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Abstract 

The role of soil carbon dioxide (CO2) is difficult to be quantified, being mainly dominated by soil microbial biomass and plant 

roots activity. The purpose of this study was to compare the CO2 flux rates obtained by carrying-out soil respiration 

measurements with an ad hoc designed accumulation chambers in an orange orchard subjected to different irrigation regimes 

(full irrigation, FI, and regulated deficit irrigation, RDI) and soil management practices (bare soil versus organic mulching 

cover). Preliminary results showed that the CO2 activity was greater in the treatments subjected to FI than RDI strategies 

under both bare soil and organic mulching, showing average values of 0.10 ± 0.01 mg m-2 s-1 and 0.08 ± 0.01 mg m-2 s-1 and 

0.10 ± 0.03 mg m-2 s-1 and 0.08 ± 0.03 mg m-2 s-1 respectively.  

 
Parole chiave 
Flussi di anidride carbonica – respirazione del suolo – pacciamatura organica – strategie di irrigazione 

Key word 

Carbon dioxide fluxes – soil respiration – organic mulching – irrigation strategies 

 

Introduction 

In most agro-ecosystems, soil respiration (SR) is a complex 

process that is descriptive of soil activity in terms of soil 

carbon dioxide (CO2) release (Sagi et al., 2021). The gas flux 

from soil/atmosphere interface is attributed to several 

phenomena that occurs at the soil level, and it can be time-

varying. In addition, a fraction of the CO2 flux cannot directly 

correlated to agricultural activities deriving from deep 

geological activity. 

SR is defined as the combination of two biological sources: 

(i) the autotrophic respiration by plant roots and associated 

microorganisms (i.e., rhizosphere respiration), and (ii) the 

heterotrophic respiration, via microbial decomposition of soil 

organic matter (Hanson et al. 2000; Högberg and Read 2006; 

Ryan and Law 2005). In this sense, a fraction of CO2 flux is 

related to root microbiome and mycorrhizae activity in 

rhizosphere. In the latter, fungi and bacteria establish a 

mutual symbiotic association with crop roots. Specifically, 

using root exudates, they can survive and reproduce in 

rhizosphere while providing nutrients (mainly nitrogen-

based molecules) to the plants and releasing CO2 (Vives-

Peris et al., 2020; Girkin et al. 2018). The other CO2 flux 

fraction is related to processes that occurs in the first few 

centimetres of the soil depth, due to leaves litter 

decomposition or soil management operations, as soil tilling. 

SR depends on many different parameters seasonally time-

varying, such as soil texture, soil compaction, roots density, 

available soil organic matter, soil temperature, pH, soil water 

content (SWC) (Wang et al. 2016).  

Moyano et al. (2012) showed that the relationship between 

soil heterotrophic respiration and soil moisture is consistently 

affected by soil texture and other properties (e.g., soil bulk 

density and soil organic carbon). The relationship between 

SWC and SR is also strongly related to soil texture. Many 

studies have shown that no single factor can fully explain 

SWC variation (Holsten et al., 2009). 

The proportion of SR from autotrophic and heterotrophic 

contributions may vary annually and seasonally among the 

terrestrial ecosystems (Hanson et al. 2000). Across a range of 

studies, the heterotrophic contribution varied from 10 to 

95%, and averaged 54% annually and 40% during the 

growing season (Hanson et al. 2000). The SR is the main 

pathway for carbon moving from the agro-ecosystem to the 

atmosphere (Ryan et al., 2005; Hou et al., 2021) and 

represents a major flux in the global CO2 cycle (Vargas et 

al.2010). Small changes in SR can also have a significant 

impact on atmospheric CO2 concentrations at the global 

level.  

The accurate quantification of CO2 emissions through SR is 

of great significance for understanding climate change and 

the CO2 cycle (Hou et al., 2021). Because, as above-

mentioned, soil autotrophic and heterotrophic activity is 

controlled by substrate availability, the SR is strongly linked 

to plant metabolism, photosynthesis and leaves litter fall. 

This link dominates both base rates and short-term 
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fluctuations in SR and suggests many roles for SR as an 

indicator of ecosystem metabolism (Ryan et al., 2005). SR 

and soil processes are linked, but their understanding can be 

complicated (Ryan et al., 2005). In general, photosynthesis 

supplies carbon substrate for root metabolism and growth, 

and a decrease in substrate supply may decrease SR within 

days (Högberg et al. 2001). In addition to this direct effect, 

the fraction of photosynthesis may vary as function of 

nutrition (Giardina et al. 2003), water availability (Stape 

2002), and phenology. These effects are furthermore 

influenced under heterogeneous agro-systems in 

Mediterranean climate conditions. In this sense, Consoli et 

al. (2014) highlighted the role of the orchard system in 

sequestering atmospheric CO2. Additionally effects on CO2 

in these contexts are dependent on the agronomic practices 

applied in situ. 

Sustainable soil and water management practices have been 

applied in this study by combining the regulated deficit 

irrigation strategy (RDI) with the use of organic mulching. In 

particular, a water shortage can affect the performance of soil 

microbial communities in natural ecosystems at the level 

of microbial growth and biomass (Meisner et al., 

2013), microbial composition (Hawkes et al., 2011; 

Placella et al., 2012), and biogeochemical cycles (Goransson 

et al., 2013; Placella et al., 2012). However, the concrete 

effect of RDI on soil microbial communities in agro-systems 

has been poorly studied. Bastida et al. (2017) reported that 

RDI had a negative impact on the soil microbial biomass and 

enzyme activities in a grapefruit orchard, with a slow-down 

of organic matter decomposition under deficit irrigation 

condition. In addition, the use of organic mulching often 

contains soluble organic matter and nutrients that may benefit 

the development and activity of the soil microbial community 

(Adrover et al., 2012; Chevremont et al., 2013), with 

potential changes in its composition (Bastida et al., 2017; 

Zolti et al., 2019). 

 

This study focuses on understanding the separate and 

combined effects of the application of deficit irrigation 

regime (RDI) and organic mulching, in semiarid 

Mediterranean conditions, on SR. Further measurements of 

CO2 fluxes in the soil are planned to be compared with the 

in-situ CO2 fluxes measured by an Eddy Covariance tower 

to distinguish the role of plant contribution to the overall CO2 

flux. 

 

2. Material and methods 

2.1 Study site description 

The study was conducted in an experimental orange orchard 

(Citrus sinensis (L.) Osbeck, Tarocco Sciara grafted on 

Carrizo citrange Poncirus trifoliata (L.) Raf. × _C. sinensis 

(L.) Osbeck), managed by the Italian Council for Agricultural 

Research and Agricultural Economics Analyses (CREA-

OFA, Acireale). The study site is located in the insular part 

of Italy (eastern Sicily, Lentini, SR, 37° 20' 12.65" N, 14° 53' 

33.04" E, WGS84, Figure 1) and characterized by semi-arid 

Mediterranean climate, with warm and dry summers. During 

the years 2010–21, the mean air temperature, annual 

precipitation and reference evapotranspiration values were 

about 18.2◦C, 587 mm and 1264 mm, respectively (data 

provided by a weather station located about 2 km far from the 

study site and managed by Servizio Informativo 

Agrometeorologico Siciliano, SIAS). 
 

The experimental design at the study site provided the 

integration of soil sustainable and water management 

practices by RDI (i.e. water deficits supplied during specific 

phenological phases, when crops are less sensitive to water 

stress, without affecting yield and quality features, Romero-

Trigueros et al., 2017; Saitta et al., 2021) and organic 

mulching (crop residues from pruning and weeds) practices, 

as in the follows: 

• FI Bare, fully irrigated treatment (FI), where irrigation 

rate is 100% of ETc in bare soil condition. 

• FI Mulch, fully irrigated treatment (FI), where irrigation 

is 100% of ETc in organic mulching condition. 

• RDI Bare, irrigated at 100% of ETc, except for the II 

phenological stage (i.e., fruit growth) when irrigation 

corresponds to 50% of ETc in bare soil condition. 

• RDI Mulch, irrigated at 100% of ETc, except for the II 

phenological stage (i.e., fruit growth) when irrigation 

corresponds to 50% of ETc with organic mulching 

condition. 

 

The study site was equipped with an Eddy Covariance (EC) 

tower located at 7 m above the ground (two times the canopy 

height). The EC system was equipped by a three-dimensional 

sonic anemometer (CSAT3-3D, Campbell Scientific Inc.) 

and an infrared open-path gas analyzer (Li-7500, Li-cor 

Biosciences Inc.) to obtain high frequency (10 Hz) 

measurements of the three wind components and the H2O and 

CO2 concentrations, respectively. Low frequency data (30-

min) were obtained for: net radiation (Rn, W m-2, net 

radiometer CNR-1 Kipp & Zonen located 7 m above the 

ground) and soil heat flux (G, W m-2) identified by self-

calibrated soil heat flux plates (HFP01SC, Hukseflux) placed 

in the exposed, half-exposed and shadowed soil, at about 0.05 

m of depth. High and low frequency data were recorded by a 

CR1000 logger (Campbell Scientific Inc.). The standard 

EUROFLUX rules (Aubinet et al., 2000) were adopted for 

EC measurements and data processing. Common errors in the 

measured high frequency data, such as running means for 

detrending, three angles coordinate rotations and despiking, 

were removed during the post processing by quality checks 

(Vanella & Consoli, 2018). 
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Fig. 1. Experimental treatments at the study area 

Fig. 1. Schema dei trattamenti sperimentali 

 

2.2 Soil respiration measurements 

The most common approach to measure the SR is based on 

the use of static accumulation chamber (Ceccon, et al., 2010). 

There are different commercial instruments available, like 

LI-COR LI-8100 or Li-COR LI-6800 or the Portable soil 

Fluxmeter from WEST Systems. While they can be suitable 

for research use, their cost cannot be often affordable for 

those farms that wish to implement Precision Agriculture 

techniques, using multiple chambers. In this study, during the 

month of December 2021, SR measurements were conducted 

on the treatments under study using an accumulation 

chamber.  

 

2.2.1 Accumulation chamber set-up 

An ad hoc low-cost accumulation chamber is under 

development and design by the researchers of INGV and 

UniCT. The camera prototype is already in use for the SR 

measurements. The chamber (based also on the research of 

Chiodini, et al. 1998) it is suitable to be left on site for serval 

days and will also allow to take measurements on saturated 

soil, or when it will be equipped with a float even on the water 

surface. 

To guarantee soil seal and limit wind adverse effect, a collar 

semi-buried in soil can be used. Long-term data collection 

campaign may not be recommended because the prolonged 

presence of the chamber can modify soil behaviour.  

The accumulation chamber in use in our experiment was 

made by non-transparent PVC (i.e., photosynthetic activity 

inside the chamber was not considered) with a cylindrical 

shape, with 10 cm and 20 cm of height and diameter, 

respectively (Figure 2a). 

Fig. 2. Accumulation chamber (a) and the data monitor on 

board the logger (b). 

Fig. 2. Camera di accumulo (a) e visualizzazione dei dati 

attraverso il logger (b). 

 

The chamber was atmospheric pressure-compensated by a 

small vent, designed to limit the Venturi effect due to wind. 

On the top of the chamber, another similar PVC cylinder 

hosted the electro-pneumatic sub-systems, the IR gas 

analyser (IRGA) and a data logger. Each measurement cycle 

started with a chamber cleaning phase in which an high rate 

of fresh air from atmosphere is pumped inside for few 

minutes in order to remove CO2 accumulation. Exhaust air is 

discarded into the atmosphere. At the end of the cleaning 

phase, a valve sealed the chamber and the accumulating gas 

inside is pumped into the IRGA at a low rate and then put 

back into the chamber. This allowed for gas mixing, to 

prevent stratification, inside the chamber, without the need of 

mechanical fan. In order to avoid non-linear accumulation 

rate inside the chamber, the measurement cycle was limited 

to 300 s. The concentration data, in ppm, was stored on the 

on board data logger, while they can be accessed in real time 

by means of a WiFi connection. In this sense, a smartphone 

with an available web browser can be used. The system 

provided a suitable-developed Javascript web application in 

which concentration data (with air temperature, pressure and 

others parameters) are shown in real time graphs (Figure 2b).  

 

2.2.2 Data processing and comparison with CO2 turbulent 

fluxes 

A Matlab tool was designed to process the accumulation 

chamber CO2 concentration time series in CSV format. Due 

the short sampling time (300 s), a modified linear regression 

model was used. The RANSAC algorithm, that is able to 

automatically discard data in the initial dead-band (mainly 

due to internal pneumatic dead volumes) and different other 

kind of noises in time series, was used.  
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For the comparison between the CO2 flux measurements of 

the soil and the turbulent CO2 fluxes measured by the EC 

system, the WINDTRAX software has been identified and 

will be applied in the near future. This software takes into 

account the micrometeorological variables allowing to 

translate the measured CO2 fluxes on the soil at the height of 

the EC (h = 7 m) in order to have up scaled and comparable 

data. To discriminate the soil component from the CO2 fluxes 

of EC, we will use the integrated measurement approach in 

which a Lagrangian stochastic model (LS) is applied to 

simulate the transport of CO2 from single or composite 

sources. Based on meteorological parameters, the LS model 

will allow to determine unknown CO2 emission rates from 

sources but also, vice versa, to find the distribution of CO2 

concentration from known or measured CO2 emissions from 

sources (Federico, C. et al., 2019).  

 

3. Results and discussion 

The preliminary results achieved in this study using the ad 

hoc accumulation chamber showed that the CO2 activity was 

greater in the treatments subjected to FI than to RDI 

strategies under bare soil, showing average values of 0.10 (± 

0.01) mg m-2 s-1 and 0.08 (± 0.01) mg m-2 s-1, respectively. 

Greater CO2 fluxes were also observed at FI under organic 

mulching condition, showing average values of 0.10 (± 0.03) 

mg m-2 s-1 and 0.08 (± 0.03) mg m-2 s-1, respectively (Figure 

3).  

 

 
Fig. 3. Measured CO2 fluxes 

Fig. 3. Flussi misurati di CO2 
 

 

The effects on CO2 fluctuations due to different SWC 

conditions were also observed by other authors (Flechard et 

al. 2007, Jassal et al. 2005, Maier et al. 2010). These 

evidences were interpreted as the result of the stimulation and 

intensification of biological activity in the soil and the 

decrease in diffusivity of the topsoil due to SWC changes 

(Borken et al., 2003, Lee et al., 2004). Hou et al. (2021) 

recognized the SWC as the main controlling factor on CO2 in 

tree orchards supplied by drip irrigation. Moreover, these 

authors highlighted the importance of evaluating the role of 

the adoption of different agricultural practices on the 

temporal and spatial variations of SR fluxes. However, the 

discussion of the results of this study is still limited due to the 

few dataset collected, since it refers to a single month of 

observation. 

 

4. Conclusion 

In this study, the effects of different irrigation strategies and 

soil management practices have been investigated by 

measuring soil CO2 fluxes using an accumulation chamber. 

Even if the preliminary results of this study are in agreement 

with literature, in which a greater CO2 activity in well 

irrigated soils is detected in comparison to lower irrigated soil 

conditions; further analyses are needed to corroborate these 

findings and to upscale the CO2 fluxes at the EC soil-plant-

atmosphere level. 
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