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Abstract

:

Agricultural production can achieve sustainability by appropriately applying agricultural mechanization, especially in developing countries where smallholding farmers lack sufficient agricultural machinery for their farming operations. This paper aimed to study the extent to which small-, medium-, and large-scale farms in the Delta of Egypt use agricultural mechanization in their wheat crop farming operations. K-means clustering was used to aggregate and analyze the scenarios implemented by farmers for wheat cultivation so as to suggest guidelines for each cluster of farmers on how to mechanize their indoor wheat agricultural operations to maximize production. The study is divided into two parts: Firstly, data were collected regarding the percentage of small, medium, and large farms; the cultivated area of wheat crops in small-, medium-, and large-scale farms; and the size of tractors, as an indicator of the mechanization available in the governorates of Egypt’s Delta. Secondly, data were collected through a questionnaire survey of 2652 smallholding farmers, 328 medium-holding farmers, and 354 large-holding farmers from Egypt’s Delta governorates. Based on the surveyed data, 14, 14, and 12 scenarios (indexes) were established for small-, medium-, and large-scale farms, respectively, related to various agricultural operations involved in wheat crop production. These scenarios were analyzed based on the centroids using K-means clustering. The identified scenarios were divided into three clusters for the three levels of farms. The data obtained showed the need for smallholding farmers to implement mechanization, which could be achieved through renting services. These findings, if implemented, would have huge social and economic effects on farmers’ lives, in addition to increasing production, saving time and effort, and reducing dependence on labor.
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1. Introduction


The world population will reach about 9.6 billion by 2050 and 11 billion by 2099 based on the current population trend [1,2]. Moreover, the world’s rapid population growth is depleting agriculture and decreasing land area, while the demand for food is increasing daily [3]. Developing countries face many challenges, such as the spread of small farms, weak economies, growing populations, environmental pollution, increasing poverty, and the effects of climate change, causing a decline in economic growth [4]. In Egypt, food security is the main threat to the faltering economy due to high population growth [5]. It is important to note that the Delta of Egypt and the area around the Nile River Valley are home to 96% of Egypt’s population [6], and about 25% of these people work in the agricultural sector. This sector contributes about 14.7% of the national income [7].



One of the most essential cereal crops produced worldwide is wheat [8]. It is a major cereal crop in Egypt [9]. Egypt imports huge quantities of wheat and consumes large quantities of bread. The decline in agricultural mechanization has limited wheat production in Egypt [10]. Therefore, it is necessary to implement appropriate agricultural mechanization to perform agricultural operations so as to increase productivity, reduce costs, and maximize agricultural income [11]. In addition, agricultural mechanization is necessary to optimize the efficiency of farm operations and production. Moreover, agricultural production cannot be expanded without the proper use of machinery. Therefore, farmers must use machines to increase their production [12]. Additionally, a suitable mechanization system increases the timeliness and accuracy of agricultural operations, decreases operating times, and reduces the consumption of natural resources [13]. The lack of agricultural labor also necessitates the use of agricultural mechanization to carry out agricultural operations [14]. According to World Bank statistics, in Egypt, agricultural labor represented 39% of total employment in 1991, decreasing to 21% in 2019 [15].



Farm mechanization can transform farm economies, especially small farms, into sustainable economies [16]. Agricultural machinery not only reduces the drudgery and time required by farming operations, but also increases agricultural productivity [17] and improves the livelihoods of poor farming families. Access to appropriate mechanization is still limited in many developing countries [18]. Small farms in developing countries face many problems, such as low productivity, widespread poverty, high production costs, and low efficiency [19]. Mechanization can be used to address these problems and overcome the challenges inherent in farming activities carried out by manual labor [20,21]. Many studies have determined the importance of applying appropriate agricultural machinery to reduce poverty, improve the welfare of societies, achieve sustainable development, and increase production in different countries [22,23]. Further, farm mechanization represents the optimal solution to the agricultural labor shortage in rural areas due to the migration of young people to urban areas [24,25]. Worldwide, More than 570 million farms exist, most of which are small and run by families [26]. Smallholder farms need to have their status documented worldwide, because the lack of information on these farms limits smallholder access to development [27]. Smallholding farmers also play a major role in global food production to cope with the growing population [28]. To optimize the productivity of agricultural land, the input and processing components of the agricultural production, such as seeds, fertilizers, water, and farm mechanization systems, must be appropriate and high-quality. In Egypt, small farms are a major problem, with insufficient income and difficulty organizing into large units for social reasons [5]. Therefore, allocating agricultural machinery would effectively improve agricultural production in small farms in rural areas [29]. In Egypt, three methods can be used to carry out wheat crop agricultural operations: employing labor, renting machinery, and owning machinery. However, farms of less than 2.8 ha are expected to be consumers of rental agricultural mechanization services [3].



Machine learning (ML) technologies have considerably benefitted the agricultural sector, assisting farmers in reducing agricultural costs through insights and suggestions for suitable farming systems [30]. ML provides many models and approaches for agricultural data processing, such as clustering, regression, instance-based models, and decision trees [3]. K-means clustering is a technique involving unsupervised learning that does not make use of information generated from the training process [31]. It creates sets of data (clusters) based on similarities in the data [32]. Waleed et al. [33] used machine learning techniques to classify agricultural farm machinery. Similarly, Sakthipriya and Chandrakumar [34] applied K-means clustering to advise farmers on using agricultural engineering machinery to reduce labor and increase crop productivity.



Therefore, this study’s main objective was to investigate the application of different mechanization scenarios for small, medium, and large wheat production farms in Egypt. To achieve this goal, K-means clustering was applied to aggregate and analyze these scenarios for small-, medium-, and large-scale farmers so as to suggest guidelines for the adoption of mechanization strategies. This also enabled the generation of valuable information for each cluster of farmers regarding the appropriate mechanization of wheat agricultural operations.




2. Materials and Methods


2.1. Study Area


This study was carried out in eight governorates of the Egyptian Delta, as shown in Figure 1. The latitude and longitude of the governorates are as follows: Beheira (30°36′36″ N, 30°25′48″ E); Dakahlia (31°3′0″ N, 31°23′0″ E); Damietta (31°24′0″ N, 31°43′12″ E); Gharbia (30°52′12″ N, 31°1′40″ E); Kafr El sheikh (31°18′0″ N, 30°55′48″ E); Monufia (30°31′12″ N, 30°59′24″ E); Qalyubia (30°24′36″ N, 31°12′36″ E); and Sharquia (30°42′0″ N, 31°37′48″ E). The Egyptian Delta lies between 29°37’54"E and 32°55’49"E longitude and 29°37’49" N and 31°41’2" N latitude [35]. These governorates were chosen because they are among the most prolific producers of wheat in Egypt [36]. The study focused on documenting and describing the agricultural mechanization systems implemented for wheat crop cultivation in these Egyptian Delta governorates. The wheat farms were divided into three levels: small farms of less than 4 hectares (ha), medium farms of 4–8 ha, and large farms of more than 8 ha. According to the World Bank, people who own an area of more than 4 ha are considered middle-income, while those who own less than 4 ha are considered low-income [37].



The wheat crop was chosen for this study because it is a major food grain in the daily meals of Egyptians. Wheat grains are used to produce bread and pasta, and animal breeders use wheat straw as a primary food for animals. In addition, Egypt attaches special importance to the wheat crop, and efforts have been made to enhance its production, whether by vertical or horizontal increases. This has been achieved by encouraging farmers to cultivate wheat to meet the steady increase in population and the demand for wheat and its products.




2.2. Data Collection and Sampling


The study was split into two parts: in the first part, data were collected on the percentage of small, medium, and large farms and the cultivated area of wheat crop in small, medium, and large farms. In addition, we acquired data on the number of tractors with different power ratings, i.e., small-power tractors (<50 hp), medium-power tractors (50–70 hp), and large-power tractors (>70 hp), as an indicator of available mechanization. These data were obtained from the Central Agency for Public Mobilization and Statistics (CAPMAS) of Egypt [36,38,39], the Food and Agriculture Organization (FAO), and the World Bank for all governorates of the Egyptian Delta. The data were collected to describe and document the land fragmentation situation and the area’s mechanization level. The data were mapped using ArcGIS®, Version 10.3.1.4959, License type: Advanced, Esri Inc.



In the second part of study, data were collected through questionnaire surveys of 2652 smallholding farmers, 328 medium-holding farmers, and 354 large-holding farmers. The distribution of the samples included in this study to determine the extent of agricultural machinery implementation in wheat crop agricultural operations in the Delta governorates from 2020 to 2021 is shown in Figure 2. Samples were randomly selected using the multistage sampling method [40].



The questionnaire included three options: the employment of labor, the renting of agricultural machinery, and the ownership of agricultural machinery to carry out agricultural operations for wheat crop production. The wheat crop farming operations included were as follows: organic fertilization, tillage, sowing, chemical fertilization, spraying, harvesting, and threshing. After administering the questionnaire, the same data were collected for all agricultural operations of the small, medium, and large farms; thus, each was given an index number. This index described how agricultural machinery was used to perform various agricultural operations for wheat crop production. Table 1, Table 2 and Table 3 show the different indexes used by farmers to carry out the various wheat crop agricultural operations in small, medium, and large farms.



The indexes implemented in wheat crop agricultural operations were grouped into centroid-based clusters using K-means clustering (described in more detail in the next section) to study the extent to which farmers applied agricultural mechanization in the Egyptian Delta for small, medium, and large farms. These clusters were then analyzed, and recommendations were provided to farmers based on the evaluation of the indexes.




2.3. K-Means Clustering


K-means clustering is a machine learning algorithm involving unsupervised learning that solves clustering problems. K-means clustering is a partitioning technique used to analyze data, treating data observations as objects based on their locations and the distances between different input data points. It separates the items into mutually exclusive clusters (K), keeping the objects in each cluster as near to one another and as far away from the objects in the other clusters as is practical [41]. Clustering techniques can predict unlabeled records from data collection. The primary clustering methodology involves ordering groups based on data similarity. It is possible to become familiar with the most popular techniques to rapidly address unanticipated challenges in the real world. By minimising the low-level ranges between the data points in two distinct clustering forms’ clusters, the major strategies of each formation are computed. Data clustering using K-means is challenging when clusters vary in size and density. Nevertheless, K-means was generalized for data clustering. Centroids can be pulled by outliers during clustering, or outliers may form their own clusters in place of being ignored. Thus, outliers were eliminated before clustering in this study.



Figure 3 shows the K-means clustering algorithm flowchart used in this study, which was carried out as follows:



(1) Select K, the number of desired clusters;



(2) Group data into K groups (where K is predefined). Using the Euclidean distance function, assign each observation to the closest cluster centroid;



(3) Centroid calculation. The new K centroids should be determined when each point in the dataset is allocated to a cluster;



(4) Continue with steps 2 and 3 until centroids stop changing (i.e., convergence has occurred).



This approach offered us an indication of the reasonable number of clusters (K) based on the sum of squared distances (SSE) between the data points and the centroids of their assigned clusters. Figure 4 indicates that the assumed value closest to the x-axis should be taken as the optimal cluster value.



For the data concerning the systems used for wheat crop agricultural operations in small, medium, and large farms, we used the elbow method to form three cluster levels.





3. Results and Discussion


3.1. Survey and Mapping of Farm Size Distribution in the Egyptian Delta Governorates


Figure 5 shows the distribution of small, medium, and large farms over the governorates of the Egyptian Delta. The data analyzed and organized through geographical distribution maps indicated that small-scale farms (<4 ha) occupied the largest agricultural production area (1.15 million ha) in this critical geographical area of Egypt. Medium farms (4–8 ha) came in second place, with an area of 0.38 million ha, followed by large farms (>8 ha), with an area of 0.32 million ha, as shown in Figure 5b. Further, small farms represented 63% of the total cultivated area in the Egyptian Delta, medium farms 20%, and large farms 17%. The spread of small farms in the Egyptian Delta is due to the fact that about 50% of the population live in the Delta of Egypt, resulting in poverty and the extensive fragmentation of agricultural holdings [35]. It is clear from Figure 5a that for most of the governorates of the Delta, more than 50% of the farms were small holdings, and that the governorate with the largest percentage of small farms was Kafr El sheikh, with 81% (199,776 ha). The reason for this fragmentation is that the agricultural area in this governorate is 248,071 ha, and the number of agricultural households was 476,569 [38]. Additionally, Kafr El sheikh had the lowest percentages of medium (11%, 27,717 ha) and large farms (8%, 20,578 ha) as a result of this population pressure on the available land. In contrast, Figure 5a–c indicate that the Beheira governorate had the lowest percentage of smallholdings, at 42% (230,239 ha), and the highest share of medium and large farms, at 27% (148,860 ha) and 30% (163,456 ha), respectively. This was due to the expansion of the agricultural area in the Beheira governorate, which has reached 542,555 ha with an average of 316,884 agricultural households [38].




3.2. Survey and Mapping of Land Cultivated with Wheat in the Egyptian Delta Governorates


Figure 6 shows the areas cultivated with wheat in small, medium, and large farms. The governorates of the Delta contain many agricultural households (2,729,457 in total), which generate 47% of the wheat produced in Egypt [36,38].



Figure 6a–c clearly show that small cultivated wheat areas in the Delta governorates represented 409,174 ha, with a percentage of 64.1%, and medium-scale areas represented 124,813 ha, with a percentage of 19.5%. In comparison, large-scale areas represented 103,751 ha, with a percentage of 16.4%. This means that small farms are the most prevalent in the Delta governorates for wheat production. It is also noted from Figure 6a that the Sharkia governorate contained the largest cultivated wheat areas in the Delta, totaling 108,331 ha, and represented 71% of the total small farms in the Egyptian Delta. In addition, the number of agricultural households was 627,435, with a production of 6.87 Mg per ha [36]. Figure 6b,c show that in regard to medium and large farms, the Beheira governorate contained the largest wheat cultivated areas, with 40,303 and 44,255 ha, respectively.




3.3. Survey and Mapping of the Number of Different Tractor Sizes in the Egyptian Delta Governorates


Figure 7 shows the distribution of the three categories of agricultural tractors in the Delta governorates: small-power tractors (<50 hp), medium-power tractors (50–70 hp), and large-power tractors (>70 hp). It is evident from Figure 7 that the numbers of small-, medium-, and large-power tractors were 21,070, 46,257, and 18,383 in the Delta governorates of Egypt, respectively. Moreover, medium-power agricultural tractors were most prevalent, representing 54% of the total tractors located in the governorates of the Egyptian Delta. The Sharquia governorate contained the highest number of medium-power tractors (8773), while the Beheria governorate had the highest number of large-power tractors (7699), as shown in Figure 7b,c. It can be seen from Figure 7a that the Kafr El sheikh governorate contained the highest number of tractors suitable for small areas (5425) due to the role of the Agricultural Research Center in importing Japanese technology for the use of small tractors, corresponding to the share of small farms in this governorate displayed in Figure 5a. Small farms have limited access to agricultural mechanization, with every 1000 ha represented by 18 small tractors [39]. There is a need to provide sufficient agricultural mechanization so that smallholding farmers can mechanize all their agricultural operations. It is noticeable that the Beheira governorate contains a large number of large-scale farms, as shown in Figure 5c, as well as a high share of large agricultural tractors, as shown in Figure 7c.




3.4. K-Means Cluster Analysis


The sustainability of a farming system is influenced by balanced inputs into the land production system, and scale-appropriate mechanization is key for smallholding farms. However, scale-appropriate mechanization is both site-specific and farm-household-related. General guidelines for scale-appropriate mechanization could be beneficial when sufficient information on mechanized farming systems has been documented in different countries. To this end, K-means clustering analysis is a powerful tool for indexing and quantifying how the subsystems of smallholding farms behave under the constraints of land size, household economy, available resources, and machinery systems. However, K-means clustering must be implemented on locally collected data.



A total of 2652 smallholder farmers were surveyed. The scenarios (indexes) used in the wheat crop agricultural operations were clustered based on the centroids to study the extent to which farmers used agricultural mechanization in the Egyptian Delta. Figure 8 and Table 4 illustrate the analysis of the scenarios based on cluster ranges.



Scenarios were created in terms of the extent of agricultural machinery use in the wheat crop agricultural operations in the three clusters, and the ranges of the procedures for on each cluster were determined as follows:



Cluster 1: It was observed that farmers increased their dependence on index No. 2 for wheat crop agricultural operations. We recommended that farmers should use agricultural machinery in organic fertilization, sowing, and chemical fertilization to increase crop production, reduce dependence on agricultural labor, and save time.



Cluster 2: An average percentage of farmers depended on indexes No. 1, 9, and 12 in the Egyptian Delta. A strong recommendation was offered to farmers to implement agricultural machinery in organic fertilization, sowing, chemical fertilization, and harvesting to increase the yield of crops.



Cluster 3: Fewer farmers used indexes 3, 4, 5, 6, 7, 8, 10, 11, 13, and 14. A less stringent recommendation was offered to farmers to implement agricultural machinery in wheat crop agricultural operations until all farming operations were fully mechanized to increase crop yield.



A total of 328 medium-holding farmers were surveyed. The scenarios (indexes) used in the wheat crop agricultural operations were clustered based on the centroids to study the extent to which farmers implemented agricultural mechanization in the Egyptian Delta. Figure 9 and Table 5 illustrate the analysis of scenarios based on cluster ranges.



Scenarios were created in terms of the extent of agricultural machinery use in the wheat crop farming operations in the three clusters, and the ranges of the procedures were determined for each cluster as follows:



Cluster 1: It was observed that medium-holding farmers increased their dependence on index No. 1 for wheat crop agricultural operations. Medium-holding farmers who performed wheat farming operations depended on the rental of agricultural machinery. Farmers were provided with strong recommendations to implement this system in order to increase crop yield, reduce dependence on agricultural labor, and save time.



Cluster 2: An average percentage of medium-holding farmers preferred the use of indexes No. 14 and 10 in the Egyptian Delta. This implied that medium-holding farmers depended on special agricultural machines to perform various wheat crop agricultural operations, whereas some of them owned most of the agricultural machines and rented them out for sowing and chemical fertilization. The recommendation offered to the medium-level farmers was to implement this index to increase crop yield.



Cluster 3: Fewer farmers used indexes 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, and 13. Farmers depended on special agricultural machines to perform various wheat crop agricultural operations, and they rented the rest of the necessary agricultural machines. This scenario is viable if certain farmers have the financial ability to purchase agricultural machinery. Less stringent recommendations were provided to farmers to implement this index to increase crop yield.



A total of 354 large-holding farmers were surveyed. The scenarios (indexes) used in the wheat crop agricultural operations were clustered based on the centroids to study the extent to which farmers implemented agricultural mechanization in the Egyptian Delta. Figure 10 and Table 6 illustrate the analysis of scenarios based on cluster ranges.



Scenarios were created in terms of the extent of agricultural machinery use in the wheat crop farming operations in the three clusters, and the ranges of the procedures were determined for each cluster as follows:



Cluster 1: It was observed that large-holding farmers increased their dependence on index No. 2 for agricultural wheat operations. These farmers depended on the renting of agricultural machinery to perform wheat farming operations. A strong recommendation was offered to the farmers to implement this system to increase crop yield, reduce dependence on agricultural labor, and save time.



Cluster 2: An average percentage of large-holding farmers depended on the use of indexes No. 1, 7, and 12 in the Egyptian Delta. In this group, a high proportion of large-holding farmers depended on the renting of agricultural machinery, as they owned only a chemical spraying machine. In contrast, the rest depended on the ownership of agricultural machinery to perform wheat crop agricultural operations. A moderate recommendation was offered to the farmers to implement this index to increase crop yield.



Cluster 3: Fewer farmers used indexes 3, 4, 5, 6, 8, 9,10, and 11. Farmers depended on special agricultural machines to perform various wheat crop agricultural operations, and they rented the rest of the agricultural machines. This scenario is viable if some farmers have the financial ability to purchase agricultural machinery. Less stringent recommendations were offered to farmers to implement this index to increase crop yield.




3.5. Evaluation of Recommended Index Features


In this study, we analyzed the features of the recommended index and provided suggestions for farmers to determine which feature of the index had the greatest impact on yield production, labor dependence, and time and effort saving. The use of machine learning in evaluating an agricultural mechanization system has become popular in recent years, and it is also an effective decision-making tool. For example, Waleed et al. [33] used five machine learning algorithms to classify agricultural machines, and the results showed that all five machine learning algorithms used for classification had an accuracy of more than 82%. Similarly, Sakthipriya and Chandrakumar [34] classified agricultural machinery in India, and the study concluded by suggesting the appropriate types of agricultural machinery that increased crop production using K-means clustering. Therefore, K-means clustering is a powerful tool that can be used to select proper agricultural machinery systems for different farming areas.



Concerning small farms, although most farmers relied on labor to perform various agricultural operations for wheat crop production, this is not recommended; rather, it is recommended that farmers should depend on the mechanization of all wheat crop agricultural operations. As for the medium- and large-scale farms, the results were satisfactory: farmers depended on agricultural mechanization for all wheat crop agricultural operations. In the future, based on the analysis of the K-means clustering, it is recommended that complete agricultural mechanization stations should be set up near agricultural holdings to mechanize all wheat crop agricultural operations. Furthermore, it is recommended that awareness and agricultural guidance should be increased for farmers, especially smallholders, regarding the mechanization of all wheat crop agricultural operations.





4. Conclusions


In developing countries, smallholders often cannot fully mechanize their agricultural operations. Therefore, the complete mechanization of all agricultural operations can be achieved through machinery rental services, which contribute to farm income and food security.



The study used two methods to describe and analyze the mechanization scenarios of wheat crop production in the Delta governorates of Egypt. First, data were collected from official institutions on the distribution of farm sizes, wheat cultivated areas, and the number of tractors of different sizes in the Egyptian Delta area. The second method involved a questionnaire survey for small-, medium-, and large-holding farmers concerning the methods of carrying out wheat farming operations.



This study provided different suggestions to farmers about the use of agricultural machinery to mechanize all wheat crop agricultural operations in small farming areas, relying on K-means clustering to obtain accurate results in order to increase production, save time and effort, and reduce dependence on labor. This study could help increase agricultural production and profitability in the future.



Some small-scale farmers use rental agricultural mechanization. However, there is still a shortage of agricultural machinery rental centers, so establishing such centers in the Delta governorates would be a revolutionary idea to facilitate access to technology and machinery, develop resource management practices, reduce farming costs, and reduce drudgery. In conclusion, it is recommended that agricultural mechanization rental centers should be established in the Delta region, either by the government or the private sector, to provide agricultural mechanization for the largest portion of the farming sector, in particular small farms.
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Figure 1. Map of the Egyptian Delta governorates included in this study. 
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Figure 2. The number of small-, medium-, and large-holding farmer samples in each governorate in Egypt under study. 
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Figure 3. The K-means clustering algorithm flowchart. 
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Figure 4. An elbow graph for the optimal number of clusters for (a) small farms, (b) medium farms, and (c) large farms. 
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Figure 5. Distribution of the three farm sizes over the Egyptian Delta governorates: (a) small farms (<4 ha), (b) medium farms (4–8 ha), and (c) large farms (>8 ha). 
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Figure 6. Distribution of wheat cultivated area for each type of farm in the Egyptian Delta governorates: (a) small farms (<4 ha), (b) medium farms (4–8 ha), and (c) large farms (>8 ha). 
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Figure 7. Distribution of the three categories of agricultural tractors in the Delta governorates: (a) small tractors (<50 hp), (b) medium tractors (50–70 hp), and (c) large tractors (>70 hp). 
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Figure 8. (a) Data pre-processing; (b) cluster graph of the data under study for small-scale farms. 
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Figure 9. (a) Data pre-processing; (b) cluster graph of the data under study for medium-scale farms. 
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Figure 10. (a) Data pre-processing; (b) cluster graph of the data under study for large-scale farms. 
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Table 1. Indexes used for wheat crop agricultural operations in small farms.
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Index *

(Small Farm)

	
Wheat Agricultural Operations




	
Organic Fertilization

	
Tillage

	
Sowing

	
Chemical Fertilization

	
Spraying

	
Harvesting

	
Threshing






	
1

	
◊

	
√

	
◊

	
◊

	
■

	
◊

	
√




	
2

	
◊

	
√

	
◊

	
◊

	
■

	
√

	
√




	
3

	
◊

	
√

	
√

	
◊

	
■

	
√

	
√




	
4

	
◊

	
√

	
√

	
√

	
■

	
√

	
√




	
5

	
◊

	
√

	
◊

	
√

	
■

	
√

	
√




	
6

	
◊

	
√

	
■

	
◊

	
■

	
√

	
√




	
7

	
√

	
√

	
◊

	
◊

	
√

	
◊

	
√




	
8

	
√

	
√

	
◊

	
◊

	
■

	
◊

	
√




	
9

	
√

	
√

	
◊

	
◊

	
√

	
√

	
√




	
10

	
√

	
√

	
√

	
◊

	
√

	
√

	
√




	
11

	
√

	
√

	
√

	
◊

	
■

	
◊

	
√




	
12

	
√

	
√

	
◊

	
◊

	
■

	
√

	
√




	
13

	
√

	
√

	
√

	
◊

	
■

	
√

	
√




	
14

	
√

	
√

	
■

	
◊

	
■

	
√

	
√








* Using labor (◊), using rental mechanization (√), and using owned mechanization (■).
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Table 2. Indexes used for wheat crop agricultural operations in medium farms.






Table 2. Indexes used for wheat crop agricultural operations in medium farms.





	
Index *

(Medium Farm)

	
Wheat Agricultural Operations




	
Organic Fertilization

	
Tillage

	
Sowing

	
Chemical Fertilization

	
Spraying

	
Harvesting

	
Threshing






	
1

	
√

	
√

	
√

	
√

	
√

	
√

	
√




	
2

	
√

	
■

	
√

	
√

	
■

	
■

	
√




	
3

	
√

	
■

	
√

	
√

	
■

	
√

	
√




	
4

	
√

	
■

	
◊

	
◊

	
√

	
■

	
√




	
5

	
■

	
■

	
■

	
■

	
■

	
√

	
√




	
6

	
■

	
■

	
■

	
■

	
■

	
■

	
√




	
7

	
■

	
■

	
√

	
√

	
■

	
√

	
√




	
8

	
■

	
■

	
◊

	
◊

	
■

	
■

	
√




	
9

	
■

	
■

	
√

	
√

	
■

	
■

	
√




	
10

	
■

	
■

	
√

	
√

	
■

	
■

	
■




	
11

	
√

	
■

	
◊

	
◊

	
■

	
■

	
■




	
12

	
√

	
■

	
√

	
√

	
√

	
■

	
■




	
13

	
√

	
■

	
√

	
√

	
■

	
■

	
■




	
14

	
■

	
■

	
■

	
■

	
■

	
■

	
■








* Using labor (◊), using rental mechanization (√), and using owned mechanization (■).
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Table 3. Indexes used for wheat crop agricultural operations in large farms.
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Index *

(Large Farm)

	
Wheat Agricultural Operations




	
Organic Fertilization

	
Tillage

	
Sowing

	
Chemical Fertilization

	
Spraying

	
Harvesting

	
Threshing






	
1

	
√

	
√

	
√

	
√

	
■

	
√

	
√




	
2

	
√

	
√

	
√

	
√

	
√

	
√

	
√




	
3

	
√

	
■

	
√

	
√

	
√

	
■

	
√




	
4

	
■

	
■

	
√

	
√

	
■

	
√

	
√




	
5

	
■

	
■

	
√

	
√

	
√

	
√

	
√




	
6

	
■

	
■

	
√

	
√

	
■

	
■

	
√




	
7

	
■

	
■

	
■

	
■

	
■

	
■

	
√




	
8

	
■

	
■

	
■

	
■

	
√

	
√

	
√




	
9

	
√

	
■

	
√

	
√

	
√

	
■

	
■




	
10

	
√

	
■

	
√

	
√

	
■

	
■

	
■




	
11

	
■

	
■

	
√

	
√

	
■

	
■

	
■




	
12

	
■

	
■

	
■

	
■

	
■

	
■

	
■








* Using labor (◊), using rental mechanization (√), and using owned mechanization (■).
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Table 4. Range of index usage in terms of clusters for small-scale farms.
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	S. No.
	Cluster
	Range





	1
	Cluster 1
	900–1000



	2
	Cluster 2
	200–500



	3
	Cluster 3
	0–200
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Table 5. Range of indexes used in terms of clusters for medium-scale farms.
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	S. No.
	Cluster
	Range





	1
	Cluster 1
	80–90



	2
	Cluster 2
	40–70



	3
	Cluster 3
	0–40
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Table 6. Range of indexes used in terms of clusterc for large-scale farms.






Table 6. Range of indexes used in terms of clusterc for large-scale farms.





	S. No.
	Cluster
	Range





	1
	Cluster 1
	80–100



	2
	Cluster 2
	40–60



	3
	Cluster 3
	0–40
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