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Abstract

:

Owing to the sudden changes in climatic conditions, monsoon failure, and scarce availability of resources because of population hike, yielding a minimum profit has become a challenge for Indian farmers. This is a severe problem for India, as a major part of the Nation’s Gross Domestic Product (GDP) depends on agriculture. To change this dreadful situation, Indian farmers must employ sustainable agricultural practices in farming, as it will help them to meet their agricultural needs and economic stability. Here, we have built a framework for selecting the ideal crop pattern for Winter Cropping Season (Rabi Season), as crop pattern plays a vital role in the effective function of sustainable agricultural practices. We have used the rough AHP-TOPSIS (Analytical Hierarchy Process-Technique for Order Preference by Similarity to Ideal Solution) method for finding the best crop pattern for the Rabi season, by considering all the influential criteria in terms of agriculture sustainability. Our study demonstrates an overall idea to the farmers and stakeholders about attaining maximum crop productivity with optimum use of available resources, without compromising the economic, social, and ecological aspects of agriculture.
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1. Introduction


The population of India is increasing at an alarming rate, which is creating a burden on the agricultural industry [1,2,3]. It is noted by Worldometers (an institution owned by Dadax) that the population increased continuously to over 1.32 billion by the end of 2019. This poses enormous challenges to the government to match the food needs with the population. In addition, according to the data collected by the National Crime Records Bureau (NCRB), a government organization responsible for collecting and analyzing crime data, said that 11,458 farmers committed suicide in distress due to crop failure, monsoon failure, loan debt problems, etc. during the year 2016 [4,5]. Agriculture is said to be the backbone of India, as its contribution to the country’s Gross Domestic Product (GDP) is huge, and over half of the total Indian population depends on agriculture for a living. This unfavorable situation will collapse the Indian economy, and the country’s overall development will also decline [5]. To overcome all these issues, Indian farmers should follow sustainable farming practices to increase agricultural efficiency. Sustainable agriculture is a model that considers all the economic, social, and environmental factors related to farming that produces only the positive outcomes by using and circulating optimum available resources [6].



The success of sustainable agriculture is defined by the selection of the right crop pattern for the right place at the right time by considering all the sustainable factors [7]. As the factors involving in sustainable farming practices are very complex, it will be a huge challenge for one to select the right crop pattern [8]. A crop pattern could be, for example, one of three types of cropping, which are single cropping, mixed cropping, and intercropping. In single cropping, only one crop is cultivated at a time. In mixed and intercropping, multiple crops are grown in the field at a time [8]. In this study, we have considered only a single cropping pattern.



This study aims at identifying the best crop pattern of one of the three cropping seasons, which is Rabi season crops. It is the major cropping season, which is sown in winter (November) and harvested in spring (March or April). The other two cropping seasons are Kharif and Zaid crops [8]. The Kharif crops are cultivated between June to September, and the Zaid crop is from March to July. According to the survey by the 70th round of the National Sample Survey Organization (NSSO)’s findings of the year 2015–2016, the micro and macro level of benefits of agriculture would be more if the focus was given to Rabi season crops. The report of the survey also depicts that Rabi crop contributed 50.83% in total food grain production of the country as opposed to only 49.16% by Kharif crops, even though it used 22.4% more land area than the Rabi season crops. So, studying the sustainability of Rabi season crops is more important compared to others while considering the overall benefits.



By considering the challenges that are involved in the selection of a crop pattern in terms of three-dimensional (economic, social, environmental) aspects of agriculture sustainability, this study aims:




	(a)

	
To formulate a comprehensive framework that covers all the major criteria involved in the selection of ideal crop patterns for Rabi season crops in terms of sustainable agricultural practices, and




	(b)

	
to provide rough set modeling for the selection of Rabi season crops based on sustainable farming practices.









The structure of this paper is as follows. The relevant literature review is described in Section 2. Section 3 illustrates the research methodology. The developed framework for the concerned study is explained in Section 4. The results of this study are discussed in the following section. Conclusions and recommendations for further study are given in Section 5.




2. Literature Review


Many studies and investigations have been done to formulate frameworks for sustainable agriculture practices to maximize benefits from agriculture sectors. This study is based on the Web of Science (WOS) web database and Science Citation Index Expanded (SCIE). WOS is a premier worldwide database which contains more than 12,000 authoritative and high-impact academic journals. The retrieval mode of this study is mainly determined by two retrieval terms, sustainable agriculture in India and crop pattern. The content of the search is TS = (sustainable agriculture in India or crop pattern) AND (sustainable agriculture AND crop pattern) AND (crop pattern selection). The retrieval time range is from 1995 to 2019. In this section, some of the significant studies for this study are discussed.



For instance, Adewale et al. [9] studied the adoption of sustainable agriculture practices by farmers of Iowa, USA, on considering its positive impact on overall profit. Chandre et al. [10] formulated a mathematical model to measure the Agriculture Sustainability Index (ASI) considering the nine factors which affect sustainability. Identically, Nambiar et al. [11] also measured the ASI in Chinese coastal zones by including the biophysical, chemical, and socio-economic indicators. Zhen et al. [12] assessed the three dimensions of agricultural sustainability by employing the threshold value of the indicators in the Northern China Plane (NCP). Sydorovych and Wossink [13] had used the conjoint decisions of both the scientists and farmers to aggregate sustainability effectively. An agricultural experimentation study by Halbrendt et al. [14] in the tribal societies of Odisha was conducted with conservative methods. As a result, the highest yield of maize–cowpea was obtained while it followed the intercropping pattern.



Yadav et al. [15] compared conventional and organic farming and identified organic farming as a way of attaining agricultural sustainability. Demartini et al. [16] employed rough set theory for formulating the geo-referenced framework for assessing agriculture sustainability aimed at helping in the planning. Nageswararao et al. [7] studied the impact of variability in climatic conditions on productivity of Rabi season crops in the northwest part of India by finding the correlation between the variables and the crop yield. Qureshi et al. [8] developed a framework for the selection of crop patterns for sustainable agriculture practice using the Fuzzy AHP-TOPSIS (Analytical Hierarchy Process-Technique for Order Preference by Similarity to Ideal Solution) multi-criteria decision-making method. Zdzislaw [17] introduced rough set theory as a suitable tool for the treatment of uncertainties without affecting the decisions made by the experts. To work with the rough sets, only a small amount of prior information is needed, and it will also provide the best results by avoiding the vagueness of judgments made by the experts [18].



In Table 1, Water tariff, crop value, crop demand, and crop inventory are the sub-criteria of the economic factor. Irrigation methods and cultivation methods are the sub-criteria of agricultural management practices. Water availability, soil quality, and water quality are sub-criteria of the availability factor. Climatic conditions and rainfall are a part of the environmental factor.



Table 2 gives the basic summary of the literature that is referred to for finding the influential criteria of agricultural sustainability. Furthermore, the eight most important Rabi season crops, which are grown in the Rabi season, are taken as alternatives [27]. They are wheat, gram, barley, Rabi spices, Rabi cereals, Rabi pulses, Rabi vegetables, and Rabi fruits.




3. Methodology


The proposed methodology is demonstrated in Figure 1. A brief introduction about rough set theory is discussed, and the rough AHP-TOPSIS method is implemented for finding the crop pattern for the Rabi cropping season.



3.1. Rough Set Theory


Rough set theory gives the importance primarily in the field of artificial intelligence [28,29]. The application proposed as a general concept that left a way for use in many other applications for decision making [30,31]. The decision-makers are used to evaluate the criteria for a particular problem and have the option of prioritizing them using the provided scale values. It is not possible to have all the decision-makers be experts in all fields, as some may be experienced in one field, and some may be in another. So, if an unexperienced decision-maker decided on a particular area, the judgment made by the expert might be uncertain. In order to find and eliminate the uncertainties, rough set theory plays a significant role and provides the best decision by removing the vagueness of the experts’ opinion. Sometimes, when there are sets that are characterized by a very small amount of data, the rough set theory can be applied [32,33]. The rough set can work well with a small amount of information problems and avoid uncertainty to give the best decision making [34]. Some of the advantages of the rough set theory, such as its use for finding the hidden patterns in data, reducing the original data, and evaluating the importance of data, are explained in Song et al. [18].



The pair of precise concepts based on the lower and upper approximation is used to deal with the vague concept [17]. The lower and upper approximation of rough set theory are represented in Figure 2. Let us assume U to be the universe containing all the objects, Z is the lower approximation, which states that the set of all objects can be certainly mentioned in Z. The upper approximation set of Z consists of elements that can belong certainly to Z or not. The boundary region of Z in U of the elements in it which cannot be either brought in nor can be brought out as a member of the target set (Song et al., 2014).



Consider that there are e classes of experts’ opinion,   H =  {   G 1  ,  G 2  , … ,  G e   }   , which are in the order    G 1  <  G 2  < ⋯ <  G e  ,   and T is an arbitrary object of U, then the upper and lower approximations of Gi and the boundary region are evaluated by,



Lower approximation:


    A p r  _   (   G i   )  = ∪  {  T ∊ U ∣ H  ( T )  ≤  G i   }   



(1)







Upper approximation:


    A p r  ¯   (   G i   )  = ∪  {  T ∊ U ∣ H  ( T )  ≥  G i   }   



(2)







Boundary region:


      B n d  (   G i   )  = ∪  {  T ∊ U ∣ H  ( T )  ≠  G i   }                    =  {  T ∊ U ∣ H  ( T )  >  G i   }  ∪  {  T ∊ U ∣ H  ( T )  <  G i   }       



(3)







Hence, the class Gi can be represented in the form of a rough number, which contains the lower limit     L i m  _   (   G i   )    and upper limit     L i m  ¯   (   G i   )    and can be calculated as,


    L i m  _   (   G i   )  =  1   N L    ∑ H  ( T )  ∣ T ∊   A p r  _   (   G i   )   



(4)






    L i m  ¯   (   G i   )  =  1   N U    ∑ H  ( T )  ∣ T ∊   A p r  ¯   (   G i   )   



(5)




where    N L    represents number of objects included for lower approximation of    G i  ,   and    N U    is the number of objects included for the upper approximation of    G i   .



The human subjective decisions can be expressed in terms of rough interval form on the basis of lower limit     L i m  _   (   G i   )    and upper limit     L i m  ¯   (   G i   )   .



Rough number:


  R N  (   G i   )  =  [    L i m  _   (   G i   )  ,   L i m  ¯   (   G i   )   ]   



(6)







The degree of accuracy of decisions by decision-makers can be analyzed by finding the interval of boundary region, and the smaller the interval of a rough number, the greater the precision is.



Interval of boundary region:


  I B R  (   G i   )  =   L i m  ¯   (   G i   )  −   L i m  _   (   G i   )   



(7)







The arithmetic operations for rough numbers are done as follows,



Addition of rough numbers   R  N 1    and   R  N 2   ,


  R  N 1  + R  N 2  =  (      L i m  _   1  ,     L i m  ¯   1   )  +  (      L i m  _   2  ,     L i m  ¯   2   )  =  (      L i m  _   1  +     L i m  _   2  ,       L i m  ¯   1  +     L i m  ¯   2   )   



(8)







Subtraction of rough numbers   R  N 1    and   R  N 2   ,


  R  N 1  − R  N 2  =  (      L i m  _   1  ,     L i m  ¯   1   )  −  (      L i m  _   2  ,     L i m  ¯   2   )  =  (      L i m  _   1  −     L i m  ¯   2  ,       L i m  ¯   1  −     L i m  _   2   )   



(9)







Multiplication of rough numbers   R  N 1    and   R  N 2   ,


  R  N 1  × R  N 2  =  (      L i m  _   1  ,     L i m  ¯   1   )  ×  (      L i m  _   2  ,     L i m  ¯   2   )  =  (      L i m  _   1  ×     L i m  _   2  ,       L i m  ¯   1  ×     L i m  ¯   2   )   



(10)







Division of rough numbers   R  N 1    and   R  N 2   ,


  R  N 1  ÷ R  N 2  =  (      L i m  _   1  ,     L i m  ¯   1   )  ÷  (      L i m  _   2  ,     L i m  ¯   2   )  =  (      L i m  _   1  ÷     L i m  ¯   2  ,       L i m  ¯   1  ÷     L i m  _   2   )   



(11)







Scalar multiplication of rough number   R  N 1    with non-zero constant ƿ,


  ƿ × R  N 1  =  [  ƿ ×     L i m  _   1  , ƿ ×     L i m  ¯   1   ]   



(12)








3.2. Rough Analytical Hierarchy Process


Step 1: Identify the criteria, sub-criteria, and the alternatives which help to achieve our proposed objective. Then, form the hierarchal structure with the objective in the top level, alternatives in the bottom level, and criteria and sub-criteria in the middle.



Step 2: Form the pair-wise comparison matrix by collecting information from the experts by using the values in Table 3. The form of pair-wise comparison matrix are as follows,


   D e  =  [     1     x  12  e     …     x  1 n  e         x  21  e     1   …     x  2 n  e       ⋮   ⋱   ⋮   ⋮       x  n 1  e       x  n 2  e     …   1     ]   



(13)




where    x  r c  e    (1 ≤ r ≤ n, 1 ≤ c ≤ n, 1 ≤ e ≤ s) represents the values of relative importance of the criteria r over criteria c, given by the experts e, n, and s, are the number of criteria and number of expert decision makers, respectively.



Step 3: Find the maximum Eigen value λmax of the decision matrix De, and find the Consistency Index (CI) using the formula, CI = (λmax − n)/(n − 1).



Compute the Consistency Ratio (CR) of the judgement matrix De by selecting the corresponding Random Integer (RI) value from the Table 4 and by using the formula, CR = CI/RI.



If the pairwise comparison matrix has CR < 0.10, then the decision matrix is acceptable, if not, the judgment matrix should be altered until the CR value reaches less than 10%.



Then integrated comparison matrix   D ˜   is constructed as,


   D ˜  =  [     1      x ˜   12  e     …      x ˜   1 n  e          x ˜   21  e     1   …      x ˜   2 n  e       ⋮   ⋱   ⋮   ⋮        x ˜   n 1  e        x ˜   n 2  e     …   1     ]   



(14)







Step 4: Form the rough comparison matrix.



Convert the crisp elements    x  r c  e    in the   D ˜   into rough number RN (   x  r c  e   ) using Equations (1)–(6),


  R N  (   x  r c  e   )  =  [   x  r c   e L   ,  x  r c   e U    ]   



(15)




where    x  r c   e L     and    x  r c   e U     are lower and upper limits of RN (   x  r c  e   ), respectively.



The set of rough numbers by different decision makers are represented by RN (   x  r c  e   ) as,


  R N  (   x  r c  e   )  =  {   [   x  r c   1 L   ,    x  r c   1 U    ]  ,    [   x  r c   2 L   ,    x  r c   2 U    ]  , … ,    [   x  r c   s L   ,    x  r c   s U    ]   }   



(16)







It is further combined into single set by taking average of RN (   x  r c  e   ) by rough arithmetic equations,


  R N  (   x  r c    )  =  [   x  r c  L  ,  x  r c  U   ]   



(17)






   x  r c  L  =    x  r c   1 L   +  x  r c   2 L   + ⋯ +  x  r c   s L    s   



(18)






   x  r c  U  =    x  r c   1 U   +  x  r c   2 U   + ⋯ +  x  r c   s U    s   



(19)




where    x  r c  L    is the lower limit and    x  r c  U    is the upper limit of RN (   x  r c    ).



Then, the rough comparison matrix R is formed as,


  R =  [       [  1 , 1  ]       [   x  12  L  ,  x  12  U   ]     ⋯     [   x  1 m  L  ,  x  1 m  U   ]         [   x  21  L  ,  x  21  U   ]       [  1 , 1  ]     …     [   x  2 m  L  ,  x  2 m  U   ]       ⋮   ⋮   ⋱   ⋮       [   x  m 1  L  ,  x  m 1  U   ]       [   x  m 2  L  ,  x  m 2  U   ]     ⋯     [  1 , 1  ]       ]   



(20)







Step 5: Calculate the rough weight    w g    of each criterion.


   w g  =  [     Π  c = 1  n     x  r c  U   n   w g  ,    Π  c = 1  n     x  r c  U   n   ]   



(21)






  w   ′    g  =  w g  / max  (   w g U   )   



(22)







Here   w   ′    g    is the normalized weight of the criteria in the form of rough set.




3.3. Rough TOPSIS Method


This section presents the steps of rough TOPSIS method as follows [35,36]:



Step 1: Form the decision matrix by compiling the data of the decision-makers. The matrix is formed in the way that the performance values of each alternative are compared with different criteria. The judgment matrix is expressed as J as follows,


           C 1           C 2          …        C n                  J =      A 1         A 2       ⋮       A m       [       x  11  e       x  12  e     …     x  1 n  e         x  21  e       x  22  e     …     x  2 n  e       ⋮   ⋯   ⋱   ⋮       x  m 1  e       x  m 2  e     …     x  m n  e       ]       



(23)




where   e = 1 , 2 , … , l   and    x  i j  e     (  i = 1 , 2 , … , m ; j = 1 , 2 , … , n  )    is the performance rating of ith alternative in accordance with the jth criteria given by the eth expert.



Step 2: Convert the crisp values into the rough set values   R N  (   x  i j  e   )    by using the formulae (1) to (6), and form the rough-group decision matrix. The rough set values are in the form of,


  R N  (   x  i j  e   )  =  [   x  i j   e L   ,  x  i j   e U    ]   



(24)




where    x  i j   e L     and    x  i j   e U     are the upper and lower limit of rough number   R N  (   x  i j  e   )  ,   respectively.



Thus, the combined rough set sequence   R N  (   x  i j    )    is obtained as,


  R N  (   x  i j    )  =  {   [   x  i j   1 L   ,  x  i j   1 U    ]  ,  [   x  i j   2 L   ,  x  i j   2 U    ]  , … ,  [   x  i j   e L   ,  x  i j   e U    ]   }   



(25)







The average of   R N  (   x  i j    )    is obtained by using rough computational principles as,


    R N  (   x  i j    )   ¯  =  [   x  i j  L  ,  x  i j  U   ]   



(26)






   x  i j  L  =  (   x  i j   1 L   +  x  i j   2 L   + ⋯ +  x  i j   e L    )  / e  



(27)






   x  i j  U  =  (   x  i j   1 U   +  x  i j   2 U   + ⋯ +  x  i j   e U    )  / e  



(28)







Then the formation of rough group decision matrix is as follows,


  R =  [       [  1 , 1  ]       [   x  12  L  ,  x  12  U   ]     ⋯     [   x  1 m  L  ,  x  1 m  U   ]         [   x  21  L  ,  x  21  U   ]       [  1 , 1  ]     …     [   x  2 m  L  ,  x  2 m  U   ]       ⋮   ⋮   ⋱   ⋮       [   x  m 1  L  ,  x  m 1  U   ]       [   x  m 2  L  ,  x  m 2  U   ]     ⋯     [  1 , 1  ]       ]   



(29)







Step 3: Calculate the weighted normalized matrix in the form of rough numbers. Normalization is done to convert the various criteria scale values into a single comparable scale. The normalization is conducted as follows,


   x  i j   ′ L   =    x  i j  L    M a  x  i = 1  m  { max  [   x  i j  L  ,  x  i j  U   ]    ,    x  i j   ′ U   =    x  i j  U    M a  x  i = 1  m   {  max  [   x  i j  L  ,  x  i j  U   ]   }       



(30)




   [   x  i j   ′ L   ,  x  i j   ′ U    ]      is the normalized form of rough set    [   x  i j  L  ,  x  i j  U   ]  ,   and the aforementioned normalization method fits the values in the interval of [0, 1].



Then, the calculation of weighted normalized matrix is as follows,


   z  i j  L  =  w j L    ∗  x  i j   ′ L   ,   i = 1 , 2 , … m ; j = 1 , 2 , … , n .  



(31)






   z  i j  U  =  w j U    ∗  x  i j   ′ U   ,   i = 1 , 2 , … m ; j = 1 , 2 , … , n .  



(32)







In the above equations,    w j L    and    w j U    represent the weight of criteria in the form of rough set and are calculated by rough AHP method.



Step 4: Identify the Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS).


       z +   ( j )  =  {  m a  x  i = 1  m   (   z  i j   U      )  , i f   j ∊ B ; m i  n  i = 1  m   (   z  i j   L      )  ,   i f   j ∊ C  }  ,        z −   ( j )  =  {  m i  n  i = 1  m   (   z  i j   L      )  , i f   j ∊ B ; m a  x  i = 1  m   (   z  i j   U      )  ,   i f   j ∊ C  }       



(33)







Here,    z +   ( j )    and    z −   ( j )    are PIS and NIS of a particular criteria j. B is associated with benefit criteria and C is associated with cost criteria.



Step 5: Find the distance of each criteria from PIS and NIS using the n-dimensional Euclidean distance.    d i +      is the magnitude of separation from PIS and is calculated as,


   d i +  =   {   ∑   j ∊ B      (   z  i j  L  −  z +   ( j )   )   2  +   ∑   j ∊ C      (   z  i j  U  −  z +   ( j )   )   2  }    1 2      i = 1 , 2 … , m ; j = 1 , 2 , … , n .  



(34)







Similarly, separation from NIS is identified as,


   d i _  =   {   ∑   j ∊ B      (   z  i j  U  −  z −   ( j )   )   2  +   ∑   j ∊ C      (   z  i j  L  −  z −   ( j )   )   2  }    1 2      i = 1 , 2 … , m ; j = 1 , 2 , … , n .  



(35)







Step 6: A closeness coefficient (  C  C i   ) is calculated to find the order of ranking of the alternatives using    d i +    and      d i _   .


  C  C i  =    d i _     d i +  +  d i _      ; i = 1 , 2 , … , m .  



(36)







The rank of alternatives is given based on the values of   C  C i    in descending order. Obviously, the alternative which is nearest to PIS and farthest from NIS will be ranked number one.





4. Implementation of Developed Framework


Here, to apply this proposed framework in real life, sustainable agriculture in India is taken for the study. As the population of India is gradually increasing on one side [1,3], it is challenging for the Government to match the agricultural needs of the people [20]. Additionally, Indian farmers are also facing many issues in making the produces due to challenges of environment and scarcity of resources [2]. Furthermore, due to the uncertainty of the agricultural market in India [37,38], farmers are not able to make the minimum profit [2,19,39]. So, it is an important issue to address for changing the dreadful situation of the Indian farmers and for making the economic background of the nation healthier.



As per the findings of past researchers, agricultural sustainability is the solution to this problem. So, we decided to do the study on the selection of crop pattern for Rabi season crops, by considering all the challenges in accordance with sustainable agricultural practices. The proposed rough AHP-TOPSIS is implemented to find the perfect crop pattern, which yields all the desirable outputs. The data were collected in the form of a matrix, in which the elements of the matrix compare the criteria and the alternatives with the range of scale values representing the magnitude of influence. Four experts were chosen, who have immense experience in the field of agriculture over a long tenure. Among the four participants, three are academic experts, and the other one is a farmer. At last, the expert’s opinions were compiled and examined using the developed rough AHP-TOPSIS framework, and the results were analyzed. The procedure of the developed model is illustrated below.



Implementation of Rough AHP-TOPSIS Methods


Step 1: Formation of hierarchal structure



Firstly, all the criteria, associated sub-criteria, and the alternatives are chosen for the selection of ideal crop pattern of Rabi crop in accordance with sustainable agricultural practices. Then the selected criteria, sub-criteria, and alternatives are compiled and organized to form a hierarchal structure. In that structure, the goal is at level 1, alternatives are in level 4, and the criteria and sub-criteria are in level 3 and level 4, respectively. The hierarchal framework for the selected problem is presented in Table 5.



Step 2: Construction of judgement matrices



The decision-makers were informed of all the necessary details of this study at the beginning of the survey (Table 3 and Table 6). Then the experts were allowed to fill the decision matrices that are necessary to perform rough AHP-TOPSIS calculations for selecting the ideal crop pattern. A sample of judgments made by the decision-makers is presented in Appendix A (Table A1, Table A2, Table A3, Table A4, Table A5 and Table A6). The pairwise comparison table values from Table 3 are used to fill the matrices which compare one criterion with the other criteria, which are employed in finding the weight of each criteria using a rough AHP method. Another judgment matrix was also formed by the experts, which compares criteria with the alternatives for performing the rough TOPSIS calculations. For forming that matrix, a performance rating was given based on the score values, which are presented in Table 6.



Step 3: Finding weights of criteria by rough AHP



The decisions made by the four decision-makers are aggregated by combining the values of particular criteria over others in the form of sets. The integrated decision matrix is converted into rough set values by using the Equations (1)–(6). The integrated rough decision matrices of all the criteria and sub-criteria are presented in Appendix B (Table A7, Table A8, Table A9, Table A10 and Table A11). The converted rough numbers are used in the Analytical Hierarchy Process, and the weights of each criterion and the sub-criteria are found in the form of a rough set using Equation (21). Then, with the help of Equation (22), weights are normalized to the scale of 0 to 1. Then, the normalized weights of the main criteria were multiplied with the weights of the sub-criteria to form the global weight. They are shown in Table 7 below.



Step 4: Finding the ideal crop pattern by rough TOPSIS



As similar to the rough-AHP method, the judgment matrix of decision-makers is integrated, and the aggregated decision matrix was converted into the matrix of rough values, and the normalization was done by using the formula (30). In Appendix C, tables of integrated judgment matrix (Table A12) and the normalized matrix (Table A13) are presented. The weighted normalized matrix (Table A14) was formed by multiplying the global weights of each sub-criteria with corresponding normalized performance ratings according to the Equations (31) and (32).



The positive and negative ideal solutions of each sub-criteria correlated with the alternatives are found using the Equation (33). Then, the distance from PIS and NIS of each sub-criteria in relation to the respective alternatives were found using formula (34) and (35), respectively. These values are presented in Table 8.



According to Equation (36), the closeness coefficients (Ci) of each alternative were found, and the values are ranked in descending order and are illustrated in Table 9. The alternative which ranked number 1 (Rabi Pulses) was chosen as an ideal crop pattern for the sustainable agricultural practice considering all the influencing factors in sustainable farming.



According to the results obtained from the rough AHP-TOPSIS method, the ideal crop pattern for the Rabi cropping season for sustainable agricultural practices is Rabi pulses, as it got the highest closeness coefficient (Ci) value at about 0.5701, and is ranked number 1 among all alternatives that are considered. The least preferred crop pattern would be barley, and it has the minimum Ci value, only 0.3759 by considering all the criteria that influence agricultural sustainability. The ranking of all the alternative crop patterns are in the order of Rabi pulses > Rabi fruits > Rabi cereals > Rabi spices > Rabi vegetables > gram > wheat > barley.



Figure 3 presents the graphical representation of a comparison of weights of all the criteria obtained by the Rough AHP-TOPSIS method to the conventional crisp AHP-TOPSIS method. It is interesting to note that the order of ranking of weights of all the criteria by rough AHP-TOPSIS is more or less the same with the rank order of weights by the AHP-TOPSIS method. C8 > C7 > C6 > C5 > C9 > C1 > C2 > C10 > C3 > C4 > C11 is the rank order obtained by rough AHP-TOPSIS method, and the sequence of rank by AHP-TOPSIS method is C8 > C7 > C6 > C5 > C9 > C10 > C1 > C2 > C3 > C11 > C4. In the aforementioned sequence of rank orders, only a few criteria (C1, C2, C4, C10, and C11) have a different position of rank by both methods. In the rough method, the uncertainties of decision-makers can be understood, as it fits the values of decision-makers in the form of upper and lower limits [17,18,28]. Here, in this graph, the spread of judgment by experts is represented in the form of the bar for the rough AHP process as opposed to a line by the crisp AHP method. The more the length of the bar indicates, the more the uncertainties of decisions by the decision-makers. The less the length of the spread represents, the higher the accuracy of the decisions. When it comes to the weights by the AHP method, they are represented in the form of lines, even though multiple decision-makers are involved in this problem. It takes only the mean value of decisions by the experts, and so the vagueness and uncertainties of the judgment values cannot be found in the conventional AHP method.



In Figure 4, the rank of the alternatives found by rough AHP-TOPSIS is compared with the rank of alternative by the crisp AHP-TOPSIS method. It can be seen from the graph that the rank of alternatives of Rabi fruits, Rabi spices, wheat, and barley are the same by both methods; they are 2, 4, 7, and 8, respectively. Rabi pulses are the most suggested crop pattern for the sustainable agricultural practices by the rough AHP-TOPSIS method, whereas Rabi cereals by the AHP-TOPSIS method. The least preferred crop pattern for Rabi season in terms of agricultural sustainability is barely, as it ranked eight among the alternatives by both methods.





5. Results and Discussions


Figure 3 presents that the soil quality and water availability are the most critical parameters for the Rabi season crop pattern selection. Rabi pulses can play a vital role in sustaining crop productivity and soil health. Choudhary [40] highlighted that soil fertility and pest management practices integrated with improved crop establishment and management practices can enhance not only the productivity and profitability, but also warrant environmental and social sustainability. The availability of irrigation water at critical stages of crop growth plays a critical role in sustainable production. For this, Yadav et al. [41] suggested replacing high water duty crops with low water-intensive crops like pulses in dry and water scarce areas during critical stages of crop growth through effective water scheduling.



Decision-makers also emphasized on proper cultivation and irrigation methods. The proper irrigation method is also important, as Rabi pulse crops need proper drainage due to their sensitivity to waterlogging [42]. Yadav et al. [41] also mentioned that better irrigation infrastructure can eventually lead to higher technology adoption and sustainable agricultural practices in pulses among Indian farmers. For the sustainable agricultural practices, Pooniya et al. [43] summarized that various improved and advanced cultivation methods (e.g., raised bed planting method, seed replacement with improved varieties, foliar application of fertilizers at critical stages in rainfed areas, use of biofertilizers, adoption of appropriate weed and pest management, application of secondary and micro-nutrients) can increase the productivity of Rabi pulses. Figure 3 also shows that the criteria ‘Rainfall and water tariff’ have the least amount of uncertainties as its spread lengths are minimum, and soil quality has the maximum bar length, and so its accuracy is minimum.



The results of this study indicate that Rabi pulses can be an appropriate crop pattern, followed by Rabi fruits. The selected crop pattern with sustainable and environment-friendly agricultural practices can guide practitioners to higher production and productivity, which is vital for socio-economic sustainability. The proper selection of Rabi crop patterns can lead to a strategic decision, which impacts the interest of stakeholders, sustainability, and the degree of automation in farming practices, socio-environment effects, irrigation methods, degree of farming skills, etc. In this study, the authors mainly focused on the selection of the crop pattern by considering all the factors that affect agricultural sustainability. However, for sustainable and environment-friendly agricultural practices, it is essential to consider other important factors and further discussions. Some of the factors are discussed below:




	
Due to the fluctuating socioeconomic conditions and limited resources over the states and regions of India, the selection of appropriate Rabi crop patterns is incredibly challenging. The majority of farmers in India depend on state or government-sponsored subsidies for managing basic crop production resources like water, seeds, fertilizers, labor, and electricity [8]. Proper government support is needed to control the crop value and minimum support price (MSP) so that farmers can grow Rabi crops economically and are not affected by the overflowing stock of granaries [8].



	
To ensure proper utilization of existing arable lands between Kharif and Rabi seasons, intercropping of pulses and growing short-duration varieties can be performed. The Department of Agriculture and Cooperation (DAC) of New Delhi, India, has also proposed some strategies to introduce summer pulses (for example, green gram, black gram, and cowpea) in irrigated areas after the harvest of Rabi crops. Replacement of upland paddy with Rabi pulses can be another potential option to ensure more profits to farmers [43].



	
For sustainable production, appropriate strategies are required to reduce post-harvest losses, which can cause an immense economic deficit. It is important to identify the crucial causal factors of post-harvest losses in the Rabi crops supply chain. The reduction of post-harvest losses can support to achieve sustainability balancing social, economic, and environmental dimensions [44].



	
Lack of proper knowledge and information regarding the demand of pulses and their market price fluctuations may cause overproduction or underproduction, which leads to the unfortunate realization of costs, complicates transportation issues, and leads to substantial losses [45].



	
Proper communication and knowledge about the quality of seeds are also essential, as Negi and Anand [46] highlighted that many Indian farmers are unaware of the fact that crops grown from high-quality seeds can actively fight diseases and pests.



	
Effective integration and exchange of information between the government, public and private institutions, industries, and farmers are vital for sustainable agricultural practices [47]. The consideration of effective policies for farming, processing, distribution, and sufficient knowledge and training for handling crops can reduce the harvest losses significantly and improve productivity.



	
Effective backward–forward integration from farmers to consumers can reduce the dependencies and risks in agricultural supply chains. Effective backward–forward integration can also provide proper control over critical resources and competencies, which can increase the effectiveness and competitiveness of a supply chain [48].



	
In India, during Rabi season, most of the crops (i.e., Rabi pulses, Rabi cereals, wheat, barley, gram) are used for annual food consumption in addition to cash crops (i.e., vegetables, sugarcane, spices) [8]. These help farmers to meet their annual food requirements and to generate additional income for future agricultural practices. Thus, for the sustainable consumption, availability of the resources, government support, climatic factors, and economic support are critical to the Rabi season [8].



	
For low-income countries, pulse protein is a relatively large share of the overall protein consumption. India is one of the largest producers, consumers, and importers of pulses in the world. Therefore, enhancing Rabi pulse productivity and diversifying cropping systems are key challenges to policymakers, government, scientists, and farming communities for the reduction of the demand–supply gap and to meet the national and local consumptions [40].



	
While sustainable agricultural policies are important for India, dedicated efforts also need to be put in practice from all stakeholders in agricultural supply chains for improving health and nutrition through pulse consumption. To develop sustainable water-use and consumption policies, changes in crops and an increased level of intercropping of pulses would be an important strategic consideration [49].









6. Conclusions, Limitations, and Future Research Direction


Generally, attaining agricultural sustainability is a tough goal to achieve. In a country like India with a huge population, multiple cultures, and extensive geography with drastic climatic variation, attaining agricultural sustainability is an even a tougher task. Thus, the main objective of this study was to find the ideal crop pattern for the Rabi cropping season based on sustainable farming practices. This paper presented the rough AHP-TOPSIS framework to select the crop pattern by considering all the factors that affect agricultural sustainability. Additionally, the results obtained by the rough AHP-TOPSIS framework are compared with the results of AHP-TOPSIS model in the goal of finding the perfect crop pattern.



The research findings illustrated that the Rabi pulses are the ideal crop pattern for Rabi season in India, as it ranked number 1 among all the alternatives that are chosen for the study that is analyzed by the rough AHP-TOPSIS model. These findings will give an idea to farmers and stakeholders to choose the crop pattern for Rabi season. It will also provide the maximum economic benefits to the farmers by yielding maximum productivity and the associated benefits to the government, society, and to the environment.



This study was conducted by taking expert inputs, and is therefore subject to individual bias. Additionally, the uncertainties of the experts’ decisions are higher for the sub-factor soil quality, water availability, cultivation methods, and irrigation methods are higher. If those uncertainties are reduced, qualitative results can be obtained. Furthermore, in this study, a single cropping pattern is only considered, not the multi-crop pattern. The better results may be acquired if the multiple crop pattern is considered. So, it can be taken into account in further research studies. For better sustainable agricultural practices, future research can include adaption and mitigation options to cope with climate change issues. For the sustainable and environment-friendly agricultural and consumption practices in India, there is a need for an inclusive understanding of the issues affecting the pulses’ overall production, value chain, and food processing, as well as the interest of consumers, governments, policymakers, and the food industry in pulses and their nutrition, health, and environmentally sustainable benefits.
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Appendix A


Sample of decision made by decision makers



Decision maker number 1



Qualification: Ph.D. in Agricultural Entomology



Experience in the field of Agriculture: 20 Years
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Table A1. Main criteria for the Rabi crop pattern selection.






Table A1. Main criteria for the Rabi crop pattern selection.












	
	Availability
	Agricultural Management Practices
	Economic Factor
	Environmental Impact





	Availability
	1
	3
	5
	6



	Agricultural management practices
	
	1
	3
	3



	Economic factor
	
	
	1
	2



	Environmental impact
	
	
	
	1










[image: Table] 





Table A2. Sub-criteria of the economic factor.






Table A2. Sub-criteria of the economic factor.












	
	Crop Demand
	Crop Value
	Water Tariff
	Crop Inventory





	Crop demand
	1
	1
	4
	6



	Crop value
	
	1
	5
	7



	Water tariff
	
	
	1
	4



	Crop inventory
	
	
	
	1
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Table A3. Sub-criteria of the agricultural management practices.






Table A3. Sub-criteria of the agricultural management practices.










	
	Irrigation Methods
	Cultivation Methods





	Irrigation methods
	1
	



	Cultivation methods
	3
	1
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Table A4. Sub-criteria of the availability criteria.
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	Water Availability
	Soil Quality
	Water Quality





	Water availability
	1
	1
	2



	Soil quality
	
	1
	3



	Water quality
	
	
	1
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Table A5. Sub-criteria for environmental factor.






Table A5. Sub-criteria for environmental factor.










	
	Climatic Condition
	Rain Fall





	Climatic condition
	1
	8



	Rainfall
	
	1
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Table A6. Performance rating by experts comparing the alternatives with sub-criteria.






Table A6. Performance rating by experts comparing the alternatives with sub-criteria.
















	
	Wheat
	Gram
	Barley
	Rabi Spices
	Rabi Cereals
	Rabi Vegetables
	Rabi Pulses
	Rabi Fruits





	Crop demand
	4
	4
	1
	3
	5
	5
	4
	3



	Crop value
	3
	3
	1
	4
	3
	3
	2
	1



	Crop inventory
	3
	2
	2
	2
	2
	1
	2
	2



	Water tariff
	5
	4
	1
	3
	4
	4
	3
	2



	Irrigation method
	4
	1
	4
	1
	4
	1
	2
	2



	Cultivation method
	1
	1
	1
	2
	1
	1
	2
	2



	Water availability
	2
	1
	2
	2
	1
	2
	3
	3



	Soil quality
	2
	3
	2
	3
	2
	1
	3
	4



	Water quality
	2
	3
	2
	4
	2
	2
	4
	4



	Climatic condition
	1
	2
	1
	3
	3
	2
	3
	3



	Rainfall
	2
	2
	1
	4
	2
	3
	3
	2
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Table A7. Aggregated rough decision matrix of the main criteria.






Table A7. Aggregated rough decision matrix of the main criteria.





	

	
Availability

	
Agr Mgt Prc

	
Economic

	
Environmental






	
Limits

	
L

	
U

	
L

	
U

	
L

	
U

	
L

	
U




	
Availability

	
1.00

	
1.00

	
2.58

	
3.42

	
4.56

	
4.94

	
6.25

	
6.75




	
Agr mgt prc

	
0.30

	
0.41

	
1.00

	
1.00

	
2.58

	
3.42

	
3.27

	
4.25




	
Economic

	
0.20

	
0.22

	
0.30

	
0.41

	
1.00

	
1.00

	
2.33

	
3.75




	
Environmental

	
0.15

	
0.16

	
0.26

	
0.49

	
0.31

	
0.46

	
1.00

	
1.00
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Table A8. Integrated rough matrix of the sub-criteria of agricultural management practices.
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Irrigation Methods

	
Cultivation Methods






	
Limits

	
L

	
U

	
L

	
U




	
Irrigation

	
1.00

	
1.00

	
0.58

	
1.41




	
Cultivation

	
1.01

	
2.28

	
1.00

	
1.00
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Table A9. Combined rough matrix of the sub-criteria of availability factor.
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Water Availability

	
Soil Quality

	
Water Quality






	
Limits

	
L

	
U

	
L

	
U

	
L

	
U




	
Water availability

	
1.00

	
1.00

	
0.92

	
1.75

	
2.27

	
3.25




	
Woil quality

	
0.73

	
1.88

	
1.00

	
1.00

	
3.27

	
4.25




	
Water quality

	
0.33

	
0.46

	
0.25

	
0.31

	
1.00

	
1.00
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Table A10. Aggregated decision matrix of the sub-criteria of environmental factors in terms of rough set.






Table A10. Aggregated decision matrix of the sub-criteria of environmental factors in terms of rough set.





	

	
Climatic Conditions

	
Rainfall






	
Limits

	
L

	
U

	
L

	
U




	
Climatic conditions

	
1.00

	
1.00

	
6.58

	
7.42




	
Rainfall

	
0.14

	
0.15

	
1.00

	
1.00
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Table A11. Integrated rough judgement matrix of the sub-criteria economic factor.






Table A11. Integrated rough judgement matrix of the sub-criteria economic factor.





	

	
Crop Demand

	
Crop Value

	
Crop Inventory

	
Water Tariff






	
Limits

	
L

	
U

	
L

	
U

	
L

	
U

	
L

	
U




	
Crop demand

	
1.00

	
1.00

	
1.00

	
1.76

	
2.75

	
4.60

	
5.75

	
6.73




	
Crop value

	
0.66

	
1.37

	
1.00

	
1.00

	
3.58

	
4.42

	
6.25

	
6.75




	
Crop inventory

	
0.25

	
0.55

	
0.26

	
0.29

	
1.00

	
1.00

	
4.25

	
4.75




	
Water tariff

	
0.15

	
0.17

	
0.15

	
0.16

	
0.21

	
0.24

	
1.00

	
1.00
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Rough TOPSIS





[image: Table] 





Table A12. Aggregated performance rating rough matrix for the rough TOPSIS calculation.
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Limits

	
Wheat

	
Gram

	
Barley

	
Rabi Spices

	
Rabi Cereals

	
Rabi Vegetables

	
Rabi Pulses

	
Rabi Fruits






	
Crop demand

	
L

	
2.68

	
3.06

	
1.18

	
2.58

	
4.56

	
4.56

	
4.25

	
3.58




	
U

	
3.81

	
3.43

	
2.31

	
3.41

	
4.93

	
4.93

	
4.75

	
4.41




	
Crop value

	
L

	
2.12

	
3.56

	
1.12

	
4.00

	
3.06

	
3.27

	
2.75

	
2.12




	
U

	
2.87

	
3.93

	
1.87

	
4.00

	
3.43

	
4.25

	
3.72

	
2.87




	
Crop inventory

	
L

	
1.75

	
2.27

	
2.25

	
2.27

	
2.25

	
2.00

	
2.56

	
2.062




	
U

	
3.25

	
3.25

	
2.75

	
3.25

	
2.75

	
3.52

	
2.93

	
2.43




	
Water tariff

	
L

	
1.95

	
3.56

	
1.18

	
3.06

	
3.56

	
3.56

	
3.56

	
2.58




	
U

	
4.04

	
3.93

	
2.31

	
3.43

	
3.93

	
3.93

	
3.93

	
3.41




	
Irrigation method

	
L

	
3.12

	
1.33

	
2.68

	
1.06

	
3.12

	
1.25

	
2.06

	
2.00




	
U

	
3.87

	
2.75

	
3.81

	
1.43

	
3.87

	
1.75

	
2.43

	
2.00




	
Cultivation method

	
L

	
1.50

	
1.75

	
1.12

	
2.12

	
1.58

	
1.64

	
2.06

	
2.12




	
U

	
2.50

	
2.72

	
1.87

	
2.87

	
2.41

	
2.89

	
2.43

	
2.87




	
Water availability

	
L

	
2.50

	
1.71

	
2.06

	
2.58

	
2.68

	
2.58

	
3.25

	
3.06




	
U

	
3.50

	
3.37

	
2.43

	
3.41

	
3.81

	
3.41

	
3.75

	
3.43




	
Soil quality

	
L

	
2.27

	
3.06

	
1.64

	
3.25

	
3.10

	
2.22

	
3.27

	
4.00




	
U

	
3.25

	
3.43

	
2.89

	
3.75

	
4.35

	
4.18

	
4.25

	
4.00




	
Water quality

	
L

	
1.75

	
3.06

	
1.58

	
3.25

	
2.75

	
2.58

	
3.25

	
3.25




	
U

	
3.25

	
3.43

	
2.41

	
3.75

	
3.72

	
3.41

	
3.75

	
3.75




	
Climatic condition

	
L

	
1.50

	
2.75

	
1.50

	
3.25

	
3.25

	
2.58

	
3.25

	
3.25




	
U

	
2.50

	
3.73

	
2.50

	
3.75

	
3.75

	
3.41

	
3.75

	
3.75




	
Rainfall

	
L

	
1.75

	
2.58

	
1.75

	
3.56

	
3.12

	
3.06

	
3.06

	
2.25




	
U

	
2.72

	
3.41

	
3.25

	
3.93

	
3.87

	
3.43

	
3.43

	
2.75
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Table A13. Normalized rough decision matrix.
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Limits

	
Wheat

	
Gram

	
Barley

	
Rabi Spices

	
Rabi Cereals

	
Rabi Vegetables

	
Rabi Pulses

	
Rabi Fruits






	
Crop demand

	
L

	
0.54

	
0.62

	
0.24

	
0.52

	
0.92

	
0.92

	
0.86

	
0.72




	
U

	
0.77

	
0.69

	
0.46

	
0.69

	
1.00

	
1.00

	
0.96

	
0.89




	
Crop value

	
L

	
0.50

	
0.83

	
0.26

	
0.94

	
0.72

	
0.76

	
0.64

	
0.50




	
U

	
0.67

	
0.92

	
0.44

	
0.94

	
0.80

	
1.00

	
0.87

	
0.67




	
Crop inventory

	
L

	
0.49

	
0.64

	
0.63

	
0.64

	
0.63

	
0.56

	
0.72

	
0.58




	
U

	
0.92

	
0.92

	
0.78

	
0.92

	
0.78

	
1.00

	
0.83

	
0.69




	
Water tariff

	
L

	
0.48

	
0.88

	
0.29

	
0.75

	
0.88

	
0.88

	
0.88

	
0.63




	
U

	
1.00

	
0.97

	
0.57

	
0.85

	
0.97

	
0.97

	
0.97

	
0.84




	
Irrigation method

	
L

	
0.80

	
0.34

	
0.69

	
0.27

	
0.80

	
0.32

	
0.53

	
0.51




	
U

	
1.00

	
0.70

	
0.98

	
0.37

	
1.00

	
0.45

	
0.62

	
0.51




	
Cultivation method

	
L

	
0.51

	
0.60

	
0.38

	
0.73

	
0.54

	
0.56

	
0.71

	
0.73




	
U

	
0.86

	
0.94

	
0.64

	
0.99

	
0.83

	
1.00

	
0.84

	
0.99




	
Water availability

	
L

	
0.65

	
0.44

	
0.54

	
0.67

	
0.70

	
0.67

	
0.85

	
0.80




	
U

	
0.91

	
0.88

	
0.63

	
0.89

	
1.00

	
0.89

	
0.98

	
0.90




	
Soil quality

	
L

	
0.52

	
0.70

	
0.37

	
0.74

	
0.71

	
0.51

	
0.75

	
0.91




	
U

	
0.74

	
0.78

	
0.66

	
0.86

	
1.00

	
0.96

	
0.97

	
0.91




	
Water quality

	
L

	
0.46

	
0.81

	
0.42

	
0.86

	
0.73

	
0.68

	
0.86

	
0.86




	
U

	
0.86

	
0.91

	
0.64

	
1.00

	
0.99

	
0.91

	
1.00

	
1.00




	
Climatic condition

	
L

	
0.40

	
0.73

	
0.40

	
0.86

	
0.86

	
0.68

	
0.86

	
0.86




	
U

	
0.66

	
0.99

	
0.66

	
1.00

	
1.00

	
0.91

	
1.00

	
1.00




	
Rainfall

	
L

	
0.44

	
0.65

	
0.44

	
0.90

	
0.79

	
0.77

	
0.77

	
0.57




	
U

	
0.69

	
0.86

	
0.82

	
1.00

	
0.98

	
0.87

	
0.87

	
0.69
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Table A14. Weighted normalized matrix of rough TOPSIS method.
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Limits

	
Wheat

	
Gram

	
Barley

	
Rabi Spices

	
Rabi Cereals

	
Rabi Vegetables

	
Rabi Pulses

	
Rabi Fruits






	
Crop demand

	
L

	
0.07

	
0.08

	
0.03

	
0.07

	
0.13

	
0.12

	
0.12

	
0.10




	
U

	
0.18

	
0.16

	
0.11

	
0.16

	
0.23

	
0.23

	
0.22

	
0.21




	
Crop value

	
L

	
0.06

	
0.11

	
0.04

	
0.12

	
0.09

	
0.10

	
0.09

	
0.07




	
U

	
0.14

	
0.20

	
0.09

	
0.20

	
0.17

	
0.22

	
0.19

	
0.15




	
Crop inventory

	
L

	
0.02

	
0.03

	
0.03

	
0.03

	
0.03

	
0.03

	
0.04

	
0.03




	
U

	
0.07

	
0.07

	
0.06

	
0.07

	
0.06

	
0.08

	
0.07

	
0.06




	
Water tariff

	
L

	
0.01

	
0.02

	
0.01

	
0.01

	
0.02

	
0.02

	
0.02

	
0.01




	
U

	
0.02

	
0.02

	
0.01

	
0.02

	
0.02

	
0.02

	
0.02

	
0.02




	
Irrigation method

	
L

	
0.15

	
0.06

	
0.13

	
0.05

	
0.15

	
0.06

	
0.10

	
0.10




	
U

	
0.37

	
0.26

	
0.36

	
0.14

	
0.37

	
0.17

	
0.24

	
0.19




	
Cultivation method

	
L

	
0.13

	
0.15

	
0.10

	
0.19

	
0.14

	
0.15

	
0.18

	
0.19




	
U

	
0.41

	
0.45

	
0.30

	
0.47

	
0.39

	
0.48

	
0.40

	
0.47




	
Water availability

	
L

	
0.37

	
0.25

	
0.31

	
0.39

	
0.40

	
0.39

	
0.49

	
0.46




	
U

	
0.82

	
0.79

	
0.57

	
0.80

	
0.89

	
0.80

	
0.88

	
0.81




	
Soil quality

	
L

	
0.31

	
0.42

	
0.22

	
0.45

	
0.42

	
0.31

	
0.45

	
0.55




	
U

	
0.74

	
0.78

	
0.66

	
0.86

	
1.00

	
0.96

	
0.97

	
0.92




	
Water quality

	
L

	
0.09

	
0.15

	
0.08

	
0.17

	
0.14

	
0.13

	
0.17

	
0.17




	
U

	
0.22

	
0.24

	
0.17

	
0.26

	
0.26

	
0.24

	
0.26

	
0.26




	
Climatic condition

	
L

	
0.03

	
0.07

	
0.03

	
0.08

	
0.08

	
0.07

	
0.08

	
0.08




	
U

	
0.08

	
0.13

	
0.08

	
0.13

	
0.13

	
0.12

	
0.13

	
0.13




	
Rainfall

	
L

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01




	
U

	
0.01

	
0.02

	
0.02

	
0.02

	
0.02

	
0.02

	
0.02

	
0.01
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Figure 1. Framework for rough AHP-TOPSIS (Analytical Hierarchy Process-Technique for Order Preference by Similarity to Ideal Solution) based Rabi season crop pattern selection. 
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Figure 2. Basic notation of rough set theory. 
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Figure 3. Weights of criteria by AHP and rough-AHP methods. 
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Figure 4. Rank of the alternatives by AHP-TOPSIS and rough AHP-TOPSIS. 
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Table 1. Criteria for selecting crop pattern in terms of sustainable agriculture.
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	No
	Criteria
	Brief Description
	Literature





	1
	Economic factor
	The economic factor is one of three major factors of sustainable agriculture. It accounts for all the economic aspects that are involved in agricultural practices.
	Shankarnarayan & Ramakrishna [19]; Mohanty & Mishra [20]



	2
	Water tariff
	It’s one of the sub-criteria of the economic factor. Water tariff is the cost of water that is assigned by the Government.
	Qureshi et al. [8]



	3
	Crop value
	Crop value is a part of the economic factor, which tells the value of a crop in the local and global market at one time.
	Sydorovych & Wossink [13]



	4
	Crop demand
	It measures the requirement of a particular crop in the local and global markets.
	Qureshi et al. [8]



	5
	Crop inventory
	Price variability risks are more associated with the crop inventory. The fluctuations in the agricultural market challenge the forecast of crop inventory.
	Barry&Fraser, [21]; Dadhwal et al. [22]



	6
	Agricultural management practices
	This factor accounts for all the processes from sowing seeds until the harvesting.
	Nambiar et al. [11]



	7
	Irrigation methods
	This is a part of agricultural management practice which illustrates the type of irrigation method (surface, sub-surface, drip, sprinkler) that will be suitable for a particular crop.
	Qureshi et al. [8]



	8
	Cultivation methods
	It is a sub-criteria of agricultural management practices. It covers all the processes other than irrigation.
	Nambiar et al. [11]



	9
	Availability
	This factor indicates the availability of all the factors that are necessary for sustainable agricultural practices.
	Sydorovych & Wossink [13]



	10
	Water availability
	The quantity of water for agriculture in India shows a progressive increase over the years as more and more areas are brought under irrigation.
	H Pathak et al. [23]



	11
	Soil quality
	Initial practice to improve soil quality is very costly for a farmer for the first year, but a continuous following of organic farming over a period of time can contribute to high yielding, and also preserves the soil for further cultivation. Vermicompost generated by earthworms gives us plenty of opportunities to utilize the soil for sustainable farming for the crops.
	Yadav et al. [15]



	12
	Water quality
	Water quality is one of the most important ecological components for measuring agricultural sustainability.
	Sydorovych & Wossink [13]



	13
	Environmental impact
	Soil erosion; acidification potential; abiotic depletion potential; terrestrial ecotoxicity; freshwater ecotoxicity; marine water ecotoxicity; and polluted water.
	German et al. [24]; Wagner & Lewandowski [25]



	14
	Climatic conditions
	Global warming potential; photochemical ozone creation potential; ozone depletion potential; and heavy rainfall
	Krishna et al. [26]; Wagner & Lewandowski [25]; Qureshi et al. [8]
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Table 2. Summary of literature related to sustainable agriculture.
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	References
	Method
	Application





	Adewale Johnson Alonge [9]
	Population sample, data collection, and data analysis
	To assess how much the farmers in Iowa adopt sustainable agriculture practices.



	Chandre et al. [10]
	Normalized rank approach
	To find the Agriculture Sustainability Index (ASI).



	Nambiar et al. [11]
	Indicator and rating system
	To find the Agriculture Sustainability Index (ASI).



	Krishna Kumar et al. [26]
	Statistics of crop data and climate data were used to analyze.
	To find out the relationship between the crops of both Kharif and Rabi season with respect to climate change.



	Zhen et al. [12]
	Setting up the threshold values of site-specific indicators.
	To assess the socio-institutional and environmental aspects of major cropping systems.



	Sydorovych & Wossink [13]
	Method of conjoint analysis
	Aggregation on sustainable agriculture.



	Yadav et al. [15]
	Systematic literature review
	How Organic farming helps to improvise the crop yield, soil fertility.



	German et al. [24]
	Used meta-analysis to assess the relationships between multiple measures of sustainability
	Provide strong evidence of the relationship between yield and negative externalities created by farming



	Nageswararao et al. [7]
	Calculating the correlation coefficient.
	To measure the impact of climate variability in the growth of Rabi season crops.



	Qureshi et al. [8]
	AHP-TOPSIS method
	To find the crop pattern of sustainable agriculture.
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Table 3. AHP pairwise comparison chart.






Table 3. AHP pairwise comparison chart.





	Intensity of Importance
	Explanation





	1
	Equal importance



	2
	Weak or slight



	3
	Moderate importance



	4
	Moderate plus



	5
	Strong importance



	6
	Strong plus



	7
	Very strong importance



	8
	Very, very strong importance



	9
	Extreme importance
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Table 4. Value of Random Integers (RI) based on rank of the matrix (Satty and Vargas, 2012).
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	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



	RI
	0
	0
	0.52
	0.89
	1.11
	1.25
	1.35
	1.40
	1.45
	1.49
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Table 5. Hierarchal structure for the selection of Rabi crop pattern.
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Goal

	
Criteria

	
Sub-Criteria

	
Alternatives






	
Selection of Crop Pattern

	
Economic Factor

	
Crop Demand

	
Barley




	
Crop Value

	
Gram




	
Crop Inventory

	
Rabi Cereals




	
Water Tariff

	
Rabi Fruits




	
Agriculture Management Practices

	
Irrigation Methods

	
Rabi Pulses




	
Cultivation Methods

	
Rabi Spices




	
Availability

	
Water Availability

	
Rabi Vegetables




	
Water Quality

	
Wheat




	
Soil Quality

	




	
Environmental Factor

	
Climatic Condition

	




	
Rainfall
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Table 6. TOPSIS performance rating scale.
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Criteria

	
Score Values

	
Definition






	
Crop demand, crop value, water tariff, crop inventory, water requirement, soil quality, water quality, climatic conditions, rainfall

	
1

	
Very low




	
2

	
Low




	
3

	
Moderate




	
4

	
High




	
5

	
Very high




	
Irrigation methods

	
1

	
Sprinkle irrigation




	
2

	
Drip irrigation




	
3

	
Sub-surface irrigation




	
4

	
Surface irrigation




	
Cultivation methods

	
1

	
Low care




	
2

	
Medium care




	
3

	
High care











[image: Table] 





Table 7. Weights of criteria and sub-criteria.
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Criteria

	
Criteria Weight

	
Sub-Criteria

	
Sub-Criteria Weight

	
Global Weight






	
Limits

	
L

	
U

	

	
L

	
U

	
L

	
U




	

	

	

	
Crop Demand

	
0.73

	
1.00

	
0.14

	
0.23




	
Economic

	
0.19

	
0.23

	
Crop Value

	
0.72

	
0.93

	
0.13

	
0.22




	

	

	

	
Crop Inventory

	
0.27

	
0.34

	
0.05

	
0.08




	

	

	

	
Water Tariff

	
0.09

	
0.11

	
0.02

	
0.02




	
Agr mgt Prac

	
0.39

	
0.48

	
Irrigation

	
0.50

	
0.79

	
0.19

	
0.37




	

	

	

	
Cultivation

	
0.66

	
1.00

	
0.25

	
0.48




	

	

	

	
Water Availability

	
0.63

	
0.89

	
0.57

	
0.89




	
Availability

	
0.89

	
1.00

	
Soil Quality

	
0.67

	
1.00

	
0.59

	
1.00




	

	

	

	
Water Quality

	
0.22

	
0.26

	
0.19

	
0.26




	
Environmental

	
0.10

	
0.13

	
Climatic Condition

	
0.94

	
1.00

	
0.09

	
0.13




	

	

	

	
Rainfall

	
0.14

	
0.14

	
0.01

	
0.02
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Table 8. Distance of alternatives from Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS).
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	Distance
	d+
	D−





	Wheat
	0.99
	0.92



	Gram
	0.99
	0.92



	Barley
	1.12
	0.67



	Rabi Spices
	0.89
	0.97



	Rabi Cereals
	0.87
	1.14



	Rabi Vegetables
	0.99
	1.05



	Rabi Pulses
	0.81
	1.08



	Rabi Fruits
	0.77
	1.01
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Table 9. Closeness coefficient (Ci) and rank of the alternatives.
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	Distance
	Closeness Coefficient (Ci)
	Rank





	Wheat
	0.48
	7



	Gram
	0.48
	6



	Barley
	0.38
	8



	Rabi Spices
	0.52
	4



	Rabi Cereals
	0.56
	3



	Rabi Vegetables
	0.51
	5



	Rabi Pulses
	0.57
	1



	Rabi Fruits
	0.56
	2
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