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Abstract

:

The aim of this study was to determine the impact of agro-ecological practices on soil losses, by assessing experimental field topography changes and cauliflower crop yield after an artificial extreme rainfall event. Data were collected in an innovative experimental device in which different combined agronomic strategies were tested such as hydraulic arrangement, crop rotations and agro-ecological service crops (ASC) introduction. The collection of elevation data was carried out in kinematic way before rainfall, and in punctual surveys to evaluate the effects of artificial event on this parameter. Non-parametric tests were performed to evaluate differences between samples. High-resolution digital elevation models were generated from independent data using kriging, and elevation difference maps were produced. The results indicated that the data before and after the artificial rainfall were statistically different. The raised strips suffered soil loss showing that the strip with permanent intercropping was higher than that in the absence of ASC. A significant rise of elevation was registered in the furrowed strips after rainfall, and deposition of soil occurred at the lowest areas of the experimental field. Moreover, the study showed a relationship between cash crop yield and elevation: the areas with lower elevation (higher flooding) were characterized by the lowest yield.
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1. Introduction


In many agro-environments of the developed countries, due to uniformity in crop monoculture systems along with indiscriminate use of agro-chemicals, negative outcomes and vulnerabilities (e.g., wide-spread degradation of land, water and ecosystems; high GHG emissions; biodiversity losses) are becoming crucial issues [1]. These adverse environmental externalities worsen in the climate change context, particularly in Mediterranean environment. As a result of extreme rainfall events, temporary flooding of the soil, determining poor soil aeration, affects plant growth [2]. These frequent high-intensity rainfall events, which usually occur after a very dry summer, and the climatic fluctuation in short- and long-term (especially in rainfall quantity), have been pointed out as the main climatic characteristics affecting the vulnerability of the Mediterranean basin to erosion [3,4]. In particular, specialized input-intensive farming systems entail high risks of runoff and soil erosion, thus reducing the productivity of agricultural ecosystems [5].



The Food and Agriculture Organization (FAO) highlighted the great potential of diversified agro-ecological systems to reverse soil degradation, restore degraded land and rebuild soil fertility, according to sustainable agriculture principles [6]. Indeed, sustainable agriculture is based on different agronomic practices that meet current and future society needs for food and feed, ecosystem services and human health, maximizing the net benefit for people [7]. Keeping or improving the organic carbon content in the soil and the related soil fertility properties can be achieved with conservation soil tillage systems, which leave more crop residues on the surface because the soils are not turned over, and by using organic fertilizers and amendments [8,9]. Soil organic matter is of greatest importance for agricultural systems adaptation, since it increases water infiltration and surface soil aggregation, thus diminishing soil losses through runoff [10]. In addition, in-field species diversity often plays a key role in delivering resilience, acting as a buffer against environmental and economic risks, and enabling adaptation to changing climate and land use conditions [11]. The diversification of farming systems, based on the rotation and association of cash crops and the introduction of complementary, break crops or living mulches (LM), can fulfill the need of producing food, feed and fiber [12]. In particular, the inclusion of cover crops in a rotation provides soil cover and helps regulate microclimate and local hydrological processes, thus preventing soil erosion by wind and rainwater strength during extreme rainfall events, which reduce organic matter content in the long run. In crop rotations, LM, planted either before or concurrent with a main crop and maintained as a living ground cover throughout the growth cycle, may provide many beneficial ecosystem services (e.g., prevent nitrate leaching, improve soil physical characteristics; contribute to reducing surface water runoff, etc.); thus, cover crops can be defined as “agro-ecological service crops”—ASC [13].



On the other hand, break crop utilization limits nutrient leaching, scavenging the soil residual N and making it available for subsequent cash crops, and leguminous green manures can fix large quantities of atmospheric N2 [10]. However, these crops should be opportunely managed and farmers’ perception should be taken into account [14]. In Mediterranean regions of Europe, the conservation no-till or minimum tillage systems based on the use of a roller crimper to terminate cover crops could have great potential to provide ecosystem services (i.e., soil temperature control, energy and water saving, weed control) in organically managed vegetable cropping systems [15].



All of the above-described agro-ecological techniques can be tested as potential strategies for organic horticulture adaptation to climate change.



Moreover, topography and landform are among the most obvious relevant causes of crops yield variation because of their direct effect on micro-climate and their water-related soil factors [16,17]. Accurate representation of field topography in the form of digital elevation models (DEMs) is required to implement management for more efficient production systems. For example, DEMs can be used to identify runoff-contributing areas and calculate slopes for use in field-runoff and filtration models [18] or for soil erosion [19,20]. Modern mapping technologies such as real-time kinematic differential GPS (DGPS), with higher accuracy of topographic measurements (centimeter level position accuracy), offer a new approach to the monitoring of this dynamic environment and to evaluate the changes in elevation surfaces [21].



As better described in Diacono et al. [22], in the MITIORG long-term experimental device (southern Italy), soil surface shaping as a kind of ridge system was carried out to increase rooting depth layer, allowing crop survival in the event of flooding, and to facilitate the lateral outflow of excess water. This technique was combined with organic fertilizer and amendment application, which can increase the soil’s water retention capacity and infiltration, and farming system diversification.



An approach that integrates conservation agriculture and sustainable crop production intensification can be considered a win-win solution in the case of income reduction due to climate change effects. Therefore, more cash crops have been cultivated in rotation on flat soil strips during each cropping season.



The main goal of this study was to evaluate the influence of different agro-ecological practices on soil erosion by water, by assessing field topographic features with a very high-resolution DEM, before and after an artificial extreme rainfall event, and cash crop yield after the same event. The ultimate goal of the ongoing research is to suggest agro-ecological technique combinations for the potential adaptation of horticultural systems to climate change.




2. Materials and Methods


2.1. Study Site and Experimental Device


The study was carried out in the innovative MITIORG organic long-term field experiment (Long-term climatic change adaptation in organic farming: synergistic combination of hydraulic arrangement, crop rotations, agro-ecological service crops and agronomic techniques), on the research farm ‘Azienda Sperimentale Metaponto’ of the Council for Agricultural Research and Economics, Research Centre for Agriculture and Environment (CREA-AA) (lat. 40°24′ N; long. 16°48′ E).



The soil is classified as a Typic Epiaquert [23] and it is poorly drained, consisting mostly of swelling clays, and the clay (about 60%) and silt (30%) contents increase with depth. An average value of 1.23 (g cm−3) for bulk density was considered in order to have an indicator of soil compaction.



The climate is classified as “accentuated thermomediterranean” according to the UNESCO-FAO soil classification system [24], with mean monthly temperatures of 8.8 °C in the winter and 24.4 °C in the summer. The site is generally characterized by winter temperatures which can fall below 0 °C, and summer temperatures which can rise above 40 °C.



Mean monthly minimum and maximum temperature and total rainfall were recorded at the agro-meteorological station of the experimental farm. Due to the absence of extreme rainfall events (which are not completely predictable) during the field trial, in a previous study it was not possible to verify the effects on climate change adaptation of the combined agro-ecological practices [22]. Therefore, it was decided to artificially produce a heavy rainfall event by flooding the field. This artificial rainfall event was accomplished by flooding the field with about 370 mm ha−1 of water over two days, in December 2016. In particular, a two-day constant irrigation on the entire experimental field was provided by sprinkler irrigation, by applying a uniform amount of water. Due to the peculiar characteristics of the soil (high amount of clay and silt) the water started to remain on the soil surface soon after the first day of irrigation.



The field experiment was designed based on the experience learnt from previous studies on agro-ecological strategies [25]. The experimental device combines a suite of functionally integrated techniques (conceptually identified as “layers”), namely: (i) soil surface shaping; (ii) crop rotations; (iii) ASC introduction; (iv) ASC termination techniques; and (v) organic fertilization.



The base layer is the soil hydraulic arrangement by means of soil surface shaping as a kind of ridge system, in which vegetable crops are cultivated both above the raised bed (ridges 2.5 m wide, indicated as R) and in the 2.5 m flat areas (or strips) between them (indicated as FS—Figure 1).



The system is obtained by ploughing on the left-hand side of a strip and, as the plough turns the soil over, it moves it to the right. On reaching the end of the strip, the plough is taken back down the other side, resulting in build up of the soil in the strip center. The field was characterized by a slight depression along its eastern side, which could influence soil surface runoff and elevation changes in the ridges. The soil hydraulic arrangement was conceived as a semi-permanent system, since it is done every two years to avoid ridge compaction. It is sometimes used for vegetables and fruit shrubs in the study area.



Rotation (the second conceptual layer) is designed avoiding cash crop cultivation during the winter-rainy period of the year in the FS, which can be waterlogged in the case of heavy rain and/or temporary flooding, as it has frequently occurred in the study area over the last 10 years. Moreover, in order to protect the soil from erosion and to provide N to the system via biological fixation, a next conceptual layer based on tailored introduction of ASC is implemented. On top of the R, a leguminous ASC is provided as living mulch (LM) to the winter vegetable crop and maintained as a living ground cover throughout its cycle (controlling the growth by mowing). In the flat strips, the cash crops in rotation are always summer crops, and pure ASC or mixtures of different proportions of legume and non-legume crops are cultivated (being potentially unaffected by temporary water excess) in the winter-rainy period as break crops. These break ASC are terminated by the no-till roller crimper technique or they are green manured before the transplant of cash crops. The last conceptual layer consists of an organic fertilization strategy, by using commercial and/or on-farm fertilizers and amendments allowed in organic farming by Italian legislation (e.g., anaerobic digestates and composted municipal solid organic wastes), to maintain or increase long-term soil organic matter and fertility.




2.2. Experimental Setup, Treatments and Measurements


The research was carried out during the 2016–2017 season in the entire experimental field described in Figure 1, with winter cauliflower crop (Brassica oleracea L. cv. Triunphan) cultivated on the R, with different management of the legume LM, and autumn-winter ASC in the FS. On the top of two ridges, legume ASC were intercropped with the cash crop: (i) burr medic LM (Medicago polymorpha L. var. anglona); (ii) crimson clover LM (Trifolium incarnatum L.), which were compared to (iii) no living mulch control (NMC) in the third R. These three main plots were divided, as a randomized complete block design, into three sub-plots to test the second factor corresponding to the following organic fertilizers (F), allowed in organic farming [26]: (i) local anaerobic digestate fertilizer, based on cattle slurry (AD); (ii) commercial organic-mineral fertilizer (OF), based on dried cattle manure, compared to (iii) an unfertilized control (NFC). Each LM × fertilizer plot (intersection plot) resulted in about a 60 m2 area. Within each intersection plot, three random replications were defined and, therefore, each elementary plot consisted of about a 20 m2 area. The organic materials were applied before cauliflower transplanting, at a 100 kg N ha−1 rate. The cauliflower was manually transplanted on 20 October 2016 (1 × 0.60 m; 17,000 plants ha−1) and it was harvested on 21 March 2017. Following the local practices of the farmers, the crop was rainfed, and no irrigation water was distributed after transplanting, since a sufficient amount of natural rainfall occurred in late October. At harvesting, on the tested area of about 4 m2, five randomly selected cauliflower heads were collected from each elementary plot, which consisted of about 35 plants, allowing the calculation of marketable yield production.



In the flat strips, ASC mixtures were cultivated in the winter period before cash crop transplanting: (i) MIX 1 by vetch (Vicia sativa L.) + oats (Avena byzantina L.) in two strips and (ii) MIX 2 by vetch + broad bean (Vicia faba L.) in one strip, all compared to a no-ASC control (NAC).




2.3. Topographic Surveys


The collection of high-accuracy DGPS measurements was conducted in a kinematic way and connected to geophysical sensors, in order to characterize the spatial pattern of soil properties, and in a punctual way in order to evaluate the effects of the artificial extreme rainfall event on the elevation data. Measurements were carried out in a kinematic way in April, July and October 2016 in the FS and in May and September 2016 in the R with a sampling density of 0.5 m along each soil strip. The punctual measurements were collected on 121 points in February 2017 along the four FS, and 217 points in March 2017 along the three Rs (Figure 2).



All the surveys were carried out using a Topcon HiperPro (Geotop, Tokyo, Japan). This device consists of a base receiver positioned at a location with known coordinates in continuous recording mode and a mobile receiver (rover), which is moved to the unknown positions. The rover, mounted on a pole, was moved with a vehicle for the kinematic survey and carried manually for stop-go surveying. The two receivers must track simultaneously at least four common satellites. The difference between calculated and known coordinates or between observed pseudo ranges and calculated ranges at the base station is used to compute corrections that are transmitted to the rover antenna and applied to obtain positions. These receivers guarantee a horizontal precision of 3 mm + 0.5 ppm (per baseline length) and a vertical precision of 5 mm + 0.5 ppm (per baseline length) if used in static mode.



Since the raw data were in the format of a geographic coordinate system consisting of longitude, latitude, and altitude, they were converted into a projected coordinate system. Projection was required for spatial data analysis using units of length in the horizontal plane. The standard USGS Universal Transverse Mercator (UTM) format was used (UTM grid zone 33N; World Geodetic System, WGS84).



The raw spatial data (Easting, Northing and Elevation measurements) acquired were used to create a Digital Elevation Model (DEM). It is a 3-dimensional model that represents ground surface elevations in meters above sea level (a.s.l.).




2.4. Data Analysis


The analysis was split into three parts: (i) the first one aimed at comparison of data acquired during the different surveys to statistically evaluate the significant differences between the data; (ii) the second part aimed at production of elevation maps for each survey date involving spatial interpolation techniques; (iii) the third was conducted to calculate altitude differences through the subtraction of the maps before and after the extreme rainfall event.



The data acquired in kinematic way were migrated at the sample location for comparison. Since the condition of normality, checked by the Shapiro normality test, was not fulfilled, the data sets were submitted to the non-parametric Mann–Whitney test. This test (U test) is used to test the null hypothesis that two samples come from the same population (i.e., have the same median). If the significance level (p value) is less than 0.05, then the difference between data sets is significant. Statistical analysis of data was performed using the software package XLSTAT (Addinsoft SARL, Paris, France).



For the second part of the analysis, geostatistical procedures were separately applied to each date of the survey by using a univariate approach on a grid with a resolution of 0.5 m. Detailed descriptions of the used procedures can be found in Chilès and Delfiner [27], Wackernagel [28] and Goovaerts [29]. The geostatistical analyses were performed with ISATIS [30].



The map of elevation differences produced by the extreme rainfall event was calculated by the subtraction of the two grids, the first one obtained before the event and second one after it (Elev_September2016–Elev_February2017) and (Elev_October2016–Elev_March2017). A negative value is interpreted as deposition, a positive value as erosion (surface lowering), and a zero value as no change.





3. Results and Discussion


3.1. Weather Conditions


Figure 3 shows the monthly mean temperatures and the cumulative rainfall for the trial period (January 2016–March 2017). It can be observed that, before the first elevation survey (April 2016), the cumulative rainfall was 151 mm, whereas in the subsequent surveys, the rainfall was characterized by less intense events. The 48-h artificial extreme rainfall event represented about 15% of the annual rainfall recorded during 2016. After this water distribution, the cumulative rainfall of January 2017 was about 117 mm, which provided a second (although with less intensity) flooding. However, in the next two months (February and March 2017), the rainfall was low, with the possibility of reducing the effects of waterlogging. The mean temperature after the artificial extreme event was slightly lower than that in the previous winter period.



The effects of weather conditions (particularly the extreme rainfall event) and agronomic practices on soil losses and cash crop yield are reported in the following subsections.




3.2. Topographic Data in the Ridges


The exploratory analysis of the elevation data in the R for each survey date showed a decrease of elevation from the first ridge (R1) to the third one (R3) (Table 1). The data distributions were skewed with deviations from the normal distribution according to the Shapiro-Wilk test (α = 0.05); therefore, non-parametric tests were applied to assess whether the elevation data for the different survey dates were statistically different.



In the period before the extreme rainfall event (between May 2016 and September 2016) the differences were significant only for the R1. The lack of significant differences for the other Rs could indicate that, in the short-term and without particular thermo-pluviometric events (Figure 2), there were no changes in elevation in the experimental field and the differences may be due to instrumental errors [31]. In any case, the slight difference found in the first period in R1 could be due both to the absolute initial level which was the highest in R1 (Table 1) and to normal agronomical practices carried out in the spring-summer period that could influence soil loss.



Conversely, significant differences were found in all ridges, between data measured in September 2016 and February 2017 (Table 1(d)), before and after the rainfall event, respectively, likely indicating that the artificial event influenced the elevation. Overall, the average elevation was the highest in September 2016, with a significant average decrease in the three Rs. The different agronomic practices and, in particular, the presence of permanent intercropping (LM in the R1) seemed to reduce the decrease of soil elevation in this period, although with a slight difference. In particular, as a consequence of the strong rainfall event, average difference recorded in R1 was lower by 2.2 cm as compared to R3, while intermediate results were found for R2. Furthermore, since the mean value of bulk density of the each ridge was not different compared to the initial average value of the field experiment (1.23 g cm−3) and, therefore, the soil compaction did not change, the difference between R1 and R3 was due to the presence of burr medic LM that reduces soil loss [32,33]. As a matter of fact, the LM system not only protects soil from erosive factors, but also preserves soil structure [34]. The protective effect of the cover crop was effective when very erosive rainfall occurred, producing the highest soil losses in the R3 [35]. In order to verify the influence of organic fertilizers, Table 2 shows the average differences for the elevation parameter considering the plots with different treatments for each raised bed and for each survey. No interaction between elevation and fertilizer treatments was observed. In particular, a decrease in the average values independent of treatments was found (data not shown) and the significant reduction of mean elevation values after the extreme event followed the same trend observed in Table 1(d). Therefore, even if soil organic matter can modify the soil physical characteristics, and also the runoff values [10], this important agronomic factor did not affect the reduction of elevation (or loss of soil). This last result is probably due to the violent strength and intensity of the rainfall event that exceeded the possible benefit of the agronomic practices, i.e., the benefit of organic fertilizers for soil conservation [36]. In fact, the physical protection of organic carbon afforded by soil aggregation is removed by water erosion when rain-impacted aggregates are broken down and labile soil organic carbon fractions are released [37].



Figure 4 shows the trend of the elevation, which was the same in the three ridges before and after the event. However, the R1, characterized by the presence of permanent intercropping, was higher than the R3, characterized by no mulch presence (about 11 cm in September and about 13 cm in February), while an intermediate behavior was registered in the ridge with a seasonal cover (R2).



In addition to the differences in altitude among the ridges (from the R1 to R3), a within-ridge difference can be observed, thus identifying three blocks, which match with the plots: the first block, located at the western part of the field, with higher values of elevation than the second block (that shows intermediate values), and the third one characterized by the lowest values (Figure 1). For this reason, the spatial variability within the field was assessed.




3.3. Spatial Variability in the Ridges


The data distributions were skewed with sensible departures from normal distribution (the hypothesis of normality was refused on the basis of Shapiro-Wilk as reported in Table 1); therefore, the data were transformed by Gaussian anamorphosis. Elevation data from each dataset were interpolated with kriging to a common grid with a mesh of 0.5 m to produce thematic maps of elevation.



All the obtained maps showed an area with higher values of elevation in the western portion of the field (Figure 5), a central part with intermediate values and the area with lower values located in the eastern side. The map of the estimated elevation for February 2017 (Figure 5c) was more smoothed compared with the ones of the previous surveys because of coarse sampling.



Variation in absolute values was registered and, in particular, a reduction in elevation values was observed. However, spatial structures were not modified following the rainfall event and the depression along the eastern part of the field was maintained, confirming the trend reported in Figure 3.



Combining the statistical and spatial results, a difference in height was observed before the rainfall event, which was also detectable after the event. The lower part of the field (the R3 and in particular the second and third blocks) underwent the major soil loss; therefore, the performed soil hydraulic arrangement did not completely eliminate the risk of water stagnation and did not support the lateral outflow of the excess water [38].



Since the statistical results showed significant difference only for the dates of surveying September 2016 and February 2017, a new grid with the elevation difference (Figure 6) was calculated by subtracting these two DEMs. This map clearly showed that a decrease of elevation (positive difference values) occurred in all ridges. In particular, the eastern part of the field, where a depression was always evident, was subjected to a major decrease, while the R1, characterized by permanent intercropping, showed a more uniform decrease of elevation in comparison with the other soil strips characterized by higher variability. As a consequence, the presence of a permanent cover crop, playing an important role in reducing water and soil losses [39,40], could ensure a greater soil and crop uniformity, which is the base of crop production stability.




3.4. Topographic Data in the Flat Strips


The exploratory analysis of the elevation data in the FS (Table 3), for each survey date, showed an increase of elevation from the first survey in April 2016 to the last one in October 2017. The elevation mean values in the flat strips were lower than those in the raised beds before the artificial event, whereas after it the mean values in the flat strips increased as a result of sediment deposition.



The data distributions were skewed with deviations from the normal distribution, except for the data in the FS1 in October; however, non-parametric tests were applied to assess whether the elevation data for the different survey dates were statistically different.



The differences were not significant in all strips before the extreme rainfall event (between April and October 2016), indicating that there were no changes in elevation in the experimental field and the slight differences may be due both to instrumental errors and/or the normal difference of the field as a results of agronomic practices. Significant differences were found in all FS, after the rainfall event (Table 3e). As a mean value, in March 2017 the FS1 was higher than FS4 by 18.4 cm, suggesting a movement of the deposition towards that part of the field experiment.



As observed in the ridges, the different fertilizer treatments did not affect the elevation in flat strips (data not shown), indicating that also in this case the benefit of organic amendment application did not overcome the limits imposed by the intensity of rainfall [36].



Figure 7 shows that before the event (in October 2016) the elevation values were uniformly distributed within each strip (on almost straight line) and a gradient was present from the first strip to the last one. In March 2017 (after the event), the elevation trend differed from that of October 2016 and it was very similar to the one observed for the ridges (Figure 3), maintaining the differences between the first and the last strip. Considering the absolute values of March 2017, the average height of the FS4, characterized by no-ASC control, underwent an increase of 2.6 cm more than the FS1. From an agronomical point of view, this result suggests that the repeated strong rainfall events could create or increase a soil slope which could influence the level and stability of yield production [17].




3.5. Spatial Variability in the Flat Strips


Also for the FS, the spatial variability within the field was assessed. The data were transformed by Gaussian anamorphosis and the experimental variograms for each date were fit. Finally, the elevation data were interpolated with kriging and thematic maps were produced (Figure 8).



The maps showed a depression along the eastern part of the field and the higher values of elevation in the western corner. Again, the spatial structures were not modified after the rainfall event and significant variation in absolute values was observed in March 2017.



Since the difference was significant only for the surveying dates of October 2016 and March 2017, the elevation changes were calculated from subtraction of these two DEMs (Figure 9). The negative difference values indicated an increase of elevation in all plots; therefore, all FS increased. In particular, the central part of the FS2 and FS3 was characterized by the highest raising (or deposition of sediment), following the outflow line [38]. In the FS4, characterized by no-ASC, there was a more uniform increase of elevation in comparison with the other strips where the variability was higher. These results could also be due to the soil erosion that occurred in the R1 and R2, which were higher than R3; therefore, the rainfall event may be caused a different deposition of sediments. Furthermore, it should be pointed out that the FS4 is close to the R3, which is characterized by the absence of LM that could influence soil water balance and determine loss of sediment [41].




3.6. Soil Losses and Yield


In Figure 10 the elevation difference of each ridge and flat strip is reported, showing that in the R there was higher variability, while in the FS the variation of elevation appeared more uniform. In addition, the figure highlights that the reduction of altitude (or soil loss) in the R was recovered in the FS: all values were allocated in the same range (0.6–0.8 m for the R and from −0.6 to −0.8 m for the FS).



Since the deposition occurred preferentially at the lowest areas of the field experiment (Figure 9), close to the southern border and in the central part of the field following the drainage ways, after the extreme rainfall event, the hydraulic arrangement “ridges-flat strips” was reduced and the ridges were flatten.



The permanent intercropping on the R reduced soil losses compared to the losses that occurred in the R without permanent intercropping. However, the main function of the R was to facilitate the surface runoff after the extreme event, but, in the present case, it did not retain sediments which were transported to the near FS, even if in different ways according with the presence of LM. In any case, under other topographic conditions and without this arrangement, the sediments would have been transported out of the field via drainage and the soil loss would have been increased after an similar extreme event. Although sediment detachment and transport process are different concepts and are controlled by different properties [37], this is an important factor in the future redesign of the hydraulic arrangement in the experimental device.



Because crop yields may be sensitive to extreme soil water contents [42], to evaluate the effect of the artificial rainfall event on the yield in the ridges, cash crop yield was determined. Cauliflower marketable yield results showed that crop production was obtained only in the first two ridges (Figure 11). By contrast, in the R3, characterized by absence of mulching and by the highest soil loss, there was no production. In particular, this result could be due to both a higher flooding and a lower soil fertility. This latter aspect could be due to the absence of leguminous cover corps (burr medic and crimson clover) and/or the organic amendments, which generally reduce crop productivity [43]. In particular, after the extreme rainfall event, the R3 remained flooded for a longer time period (about 3–4 days) as compared to the R1 and R2, which were characterized by waterlogging of about 2–3 days. Furthermore, the natural rainfall that occurred in January 2017 (117 mm) induced a further stress in the cauliflower plants, with a higher influence in R3.



The results connected with zero yield in R3 may be due to flow accumulation and water distribution in the field and can also be dependent on topographic conditions (elevation and slope). In fact, in this case, the yield was zero in the depression along the eastern part of the field experiment. Even if it is not possible to attribute the zero yield, as a unique effect, to the soil erosion and flooding, the results of this research pointed out that the R3 showed, as mean value, a lower height than the R1, which means that in this part of field experiment the soil erosion was higher. As a consequence, the higher flooding which occurred in R3 influenced the cauliflower crop response [44]. In particular, the findings of this research indicated that the combination of both water flooding and soil erosion overcomes the potential beneficial effect of the conservation agriculture practices, i.e., the organic matter distribution in R3 and no permanent intercropping in R2. In fact, no cauliflower yield was recorded in all fertilizer treatments in R3, and in NFC in R2. Conversely, the combination of the tested agronomical practices (LM and organic fertilizers distribution) reduced the negative effect of heavy rainfall, since the production was obtained when these techniques were applied.





4. Conclusions


During the first crop growth period, rainfall did not cause significant soil altitude differences (soil losses) because the quantity was not excessive and water infiltrated. Conversely, in the second period, substantial altitude differences were found as a consequence of the extreme artificial rainfall event, which caused soil erosion in the ridges and deposition in the strips.



In particular, the results of this research indicated that the presence of LM in R1 reduces soil losses and consequently maintains the level of crop productivity even if there is a very important rainfall event. In fact, as an absolute value and after a whole cropping system and one artificial heavy rainfall event, the mean value of R1 was 13 cm higher than R3, while the R2 showed an intermediate behavior. These findings indicated that LM on the ridges reduced soil losses compared to the losses that occurred in the ridges without permanent intercropping. From an agronomic point of view, this conservative practice could also reduce soil organic matter loss and ensure crop production, even in the presence of climatic change context which could cause extreme rainfall events and consequently, temporary flooding.



In light of the fact that there is an increase of precipitation extremes separated by long dry periods, the study has proved the high erosive potential of the extreme events and the significant economic losses to farmers. However, future work should focus on the influence of runoff and soil losses on nutrient transport.
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Figure 1. General layout of the experimental field indicating the soil surface shaping, with four flat areas (FS1–4) and three raised beds (R1–3). This is the innovative MITIORG organic long-term field experiment (Long-term climatic change adaptation in organic farming: synergistic combination of hydraulic arrangement, crop rotations, agro-ecological service crops and agronomic techniques), located on the research farm ‘Azienda Sperimentale Metaponto’ of the Council for Agricultural Research and Economics, Research Centre for Agriculture and Environment (CREA-AA) (Metaponto—MT, Italy; lat. 40°24′ N; long. 16°48′ E). 2,50 m = 2.50 m; 72,00 m = 72.00 m. 
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Figure 2. The experimental device with the sampling location based on a kinematic (black points) and punctual (red triangles) approach, along the four flat strips (FS) and the three ridges (R) split in the three different fertilizations. For each ridge, the cash crop (CC) was cultivated with different types of legume LM (LM1 and LM2) and with no living mulch control (NMC). For each FS, the ASC mixtures were cultivated (MIX1, MIX2) and a no ASC control (NAC) was also included. 
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Figure 3. Mean monthly temperature and cumulative rainfall at the study site in the trial period (January 2016 and March 2017). The arrows indicate the date of the survey carried out in the FS (green arrows) and in the R (black arrows). The red arrow indicates the month of the extreme rainfall event. 
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Figure 4. Trend of the three ridges for September 2016 and February 2017, before and after the extreme event, respectively. 
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Figure 5. Spatial estimate of elevation in May 2016 (a); September 2016 (b) and February 2017 (c). Color scale uses iso-frequency classes. 
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Figure 6. Map of the elevation differences between the estimated elevation in September 2016 and in February 2017. 
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Figure 7. Trend of the four flat strips for October 2016 and March 2017, before and after the extreme events, respectively. 
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Figure 8. Spatial estimate of elevation in April 2016 (a); July 2016 (b); October 2016 (c) and March 2017 (d). Color scale uses iso-frequency classes. 
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Figure 9. Map of the elevation differences (in meters) between the estimated elevation in October 2016 and in March 2017. 
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Figure 10. Elevation differences for each ridge (R) before and after the extreme rainfall event (September and February, respectively) and the elevation difference for each flat strip (FS) before and after the extreme rainfall event (October and March, respectively). 
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Figure 11. Mean values of marketable yield (t ha−1) for each treatment with three different fertilizations (ORG = organic fertilizer, NFC = unfertilized control, ASD = anaerobic digestate fertilizer). 
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Table 1. Descriptive statistics of elevation (m a.s.l.) for (a) the first ridge (intercropping cauliflower crop and burr medic living mulch—LM), (b) the second ridge (intercropping cauliflower crop and crimson clover LM) and (c) the third ridge (no LM control) in May 2016, September 2016 and February 2017. Results of the Mann-Whitney test (d).
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(a)




	
Date of Survey

	
Observation

	
Ridge 1




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
May 2016

	
38

	
4.570

	
4.990

	
4.846

	
−0.469

	
2.159

	
0.001




	
September 2016

	
38

	
4.462

	
4.987

	
4.802

	
−0.569

	
2.818

	
0.006




	
February 2017

	
38

	
3.774

	
4.225

	
4.059

	
−0.357

	
2.012

	
0.003




	
(b)




	
Date of Survey

	
Observation

	
Ridge 2




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
May 2016

	
38

	
4.600

	
4.950

	
4.786

	
−0.184

	
1.402

	
<0.0001




	
September 2016

	
38

	
4.349

	
4.942

	
4.746

	
−0.868

	
2.951

	
0.003




	
February 2017

	
38

	
3.726

	
4.189

	
3.994

	
−0.285

	
1.652

	
0.004




	
(c)




	
Date of Survey

	
Observation

	
Ridge 3




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
May 2016

	
42

	
4.520

	
4.860

	
4.711

	
−0.159

	
1.406

	
<0.0001




	
September 2016

	
42

	
4.497

	
4.856

	
4.690

	
−0.120

	
1.558

	
0.002




	
February 2017

	
42

	
3.693

	
4.097

	
3.925

	
−0.144

	
1.478

	
0.001




	
(d)




	
Date of Survey

	
Average Differences (m)




	
Ridge 1

	
Ridge 2

	
Ridge 3




	
May 2016–September 2016

	
0.044 *

	
0.040 ns

	
0.021 ns




	
September 2016–February 2017

	
0.743 **

	
0.753 *

	
0.765 *








† Shapiro–Wilk test (W) significant at the p ≤ 0.05 level shown in bold; *, ** Significant at the p ≤ 0.05, 0.01 levels respectively, ns = not significant.
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Table 2. Average differences between the mean elevation values for each ridge considering the different treatments (OF, organic fertilizer; AD, anaerobic digestate fertilizer; NFC, unfertilized control) and the results of the Mann-Whitney test.
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Ridge

	
Treatments

	
Average Differences (m)




	
May 2016–September 2016

	
September 2016–February 2017






	
Ridge 1

	
NFC

	
0.049 ns

	
0.745 *




	
AD

	
0.038 *

	
0.744 *




	
OF

	
0.044 *

	
0.739 *




	
Ridge 2

	
NFC

	
0.022 ns

	
0.757 *




	
AD

	
0.065 ns

	
0.744 *




	
OF

	
0.026 ns

	
0.757 *




	
Ridge 3

	
NFC

	
0.018 ns

	
0.776 *




	
AD

	
0.020 ns

	
0.766 *




	
OF

	
0.021 ns

	
0.751*








* Significant at the p ≤ 0.05 level, ns = not significant.
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Table 3. Descriptive statistics of elevation (m a.s.l.) for (a) the first; (b) second; (c) third and (d) fourth (no LM control) strip in April 2016, July 2016, October 2016 and February 2017. Results of the Mann-Whitney test (e).
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(a)




	
Date of Survey

	
Observation

	
Flat Strip 1




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
April 2016

	
59

	
4.550

	
4.920

	
4.768

	
−0.175

	
1.634

	
0.0002




	
July 2016

	
59

	
4.489

	
4.938

	
4.758

	
−0.668

	
3.193

	
0.022




	
October 2016

	
59

	
4.537

	
4.913

	
4.746

	
−0.222

	
2.354

	
0.229




	
March 2017

	
59

	
5.368

	
5.721

	
5.559

	
−0.091

	
1.60

	
0.002




	
(b)




	
Date of Survey

	
Observation

	
Flat Strip 2




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
April 2016

	
54

	
4.520

	
4.820

	
4.681

	
−0.103

	
1.388

	
<0.0001




	
July 2016

	
54

	
4.387

	
4.811

	
4.660

	
2.031

	
4.659

	
0.0002




	
October 2016

	
54

	
4.422

	
4.815

	
4.667

	
2.004

	
4.666

	
0.001




	
March 2017

	
54

	
5.292

	
5.629

	
5.479

	
1.475

	
5.478

	
0.0001




	
(c)




	
Date of Survey

	
Observation

	
Flat Strip 3




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
April 2016

	
49

	
4.440

	
4.740

	
4.611

	
−0.394

	
1.459

	
<0.0001




	
July 2016

	
49

	
4.382

	
4.714

	
4.586

	
−0.310

	
1.614

	
0.0002




	
October 2016

	
49

	
4.405

	
4.714

	
4.596

	
−0.411

	
1.524

	
<0.0001




	
March 2017

	
49

	
5.252

	
5.546

	
5.417

	
−0.241

	
1.377

	
<0.0001




	
(d)




	
Date of Survey

	
Observation

	
Flat Strip 4




	
Min

	
Max

	
Mean

	
Skewness

	
Kurtosis

	
Pr < W †




	
April 2016

	
51

	
4.410

	
4.690

	
4.557

	
−0.095

	
1.354

	
<0.0001




	
July 2016

	
51

	
4.400

	
4.676

	
4.546

	
−0.189

	
1.384

	
<0.0001




	
October 2016

	
51

	
4.392

	
4.663

	
4.536

	
−0.178

	
1.323

	
<0.0001




	
March 2017

	
51

	
5.220

	
5.506

	
5.375

	
−0.249

	
1.287

	
<0.0001




	
(e)




	
Date of Survey

	
Average Differences (m)




	
1st Flat Strip

	
2nd Flat Strip

	
3rd Flat Strip

	
4th Flat Strip




	
April 2016–July 2016

	
0.0086 ns

	
0.020 ns

	
0.025 ns

	
0.009 ns




	
July 2016–October 2016

	
0.020 ns

	
−0.061 ns

	
−0.011 ns

	
0.010 ns




	
October 2016–March 2017

	
−0.813 *

	
−0.812 *

	
−0.821 *

	
−0.839 *








† Shapiro–Wilk test (W) significant at the p ≤ 0.05 level in bold; * Significant at the p ≤ 0.05 level, ns = not significant.














© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
¥ (m

71980

71970

71960

71950

2471940

53420

G534a0 653460
X (m)

53480

Elevation difierences (m)
[September 2016 February 2017]

0.51
0.7
0.75
0.71

[Cwra





media/file4.png
NAC

NMC

MIX2

CC + LM2

Mix1

CC+LM1

A Puncual GPS data MIX1

«  Kinematic GPS data
|:| Organic-mineral fertilizer (OF)
|| Unfertilised control (NFC)
[ Anerobic digestate fertilizer (AD) 10 5 0 10 Meters





media/file21.jpg
71980

aa71970
Eaa71960
-

4471950

4471940

=

653420 653440 653460 653480
X (m)

Elevaton diferences m)
‘Octaber 2016 - March 2017

-0.75
-0.81
-0.83
-0.92

[/





media/file26.png
Yield (t/ha)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

ORG ASD NFC | ORG ASD NFC | ORG ASD NFC

1st Ridge

H Yield

2nd Ridge

3rd Ridge





media/file3.jpg
* omcraden
] o et )
[ [a———"
i 0 s o 10 Meters





media/file18.jpg
Elovaton (mas1)
4471980 ‘Getober 2016

3
79
70
68
64
61
54

.46
39

4471970

2471950

4471940

653420 553440 653460 653430 Cha
X (m)

(©

Elovaton (m 0.1)
2471980 March 20
=)
.61
54
Y
a7
aa
36
.28
.23

2471970

2471950

2471300

653420 653440 653460 653480 v
x (m)

(d)





media/file22.png
4471980 ¢

4471970 ¢ Elevation differences (m)
October 2016 - March 2017
E 4471960 |} ]
o -0.75
4471950 | i :g'gg
-0.92
4471940 } -

[ |w/a

653420 653440 653460 653480
X (m)





media/file7.jpg
2%block

3block

‘September 2016

"

H
LYW
"
R
s i

Easting (m)





media/file19.png
44719380 }

4471970 }
E 4471960 }
™

4471950

4471940

4471980

4471970
E 4471960
™

4471950

4471940

653420

653440 653460
X (m)

(a)

653480

653420

653440 653460
X (m)

(b)

653480

Elevation (m a.s.l.)
April 2016

.91
.82
.74
.68
.66
.63
.53
.47
.44

[ |u/a

= O - O O - - Y S

Elevation (m a.s.l.)
July 2016

.93
.79
o i
.67
.64
.61
.54
.46
.41

[ w/a

T~ T~ I~ T~ T - -





media/file14.png
4471980 ¢ <

4471970 } ] Elevation differences (m)
[September 2016-February 2017]
E 4471960 } . .
" 0.77
4471950 } d 0. 75
0.TX
4471940 -

653420 653440 653460 653480
X (m)





media/file6.png
= in_T

ax_T

+M

30

g m g = o

(2,) samjesadwiay

160

140 -

120 ~

T T T
w u ﬂu
ﬂﬂ E
-I_
E

(wuwy) jejurey

F

A5 O ND I

]

FMA M

]






media/file15.jpg
Eevation (m .5.1)

. Tthlock 2%block lock
Narch 2017
s
R 3 .\ ot

| Fie 4.- o .W...
“ October 2016

ent® sue s
T e

Py

s -

e,
P epores

prrpes

Easting (m)





nav.xhtml


  agriculture-07-00103


  
    		
      agriculture-07-00103
    


  




  





media/file11.png
Elevation (m a.s.l.)

May 2016
4471980 d

.01
.94
.90
.85
.80
.15
.68
B
. D2

4471970 -

E 4471960 } y

>
4471950 } -

(S - T N - - SR S|

4471940 -

L]
=
>

653420 653440 653460 653480
X (m)
(a)

Elevation (m a.s.l)
September 2016

4471980 } -
.94
. 91
.87
.83
.78
o p
%
.58
95!

4471970 |
E 4471960 |
g

4471950 }

4471940 } -

=T - N - N - T - - N - S -

653420 653440 653460 653480 [ |w/a
X (m)

(b)





media/file16.png
1tblock 2"9block 3"block
6
5.8
*2e, 2% 2° S . | March 2017 I
@ & It
S.G‘O‘.-. !A-.‘i":."
‘5 P WY N, m P &
R e F A
54 4 ' B ' ‘
*FS1_Mar2017 i’ L e x
WFS2_Mar2017 ;Q ‘ .. ® o® ~f0’ POR
=52 | AFS3_Mar2017
L @®F54_Mar2017
E
e %7
2
§
CFTR | October 2016 |
-
....000 LR Y * oo, 3“00. * 4o LN .' .’...‘
Y apmeumnigmgEE gy FNE e pe
44 - ”® 0 0 e o 0 et OB ed ‘0'\‘00, o0
® FS1_Oct2016
42 | WFS2_0ct2016
4 FS3_Oct2016
® FS4_0ct2016
653410 653420 653430 653440 653450 653460 653470 653480

Easting (m)

653490





media/file2.png
2,50m

2,50m

2,50m






media/file20.png
Elevation (m a.s.l.)

4471980 . October 2016

.93
<19
.74
.68
.64
.61
.54
.46
.39

4471970 }
E 4471960 |}
-

4471950 }

4471940 }

[ - R~ - - -

653420 653440 653460 653480 [ Jn/a
X (m)

(c)

Elevation (m a.s.l.)

4471980 } | March 2017

.69
.61
.54
.49
.47
.44
.36
.28
.23

4471970 }

4471960 }f

Y (m)

4471950 ¢}

4471940 }f

o nonnn 0N n

653420 653440 653460 653480 []H/A
X (m)

(d)





media/file23.jpg
Ridges

= ow
o sl gt
LR
o
a2 st
041 wR3_sept-sedr
-§u
T om e wie e ae  em e
o
2
241 ersioamar
o
o yeteed Flat strips

otusstrielsiareiteetopgasy





media/file10.jpg
Elevation (m as.l)

4471980
4.19

4471970 4.16
4.12

Eaam1960 4201
4.03

™ qamasso Heed
5.89

5.81

4471940 553
653420 653440 653460 653430 [Cw/a

X (m

(c)





media/file5.jpg





media/file24.png
Elevation differences (m )

@ ] '
=i
| =}
SFLER BRI R R R LY
.. = 1 l .
B R1_Sept-Febr

B R2_Sept-Febr
04 1 B R3_Sept-Febr

0.2
0 - 3 ; : ,
653410 653420 653430 653440 653450 653460 653470 653480
Easting (m)
0.2
04

® FS1_Oct-Mar
# FS2_Oct-Mar
06 * FS3_Oct-Mar
© FS4_Oct-Mar I Flat strips I

" osurdl2iridiatitec ep et

-1






media/file1.jpg





media/file25.jpg
Yield (t/ha)

0.7
06
05
04
03
0.2
0.1

ORG ASD NFC | ORG ASD NFC| ORG ASD NFC

1st Ridge





media/file12.png
Y (m)

4471980

4471970 }

4471960 |

4471950

4471940

653420

653440 653460
X (m)

(c)

653480

Elevation (m a.s.l.)
February 2017

.19
.16
R B
.07
.03
.97
.89
8%
W -

W W w wds 666

L]
<
>





media/file9.jpg
4471980

471970

2471960

¥ (m

4471950

4471940

4471980

aan970
Eaaniseo
-

4471950

4471900

§

653420 653440 653460 653480
% (m)

(a)

§

53420 653440 653460 653480
% (m)

(b)

Elevation (m a.s.
May 2016

5.01
9
90
85
80
75
68
361
452

[wa

Elevation (m a.s.)
‘September 2016

%
o1
87
83
78
72
67
58
51

[Jw/a





media/file0.png





media/file8.png
Elevation (m a.s.l.)

]
- 15t block 5 2" block 39 block
i
@ I
K ]
® 9 =3 ke
49 - L I
°s § AN .f A - ‘ B September 2016
. s - 4 A " s ,
y “ a g N Y
47 | @R1_Sept2016 $ aln - '. ®
WR2_Sept2016 Ag,i¥a L a®
A
AR3_Sept2016 A LA ‘ r A“ A
4.5 - SN
L
43 -
8 l m O
a .. B ‘. ’ (o] »
SR ! AN A e | February 2017 I
2 L aa, P A -
4 A A A A e ° )
Y 3 ey . 0 o
39 A | &
2 1™
.
@R1_Febr2017 o 3 2 A Mg
37 | WR2_Febr2017 “‘
AR3_Febr2017
35 , . , : , ‘
653410 653420 653430 653440 653450 653460 653470 653480 653490

Easting (m)





media/file17.jpg
4471980

aam1970
Eaanseo
-

2471950

471940

=

653420 653480 653460 653480
% (m)

@

4471980

4471970

4471960

¥ (m)

2471950

2471900

==

53420 653440 653460 653480
X (m)

(b)

i 2016

[Jwa

sion (m a51)
July 2016

93
79
72
61
64
61
54
6
a1

[l





