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Abstract

:

Water is the primary limiting factor in dryland crop production, therefore emerging approaches for preserving rainwater to be more accessible to plants, for extended periods of time, can significantly improve agricultural system efficiency. Furrow diking, a method involving compartmentalizing micro-basins to increase infiltration and soil water storage is one of the most promising water conservation solutions, particularly for sloping terrain. Moreover, furrow diking is associated with water conservation practices and regenerative agriculture as adaptive to dryland crop production. The present research study aims at improving the process of building soil compartmentalized segments using furrow diking technology, by designing and testing optimal geometries for the active soil modeling component. Three new constructive designs of a furrow diking active subassembly were built and tested in comparison with the standard version. In accordance with the considered quality indicators, the most efficient constructive shape was the curved rotor blade due to the higher volume of managed soil and fewer soil losses. Furthermore, the technology applied on three non-irrigated sunflower experimental crops grown on sloping land showed very good effectiveness with respect to the studied climatic and pedological conditions in southern Romania. When compared with non-compartmentalized crops, the most efficient rotor geometry design increased seed production by 11–13%. Water storage efficiency contributed the most to the yield increase, with moisture retention from the root zone improving by an average of 20%.
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1. Introduction


The main factor affecting agricultural productivity in arid and semi-arid lands, particularly on sloping terrain is water shortage. Since climate change has the potential to affect agriculture through changes in temperature and rainfall, current forecasts anticipate that climate change would aggravate the water deficit in many European agricultural regions [1]. This issue highlights the need for developing an integrated technology to improve rainwater usage efficiency, while also supporting soil and environmental quality, resulting in increased agricultural production at reduced costs.



Supplemental irrigation is frequently required during extended periods of drought throughout the crop growing season to avoid water stress and yield limitations. Current agricultural water concerns, as well as the need to reduce input costs in farming operations, underline the importance of developing smart watering techniques for optimal water allocation, natural resource conservation, and increased profitability [2]. At present, the performance of furrow dike irrigation systems is influenced by rainfall factors, soil parameters, as well as the specific cropping and tillage practices employed in each particular location.



Increased rainwater retention enhances water efficiency and lowers irrigation and other input costs, maximizing the profit margin at farm level. Moreover, heavy rains can generate water accumulations on soils, particularly on those presenting low permeability or an increased slope, causing an important risk of productivity losses [3]. These issues highlight the need for integrating improved technologies, which are capable of enhancing rainwater usage efficiency, while also supporting soil and environment quality, resulting in increased agricultural production at minimum costs. Several techniques have been developed to allow for the achievement of better use of limited rainfall for the agriculture sector in arid and semi-arid environments. Furrow diking is the practice of installing earth dams at regular intervals across furrows between crop rows, resulting in a series of micro-basins. These reservoirs retain and hold precipitations, providing more time for water to infiltrate into the soil and reduce runoff [4]. Some studies associate this technology with regenerative agriculture [5,6], since furrow diking is a type of conservation tillage practice that has proved highly effective in preventing soil loss, which is caused by agricultural land wash-out.



The technology may not be suitable for all types of crops, cultivation technologies, nor for all climatic areas [7]. Therefore, evaluations are performed on different types of soils to show important differences. A research study evaluated crop response to furrow diking [8] conducted to determine cotton (Gossypium hirsutum L.), peanut (Arachis hypogaea L.), and corn (Zea mays L.) yields following compartmentalized furrow in conventional and strip tillage systems. The study concluded that peanut and corn may be nonresponsive to furrow diking on coarse-textured soils, while cotton responded favorably to furrow diking.



There is limited relevant research on furrow diking applied to sunflower crops, since in the past there was no focus on conservative technologies and on saving groundwater. Furthermore, to be cost-effective with the technology, the crop has to be established on difficult terrain, on a slope, with the risk of soil washing or landslides.



Furrow diking equipment is typically operated shortly after the establishment of the culture and under ideal conditions may improve productivity. However, maintaining a constant protection effect of micro-basins in varied environmental conditions is sometimes difficult. Several studies have examined how rainfall and slope affect furrow diking durability and conservation efficiency [9,10]. Simulated rainfall studies involving four intensities and three slopes were undertaken to investigate the effects of precipitation intensity and slope on soil compartmentalized structures and on water runoff formation. The experiment indicated that furrow diking reservoirs may face severe drainage overtopping when the rainfall intensity and slope increased, resulting in damaging and collapsing of the soil structures. During the process, runoff and soil loss accelerated at a quick rate, and severe water erosion emerged on dams, resulting in the loss of furrow diking’s capacity to absorb rainwater and sediment, as well as substantial reduction in water and soil conservation efficiency.



Extensive periods of drought during the crop vegetative stage require the use of supplemental irrigation to avoid yield-limiting water stress. To assess retaining and erosional capabilities of furrow diking, researchers examined runoff and soil loss from furrow diked and non-furrow diked tilled systems [11]. The study showed a cost-effective management technique for Southeastern United States producers that supports natural resource conservation, as well as increases producer profit margins and environmental quality.



Due to technological limitations, weed pressure, inconsistent crop yield responses, conservation tillage adoption, and intensely chemicalized treatment, furrow diking was abandoned. However, the technology attracted considerable attention again, since it can be successfully integrated into regenerative agriculture as a soil and water conservation method, particularly in the summer when runoff potential is highest. Increased surface depressional storage, rainfall/irrigation capture, infiltration, and reduced runoff and soil loss are among its main advantages that can bring important strengths to the principles of regenerative agriculture [12,13,14]. Improving water usage efficiency is an important reaction to the rising water shortages, which include the necessity to leave appropriate freshwater in rivers and lakes to support ecosystems, while also fulfilling the growing needs of cities and businesses [15]. Water use efficiency may be defined as the amount of carbon assimilated as biomass or the grain produced per unit of water used by the crop [16]. The current focus of water productivity has evolved, and now includes the benefits and costs of water used for agriculture. In addition, it expresses the goal of providing more food, income, employment, and environmental benefits at a lower social and environmental cost per unit of water utilized [17].



Furrow diking systems could improve the overall yield potential and profit margins by allowing farmers to make greater use of natural rainfall and/or irrigation, while also extending the time between supplemental watering [18]. Experiments performed over long periods of time [19] showed that furrow diking has the capacity to retain between 25 and 30 mm of runoff each year, with maximum exceptional results of over 100 mm per year. Several studies used rainfall simulators to provide runoff predictions with basin and reservoir tillage [20,21,22]. However, the properties of rainwater (intensity, application duration, and volume of water applied) may differ significantly from those of a linear move sprinkler irrigation. Therefore, the actual effect of water on earth dams must be studied.



Our overall goal is to identify new techniques for increasing water usage efficiency, which can be applied to sunflower cultures, particularly for lands presenting some difficulties, such as high angle of inclination, low water retention level or with desertification tendencies. The present article addresses the technology of maintaining humidity in the soil using the compartmentation furrow system (furrow diking). Starting from the standard furrow diking equipment, the active elements of the equipment were calculated and improved, then new constructive shapes that can be associated with this technology were tested. Next, we evaluated and compared the obtained results to identify which constructive variant provides the most promising results in association with rainfall water efficiency for sunflower crops. A diagram describing the experimental design is presented in Figure 1.




2. Materials and Methods


2.1. Research Approach and Expected Output


In this section, our goal is to identify economical and reliable techniques aimed at enhancing water use efficiency to balance the unfavorable effects of climate change on agricultural productivity, among several vulnerable European regions. Fast and unexpected temperature changes and unpredictable hydrological cycles could be managed by improving agricultural mechanical processes and systems with new and more efficient designs [23,24,25,26]. The worsening of water scarcity is expected in coming years due to climate change, population pressure, and industrial development [27], which may have serious implications for agricultural sustainability and long-term food security [28].



Furrow diking is a mechanical soil-working technique that provides good results in creating segmented watering gutters with the goal of optimizing the quantity of water received by a crop. However, the compact earth dams used to capture small pools of stored water are typically highly sensitive and break down during heavy rains. Herein, this problem is addressed through the use of a new type of specially designed equipment, which eliminates some of the existing flaws of this technology. In addition to mitigating the effects of climate change, we aim to address the principles of regenerative agriculture to design technologies that reduce the use of chemicals in agriculture and restore soil quality.



Starting from the widely used equipment for furrow compartmentation, calculations were performed to optimize the shape of the active tillage component (the rotor). Based on the calculations, three new different geometric options of the blades that make up the rotor were selected (optimized straight blade, inclined blade, and curved blade). To objectively differentiate the constructive variants, a series of performance indicators were selected, associated with the shape of micro-basins and their resistance. The three types of blades were tested on experimental sunflower crops for field evaluation. The evaluated experimental crops were selected in difficult agricultural areas, where the phenomenon of soil washing and water runoff occurs frequently due to the high slopes. The crops were not irrigated, and the furrow diking operation has been applied in the weeding phase.



The promotion of furrow diking technology using the improved equipment for modeling the soil for sunflower crop allowed us to achieve the following long-term objectives:




	
Improved water conservation in the soil, as well as reduced evaporation in the root zone;



	
Prevention of the performance of a second mechanical plow, which is required in classical technologies;



	
Highly effective control measure for weeds in the area between the plants;



	
Increased agricultural production by more than 10%, as well as increased efficiency of precipitation capitalization by more than 1.4 kg/ha, per mm of precipitation;



	
Improved soil quality through the reduction of topsoil migration due to strong winds;



	
Reduced soil loss on sloping terrain caused by rainfall.









2.2. Working Conditions and Environmental Characteristics


Sunflower (Helianthus annuus L.) is commonly grown as a dryland crop due to its drought tolerance. In addition, it reacts well on irrigation, with production increases of up to 200% on droughty soils and in severely dry years. The sunflower planted hybrid is characterized by early flowering and maturity and medium yield potential, which is sown in Ilfov County (Romania) on a crop totaling 50 ha. The three experimental lots were selected in areas with the highest level of inclination (6%) on alluvial chernozem soil on 15 April 2021 and harvested on 28 June 2021. The experiment included an assessment on the impact of the furrow diking technology on three plots, while an additional plot with conventionally managed technology has been considered as the control. In the autumn prior to sampling for this study, the land had been plowed to a depth of 30 cm. Meanwhile, in the spring, the preparation of the germination bed was carried out with the combinator and the sowing with an SPC-6 type seeder. The experiments were performed when the height of the sunflower plants was between 42–46 cm, on an area of 30 rows with length of 866 m and working width of 3.5 m, covering a total surface on a single passage of 0.3031 ha/passage. The analysis was performed in three different areas, which represented the repetitions of the experiment, while the arithmetic mean was considered for the calculations. The distance between the sunflower rows was 70 cm, the density of plants was 50,000 plants/ha, the slope of the land was 6%, the average soil moisture was 12%, and the tractor used was 65 hp U-650 M on wheels, with a working speed of 3.2 km/h.



The following measurements and control devices were used to test the equipment under operational conditions: A portable soil moisture meter (HH2 used in conjunction with ThetaProbe ML2× precision sensor; accuracy ±1%); digital electronic penetrometer with field scout cone (SC-900); a furrow meter; professional chronometer (accuracy class 2); and several fixed bars.




2.3. Determination of Agricultural Soil Characteristics


Determination of the geographic variability of physical soil characteristics is important due to the geological and pedological soil-forming processes that cause soil properties to vary spatially within a region. Farming techniques, such as tillage, crop rotation, and irrigation management impact the geographical diversity of soil parameters. Furthermore, determination of the degree of soil crushing, compaction level, temperature, and soil type was performed with dedicated equipment prior to testing the process of furrow diking, as presented in Figure 2.



Soil compaction has been determined with the Field-Scout SC-900 Soil Compaction Meter, while the temperature and moisture have been determined using the Field-Scout TDR-350 Soil Moisture Meter. Soil granulation was determined using perforated sieves, and the meteorological conditions were obtained from the National Meteorology Agency records.




2.4. Description of the Equipment Used for Modeling Soil Compartmentalized Furrows


The equipment is designed to operate on weeds in crops, which are sown at distances between rows of 70–80 cm, on lands with a maximum slope of up to 5%, in soils with light, medium or heavy texture, and a relative humidity that does not allow easy adherence to the active organ. The best solutions for accumulating water from precipitation and creating a consistent water distribution on the soil surface are currently explored. A minimum depth of at least 250 mm is required. Improvements in this water management technology consist of the construction of compartmentalized (interrupted) furrows, so-called furrow diking. The work of opening water furrows (thinning works) is carried out using dedicated equipment that operates in aggregate with an agricultural tractor.



The equipment is composed of the following main subassemblies: A gripping triangle for opening the irrigation channel, a section for conducting compartmentalized furrows, and two arrow-type knives for hoeing. The detailed description of the equipment is depicted in Figure 3a,b.



The soil loosening elements are attached to the front frame using flanges and specific sleeves. The front working organs are chisel-shaped and may penetrate the soil to a depth of up to 20 cm. The knife may glide on a vertical axis and may be adjusted to fit different plant sizes. Screws are used to secure the knifes at certain depths. The gripping triangle is mounted at variable distances behind the loosening knives, depending on the furrow arrangement. In addition, it consists of a removable knife, a holder, two handrails, and a vertical support. The support bracket adjusts the penetration angle into the soil and is also the safety element for overloading. The penetration angle can be adjusted by rotating the subassembly holder into the vertical support. When working with the equipment, the plants should not exceed 60 cm in height to prevent damaging by the movement of the equipment. The active parts (the loosening knives and the tip) are hardened for increased strength and the edges are capable of self-sharpening during operation.



The furrow diking subassembly (furrow compartmentation equipment) is mounted on the rear frame, and consists of a camshaft mechanism for transmitting the motion to the bolts, as shown in Figure 4.



The rotational movement of the wheel is transmitted by a chain drive to a shaft positioned parallel to the second square bar, with the cams positioned in front of each working section. The device ensures the modeling of compartmentalized watering furrows in two ways: Alternatively or consecutively, depending on the sowing scheme, the type of soil, and the root areas of plant. The adjustment of the furrow diking mechanism allows for the construction of soil dams along the furrow at distances of 1.5, 3 or 6 m. During the operation, the equipment simultaneously loosens the soil, opens the furrows, settles the slope, and prepares the furrow bottom.



The rotor consists of four pentagonal blades disposed on a shaft, with the angle between the two adjacent blades at 90°. The vertical position on the outer side of the blade facilitates its approach to the row of plants along the working section, without any damage to the plants. The ground spring of the scraper vane is mounted by means of a steel rod between the rotor support fork and the bar provided on the vertical support.




2.5. Modeling of the Working Process for the Working Surface with the Blade-Type Active Surface–Blade


The active component in furrow diking systems is a rotor, which is composed of four blades that process the soil, as shown in Figure 5a. When the equipment moves, a layer of soil accumulates in front of the blade, which rises on its working surface (driven by crawling) and forms a prismatic cavity. Figure 5b presents the main characteristics of the compartmented furrow, which are elements that help in the determination of the qualitative working indices.



Qualitative working indices which are currently evaluated include the depth of watering ditch, Hd; the width of the bottom, Bd; the upper width of the ditch, Bb; dam height, Hb; and distance between dams, Ld. The absolute mean (1), the mean square deviation (2), and the variation index (3) were calculated for all indices.




	-

	
The absolute mean, Vma, is calculated with the relation:


   V ma  =     ∑  1 n   ν i   n  ,   [ cm ]  



(1)




where vi is the measured value and n is the number of measurements performed.




	-

	
The mean square deviation, σa, is calculated with the relation:


   σ a  = ±       ∑   i = 1  n    (  v i  −  v  m a   )  2    n − 1     ,   [ cm ]  



(2)








	-

	
Variation index, Va, is calculated with the relation:


   V a  =    σ a     v  m a     × 100 ,   [ % ]  



(3)













The resistance force Rp encountered on a straight blade during the working movement of the blade is:


   R p    =  R 1  +  R 2  =  μ 2  · V · ρ   · g + ρ   · g   ·   h   ·   b   ·     a + μ ·   ρ · s   = ρ   · g   ·    μ 2    ·   V + h   · b ·   a + μ   · s      



(4)




where R1—is the resistance of displacement (by dragging); R2—is the resistant force of displacement of the ground on the blade; μ is the average coefficient of friction; b—is the working width of the blade, (m); ρ—is the density of the soil, (kg/m3); and g—is gravitational acceleration, (m/s2).



In the case of a curved blade, the force of displacement of the material layer on the blade can be determined using relation (5), where s is replaced by the value of the length of the active spring of the blade. In this case, the relationship is:


   R p  = ρ   ·   g   ·   b   ·   v m   ·   t   ·     a + v m   ·   t   ·     μ +  μ 2  / 2      



(5)








2.6. Optimization of the Equipment for Opening and Compartmenting Furrows for Sunflower Crop


The aim of this study was to optimize the active element of the furrow diking system, namely the rotor blades, for the sunflower crops. An algorithm selection, by efficiently sampling the search space and identifying the right potential solution, is required for the optimization function. Herein, the random search method was used to oppress the partitioning blades. In addition, these techniques are stochastic approaches that rely entirely on the random sampling of a succession of points in the problem’s feasible region, in accordance with a predetermined probability distribution or sequence of probability distributions. This method is successful as no assumptions are made concerning the objective function of the structure. Moreover, it can be useful in clarifying issues with a substantial knowledge base, which could impact or influence the optimization technique used in finding non-intuitive solutions.



The random search method determines the global minimum of a n-variable function and is based on generating a group of random numbers in a predefined domain. The values of the variables, in which the function is defined, are selected using random numbers. In this sense, at each iteration of the minimization process, a sequence of random numbers is generated with the uniform probability density in the allowed variation range. With the use of these random numbers, the values for the variables of the objective function are established. In addition, for all these vectors, the objective function values are determined and the vector with the minimum function value is retained. Next, the field is narrowed around the minimum point and the process is repeated for a new iteration.



The cross-sectional shape of the watering channel has an isosceles trapezoidal shape, as shown in Figure 6. In this case, the area of the trapezoid must be maximized at a particular perimeter to achieve the lowest expenses. In practice, the perimeter of the trapezoid that remains embossed in the soil will be determined only by the two oblique sides and the small base.



To express the purpose of the function, in relation to the parameters of the problem, the following mathematical relations (6)–(13) are used:


  A =     B + b   h  2    is   the   area   of   the   trapezoidal   sec tion    



(6)






  P = 2 l + b   is   the   perimeter  



(7)







 α  is the angle between the large base B and the side l.



If in the relation of the trapezoidal surface the replacements are carried out, then the result is:


   b = P − 2 l   ,   B = P − 2 l + 2 l cos α   ,   h = l sin α ,   



(8)







Resulting in the expression of the cross-sectional area of the watering channel:


  A = P l sin α − 2  l 2  sin α +  l 2  sin α ⋅ cos α ,  



(9)







Therefore, for optimization, it is necessary to determine the size of side l and angle α for the section of the trapezoid to be maximum.



The initial conditions of the optimization problem are as follows:



  P = 1   is the channel perimeter (dimensionless);



n = 2 is the number of parameters;



  l ∈   0.1 ,   1    ;



  α ∈   0.1 ,   1.5    ;



NRA = 100, the accepted number of function calls within one iteration;



ITER = 2000, the number of iterations allowed, in the process of finding the optimal function.



The results of the calculations are:


       X F M A X  1    =   0.333333     X F M A X  2    =   1.047197     F M A X   =   0.144338       



(10)







For a given perimeter 𝒫, the two variables are:


        l = 0.333333   P    m  ;       α = 1.047197    rad  ,        



(11)




and the maximum section is:


  S = 0.144338   ×    P 2    [  m 2  ] .  



(12)







In the case of the watering channel for sunflower crops, h = 0.17 m, therefore


        l =  h  sin α   =     0.17   0.866   = 0.1963   ≈   0.2   m       b = l = 0.2   m       B = 2 × l = 0.4   m        



(13)







The optimal width of the watering channel for sunflower crops sown at a distance between rows of 0.6 m is 0.4 m, to not affect the roots of the plants.




2.7. Design and Testing of Rotor Blades in Accordance with Optimization Calculations


The testing started with the use of a furrow dike equipped with standard rotary blades, and then three new optimized variants were designed and investigated. The design was aimed at optimizing the dimensions of straight active blades as well as inclined and curved blades. Figure 7 presents the standardized version of the blade, while Figure 8, Figure 9 and Figure 10 present the optimized versions.



In accordance with the objectives, the theoretical calculations aimed at optimizing the shape and characteristics of the blade were evaluated in another scientific article, which is associated with the same research project.




2.8. Evaluation Method of Rainfall Water Efficiency for the Sunflower Crop


The primary objective in this study is to enhance water storage in the soil root zone, while reducing deep percolation and surface runoff to fulfill crop necessities. The soil water storage efficiency measures how well the system utilizes the available capacity of the root zone storage to satisfy crop requirements. As a result, enhancing the storage of the water resource is beneficial. The ratio of the amount of water stored in the root zone to the volume of water necessary to fill the root zone to near field capacity is known as soil water storage efficiency (Es), as shown below:


  E s =      V S       V  f c   −  V a        100  



(14)




where   E s   is the soil water storage efficiency (%);    V S    is the volume of water stored in the soil root zone, (acre-inch);    V  f c     is the volume capacity at field level in the crop root zone (acre-inch); and    V a    is the volume of water in the soil root zone prior to the watering event (acre-inch).



Water losses for sunflower cultivation include surface evaporation, transpiration, deep percolation, and surface runoff, as presented in Figure 11. Primarily percolation and runoff losses have been considered when comparing the storage efficiency of furrow diking technology versus conventional technology for sunflower cultivation.



Crop water use efficiency is used to describe irrigation effectiveness in terms of crop yield (productivity). Water productivity and water use efficiency indexes were determined to evaluate the productivity of irrigation and evapotranspiration in the treatments. Water productivity indexes for seed yield were calculated using the following equations:


  W U E    Y  =   Y L D   E T a    



(15)




where WUE(Y) denotes water use efficiency for seed yield (kg mm−1); YLD denotes the seed yield (kg); and ETa is the actual crop evapotranspiration amount (mm).





3. Results


3.1. Determination of Soil Characteristics


The soil characteristics and local climatic patterns are highly significant for the level of performance of furrow diking technology, particularly if the land is not irrigated.



Determination of Penetration Resistance


Soil penetration resistance is a strong indicator of soil physical quality and creates opposition to the penetration of a rigid body. In addition, as the soil moisture increases, the resistance decreases, as shown in Figure 12.



The results obtained were corroborated by the main classes of resistance to soil penetration, suggesting that the evaluated soils are highly compact due to the sunflower crop requirements of a large number of mechanical operations.



Moreover, the average humidity of the soil at a depth of 20 cm was determined as 19.1%, which is within the agrotechnical parameters for sunflower culture, as shown in Figure 13.





3.2. Determination of Qualitative Indices for the Equipment for Creating Compartmentalized Furrows


Qualitative indicators during the furrow compartmentation process include fuel consumption, compartment size indicators, and rainwater storage indicators, as shown in Figure 14.



3.2.1. Determination of Quality Indices for Equipment Equipped with Standard Rotor with Straight Blades


The minimal amounts of water that should be retained in the soil for sunflower cultivation have been determined based on local multiannual records of weather conditions and soil characteristics. The dimensions of the micro-basins (Hb, total height of the dam; Hd, useful height of the dam; Bb, width of the dam at the top; Bd, width of the dam at the bottom; Ld, length of the basins) have been used as quality indicators for the rotor operation, based on this information and the equipment’s optimization calculation.



The results of this experimental research are presented in Table 1, Table 2, Table 3 and Table 4, while Figure 15, Figure 16, Figure 17 and Figure 18 depict the operation of each type of blade (standardized straight blade, optimized straight blade, inclined blade, and curved blade).




3.2.2. Determining Fuel Consumption and Energy Indicators


The economics of integrating furrow diking technology into conventional agricultural practices is evaluated by measuring real fuel consumption and energy characteristics.



The fuel consumption device Flowtronic 217 was adopted to determine the amount of additional diesel used in the operation of the furrow diking equipment. The analysis indicates that the fuel consumption of the agricultural tractor operating without load was between 14.20–14.70 L/ha, while the fuel consumption when utilizing the compartmenting equipment varied between 15.5–16.2 L/ha. When furrow diking equipment is used, the analysis shows an additional 9–10% increase in fuel consumption.



The evaluation of the stresses encountered by the equipment during the working process is performed by measuring the deformations of the component elements. Deformation of a material under the action of various applied forces is called specific deformation and is calculated as the ratio of the variation in length of the material, subjected to forces, to the original length. The values obtained for the average traction force, respectively the force on the working organ, for the four blade shapes, namely: 1—standardized straight blade, 2—curved blade, 3—inclined blade, 4—straight blade at optimized dimensions, recorded for four speeds are depicted in Figure 1. The speed values were calculated for a testing length of 30 m, resulting in the following values for time: t1 = 50 s, t2 = 42 s, t3 = 38 s, and t4 = 34 s. Figure 19a presents the variation of the traction force, in accordance with the working speed, while Figure 19b depicts the force on the working organ as a function of speed.



Figure 19a shows that the force on the working organ increases with the working speed, but in a negligible rate. This increase has higher values for the standardized blade shape, while the lower values are recorded for the curved shape due to the easier sliding of the soil to the blade surface, compared with the straight and inclined options. Figure 19b shows that the force required to operate the furrow diking equipment is approximately 10–15% of the total traction force needed to perform the hoe work, which justifies the low consumption of additional fuel, required to perform this task. Taking into account the cost of the equipment and the additional energy consumption to carry out this work, compared with the surplus of harvest obtained, the use of this equipment is justified. All of the evaluated blade options passed the minimal deformation standards defined for these agricultural working organs. Therefore, their reliability will be relatively high.






4. Discussion


In the process of opening and partitioning water furrows, a study of the operation conditions is achieved through the use of a working body with an active surface of the mouldboard type, a butting plough, and a rotor at an increased speed regime. Figure 20, Figure 21, Figure 22 and Figure 23 comparatively analyze the performance indicators, consisting of the main micro-basin dimensions for the four types of rotor blades. The evaluation is performed with respect to the theoretical values determined using the optimization calculations, as shown in the graphs depicted below with a dotted line.



Figure 20 presents an evaluation of the qualitative indicator Hb (total height of the dam). The values had been selected to allow for the accumulation of an additional amount of soil between the compartments. This supplemental amount of soil ensures the stability of the micro-dam in the case of heavy rainfall or wind, which could result in the collapse of the construction. Although this indicator is the least important, its size increases the stability of micro-dams. In most cases, after the first rainfall Hb reaches its highest level, the height of Hd indicator (useful height of the dam) reaches its peak. As a consequence, Hb indicator readings were taken before the rain. To retain the predefined value of the water volume, all of the three upgrading options must meet the performance criteria.



The useful height of the dam (Hd) represents the stable height of the micro-basin compartment, which must remain steady during and after the accumulation of water (Figure 21). As a result, measurements for this indicator were taken after the first rain. All of the optimized blades showed an efficiency above the value established by the improvement calculation. The best result was obtained by the curved blade due to its concave shape, which can accumulate a larger amount of soil. The enhanced properties of the inclined and curved shapes are due to the greater conducting action as the rotor spins.



Qualitative indicator Bb (width of the dam at the top) represents the upper width of the micro-pool (Figure 22). The indicator is accomplished using all of the blade shapes, including the standardized rotor. It is easier to accomplish since the excess of soil will never remain at the top, but will fall inside the micro-dam.



Figure 23 depicts indicator Bd (width of the dam at the bottom), a very difficult indicator to accomplish, since the earth tends to slide down. Furthermore, after each rainfall, new quantities of soil accumulate inside the micro-dam, filling the useful space.



Measurements after the first rain showed that this indicator is below the theoretically calculated values. The curved blade has the best performance again, due to the larger volume of soil displaced from the furrow.



The dam length indicator actually determines the volume of water that can be hosted by the micro-pool. The equipment showed acceptable values for the inclined and curved blades, although the values were 1 cm below those established as optimal (Figure 24).



The shape of the curved blade gave the rotor an important advantage in operation, particularly due to the larger amount of soil it manages. Soil boulders were better carried by the concave blade and transported above the dam, unlike the right blade that only scrapes the bottom of the micro-basin. In the case of indicator Bd (width of the dam at the bottom), no consistent values were obtained in accordance with the optimization calculation for any of the blades, since the ground was relatively dry at the surface at the time of testing. Therefore, the base of the micro-basin tends to clog with the ground due to soil-slipping. This limitation could be remedied by operating the soil in higher moisture conditions. However, it should be noted that during the summer difficult soils often tend to lose surface moisture.



A disadvantage identified in furrow compartmentation technology that uses the rotor as an active component is the inability to customize the length of the dam in accordance with the special local needs. Length of the dam and length between of the basin are two parameters that are correlated with each other and are highly important, particularly in areas where high water flows may damage the micro-basin construction. The length of the basin is conditioned by the soil loading capacity on the blade, while the length of the basin is conditioned by the rotor construction. A possible solution could be the replacement of the rotor with electronically operated equipment. However, this increases the maintenance and complexity of the machine, which usually displeases farmers.



Large-scale use of furrow diking equipment should take into account the variation of the slope angle of the terrain. Tests have shown that when establishing extensive plantations, the angle of the slope varies greatly. Therefore, an automated equipment for measuring the slope of the terrain must be included to correlate the slope with the length of the micro-dam. The problem occurs less in the case of watering exclusively through rainfall. However, this can cause puddles in the case of watering with irrigation systems.



4.1. Efficiency in the Usage of the Furrow Compartmenting Equipment (Furrow Diking System)


The efficiency in the use of furrow compartmenting equipment is provided by the harvest surplus obtained, under identical cultural conditions. The sunflower crop was harvested at the beginning of the ripening phase when the seed average moisture dropped below 15%. The production was reported at a standardized humidity of 12%, in the weighing process. To evaluate the efficiency of the precipitation capitalization, the grain production was reported on the precipitations registered during the vegetation period (April-August) and expressed in kg/ha seeds, in accordance with the precipitation amount. The results are shown in Figure 25.



Productivity on the three analyzed soils showed an improvement in production when using 11–13% of the furrow diking technology. The differences were driven by different weather conditions, given that the assessment considered only rainwater intake.



Although productivity growth when using compartmentalization technology is significant, it may still not persuade farmers to consider large-scale adoption. A key element for efficiency increase is the suitability for adopting an irrigation system, which would make the furrow compartmentalization even more useful.




4.2. Evaluation of the Water Usage and Storage Efficiency from Rainfall


Water storage efficiency has been evaluated on how effective the system delivers rainfall from the conveyance system to the crop for the type of land analyzed, in accordance with the specific climatic conditions. The first analysis associated water storage efficiency with the productivity of sunflower crops. The assessed experimental lots were all sown with the same sunflower hybrid and received identical treatments. Therefore, the furrow diking system was the only element that changed. Considering the level of precipitation during the plant development, the production surplus for the three locations due to the implementation of the furrow diking technology is presented in Figure 26.



Efficiency improvement in the use of rainwater, as a result of applying the furrow diking technology was calibrated by comparing the production yields to the total amount of water received from precipitation per square meter, during plant development. The reduction of water leakage on the land slope is the major factor producing the positive effect, since all of the other factors have been maintained in the same way. Based on the specific conditions of each lot, the efficiency of rainwater storage was analyzed, as shown in Figure 27.



Although water storage efficiency was considerably higher in furrow diking technology, seed productivity did not increase at the same rate due to the fact that the experiment focused only on rain storage, which is dependent on local climatic conditions. As a result, it is evident that combining an irrigation system with furrow diking technology will significantly increase the output. However, for the best results, the irrigation method must take into account the type of soil and the inclination of the slope.



Other studies that have compared the two technologies, found that micro-basin tillage reduced runoff by 66.7% and sediment yield by 71.43%, compared with conventional tillage [5]. On some sites with unique characteristics, such as hard terrain and steep slopes, runoff from conventional tillage was three times higher than from micro-basin management [11].



The present paper focused on the advancement of rotor blades, rather than the assessment of all the elements that determine crop productivity. However, it should be noted that in addition to the slope and the soil type, several other factors can affect the relative humidity of the soil, depending on the depth, rainfall efficiency capitalization, and water storage efficiency. The results commonly found in the literature evaluate the cases of various plantations that benefit from furrow watering. However, this research focuses on sunflower crop grown on less fertile sloped soil, presenting a significant risk of soil-washing, sliding, and runoff. None of these negative phenomena occurred on any of the analyzed plots during the investigation, although no study was conducted on the intensity of the severe events.



The performance increases recorded in this research study promise to allow a successful association of furrow diking technology with the new strategies established for regenerating degraded soils, as a result of the limited crop interventions and the minimization of chemicals used on agricultural soils.



The length of the dam will be considered for examination in future research. The investigated locations rarely experience significant torrential rains. However, in this scenario, the rotor technology is limited since it does not allow for the modification of the soil dam between the micro-basins to strengthen its resistance.





5. Conclusions


In this study, the primary objective was aimed at designing and testing novel constructive rotors associated with furrow diking technology to enhance the functioning and structure of water storage micro-basins. Herein, the experimental rotor models developed and evaluated demonstrated excellent working indices, outperforming the standardized rotor. Due to the increased volume of managed soil and lower soil losses, the curved rotor blade proved most effective in constructive design, in accordance with the investigated quality parameters.



Working under complex terrain conditions, the furrow compartment equipment demonstrated simplicity in use, durability, and easy integration into present agricultural processes, with reasonable additional fuel expenses. The results may encourage farmers to adopt the technology for crops less specific to furrow construction, such as non-irrigated sunflower plantations.



The furrow diking of sunflower crops planted on a sloping site demonstrated good results for the climatic and pedological conditions in southern Romania, with maximum enhanced seed yields of 13%, compared with non-compartmentalized crops.



Although the proposed technology has helped in reducing storm flows, enhancing water storage, reducing soil erosion, and increasing agricultural yields in the year of 2020, we believe that the project should be extended for at least three additional years for several other types of soil to properly confirm the field results.



In conclusion, furrow diking systems are more successful when the terrain provides certain evident challenges, such as high level of inclination or desertification tendency. For this specific instance, the technology has shown cost-effectiveness and easy implementation, while the new shapes of the rotor blades greatly improved the furrow compartmentation system.
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Figure 1. Case under consideration: Increasing water usage efficiency using new rotor designs associated with furrow diking technology. 
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Figure 2. Analysis of soil characteristics and climatic conditions of the area prior to testing the performance indicators of the equipment. 
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Figure 3. Equipment for opening and partitioning water furrows. (a) Equipment overview. (b) Simplified technical scheme consisting of: 1—support wheel, 2—supporting frame, 3—gripping triangle, 4—arrow knife for hoeing, 5—spur wheel for driving the compartmenting mechanism, 6—chain drive, 7—camshaft support, 8—locking element, 9—vane rotor, 10—camshaft, 11—ground pressing mechanism, 12—lever, 13—rotor support, 14—camshaft axle. 
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Figure 4. Detail of the subassembly used for opening and partitioning water furrows. (a) Furrow diking control system subassembly detailed diagram: 1—rotor with blades, 2—locking element, 3—roller, 4—cable, 5—lever, 6—rotor with spurs for setting the distance between dams. (b) Furrow diking control system locking element. 
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Figure 5. Furrow diking technology in detail with the active component, consisting of a soil modeling rotor (a) that shapes the earth into prismatic patterns (b). 
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Figure 6. Determination of the cross-sectional shape of the watering channel. 






Figure 6. Determination of the cross-sectional shape of the watering channel.



[image: Agriculture 12 00846 g006]







[image: Agriculture 12 00846 g007 550] 





Figure 7. Overview of the dimensions of a standard rotor equipped with the furrow compartmenting system. 






Figure 7. Overview of the dimensions of a standard rotor equipped with the furrow compartmenting system.



[image: Agriculture 12 00846 g007]







[image: Agriculture 12 00846 g008 550] 





Figure 8. Design and construction of a straight optimized blade equipped with the furrow compartmenting system rotor. 
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Figure 9. Design and construction of an inclined optimized blade equipped with the furrow compartmenting system rotor. 
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Figure 10. Design and construction of a curved optimized blade equipped with the furrow compartmenting system rotor. 
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Figure 11. The main water losses for sunflower cultivation. 
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Figure 12. Evaluation of soil penetration resistance in a sunflower culture (between rows). 
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Figure 13. Evaluation of volumetric soil moisture data as a function of depth. 
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Figure 14. Modeling compartmentalized segments in the furrow diking system for sunflower culture. 
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Figure 15. Testing the furrow diking system equipped with the standard rotor blades. (a) Testing the equipment performance on difficult soils. (b) Evaluation of the equipment wear during testing. 
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Figure 16. Testing the furrow diking system equipped with the optimized straight rotor blades. (a) Testing the equipment performance on difficult soils. (b) Evaluation of the equipment wear during testing. 
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Figure 17. Testing the furrow diking system equipped with the inclined rotor blades. (a) Testing the equipment performance on difficult soils. (b) Evaluation of the equipment wear during testing. 
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Figure 18. Testing the furrow diking system equipped with the curved rotor blades. (a) Testing the equipment performance on difficult soils. (b) Evaluation of the equipment wear during testing. 
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Figure 19. Evaluation of the forces exerted during the working of the furrow diking system: (a) Variation of the average traction force as a function of speed, for four speeds and the four blade shapes. (b) Variation of the average force on the working organ as a function of speed, for four speeds and the four blade shapes. 
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Figure 20. Comparative evaluation of the qualitative indicator Hb (total height of the dam) for the four constructive rotor blades. 
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Figure 21. Comparative evaluation of the qualitative indicator Hd (useful height of the dam) for the four constructive rotor blades. 
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Figure 22. Comparative evaluation of the qualitative indicator Bb (width height of the dam at the top) for the four constructive rotor blades. 
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Figure 23. Comparative evaluation of the qualitative indicator Bd (width of the dam at the bottom), for the four constructive rotor blades. 
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Figure 24. Comparative evaluation of the qualitative indicator Ld (length of the basins) for the four constructive rotor blades. 
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Figure 25. Evaluation of furrow diking technology compared with conventional technology by comparing seed productivity per hectare. 
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Figure 26. Evaluation of the increase in the efficiency of rainwater usage with the use of furrow diking calculated depending on the production associated with the amount of precipitation. 
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Figure 27. Evaluation of furrow diking technology compared with conventional technology by comparing seed productivity per hectare. 
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Table 1. Qualitative indices for evaluating the rotor of a furrow compartmenting equipment that has been equipped with the standard blade.
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The Main Quality Indices (Standard Blade)

	
Hb

[cm]

	
Hd

[cm]

	
Bb

[cm]

	
Bd

[cm]

	
Ld

[cm]
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20

	
16

	
40.5

	
9.7

	
300




	
18

	
13

	
40

	
9.2

	
275




	
19

	
15

	
41

	
8.9

	
270




	
18

	
14

	
42

	
11.0

	
250




	
20

	
15

	
39.5

	
10.7

	
260




	
Absolute average, Vma, [cm]

	
19

	
14.6

	
40.6

	
9.9

	
271




	
The mean square deviation, σa, [cm]

	
1.0

	
1.14

	
0.96

	
0.92

	
18.84




	
Variation index, Va [%]

	
5.26

	
7.81

	
2.37

	
9.28

	
6.95
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Table 2. Qualitative indices for evaluating the rotor of a furrow compartmenting equipment that has been equipped with the optimized straight blades.
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The Main Quality Indices (Optimized Right Blade)

	
Hb

[cm]

	
Hd

[cm]

	
Bb

[cm]

	
Bd

[cm]

	
Ld

[cm]
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20

	
18

	
48

	
17

	
280




	
22

	
17.5

	
49

	
16

	
290




	
21

	
17

	
46

	
15

	
270




	
23

	
17

	
48.5

	
16

	
260




	
22

	
18

	
46.5

	
18

	
265




	
Absolute average, Vma, [cm]

	
21.6

	
17.5

	
47.6

	
16.4

	
273




	
The mean square deviation, σa, [cm]

	
1.14

	
0.5

	
1.25

	
1.14

	
12.04




	
Variation index, Va [%]

	
5.28

	
2.86

	
2.64

	
6.95

	
4.41











[image: Table] 





Table 3. Qualitative indices for evaluating the rotor of a furrow compartmenting equipment that has been equipped with the optimized inclined blades.
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The Main Quality Indices (Optimized Inclined Blade)

	
Hb

[cm]

	
Hd

[cm]

	
Bb

[cm]

	
Bd

[cm]

	
Ld

[cm]
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23.5

	
17.5

	
49

	
18

	
285




	
23

	
19

	
46

	
16.5

	
290




	
24

	
17

	
47

	
17

	
270




	
22.5

	
19

	
50

	
15.5

	
265




	
21

	
18.5

	
48

	
16

	
260




	
Absolute average, Vma, [cm]

	
22.8

	
18.2

	
48

	
16.6

	
274




	
The mean square deviation, σa, [cm]

	
1.21

	
0.91

	
1.0

	
0.96

	
13.51




	
Variation index, Va [%]

	
5.33

	
5.0

	
2.1

	
5.8

	
4.93
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Table 4. Qualitative indices for evaluating the rotor of a furrow compartmenting equipment that has been equipped with the optimized curved blades.
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The Main Quality Indices for the Curved Blade

	
Hb

[cm]

	
Hd

[cm]

	
Bb

[cm]

	
Bd

[cm]

	
Ld

[cm]
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24

	
19.5

	
50

	
16

	
290




	
22

	
19

	
48

	
17

	
260




	
21.5

	
20

	
47

	
18.5

	
270




	
23

	
20

	
49

	
17.5

	
280




	
24.5

	
21

	
51

	
16.5

	
270




	
Absolute average, Vma, [cm]

	
23

	
19.9

	
49

	
17.1

	
274




	
The mean square deviation, σa, [cm]

	
1.27

	
0.,59

	
1.58

	
0.96

	
11.4




	
Variation index, Va [%]

	
5.54

	
2.96

	
3.1

	
5.62

	
4.16

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 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 (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png





media/file52.png
Rainwater efficiency capitalization, Kg mm*

[
&

[y
N

[
o

[+9

13.4

Experimental lot 1

O Conventional technology

12.9

Experimental lot 2

11.4

Experimental lot 3

O Increase in the efficiency of rainwater use





media/file39.jpg





media/file18.png





media/file21.jpg
s s Transpiration
SESl . SR
Evehoration: S-S Eotorion, Ramotl.

\“—— Root uptal
Root zone = e L

l < |- Deep Percolation

Leaching
SR
- -

ST R 31

Lk X g





media/file44.png
i1 i &ﬂ\ \ \
g ?f. ..waw%w.%?mm. MS

: mmnm...v.mu&v.k,r&&w%mu‘m.ﬁ..&w&v%ﬁé»
g &Wv@sﬁ%\@&@@wﬁ%ﬁﬁi

Curved blade

o ..ﬁ.uu.?ﬂbﬁ, )
S b\v.b..
%%ﬁm%% w?ﬁﬁﬁﬁﬁw :
,Emmxﬁ
f .....WW.

Inclined blade

Yo T 0 0 J .. ]
e
qﬁﬁkﬁaﬁw«
- o
AL ATt ;e & R PRt PR,
] ﬁﬁ%&% ﬁ% .

SRR it

Optimized straight blade

| BT o i)

ﬁm..&&ﬁﬁ&rﬁ..%&.ﬁ‘” S

e S
.%%E&r;... .r

S

i wh.w.\ﬁ...v SEGERGEIE «mm;wnh»..

T 1
R
F&ﬁmﬁk&ﬁ?&vﬁ.«% BRI

e e e e e e e e e e e £

Standard blade

0

(=
]

6!

wo ‘do} 3y} 3e wep a3y} o yapim ayl






media/file26.png
Volumetric humidity, %

N
o

-
(5]

—
o

@ Measuring areano. 1

@ Measuring area no. 2

ML : Y
o g no-5

@ Measuring area no. 5

M 3 4

B Average

Surface (1-5cm)

10cm
Analyzed depth

20cm






media/file7.jpg





media/file28.png





media/file10.png
) 8 Y

Ha





media/file49.jpg
Productivity per hectare, kg/ha
.8 8 EEEE

i

Experimentallot 1 Experimentallot2 Experimentallot3
B Conventionsl technology O Furrow dike technology






media/file11.jpg





media/file6.png





media/file36.png





media/file15.jpg





nav.xhtml


  agriculture-12-00846


  
    		
      agriculture-12-00846
    


  




  





media/file54.png
Water storage efficiency , %

Experimental lot 1 Experimental lot 2 Experimental lot 3
0 Conventional technology O Furrow dike technology





media/file2.png
Global Ohjective

sunflower cultures

PHASE 1

Identifying soil
conservation targets in
the context of climate

change and water

Determine and calculate the
relevant performance
indicators of furrow
compartmentation cquipment

Performing a furrow diker

PHASFE 2

PHASE 3

New types ol rotors are being
designed and built to inerease
cquipment performanee

Comparative evaluation of
the performance of the new
rotor shapes

‘T'esting the performance of the new
P e "

associated
Bh g Fa——

weeding plants

€
according to the data obtained in

optimization calculation

Assessing rainfall water
cfficiency for the sunflower
crop

P EHEEEES FEF

[s—— [

s
lmdzindrky T Sebcky






media/file53.jpg
Waterstorage effidency %

IRR R R R

200
10%

144

Experimentalot 1 Experimenal ot 2 Exporimenl ot 3

3 Conventionl technology

Furrow dike technology





media/file23.jpg
g %8 88 8 °





media/file24.png
, daN/cm?

150

w
o

0

@ Measuring area no. 1
@ Measuring area no. 2
@ Measuring area no. 3

@ Average

Jo o i

Ocm 23cm 5cm

10cm 12.5cm 15cm 17.5cm 20cm
Analyzed depth






media/file29.jpg





media/file1.jpg





media/file12.png





media/file9.jpg





media/file42.png
T e eI
i R aﬁfﬁm
‘,_w,,

ﬁﬁ%w;p#ﬁ Y&?ﬁ@
&&,&«., SRELTE
i, s LeRdLeadts SALeRALed |
ﬁﬁ\w : wm Jﬁza«&%&:

S

Curved blade

n.. B %.n% 23

e

&%%%% .

mww&«. ALl mm.rm?ms%.. LR

&. ,E.&: R

Y SRR
.,4?. R AL L EL e

Inclined blade

=
-

TELRLREEEE
Sy
ﬁfﬁ,
vustw ?ﬁw.,mwuw,
s i
w&w@mﬁ s

Ty

S
f*v*;%xrz
‘.wib,m
SR
.r-;-.r-

.. ..

St

s... o

&
.

Optimized straight blade

o
o
R
W;hﬂ«ﬁ mz o 3
© |
ehii i 3
a5 o ©
- &W..m...q Mm‘mﬂm\.r%bxﬂ.ﬁ: %&\S& o
i ..%«.&«4«.. i \«,ﬁ%.wm.. i
i J ©
a
n [=] wn [=] wn o
~N ~ - -

wo ‘wep ay3 o Y3y |ngasn






media/file56.png





media/file47.jpg





media/file38.png
w
%] o

w

Average traction force, KN
N

[

2.57
Speed, km/h
1 Standardized straight blade # Curved blade
# Inclined blade 1# Straight blade optimized dimmensions
(@)

457
4, 244 26 4.284.32
25
15
0.5
0
2.84 3.17

e
B

o
o

052053

0 ||||

1 Standardized straight blade
H Inclined blade

Average traction force, KN
o o o o
N w B o

o
=

0.62

0.74
0.64
0.59 0.6 0.580'62
| 54| ‘ | | |

2.57

Speed, km/h

(b)

1 Curved blade
1 Straight blade optimized dimmensions





media/file17.jpg





media/file30.png





media/file51.jpg
P

Raimter ficncy captalistion Kg

Experimentallot 1
O Conventionsi technology

14
Experimentallot 2 Experimentatlor 3

Oncrease n the efciency of ramwater e






media/file57.png





media/file35.jpg





media/file48.png
275

e
Eana &w ﬁm&ﬁﬁﬁgﬂv
.:..nn e S
e xm.. ..q.ﬁgr.. Fetes
mw NWMMA.__.&.".
T é&ﬁ_.

w23

R
CCietet ety .ﬂ.n Eeateess TR
SRR
..I....f. . .. ..f...(.
SRS

Curved blade

. uh.uq:qi....
A‘m«%_« A\ﬁﬁ«.\q.u\.
A N i ...Wawc..c
i ﬁ%pﬁﬂ. %...Sq i
xmwww,wmfp?sw %wmw
.,;33_.,&; S

feiatens ..

Inclined blade

Optimized straight blade

Standard blade

76
275
74
73
72

-
~
~N

269

wd ‘wep ayj jo yydual






media/file27.jpg





media/file3.jpg





media/file22.png
. iy el
v e, = %
s = o B

g Transpiration
> 5w, ¥ S
e i __3 F e Runoff
Evaporation 3_ s Ewvaporation

- - Infiltration
L] -

Root zone * | = 4 —— Root uptake

- - Deep Percolation
—

27 . ﬁ-‘e‘ E
ﬁéﬁi 2% Sgeeut






media/file19.jpg





media/file58.png





media/file40.png
L mmfm,
;myﬁ o
J.s.nm“mwmﬁ%mma,r m%ﬁ%%%ﬁﬁ% -
i .; @Eﬁﬁ G ﬁ»ﬁﬁﬁm%ﬁm« i
G

#33

Curved blade

T T U ST ...I
,z,N s&fﬁ o
.r..wf.m.m. 3 q.ﬁ%_,«.,wn_.r v.,.w:v
A Y N YA AN
”&..., S
S e .,.MQNNS. ..mxﬁ
R S

I ..m.. ..A..ﬂ..n.. 222 ..h.....n.....m.....a\ \4‘ ..«.._ 522 mau

.n/l

Inclined blade

A\am_...ﬁ en a.\ T \.\.._”.. hhan a.. , T o
Mm.. ..»..w. w?. .,}..._ i m&ma..mu% i La,...
i...m« .w. .uw“ ¥ M~.~M+M 3&4.." ..v..J.\m....H...w.vmﬁmv.vwwme.
.
rl.r e

s PR Rt ..n..k..n.. w.-.......«..«.. ..n...mﬁ..n.. ..ns...-.r.... ]

d straight blade

imize

opt

LEEERE W.&MKM _..p._.ﬁ.ﬂ..mé.ﬁ_.éf.é.é,
WWWWWVJWM,H&WN%M%;?WE i u.... 5
,é“ i .,mm ..“,.,.WW.M..“&M%M Hmmwnhmﬁwwwm.mwmv ..mm.\w
nv ?v&&&m%&h a@wﬁt

_..f.. AR f...

Standard blade

o wn o wn (=]
~N - -

wd ‘wep 3y} jo ySiay |eyoL






media/file33.jpg





media/file32.png





media/file14.png
?..'.lol.l.'.'.l.lvom

L

9

==
i






media/file41.jpg





media/file37.jpg
_
EEEEEEEE|
=
i
bttt
—
5=
_
o 2TEUETETE e e
bt £
 E====
=

H

E——
=i
————

¢
=

N &

¢

 ——,

ot [re— it
S i e St i i

@ ®





media/file46.png
25

20

Q

ot
d.........,..u SRS .... e ] B
R Ry e @
f% i ;w: Cgetseate r
: i ,N\ i
. L %ﬁﬂ&ﬁ 1 2
S a i 3
Q
Z..&a«..ﬁ......%¢..... °
i in\f: HhEE k:
[rasyiias 30y .n.y... =]
 fa R nww %
S b.“ Lot O
éﬁ%ﬁaﬁ«% S ,wﬁ o
a..“m.,.,.t.., S u..n?n ; . =
.... o n

Optimized straight blade

N {.sw.u. .w.,..u.r%
bR
&...u..v R
.. A..J.}ﬁ e

;_3&‘.’*
‘zvi»”z

)

!
o

Standard blade

o wn o wn (=]
~N - -

wd ‘wo310q 3Y3 1. Wep 3y} Jo Yipim ayL






media/file59.png





media/file45.jpg





media/file16.png
170






media/file20.png





media/file50.png
Productivity per hectare, kg/ha
. 8 8 B § & &

Experimental lot 1 Experimental lot 2 Experimental lot 3

E Conventional technology

O Furrow dike technology





media/file5.jpg





media/file31.jpg





media/file25.jpg
IS r——
B OMemmare s OMenmrgwro

sutwetisen e e
R





media/file0.png





media/file8.png





media/file43.jpg





media/file34.png





