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Abstract

To evaluate the eco-environmental effects of the transformation in agricultural
management modes, this study selected a typical farmland transfer area in
Rongchang County, Chongqing Municipality. By combining field surveys and
emergy analysis methods, the inputs and outputs of ordinary smallholder farm-
ers and large-scale operators were respectively used to characterize the inputs
and outputs of the agroecosystem before and after farmland transfer, and a
comparative analysis was performed on the emergy changes in the study area’
s agroecosystem before and after farmland transfer. The results indicate that
following farmland transfer, the purchased emergy input of the agroecosystem
in the study area decreased by 70.48% compared to pre-transfer levels, while
emergy output increased by 2.15%. This elevated the net emergy yield ratio of
the agroecosystem from 0.01 before farmland transfer to 0.04 after transfer, rep-
resenting a 300% increase. The substitution of agricultural machinery for labor
was the primary factor in reducing per-unit input, thereby substantially improv-
ing agricultural production efficiency. For individual inputs with a renewable
coefficient lower than the system’ s renewable coefficient, reducing their input
quantity can lower the system’ s environmental loading ratio; for individual
inputs with a renewable coefficient higher than the system’ s renewable coef-
ficient, increasing their input quantity can lower the system’ s environmental
loading ratio. However, changes in individual inputs of the agroecosystem in
the study area all resulted in increased environmental pressure. Specifically,
labor input decreased substantially, while inputs such as electricity and diesel
increased to varying degrees. Consequently, the environmental loading ratio of
the agroecosystem in the study area rose from 0.12 before farmland transfer
to 0.65 after transfer, an increase of 441.67%; the sustainability index declined
from 0.08 before transfer to 0.06 after transfer, with ecological sustainability
decreasing by 25.00%. The study reveals that moderate-scale operation can ef-
fectively reduce production costs and enhance product market competitiveness;
however, the pursuit of high value-added orientation and high yields through
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planting structure adjustment has led to substantial increases in purchased re-
sources such as pesticides and chemical fertilizers, exacerbating the potential
eco-environmental risks of the agroecosystem. The study concludes that the
key to sustainable development of agroecosystems lies in the selection of agricul-
tural intensification development pathways. Therefore, within the policy system
guiding farmland transfer and developing moderate-scale operations, the state
must provide guidance and impose regulations on this matter.
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Abstract

Farmland transfer, supported by both national and local governments, has signif-
icantly promoted the transformation of agricultural management and moderniza-
tion. The expanding scope and scale of farmland transfer have dramatically al-
tered agricultural industrial structure and input-output patterns, thereby exert-
ing substantial effects on the agro-ecosystem. To assess the eco-environmental
consequences of this transformation, this study examined three key dimensions—
production efficiency, environmental impact, and overall sustainability of agro-
ecosystems—through a case study in Rongchang County, Chongging, China.
The input-output patterns of ordinary farmers and agricultural contractors were
analyzed to represent pre- and post-transfer agricultural management systems,
respectively. The emergy evaluation method, which integrates different energy
forms into a common physical basis known as solar emergy, proved effective for
analyzing ecosystem efficiency and sustainability while overcoming limitations
of traditional energy analysis by incorporating factors such as natural resources,
labor, and ecosystem services often neglected by other methods.

The results demonstrated that after farmland transfer, purchased resource in-
puts decreased by 70.48% while emergy output increased by 2.15%. Conse-
quently, the emergy yield ratio (EYR) rose from 0.01 before transfer to 0.04
after transfer, representing a 300% improvement. This increase was primarily at-
tributable to agricultural machinery substituting for labor, which reduced over-
all inputs and enhanced production efficiency. For individual input items, de-
creasing inputs with renewability factors lower than the system average reduced
the environmental loading ratio (ELR), while increasing inputs with higher re-
newability factors achieved the same effect. However, the dramatic reduction
in labor input combined with increased use of pesticides, fertilizers, and other
purchased resources intensified environmental pressure. Consequently, the ELR,
increased from 0.12 to 0.65 (a 441.67% rise), while the emergy sustainability in-
dex (ESI) declined from 0.08 to 0.06 (a 25.00% decrease), indicating reduced
ecological sustainability.
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The study concludes that moderate-scale operations effectively reduce produc-
tion costs and enhance market competitiveness, yet the pursuit of high yields
and high value-added production has substantially increased pesticide and fer-
tilizer use, intensifying potential ecological risks. The key to sustainable agro-
ecosystem development lies in careful selection of intensive agricultural devel-
opment models. Therefore, national policies guiding farmland transfer and
moderate-scale operations should provide direction and establish regulations
to ensure sustainable outcomes.

Keywords: Farmland transfer; Agroecosystem; Emergy evaluation; Produc-
tion efficiency; Sustainable development

Introduction

Agro-ecosystems constitute the most fundamental system for human survival.
Analyzing their structure and function while evaluating and quantifying
resource-environment values enhances understanding and protection of agricul-
tural resources and environments. Transformations in agricultural management
modes have significantly altered the types and combinations of agricultural
production factors in agro-ecosystems, profoundly influencing material and
energy flows. For instance, circular agriculture can improve the utilization re-
lationship of matter and energy in farmland ecosystems, reduce environmental
pressure, and enhance sustainability. Similarly, three-dimensional agriculture
can rationally configure various organisms at different ecological niches to
maximize the development and utilization of temporal and spatial niches,
thereby improving ecological conditions. Previous research has empirically
examined these management types from ecological, environmental, and sus-
tainability perspectives, advancing understanding of agricultural management
modes and providing valuable guidance for promoting efficient and sustainable
development of agro-ecosystems.

In contrast, farmland transfer and its resulting changes in agricultural manage-
ment have more universal significance. Farmland transfer has become a policy
priority at both central and local levels in recent years, strongly promoting the
transformation of agricultural management modes and facilitating moderate-
scale operations and agricultural modernization. As the scope and scale of
farmland transfer continue expanding, significant changes have occurred in agri-
cultural management modes, industrial structure, and input-output patterns,
generating important impacts on agro-ecosystems. However, existing research
on farmland transfer has primarily focused on its current status, transfer models,
influencing factors, and economic benefits, with limited literature specifically ad-
dressing its impacts on agro-ecosystems. This raises critical questions: What
changes does farmland transfer bring to farmland ecological environments? How
does it affect regional agricultural sustainability? Can it help prevent farmland
pollution and ensure agricultural product quality and safety?
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To address these questions, this study selected typical farmland transfer areas
in Rongchang County, Chongqing, and conducted a comparative emergy anal-
ysis of agro-ecosystem changes before and after transfer. Based on extensive
field surveys, the study examined emergy variations from the perspectives of
material flow, energy flow, and monetary flow to objectively evaluate the im-
pacts of farmland transfer on regional agro-ecosystems and discuss measures for
improving farmland ecological environments.

1. Study Area Overview

Rongchang County is located in the western corridor of Chongging Munici-
pality, between 105°17 -105°44 E and 29°15 -29°41 N, covering a total area of
1,075.37 km? [Figure 1: see original paper|. The terrain consists primarily of
gentle hills with an average elevation of 380 m. The region belongs to the mid-
subtropical humid monsoon climate zone, with an average annual frost-free pe-
riod of 336 days, mean annual temperature of 17.4°C, accumulated temperature
of 6,482.4°C, annual sunshine hours of 1,077.1 h, and average annual precipita-
tion of 1,092.8 mm. Characterized by hot summers, mild winters, concurrent
heat and light, abundant rainfall, and high humidity with frequent overcast
conditions, Rongchang has a long agricultural tradition with high land utiliza-
tion rates and well-developed agriculture. As a major commercial grain and oil
production base in Chongqing, agriculture plays a crucial role in the county’ s
economy, with crop cultivation being the primary component. Therefore, this
study focuses exclusively on cropping agro-ecosystems.

According to data from the Rongchang County Agricultural Committee, by the
end of 2013, farmland transfer area reached 2.73x10 ha, with moderate-scale
operations covering 2.44x10 ha (89.38% of transferred land). This study se-
lected areas with stable farmland transfer conditions lasting over five years as
research objects. Before transfer, rice (Oryza sativa) was typically grown in a
single annual crop, with paddy fields left idle in winter. Upland crops mainly
included corn (Zea mays), wheat (Triticum aestivum), and sweet potato (Ipo-
moea batatas), mostly cultivated in a three-crop rotation/intercropping system
of wheat-corn-sweet potato. The average farmland management scale was only
0.29 ha, with scattered plots—some as far as 2 km from farmers’ residences—mak-
ing agricultural operations highly inconvenient. Due to hilly terrain constraints,
agricultural mechanization levels were low, with most production processes com-
pleted manually. Consequently, low agricultural returns led most households to
engage in part-time farming, with young laborers migrating to cities for work
and returning only during busy seasons, leaving elderly laborers responsible for
daily farm management.

After farmland transfer, paddy fields adopted rice-rapeseed (Brassica
campestris) rotation, while upland areas primarily grew fruits [watermelon
(Clitrullus lanatus), kiwi (Actinidia chinensis)] or greenhouse vegetables [ginger
(Zingiber officinale), Chinese cabbage (Brassica pekinensis)]. The average man-
agement scale expanded to 13.86 ha with concentrated plots. To accommodate
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large-scale operations and agricultural modernization, contractors invested in
infrastructure improvements, including roads, water conservancy, and power
facilities. Survey results revealed total investments exceeding 11.8 million yuan
for infrastructure construction, land leveling of 44.73 ha, construction of 101
vegetable greenhouses, and 675 m?2 of storage and processing facilities. All
contractors purchased agricultural machinery covering cultivation, irrigation,
harvesting, and transportation, with some even acquiring packaging production
lines to achieve integrated production and processing. This study uses the
pre-transfer ordinary farmer agro-ecosystem as a baseline for comparative
emergy analysis with post-transfer contractor systems.

2.1 Data Sources

Data used in this study were categorized into local resource data, purchased
resource data, and system output data. Local resource data (including solar en-
ergy, wind energy, rainfall potential energy, rainfall chemical energy, and Earth
rotation energy) were obtained from the China Meteorological Data Sharing
Service System. Purchased resource and system output data were derived from
aggregated survey data collected in 2014 from ordinary farmers and contractors.
The survey used ordinary farmers’ input-output data to represent pre-transfer
agro-ecosystem patterns and contractors’data for post-transfer patterns. A total
of 285 questionnaires were collected, with 253 valid responses (88.77% validity
rate), including 231 farmer questionnaires and 22 contractor questionnaires.

Fieldwork was conducted from September 5 to October 21, 2014. Under local
government guidance, the research team selected 11 villages across six townships
—Panlong (Sanhe Village, Dajian Community), Guchang (Chongfeng Village,
Yudai Village), Shuanghe (Meishiba Community, Gaofeng Village), Qingliu
(Macao Village), Anfu (Tong’ an Village, Banzhu Village), and Wujia (Shuangliu
Village, Gaofeng Village)—representative in transfer scale, mode, and effective-
ness [Figure 1: see original paper]. Survey content primarily included transfer
methods, management scale, cropping structure, input-output patterns, and
economic returns. The investigation involved three components: (1) collecting
general information on farmland transfer at each sample site, (2) conducting
household interviews and questionnaires to understand farmers’ land transfer
situations, and (3) performing in-depth interviews with representative contrac-
tors to understand post-transfer operations.

2.2 Research Methods

Emergy analysis overcomes the challenge of comparing different energy cate-
gories by converting various forms of energy flowing through and stored in
eco-economic systems into a unified emergy baseline, enabling comprehensive
analysis of energy, material, and monetary flows. This approach reveals the
value of natural resources and economic activities and their interrelationships,
providing crucial insights for balancing ecological and economic development,
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scientifically evaluating natural resources, and formulating sustainable develop-
ment strategies.

The emergy calculation formula is:
E=ext or E=mxt (1)

where E represents emergy (sej), e represents energy (J), m represents mass (g),
and ¢ represents transformity (sej+J ! or sej-g ).

Transformity values were referenced from studies of regions with similar natural
and economic conditions to the study area, using the updated emergy baseline
of 15.83x10% sej-al. RMB-USD conversion used the 2013 average exchange
rate of 6.19. Buildings and machinery were amortized into annual energy inputs
based on their service life.

From the perspective of purchase requirements, inputs were classified as local
resources or purchased resources; from the renewability perspective, they were
categorized as renewable or non-renewable. Notably, certain resources are com-
posed of both renewable and non-renewable components during production or
formation, making them neither completely renewable nor non-renewable. Tra-
ditional emergy accounting practices that classify such resources as entirely re-
newable or non-renewable lack scientific justification. Following Odum’s method-
ology, emergy analysis begins with constructing an emergy diagram to clarify
system structure and reflect overall input-output conditions. This study devel-
oped an emergy flow diagram for the research area’ s agro-ecosystem [Figure 2:
see original paper].

To objectively evaluate ecosystem output efficiency, sustainability capacity, and
eco-economic benefits before and after farmland transfer, this study selected
three emergy evaluation indicators . Additionally, based on local conditions
and referencing relevant studies, a renewability coeflicient was introduced to
enhance analytical precision.

3.1 Emergy Input Structure Analysis of the Study Area

Calculations revealed that pre- and post-transfer emergy inputs per unit area
were 1.86x10" sej - hm 2 and 5.49x10! sej - hm 2, respectively [TABLE:2, TA-
BLE:4], representing a 70.48% reduction after transfer. This demonstrates that
post-transfer farmland ecosystems required substantially lower emergy inputs
per unit area, reflecting economies of scale. Renewable resource inputs ac-
counted for 89.25% and 60.66% of total emergy inputs before and after transfer,
respectively, indicating that the agro-ecosystem remained primarily driven by
renewable resources, though dependence decreased post-transfer. Survey re-
sults showed that among purchased resources, only labor and electricity had
relatively high renewability coefficients, while other inputs exhibited low or zero
coefficients.
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Within purchased resources, labor input accounted for 96.24% and 57.01% of
total emergy inputs before and after transfer, respectively, showing a dramatic
decline post-transfer. Despite this reduction, labor remained the primary input
item, reflecting agriculture’ s labor-intensive nature. Chemical fertilizer and
pesticide inputs increased from 1.04% to 7.78% of total emergy inputs. Field
investigations revealed substantial increases in usage: fertilizer application rose
from 652 kg - hm 2 to 1,414 kg - hm 2, and pesticide application increased from
23 kg+hm 2 to 112 kg - hm 2. Construction costs represented 21.49% of total
inputs, primarily for land leveling, road maintenance, and water and power in-
frastructure, characteristic of hilly regions adapting to mechanization through
large-scale infrastructure improvements. Post-transfer, plastic film and machin-
ery inputs accounted for 3.28% of total emergy inputs, representing unique
investments in facility agriculture. Electricity and diesel inputs increased from
less than 1% pre-transfer to 2.02% post-transfer.

3.2.1 Emergy Yield Ratio

Agricultural production represents the development of land productivity under
specific external inputs. With fixed external economic investment, higher land
output indicates greater exploitation of production potential and stronger mar-
ket competitiveness due to lower costs. The emergy yield ratio (EYR), defined as
the ratio of system output emergy to economic feedback (purchased resources),
measures a system’ s capacity to acquire and utilize local resources through ex-
ternal economic feedback. Based on , , and , calculations summarized in show
that the study area’ s EYR increased from 0.01 pre-transfer to 0.04 post-transfer
—a threefold improvement indicating enhanced market competitiveness.

Post-transfer purchased emergy inputs decreased by 70.48% while emergy out-
put increased by 2.15%. The substantial reduction in purchased emergy pri-
marily resulted from agricultural machinery substituting for labor. Although
most individual input items increased, the dramatic decline in labor input (from
6 workers - hm 2 to 1 worker - hm 2) offset these increases. This confirms that
labor reduction was the dominant factor in decreasing purchased emergy inputs,
consistent with research demonstrating clear substitution relationships between
agricultural machinery and labor inputs. Pre-transfer surveys indicated only
42% of households used agricultural machinery, whereas post-transfer, all con-
tractors employed machinery. Furthermore, while farmers primarily used small
equipment like micro-tillers, contractors utilized large and medium-sized ma-
chinery including harvesters, light trucks, and tractors. Increased machinery
usage and mechanization levels drove the substantial reduction in total emergy
inputs.

Additionally, post-transfer output increased due to several factors. Large-scale
operations adopted crop rotation systems, replacing traditional intercropping
practices on small plots. Rapeseed cultivation also utilized previously idle win-
ter paddy fields, improving land use efficiency and multiple cropping indices.
Support services from agricultural extension stations and pest control centers
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further contributed to output increases.

3.2.2 Environmental Loading Ratio

The environmental loading ratio (ELR) measures the pressure exerted on the en-
vironment by non-renewable resource use, with higher values indicating greater
ecological stress. shows that ELR increased from 0.12 pre-transfer to 0.65 post-
transfer, indicating substantially greater environmental pressure. Field investi-
gations revealed that all non-renewable resources were purchased inputs, with
only labor and electricity having relatively high renewability coefficients (0.90
and 0.81, respectively), while other inputs had low or zero coefficients.

For inputs with renewability coefficients smaller than the system average, re-
ducing their input decreases ELR, while increasing inputs with higher coeffi-
cients reduces ELR. However, all individual input changes in the study area
increased environmental pressure. The significant labor reduction combined
with increased electricity, diesel, pesticide, and fertilizer inputs elevated ecosys-
tem stress. Although machinery inputs have zero renewability and theoretically
increase environmental pressure, their contribution to ELR was only 8.33%, sug-
gesting their role remains neutral overall and beneficial for achieving moderate-
scale operations.

3.2.3 Sustainability Index

Sustainable development requires balancing economic growth and environmen-
tal protection—neither sacrificing ecology for development nor pursuing inef-
ficient production for environmental preservation. The emergy sustainability
index (ESI), calculated as the ratio of EYR to ELR, comprehensively measures
ecosystem sustainability capacity. shows ESI declined from 0.08 pre-transfer
to 0.06 post-transfer, indicating reduced sustainability. Both values remain far
below 1, classifying the system as consumption-oriented with low net emergy
yield and high environmental loading, rendering the current development model
unsustainable in the long term.

The fundamental production approach remained unchanged, characterized by
high-input, high-output systems. Farmland transfer primarily altered man-
agement scale and mechanization levels, improving production efficiency but
neglecting potential ecological consequences of excessive and intensive use of
production materials, particularly pesticides, fertilizers, and plastic films. Field
observations confirmed fertilizer application increased from 652 kg-hm 2 to 1,414
kg - hm 2 and pesticide use from 23 kg - hm 2 to 112 kg - hm 2, substantially in-
creasing pollution risks and environmental pressure.

4. Conclusions and Discussion

Farmland transfer promoted agricultural mechanization, which proved crucial
for enhancing production efficiency. Machinery usage increased from 42% pre-
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transfer to 100% post-transfer, with greater adoption of large and medium-sized
equipment like harvesters and trucks. Substantial infrastructure investments in
roads, water conservancy, power facilities, and land leveling created favorable
conditions for mechanization and large-scale operations. The average manage-
ment scale expanded from 0.29 ha to 13.86 ha, reducing unit inputs by 70.48%
while increasing unit output by 2.15%, demonstrating that scale operations ef-
fectively lower production costs and enhance market competitiveness. The effi-
ciency gains primarily stemmed from reduced unit inputs, with machinery sub-
stituting for labor as the dominant factor, underscoring the practical importance
of mechanization in moderate-scale operations.

However, changes in input structure, particularly dramatically increased pesti-
cide and fertilizer use, intensified ecological risks. Net emergy yield ratio and
environmental loading ratio increased by 300.00% and 441.67%, respectively,
while sustainability index decreased by 25%, indicating that environmental
costs exceeded efficiency gains. Cropping structure shifted significantly: pre-
transfer systems focused on grain crops (rice, corn) with some vegetables (water
spinach, pepper) and minimal fruit cultivation (grain:vegetable:fruit ratio of
11:3:1). Post-transfer, intensive greenhouse production rapidly expanded high-
value vegetable (ginger, eggplant) and fruit (watermelon) cultivation, changing
the ratio to 1:2:1 and increasing the vegetable-fruit proportion from 26.67%
to 75.00%. This structural adjustment and yield pursuit drove the substan-
tial increase in purchased resources, with fertilizer and pesticide use more than
doubling.

Research indicates that most Chinese farmland lacks balanced fertilization and
scientific pesticide application, with utilization efficiencies of only 30-40%. After
application, only a portion is absorbed by crops while most enters the environ-
ment through precipitation and irrigation, causing pollution. With increasing
agricultural intensification and inadequate countermeasures, non-point source
pollution from pesticide and fertilizer loss is worsening. Therefore, production
processes must employ rational application based on crop types and structures,
adopting pollution prevention technologies such as formula fertilization and bi-
ological pesticide alternatives to improve utilization efficiency and reduce envi-
ronmental loading.

Farmland transfer represents a double-edged sword, with outcomes depending
on the direction of agricultural intensification. If intensification is interpreted as
simply increasing capital and labor inputs per unit area, environmental loading
will continue rising while EYR growth slows due to diminishing returns, further
reducing sustainability and creating ecological and food safety risks. Conversely,
if intensification emphasizes improving agricultural technology and equipment
to reduce inputs and increase efficiency, moderate-scale operations can achieve
sustainable development. Therefore, national policies guiding farmland transfer
and moderate-scale operations must establish sustainable intensification path-
ways and implement strict regulations through agricultural investment, support,
and management measures.
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