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Abstract

:

Harrowing is a process that reduces the size of soil clods and prepares the field for seeding. Rotary harrows are a common piece of equipment in North Italy that consists of teeth rotating around a vertical axis with a processing depth of 5–15 cm. In this study, the topsoil movement in terms of distance and direction were estimated at different rotary harrow working conditions. A total of eight tests was performed using two forward speeds of 1 and 3 km/h, two working depths of 6 and 10 cm and two levelling bar positions of 0 and 10 cm from the ground. In order to simulate and follow topsoil movement, Radio-Frequency Identification (RFID) tags were inserted into cork stoppers and distributed in a regular pattern over the soil. Tags were distributed in six lines along the working width and repeated in three rows for each test: a total number of 144 tags was tracked. Results showed that there were no significant differences between the performed tests, on the other hand the reported tests highlight the effectiveness of the RFID monitoring approach.
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1. Introduction


Soil tillage is an agronomic practice that effects on both soil and crop properties. The main objective for tillage operations is to improve the soil environment for seed germination and, subsequently, improve crop yield [1,2,3]. There are several kinds of tillage methods and tools such as conventional tillage, which is commonly divided into primary and secondary tillage. In primary tillage, moldboard or chisel plows make the major part of the tillage operation. Meanwhile, soil surface after primary tillage still needs further operation in order to smooth and reduce clods size. Therefore, secondary tillage operation by rotary harrow is used for preparing suitable seedbed [4].



Tillage operations have a great impact on topsoil in terms of aggregate size and crop residue cover, which plays an important role in sustainable agriculture. A minimum amount of residue is needed to protect soil erosion, reduce greenhouse gas emissions and maintain soil carbon level [5,6,7,8]. The impact of tillage operations on topsoil depend on tillage operational depth and speed, soil characteristics, initial amount of residues, and type of used equipment [9,10].



The contribution of harrowing in soil erosion could be realized from weed dispersal studies [4]. Soil movement by tillage operations was investigated through different instruments [11] and different approaches [12,13]. Researchers used different techniques to monitor soil movement such as plastic beads [14], granite rocks [13], or aluminum cubes [4]. It is in the authors’ opinion that Radio-Frequency Identification (RFID) systems can be successfully applied for this scope.



The RFID is a system that transmits the identity of an object using radio waves and consists of RFID tags and RFID readers. RFID tags are small electronic devices attached to objects and RFID reader is an antenna that identifies the tags [15]. The passive tags have no power source and discovered by antenna within 0.5–1.0 m radius while other tags may include batteries to be detected at higher distances [16,17]. In recent years, due to relatively low costs, many applications have been developed based on RFID such as location identification for many shipping and postal services, security purposes in shops and companies, retailers and supply chain for confirming that products on shelf, payment systems for payments at drive-through windows, livestock and agricultural production monitoring [18,19,20,21]. With reference to the soil, some recent advancements have been reported, mainly dealing with the assessment of erosion, landslide displacement monitoring, or sediment mobility [22,23,24,25], while the authors are not aware of RFID applications in relation to soil tillage practices.



The main objective of this study is to assess the movements of topsoil layer after the application of a tillage operation such as rotary harrowing. In addition, the study highlights how RFID technology can be effectively applied in order to simulate crop residues or even soil clods for tillage experiments as more robust technique especially in open field trials (Supplementary Materials S1).




2. Materials and Methods


This study was conducted at a 5 ha field in Agripolis experimental field (University of Padova, Italy). The soil can be defined, according to the United State Department of Agriculture (USDA), as loamy and containing 46% sand, 30% silt, and 24% clay. Primary tillage was applied at the end of the winter season and followed by a harrowing process as secondary tillage on May 2018 in order to prepare the soil for soybean sowing. It is worth noting how most of crop residues are buried after primary tillage, especially in the case of mouldboard ploughing. Such conditions were helpful in order to maximize the understanding of implemented RFID tags dynamics.



A rotary harrow with two horizontal rollers from Alpergo Co., Lonigo, VI, Italy (Model: Rotodent DP) was used to perform the harrowing process. The implement consisted of a series of 20 pairs of tines (indicated by A in Figure 1) which rotate about a vertical axis in order to produce soil disturbance over a working width of 5 m. The working volume is limited on the back by a levelling bar (B in Figure 1): its height relatively to the ground can be adjusted in order to limit the flow of clods through the machine and allow a better control on aggregates dimensions. The levelling bar thus allows the soil to be hold for a certain time (from a few tenths up to a few seconds depending on its relative position) within the shell where the tines operate, allowing aggregates mixing and reduction. Two horizontal cage rollers (C in Figure 1) were positioned on the back end of the rotary harrow to allow soil compaction and levelling. The implement was driven by a 160 hp tractor through the three-point hitch and Power Take Off (PTO) shaft at 1000 rpm.



A RFID package from Oregon RFID Co., Portland, OR, USA was implemented in this work. This package consists of RFID reader and passive tags. Tags are in a cylindrical shape with 3.65 mm diameter and 23 mm length. Being small in dimensions and weight (less than 1 gram) allows their integration into bigger envelopes. In fact, in order to simulate topsoil components such as crop residues and soil clods, a cork stopper was drilled laterally and one RFID tag inserted inside each stopper then closed by glue. Cork stoppers were chosen, due to their wide availability, durability, and high similarity (in terms of shape, size, and density) specially with crop residues such as dry corn stems or corncob. Furthermore, they allow to damp the effects of rotary harrow tools, minimizing the eventuality of damages to the delicate RFID tags. Each tag (and thus each cork stopper) had an identification number which allowed individual monitoring. Additionally, cork trackers were painted with shining fluorescent color and tag identification number in order to facilitate recognition after the harrowing process (Figure 2).



The experimental field was divided into two lateral strips (5 m × 80 m) and each strip consisted of four different working conditions, as summarized in Table 1 and depicted in Figure 3. The different applied working conditions were as follows: two forward speeds of 1 and 3 km/h, two working depths (namely h in Figure 1) of 6 and 10 cm, and two levelling bar positions (namely k in Figure 1) of 0 (i.e., at ground level) and 10 cm (i.e., lifted up from the soil). Eight working conditions were investigated by using the RFID trackers. In each treatment, 18 trackers were distributed in six lines and three rows. The distance between rows was 1 m while the distance between lines were 40, 80, 220, 280, 420, and 460 cm starting from one of the harrow sides in order to maintain a symmetric measurement between the two horizontal rollers (Figure 3). The three rows of trackers act as replicates for each treatment.



Trackers’ positions were recorded in conjunction with their identification number and tested with the RFID antenna before applying the experimental treatments. After performing each treatment, the position of each tracker was recorded in order to investigate its movement in terms of distance, depth, and direction. At the start of each treatment, two stick markers were fixed to act as a datum for trackers position recognition (Figure 3C).




3. Results and Discussion


A total number of 144 trackers were tracked after applying eight different treatments of rotary harrowing. Trackers were localized by naked eye in the case of surface positions, conversely buried trackers (more than eighty) were localized taking advantage of the RFID reader. During the experiments, only two of the trackers were lost: in such cases they were not revealed by the RFID reader most probably due to some breakage occurred during harrowing operation. Hence, the overall recovery rate was 98.6%. Results showed that there was a clear movement in the machine direction with an average value of 2.3 m, but exceeding 5 m in different situations. On the other hand, the lateral movement was limited to an average of 0.2 m. The average movements for applied treatments are shown in Figure 4.



The major direction for trackers movement was in the machine direction. The major factor that effected on movement distance was noticed from the levelling bar. The average movement were 2 and 0.8 m at bar level of 0 and 10 cm, respectively. Also, many trackers moved more than 5 m in the machine direction with the bar at ground level, compared to less than 2.5 m in the case of lifted up bar. This is ascribable to the fact that when the levelling bar is down, the amount of soil kept within the chamber between tines and levelling bar itself increases. Concurrently, there is an increase in the amount of time soil remains within such chamber: aggregates exit only after their size has been sufficiently reduced to pass under the levelling bar. Such phenomenon results in a longer distance done by clods or residues (and thus also by the RFID tags) and in a higher chance of burial effects. Moreover, as tines are rotating, there is a probability of hitting the cork trackers which may throw trackers to a forward or backward direction. In case of backward thrown, the levelling bar prevents trackers from moving beyond that barrier. In contrary, there is no limit for the forward thrown where there is no barrier and the rugged material of cork trackers may explain the long forward displacement in some cases. Figure 5 illustrates the forward movement at different rotary harrow working conditions.



Shifts in lateral direction were limited to 0.03 m left on average, with a standard deviation as high as 0.40 m. This is in agreement with the rotary harrow symmetric construction, where clockwise and anticlockwise rotating tine pairs are alternated: such working mode allows avoidance of soil piling phenomena, as confirmed by RFID distribution. In this case, the levelling bar position plays only a marginal role statistically irrelevant: 0.12 m right lateral displacement in the case of bar at ground level and 0.20 m left shift in the case of lifted up position. A slightly different situation is highlighted in the case of analyses related to tags depth. In fact, lower position of the levelling bar caused an average increase on burial phenomenon from −0.8 cm to −1.5 cm on average. Such apparently low values (compared to the working depth) are most probably ascribable to some kind of floating phenomenon the cork stoppers underwent due to their density, sensibly lower than soil clods density, but comparable to crop residues one. Figure 6 and Figure 7, illustrates the lateral movement and burial depth at different rotary harrow working conditions.



Moreover, 38% of trackers were covered by soil after the harrowing process. The average cover depth was ranging between 0.01 m and 0.07 m. In addition, at the working depth of 0.1 m and levelling bar at ground level, more than 60% of trackers were covered by soil, which highlights a higher mixing rate at these conditions. Such higher mixing rate is due to the higher interaction between the soil and machine in terms of higher tines depth and longer contact compared with other studied working conditions. Also, it can be noticed how higher tillage speed resulted in higher trackers displacements, in agreement with Liu et al. [26] in sweep trials at soil bin.



The experimental results exhibited a large variability especially when the bar was set at a null height, which was the main reason for no significant differences between variables. Such large variations were due to a number of reasons such as; tracker (rigid material of cork) might be hit by tines and thrown at long distances, or tracker dragging through tillage operation, in agreement with similar results reported by different relevant research works in soil bin trials [26,27].



Besides characterization of the topsoil movement after the application of rotary harrow tillage operation, the proposed study demonstrates the effectiveness of the RFID technique soil movements monitoring operations. Differently, from metal or polymer trackers, RFID allows minimization of tags dimensions, allowing univocal identification and maximizing localization process both in terms of high detection percentage (close to 100%, and lower in case of harsh operation possibly affecting RFID tags integrity) and low detection time (a few seconds per tag). Additionally, it is also worth noting how the RFID approach can be in principle applied in order to simulate different materials in similar trials. The very tiny shape of RFID tags offers a wide range of simulations such as soil clods, stones, and crop residues of different shapes and densities. The best simulation for any studied object is the object itself where the material properties, such as density, surface roughness, and shape, will simulate and act naturally. Figure 8 illustrates the possibility of integrating the RFID tags in wheat spikes, straw, corn residues, potato, soil clods, or even small rocks for suggested future applications. In addition, it is worth mentioning that the easy recognition of RFID by the antenna and the unique ID for each tag will reduce the source of error and limitations in open field experiments, which will also lead to more reliable and understandable results.




4. Conclusions


Field trials were performed to investigate the effect of different rotary harrow working conditions of forward speed, levelling bar, and tillage depth on topsoil aggregates displacement using RFID technique. Results showed no significant difference between treatments, while the higher displacement was noticed from the levelling bar factor. The average movement was about 2.3 m in the machine direction and exceeded 5 m in different cases. Lateral movements were limited to 0.03 m on average because of the different rotating directions between each tine pairs. Also, at the levelling bar of 0.1 m, 60% of trackers were buried because of the high mixing rate. Furthermore, using RFID tags and the antenna was a promising application in this field, since it is providing a robust way to simulate different materials.
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Figure 1. On the left schematic view and on the right a picture of the implemented harrowing machine, with indication of the working depth h of the rotary tines (A) and of the height k of the levelling bar (B) closing the back part of the working volume; Soil is eventually levelled by a couple of cage rollers (C). 
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Figure 2. On the left a picture if the RFID tag, and on the right a cork stopper with RFID inside, painted and numbered. 
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Figure 3. (A)—Geographical localization of the experimental site in Italy. (B)—Experimental area with representation of the experimental design. (C)—Some of the tags after tillage operation. (D)—Trackers distribution on undisturbed soil, before harrowing process. 
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Figure 4. Average trackers movement at different rotary harrow working conditions where: (A) at level bar of zero and depth of 6 cm, (B) at level bar of zero and depth of 10 cm, (C) at level bar of 10 cm and depth of 6 cm, and (D) at level bar of 10 cm and depth of 10 cm. 
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Figure 5. Average trackers forward movement at different working conditions where V1 and V3 refer to forward speed of 1 and 3 km/h. Also, D6 and D10 refer to working depth of 0.06 and 0.1 m. 
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Figure 6. Average trackers lateral movement at different working conditions. 
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Figure 7. Average trackers burial depth at different working conditions. 






Figure 7. Average trackers burial depth at different working conditions.



[image: Agriculture 09 00184 g007]







[image: Agriculture 09 00184 g008 550]





Figure 8. Suggested applications for the use of Radio-Frequency Identification (RFID) to simulate or monitor crop residues, straw, soil clods and potato in agricultural experiments. 
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Table 1. Experimental conditions.
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Acronym

	
Forward Speed (km/h)

	
Working Depth (cm)

	
Levelling Bar Position (cm)

	
Reference






	
V1D10

	
1

	
10

	
0

	
Figure 3B a




	
1

	
10

	
10

	
Figure 3B e




	
V3D10

	
3

	
10

	
0

	
Figure 3B b




	
3

	
10

	
10

	
Figure 3B f




	
V1D6

	
1

	
6

	
0

	
Figure 3B c




	
1

	
6

	
10

	
Figure 3B g




	
V3D6

	
3

	
6

	
0

	
Figure 3B d




	
3

	
6

	
10

	
Figure 3B h
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