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Abstract

With the development of agriculture in China, the productions of agricultural wastes increase rapidly. The occurrence of
agricultural wastes was unique in the different areas. The agricultural straw and livestock excrement are considered to be
potential resources. Improper disposition of agricultural wastes not only result in environmental pollution, but also waste a lot of
valuable biomass resources. The recycling and utilization of agricultural wastes are considered to be the important step in
environmental protection, energy structure and agricultural development. However, the problem in China’s current agricultural
waste recycling impeded the achievement of scale ecological functions. The objectives of this study were to illuminate the
potential environmental risk, recycling and utilization pathway, influencing factors and policy suggestions in the recycling and
utilization progress of agricultural wastes. The survey provided the development mode of industrialization and scale of
agricultural waste recycling. The recycling and utilization pathway of agricultural wastes were also analyzed. The crucial
suggestions were proposed, such as cultivating new industry, building economy incentive standard, improving laws and
regulations, and creating rural market strengthening medium and long-term plans of agricultural waste recycling. The resource
consumption, ecological crisis and other issues caused by agricultural wastes were evaluated. It will provide more comprehensive
fundamental information for the recycling and utilization of agricultural wastes during the modernization and urbanization of
China.
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1. Introduction

In recent years, agricultural wastes have become the important pollution sources, and the problems caused by
poultry and animal feces is global attention'. The random straw burning and livestock excrement in the agricultural
country have caused a series of environmental problem. And direct combustion and arbitrary discard even become
common ways, a serious threat to China’s rural ecological environment and improvement in agricultural production
and farmers’ living conditions?. According to the research at home and abroad showed that all kinds of agricultural
wastes, especially poultry, animal feces and crops straw, have a very high nutrition potential and can also improve
soils for sustainable production ability®. Therefore, the effective transformation of agricultural waste recycling and
utilization was important in the controlling of environment pollution. Besides, facing with the problem, it can also
address the serious energy crisis.

China is a traditional agricultural country with considerable amounts of poultry farms, crops and so on. With the
development of agriculture in China, the productions of straw and livestock manure increase rapidly. It lacks laws
and regulations of agricultural wastes recycling. Therefore, agricultural wastes are a huge resource library.
Unfortunately, the systematical evaluation on the resource utilization of agricultural wastes in China must be
launched. The agricultural wastes from rapid expansion of animal farms and mushroom industries as well as other
agricultural industries enter into environments®. Improper disposition of agricultural wastes not only result in
environmental pollution, but also waste a lot of valuable biomass resources. However, few researches have been
reported on utilization of agricultural wastes to reduce soil consumption®“. Therefore, the agricultural waste disposal
becomes an important aspect during the modernization and urbanization process. However, the crucial resources
characteristics, utilization technologies, influence factors and socio-economic assessment on agricultural waste
utilization still remain unclear. Therefore, they are urgently tracked and summarized through statistics analysis,
experiments, field survey and geographic information. The recycling and utilization of agricultural wastes are
considered to be the important step in environmental protection, energy structure and agricultural development.

The objectives of this study were 1) to understand the potential environmental risk of agricultural wastes, 2) to
evaluate the recycling and utilization pathway of agricultural wastes, 3) to investigate the influencing factors on the
recycling and utilization of agricultural wastes, and 4) to make policy suggestions for the agricultural wastes during
the modernization and urbanization process in China.

2. Potential environmental risk and value of agricultural waste

A large number of agriculture wastes have been produced each year in recent years around the world?.
Agricultural wastes annually increased at an average rate of 5%-10%* The random abandon and unreasonable
utilization would also result in air pollution, soil contamination, and so on. The burning of manure and straw will
generate a lot of harmful gas, smoke and dust, seriously polluting our air environment>¢. Animal manure also
contains many pathogens, parasite eggs, heavy metals and so on. A part of agricultural residues has even been
directly discharged into water, leading to serious contamination of aquatic environment. The occurrence of
agricultural wastes was unique in the different areas. The resource consumption, ecological crisis and other issues
caused by agricultural wastes were illuminated. The potential environmental risk of agricultural waste in China can
be evaluated by the amounts, distribution characteristics and sources of agricultural straws, animal excrements and
SO on.

Due to information and interest differences to agricultural waste recycling, the low efficiency in farmers and
extension departments become the main cause. The amount of agricultural straw and animal wastes in China
increased steadily®. According to the survey data®°, farmer’s input and output index system can be built to illuminate
the conversion efficiency of agricultural waste utilization, and deeply explore the regional differences, factors and so
on. Furthermore, the innovation capacity can make society to be as a whole coordination. As an example®®, biochar
is a relatively stable carboncious material converted from organic wastes. More attention and efforts were given to
develop technologies on converting agricultural wastes into biochar!!. Field experiments were being carried out on
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effect of carbon pool to pollution mitigation in farm fields. Meanwhile, the potential effects of biochar application
on crop productivity and carbon release in agriculture were carried out. The results showed that the agricultural
straw and livestock excrement are considered to be potential resources. Therefore, agricultural waste recycling
practices continue to emerge.

The development mode and operation mechanism of agricultural waste recycling can be discussed and elaborated
systematically. Meanwhile, the perspective of collaborative innovation can also be explored via farmers, technical
departments, professional associations and property management'?*2, In accordance with regional agricultural waste
recycling input-output, the households and technology department with low efficiency affected the ability of
collaborative innovation in agricultural waste recycling. The survey provided can support for the development mode
of industrialization and scale of agricultural waste recycling'5> However, there still exist many problems in China’s
current agricultural waste recycling modes, which impede the achievement of scale ecological functions. Firstly, it
was lack of government functions which play the leading role, such as policy incentives and protection system.
Secondly, the limitations of traditional rural history and culture led to limit the value of agricultural waste resource.
Thirdly, most of waste recycling objects were demonstration projects without large-scale promotion. Due to the high
cost of agricultural waste disposal, the problem of inadequate finance appears as wells as the inferiority of the
agricultural waste recycling technology and equipment.

3. Recycling and utilization of agricultural wastes
3.1. Recycling and utilization pathway of agricultural wastes

The recycling and utilization pathway of agricultural wastes were analyzed. There were problems existing in the
utilization process of agricultural wastes in China, which included the large quantity and unknown amount of
agricultural wastes®®. The disposal and utilization problems focus on the agricultural wastes, backwardness of
techniques, lags of agricultural automation, belated policies and social service systems in agricultural waste
utilization'’. Straw and manure are raw material resources owing to the rich in nutrients. Burning straw in fields can
make 30% of potassium to be only reused, whereas other nutrients rich, such as nitrogen, phosphorus, organic
matter and heat, will run off'8. The results indicated that agricultural wastes were utilized in the traditional measures
with the low utilization efficiency.

However, in modern agronomic process, the small-scale recycling utilization could not afford the amounts of
agricultural waste produced rapidly. In the pre-experiment!®, rice nursery media is formulated by using pig manure,
cow excrement, mushroom compost and inorganic minerals. The results showed that the basic media made of 55%
organic fertilizers and 45% inorganic minerals for rice seedling growth were more suitable than 100% of pig manure,
cow excrement, mushroom compost and inorganic minerals alone. Among media, the medium made of 35% pig
manure, 20% cow excrement, 30% vermiculite and 15% perlite, gained the highest biomass and evenness. The
seedling quality in media made of 60-70% organic fertilizer was better than the tested commercial media contained
more than 80% organic fertilizer. The seedling quality in the media A and B were better than the other media. The
media A was made of 30% pig manure, 30% cow excrement, 30% vermiculite and 10% perlite, whereas the media
B, which was made of 20% pig manure, 30% cow excrement, 20% vinegar residue compost, 20% vermiculite and10%
perlite. Nitro-humic acid and calcium superphosphate were added into nursery media, respectively. Seedling growth
in the media with nitro-humic acid was better than that in the media with calcium superphosphate. Besides, water
holding porosity and electric conductivity were well correlated with shoot biomass. The status, as a key indicator,
could evaluate the quality of nursery medium which was consisted of the agricultural waste compost. The nonpoint
pollution also caused by some big and medium livestock farms. The results showed that the farmers’ technical
efficiency still has a large space to be promoted. The scale efficiency is also the major cause. The technique, cost
and benefits of the waste recourses were still the main problems unsolved'®?. A series of measures were put
forward 1) to establish and improve a lot of policies, laws and regulations related to the resourceful utilization and
harmless disposal of agricultural wastes, 2) to increase the financial support from different channels and strengthen
construction of basic infrastructures in agricultural waste utilization process by building a new countryside, 3) to
push forward the industrialization of agricultural waste utilization in order to develop circular economy, 4) to
promote the innovative research, demonstration and extension of utilization technologies.
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The theory of agriculture waste logistics combined with cyclic economy was explained. The innovations make an
ideal partly into the reality via necessary conditions, such as compulsory regulation and policy support, however, it
had still be not yet available. Except technical and institutional innovations, the financial subsidies and compulsory
regulations should be explored. The recycling mode of agricultural wastes has been taking shape, whereas the
development and operation mechanism are not clear. Based on the mode, the concept and detailed operation
mechanism of the agricultural waste recycling mode were proposed. They were consisted of the incentive, dynamic,
investment and balance mechanism. Therefore, the connotation and operation mechanism must be expounded. Many
crucial suggestions were proposed, such as cultivating new industry, building economy incentive standard,
improving laws and regulations, and creating rural market strengthening medium and long-term plans of agricultural
waste recycling.

3.2. Influencing factors on the recycling and utilization of agricultural wastes

Agricultural wastes had caused environmental pollution, which imperiled sustainable development and human
health. Therefore, the influencing factors on the recycling and utilization of agricultural wastes had become the
difficult problem in most countries. Agricultural waste recycling becomes not only an important part of promoting
the modernization of agriculture, but also the inherent demand of rural ecological civilization construction. The
influence factors, consisted of the cost, technology innovation, enthusiasm and environmental measures of
agricultural wastes, were discussed??2, The results implicated that the utilization and efficiency of agricultural
wastes were remarkably affected by the local natural geographical environment, encourage policy, population
density as well as the industry and agriculture development.

Specifically, the core problem of waste management is innovative eco-agricultural, resource and eco-industrial
technology, and especially fostering organization form to match the technology application and promotion. Hence,
to enhance the utilization level of ecology carrying capacity is induced and achieved. The pathways for agricultural
waste recycling are various, which include the gasification of crops, taking crop stalks as feed, fertilizer or new
building materials, and making manure from livestock excrement?24. The cycling of life wastes is mainly carried
out through separate collection of junk in order to achieve effective waste recycling and reuse. Agricultural waste
recycling modes can also be divided into two categories, consisted of farmers and enterprises. The influencing factor
focused on measuring the farmers’ input and output performance. The former mainly includes traditional, straw
matrix and base-dyke agriculture mode conducted by farmers in rural areas, while the latter is composed of
agriculture-industry and agriculture-tourism mode assisted by enterprises to achieve further extension. Moreover,
the latter is the development trend in future, and needs more attention in design and construction. Most of farmers
can get a wide perception range of agricultural wastes, and believe agricultural wastes have great potential resource
value after they achieves conversion and utilization. The utilization products should be cheaper, commercialized,
high quality, diversified and multifunctional.

In fact, the majority of farmers are willing to participate in agricultural waste recycling with a profound
understanding on waste resource value and potential, especially the economic and ecological value. In recent years,
agricultural waste recycling related concepts have widely spread in countryside with diversified information sources.
Manure and agricultural wastes showed that crop straw were mainly used as feed, fertilizer and energy, whereas the
manure is mostly used as fertilizer. The phenomena of agricultural waste burning, burying or even discard were
common, and only a small amount of crop straw were used into energy processing. However, they are failure owing
to the influence of policy environment, economic power, technology and other factors. The major factors have been
investigated, such as centralized waste treatment facility, farmers’ cooperative organizations and the distance to fairs
or markets. Moreover, the industry degree could also have a significant negative impact.

3.3. Recycling and utilization policy of agricultural wastes
In economy and social development of China, agricultural waste generation and emissions were required to be

controlled in the whole process. The pollutants from agriculture wastes have four characteristics, including huge
quantities, bad qualities, low price and excessive danger?. The pathway of recycling was named the four application
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practices, which were biomass energy, fertilizer, feed and biomaterial. However, there are still limited by recycling
and utilization policy. The recycling and utilization policy of agricultural wastes were deeply discussed.

In combination with socio-economic status, the diversified strategy and emphases of agricultural waste resources
must be presented to develop eco-agriculture and cyc-economy?®, However, the status must depend on the policy
guidance, technical support and investment priority in order to promote agricultural waste resources. It was
significant to expand the scope of environmental sociology, and understand existing problems in agricultural waste
recycling and utilization policy, and to provide the crucial policy suggestions in China. This also had more extent
significance to the agricultural waste recycling and utilization in the West Sichuan Plain of China. As the welfare
characteristic of policy measure, the values of agricultural waste resource can be perceived widely by farmers,
which reflect their cognizance and acceptance level?’. The results showed that agricultural waste resource can be
perceived by most of farmers. There is a slight difference in key factors. People have high value perception to
agricultural waste resource. However, the persons are predominantly male and highly educated with the young age,
rich technology experience, awareness and enthusiasm of environmental protection, and mainly living by agriculture.
To realize the unification and recycling of economic, environmental and social value on agricultural waste resource,
it needs government lean to agricultural recycling economy. The government can adopt many measures to their
liberating worries, such as strengthen subsidies, encourage participations of agriculture-linked enterprise, cultivate
service entities, and so on. Besides, the capital investment can be also enhanced, which is represented as formal and
non-formal education. The rural information construction is also accelerated in order to form the mutual learning
organization between farmer and government. Besides, market mechanism should full play the role of self-
regulation.

To develop economy, save resources, protect environment and build a shared vision of environmental protection
and nurture everyone environmental affection, the recycling and utilization policy of agricultural wastes should be
improved?®. The utilization efficiency of agricultural wastes was low. Regional advantages with certain science and
rationality can greatly improve agricultural waste recycling to some extent. In addition, project research showed that
the degree of organization and infrastructure construction conducive to enhancing agricultural waste recycling
process?®3°. Based on government policy, the promotion of organization degree can improve the recycling and
utilization efficiency in the agricultural development process and the education level of farmers.

4. Conclusion

The amount of agricultural straw and animal waste in China increased steadily. The occurrence of agricultural
wastes was unique in the different areas. The agricultural straw and livestock excrement are considered to be
potential resources. However, the potential environmental risk of agricultural waste in China can be evaluated by the
amounts, distribution characteristics and sources of agricultural straws, animal excrements and so on. The input and
output system should be built to illuminate the conversion efficiency of agricultural waste utilization. The problem
in China’s current agricultural waste recycling impeded the achievement of scale ecological functions. The technical
efficiency still has a large space to be promoted. Besides, the technique, cost and benefits of the waste recourses
were still the main problems unsolved. The small-scale recycling utilization could not afford the amounts of
agricultural waste produced rapidly in modern agronomic process. The crucial suggestions were proposed, such as
cultivating new industry, building economy incentive standard, improving laws and regulations, and creating rural
market strengthening medium and long-term plans of agricultural waste recycling. The influencing factors on the
recycling and utilization of agricultural wastes had become the difficult problem in most countries. Besides, the
recycling and utilization policy of agricultural wastes should be improved via government attention.

Acknowledgements

This work was supported by the National Natural Science Foundation of China (Grant No. 41403081),
Application Fundamental Research Foundation of Sichuan Province of China (Grant No. 2015JY0168), Research
Fund for the Doctoral Program of Southwest University of Science and Technology (Grant No. 13zx7126) and
Research Fund for the development and construction plans of Key Laboratory of Solid Waste Treatment and
Resource Recycle of Ministry of Education (Grant No. 14tdgk01-3).



Bin Wang et al. / Procedia Environmental Sciences 31 (2016) 12 — 17

References

=

N

w

o

(o2}

~

o]

1

1

1

1

. Liu Y, Dong JX, Liu GJ, Yang HN, Liu W, Wang L, Kong CX, Zheng D, Yang JG, Deng LW, Wang SS. Co-digestion of tobacco waste with
different agricultural biomass feedstocks and the inhibition of tobacco viruses by anaerobic digestion. Bioresour Technol 2015; 189: 210-6.

. Wang SR, Ru B, Dai GX, Sun WX, Qiu KZ, Zhou JS. Pyrolysis mechanism study of minimally damaged hemicellulose polymers isolated
from agricultural waste straw samples. Bioresour Technol 2015; 190: 211-8.

. Ibrahim RA. Tribological performance of polyester composites reinforced by agricultural wastes. Tribol Int 2015; 90: 463-6.

Wang HY, Liu S, Zhai LM, Zhang JZ, Ren TZ, Fan BQ, Liu HB. Preparation and utilization of phosphate biofertilizers using agricultural

waste. J Integr Agric 2015; 14: 158-67.

. Varma VS, Yadav J, Das S, Kalamdhad AS. Potential of waste carbide sludge addition on earthworm growth and organic matter degradation
during vermicomposting of agricultural wastes. Ecol Eng 2015; 83: 90-5.

. Karak T, Sonar I, Nath JR, Paul RK, Das S, Boruah RK, Dutta AK, Das K. Struvite for composting of agricultural wastes with termite mound:
Utilizing the unutilized. Bioresour Technol 2015; 187: 49-59.

. Bhatnagar A, Sillanpaa M, Witek-Krowiak A. Agricultural waste peels as versatile biomass for water purification-A review. Chem Eng J 2015;
270: 244-71.

. Thanarak P. Supply chain management of agricultural waste for biomass utilization and CO, emission reduction in the lower northern region of
Thailand. Energy Procedia 2012; 14: 843-8.

. Asim N, Emdadi Z, Mohammad M, Yarmo MA, Sopian K. Agricultural solid wastes for green desiccant applications: an overview of research
achievements, opportunities and perspectives. J Cleaner Prod 2015; 91: 26-35.

0. Vaibhav V, Vijayalakshmi U, Roopan SM. Agricultural waste as a source for the production of silica nanoparticles. Spectrochim Acta, Part A
2015; 139: 515-20.

1. Foo KY, Hameed BH. Insight into the applications of palm oil mill effluent: A renewable utilization of the industrial agricultural waste.
Renewable Sustainable Energy Rev 2010; 14: 1445-52.

2. Yang XL, Jiang Q, Song HL, Gu TT, Xia MQ. Selection and application of agricultural wastes as solid carbon sources and biofilm carriers in
MBR. J Hazard Mater 2015; 283: 186-92.

3. Jana K, De S. Polygeneration using agricultural waste: Thermodynamic and economic feasibility study. Renewable Energy 2015; 74: 648-60.

14. Foo KY, Hameed BH. Value-added utilization of oil palm ash: A superior recycling of the industrial agricultural waste. J Hazard Mater 2009;

1

1
1

1

1

2

2

2

2

172: 523-31.

5. Aprianti E, Shafigh P, Bahri S, Farahani JN. Supplementary cementitious materials origin from agricultural wastes — A review. Constr Build
Mater 2015; 74: 176-87.

6. Yilmaz E. Assessment of the role of agricultural wastes in aggregate formation and their stability. J Environ Manage 2014; 144: 93-100.

7. Nguyen TAH, Ngo HH, Guo WS, Zhang J, Liang S, Lee DJ, Nguyen PD, Bui XT. Modification of agricultural waste/by-products for
enhanced phosphate removal and recovery: Potential and obstacles. Bioresour Technol 2014; 169: 750-62.

8. Ahmed MJK, Ahmaruzzaman M, Reza RA. Lignocellulosic-derived modified agricultural waste: Development, characterisation and
implementation in sequestering pyridine from aqueous solutions. J Colloid Interface Sci 2014; 428: 222-34.

9. Uras-Postma U, Carrier M, Knoetze J. Vacuum pyrolysis of agricultural wastes and adsorptive criteria description of biochars governed by
the presence of oxides. J Anal Appl Pyrolysis 2014; 107: 123-32.

0. Shafigh P, Mahmud HB, Jumaat MZ, Zargar M. Agricultural wastes as aggregate in concrete mixtures — A review. Constr Build Mater 2014;
53:110-7.

1. Gabhane J, Prince William SPM, Gadhe A, Rath R, Vaidya AN, Wate S. Pretreatment of banana agricultural waste for bio-ethanol production:
Individual and interactive effects of acid and alkali pretreatments with autoclaving, microwave heating and ultrasonication. Waste Manage
2014; 34: 498-503.

2. Kung CC, McCarl BA, Chen CC, Chen LJ. Environmental Impact and Bioenergy Potential: Evaluation of Agricultural Commodity and
Animal Waste Based Biochar Application on Taiwanese Set-aside Land. Energy Procedia 2014; 679-82.

3. Takolpuckdee P. Transformation of Agricultural Market Waste Disposal to Biochar Soil Amendments. Procedia Environ Sci 2014; 20: 64-70.

24. Vitali F, Parmigiani S, Vaccari M, Collivignarelli C. Agricultural waste as household fuel: Techno-economic assessment of a new rice-husk

2

2

2

2

2

3

cookstove for developing countries. Waste Manage 2013; 33: 2762-70.

5. Rangabhashiyam S, Anu N, Selvaraju N. Sequestration of dye from textile industry wastewater using agricultural waste products as
adsorbents. J Environ Chem Eng 2013; 1: 629-41.

6. Liu ZG, Zhou XF, Chen XH, Dai CM, Zhang J, Zhang YL. Biosorption of clofibric acid and carbamazepine in aqueous solution by
agricultural waste rice straw. J Environ Sci 2013; 25: 2384-95.

7. Li YC, Liu YFa, Chu CY, Chang PL, Hsu CW, Lin PJ, Wu SY. Techno-economic evaluation of biohydrogen production from wastewater
and agricultural waste. Int J Hydrogen Energy 2012; 37: 15704-10.

8. Chandra R, Takeuchi H, Hasegawa T. Methane production from lignocellulosic agricultural crop wastes: A review in context to second
generation of biofuel production. Renewable Sustainable Energy Rev 2012; 16: 1462-76.

9. Raut SP, Ralegaonkar RV, Mandavgane SA. Development of sustainable construction material using industrial and agricultural solid waste:
A review of waste-create bricks. Constr Build Mater 2011; 25: 4037-42.

0. Guo XM, Trably E, Latrille E, Carrere H, Steyer JP. Hydrogen production from agricultural waste by dark fermentation: A review. Int J
Hydrogen Energy 2010; 35: 10660-73.



