outcomes. Further research and 
long-term monitoring are needed to fully understand the 

Figure 3. Annual Carbon sequestration rate (t CO2 ha-1y-1) for 
the different management of detention basin (SL: stable lawn; CC: 
crimson clover; WC: white clover; TR: tillage radish, FT: OP-Fascia 
tampone; and RD: OP-Rustico dicotiledoni). Error bars represent 
the standard deviation (n=9). The letters indicate significant differ-
ences between the treatments according to Tukey’s test (p<0.05).

Figure 4. Soil Water Storage Volume (m3 ha-1) for the different 
management of detention basin (SL: stable lawn; CC: crimson clo-
ver; WC: white clover; TR: tillage radish, FT: OP-Fascia tampone; 
and RD: OP-Rustico dicotiledoni). The letters indicate signifi-
cant differences between the treatments according to Tukey’s test 
(p<0.05).
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dynamics and long-term effects of these treatments on 
the detention basin dynamics.
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