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Abstract

:

Taking the conservation tillage influences of black soil in Northeast China as the research object, the paper is written according to the advice of relevant experts and technicians in Northeast China, the study also calculates the weight of each influencing factor through the Delphi and Analytic Hierarchy Process (AHP) method. Then, the significance of the factors affecting the benefit of conservation tillage is analyzed. The results show that, based on the comprehensive analysis, it is concluded that the economic factor is the primary factor affecting the benefit of black soil conservation tillage in Northeast China. Among the twelve influencing factors, eight of them have a significant impact on the development of conservation tillage benefits on black soil in Northeast China. Such as the degree of government subsidy; the adaptability of agricultural machinery; the input of new technology; relevant policies, laws and regulations; the quality of conservation tillage; the income of agricultural machinery farmers; practical application capacity; government publicity. Therefore, in the process of implementing the black soil conservation tillage, we should focus on these influencing factors, which will effectively promote the sustainable development of agriculture in Northeast China.
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1. Introduction


The Food and Agriculture Organization (FAO) of the United Nations’ Global Soil Partnership proposed that black soils are characterized by a thick, dark-colored soil horizon, rich in organic matter. Phaeozems cover an estimated 190 million hectares worldwide. [1] The “Northeast Black Soil White Paper (2020)” issued by the Chinese Academy of Sciences shows that the total area of the black soil accounts for less than 7% of the global land area, and it is mainly concentrated in the four major black soil areas: the middle and high latitudes of central and southern North America, Russia–Ukraine Great Plains, Northeast China and Pampas in South America. The area of black soil in Northeast China ranks third. According to the data provided by the Office of the Leading Group for the Preparation of National Water and Soil Conservation Planning, the black soil area in Northeast China is located between 115°~135°E and 40°~50°N, facing Russia across the Heilongjiang River and the Ussuri River to the east. The Men River and the Yalu River are adjacent to North Korea, bordering Mongolia to the west, to the Qilaotu Mountain–Hunshandake Sandy Land in the southwest, along the Inner Mongolia Plateau and to the Liaohe River in the south. The total area is 1.09 million square kilometers, accounting for about 12% of the total area of the global black soil area. It is mainly distributed in the Hulunbuir grassland, the Daxinganling region, the Sanjiang Plain, the Songnen Plain, parts of the Songliao Plain and the Changbai Mountain region, involving Heilongjiang Province and all of Jilin Province, the northeast of Liaoning Province and the “East Four Leagues” of Inner Mongolia Autonomous Region, a total of 246 counties (cities, banners). The black soil in the northeast mainly includes six soil types: black soil, chernozem soil, dark brown soil, brown soil, albic soil and meadow soil. Among them, dark brown soil has the largest distribution area, followed by meadow soil, followed by chernozem, black soil and albic soil, and brown soil has the smallest distribution area.



The black soil region in Northeastern China is one of the most important grain production areas in the country, and plays a key role in food security [2]. Northeast China is the main commodity grain base. According to the calculation of China’s National Bureau of Statistics, the output of commercial grain in the three provinces of Northeast China will be about 138 million tons in 2020. According to the 2019 data of the China Soil and Water Conservation Bulletin, the soil erosion area of black soil in the northeast is 218,700 square kilometers, accounting for 20.11% of the total black soil area. Soil erosion mainly comes from 3°~15° slope farmland, accounting for 46.39% of the total area of black soil erosion; more than 60% of the dry farmland has water and soil erosion problems, and the black soil layer is increasing at an average annual rate of 0.1~0.5 cm erosion loss. In recent years, black soil has decreased and degenerated heavily due to complicated functions of natural and artificial factors [3]. Overexploitation and unsustainable management measures, the soil organic matter in this area is declining and the quality of cultivated land is declining rapidly [4]. This has led to long-term exposure of black soil, degradation of soil structure and aggravation of wind erosion and water erosion in some parts of Northeast China, which poses a severe challenge to the sustainable development of agriculture and the guarantee of food security in Northeast China. On the basis of absorbing advanced foreign experience, the development of conservation tillage provides new ideas and methods to solve problems.



FAO defines conservation agriculture is an agricultural system that promotes minimal soil disturbance (i.e., no-tillage), maintains permanent soil cover and diversifies plant species. It enhances biodiversity and natural biological processes above and below the surface, helps improve water and nutrient use efficiency, and improves and maintains crop production [5]. The United States is the first country to study conservation tillage. It originated from the “black storm” event that shocked the world in the 1930s. After decades of development, it has gradually established a conservation center with straw, stubble mulch and no-tillage seeding as the core. This type of farming was developed into the mainstream farming system in the United States [6]. Conservation tillage is a commonly adopted best management practice for improving soil quality and reducing erosion [7]. In 2020, the Ministry of Agriculture and Rural Affairs and the Ministry of Finance issued the Northeast Black Soil Conservation Tillage Action Plan (2020–2025) to formulate an action plan at the national level to raise the implementation of conservation tillage in Northeast China to national action. Strengthening policy guidance and changing the traditional farming system is necessary and feasible to curb the degradation of black soil, restore and enhance the fertility of cultivated land, and consolidate the foundation of national food security [8].



Conservation tillage has become the most widely used and effective dry farming technology in the world and has attracted more attention from countries all over the world. Conservation farming is considered to be one of the most indispensable management practices for crop productivity and soil health in rainfed areas around the world. In Pothwar and other subtropical dryland areas, a reduced tillage system should be promoted to improve soil fertility and crop productivity [9]. Conservation tillage practices in the Ohio River Basin caused the ratio of crop productivity to evapotranspiration of corn and soybean increased [10]. The conservation tillage system has been demonstrated in Northeast, Northwest and South China, and semi-arid areas of the Loess Plateau of China to increase crop yield [11,12,13,14,15,16,17,18]. Studies have shown that conservation tillage may be a better farming method, which can provide a better habitat for microbial activities and soil organic carbon sequestration in Northeast China [19]. Chen and Fonteyne claimed that the density and biomass of weeds in conservation tillage were generally lower than those in conventional tillage [20,21]. Some experts have shown that conservation tillage (including no-tillage and reduced tillage) has a significant effect on soil properties and processes compared with conventional tillage. Long-term no-tillage and stubble retaining measures can promote the metabolic function of soil microbial community and form a soil bacterial community structure by changing the soil’s physical and chemical properties [22,23,24,25,26,27,28]. Some scholars believe that conservation tillage can maintain and increase grain yield by improving soil fertility and maintaining more soil moisture in the field [29,30,31]. Scholars point out that decades of research on conservation tillage have produced convincing evidence that the practice of conservation tillage can be ecologically and economically beneficial to crop production and can greatly increase productivity. Despite some setbacks, on the whole, conservation tillage practice has proved to be the most beneficial [32,33,34,35,36,37,38]. Compared with traditional farming, conservation tillage maintains the specific structure of soil organic matter, increases microbial biomass, increases the concentration of soil organic carbon, changes the composition of soil organic matter and reduces the degradation of soil organic matter [39]. Sadiq, M. concluded that conservation tillage practices could replace conventionally tilled practice with respect to productivity, soil mineral nitrogen and carbon accumulation benefits [40].



Through literature review, as an important system engineering, conservation tillage needs to consider the interaction of internal and external factors. According to current scholars’ research, cultivated land policies and measures vary from country to country, and on the whole, attention is still focused on the soil properties of cultivated land and cultivated land protection policies. China, as a large agricultural country, needs to learn more from foreign advanced farmland protection technologies and research methods when promoting conservation tillage. According to the status of regional cultivated land use, a reasonable and scientific index system should be established to comprehensively analyze the new pattern of implementation of conservation tillage, so as to lay a reference foundation for the effective utilization of black soil resources in the future. Black soil protection is an important measure for green and sustainable development in agriculture. Conservation tillage is a revolutionary farming measure that synchronizes ecological and economic benefits, takes into account both current and long-term interests, and benefits the country and the people. In order to make the black soil sustainable use, we must adhere to the combination of use and maintenance, protection and utilization. We will co-ordinate the relationship among increasing grain production, increasing farmers’ income and protect black soil, adjust and optimize planting structure and production capacity, and promote resource-saving and environment-friendly technologies. Therefore, this paper uses the Delphi and Analytic Hierarchy Process method to comprehensively consider the factors affecting the promotion of black soil conservation farming in Northeast China. This study provides data support and empirical evidence for the next step to better promote the black soil conservation tillage technology in China.




2. Data and Methods


2.1. Data


According to the investigation of the application of conservation tillage technology in Northeast China, Daxing’anling region, Qitaihe City, Heihe City, Yichun City, Suihua City and Shuangyashan City in Heilongjiang Province were selected. Among them, Jilin Province selected the following regions including Changchun City, Siping City, Jilin City, Liaoyuan City, Dongfeng County, and Nong’an County. Due to the small area of black soil in Liaoning Province, it is mainly concentrated in Changtu, which is the main research area. A total of 32 people visited conservation tillage experts, co-operatives and related technical personnel. The main methods include face-to-face access, telephone access, network communication, etc. By filling in the questionnaire and modifying and developing the evaluation index items one by one, the final design of the questionnaire is completed.



Some experts use the Delphi method and the Analytic Hierarchy Process method to evaluate the ecosystem, establish relevant judgment matrices and calculate the weights of each indicator layer and variable layer, respectively. The fuzzy comprehensive evaluation method is used to evaluate the sustainability of the conservation tillage system [41,42,43]. Referring to the literature review and some research conclusions and considering the investigation of black soil conservation tillage in Northeast China, we had revised and developed the title of the evaluation index, and finally completed the design of the questionnaire.



In this study, the influencing factors of black soil conservation tillage benefits in Northeast China can be summarized as follows: policy factors, economic factors, farmers’ level and technical level. See Table 1 for details.



Therefore, the questionnaire design of the influencing factors of black soil conservation tillage in Northeast China will also be carried out from these four aspects, and the specific evaluation indexes included in each aspect are as follows:




	(1)

	
Policy factors: mainly including the relevant policy factors, government publicity and the government’s management.




	(2)

	
Economic factors: mainly including the degree of government subsidy, farmers’ income and the input of new technology.




	(3)

	
Farmers’ level: mainly including the ability to accept technology, participation in technical training, implementation and practical application capacity.




	(4)

	
Technical level: mainly including the adaptability of agricultural machinery, the quality of conservation tillage and conservation tillage mode.










2.2. Methods


Analytic Hierarchy Process (AHP) is a practical multi-scheme or multi-objective decision-making method proposed by American operations researcher Professor T.L. Saaty in the 1970s. It is often used in unstructured and complex decision-making problems with multiple goals, multiple criteria, multiple elements and multiple levels, especially strategic decision-making problems. It has a wide range of practicality [44].



2.2.1. Construct Judgment Matrix


Hierarchy reflects the relationship between factors, but the proportion of each criterion in the target measurement is not necessarily the same in different decision-makers’ minds. When it comes to some problems, some elements may have different ideas for everyone, so it is not easy to obtain accurate evaluation results for such elements, which may even be contradictory. See Table 2 for details [45].



Research shows that when there are too many factors in pairwise comparison, people’s judgment will be greatly affected, generally speaking, it is more appropriate to be in the range of 7 ± 2. If it is limited to 9, it is appropriate to use the scale of 1–9 to indicate the difference between them. Moreover, in comparison, it is necessary to make n (n − 1)/2 pairwise judgment, which can provide more information, and can also obtain a more reasonable ranking through repeated comparison in various aspects.




2.2.2. Hierarchical Order and Consistency Check


Hierarchical ordering refers to calculating the weights of the order of importance of factors in the previous level for a factor in the previous level based on the obtained judgment matrix. This process is called hierarchical ordering. The main purpose of this process is to calculate the eigenvalue and eigenvector of each judgment matrix, by using the formula   A W =  λ  max   W  . A is the judgment matrix,    λ  max     is the maximum eigenvalue of the judgment matrix,  W  is the corresponding eigenvector, and each element of the eigenvector of  W  is the weight value of the required level order.



The eigenvector  W  and the maximum eigenvalue    λ  max     of the judgment matrix can be calculated by using the sum method, root method and power method. Here, the sum method is employed for calculation. The calculation steps are as follows:



(1) Firstly, each column of the judgment matrix is normalized.


   b  i j   =    a  i j       ∑  i = 1  n    a  i j       ( i , j = 1 , 2 , 3 , … , n )  



(1)







After normalization, the sum of the elements in each column is 1.



(2) The normalized judgment matrix of each column is added by row.


   V i  =   ∑  j = 1  n    b  i j     ( i , j = 1 , 2 , 3 , … , n )  



(2)







(3) Then normalize the vector   V =   [  V 1  ,    V 2  , … ,    V n  ]  T   .


   w i  =    v i      ∑  i = 1  n    v i      ( i = 1 , 2 , 3 , … , n )  



(3)







The resulting vector     [  w 1  ,    w 2  , … ,    w n  ]  T    is the weight vector.



(4) Finally, calculate the largest characteristic root    λ  max     of the judgment matrix.


   λ  max   =   ∑  i = 1  n       ( A W )  i    n  W i      ( i , j = 1 , 2 , 3 , … , n )  



(4)







In the above formula,     ( A W )  i    is the  i th element of AW, and N is the order. Because the experts compare the factors by pairs, there may be a self-contradictory phenomenon. Therefore, in order to avoid this phenomenon, the consistency must be tested. The steps of inspection are as follows:



(5) Calculate the consistency index   C I  :


  C I =    λ  max   − n   n − 1   ,   ( n   is   the   order   of   the   judgment   matrix )  



(5)







The consistency index   C I   is a measure of the degree of deviation of the judgment matrix A from the original matrix composed of its main feature vector.



(6) Define the mean value   R I   of random consistency index:



For n = 3–9 orders, after calculation,   R I   can be obtained separately. Considering that the judgment matrix of order 1, 2 is always completely consistent, the value of   R I   is naturally 0. Therefore, the   R I   of the judgment matrix of order 1–9 is shown in Table 3:



In the table, when n = 1, 2,   R I = 0  , because the reciprocal matrix of order 1, 2 is always consistent.



(7) Calculate the consistency ratio   C R  :


  C R =   C I   R I    



(6)







For the judgment matrix A with n > 3, compare the calculated   C I   with the RI of the same order (meaning that n is the same), and the ratio of the two is   C R  . When the ratio is less than or equal to 0.1 (i.e.,   C R < 0.10  ), it is considered that the degree of inconsistency of A is within an allowable range, which means that the test is passed. When the ratio is greater than 0.1, the judgment matrix does not pass the consistency test, and the judgment matrix needs to be appropriately modified and continue to be tested until it passes.



According to the indicator system, using the above-mentioned scaling method, and through the questionnaire survey of the expert consultation method, 32 experts in this field in Northeast China were selected to score the significance of the indicators, with internal discussions and generalizations conducted on the scoring results. The pairwise discrimination matrix is shown in Table 4:



The maximum eigenvalue of the judgment matrix is calculated    λ  max   = 4.0310  . Then the consistency test is carried out, and the consistency index   C I   is calculated.


  C I =    λ  max   − n   n − 1   =   4.0310 − 4   4 − 1   = 0.0103  











Average random consistency index   R I = 0.9  . Random consensus ratio:


  C R =   C I   R I   =   0.0103   0.9   = 0.0115 < 0.10  











Since   C R   is less than 0.1, it can be concluded that the construction of the judgment matrix is reasonable. The weight of each index is calculated by the method of Analytic Hierarchy Process. To construct the judgment matrix   S =   (  u  i j   )   p × p    , see Table 5.



The maximum eigenvalue of the judgment matrix is calculated    λ  max   = 3.0183  . Then the consistency test is carried out, and the consistency index   C I   is calculated.


  C I =    λ  max   − n   n − 1   =   3.0183 − 3   3 − 1   = 0.0091  











Average random consistency index   R I = 0.58  . Random consensus ratio:


  C R =   C I   R I   =   0.0091   0.58   = 0.0158 < 0.10  











As   C R   is less than 0.1, it can be concluded that the construction of judgment matrix is reasonable. The weight of each index is calculated by the method of Analytic Hierarchy Process. To construct the judgment matrix   S =   (  u  i j   )   p × p    , see Table 6.



The maximum eigenvalue of the judgment matrix is calculated    λ  max   = 3.0092  . With the consistency test conducted, the consistency index   C I   is calculated.


  C I =    λ  max   − n   n − 1   =   3.0092 − 3   3 − 1   = 0.0046  











Average random consistency index   R I = 0.58  . Random consensus ratio:


  C R =   C I   R I   =   0.0046   0.58   = 0.0079 < 0.10  











Owning to   C R   being less than 0.1, it can be concluded that the construction of the judgment matrix is rational. The weight of each index is calculated by the method of Analytic Hierarchy Process, in order to construct the judgment matrix   S =   (  u  i j   )   p × p    , see Table 7.



The maximum eigenvalue of the judgment matrix is calculated    λ  max   = 3.0037  . With the consistency test completed, the consistency index   C I   is calculated.


  C I =    λ  max   − n   n − 1   =   3.0037 − 3   3 − 1   = 0.0018  











Average random consistency index   R I = 0.58  . Random consensus ratio:


  C R =   C I   R I   =   0.0018   0.58   = 0.0032 < 0.10  











Due to   C R   being less than 0.1, it can be concluded that the construction of the judgment matrix is reasonable. The weight of each index is calculated by the method of Analytic Hierarchy Process, so as to construct the judgment matrix   S =   (  u  i j   )   p × p    , see Table 8.



The maximum eigenvalue of the judgment matrix is calculated    λ  max   = 3.0055  . With the consistency test performed, the consistency index   C I   is calculated.


  C I =    λ  max   − n   n − 1   =   3.0055 − 3   3 − 1   = 0.0028  











Average random consistency index   R I = 0.58  . Random consensus ratio:



Since   C R   is less than 0.1, it can be concluded that the construction of the judgment matrix is reasonable. Finally, the weight distribution and ranking of the index layer are shown in Table 9.






3. Results


As shown in Table 9, the 12 independent variables have different degrees of effects on the dependent variables. The weight results of influencing factors of conservation tillage benefits in Northeast China are explained separately as follows.



Among the twelve factors, eight factors have a strong impact on the development of conservation tillage efficiency of black soil in Northeast China. The results show that the weight of government subsidy degree is 0.2522, the weight of agricultural machinery adaptability is 0.1650, the weight of new technology input is 0.1388, the weight of relevant policies and laws and regulations is 0.0894, the weight of conservation tillage quality is 0.0766, the weight of agricultural machinery farmers income is 0.0764 and the weight of practical application capacity is 0.0618, The weight value of government publicity is 0.0512, and the weight value of the remaining four factors does not mean that its influencing factors are not important.



(1) The weight of government subsidy degree is 0.2522. The degree of government subsidy is the most important factor in economic factors. The application of conservation tillage technology needs a lot of capital investment, including the cost of supporting agricultural machinery, fertilizer and herbicide, and the training of technical personnel. It is necessary for the state and government departments to increase financial support, strengthen financial subsidies for machine purchase subsidies, personnel training, technology promotion and other aspects, and complete the effective promotion of conservation tillage technology in the northeast black soil area.



(2) The weight agricultural machinery adaptability is 0.1650. The adaptability of agricultural machinery is the key factor at the technical level. The implementation of conservation tillage requires the adaptability of agricultural machinery to crops, plots and cultivation systems. At the same time, it requires agricultural machinery users to understand the performance of agricultural machinery, select appropriate agricultural machinery products and guide farmers to use appropriate conservation tillage machines.



(3) The weight of new technology input is 0.1388. Conservation tillage is not only the transformation of agricultural technology, but also the effective combination of agricultural machinery and agricultural technology. Agricultural machinery and agricultural technology have experienced many changes in farming management system, farming habits, farming management mode and so on. As a new mechanism and mode, conservation tillage is a supporting strategy in line with the characteristics and laws of agricultural science and technology, which greatly improves the input level and use efficiency of agricultural science and technology.



(4) The weight of relevant policies, laws and regulations is 0.0894. Relevant policies, laws and regulations are the most important factors in policy factors. It can guide and strengthen the implementation of conservation tillage and make conservation tillage run more orderly in the promotion.



(5) The weight value of conservation tillage quality is 0.0766. Conservation tillage technology directly affects the yield of crops, as far as possible to ensure that there are few mistakes in any link and to ensure that the operation quality is improved under the condition of the implementation of conservation tillage, so that the technology can achieve the desired effect.



(6) The weight value of agricultural machinery farmers income is 0.0764. In the process of conservation tillage, seeder, deep plough, subsoiler and other supporting equipment should be used. Therefore, agricultural machinery households need to master market information and financial support. At the same time, the state subsidizes farmers to purchase agricultural machinery, promotes cost saving and efficiency agricultural mechanization technology, promotes the industrialization of agricultural machinery services and promotes the development of modern agriculture.



(7) The weight of practical application capacity is 0.0618. The application of conservation tillage needs to guide practice on the basis of theory. After the demonstration of conservation tillage project, farmers need to practice the technology to improve the maturity of conservation tillage technology.



(8) The weight value of government publicity is 0.0512. The government’s propaganda is also necessary for technology promotion. The government should do a good job of guidance through publicity, demonstration, subsidies and other ways. So that the local farmers’ awareness of conservation tillage technology and the implementation effect has been improved, thus promoting the promotion and application of conservation tillage technology in the next large area of agricultural production.



(9) The weight of conservation tillage mode is 0.036. The promotion of conservation tillage mode is one of the factors affecting the implementation of conservation tillage. Different crops adopt different conservation tillage modes. It is an important way to adopt the cultivation mode according to local conditions, so as to promote the sustainable development of agriculture, protect soil and improve soil use efficiency.



(10) The weight of technology acceptability is 0.022. Conservation tillage is not only the improvement of agricultural technology, but also a series of improvements to the farming system; at present, most farmers are accustomed to the existing mode of production and pay more attention to crop yield, short-term economic benefits and risks. Therefore, to strengthen the understanding of conservation tillage, technology must continue to deepen in order to gradually be accepted by people.



(11) The weight of government management is 0.020. Government management, that is, government behavior, has an important impact on whether farmers adopt conservation tillage technology. It includes the guiding behavior of the state, the future development direction, scientific and technological innovation, and the demonstration role.



(12) The weight of participation in technical training is 0.012. Through participating in technical training, we can make scientific specifications for the specific implementation of conservation tillage, and drive farmers to carry out an all-round, deep-seated and multi-angle development of conservation tillage with high quality.



Among the twelve factors, the weight value of 0.05 is taken as the reference value, meaning that eight factors have a great impact on the development of conservation tillage efficiency of black soil in Northeast China. In contrast, the weight value of conservation tillage mode, technology acceptability, government management and participation in technical training is less obvious.




4. Discussion


The experience of agricultural development at home and abroad has fully demonstrated that conservation tillage technology is an ecological technology, and it is also a sustainable development technology. It is different from traditional farming techniques, not only in content and technology, but also in many aspects and links of traditional farming that need to be adjusted, requiring strong policy support. For example, issues such as the farming system, technology promotion and use of funds. Therefore, a sound policy has been formulated for the promotion of conservation tillage technology for relevant departments, and the relevant departments should be correctly guided to promote the work of new technologies. This paper analyzes the influencing factors of the promotion of black soil conservation tillage in Northeast China. The study found that the long-term mechanism of conservation tillage has not been established. The knowledge of extension personnel and technicians needs to be further improved, and farmers still need time to gradually accept it. Through interviews with experts and technicians, it is concluded that the promotion of conservation tillage requires government policy support and expert technical guidance on black soil conservation tillage techniques in the Northeast China.



On the one hand, it is very necessary for the government to guide farmers to accept the new technology of conservation tillage. Subsidies are an important means for government departments to encourage farmers to implement conservation tillage technology. However, black soil conservation tillage subsidies in Northeastern China are different from other traditional agricultural subsidies. For example, the basic form of the EU agricultural protection policy is to control the scale of agricultural production, implement a fallow system, freeze 15% of the cultivated area of cereals and treat fallow agricultural producers. According to the average output per unit area in different regions, corresponding subsidies will be given, and a limited mandatory fallow plan will be implemented, and voluntary fallow will be rewarded [46]. Conservation tillage techniques of black soil in Northeast China are not fallow. They are sustainable agricultural technologies through comprehensive supporting measures such as less tillage, no-tillage, surface micro terrain transformation technology, surface coverage and rational planting, so as to reduce farmland soil erosion, protect farmland ecological environment, and obtain co-ordinated development of ecological, economic and social benefits [47]. In recent years, significant progress has been made in conservation tillage in Northeast China. The technical model has the basis for comprehensive popularization and application in appropriate areas. Through agricultural production subsidies, it is implemented by means of government purchase of services, “operation before subsidy, publicity before cash”, so as to improve the implementation efficiency and operation quality of subsidies.



According to the policy basis for the implementation of the “Northeast Black Soil Conservation Tillage Action Plan”, the study found that subsidized farmers are more inclined to adopt the technology, which indicates that the government should provide guidance through propaganda, demonstration and subsidies, especially to increase the intensity and duration of subsidies At the same time, local governments should focus on promoting conservation tillage technologies in local economic development and soil planning, and establish more conservation farming demonstration areas to provide strong support for their technologies. They should also purchase suitable agricultural machinery for farmers and issue corresponding agricultural machinery subsidies, so as to increase farmers’ enthusiasm to actively purchase supporting agricultural machinery, so that farmers have a correct and comprehensive understanding of new agricultural technology and can gradually accept it, which is effective for conservation tillage techniques and economic benefits. Therefore, subsidized farmers have a higher understanding and are more likely to promote the popularization and application of conservation tillage techniques.



On the other hand, in the practice of conservation tillage in black soil, there is a problem of disconnection between agricultural machinery and agronomy, which restricts the application and popularization of conservation tillage technology [48]. The results show that the implementation of conservation tillage technology requires farmers to use agricultural machines and tools correctly, and the rational use of agricultural machines and tools is the key to the implementation of conservation tillage technology. Therefore, the agricultural machinery R & D department needs to develop agricultural machinery with a moderate price, excellent performance and suitable for conservation tillage, strengthen the quality supervision of agricultural machinery products, improve the performance of machines and tools and ensure the quality of products, so as to meet the technical requirements of production and operation in various regions.



On the whole, conservation tillage technology is not only the revolution of agricultural technology, but also the reform of agricultural systems and farm management practices. Conservation tillage is not only the main development direction of international agricultural technology, but also the means to realize sustainable agricultural technology in China. The promotion and implementation of conservation tillage technology is a systematic project, which should adhere to the promotion of long-term continuity. Therefore, the research and popularization of conservation tillage need long-term investment to further promote the comprehensive application of conservation tillage in the black soil farming area of Northeast China.




5. Conclusions


Based on the analysis of the factors affecting the popularization of conservation tillage in black soil of Northeast China, and the questionnaire survey of 32 experts and technicians in this field in Northeast China, the Analytic Hierarchy Process was employed to analyze, construct the hierarchical model, calculate the judgment matrix and the maximum eigenvalue, and sort the weight values of all factors. Of the twelve influencing factors, eight have a significant impact on the improvement in the efficiency of black soil conservation tillage in Northeast China. Experts and technicians identify such objective factors as the degree of government subsidy, adaptability of agricultural machinery, new technology investment, relevant policies and laws and regulations, and government level as the more significant factors, and the subjective factors including farmer level as relatively important ones.



According to the research conclusions of this article, the following policy impacts can be drawn. First, the conservation tillage of black soil will be raised to the national strategic level, and the government will be established and improved to maintain the continuity and stability of policy support. Second, increase financial support for the research and development, demonstration and promotion of black soil conservation tillage technology, and improve the promotion efficiency of the promotion model of conservation tillage technology. Third, strengthen the publicity, training and demonstration of farmers, and enhance farmers’ awareness of black soil conservation tillage and their enthusiasm for implementing conservation tillage techniques.
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Table 1. The Factor System Construction.






Table 1. The Factor System Construction.





	
Target

	
Main Factor

	
Subfactor






	
The influencing factors of black soil conservation tillage benefits in Northeast China A

	
Policy factors A1

	
Relevant policies, laws and regulations B1

Government publicity B2

Government management B3




	
Economic factors A2

	
The degree of government subsidy B4

The income of agricultural machinery farmers B5

The input of new technology B6




	
Farmer level A3

	
Acceptability of technology B7

Participation in technical training B8

Practical application capacity B9




	
Technical level A4

	
The adaptability of agricultural machinery B10

The quality of conservation tillage B11

Conservation tillage mode B12
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Table 2. AHP Assessment Scale and Explanation.






Table 2. AHP Assessment Scale and Explanation.





	Evaluation Scale
	Definition
	Explanation





	1
	Equal importance
	The two being compared are equally important



	3
	Weak importance
	Experience and judgment are slightly inclined to one side



	5
	Essential importance
	Experience and judgment are strongly inclined towards one side



	7
	Very strong importance
	The actual situation shows a very strong preference for one side



	9
	Absolute importance
	There is sufficient evidence to support a certain absolute preference



	2, 4, 6, 8
	Intermediate values
	When a compromise is needed
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Table 3. Random Index Table.






Table 3. Random Index Table.





	N
	1
	2
	3
	4
	5
	6
	7
	8
	9





	RI
	0.00
	0.00
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
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Table 4. Judgment Matrix A–Ai (i = 1, 2, 3, 4).






Table 4. Judgment Matrix A–Ai (i = 1, 2, 3, 4).





	Influencing Factors A
	Policy Factors A1
	Economic Factors A2
	Farmer Level A3
	Technical Level A4





	Policy factors A1
	1
	1/3
	2
	1/2



	Economic factors A2
	3
	1
	4
	2



	Farmer level A3
	1/2
	1/4
	1
	1/3



	Technical level A4
	2
	1/2
	3
	1
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Table 5. Judgment Matrix A1–Bi (i = 1, 2, 3).






Table 5. Judgment Matrix A1–Bi (i = 1, 2, 3).





	Policy Factors A1
	Relevant Policies, Laws and Regulations B1
	Government Publicity B2
	Government Management B3





	Relevant policies, laws and regulations B1
	1
	2
	4



	Government publicity B2
	1/2
	1
	3



	Government management B3
	1/4
	1/3
	1
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Table 6. Judgment Matrix A2–Bi (i = 4, 5, 6).






Table 6. Judgment Matrix A2–Bi (i = 4, 5, 6).





	Economic Factors A2
	The Degree of Government Subsidy B4
	The Income of Agricultural Machinery Farmers B5
	The Input of New Technology B6





	The degree of government subsidy B4
	1
	3
	2



	The income of agricultural machinery farmers B5
	1/3
	1
	1/2



	The input of new technology B6
	1/2
	2
	1
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Table 7. Judgment Matrix A3–Bi (i = 7, 8, 9).






Table 7. Judgment Matrix A3–Bi (i = 7, 8, 9).





	Farmer Leve A3
	Acceptability of Technology B7
	Participation in Technical Training B8
	Practical Application Capacity B9





	Acceptability of technology B7
	1
	2
	1/3



	Participation in technical training B8
	1/2
	1
	1/5



	Practical application capacity B9
	3
	5
	1
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Table 8. Judgment Matrix A4–Bi (i = 10, 11, 12).






Table 8. Judgment Matrix A4–Bi (i = 10, 11, 12).





	Technical Level A4
	The Adaptability of Agricultural Machinery B10
	The Quality of Conservation Tillage B11
	Conservation Tillage Mode B12





	The adaptability of agricultural machinery B10
	1
	2
	5



	The quality of conservation tillage B11
	1/2
	1
	2



	Conservation tillage mode B12
	1/5
	1/2
	1
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Table 9. Weights of Main Factors and Subfactors.






Table 9. Weights of Main Factors and Subfactors.





	
Main factors

	
Weights

	
Subfactors

	
Weights

	
Comprehensive Weights

	
Sequence






	
Policy factors

A1

	
0.1601

	
Relevant policies, laws and regulations B1

	
0.5584

	
0.0894

	
4




	
Government publicity B2

	
0.3196

	
0.0512

	
8




	
Government management B3

	
0.1220

	
0.0195

	
11




	
Economic factors

A2

	
0.4673

	
The degree of government subsidy B4

	
0.5396

	
0.2522

	
1




	
The income of agricultural machinery farmers B5

	
0.1634

	
0.0764

	
6




	
The input of new technology B6

	
0.2970

	
0.1388

	
3




	
Farmer level

A3

	
0.0954

	
Acceptability of technology B7

	
0.2297

	
0.0219

	
10




	
Participation in technical training B8

	
0.1220

	
0.0116

	
12




	
Practical application capacity B9

	
0.6483

	
0.0618

	
7




	
Technical level

A4

	
0.2772

	
The adaptability of agricultural machinery B10

	
0.5954

	
0.1650

	
2




	
The quality of conservation tillage B11

	
0.2764

	
0.0766

	
5




	
Conservation tillage mode B12

	
0.1283

	
0.0356

	
9
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