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Abstract

:

The adaptation measures of agricultural crops to current climate change are also reflected at the level of land-use planning for species with resistance to rainfall shortages and periods of prolonged droughts. The present paper aimed at the spatial modeling of land favorability for alfalfa (Medicago sativa L.) within Bihor county, which is located in Northwest Romania. This was performed by using GIS spatial analysis techniques, particularly the technique of rating agricultural plots by using as a modeling basis the synthetic climate indicators, soil indices, as well as topographic characteristics, which are considered relevant for the studied species. As a result of the modeling process, agricultural plots that are favorable for the alfalfa culture were identified. A comparative analysis of the profit was also carried out both for the green and dry masses of eight types of alfalfa, which are suitable for the national environmental conditions. Land favorability modeling for alfalfa cultivation will be carried out by using GIS spatial analysis techniques, which allow the use of large databases while maintaining the necessary degree of detail, and they make possible the correlations between factors and production estimated per hectare, which are correlations that are characteristic for the environmental factors. Thus, for the studied territory, the best green alfalfa production was identified as being obtained from the Carinca and Daniela varieties, whereas the Mihaela and Teodora varieties were noticed to provide the best dry alfalfa production.
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1. Introduction


The current studies regarding the tendency of the climatic parameters as well as the deviations from the seasonal environments—thus implicitly, the manifestation of their negative effects—induce problems related to the management of agricultural plots and impose the use of species with wide ecological plasticity that can adapt to these current pressures.



Carrying out studies aimed at identifying the effects of climate change on the basic species cultivated at continental level [1,2] represents a constant preoccupation and the result of several collaborations between researchers, research institutions, farmers, and active agriculturers who have to confront directly the reality present in the field. This is the reason why we consider that the present study is a necessity regarding the identification of some recommendations with useful practical values for those who fight on a daily basis against the direct effects of climate change in agriculture [3,4,5].



The modeling made at different scales highlighted the fact that the water deficit will be accentuated, especially for the territories with a warmer climate. At the same time, the economic differences between states will be intensified, given the increase of the degree of abandonment of the numerous agricultural plots resulted from diminished agricultural production [6,7].



The scenario according to which summers will become warmer and drier, with a diminished water reserve in the soil, implies the need for efficient planning and, last but not least, the choice of culture with requirements adapted to the new environmental factors [8].



The choice of the alfalfa species for this study derives from its regenerative properties, from the adaptability of the species to pedological, climatic, and various geomorphological characteristics [9], which are representative for the studied area, as well as for the implicit economic profile.



The alfalfa is a recommended species for obtaining fodder because it has a high regenerative power after harvest. It can have a long lifespan that can reach 8 to 10 years, and more than that, it has high resistance at dry periods due to the development of a root system that can reach 1–2 m [10,11]. The alfalfa has the highest increase in dry matter yield before the first cut and the fastest daily average height growth before the second cut [12].



To these positive aspects, we may add the honey-producing properties [13,14,15], which extends large areas with alfalfa culture, especially at the level of counties located in the south of Romania. Alfalfa is the first perennial, insect-pollinated crop to be genetically engineered [16].



This type of approach has been successfully used in studies aimed at classifying the territories by favorability classes for orchards, agricultural crops [17], pastures [18], and haylands, but also for forest species [19,20] and species from the spontaneous flora [21,22] at the communal level [23], at the county or major landform level [24,25], at the watershed level [24], as well as at the national level [26].



The development of geoinformational software and their high capacity to process spatial databases makes their applicability to be extended to fields transdisciplinary to geographical studies such as geology, agronomy, agriculture, and spatial planning, thus making the studies developed within these sciences progress and able to be extended on much larger territories than the case studies implemented on the basis of the classical techniques of their realization [27].



Agriculture is one of the main fields benefiting from GIS technology due to the fact that through the possibility of spatialization of the numerous environmental factors with which it operates in specialized studies [28], spatial analysis models can be developed by integrating and comparative and correlative analysis [29,30] and to bring an added value of the land by identifying the best ways to use them for an absolutely necessary sustainable development of agricultural areas.



The need to use a high degree of detail of the factors used in such models is attracted in these studies regardless of the size of the study areas, the accuracy of the results being dependent on the number of factors used and their detail [31,32,33]. Moreover, in order for the results of these models to be usable in agricultural practice, the model validation stage must be given increased importance [17,22].



The best practices regarding the validation of the framing models of the territories favored for different cultures are represented by the direct comparison of the results with the territorial reality or the validation of the results based on the case studies implemented on small areas [18,20]. These aspects will be described in the following sections applicable to alfalfa cultivation.



The use of complex GIS analyses is extremely important especially when pursuing the best agricultural crop in the conditions of drought-induced challenges [34], soil erosion, and the increase in intensity and frequency of natural hazards with an effect on agricultural crops and environmental changes [35,36,37].



The beneficial role of alfalfa extends beyond traditional hay and grazing production systems, being used to obtain germs for salads, nutritional supplements, or bioenergetic raw materials [38,39]. This species is cultivated on large areas for fodder production, being called the parent of all plants. Its leaves contain eight essential aminoacids and a high content of substances, such as calcium, potassium, and iron [40], but also estrogenic substances, which are properties sought by animal breeders, especially by farmers seeking to identify a viable fodder for dairy cattle. However, as a result of the increase of the period with precipitation deficit in the summer, there is a need to conduct studies on the ability of this species to adapt to new climatic parameters, lack of water and resistance to salt stress that influence the performance of this species, its production, as well as its characteristics related to seed germination, mineral absorption and assimilation, carbon fixation, etc. [30]. The use of biotechnologies in alfalfa improvement and the application of breeding programs lead to the development of alfalfa varieties with higher pest resistance, higher local adaptability, higher persistence and yield, as well as better tolerance to grazing, drought, and tolerance to acid soils, but also to toxic soils with aluminum content [38].



Some studies highlight the possibility of extending this species to tropical and subtropical production systems as well, with the possibility of overcoming the shortcomings of temperate systems which are based on perennial grass (Lolium perenne L.) and white clover (Trifolium repens L.), which require careful attention at the moment [38].



Medicago sativa L. is an important source of nectar [41,42,43,44], bees being the main responsible for pollination species, noting Apis mellifera L. and A. florea F. [45]. The amount of honey obtained from the collection of nectar from alfalfa flowers can be additional sources of income for owners of alfalfa plantations as well; the average amount of alfalfa pollen can reach 18.59 g per colony [46].



The study was conducted for the entire territory of Bihor county, at the level of agricultural crops, studying plots that are currently used for both vegetable crops and grass species. The reason is to perform the analysis for the favorability of alfalfa both for the plots that are currently cultivated so that those interested can choose having knowledge about the amount of green mass and dry alfalfa mass that can be obtained depending on the variety used. Those interested will be able to analyze and compare the alfalfa production and implicitly the economic income that can be obtained for the plots that have a different culture at the moment. To these territories have been added the plots used as pastures at the moment because alfalfa can be used as an additive for pastures by sowing, thus helping to increase the quality of pastures so important for animal breeders.



Thus, the agricultural character of the county is highlighted by extended territories used for agricultural activities (direct cultures of vegetables, fodder plants, pastures, etc.).



The aim of the present study was to bring into the attention of farmers, agronomic engineers, and researchers the positive aspects of setting up alfalfa cultures on territories that offer favorable conditions for their development, by starting from known aspects related to the requirements of this species regarding soil, climate, topography, as well as taking into consideration current climate change, the increase of multiannual average temperature, and the length of the drought seasons. Given the hydric and thermal stress induced by climate change, solutions for culture adaptation are always searched for so that the agricultural necessities are covered and the number of abandoned lands is diminished.



The main objectives pursued in this article are the following: the development of a GIS spatial analysis model for identifying the favorability classes for the species Medicago sativa L., value quantification of environmental factors analyzed integrated into the model through GIS spatial databases, analysis of quantitative detail of the favorability at the level of territorial administrative unit and at the level of the agricultural plot, and cost and profit type analysis on types of alfalfa varieties based on rating coefficients for access roads and rating coefficients for the characteristics of cadastral plots (road quality, distance to the closer rood, access roads and accessibility period).




2. Materials and Methods


2.1. Study Area


The study area, Bihor county, a county that is part of the NW development region of Romania, has a relief in steps from east to west (the mountainous area in the east being represented by the western massifs of the Apuseni mountains, the hills sector, and the western plain (Figure 1). The geographical position of Bihor County is favorable for economic development due to its proximity to Hungary to the west, connections with neighboring counties within the northwest development region (Satu Mare in the North, Sălaj and Cluj in the east) and Arad in the south are also favored by the dense network communication channels, enabling connections between different areas of activity. The climatic, geomorphological, and soil characteristics will be detailed for the entire study area both in the methodology section and in the results section depending on their influence for alfalfa.



Thus, the purpose of this study is to achieve a GIS model that will allow the identification of the most favorable territories for alfalfa culture (Medicago sativa L.) at the level of Bihor county, situated in northwest Romania. At its level, there are 2785.1 km2 non-irrigated agricultural lands, which represents 36.95% of the county territory, followed by 392 km2 (5.2%) of the category of territories that are predominantly agricultural but also mixed with natural vegetation, and natural pastures that occupy extended areas up to 153.8 km2.




2.2. Methodology


The process of identifying the favorability classes for the species Medicago sativa L. consists in bibliographic analysis and generation of the database with all the factors that are considered relevant for the growth and development of the alfalfa species, data collection in the field, and, last but not least, the creation of a database with determinant factors for alfalfa.



In order to accomplish the pursued objectives, a series of methodological and procedural stages were necessary, which will be described below.



The first methodological stage (Figure 2) consisted in creating the databases of environmental factors that influence alfalfa production: average annual temperature, average annual precipitations, slope angle, or pedological characteristics, such as gleization, stagnogleization, texture, soil reaction, useful edaphic volume, as well as humus reserve.



The digital elevation model (DEM), as the primary database used within the spatial analysis model, was obtained on the basis of the vectorized contour lines on military topographic maps with a scale of 1:25,000 and their completion with information identified on the 1:5000 plans for the studied area. Thus, by using the contour lines, the Digital Elevation Model was derived with a representation resolution of 10 × 10 m. This resolution best highlights the elevation changes of the study area and involves minimal errors in the process of spatial representation and modeling of raster structures based on DEM management.



The slope angle, computed in degrees, was obtained with ArcMap software by using the digital elevation model (DEM) as the input database. This was reclassified on slope angle classes, taking into account that territories with low slope angle values imply a high degree of favorability for agricultural crops, especially those that require mechanical works for soil preparation, maintenance, etc. [47,48] and the fact that territories characterized by high slope angle values involve the limitation of the access with agricultural equipment, changes in soil hydric regime and, last but not least, they favor the increase of soil erosion, especially in the first year of alfalfa culture.



The average annual temperature and average annual precipitation grids were generated by interpolating the point data obtained by using the spatial correlation of the point parameters from the meteorological stations within the county, as well as those located near the county [49]. This was made in order to ensure the continuity of the climatic data with the elevation through a regression. The integration of the equation that defines the regression curve in the form of a spatial analysis equation was also accomplished in the GIS environment [50] having, thus, the advantage of spatializing these parameters for the entire analyzed area.



The soil characteristics were obtained by using the sequential methods of interpolation of point data taken from the Romanian Pedological Cadastre with the Inverse Distance Weighted interpolation method, as the degree of dispersion of point data is 16 × 16 km.



The second important methodological stage consists in granting the rating notes and thus, the reconversion of the raster databases obtained in the previous stage. These rating notes take into account the studies carried out on experimental fields located in different areas of Romania [51]. The values are in the range 0–1. A value of 0 or 0.1 will represent a restriction for the analyzed species, in which restriction induced by each climatic, soil, or topographic factor is taken individually, whereas a value close to 1 will represent a favorability induced by this factor for Medicago sativa L. (Table 1).



For the classification of the studied territory on favorability classes for alfalfa, the equation of spatial analysis will be obtained with the help of the geoinformation software ArcMap through the Raster Calculator extension. The equation is of the following form:


Y1 * Y2 * Y3 + ...+ Y9 * 100,








where “Y1…Y9”—The raster database representing the coded ecological factor, *—the mathematical operation of multiplying.



The result of the equation will be materialized in a raster format database with numerical attributes between the values of 1 and 100. These will be reclassified according to the favorability classes: very high (80–100), high (60–80), medium (40–60), low (20–40), and very low (0–20 rating points) [52].



In order to highlight as clearly as possible the situation of the fields currently cultivated with alfalfa, field trips were made. This allowed the collecting of information from farmers and the identification of the problems they face every day in order to achieve the desired yields per hectare.



The third methodological stage consists in modeling the implicit economic income as a result of alfalfa cultivation on agricultural plots with the best favorability for alfalfa—for the varieties recommended for Romania. Therefore, proposals will be made for the use of alfalfa varieties recommended by INCNS Fudulea at the level of plots identified to be included in high favorability classes for alfalfa culture.



The whole methodological approach will aim to identify the effects of the modified environmental factors on alfalfa, which will allow making predictions regarding the reaction of the studied species to the action of disturbing factors. At the same time, it will direct subsequent research to obtain viable cultures, using adaptable varieties that also have competitive quantitative and qualitative characteristics in the current climate context.



In order to identify the economic efficiency for agricultural land-use plannings, different synthetic indicators are used, starting from land rating, estimating costs and profits for both individual and general cultures throughout the territory used as agricultural field, which are expressed as areas or economic value.



In the practice of agricultural land evaluation, the yield value (depending on the evaluation of net income by land rating classes), the circulation value (depending on the achievable income, being established by the market), and the taxable value (established on the basis of the previous indicators) are used.



Thus, the value of a rating point expressed in kilograms for a product is used—in our case, the alfalfa. By knowing the rating note for each agricultural plot, the average production per hectare was obtained for every agricultural plot that was included.



The value in kilograms/hectare for alfalfa is 100 kg/hectare in the case of an average cultivation technology and 140 kg/hectare in the case of an advanced technology [35].



For the category of land occupied by pastures and haylands, synthetic indicators are used. These enhance or amend the rating notes for each plot, taking into account the distances from the plots to the reception base (Table 2), the road network serving the plots, the quality of the roads (Table 2), the size of the cadastral plot, the shape of the cadastral plot (Table 3), the slope angle of the land inside the cadastral plots, the elevation of the cadastral plots, the age of the plantation, but also considering the degree to which these are covered with stones, anthills, or woody vegetation [53].





3. Results


3.1. Favorable and Restrictive Factors for the Alfalfa Culture


An important factor in identifying the best territories for alfalfa cultivation is the analysis of the slope angle (Figure 3A). Thus, we can notice that at the county level, most of the territory presents favorable conditions from this point of view for alfalfa cultures on 4595.2 km2 which represents 60.9% of the territory of Bihor county. Restrictions in terms of land geodeclivity are noted for territories characterized by slope angle classes higher than 45.1%. They are mainly found in the mountainous area of Bihor county, but these are limited only to 3.5% of the studied area.



Regarding the average air temperature ranges, we can notice the fact that most of Bihor county, especially the field areas and low hills that do not benefit from a thermal regime of over 8 degrees annually, have favorable conditions for the alfalfa cultivation (Figure 3B). Thus, for these territories, meaning 70.1% of Bihor county, favorable conditions are met for starting the cultivation of alfalfa.



The thermally restrictive territories are represented by the territories that benefit from temperatures below 5 degrees Celsius, which are also found in the mountainous area of Bihor county.



From the point of view of the average amount of annual precipitation, Bihor county falls in the range of 569–1329 mm. The field territories that are characterized by average annual precipitation, situated in the range of 551–600 mm, that received the high value of 0.9 in the modeling process, stand out again (Figure 3C). These characterize 35.8% of the territory of the county. There are high favorable conditions for alfalfa for another 2842.2 km2. These are territories that are characterized by a quantity of precipitation within the range 601–700 mm. From the pluviometric point of view, as restrictive areas for alfalfa, both the mountainous area and a part of the high hills of Bihor county represent 14.4% of the county territory (1092.0 km2).



Analyzing the classification by favorability classes for alfalfa in terms of pseudogleization, we can notice as a limiting factor only the territories with an excessive pseudogleization, on 28.4 km2 and very strong, on 370.4 km2. From the point of view of soil gleization, we can notice the restriction induced by the water excess in the soil on only 28.38 km2, which represents only 0.4% of the territory. These territories are located in the floodplain sectors of the watercourses that transit Bihor county (Figure 3D).



The texture of soils within Bihor county offers favorable conditions for alfalfa cultivation on most of the territory (82.9%, which represents 6249 km2).



In the case of coarsely textured soils, a superficial and extremely low groundwater level will imply restrictions for alfalfa cultivation. The best conditions for alfalfa are provided by fields with low and medium groundwater level. Nevertheless, in the case of soils with medium and smooth texture, the best conditions are provided only by medium groundwater level.



Explicitly regarding the influence of soil texture on alfalfa cultivation, we are also interested in the texture of soils in the plowed layer. In the presence of cracked compact rocks and gravel or compact hard rocks that are impermeable in the first 20 cm from surface, we can notice a restriction in the case of alfalfa.



Medium conditions are provided by soils with a sandy clay texture—coarse and medium sandy clay soils, whereas the following types of soil offer the best conditions for alfalfa cultivation: clayey sand soils, coarse and medium clayey sand soils, smooth clayey sand soils, dusty sand clay, clay soils, clayey sand loam, medium dusty clay soils.



Gleization is also extremely important given the fact that alfalfa can grow on soils that have not been exposed to gleization or have been weakly/moderately subject to it. However, humidity excess is felt by this species. Thus, soils that have been subject to excessive gleization impose limits for this culture. The best conditions from this point of view are provided by those soils that are characterized by weak to moderate gleization (Figure 3E).



The territories with sandy soil texture, such as those in the floodplain sectors, but also those in the plain area from the north of the county, are a limiting factor for this type of culture (Figure 3F).



The reaction of the soil at a county level does not imply restriction for the alfalfa culture. For this reason, the entire analyzed territory in the modeling process was assigned a rating of 1, which was specific to areas with high favorability for alfalfa. The same applies to the humus reserve, which falls in the range of 0.8–3.01.



The useful edaphic volume at the level of Bihor county offers medium to good conditions for alfalfa cultures on most of the territory. The soil pH is also an important factor to pursue in specialized studies. Soils that are extremely acid (under 3.5 pH), very strongly acid (3.6–4.3 pH), and strongly acid (4.4–5.8 pH) impose restrictions for alfalfa. In the case of alfalfa cultures on soils with a weak acid reaction—that are weakly, moderately or even strongly alkaline—we can notice a favorable development that registers significant growth (Figure 3G).



The humus reserve (t/hectare) is determined as a product of the humus content calculated as a percentage, the thickness of the horizon (cm), and the approximate soil density. In the case of soils with a coarse texture, the best conditions for alfalfa are found in soils with high (61–120 t/hectare) or very high (121–160 t/hectare) quantities of humus reserve, whereas, in the case of soils with a medium and smooth texture, values are higher than 120 t/hectare.




3.2. Favorability for Medicago sativa L.


As a result of the GIS analysis carried out for the classification of the territory of Bihor county by favorability classes for the alfalfa culture, the favorability map for this species was obtained by taking into account the eight ecological factors considered as determinants.



In the high favorability class (characterized by rating grades higher than 60 points), the area of the Low Plain of the Criș Rivers is highlighted through its extended areas that offer very good conditions for alfalfa on 230.8 km2 and medium conditions for other plants on 790.5 km2 (Figure 4).



A high favorability for the cultivation of this culture was also identified in the Miersigului Plain on 218 km2, in the Buduslaului Plain on 103.7 km2, in the Barcăului Plain on 28.6 km2, and in the Valea lui Mihai Plain on 86.1 km2, etc.



In the category of landform subunits, we can identify in the class of small and medium hills the Fertisagului Hill, representing 220 km2 classified in the medium favorability class for alfalfa; the Barcăului Hills, on 298 km2, the Hidiselului Hills on 215 km2.



The restrictions imposed by climatic, slope, or soil conditions highlight extensive territories, such as the Plopiș Mountains, the Pădurea Craiului Mountains, the Iadei Mountains, Vlădeasa Peak, the Bihorului Mountains, or the Codru Moma Mountains, as they are characterized by very low favorability (characterized by rating grades within the range of 0–20) and low favorability (with rating grades between 21 and 40).



When classifying the area of the administrative territorial units on favorability classes for the alfalfa culture, we may notice Sântandrei (its territory is situated almost entirely in the high favorability class, 98.9% of the administrative territory of the commune), Gepiu (82.5%), Girișu de Criș on 76%, Oradea on 65.8%, Diosig on 63.5%, and Sânnicolau Român on 61.3% (Figure 5).



Knowing the territories that offer the best conditions for alfalfa is extremely important, especially for investors, but also for farmers who want to obtain economic profit from the territorial areas they own. In addition to the profit from the mass production of green alfalfa, dry fodder and the profit from harvesting and selling alfalfa seeds (in the case of seed culture), coupled plant support (CPS) is provided for territories cultivated with alfalfa, following the submission of applications to the Agency for Payments and Intervention for Agriculture (APIA) [54].



In fact, as a result of offering help to farmers, the area cultivated with alfalfa increased by 11% in the years 2014–2018 [54]. Increases in production were identified at the national level and at the level of alfalfa production by about 15%. The medium production per hectare calculated at national level reached 15.83 tons [54]. At the level of Bihor county, this increase is significant, as there is a growth tendency in production as well as in cultivated areas (Figure 6).



Taking into account the fact that both the production per hectare and the cultivated area have a tendency to increase, there is a need to carry out an economic efficiency study with a predictive role of calculating the potential incomes obtained on categories of alfalfa varieties.



The advantage of carrying out such an analysis will not only be to classify all agricultural plots by favorability and/or restriction classes for the alfalfa cultivation, but it will also identify those agricultural parcels with the highest economic income as a result of alfalfa culture.




3.3. Estimation of Agricultural Production for Medicago sativa L.


The estimation of the economic efficiency of the lands is carried out by experts in order to elaborate the economic analyses, as well as those of agricultural productivity and financial efficiency. In economics, efficiency is identified as the ratio between the value of agricultural production resulted from land cultivation and the value of used resources [38]. Thus, we use the obtained net profit as an indicator.



For those plots within the studied area, assigned to the classes of use, permanent pastures that include grasslands and haylands, wooded grasslands, or those with traditional orchards, have been rated with the amending/enhancing grades depending on the access roads and the characteristics of the plots (Table 2 and Table 3).



Thus, we can notice that uneven plots on surfaces under 1 hectare are amended, as their rating value can decrease by 10% or even 20% under conditions in which these are situated at large distances from roads, as well as from the town (Figure 7).



The agricultural production obtained as a result of field cultivation is under the direct influence of environmental factors that can influence the obtained incomes positively or negatively. These are expressed by the conventionally chosen area unit per hectare or per 100 hectares as an average level of expressing the results provided by the economical and financial analysis that has a predictive role.



In order to highlight the potential economic profile that could be obtained if farmers and land owners chose to start alfalfa plantations on territories with the highest favorability by taking into consideration soil, climate, and topographic characteristics, GIS spatial analysis techniques were used to estimate the potential quantity of green and dry alfalfa at the level of the administrative territorial units for eight different varieties recommended for the medium conditions in Romania (Supplementary Files S1 and S2).



As a result of the elaborated analysis, the best production for green mass alfalfa is obtained from the Carinca and Daniela varieties, whereas the production of dry mass alfalfa is obtained from the Mihaela and Teodora varieties (Figure 8).





4. Discussion


Taking into consideration the fact that at the moment, the aim is to increase the agricultural production by elaborating and applying new cultivation technologies to species that provide profit from an economic point of view, the specialized research focuses on the interdisciplinary analysis, the use of biotechnologies, and the improvement of cultivated species. This is done in order to provide recommendations for both farmers and investors with the best varieties that fulfill the current requirements of the market.



Thus, we focus on the elaboration of analyses and models both from a quantitative and qualitative perspective of culture technologies for alfalfa varieties, as well as on obtaining finite products with a minimum use of resources but with an increased economic efficiency.



In this case study, environmental factors considered to be determinant for the alfalfa cultivation were analyzed. Thus, favorability and restriction maps were created for an extended territory, representative for Romania and characterized by a diversity of landform units, as well as climatic and pedological characteristics.



Regionalization based on classical techniques for identifying and mapping areas favorable to alfalfa cultivation is traditionally done on small areas due to the multitude of databases that must be taken into account to obtain the final result. Through spatial analysis models, there is the ability to integrate a wide variety of spatial databases, and we can also extend the analysis to larger areas due to the increased capacity of management of spatial databases by geoinformation software. The development of spatial analysis models takes full account of the methodological steps described in the classical methodologies, which makes the final results have a high degree of validation not only for case studies conducted in small areas but also regional case studies. The usefulness of implementing spatial analysis models in studies of territorial classification by favorability classes for different cultures determines that the time allocated to such research is shorter, the identification of design errors is easier and faster if the model is not validated, the presentation of the final results in the form of digital maps can be used in other spatial analysis models for regionalization and the identification of relevant solutions for landscaping in optimal conditions and optimized economic productivity



As a result of the studies carried out by the National Agricultural Research and Development Institute in Fudulea, which is the only national center for plants improvement in Romania, 12 alfalfa varieties can be used at the moment [55]. These respond to both quantitative and qualitative requirements, in exclusive culture, as well as in intensely mixed culture.



To these, we can add the following alfalfa varieties: Ileana, with a green fodder quantity of 100 t/hectare and 20 tons/hectare dry fodder quantity; Pampilia with a green fodder quantity of 95 t/hectare and 19.1 tons/hectare dry fodder quantity; Liliana with a green fodder quantity of 95 t/hectare and 19.1 tons/hectare dry fodder quantity [55,56].



The alfalfa variety called Daniela is characterized by the precocity of species. The blooming occurs with approximately 5 days before the Magnat alfalfa variety, and it offers greater production. This is an alfalfa variety that offers a production of approximately 88 t/hectare (green mass) and 17.5 t/hectare (dry mass), as well as a seed quantity between 500 and 850 kg/hectare.



The alfalfa variety called Daniela has been used in Romania since 2006 on extended areas due to its regeneration capacity after mowing but also due to the good production obtained from exclusive culture or in mixed varieties. This is an alfalfa variety that offers a production of approximately 90 t/hectare (green mass) and 18 t/hectare (dry mass), as well as a seed quantity between 400 and 800 kg/hectare.



The alfalfa variety called Mihaela has been used in Romania since 2009. It guarantees a high productions as green mass and offers great productions of hay. This is an alfalfa variety that provides approximately 93 t/hectare (green mass) and 18.5 t/hectare (dry mass) as well as a seed quantity between 400 and 800 kg/hectare.



By using the GIS model proposed in our research, these three alfalfa varieties have led the production of the largest quantities of dry mass alfalfa. They also have the advantage of precocious growth in spring and thus, they are protected from the drought seasons in their first stage of development.



To these, we can add the alfalfa variety called Teodora, which offers a production of approximately 95 t/hectare (green mass) and 19.1 t/hectare (dry mass), as well as a seed quantity between 400 and 850 kg/hectare. For the current study, this has generated great quantities of green alfalfa in the case of cultivation made on plots situated in the highest favorability class from the studied area.



The GIS model applied in this article is an adaptation of the theoretical methodology for identifying favorability for alfalfa culture by exploiting the resources of open source and modeled spatial databases. The implementation of such types of models highlights a series of advantages related to human resources, time, and the possibility of technological transfer to the end user, but also a series of disadvantages related to the logistics of implementing the model.



The realization of the credit based on the proposed GIS model makes the number of people involved in the land management system smaller and the time allocated to this activity significantly reduced due to the replacement of classical evaluation techniques with modern techniques based on computer systems as well as large quantities of spatial and non-spatial databases used in the classical rating methodology.



The implementation of geographic information systems in the form of GIS spatial analysis models through agricultural land management information systems makes the information reach the end user at the click of a finger, and its implementation in real cases in the field is done intelligently taking into account the optimized management cost–benefit of agricultural land.



The results of such models can be disseminated both on components (giving the end user the possibility of analyzing a unitary analysis of spatialized factors on the surface it has) and integrated (leaving it to the choice of the end user to make the best decisions and implement the best solutions for increasing the economic productivity of land).



One of the main disadvantages of implementing such a GIS model is the lack of spatial and digital databases in open source format, which makes the time required to collect them from various public institutions that do not have integrated databases time consuming. This disadvantage turns into an advantage of the model implementation due to the fact that databases once modeled or acquired spatially can be made available to specialized institutions to be included in INSPIRE databases and used unconditionally for the development of other GIS models of spatial analysis for the identification of favors to various cultures that methodologically have in their component the integrated analysis of those environmental factors.



The GIS model developed under the forum presented in this article has a high validation rate (for plots that are currently cultivated alfalfa) under the conditions and areas analyzed so the model can be proposed for automation and practical implementation when desired, such as when requesting non-reimbursable, governmental funds for the establishment of alfalfa crops in an extensive system.




5. Conclusions


Using the GIS technology as a method of data analysis for soil, climate, and topography allows the obtaining of thematic maps that are necessary for the qualitative and quantitative analysis and characterization of the studied area in all its complexity. These methods of analysis are used in various studies of environment, agriculture, land-use planning, and prediction-making about the distribution area of the species or of the potential effects felt by them in the context of anthropogenic pressure or global climate change. The implementation of particular measures in order to diminish the negative effects of climate change in the agricultural sector implies the use of agricultural techniques that have a role in reducing the gas emissions that cause the greenhouse effect, by complying with the requirements of the reform made by the Common Agricultural Policy (CAP) and by the modernization of the irrigation systems that would diminish the losses from the agricultural sector. Thus, a model based on GIS techniques was proposed for the territory represented by Bihor county. This allowed us to identify the levels of favorability and restriction induced by environmental factors on the alfalfa culture.



From the economic point of view, profitability is extremely important for farmers and investors in the case of alfalfa cultivation. In addition to the economic values and the benefits for soil and environment, the production per hectare is high for both green mass production and dry mass production, and the sowing frequency—which can be carried out once every 3 to 4 years—represents positive aspects to be pursued for the efficient management of the agricultural territories. Thus, the potential green and dry mass of alfalfa quantity was calculated at the level of administrative territorial units. This was made in order to highlight the potential economic profit that could be obtained if farmers and land owners from every administrative territorial unit chose to start alfalfa plantations on areas with the highest favorability level, taking into account soil, climate, and topographic characteristics.



This possibility of quantitative and qualitative integration by means of GIS technology of all agricultural plots that are used at the moment as pastures or agricultural territories represents the main advantage for land owners. This allows the elaboration of a detailed analysis of limitative factors for the alfalfa production in exclusive culture or in mixed culture for pastures in such a way that if limitative factors are linked to pedological characteristics, measures to diminish their negative effects can be applied. In the case of climatic factors, the possibility of intervention is limited, but as a result of the specialized analysis, other ways of land-use can be proposed, so that each determinant ecological factor may be valorized and highlighted through the economic value of the territory.
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Figure 1. Geographical position of the studied area. 
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Figure 2. The scheme of the pursued methodological stages. 
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Figure 3. Rating of alfalfa depending on the slope angle (A), average annual temperature (B), average annual precipitation (C), pseudogleization (D), gleization (E), soil texture (F), and edaphic volume (G) in Bihor County. 






Figure 3. Rating of alfalfa depending on the slope angle (A), average annual temperature (B), average annual precipitation (C), pseudogleization (D), gleization (E), soil texture (F), and edaphic volume (G) in Bihor County.



[image: Applsci 11 04205 g003a][image: Applsci 11 04205 g003b]







[image: Applsci 11 04205 g004 550] 





Figure 4. Favorability classes for alfalfa at the level of the major landform units from Bihor county. 
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Figure 5. Percentage distribution by favorability classes at the level of administrative territorial units with the largest extension of favorability classes II and III. 
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Figure 6. Trend of production per hectare of alfalfa (left) and the trend of the area cultivated with alfalfa in the period 2013–2019 (right). 
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Figure 7. Distribution of amending grades at the level of plots used as permanent pastures, according to the characteristics of the plots and their accessibility. 
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Figure 8. Comparative analysis of potential alfalfa production (green mass and dry mass) at the level of administrative territorial units. 
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Table 1. Environmental factors used in the analysis and rating notes for alfalfa.
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Factors

	
Rating Notes Given for Alfalfa






	

	
0

	
0.1

	
0.2

	
0.3

	
0.4

	
0.5

	
0.6

	
0.7

	
0.8

	
0.9

	
1




	
Slope angle (%)

	
-

	
>100%

	
45.1–100%

	
35.1–45%

	
-

	
25.1–35%

	
-

	
20.1–25%

	
15.1–20%

	
10.1–15%

	
0.1–10%




	
Average annual temp. (°C)

	
<4 °C

	
4.1–5 °C

	
5.1–6 °C

	
-

	
6.1–7 °C

	
-

	
7.1–8 °C

	
-

	
-

	
8.1–9 °C

	
9.1–11 °C




	
Average annual precipitation (mm)

	
-

	
-

	
-

	
-

	
801–1000 mm

	
-

	
-

	
701–800 mm

	
601–700 mm

	
551–600 mm

	
-




	
Stagnogleization

	
-

	
Excessive

	
-

	
Very strong

	

	
-

	
Weak

	
-

	
Moderate

	
-

	
Reduced, Nil




	
Gleization

	
-

	
-

	
-

	
-

	

	
-

	
-

	
Weak gleization

	
Strong gleization

	
Moderate gleization

	
No gleization, Reduced gleization




	
Texture

	

	
-

	
-

	
-

	
Sandy

	
sandy clay, etc.

	
-

	
-

	
Clay

	
-

	
Clayey Loam,

Clayey Loam loam, Clayey.loam, Clayey. Clayey loam, Clayey sand, Clayey sand clayey




	
Soil Reaction

	
-

	
<3.5

	
3.6–4.3

	
4.4–5.8

	

	
-

	
5.1–5.4

	
-

	
5.5–5.8

	
-

	
Peste 7.5




	
Useful Edaphic volume

(fractions/unity)

	
-

	
-

	
-

	
-

	
-

	
0.21–0.50

	
-

	
0.51–0.75

	
-

	
0.76–1

	
>0.76




	
Humus reserve

	

	

	

	

	

	
<30

	
-

	
31–60

	
46–60

	
>600

	
61–600








(According to [51]).
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Table 2. Rating coefficients for access roads.
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	Coefficient Amendment
	Distance

(km)
	Road Quality
	Access Roads and Accessibility Period





	1
	1–5
	Paved road
	Roads with direct access from the ground to the paved network



	0.98
	6–10
	Asphalt with small portions of macadam (10% of the route)
	Roads with direct access from the ground to the macadam network



	0.96
	11–15
	Asphalt (50% of the route) and macadam (50% of the route)
	Unpaved roads with access on small detours (1–3 km) to the main network



	0.93
	16–20
	Macadam road
	Unpaved detour roads (5–10 km) to the macadam network, practicable only in optimal climatic conditions



	0.92
	21–30
	Macadam (70% of the route) and parts of unpaved road (30% of the route)
	-



	0.90
	>30
	Dirt road/drained land
	Agricultural roads practicable only in periods with a favorable climate



	0.80
	-
	Sand or undrained land
	







(According to [53]).
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Table 3. Rating coefficients for the characteristics of cadastral parcels.
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	Coefficient Amendment
	Plot Size

(ha)
	The Shape of the Cadastral Parcel
	The Degree of Fragmentation of the Micro-Relief within the Plot
	Elevation Difference(m)





	1
	>25
	Large rectangular—500 × 1000

Large trapezoidal—250 × 500 × 1000
	Uniform plots—flat
	0–200



	0.99
	10–25
	-
	-
	-



	0.98
	5–10
	Square—500 × 500

Small trapezoidal—100 × 200 × 500
	Plots with weakly undulated lands
	-



	0.97
	-
	-
	-
	200–600



	0.96
	3–5
	
	Plots with uniform slopes
	-



	0.95
	-
	Triangular—100 × 100, 150 × 75

Round
	-
	-



	0.94
	1–3
	-
	Uneven plots on approx. 50% of the surface
	-



	0.93
	-
	-
	-
	600–1000



	0.92
	0.5–1
	-
	Uneven plots on over 50% of the surface
	-



	0.90
	<0.5
	Uneven
	Highly fragmented plots
	>1000 m







(According to [53]).
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