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""AHBLT YAPBFA PECYPCTAPBI )KAHA AMJIAHA-YOPO" WINMHUI
JTUCHUILINHACBIHBIH A3BIPKBI ABAJIBI JKAHA OHYT'YY KOJIJOPY:
T'AHBCY MPOBUHIIUSICHIHBIH MUCAJIBIHJIA
COBPEMEHHOE COCTOSIHUE U ITYTU PA3BUTHSI HAYUYHOM JUCIHUITJIMHBI
«CEJBbCKOXO3SIICTBEHHBIE PECYPCHI 1 OKPYKAIOIIASI CPEJIA»: HA IIPUMEPE
MPOBUHLIUU T'AHBCY
CURRENT STATUS AND DEVELOPMENT PATHWAYS OF THE AGRICULTURAL
RESOURCES AND ENVIRONMENT DISCIPLINE: A CASE STUDY OF GANSU PROVINCE

Kbickaua myHe3neme: [lyliHeJlyK KIMMArThlH ©3IOpYLIYHYH, >KapaTbUIbIII PECYpPCTapbIHBIH
YEeKTEeNYYIYTYHYH YKaHa 3KOJIOTUSIBIK a0alAblH HadapllallbIHBIH TAaCUPUHHH KY4YeLIyHe KapabactaH, "ANWbLT
yapba pecypcTapsl )KaHa aiflaHa-4elipe" WINMHN TapMarbl OMp Karap akTyalayy Kedreiiepre Ty 0onyynaa,
aHBIH MYUHJIE WIMMHHA H3UJII0eNIepAy Kaiipa 0arsITTo0, afucTepau Aasipao0 CHCTEMAchlH OpKYHIOTYY KaHa
U366 UHOPACTPYKTYpacklH MozaepHu3ausaioo. byn m3unnee 'anbcy nmpoBHHUMSACHIHAA Oya TapMaKTBIH
a3pIpKbl a0aJIbIH JKaHa OHYTYY OSTalTaphlH KOMIUIEKCTYY TalIO0OHY KaMCBI3 KbUIAT, aHBIH TY3YMIYK
KOHTeMIepyH kaHa HErM3T1 YEKTOOJI6PYH aHBIKTAMT, ’KaHbl OHYT'YY MYMKYHUYJIYKTOPYH KapaiT *kaHa aHlaH
apbl OPKYHAOTYY OOIOHYa NpaKTUKAJbIK OarblTTapAbl CyHYWITaWT. TapTUnTu aHzaH apbel 6HYKTYPYY
MaMJIEKETTHK cascaTka, Kap)KBUIBIK KOJJI0OTO YXaHa YHUBEPCUTETTEPIWH, H3WIA06 YIOMJAPHIHBIH JKaHa
OHJIYpYILLI TapMarbIHBIH OPTOCYHJAarbl HHHOBALMSIBIK KbI3MATTAIlYyy MEXaHU3MJIEPUHE HETU3JCIUIIN KEPEK
SKEH/INTH Herm3Jenred. AiiMaxTa ailpil 4apOachlH MOJEPHU3ALMSIOO0 JKaHa JKOJIOTHSIIBIK KOOTICY3AYKTY
YBIHI00 YYYH O€keM WIMMHA HEru3 Ty30 TypraH TapMakThl SKOJOTHSUIBIK »KaKTaH OarbITTalraH,
HHTEJUIEKTYaJAbIK JKaHa TYPYKTYY OHYKTYPYYT'® ©TYyre e3reue KeHyJ Oypyiar.

AHHoOTanusa: B yCcrmoBHSX yCHIMBAIOMIETOCS BO3AEHCTBHA TIIOOANBFHOTO M3MEHEHHS KJIMMAara,
BO3PACTAIOIINX OTPAHMYCHUH NPUPOAHBIX PECYPCOB M YXYALICHUS SKOJIOTHUECKOH OOCTaHOBKH HayyHast
muctuiinHa  «CelbCKOX035IiCTBEHHbIE pecypchl U OKpY:Kalolias cpeaa) CTaJKWBAeTCs C PAIOM
aKTyaJbHBIX 3a/1a4, BKJIIOYas MEPEOPHUEHTALMIO HAyYHBIX MCCIEIOBAHUN, COBEPIICHCTBOBAHHWE CHUCTEMBI
MOATOTOBKHU CIICLHUAIMCTOB U MOIEPHHU3ALMIO HayYHO-HCCIEN0BaTeNbCKOH HHGPAcTPpyKTyphl. B HacTosmem
WCCIIEZIOBAaHUHU TIPOBE/ICH KOMIUIEKCHBIN aHAJM3 COBPEMEHHOTO COCTOSHHS W OTallOB Pa3BUTHSA NAaHHOU
JUCLUUIUTMHBI B NPOBHHUMM ['aHbCY, BBISBIEHBI €€ CTPYKTYPHBIE NMPOOJEMBI W OCHOBHBIC OTpaHUYEHUS,
PacCMOTPEHBl HOBBIE BO3MOXKHOCTH pPa3BUTHS, a TaKKe MPEUIOKEHBI IPAKTHYECKNUE HalpaBICHUS
JanpHelero cosepieHcTBoBaHus. OOOCHOBaHO, YTO JalbHEWIIee pa3BUTHE JAUCUUILTHHBI JOJDKHO
OCYILECTBIISITCS. HAa OCHOBE TOCYIApPCTBCHHOM IONWUTHKH, (UHAHCOBOW IOIAEPKKH M MEXaHHU3MOB
MHHOBALIMOHHOTO COTPYOHUYECTBA MEK Ty YHUBEPCUTETAMH, HAyYHO-UCCIIEA0BATEILCKUMH OPTaHU3ALUSIMH U
MIPOM3BOACTBEHHBIM CEKTOpoM. Oco00e BHUMaHKE YAENseTcs Iepexoay K 3KOJIOTHYECKH OPHEHTHPOBAHHOMY,
HUHTEJUICKTYaJIbHOMY M yCTOWYHBOMY Pa3BUTHUIO AUCLMIUIMHBL, YTO MO3BOJIHUT 00ECIICUUTH MPOYHYIO HAYYHYIO
OCHOBY JIJI1 MOJIEPHU3AIINH CETTLCKOTO X0341CTBA PErMoHa U YKPETIJIEHHUs HKOIOTUYeCKOi 0€30MacHOCTH.

Abstract: Under the combined pressures of global climate change, tightening resource constraints, and
ecological degradation, the agricultural resources and environment discipline faces critical issues including
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research direction restructuring, talent cultivation model innovation, and research platform upgrading. This
study systematically reviews the current development status and stage-specific characteristics of the
agricultural resources and environment discipline in Gansu Province, identifies structural problems and
constraints, analyzes emerging opportunities, and proposes actionable development pathways. Future efforts
should rely on policy guidance, financial support, and industry-university-research collaborative innovation
mechanisms to promote the discipline’s development toward green, intelligent, and ecological orientations,
providing a solid disciplinary foundation for regional agricultural modernization and ecological security.

Herusru ce3nep: aiibl1 yap6a pecypcTapsbl skaHa aillaHa-ueiipe; WINMUI TapMaKThIH OHYTYIIY; OHYTYY
OarsITTaphl; | aHbCY MIPOBUHIIUSACHL.

KniwoueBble ci10Ba: CenbCKOXO3SHCTBEHHBIE PECYpCHl M OKpYXarollas cpena; pa3BHTHE Hay4YHOM
JUCIUTLINHBI; HAPABIICHUS pa3BUTHUSL; TPOBUHIMS [ aHbCY.

Keywords: Agricultural Resources and Environment; Discipline Construction; Development Pathways;
Gansu Province

1. Introduction

China, as the world’s largest developing country and agricultural nation, faces agricultural resource
and environmental problems of particular complexity and urgency. Decades of the extensive agricultural
development model characterized by high inputs and high consumption has caused a series of ecological and
environmental problems, such as soil erosion, groundwater overextraction, declining farmland quality, and
intensifying agricultural non-point source pollution. In recent years, the Chinese government has successively
proposed the “dual carbon” goals, the rural revitalization strategy, and the policy orientation of green
agricultural development. These initiatives signal that Chinese agriculture is undergoing a profound
transformation from the traditional high-consumption model to an ecologically sustainable mode(Jianbo
SHEN et al., 2024). However, this transformation process faces multiple constraints, including lagging
technology research and development, insufficient talent reserves, and inefficient mechanisms for converting
scientific research achievements into practical applications(Denning & Glenn, 2025).

Domestic universities have undertaken various explorations in discipline construction and talent
cultivation.Researchers have identified structural deficiencies in traditional training programs, including the
tendency to emphasize theory over practice and insufficient interdisciplinary integration(Wang et al., 2025).
Some universities have actively promoted practical education reforms. For example, Gansu Agricultural
University has explored the educational concept of “three-education coordination and five-education
integration” in its soil and water conservation and desertification control major. This initiative aims to cultivate
professional talents adapted to national ecological security strategic needs. In addition, with the widespread
application of information technologies such as big data and remote sensing in agriculture, related disciplines
have gradually strengthened the cultivation of data analysis and technology application competencies in their
curriculum design(Lokers et al., 2016).

Gansu Province serves as an important agricultural and ecological barrier in northwest China. The
development of its agricultural resources and environment discipline carries significant strategic importance
for regional agricultural transformation and the construction of ecological civilization. Systematically
assessing the current development status of the agricultural resources and environment discipline in Gansu
Province, identifying its strengths and weaknesses, and exploring discipline development pathways aligned
with regional characteristics and national strategic needs carries significant practical necessity and theoretical
value. Theoretically, this study deepens understanding of the discipline’s inherent developmental laws and
enriches the theoretical framework for regional discipline research in arid and semi-arid regions by integrating
sustainable development theory with local agricultural resource endowments(Barthel et al., 2017).Practically,
the findings provide a scientific basis for government departments to formulate discipline development plans,
offer reference pathways for universities to optimize research directions and reform talent cultivation models,
and accelerate the adoption of green and low-carbon agricultural technologies in alignment with national
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strategic goals(Liu et al., 2024). Furthermore, this study provides experiential reference for discipline
development in other ecologically vulnerable regions, demonstrating good regional adaptability and broader
application potential.

Current Development Status

2.1 Discipline Construction and Research Directions

There are 18 first-level disciplines authorized to confer master's degrees and 23 first-level disciplines
authorized to confer doctoral degrees in agricultural resources and environment in China, however, only Gansu
Agricultural University has established this discipline in Gansu Province. The discipline in Gansu Province
builds on the region’s unique geographic and ecological conditions, has established core research directions in
dryland agriculture, water-saving agriculture, ecological restoration, and sustainable resource utilization.
Global research on sustainable agriculture has deepened considerably in recent years. Against this backdrop,
the discipline has shifted from single-technology optimization toward systematic, interdisciplinary
approaches(Velten et al., 2015; Liu et al.,, 2024). With the advancement of China’s national ecological
civilization strategy, the discipline has made notable progress in controlling agricultural non-point source
pollution, soil improvement, and efficient water use.

Under the research framework of agricultural system diversity, Gansu Province has promoted vertical
deep-rotary tillage technology and green high-yield cultivation techniques for dryland potatoes. These
measures have effectively improved the productivity of medium- and low-yield farmland. They demonstrate
the diverse pathways through which agricultural technologies can adapt to local conditions(Therond et al.,
2017). In addition, high-activity soil conditioning agents to address the challenge of rapid fertility enhancement
in newly developed high-standard farmland. These agents have been applied at scale. They have effectively
improved farmland quality and laid a material foundation for regional agricultural sustainable development.

In terms of discipline construction, universities such as Gansu Agricultural University have developed
relatively complete curricula and teaching practice mechanisms. Their programs cover soil and water
conservation, desertification control, agricultural resources, and environmental science. Gansu Agricultural
University has established a series of practical education standards for its soil and water conservation and
desertification control program. The university emphasizes an educational philosophy of “three-education
coordination and five-education integration.” This approach addresses the strategic needs of national
ecological security. Meanwhile, the discipline has actively promoted cross-fertilization with emerging fields
such as ecological agriculture and circular agriculture. This integration drives the discipline toward greater
systematization and comprehensiveness. Such developments align with the current consensus in international
academia on expanding and integrating sustainable agricultural research(Clark et al., 2016; Acevedo et al.,
2018).

Nevertheless, Gansu institutions still face considerable gaps in internationalizing their faculty and
strengthening interdisciplinary integration capacity. Global agricultural higher education is shifting from
knowledge transmission toward competency-based education that demands practical competence,
interdisciplinary literacy, and systems thinking. Collaborative innovation mechanisms among research
platforms remain at an early stage, and the level of international cooperation needs further improvement.

2.2 Faculty and Research Platforms

The agricultural resources and environment discipline in Gansu Province has assembled a faculty team
with considerable experience in agricultural resource management, ecological restoration, and soil pollution
control. At Gansu Agricultural University, for example, the soil and water conservation and desertification
control program maintains a teaching and research team composed of professors, associate professors, and
lecturers. This team provides basic support for practical education in the discipline.

However, from an international comparative perspective, agricultural higher education is undergoing
a profound transformation. This transformation moves from knowledge transmission toward competency-
based education. Agricultural extension and higher education now demand greater practical competence,
interdisciplinary literacy, and systems thinking from professionals (Gorman & Monica, 2019; Suvedi et al.,

37



2018). Consequently, relevant institutions in Gansu Province still face considerable gaps in internationalizing
their faculty and strengthening interdisciplinary integration capacity.

In terms of research platform development, Gansu Province has established multiple key laboratories
and research centers in the field of agricultural resources and environment. Gansu Agricultural University
hosts a Key Laboratory of Agricultural Resources and Environment. Its main research directions include
agricultural non-point source pollution control, soil improvement, and efficient water resource utilization. In
addition, Gansu Province has leveraged the research resources of universities such as China Agricultural
University and Beijing Normal University to promote collaborative innovation in the discipline.

International experience shows that the effective transformation of sustainable agricultural university
education requires fundamental changes to the education system. These changes include innovations in
teaching methods, curriculum design, and industry-university-research cooperation models(Paola et al., 2016).
Gansu Province’s exploration in this direction remains at an early stage. The integration efficiency of its
research platforms and the level of its international cooperation need further improvement.

2.3 Talent Cultivation Scale and Quality

In recent years, the scale of talent cultivation in Gansu Province’s agricultural resources and
environment discipline has steadily expanded. Nevertheless, the overall quality still exhibits structural
weaknesses. In terms of program distribution, Gansu Province has approximately ten undergraduate programs
in agricultural environmental science. By contrast, the relevant program offerings at vocational colleges remain
relatively weak. This creates an unbalanced pattern characterized by “strong undergraduate education and
weak vocational education.”Regarding the curriculum structure, the allocation between theoretical instruction
and practical training is suboptimal. A tendency to “emphasize theory over practice” is prevalent.

This situation stands in contrast to the development trends of international agricultural higher
education reform. Research shows that the implementation of Competence-Based Education (CBE) in
agricultural higher education directly affects graduates’ professional competence. Cognitive differences
between faculty and students regarding this educational model often constitute the main barrier to
reform(Saadvandi et al., 2019). Recent research further identifies the core characteristics of an effective
agricultural higher education system. These include competency-oriented curriculum design, teaching methods
that strengthen practical training, and a cultivation mechanism that closely connects with industry demands.

Gansu Province has introduced models such as school-enterprise cooperation and work-study
integration in its talent cultivation for this discipline. However, the systematic nature and depth of practical
skills training remain insufficient. Related research emphasizes that practical skills training in agricultural
education should permeate the entire cultivation process rather than be confined to concentrated internship
periods before graduation (Deegan et al., 2016). Therefore, Gansu Province urgently needs to optimize its
talent cultivation pathway for the agricultural resources and environment discipline. It must strengthen
practical teaching and improve the alignment between talent cultivation and regional industry demands.

2.4 Research Outputs and Regional Contributions

Research outputs from the discipline have played an important supporting role in regional agricultural
sustainable development. In terms of agricultural model innovation, Gansu Province has promoted diversified
models, including water-saving agriculture, dryland farming, agritourism, and circular agriculture. These
initiatives have advanced rural environmental governance and agricultural industrial upgrading. These
practices correspond with international academic discussions on organic agriculture and sustainable
agricultural models. Research demonstrates that organic agriculture holds significant environmental and food
safety importance in the 21st century. It can provide effective technical pathways for sustainable agricultural
development(Reganold et al., 2016; Meemken et al., 2025).

In terms of industrial contributions, Gansu Province has developed four hundred-billion-yuan
industries (beef cattle, sheep, vegetables, and medicinal herbs), three fifty-billion-yuan industries (fruits,
potatoes, and grain), and one thirty-billion-yuan industry cluster (seeds). These developments have driven the
total output value of the agricultural industry chain above 600 billion yuan. They have significantly enhanced
the resilience of the regional agricultural economy.
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In the area of agricultural non-point source pollution control, Gansu Province has developed high-
activity soil conditioning agents and promoted vertical deep-rotary tillage technology. These measures have
effectively improved farmland quality. Related research indicates that controlling agricultural non-point source
pollution requires systematic strategies. These include coordinated efforts in source reduction, process
interception, and end-of-pipe treatment(Xue et al., 2020). Gansu Province’s practical explorations in this field
have provided a replicable model for agricultural non-point source pollution control in arid and semi-arid
regions. Furthermore, the promotion and application of ecological agriculture and circular agriculture models
have facilitated efficient utilization of agricultural resources and resource-oriented transformation of waste.
They have driven regional agriculture toward green development.

Main Problems and Challenges

3.1 Insufficient Funding and Low Conversion Rate of Research Outputs

The agricultural resources and environment discipline in Gansu Province has long faced relatively
insufficient research funding. This has become a key bottleneck constraining discipline development. The
funding shortage affects not only the depth and cutting-edge nature of basic research but also limits the breadth
of technology promotion and application. In the global agricultural research landscape, sustainable
intensification of agriculture is widely recognized as the core pathway to address the dual challenges of food
security and environmental protection. Its realization depends on adequate research investment and efficient
innovation systems(R ockstrom et al., 2017). There is a clear gap between Gansu Province’s research
investment intensity and this requirement.

The low conversion rate of research outputs is equally prominent. Research findings in agricultural
resources and environment typically require multidimensional synergy among technology extension, policy
support, and market mechanisms to achieve effective transformation. Gansu Province exhibits significant
weaknesses in this process. On the one hand, cooperation mechanisms between research institutions and
enterprises remain underdeveloped. Stable and efficient industry-university-research collaboration platforms
are lacking. On the other hand, the policy support system is incomplete. Incentive mechanisms and safeguard
measures for research output transformation need strengthening.

International experience indicates that building agricultural technology innovation systems requires
holistic consideration of the entire chain connecting scientific research, technology development, and
extension application. A smooth pathway from the laboratory to the field must be established(Foley et al.,
2011). Moreover, sustainable agricultural transformation involves complex interactions across technological,
institutional, and social dimensions. Cross-sectoral and cross-domain collaborative governance mechanisms
are needed to support this transformation (Boix-Fayos et al., 2023). In building its research output
transformation system, Gansu Province urgently needs to draw on international advanced experience. It should
establish diversified funding channels and efficient technology transfer mechanisms.

3.2 Brain Drain and Imbalanced Research Team Structure

High-level talent outflow remains significant, driven by relatively backward research environments,
limited compensation, constrained career development space, and regional economic factors. At the same time,
mechanisms for cultivating and recruiting young talent are inadequate, resulting in an imbalanced age structure
in the research team that is “large at both ends and small in the middle.” The team lacks young and middle-
aged backbone members who can connect the senior and junior generations.

From an international perspective, the re-examination and reform of agricultural higher education has
become a global consensus. Traditional agricultural education models face multiple challenges from changing
industry demands, technological innovation, and sustainable development goals (LaCharite & Kerri, 2016).
Against this backdrop, the talent dilemma of Gansu Province’s agricultural resources and environment
discipline reflects not only the constraints of regional economic development but also deep-seated problems
in the agricultural education system and talent management mechanisms.

Research shows that building a competency-based agricultural higher education system requires clear
professional competence standards, industry-aligned curricula, and flexible talent evaluation
mechanisms(Saadvandi et al., 2024). Gansu Province’s institutional development in these areas remains at an
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exploratory stage. Furthermore, practical experience in agricultural extension higher education demonstrates
that cultivating professional talents such as agricultural advisors requires strengthening systems thinking,
interdisciplinary integration capacity, and practical experience accumulation(Gorman & Monica, 2019).
Therefore, Gansu urgently needs to innovate its talent recruitment and cultivation mechanisms to enhance the
endogenous momentum of discipline development..

3.3 Prominent Regional Agricultural Environmental Problems

3.3.1 Climate Change Brings New Challenges

Under the background of climate change, optimizing soil management strategies is particularly urgent.
Research shows that climate-smart soil management can improve soil structure, enhance carbon sequestration
capacity, and increase nutrient use efficiency. It can simultaneously achieve multiple goals, including food
production, climate mitigation, and climate adaptation(Paustian et al., 2016). In addition, research on the
response mechanisms of soil carbon sequestration to climate-smart agricultural practices shows that
conservation tillage and organic matter addition can significantly increase soil organic carbon stocks(Bai et
al., 2019). Although Gansu Province has undertaken substantial work in soil and water conservation and soil
improvement, strengthening the scientific rigor of soil management in the face of climate change remains
essential.

3.3.2 Water Scarcity and Low Utilization Efficiency

Water scarcity is a prominent problem in Gansu Province.According to the “2025 Gansu Water
Resources Bulletinreported, the province’s total water resources amount to only 27.668 billion cubic meters
in 2025, representing 0.8% of the national total, with per capita water resources stand at 22% of the national
average. The uneven spatial and temporal distribution of water resources further exacerbates the supply-
demand contradiction. This poses a serious threat to agricultural production and ecological security.
Agricultural practices that synergistically achieve food security, climate mitigation, and adaptation goals
typically require integrated measures combining soil management, water resource management, and cropping
system optimization(Smith et al., 2020). Gansu must strengthen technological innovation and policy support
to address increasingly severe constraints.

3.4 Ecological and Environmental Pressures in Agricultural Production

Ecological pressures facing agricultural production in Gansu manifest primarily through agricultural
non-point source pollution, improper agricultural waste disposal, and ecosystem degradation. Non-point source
pollution stems from excessive chemical fertilizer and pesticide use, and despite measures to improve
efficiency, control remains challenging due to traditional production inertia and limited farmer capacity to
adopt new technologies(Xue et al., 2020).

Agricultural waste disposal is equally prominent. The collection, treatment, and recycling system for
crop straw, livestock manure, and other wastes remains underdeveloped, leading to high treatment costs and
significant environmental pressure. International research points out that the bioconversion and recycling of
agricultural waste is a key link in achieving a circular bioeconomy. It involves diversified utilization pathways,
including bioenergy, biomaterials, and biofertilizers(Sarangi et al., 2023). Gansu Province still has
considerable room for improvement in technology research and development and industrial promotion in this
field.

Development Opportunities and Policy Support

4.1 National and Local Policy Support

4.1.1 Rural Revitalization and Green Agriculture Strategy

The rural revitalization strategy drives agricultural and rural modernization. Its core purpose is to
achieve high-quality agricultural development and comprehensive rural revitalization. In this context, green
agriculture has become a critical pathway for agricultural transformation. Sustainable agriculture centers on
achieving a dynamic balance among agricultural production, ecological environments, and socioeconomic
systems(Velten et al., 2015). Green agriculture emphasizes resource conservation, environmental friendliness,
and ecological sustainability. It promotes systemic transformation of agricultural production methods by
reducing chemical fertilizer and pesticide inputs and by expanding organic and ecological farming models.
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Gansu’s unique resource endowments and constraints—including water scarcity, land degradation, and
ecological fragility—make implementing green agriculture strategies particularly significant for the discipline.

4.1.2 Ecological Protection and “Dual Carbon” Goals

Ecological protection and the “dual carbon™ goals present new strategic opportunities for the
agricultural resources and environment discipline in Gansu Province. Gansu is located at the intersection of
the Loess Plateau, the Inner Mongolian Plateau, and the Qinghai-Tibet Plateau. Its ecosystems are complex
and diverse. The concept of “climate-smart soils” provides an important theoretical framework for agricultural
carbon management research in Gansu. It emphasizes achieving synergistic goals of agricultural production,
climate adaptation, and greenhouse gas emission reduction through soil management(Paustian et al., 2016).

4.2 Green Transformation of Agriculture and Smart Agriculture Development

The green transformation of agriculture and the development of smart agriculture constitute important
research dimensions. Green transformation emphasizes the ecological friendliness and sustainability of
agricultural production. Smart agriculture relies on information technology and intelligent methods to improve
agricultural production efficiency and precision.Achieving sustainable agriculture requires the organic
integration of theoretical innovation, methodological breakthroughs, practical exploration, and policy
support(Liu et al., 2024).

4.3 Agricultural Circular Economy and Ecological Restoration Technologies

The agricultural circular economy and ecological restoration technologies represent important research
fields. The core of the agricultural circular economy lies in achieving closed-loop resource utilization and the
resource-based transformation of waste, reducing material loss and environmental emissions. The resource
utilization of agricultural waste biomass is an important pathway for promoting the circular
bioeconomy(Sarangi et al., 2023).The AgroCycle project research demonstrates that building an agricultural
circular economy requires systematic advancement of technological innovation, industrial collaboration, and
policy support(Toop et al., 2017) .

4.4 Agricultural Mechanization and Ecological Efficiency Improvement

Agricultural mechanization and ecological efficiency improvement constitute important research
directions. Agricultural mechanization replaces labor inputs and optimizes operational processes. It can
significantly improve agricultural production efficiency while reducing resource consumption and
environmental load per unit of output.The concept of sustainable intensification emphasizes achieving dual
goals of increased agricultural output and reduced ecological impact through technological progress and
management optimization(R ockstrom et al., 2017).

Recommendations for Future Development Pathways

5.1 Optimization of Research Directions

5.1.1 Climate Change Adaptation Research

Climate change is exerting increasingly profound impacts on Gansu’s agricultural systems, with
extreme events including droughts, heat waves, and heavy rainfall posing systematic threats to production and
food security(Anderson et al., 2020). Research priorities should include revealing agricultural ecosystem
response mechanisms, clarifying crop-soil-atmosphere interaction patterns, and exploring adaptive strategies
such as optimizing planting structures and promoting stress-resistant crop varieties. Mixed crop-livestock
systems exhibit strong adaptation capacity under climate change(Thornton et al., 2015), offering valuable
reference for developing integrated production models in Gansu. Strengthening agricultural meteorological
monitoring and early warning systems will enhance the foresight of agricultural responses, aligning closely
with the climate-smart agriculture framework(Lipper et al., 2014).

5.1.2 Strategies for Agricultural Resource Development and Utilization

Gansu Province possesses diverse agricultural resource endowments.Improving resource utilization
efficiency of existing cropland is the core strategy for resolving the tension between food security and
ecological protection(Foley et al., 2011). Research and practice should focus on the following areasdeveloping
and promoting water-saving technologies such as drip and sprinkler irrigation. Deepening agricultural waste
resource utilization through straw return and composting reduces non-point source pollution while improving
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recycling rates. Sustainable land use has become a focal area of international academic attention(Aznar-
Sanchez et al., 2019). In addition, Gansu needs to strengthen the optimal allocation of agricultural land
resources and promote industrial transformation toward characteristic agriculture and high value-added
agriculture.

5.2 Reform of Talent Cultivation Models

5.2.1 Three-Education Coordination and Five-Education Integration

The reform of talent cultivation models should adhere to comprehensive and coordinated development
of moral, intellectual, physical, aesthetic, and labor education. Modern agricultural talent requires not only
solid professional knowledge, but also competencies in problem-solving, critical thinking, and
interdisciplinary collaboration(Saadvandi et al., 2019). At the moral education level, professional ethics and
social responsibility education should be strengthened, as sustainable agricultural education promotes
transformation of students’ values and behavioral patterns (Paola et al., 2016). At the intellectual education
level, curriculum design should be optimized to include courses on agricultural ecosystem analysis and
pollution control. At the labor education level, practical skills training should be improved through field
internships and technology extension programs(Deegan et al., 2016).

5.2.2 Training of Green and Low-Carbon Agriculture Talents

Agricultural carbon emissions from excessive chemical fertilizer and pesticide use constitute a
prominent concern. Integrating sustainable development concepts throughout talent cultivation aligns with
international calls for repositioning agricultural higher education(LaCharite & Kerri, 2016).Reforms should
strengthen teaching of low-carbon technologies, including organic and ecological agriculture, as organic
agriculture demonstrates significant carbon sequestration advantages(Meemken et al., 2025).Training in
conservation tillage and other carbon sequestration technologies should also be enhanced to support the
province’s transition toward a low-carbon agricultural system.

5.3 Construction of Research Platforms

5.3.1 Interdisciplinary Collaborative Research Platforms

Agricultural resource and environmental problems involve multiple fields including ecology,
environmental science, and information science. Interdisciplinary teaching enhances comprehensive thinking
and problem-solving capabilities(Pauley et al., 2019), and breaking disciplinary barriers is key to agricultural
innovation(Mckim et al., 2018). Gansu should build platforms integrating agriculture and ecological
environment science, focusing on circular agriculture and carbon sequestration agriculture. Such platforms
should incorporate artificial intelligence and big data technologies(Lokers et al., 2016), facilitating
collaboration among universities, research institutes, and industry partners to accelerate knowledge translation.

5.3.2 Agrometeorology and Ecological Safety Research Platforms

Construction of monitoring networks for real-time farmland monitoring should be accelerated to
provide a scientific foundation for discipline development(Anderson et al., 2020). These platforms should
support early warning systems for extreme weather events and enable data-driven decision-making. Integration
with national ecological monitoring networks will enhance spatial coverage and data quality for regional
agricultural research.

5.4 Policy Support and Institutional Innovation

5.4.1 Low-Carbon Agriculture Compensation and Incentive Mechanisms

Effective policy incentives promote the adoption of climate-smart technologies (Lipper et al., 2014).
Gansu should establish a multi-level and diversified low-carbon agriculture compensation system. Farmers
who adopt low-carbon production models such as organic agriculture and ecological agriculture should receive
appropriate economic compensation.A systematic study has shown that scientifically sound agricultural
management measures can achieve multiple wins for food security, climate mitigation, and adaptation
capacity(Smith et al., 2020). In addition, Gansu needs to improve the construction of agricultural carbon
sequestration trading markets and explore pathways for realizing the value of agricultural carbon sequestration.
This will provide sustainable economic incentives for green agricultural development.

5.4.2 Policy System for Green Agricultural Development
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Improving green agriculture policy systems requires establishing evaluation mechanisms and
ecological compensation systems(R ockstrom et al., 2017). By analyzing Common Agricultural Policy reform
that agricultural policy formulation should fully consider the multiple objectives of ecological
protection(Cuadros-Casanova et al., 2023). Policy evaluation mechanisms should be built to balance economic
and ecological benefits.Based on this understanding, Gansu should advance the following institutional
developments. First, establish a policy evaluation mechanism for green agricultural development. Regular
assessments of policy implementation effectiveness should be conducted, and policy directions and priorities
should be adjusted in a timely manner. Second, strengthen the publicity and promotion of green agricultural
development policies to enhance farmers’ green awareness and willingness to participate. Third, improve the
agricultural ecological environment compensation system and strengthen coordination mechanisms between
ecological protection and economic development. These measures will create a favorable policy environment
for the development of the agricultural resources and environment discipline.

6. Discussion

6.1 Summary

This study systematically analyzed the development of the agricultural resources and environment
discipline in Gansu Province from multiple dimensions. These include the evolution of research hotspots, talent
cultivation systems, scientific research platform construction, and policy support mechanisms. Overall,
research in agricultural resources and environment is showing a trend toward multi-dimensional,
interdisciplinary integration and deep evolution. Sustainable agriculture research has shifted from a singular
focus on production efficiency toward comprehensive consideration of economic, ecological, and social
multidimensional objectives(Velten et al., 2015). This transformation is fully confirmed in the present analysis.
From the identification and management of agricultural environmental problems to the resource utilization of
agricultural waste, from the optimization of talent cultivation systems to the adjustment and innovation of
policy mechanisms, related research has achieved notable progress at both theoretical and practical levels.

At the disciplinary value cognition level, the sustainable agriculture models embody the organic unity
of multiple values. This includes the synergistic pursuit of economic efficiency, ecological integrity, and social
equity(Gael et al., 2018). This understanding provides profound theoretical insight for the development of the
agricultural resources and environment discipline in Gansu: disciplinary development should not be limited to
technological innovation but must also attend to value-level guidance and reconstruction. In terms of talent
cultivation, this study found that the agricultural resources and environment major still faces structural
problems such as “emphasizing theory over practice” and insufficient university-enterprise collaboration.
There are particularly notable shortcomings in cultivating high-level applied talent. The innovation in
agricultural talent cultivation models plays a key role in achieving the dual goals of food security and
environmental protection(Acevedo et al., 2018).Research in agricultural resources and environment also
demonstrates significant policy-oriented characteristics. This requires that disciplinary development must
actively align with national strategic needs. The discipline should find its positioning and leverage its strengths
within major strategic agendas such as rural revitalization, ecological civilization construction, and the “dual
carbon” goals.

6.2 Future Development Trends and Research Directions

In the future, the development of agricultural resources and environment will place greater emphasis
on systematicity, synergy, and sustainability. The following main trends are anticipated:

First, climate change adaptation research will become a core issue for disciplinary development. It has
been noted that climate change is exerting increasingly profound impacts on global agricultural
systems(Anderson et al., 2020). Establishing scientifically effective adaptation mechanisms has become a
primary task for agricultural research. As a climate change-sensitive region, Gansu should strengthen the
research, development, and promotion of climate-adaptive agricultural technologies in the future. The province
should build resilient agricultural systems and enhance the capacity of agriculture to respond to extreme
climate events.
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Second, climate-smart agriculture will become an important paradigm for agricultural development.
The climate-smart agriculture framework proposed by Lipper emphasizes the synergistic goals of food
security, climate adaptation, and greenhouse gas emission reduction.(Lipper et al., 2014) This concept will
play an increasingly important guiding role in future agricultural policy formulation and technological
innovation. Gansu should actively learn from international experience and combine it with regional realities
to explore climate-smart agriculture development pathways with cold and arid characteristics.

Third, research on agricultural waste resource utilization will place greater emphasis on practical
application needs. Industry-university-research integration should be promoted, and technology transfer
processes should be accelerated. The research demonstrated that scientifically sound resource management
measures can achieve synergistic advancement of multiple objectives(Smith et al., 2020). This provides
scientific grounding for the development of the circular economy in Gansu agriculture.

Fourth, agricultural talent cultivation will place greater emphasis on cultivating comprehensive
competencies and practical literacy. The research by Acevedo emphasized that future agricultural talent should
possess interdisciplinary knowledge backgrounds, innovation capabilities, and a sense of social
responsibility(Acevedo et al., 2018). These qualities will enable graduates to adapt to the diversified needs of
sustainable agricultural development. This requires agricultural higher education to deepen teaching reform
and build new talent cultivation models featuring industry-education integration and science-education
collaboration.

Fifth, disciplinary development will place greater emphasis on interdisciplinary integration and
international cooperation. The initiative by LaCharite points the direction for the transformation of agricultural
higher education: re-examining the positioning and mission of agricultural education, and fully integrating
sustainable development concepts throughout disciplinary construction and talent cultivation(LaCharite &
Kerri, 2016). The agricultural resources and environment discipline in Gansu Province should actively
integrate into the global agricultural science and technology innovation network. Through international
cooperation, the discipline should enhance its competitiveness and influence.

In conclusion, the agricultural resources and environment discipline in Gansu Province stands at a
critical juncture. Addressing the identified challenges while capitalizing on emerging opportunities will require
coordinated efforts across research, education, and policy domains. By embracing interdisciplinary integration,
climate-smart approaches, and the circular bioeconomy, the discipline can make substantial contributions to
regional sustainable development while serving as a model for ecologically vulnerable regions worldwide.
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