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Abstract

:

Grassland has always had a difficult economic–ecological relationship, as coordination between its ecological conservation and the sustainable development of animal husbandry is required. Nature-based Solutions (NbS), who make full use of the natural ecosystem services, have successfully solved some economic–ecological issues, but still have unclear implementation prospects for grassland management. The Xilin Gol grassland is one of the most typical pastoral areas in China; there is a village chief named Bateer, who has already used NbS for grassland management. To confirm whether the solutions employed by Bateer have been effective for both increasing economic profits and protecting grassland ecosystem, we interviewed him, and many other herdsmen, using questionnaires about their livelihood. Based on these questionnaires, we calculated and compared their income–cost ratios. Meanwhile, we analyzed the NDVI variations inside their rangelands through high-resolution remote sensing images. The results showed that the herdsmen in Bateer’s village had a much higher disposable income and income–cost ratio than others, and their rangelands also had a higher value and a more obvious increasing trend of NDVI. Bateer’s success proves that the NbS can also play a positive role in grassland management, which can provide a valuable guidance for economic–ecological coordination in pastoral areas.
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1. Introduction


Animal husbandry is an important part of primary industry, and also the main food source of human society, especially beef and milk, which provide protein, fat and other necessary nutrients to our daily lives [1]. Although the proportions of the secondary and tertiary industries are increasing because of industrialization and urbanization, animal husbandry still owns an important status, especially for those herdsmen for whom animal husbandry is still the only income source available to maintain their normal livelihood. Grassland, occupying about 40% of the global land surface area, is the material basis of animal husbandry, which determines the production intensity and economic benefit of animal husbandry [2]. The global grassland, however, is now under intensive ecological pressure; around 49% of grasslands have suffered ecological degradation, which has thus caused a series of ecological and social problems [3,4]. As an important terrestrial ecosystem and biodiversity depository, ecological degradation of grassland will weaken the stability and balance inside the ecosystem, and pose a threat to the survival of many species [5,6,7,8]. Grassland can also play an important role in mitigating greenhouse gases to support global carbon storage and sequestration, which will be undermined by ecological degradation [9]. Moreover, ecological degradation also reduces the productivity of grassland, which cannot provide strong support for animal husbandry production, thus causing the poverty of herdsmen, and economic stagnation [9,10,11,12,13]. Therefore, preventing ecological degradation and realizing the sustainable development of animal husbandry is always the biggest theme of grassland management, which requires economic–ecological coordination.



Effective management is key to realizing economic–ecological coordination on the grassland, and many countries have proposed a series of different policies and measures to promote the development of animal husbandry, and protect grassland ecosystems. For example, some developed countries have planted a large area of artificial grassland with higher primary productivity and forage yield to replace natural grassland, and have also adopted some high-technology measures, such as automatic feeding and nutritional monitoring systems [14,15,16,17,18,19]. In addition, European countries such as Switzerland have provided very high financial subsidies for herdsmen to encourage them to keep livestock number within the grassland carrying capacity, and given rewards or punishments according to their performances [20,21,22,23,24]. Other countries, such as the Netherlands and New Zealand, have established a herdsman–enterprise production cooperative, and carried out exclusive training on herdsmen regarding new technologies of grassland management [25,26,27,28,29,30,31,32]. The popularity of artificial grassland and effective supporting measures have brought about the economic–ecological coordination of grassland in such countries.



China has both the largest grassland area and herdsman population in the world; thus, the ecological conservation of grassland and sustainable development of animal husbandry are extremely important in China. To realize economic–ecological coordination, the Chinese government has also proposed a series of policies and measures in pastoral areas, including grassland–livestock balance, house feeding, and banning and delaying grazing to adjust the previous production style, mainly through targeted intervention. So far, however, the economic and ecological effectiveness of such measures have not been obvious, and have faced some controversies [33,34,35,36,37]. For example, as a typical measure of grassland management in China, fencing has always been the main focus of relevant studies, and has aroused many debates. Some believe that fencing can bring a significant improvement of ecological condition and husbandry productivity [38,39,40,41,42,43], whereas others argue that long-term fencing causes poisonous weeds to expand and encroach on the living spaces of other grass species, thus resulting in biodiversity loss and re-desertification [44,45]. Some studies, however, have recently begun to move away from the dispute between traditional and fenced grazing, and explore new ways for grassland management to coordinate economic growth and ecological conservation [46]. Therefore, due to the huge demand for herdsmen’s income increase and grassland ecological conservation in the pastoral areas in China, obtaining good economic benefits without destroying grassland ecosystems deserves further exploration.



Nature-based Solutions (NbS), firstly put forward by the World Bank in 2008, and officially defined by the International Union for Conservation of Nature (IUCN) in 2009, have recently become more and more popular due to the shortcomings of human intervention. The NbS advocate to make full use of natural ecosystem services to create natural, social and economic benefits at the same time, and build a human–nature community. The cost is much lower than human intervention, and it has already been successfully put into practice for the issues of climate change and urban ecosystems [47,48,49,50,51,52]. In 2020, IUCN launched the global standard of NbS, including eight criteria and 28 indicators, with the aim to summarize the achievements of NbS and avoid some misunderstandings [53]. As for the pastoral areas, however, few studies have so far focused on the NbS to solve the contradiction between grassland ecological protection and husbandry production [54,55]. Fortunately, we became acquainted with an outstanding herdsman named Bateer during our investigation in Xilin Gol in 2019, who emphasized the importance of maximizing the natural power of the grassland ecosystem instead of human high-intensity intervention. Taking several new measures of rangeland management and has gathered excellent economic and ecological benefits. He is now well-known in the neighborhood, and greatly influences other herdsmen who have visited him to learn from his experience. We conducted an exclusive interview with Bateer, and found that his unique ideas are a valuable reference for economic–ecological coordination in pastoral areas, and are worthy of further study and discussion.



Therefore, based on the herdsman questionnaires in our investigation, and high-resolution remote sensing data, we summarized Bateer’s measures and analyzed his and other herdsmen’s livelihoods and ecological change characteristics inside the rangelands, to assess the economic and ecological effectiveness of Bateer’s measures, compared with other herdsmen’s. Thus, we can provide a reference for the NbS for the future implementation of economic–ecological coordination in the pastoral areas of China.




2. Materials and Methods


2.1. Study Area


The Xilin Gol League is located in the middle of Inner Mongolia, along the northern border of China. Three main grassland types are all distributed there because of the spatial variations and the moisture conditions. The meadow grassland is in East and West Ujimqin, in the northeast, and the desert grassland is in Erenhot, Sonid Left and Sonid Right, in the west, while the central region with a large area is mainly covered by typical grassland (Figure 1). Furthermore, the vast majority of Xilin Gol is located in the north of China’s agro-pastoral ecotone, and has always been the most active region for nomads and traditional large-scale grazing (Figure 1). In the southern area of Zhenglan and Abaga, near the agro-pastoral ecotone, however, the husbandry production has shown more characteristics of human intervention under the influence of agricultural civilization. Therefore, Xilin Gol has the most diverse ecological grassland background conditions and, corresponding to husbandry production measures, this makes it an excellent place for relevant studies.



Bateer is an outstanding herdsman, who had his own ideas for grassland ecological conservation and husbandry production. In 1993, he became the chief of the Sarula village in Abaga, where serious grassland degradation and poverty existed at that time because of the constant drought and overgrazing. Facing this dilemma, he made efforts to restore the grassland and increase the herdsmen’s income through a series of creative and effective measures. Under his leadership, the poverty in his village has been completely reversed, and the local grassland ecological condition has also been greatly improved. As a result of his legendary experience and huge contribution to local development, he was just awarded a “July 1st Medal”, the highest honor of the Communist Party of China.




2.2. Data Collection


2.2.1. Questionnaires


We interviewed 130 herdsmen in different counties through questionnaires, mainly including the costs of husbandry production and their incomes (Figure 2). In each herdsman’s family, we took photos of typical landscapes and production facilities. We kept a detailed record of each questionnaire to summarize the herdsmen’s livelihood and current measures they take. As for Bateer, we conducted a long-time interview with him, and carried out a field observation in his rangeland, as well as some other herdsmen in the Sarula village.




2.2.2. Statistical Yearbook


To supplement the questionnaire data, we also referred to the Xilin Gol Statistical Yearbook and the Bulletin on husbandry Development, which were launched by the Bureau of Statistics and the Agriculture and Husbandry Bureau of Xilin Gol, to achieve data on livestock numbers, economic growth and the herdsmen’s income [56,57].




2.2.3. Remote Sensing


The Normalized Difference Vegetation Index (NDVI) is the best indicator of the vegetation coverage, which can effectively reflect the health and stability of the grassland ecosystem [58,59,60]. In this study, we chose the Sentinel-2 satellite data with a spatial resolution of 10 m, in order to show more detailed information of the land surface and acquire a more accurate result. We selected the images of Xilin Gol in 1993, 1998, 2003, 2008, 2013 and 2018, to analyze the rangeland ecological changes after Bateer became the chief, and his measures were popularized in Sarula village. For each year, the images from May to August (the time when the grassland has its best ecological condition in the year) were synthesized to calculate the NDVI as the annual vegetation coverage level.





2.3. Methodology


2.3.1. Assessment of Economic Effectiveness of Bateer’s Measures


We evaluated the economic effectiveness based on the “income–cost ratio” in the husbandry production, specifically comparing the annual costs and incomes (financial subsidies not included) of the interviewed herdsmen in different counties. According to our questionnaires, the cost and income of a herdsman family can be calculated as:


  C =  C  f o r a g e   +  C  h a y   +  C  r e n t   +  C  l a b o r      



(1)






  I =   ∑  i = 1  n   (  L i  ×  P i  )   +  I  o t h e r s    



(2)







Specifically,  C  is the total cost of a herdsman family;    C  f o r a g e    ,    C  h a y    ,    C  r e n t     and    C  l a b o r     represent the cost of forage purchasing and plantation, hay mowing and purchasing, and rangeland rent and labors, respectively.  I  is the total income of a herdsman family;  i  represents the livestock type (sheep, goat, cow, cattle, horse, camel, others) and  n  represents the number of livestock types;    L i    and    P i    represent the number and price of the sold livestock type;    I  o t h e r s     represents the income from other livestock products.



Then, the “income–cost ratio” was calculated in each herdsman family:


  R =  I C     



(3)







The higher the value, the better economic effectiveness the family had. Therefore, we could judge the economic effectiveness of Bateer’s measures by comparing the ratio of the herdsman groups in Sarula village and other regions.




2.3.2. Assessment of Ecological Effectiveness of Bateer’s Measures


Sarula village is located in the Hunshandake desert, one of the most important ecological conservation areas in the south of Xilin Gol, and the grassland ecological condition within Hunshandake desert is nearly the same. The interviewed herdsmen in Zhenglan were all within this range. Therefore, we compared the NDVI in the rangelands of herdsmen in Sarula village, and others also within the range of the Hunshandake desert, in order to eliminate the uncertainty caused by different geographical background when assessing the ecological effectiveness of Bateer’s measures. According to the questionnaire results, we created a 1-km buffer of each herdsman’s location as the rangeland, and used it as a mask to extract the NDVI data in ArcGIS. We compared the NDVI of the two groups in 2018, together with the temporal variation slopes from 1993 to 2018, to judge if Bateer’s measures had brought a better ecological condition or a significant trend in the rangeland. The slope was calculated with Raster Calculator in ArcGIS, using the following formula:


  s l o p e =   n   ∑  i = 1  n   ( i × N D V  I i  ) −   ∑  i = 1  n   i   ∑  i = 1  n   N D V  I i          n   ∑  i = 1  n    i 2  −   (   ∑  i = 1  n  i  )  2       



(4)







Specifically,  i  represents the year (1993, 1998, 2003, 2008, 2013, 2018) and   n = 6  ;   N D V  I i    represents the NDVI value of the rangeland in such year.






3. Results and Analysis


3.1. Bateer’s Measures and Comparison with Others


The grassland–livestock balance is the core of all policies for rangeland management in the pastoral areas of China [61,62,63] based on which most local herdsmen in Xilin Gol take a series of measures, including banning and delaying grazing, house feeding, and forage plantation, with the aim to adjust the traditional husbandry production pattern. These measures do have some effectiveness in grassland ecological conservation, but they all rely on human intervention, which requires large amounts of labor and financial support. Thus, this reduces the economic benefits of husbandry and increases the burden on herdsmen’s lives. Therefore, there is still some uncertainty in coordinating economic growth and ecological conservation.



With the help of the local government, we conducted an exclusive interview with Bateer and summarized his experience. “Hoof Theory” describes the habits and economic benefits of cattle and sheep on grassland, and is the result of Bateer’s observations. Specifically, the profit of cattle is five times that of sheep, but they have the same number of hooves treading the grassland. Moreover, the cattle feed with their tongues rolling, while the sheep with their hooves digging. Therefore, the sheep bring more pressure onto grassland ecosystem than the cattle, and offer lower economic benefits. Under the guidance of “Hoof Theory”, the number of sheep and goats in Sarula village has been largely reduced, and replaced with high-quality cattle breeds which are less susceptible to disease, and grow faster. Now, the cattle occupy 98% of the total livestock; therefore, the livestock structure in Sarula village is different from the overall livestock structure in Xilin Gol, in which sheep and goats have the largest proportion (Figure 3a). Meanwhile, the questionnaires showed that the average livestock number in Sarula village was about 50, only one third of the interviewed herdsmen’s stock in other counties (Figure 3b).



In addition, Bateer also takes some creative measures:




	(1)

	
Paddock grazing. Bateer choses to graze on the premise of grassland–livestock balance, and has adopted paddock grazing through the establishment of fences, to avoid the overuse of any rangeland and make sure that there is enough time for grassland recovery;




	(2)

	
Cold-resistance training for livestock. Bateer does not take any special care of livestock in winter, and only gives some aid when severe cold disaster happens, with the aim to promote their ability to survive in the harsh environment;




	(3)

	
Hay mowing without home storage. Bateer has adopted a new method to mow the grass where he directly scatters the mowed grass on the rangeland, for livestock to eat, instead of transporting it home for storage.









Bateer provided new ideas for both grassland ecological conservation and husbandry production, which contain his empirical knowledge obtained through long-term observation and practice on the grassland. Bateer’s success is because the measures are all based on the theories of ecology and biology, rather than subjective judgements. Moreover, these measures are all in line with local herdsmen’s lifestyle and husbandry development needs, so there are no obstacles in their implementation (Table 1).




3.2. Assessment of the Effectiveness of Bateer’s Measures


3.2.1. Economic Effectiveness


The income–cost ratio of herdsmen in Sarula village was 3.64, whereas such values in other counties were much lower, meaning that herdsmen in Sarula village could acquire twice or more economic profit than herdsmen in other counties, with nearly the same financial and labor costs under the guidance of Bateer’s ideas (Figure 4a). Therefore, the adjustment of livestock structure, and the decrease in livestock number, did not result in economic loss but brought a huge increase in economic benefits. The per capita disposable income of Sarula village had increased from 700 RMB in 1993 to 40000 RMB in 2018, more than three times that of other herdsmen in Xilin Gol, which was undoubtedly an economic miracle [56] (Figure 4b).




3.2.2. Ecological Effectiveness


The current NDVI of rangelands of herdsmen in Sarula village is 0.4711, higher than the overall level in the Hunshandake desert, while that of other herdsmen in the Hunshandake desert is only 0.3203, reflecting that the overall vegetation coverage inside the rangelands was much better in Sarula village than others (Figure 4c and Figure 5a). As for the NDVI slope, the NDVI inside rangelands of herdsmen in Sarula village showed a significant increasing trend (slope = 0.0588), and a better ecological recovery trend than other herdsmen, and the whole Hunshandake desert (Figure 4d and Figure 5b). The results showed that, through paddock grazing and hay mowing without transportation, Bateer has not only effectively maintained the stability of the grassland ecosystem, but also improved it to a condition superior to other grassland of a similar geographical background. This proves that his measures offer huge advantages in ecological conservation.






4. Discussion


4.1. Adopt the NbS for Future Economic–Ecological Coordination in Pastoral Areas


Bateer’s measures and the current measures represent the NbS, and human intervention, respectively. The implementation of NbS has obvious advantages to achieve economic–ecological coordination on the grassland. Firstly, the difference between them results from the basic ideology of grassland management (Figure 6). The current measures emphasize human intervention, such as banning and delaying grazing to avoid the overuse of grassland, and limitations on grazing, whereas house feeding, silage corn plantation and livestock breeding improvement reduce the pressure on grassland and maintain husbandry production through targeted adjustments of grazing. Bateer firmly believes that the ideal situation is the harmonious coexistence of all species, including human beings, rather than herdsmen acting as the leader of grassland ecosystem. Therefore, he advocates reducing human intervention and mainly relying on the ecosystem services of grassland itself for ecological restoration and husbandry production, which can obtain the economic benefits of husbandry with minimum costs. Although human intervention can also curb the grassland degradation and ensure the continuity of husbandry production, it costs much more than NbS, and once human intervention has been interrupted, it will be difficult to maintain a good ecological condition and animal husbandry productivity.



Secondly, given the traditional animal husbandry production pattern and herdsmen lifestyle, the NbS may be the most suitable way to realize the economic–ecological coordination on the grassland in China. Specifically, the main pastoral areas in China are all distributed in the northern part, where the nomadic culture has been constantly inherited for thousands of years, especially Xilin Gol. Therefore, most local herdsmen still prefer to insist on grazing rather than extra intervention such as house feeding and artificial grassland, which was proven in our field investigation in Xilin Gol. In comparison, the popularity of artificial grassland and the application of high-technology intervention measures face fewer obstacles in developed countries, such as America, New Zealand and European countries, because there are more advanced economic and technological levels and mature market mechanisms [25,26,27,28,29,30,31,32]. We do not mean that such measures taken by developed countries are not suitable for China; however, presently, the NbS could be the best choice according to current conditions in the pastoral areas of China, as they are much easier to be approved and accepted by local herdsmen.



To apply NbS more effectively in the grassland pastoral areas, NbS should include two important aspects. Firstly, the grassland ecosystem should be restored mainly based on its own resilience, with the support of suitable policies and measures. Secondly, a life-community of grassland, livestock and human beings should be built, in which human beings are not superior to other species. Moreover, a regional social–ecological system is most resilient when policies and measures are fit for the geographical and social background; the proper human intervention which supports the smooth implementation of NbS could offer suitable policies and measures for different regions. So, in the future, we should consider the local geographical and social background first, to make sure that NbS will achieve the desired effect on animal husbandry production and grassland ecological conservation. Furthermore, NbS ultimately have better feasibility and effectiveness because of a high local suitability; therefore, any solution that has had proven success in one region cannot be directly copied into another. Meanwhile, NbS may need timely adjustments in the future to keep pace with the latest conditions of grassland and animal husbandry. Additionally, we must be aware that, NbS does not mean the abandon of human intervention and the adoption of only natural ecosystem services. The essence of NbS is that the natural ecosystem services play an effective and sustainable role with the help of proper human intervention, which means taking human intervention as a complement to nature, rather than the opposite.




4.2. Take Advantage of Fences to Support NbS Implementation


Fences are indispensable and have effectively guaranteed the smooth implementation of Bateer’s measures, especially paddock grazing. For the effective application of NbS on the grassland, fences will play an important and imperative role; they are widespread in the grasslands of many countries and have performed well in ecological conservation and animal husbandry production in many pastoral areas. The establishment of fences has meant successful pasture allocation among herdsmen, and avoided the severe ecological degradation caused by “the Tragedy of the Commons” [69,70,71]. As for husbandry production, fencing reduces the range of livestock activities and avoids the external interference from wild animals on livestock, so as to greatly improve the efficiency of husbandry production [72,73,74]. As for ecological conservation, fencing and paddock grazing set aside enough time for grassland self-recovery, significantly improving the stability and productivity of the grassland ecosystem inside the enclosures [38,39,40,41,42,43]. Bateer has also made full use of fences to support his measures and achieve success.



However, there are also some debates about the negative influence of fences, which we must be aware of and properly deal with, in order to minimize this negative effect and guarantee the effectiveness of NbS. For example, some studies have shown that long-term (older than 8 years) fencing has not brought any ecological and economic benefits, and has even caused some new ecological problems [45]. Specifically, long-term fencing will lead to the rapid growth of weeds, which seriously encroaches on the living space of other species, destroys the original structure of the grassland ecosystem, and reduces biodiversity. Therefore, it is necessary to remove the weeds to avoid hindering the growth of other forage grasses. Long-term fencing also leads to wildlife habitat fragmentation and migration isolation, so the establishment of fences must leave migration corridors for wild animals.



Therefore, the main reason for the negative impact of fencing is the lack of management, not fencing itself. In order to provide powerful support, we recommend that the NbS, as a long-existing grassland management measure, should consider how to use fences properly to achieve the best effectiveness, rather than falling into the dispute between “should use” and “should not use”, or traditional and fenced grazing. Necessary management needed to fully utilize the advantages of fences and avoid their adverse effects as far as possible. In addition, the use and purpose of fencing should be fully considered. For example, to separate protected areas or other special areas from pastures, a permanent fixed fence should be used for strict limitation. To separate herdsmen’s rangelands, a mobile electric fence should be used for more flexible management, in case of wildlife or livestock migration. Moreover, based on the satellite, UAV and field survey, we can also monitor the temperature, precipitation and grass growth inside the fences, and thus grasp the latest grassland dynamics, and adjust the fences in time.



In summary, the establishment of fences symbolizes the adjustment and optimization of traditional grazing, combining science and technology with nature. Fences will definitely become a very useful tool of NbS for future grassland ecological conservation and the sustainable development of animal husbandry. Therefore, we must move away from the “traditional or fenced grazing” dispute, and properly make use of fences to make the advantages outweigh the disadvantages, and thus support the NbS for grassland management in pastoral areas.





5. Conclusions


The contradiction between economic growth and grassland ecological conservation needs proper resolution in order to achieve high-quality and sustainable development in pastoral areas. Based on the results of the investigation in Xilin Gol, we summarized the experience of Bateer, an outstanding herdsman who has successfully applied NbS in rangeland management, making full use of the natural ecosystem services to replace unnecessary human intervention, and reducing the labor and financial costs of grassland management. The results showed that, compared with other interviewed herdsmen, such measures taken by Bateer not only protected the grassland ecosystem, but also significantly improved the herdsmen’s income and the economic benefits of animal husbandry. That is to say, NbS (Bateer’s measures) are more effective than human high-intensity intervention (current measures) for realizing economic–ecological coordination in pastoral areas. For NbS implementation and economic–ecological coordination in pastoral areas, Bateer’s success provides valuable guidance, which can be summarized by the following three points:




	
Maximize the grassland ecosystem services on the basis of ecological conservation;



	
Adopt a “lower number but higher quality” livestock structure to solve the economic–ecological contradiction;



	
Promote the livestock’s adaptation to natural disasters, in order to enhance survival ability and reduce the death rate of the livestock.
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Figure 1. The grassland in Xilin Gol. 
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Figure 2. The locations of interviewed herdsmen in (a) Xilin Gol and (b) Hunshandake desert. 
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Figure 3. (a) livestock structure and (b) livestock number of Sarula village and other counties. 
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Figure 4. (a) Income–cost ratio; (b) Per capita disposable income; (c) current NDVI; and (d) NDVI slope inside rangelands of herdsmen in Sarula village and other counties. 
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Figure 5. The spatial variations of (a) current NDVI, and (b) NDVI slope inside the rangelands of herdsmen in Sarula village and others in the Hunshandake desert. 
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Figure 6. Comparison between human high-intensity intervention (current measures) and the NbS (Bateer’s measures). 
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Table 1. The bases and advantages of Bateer’s measures.
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	Bateer’s Measures
	Bases and Advantages
	Corresponding Other Measures





	Paddock grazing
	There is not too much pressure on any rangeland for a long time, and the resilience of the grassland ecosystem means that it recovers soon after grazing [64,65,66,67,68]. Grazing is not interrupted to ensure the sustainable output of husbandry.
	Banning and delaying grazing



	Cold-resistance training for livestock
	Those cold-resistant livestock will survive without aids in the winter according to the “survival of the fittest”, and this cold-resistant ability will be inherited by the offspring and passed on from generation to generation.
	Greenhouse and medical aids



	Hay mowing without home storage
	The livestock can feed easily without additional disturbance to the grassland such as trampling and digging behaviors.Transportation and storage costs are saved.
	House feeding and forage plantation
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