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Aquatic products have played an increasingly important role in residents’ diets, with
improved production capacity and living standards in recent years. Accelerating the
organic diffusion of aquaculture technology is an effective way to increase production.
Taking the example of South American white shrimp aquaculture, this article combines
carbon emissions and aquaculture cost benefits. By using data from South American
white shrimp aquaculture in Hebei, Shandong, and Jiangsu Province in China from 2016
to 2021, the article innovatively considers aquaculture cycle carbon emissions as
non-expected output, constructs a non-expected SBM-DEA super-efficiency model to
evaluate the comprehensive efficiency of two aquaculture technologies, and analyzes the
influencing factors of the diffusion of shrimp culture technology through case studies.
The research results show that the comprehensive efficiency of factory-based aquaculture
technology is generally better than pond-based aquaculture, but carbon emissions are
higher in the factory model. The main factors affecting the diffusion of factory-based
technology are policy support, social networks, farmers’ own situations, and

technological attributes.

INTRODUCTION

In recent years, with changes in the diet of Chinese res-
idents, the demand for aquatic products has significantly
increased.! With the development of the offshore fishing
industry and overfishing, the fishing resources in China’s
coastal waters are gradually depleted, and the aquaculture
industry has begun to develop rapidly in China.2 The aqua-
culture industry in China has begun to develop rapidly.
With years of development and innovation, China has now
become the world’s largest fishing nation: since 1989,
China has ranked first in the world in terms of aquatic prod-
uct production for 35 consecutive years. China is also the
only country in the world where aquaculture production ex-
ceeds fishing production. In 2022, China’s aquaculture pro-
duction accounted for 63.24% of the world’s production,
holding a Leading position in various species such as
shrimp and fish.

However, there are many problems and significant room
for improvement in China’s aquaculture industry. Firstly,
the mechanization and automation levels in Chinese aqua-
culture are low, with many farming processes still relying

on manual labor. Additionally, there is a lack of emphasis
on water treatment, and the application of water treatment
and circulation systems is limited. Secondly, there is a
prevalence of poor-quality seedlings due to unscientific
breeding practices, resulting in low survival rates and yields
and even mass mortality. Lastly, many farmers still use
traditional and outdated management practices, such as
feeding animals indiscriminately, using drugs blindly, and
neglecting ecological impacts. These issues can be attrib-
uted to the fact that some aquaculture technologies are
still in a backward stage. Therefore, promoting technolog-
ical progress and upgrading the aquaculture industry is a
pressing issue. Technology diffusion is a crucial indicator of
successful innovation,3 and China’s low agricultural tech-
nology conversion rate has become a major obstacle to agri-
cultural modernization. Thus, promoting the diffusion of
aquaculture technologies is an important pathway to drive
industry advancement and progress.

As the largest species in global aquaculture production,
the whiteleg shrimp from South America holds a significant
position in the aquaculture industry and is one of the repre-
sentative species in aquaculture. According to reports from
the Food and Agriculture Organization of the United Na-

a a Lele Xiang contributed equally to this work and was considered the first co-author.
b b Corresponding author, Fang Chen, e-mail: m21070299@st.shou.edu.cn; Tel: +86-1786-051-9231.
¢ c Corresponding author, Wenjun Zhu, e-mail: 623410083@qqg.com; Tel: +86-1326-251-6276.


https://doi.org/10.46989/001c.120489
https://doi.org/10.46989/001c.120489

The diffusion path and influencing factors of shrimp farming technology

tions (FAO) and the “China Fishery Statistical Yearbook”,
from 2010 to 2022, the global production of whiteleg
shrimp increased by 145.28%. In 2022, China’s total aqua-
culture production reached 2.0986 million tons, accounting
for 30.64% of crustacean aquaculture. The main countries
globally cultivating whiteleg shrimp include China,
Ecuador, Vietnam, India, Thailand, Indonesia, and Mexico.
These seven major producing countries collectively pro-
duced 5.3848 million tons of whiteleg shrimp in 2022, ac-
counting for 82.84% of the world’s aquaculture production.
As the largest producer, China’s whiteleg shrimp produc-
tion has steadily ranked first in the world in recent years.
In 2016, the total aquaculture production reached 1.6722
million tons, accounting for 40.24% of global production.
In 2022, the total aquaculture production accounted for
32.29% of global productionl. However, due to high de-
mand, there is a need for significant imports. In 2022, China
imported 0.818 million tons of whiteleg shrimp, reaching
a historical high and surpassing the United States for the
first time to become the world’s largest importer. Against
the backdrop of building a new development pattern with
domestic circulation as the main focus, effectively increas-
ing shrimp aquaculture production to meet domestic con-
sumption needs has become an urgent issue to address.

In terms of the diffusion of agricultural technology,
scholars have mainly conducted research from two aspects:
diffusion pathways and influencing factors. For example,
Li et al.4 and Yang et al.> have respectively studied the
dissemination of ecological technology and environmental
protection technology, finding that social learning has a
positive impact on the diffusion of agricultural technology.
The difference lies in that Li et al. considered that techno-
logical differences would affect the positive role of social
learning in the diffusion of technology, while Yang et al.
considered that the marginal effects of age, education level,
and operating scale are also different. Asmaa et al.® con-
cluded from their study on feed agriculture technology in
Irag’s Nineveh Province that training for producers and
the lack of consultant funding are the main obstacles to
the diffusion of feed agriculture technology. Gong’ through
empirical analysis of county-level agricultural panel data
in China from 1985 to 2015, found that agricultural tech-
nology dissemination decreases with the expansion of re-
source endowment, geographical distance, and administra-
tive jurisdiction, showing a “stronger get stronger, weaker
get weaker” situation. Wang® and Gabriel® through simu-
lations of the diffusion level of agricultural water-saving
technology under government influence, respectively con-
cluded that the government and peer effects have a positive
impact on the adoption of water-saving technology. Yu et
al.10 simulated agricultural technology diffusion from the
perspective of social networks. They found that individual
learning positively affects technology diffusion, while so-
cial effects hurt it. The average number of farmers who
communicate with each other is a game between the two.

Li et al.!l found through empirical analysis that the social
network of farmers and subjective norms, their understand-
ing of Taiwan’s agriculture, the characteristics of Taiwan’s
agriculture and its technical services, and basic conditions
have a significant positive impact on the diffusion of orchid
technology.

In terms of research subjects, scholars mainly focus on
the diffusion of agricultural technology in the fields of crop
cultivation and animal husbandry, such as vegetables, rice,
fruits, flowers, and pig farming. For example, Xiel? found
through research on the diffusion of Internet of Things
technology among large vegetable growers that individual
risk attitudes, farm size, distance to trading markets, and
post-adoption benefits all have a positive impact on the dif-
fusion of Internet of Things technology. Li et al.13 pointed
out through data regression and analysis of new potato
planting technologies that farmers’ awareness of technol-
ogy is a middle-level factor influencing technology diffu-
sion, while educational level, organizational level, and fam-
ily structure are deep-level factors. Kuang,!4 using pig
farming as an example, analyzed the relationship between
social networks and agricultural technology diffusion, sug-
gesting that social networks positively impact technology
diffusion. At the same time, social networks serve as the
foundation and pathway for technology diffusion. Li et
al.15.16 research on orchid technology in the Guangdong-
Taiwan Agricultural Cooperation Experimental Zone from
3 dimensions suggests that technology diffusion is more
prevalent in core orchid farms and less so in peripheral
ones and that a “government and market” diffusion mech-
anism has gradually emerged from the “clan and market”
diffusion mechanism.

Currently, there is not much research on the diffusion
of aquaculture technology compared to agricultural tech-
nology diffusion. Similar to other agricultural technology
diffusion, scholars mainly focus on factors influencing ad-
vanced aquaculture technology and discuss methods to im-
prove the level of technology diffusion. Yari et al.17 consid-
ered that discussing innovation in aquaculture technology
without considering the viewpoints and voices of various
stakeholders may lead to the ineffectiveness or even neg-
ative consequences of related policies. Kodjo et al.18 and
Obiero et al.1? their studies on shrimp-crab polyculture
technology in Anhui Province, China, and fish farmers in
Nigeria found that the education level of local farmers, in-
surance policies, technology promotion, and government
policies influence the level of technology diffusion.

Through the summary of research:(1) At present, schol-
ars attach great importance to the diffusion of agricultural
technology, while aquaculture technology is not the focus
of academic and policy research. However, the aquaculture
industry is obviously different from the traditional planting
and breeding industry, which has higher water, capital, and
technology requirements. At the same time, it is greatly af-
fected by the stability of the policy. The technology dif-

1 The data is sourced from FAO and China Fisheries Statistical Yearbook
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Figure 1. Distribution map of data source regions

fusion path and influencing factors are also different, so
it is more necessary to carry out an in-depth analysis. (2)
At present, scholars’ research on aquatic technology diffu-
sion mainly focuses on policy formulation and influencing
factors and lacks overall tracking and analysis of its diffu-
sion path. On the one hand, this paper takes Penaeus van-
namei breeding as the research object innovatively takes
the carbon emission of aquaculture as the unexpected out-
put and uses the unexpected super efficiency SBM model
to analyze and compare the two breeding technologies to
determine the more advanced breeding technology. On the
other hand, this paper analyzes the path and influencing
factors of aquaculture technology diffusion from the social
network perspective combined with field research and case
analysis and conducts relevant discussions and sugges-
tions.

MATERIALS AND METHODS

DATA SOURCES

The research data in this article comes from the industrial
economic team of the National Shrimp and Crab Industrial
Technology System. From 2016 to 2022, it researched the
main production areas of shrimp farming in the Bohai Rim
and the Yangtze River Delta, as shown in Figure 1. The rea-
sons for selecting this region are as follows:

First, Shandong Province is the largest province in China
for the farming of Penaeus vannamei, and it is also the
province with the highest farming output of Penaeus van-
namei in northern China. By 2020, the farming area of
Penaeus vannamei in Shandong Province reached 71844
hectares, nearly twice that of Guangdong Province, which
ranks second. Meanwhile, the local agricultural department
is very supportive of the Penaeus vannamei farming indus-
try, which has a very representative status. Second, the re-
search stations in the Bohai Bay and Yangtze River Delta
areas have cooperated closely with our school and the re-
search group’s teachers. The research group also frequently
conducts field research and interviews there. Therefore,
conducting field research and investigation in these areas

can obtain local assistance and guidance, greatly reducing
the investigation’s difficulty and the farmers’ resistance
and improving the authenticity and accuracy of the investi-
gation results. Finally, although the output of Penaeus van-
namei in the Pearl River Delta region ranks first nationwide
and is very meaningful for research, it mainly adopts the
high-position pond farming mode. At the same time, this
study mainly focuses on investigating and discussing pond
farming and factory farming. At the same time, the research
group has encountered greater resistance and difficulties in
conducting field research in the Pearl River Delta region.
The local terrain is mainly hilly, and there are many di-
alects and scattered populations. It is difficult to commu-
nicate with the farmers during the investigation and inter-
view period, and the research efficiency is low.

A sample survey was conducted among white shrimp
farmers, which was conducted in the form of face-to-face
communication with the farmers, and the obtained infor-
mation was filled in the questionnaire. The effective sample
size obtained from the survey was 297 households, includ-
ing 146 households in Hebei Province, 151 households in
Shandong Province, 197 households in soil pond farming,
and 100 households in factory farming. Shrimp farming in
soil ponds has a long history in China, while factory farm-
ing technology is a modern breeding technology. This arti-
cle uses the super-efficiency SBM-DEA non-expected out-
put model, taking the carbon emissions during the breeding
cycle as the non-expected output and combining input and
output evaluation to assess the comprehensive efficiency of
shrimp farming. The indicators are shrimp seedlings, feed,
shrimp medicine, water and electricity expenses, land rent,
fixed asset depreciation, and labor costs (self-owned labor
is calculated based on the average wage of local labor). The
output indicators are production, sales, and carbon emis-
sions.

AGE DISTRIBUTION

As the implementers of agricultural production activities,
the age of farmers significantly impacts production activi-
ties and decision-making implementation. The age distri-
bution of surveyed sample farmers is shown in Table 1.
Most of the sample farmers are aged 51-55 years old, with
77 people, accounting for 25.93% of the total sample, fol-
lowed by 46-50 years old group with 65 people, account-
ing for 21.89% of the total sample; 41-45 years old farmers
with 53 people, accounting for 17.85% of the surveyed farm-
ers; 56-60 years old with 48 people, accounting for 16.16%
of the valid questionnaires; and farmers under 41 years old
with 37 people, and those over 60 years old with 17 peo-
ple, accounting for 12.46% and 5.7% of the total sample re-
spectively. From the age distribution, it can be seen that the
main labor force in the shrimp farming industry in the sur-
veyed area is middle-aged and elderly farmers aged 45-55
years old, accounting for nearly half of the total sample,
which is consistent with the distribution of rural labor force
in China. This is in line with the distribution of the rural la-
bor force in China, indicating that the aquaculture industry
in China faces serious problems with the aging labor force
and the loss of the young labor force.
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Table 1. Distribution of sample age groups

Table 2. Carbon Emission Factors?

Ace Grou Sample Proportion Energy and materials Carbon emission coefficient
g P size situation (kg CO2/kg)
Under 41 yearsold 37 12.46% feed 0.41
41-45 years old 53 17.85% diesel oil 3.17
46-50 years old 65 21.89% consume power 0.997
51-55yearsold 77 25.93% Organic pollutants 3.08
56-60years old 48 16.16%
aThe data is sourced from the IPCC emission factor database
Over 60 years old 17 5.7%
Total 297 100%

RESEARCH METHOD
CARBON EMISSION ESTIMATION

The carbon footprint of the shrimp aquaculture cycle is
the total carbon emissions during the cultivation cycle of
shrimp from seedlings to adults, including feed production,
feed transportation, electricity for water pumps and aer-
ators, and organic pollutant emissions. Factors such as
shrimp seedling transportation can be ignored due to their
small volume and inconsistent transportation distances.
Since adult shrimp are purchased by buyers who come to
the farm, transportation emissions can also be excluded
from the cultivation cycle. Therefore, carbon emissions are
divided into carbon emissions from feed transportation
diesel, carbon emissions from feed production, carbon
emissions from electricity, and carbon emissions from or-
ganic pollutants in shrimp. This article assumes20 that a
small truck with a capacity of 2 tons is used for feed trans-
portation, traveling a distance of 100km. The fuel con-
sumption of the truck per 100km when fully loaded is 15L,
with a diesel density of 0.85kg/L, so the fuel consumption
for one trip is 15L x 0.85kg/L = 12.75kg. The number of
truck trips is determined by dividing the feed quantity by
the truck capacity and rounding to the nearest whole num-
ber. The carbon emission coefficients for feed, diesel, elec-
tricity, and organic pollutants are shown in Table 2, with
some coefficients sourced from the IPCC emission factor
database. The evaluation results are shown in Figure 2. It
can be seen from the figure that the carbon emission level
of industrial aquaculture technology is much higher than
that of pond aquaculture technology. Still, it has shown a
decreasing trend in the past two years, with the potential to
reduce aquaculture carbon emissions further in the future.
The carbon emission level of pond technology is lower and
has also shown a decreasing trend in the past two years.

DEA MALQUIST INDEX MODEL

This article calculates the production efficiency of the
South American white shrimp aquaculture industry using
total factor productivity as the measurement standard,
based on the Malmquist index model, to assess and com-
pare the production levels of two aquaculture models. The
Malmquist index was first proposed by Sten Malmquist in
1953, and in 1982, Caves and others used it from a multi-in-

put-output perspective to represent changes in total factor
productivity (TFP). Subsequently, Caves2! and Fare?2 fur-
ther decomposed total factor productivity into the compre-
hensive technical efficiency change index (EFFCH) reflect-
ing differences in technical capabilities and the technical
progress index (TECH) reflecting changes in the production
function, where the former is the ability to achieve maxi-
mum output under given input conditions. The latter is the
rise of the production frontier caused by scientific and tech-
nological progress. The comprehensive technical efficiency
can be further decomposed into scale efficiency change
(SECH) and pure technical efficiency change (PECH). The
Malmgquist index has wide applications in the field of eco-
nomic analysis. Based on the definition of total factor pro-
ductivity by scholars such as Caves, the formula for the
Malmquist index can be expressed as:
t(,t t
MUy, 2ty at) = % (1)
t+1(,t ot
ML (L gt b 2ty = % (2)
In the equations (Xt*1, Yt*1) and (Xt, YY), Xt*! and Yt*! rep-
resent the input-output vectors in periods t+1 and t, re-
spectively; Dy' and DOt” represent the technological effi-
ciency levels in periods t and t+1 with the reference set
being the technology Tt in period t. Taking into account the
differences caused by the arbitrariness of period selection,
Caves and Far calculate the geometric mean of equations
(1) and (2), further transforming the Malmquist index for-
mula into:
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When EFFCH>1, it indicates an improvement in overall
technical efficiency. Otherwise, it indicates a decline; when
TECH>1, it indicates technological progress; otherwise, it
indicates a decrease in technological level. Since overall
technical efficiency can be further decomposed into pure
technical and scale technical efficiency, the formula for to-
tal factor productivity can be further expressed as MI=EF-
FCHxTECH=PECHxSECHxTECH.

Compared to the traditional DEA model, the SBM super-
efficiency model introduces slack variables to avoid biases
caused by radial and angular measurements, making the
analysis results more accurate. At the same time, the effi-
ciency value of the traditional DEA model is maximized at
1, making it difficult to directly compare research objects
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Figure 2. Estimation of carbon emissions during the aquaculture cycle

that have all reached the maximum efficiency value. How-
ever, the optimal efficiency value of the super-efficiency
model exceeds 1, allowing for better comparisons between
different objects.

CASE ANALYSIS

Case analysis is a method of gaining overall understanding
through detailed and careful analysis of representative re-
search objects. This article conducts a detailed recording
and analysis of the scale, farming conditions, benefits, and
cognitive demand of typical pond-based and factory-based
technical farmers to identify the current problems in the
shrimp farming industry and the path and influencing fac-
tors of technology diffusion.

RESULTS

COMPREHENSIVE EFFICIENCY CALCULATION

The comprehensive production efficiency calculation re-
sults of the industrialized and pond aquaculture technology
models are shown in Figure 3. The figure shows that both
technology models are efficient, and industrialized aqua-
culture technology has reached the optimal production
frontier. Considering environmental protection, production
capacity, and profit, the comprehensive production effi-
ciency of industrialized aquaculture technology is slightly
higher than pond aquaculture technology’s, with a mean
difference in production efficiency of 0.179. At the same
time, in 2017, the comprehensive efficiency of both models
reached the lowest in five years, indicating that the aqua-
culture situation in the surveyed area was generally poor
that year, mainly due to frequent shrimp diseases and very
low shrimp survival rates, which greatly impacted the pro-
duction capacity and profits of aquaculture farmers. In
2021, the comprehensive efficiency of both models reached
the highest in five years, indicating a good shrimp aquacul-
ture situation in the region that year, mainly because the

epidemic showed a trend of slowing down and ending in
2021.23 There were positive expectations and attitudes to-
wards the shrimp aquaculture industry and consumer mar-
ket, ending the behavior of reducing aquaculture inputs
and scale during the epidemic. Overall, in recent years, the
comprehensive efficiency of both technology models has
shown a fluctuating upward trend, but the fluctuation of
industrialized aquaculture technology is greater. Therefore,
considering carbon emissions, industrialized aquaculture
technology is still a better choice than pond aquaculture, as
it has higher income and land utilization rates. Addition-
ally, industrialized technology is less affected by external
factors such as climate, thus having stronger adaptability.

THE IMPACT OF INPUT FACTORS ON OUTPUT

From the previous section, it can be seen that the compre-
hensive efficiency of the factory model is superior to that
of the pond model. To further determine the impact of var-
ious input factors on production capacity, this study uses
Stata software. It employs a Level model to calculate the
impact coefficients of input factors independently. Here,
we refer to production as Y, shrimp fry cost as S;, bait
cost as B, shrimp medicine fee as S,, water, electricity,
and coal cost as W, depreciation cost as D, land rent as
L;, and labor cost as L,. We assume the model to be
Y=Bo*B1S1+ByB+B3Sy+ByW+BsD+BgLy+BrLy h.
The regression results are shown in the Figure 4:

Y=0.8651+0.017B+0.002S2+0.2W+0.1D+0.14L1+0.05L2+0.78.

From the regression results, it can be seen that the im-
pact of shrimp seedlings’ input on production capacity is
the greatest. The larger the shrimp seedlings, the higher
the stocking density, which results in higher unit output
under the condition of constant survival rate. This is also
an important explanation for the higher comprehensive ef-
ficiency of the industrialized model. Secondly, water, elec-
tricity, and coal costs are significant. Due to reasons such
as winter heating and groundwater extraction, the water,
electricity, and coal costs in industrialized aquaculture are
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Figure 4. The coefficient of influence of each input factor

much higher than those in pond aquaculture, which once
again proves the superiority of industrialized production
capacity. The smallest impact factor is shrimp medicine
costs. Research shows that the current application of
shrimp medicine in the surveyed areas is still in a “blind
stage.” Aquaculture farmers rely more on experience and
word of mouth for medication, leading to common cases of
misuse and overuse of medication in the aquaculture indus-
try. Improper use of shrimp medicine results in difficulty
in demonstrating efficacy and may even have negative im-
pacts.
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The above results clearly show that Industrialization
farming technology is superior to pond farming in terms
of comprehensive efficiency. However, the team found that
factory farming technology did not spread quickly during
the research process. Therefore, this article will study the
sources of factory farming technology and provide a case
study to analyze the influencing factors of technology dif-
fusion.
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THE SPREAD OF FACTORY FARMING TECHNOLOGY
ORIGIN OF TECHNOLOGY ADOPTION

Industrialized aquaculture technology evolved from the ini-
tial fish pond aquaculture. In the 1980s, with the emer-
gence of artificial breeding and artificial feed, it gradually
became popular and rapidly expanded in the following
decades. According to local research station staff in Hebei
Province, industrialized aquaculture in the area originated
from factory breeding in the 1970s and 1980s. During the
idle period of breeding, people found that shrimp aqua-
culture had better results than pond aquaculture, leading
to the gradual development and spread of shrimp factory
aquaculture. Although factory aquaculture has shown good
results and substantial yields, becoming an industry con-
sensus, the diffusion of factory technology is not ideal.
Most farmers still use traditional pond aquaculture meth-
ods. Pond aquaculture requires a large land area but has low
stocking density, making it difficult to meet the large do-
mestic demand for shrimp. This has led to heavy reliance
on imported shrimp in the market. Additionally, pond
aquaculture mostly relies on groundwater sources and lacks
water treatment processes, leading to issues such as shrimp
production decline and environmental pollution due to ex-
cessive groundwater use. Factory aquaculture, on the other
hand, occupies a relatively small land area with high stock-
ing density and substantial yields. Promoting the diffusion
of factory aquaculture technology can significantly fill the
supply gap in the domestic shrimp market. Factory aqua-
culture includes water treatment processes, is less affected
by environmental factors, and causes less environmental
pollution. In theory, the shrimp aquaculture industry needs
to promote factory aquaculture technology. However, in re-
ality, the diffusion of factory technology is slow. Research
has also shown that the proportion of factory aquaculture
among farmers is low. What is the reason for this?

CASE ANALYSIS
CASE1:

Wang, a 56-year-old male farmer, resides in Dongxin Farm,
Lianyun District, Lianyungang City, Jiangsu Province. He
and his wife jointly operate a 113-acre aquaculture pond.
Their daughter is married and working, while their son is
still studying. Wang adopts a mixed farming model of fish
and shrimp, with a large proportion of grass carp, crucian
carp, and silver carp and a smaller proportion of South
American white shrimp. In 2023, the shrimp production
was 30,000 catties, generating an income of 450,000 yuan,
while the fish farming income was 1 million yuan. Wang
mentioned that after deducting costs, they still lost 40,000
yuan mainly due to the continuously low fish prices, unsta-
ble shrimp production, and rising costs of feed and pond
bottom rent. When asked about considering a factory farm-
ing model, Wang said there were no such operations nearby,
but he heard about some small greenhouse farming in
Shandong Rizhao. He also mentioned the lack of infor-
mation and promotion about factory farming models. Re-

garding government policies, Wang stated that the local
government’s role in aquaculture is limited, with minimal
technical guidance and promotional assistance. Pond bot-
tom rents have increased during good market conditions
and have not decreased in recent years despite poor market
conditions. Wang also heard that due to issues like non-
compliant wastewater discharge, the government plans to
ban local individual farmers and hand over aquaculture to
state-owned enterprises, leaving local farmers uncertain
about their livelihoods. As for fisheries insurance, Wang
mentioned hearing about it during meetings and expressed
interest in learning more and joining, but has not found a
way to get in touch.

In this case, the fish farmer is a typical example of scale-
based pond aquaculture, with relatively low unit input but
high overall investment. This makes it prone to losses dur-
ing low prices or unstable production periods. At the same
time, regarding technological diffusion, this farmer has
limited access to information on industrialized aquaculture
and has not received heterogeneous or homogeneous dis-
semination. They also receive little support and guidance
from the local government during farming, with a lack of
government promotion. Regarding fisheries insurance, due
to the instability of survival rates and production, this
farmer and their peers in the vicinity have a strong desire
to engage with and join but lack an understanding of insur-
ance mechanisms and have limited access to specific infor-
mation and policies, leaving them to face aquaculture risks
alone.

CASE2:

Zhuang, a male farmer 45 years old with a college degree,
lives in Xiaohai Village, Taolu Town, Donggang District,
Rizhao City, Shandong Province. He runs a 2000-square-
meter factory for intensive farming of South American
white shrimp with his wife. They have two sons who are
already working. Mr. Zhuang studied shrimp farming dur-
ing college and started his own shrimp farming business af-
ter graduating in 1996. He temporarily stopped the busi-
ness but resumed it in 2015. He uses a high-density farming
method for South American white shrimp, with a density
of up to 1000 shrimp per cubic meter and a survival rate
of 60%. In 2023, his shrimp farming income reached 1 mil-
lion yuan, with a net income of tens of thousands. When
asked about the farming situation of his peers, Mr. Zhuang
mentioned that many in the village are also engaged in fac-
tory farming, and some have learned from him. Local com-
panies and the government sometimes organize seminars
to exchange farming techniques and experiences. However,
Mr. Zhuang is not entirely satisfied with the policies. He
wants to expand his business, but due to issues like lack of
groundwater, the government restricts the expansion and
construction of shrimp farms, not allowing the construction
of farming sheds. He is also interested in fishery insurance
but lacks access to information and channels for dissemina-
tion.

This case is a relatively typical factory farming model.
Although the farming area is only 2000 square meters, the
investment per unit is high, the intensification level is high,
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and the farming density and survival rate are high. There-
fore, the unit farming output is large and relatively stable,
making it less likely to incur farming losses. Regarding
technology dissemination, Mr. Zhuang, as a university stu-
dent specializing in shrimp farming, is not only a recipient
of technology diffusion but also a channel for research in-
stitutions to disseminate information to ordinary farmers.
He also serves as a source of homogenized information
for spreading technology to surrounding farmers. The het-
erogeneous channels through which governments and en-
terprises disseminate technology diffusion to farmers also
play an important role in this case. With the combined
effects of homogenized and heterogeneous dissemination,
this region’s factory farming technology diffusion level is
relatively ideal.

Therefore, this article combines existing literature, the-
ory, and case analysis to summarize and analyze the path
of agricultural technology diffusion and its influencing fac-
tors.

DISCUSSION AND CONCLUSION

ANALYSIS OF THE DIFFUSION PATH OF AGRICULTURAL
TECHNOLOGY

Social network communication plays a very important role
in diffusion of agricultural technology. Agricultural tech-
nology diffusion among farmers is not a linear and regular
process but a social and “epidemic-like” diffusion. Social
network communication has always been the main channel
for the diffusion of shrimp farming technology. Farmers ob-
tain farming technology information through communica-
tion and learning with relatives, neighbors, and colleagues
and will imitate and learn from farmers who achieve higher
profits.24 Regarding the technology acquisition level, social
network communication includes heterogeneous and ho-
mogeneous diffusion.2> The technology diffusion pathways
are shown in Figure 5.

HETEROGENEOUS TRANSMISSION

Heterogeneous diffusion refers to the spread of agricultural
technology among different social strata, where social
strata can refer to various endowments. Heterogeneous dif-
fusion is generally more difficult because the spread of
technology and adopters are at different levels. Therefore,
significant differences in forms, values, and development
expectations make communication between the two parties
more challenging. However, once heterogeneous diffusion
occurs, agricultural technology has broken through the bar-
riers between social strata and organizations, achieving dif-
fusion across levels, which is very important and effective
in technological innovation. From the perspective of ver-
tical heterogeneous diffusion, technological innovation
spreads from research institutes, universities, and labora-
tories to governments and enterprises through heteroge-
neous diffusion and is then adopted. The government pro-
motes and disseminates the innovation or enterprises and
provides guidance and support to spread it to large agri-

cultural households or ordinary farmers. At the same time,
large agricultural households will also spread technological
innovation to ordinary farmers and have it adopted by their
driving force.

HOMOGENOUS TRANSMISSION

Homogeneous diffusion refers to disseminating agricultural
technology among groups of people with similar social sta-
tus and relatively similar endowments. Homogeneous dif-
fusion is generally easier and more frequent because farm-
ers within the same social class and organization share
similar cognitive values, leading to better communication
and trust than heterogeneous diffusion. However, due to
the similarity in cognitive processes within the organiza-
tion, the value of homogeneous diffusion is much lower
than that of heterogeneous diffusion. Excessive closed and
rigid homogeneous diffusion may even hinder heteroge-
neous diffusion, which is not conducive to spreading tech-
nological innovation. From the perspective of horizontal
homogeneous diffusion, technological innovation is dis-
seminated and adopted through online and offline commu-
nication among enterprises, large-scale agricultural house-
holds, and ordinary farmers. Both homogeneous and
heterogeneous diffusion channels constitute the diffusion
of agricultural technology, thereby achieving the true suc-
cess of a technological innovation.

FACTORS INFLUENCING SHRIMP FARMING TECHNOLOGY
DIFFUSION

The diffusion pathways of shrimp aquaculture technology
are shown in Figure 6. Shrimp aquaculture technology
spreads through social networks and is influenced by ex-
ternal and internal environments. The external environ-
ment includes the policy environment, economic market
environment, and geographical environment, while the in-
ternal environment includes technological attributes and
the conditions of farmers themselves. Heterogeneous dif-
fusion refers to the dissemination between different levels
of technology research units, government, enterprises, and
farmers, which involves technology extension and enter-
prise assistance. Homogeneous diffusion refers to the dis-
semination among farmers at the same level, involving the
exchange of experiences and confidence. It has been the
main channel for the diffusion of agricultural technology in
the past. In the following text, we will analyze the internal
and external influencing factors of the diffusion of factory-
scale shrimp aquaculture technology from the perspectives
of homogeneous and heterogeneous diffusion in social net-
works.

INTERNAL ENVIRONMENTAL FACTORS

1. Factory technology attributes: high capital and tech-
nical requirements
The factory farming technology is fundamentally dif-
ferent from traditional planting and pond farming in
that it requires the construction of farming facilities,
the purchase of equipment for water treatment, aer-
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ation, etc., as well as the input of a large number of
shrimp seedlings, feed, and reagents for high-density
intensive farming. Therefore, factory farming tech-
nology has a higher requirement for capital invest-
ment, with a long investment return period, and prof-
its may only be obtained after several years. At the
same time, factory farming requires real-time moni-
toring and adjustment of water quality, microorgan-
isms, oxygen content, and phosphorus and ammonia
nitrogen levels through instruments and reagents,
which demands a higher level of technical expertise
from farmers. Factory technology’s high investment
and technical nature determine that its diffusion rate
will be faster among enterprises and large-scale
farmers but slower among ordinary farmers. As a re-
sult, the diffusion speed of technology from enter-
prises and large-scale farmers to ordinary farmers is
slowed down. To some extent, the inherent character-

istics of factory technology hinder its heterogeneous
dissemination and diffusion speed.

Small-scale farmers have the following characteris-
tics: weak capital accumulation, low investment de-
sire, and a strong risk-averse mentality.

Most of the livestock breeders are farmers who have
transitioned or are part-time farmers, still belonging
to the category of small-scale farmers. The inherent
characteristics of small-scale farmers for thousands
of years have determined that the capital accumula-
tion and technical support of livestock breeders are
much weaker compared to large-scale farmers and
enterprises, and their compatibility with the high re-
quirements of factory farming technology is low. At
the same time, small-scale farmers have a strong risk-
averse awareness with weak investment desires. Most
livestock breeders would rather earn less or even in-
cur small losses each year than take risks for large
capital investments. In the absence of loan subsidies
and support policies, most livestock breeders also
find it difficult to meet the financial and technical ac-
cess thresholds of factory farming technology. Even
if they receive information on heterogeneous dissem-
ination from upper-level enterprises and homoge-
nized dissemination from peers, and are interested
in adopting new technologies, they are unable to im-
plement them due to their own conditions. The stark
contrast between the high technological threshold
and the weak capital and technical accumulation of
livestock breeders severely hinders the diffusion of
factory farming technology and the process of live-
stock breeders adopting new technologies.

Through case studies and research, it has been found
that the lack of fishery insurance mechanisms is a
common problem in the shrimp farming sector, in-
creasing the risk of investment for farmers and hin-
dering their willingness to adopt new technologies.
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Some farmers intend to try new farming technologies
but are reluctant to do so due to the high risks in-
volved. A sound fishing insurance mechanism can re-
duce the investment losses from farming failures for
farmers, enabling them to invest and try new tech-
nologies with confidence and greatly promoting the
diffusion of industrialized technologies. At the same
time, during the investigation, the team found that
there were very few agricultural cooperatives in the
shrimp farming villages, and some agricultural coop-
eratives in certain villages were in name only. The
government should actively organize and promote
agricultural cooperatives. The scale and capital re-
quirements of industrialized technology are signifi-
cant. By pooling funds, villagers can establish agri-
cultural cooperatives that integrate breeding,
processing, and cold-chain transportation. This not
only reduces costs and expands the breeding scale but
also extends the industry chain, increases the added
value of shrimp farming, and improves breeding in-
come. At the same time, shrimp farmers are in a weak
position in shrimp trading. Agricultural cooperatives
can help bridge the gap in trading positions and im-
prove the status of shrimp farmers. The establish-
ment of agricultural cooperatives can not only attract
nearby farmers to join but also stimulate the spread
of industrialized technology to the surrounding ar-
eas.

The universality of technology determines the level
of diffusion.

The universality of a technology largely determines
whether it can spread in a region or even nationwide.
The higher the universality, the faster and wider the
technology will spread. The characteristic of factory
farming technology is indoor farming with mecha-
nized equipment, requiring lower climate and water
quality conditions and having stronger environmen-
tal adaptability compared to the traditional pond and
other farming techniques. Traditional ponds can only
produce two crops a year, while factory farming can
produce 3-4 crops, gaining a competitive advantage
in off-season pricing. This leads to increased produc-
tion and income. Therefore, factory farming technol-
ogy has a wide diffusion range, with farmers across
the country adopting factory farming techniques.
However, in other aspects, there is a significant dif-
ference in the universality of factory technology com-
pared to pond technology. As the name suggests,
adopting factory technology is like setting up a small
factory, requiring a large amount of initial capital
and risk tolerance, as well as specialized knowledge
and skills. These requirements are not suitable for
small farming communities compared to pond tech-
nology, thus hindering, to a certain extent, the speed
and scope of technology diffusion. However, with the
continuous improvement of the professional level,
knowledge base, and capital accumulation of small
farming communities in recent years, these obstacles
are gradually decreasing. In addition, local policies

vary by region. Ponds are generally located at pollu-
tion-free river mouths or seashores, directly utilizing
ditches and tides for water intake and exchange. Poli-
cies mainly involve land use and water source pollu-
tion. Factory farming mostly relies on groundwater
and requires boiler heating in winter, so related poli-
cies also involve business licenses, groundwater reg-
ulations, and bans on burning boilers. For example,
the Department of Agriculture in Shandong Province
strongly supports factory farming, and local policies
provide assistance and support for technology up-
grades, such as subsidies for boiler-to-electricity con-
version. Hebei Province has stricter approval for fac-
tory farming, and the implementation of supportive
policies is not sufficient, resulting in a slower diffu-
sion of factory technology in Hebei Province com-
pared to Shandong Province. The aforementioned
policies mainly hinder small farmers, while large
farms and agricultural companies are less affected
due to their professionalism. The low universality of
factory technology in relation to local policies mainly
hinders the heterogeneous transmission of technol-
ogy from farms and companies to small farmers.

EXTERNAL ENVIRONMENTAL FACTORS

Policy instability and deficiencies

Compared to other agricultural industries, the shrimp
farming industry has higher requirements for the pol-
icy environment and is more sensitive to policy re-
sponses. Industrialized technology farming requires
the construction of farming workshops and ware-
houses, leading to high fixed costs. Therefore, there
is a high demand for land lease terms, as short-term
leases can result in excessively high fixed costs, dam-
aging shrimp farming profits and even causing losses.
Therefore, the diffusion of industrialized technology
requires relatively stable and long-term land lease
policies so farmers can invest and introduce new
technologies with peace of mind. Currently, land
policies with one or a few years of lease terms se-
riously hinder the diffusion of industrialized tech-
nology. Additionally, most industrialized farms have
not adopted recirculating aquaculture systems, lead-
ing to a heavy reliance on groundwater. Restrictions
on groundwater increase water source costs and ac-
quisition difficulties, to some extent, impeding the
spread of industrialized technology in homogeneous
dissemination.

In terms of heterogeneous diffusion of technology,
the government, research stations, and enterprises’
policies of taking technology to rural areas will have
a positive impact on the diffusion of factory technol-
ogy. However, it was found during the investigation
that most livestock breeders did not receive govern-
ment publicity and technical guidance. The relevant
training and guidance from research stations mainly
focused on large-scale breeders and enterprises, pro-
viding little help to ordinary breeders. Unlike the
planting industry, enterprises are in a semi-absent
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state in the heterogeneous diffusion of shrimp farm-
ing technology: the planting industry has developed
a very standardized market for seedlings and fertiliz-
ers after a long period of development, but the market
for shrimp seedlings and feed is extremely chaotic.
The phenomenon of purchasing and using poor-qual-
ity seedlings and animal feed is very common, leading
to frequent communication among breeders but little
connection with enterprises. Therefore, the hetero-
geneous diffusion of factory technology from enter-
prises to breeders is insufficient. Projects led by the
government with the participation of enterprises and
breeders are very few, and there are few business
connections between enterprises and breeders. The
diffusion pathway of shrimp farming technology be-
tween enterprises and breeders is severely damaged.
For example, in the issue of agricultural cooperatives
mentioned earlier, the government should act as a
mediator to actively guide cooperation between en-
terprises and farmers, promote enterprises joining
agricultural cooperatives, or have enterprises lead
farmers. Enterprises, as the target of technology dif-
fusion, have a much higher level of awareness and
mastery of new technologies compared to farmers.
Encouraging enterprises to lead farmers can not only
bring funds and technology to farming households
but also introduce strict management standards and
innovative business concepts, promoting the diffu-
sion and learning of new technologies. The rural land
system in China is collectively owned, and shrimp
farming is done through land contracting. Extending
the land lease term can encourage livestock farmers
to invest in building breeding ponds and purchasing
fixed equipment, adopting advanced new technolo-
gies, and promoting the diffusion of industrialization
technology. Industrialization requires a large amount
of water supply. Due to current restrictions on the use
of groundwater along the coast, the introduction cost
of industrialization technology has increased. The
government providing water subsidies can reduce the
cost of technology adoption and promote the diffu-
sion of industrialization technology.

The economic environment influences the internal
environment, while the market environment drives
technological diffusion.

The economic and market environment will greatly
influence the diffusion speed of shrimp farming tech-
nology. Only when the economy and market are good
will farmers consider investing more funds and en-
ergy into new technologies. Factory farming is a tech-
nology that requires high investment, and a good
internal environment requires a good economic envi-
ronment. In a good economic environment, farmers
are more willing to learn advanced technologies from
enterprises and peers, which can promote the dif-
fusion of homogeneous and heterogeneous factory
farming technologies. There are significant differ-
ences between the shrimp market and traditional
farming markets: ordinary farming prices fluctuate

less, and supply and demand relationships are con-
stantly changing. However, the domestic shrimp mar-
ket is large, and shrimp prices have remained high
due to supply-demand imbalances. Therefore, farm-
ers can easily achieve profitability while ensuring
production. Farmers continuously learn and innovate
in farming technology to pursue higher yields, which
greatly promotes the diffusion and adoption of fac-
tory farming technologies by farmers.

POLICY SUGGESTION

Reduce loan review standards and interest rates and
provide technical support.

Due to the high cost of adopting industrialization
technology and the large capital requirements of live-
stock farmers, lowering the loan approval standards
and interest rates by the government can make it
easier for livestock farmers to reach the technology
access threshold, thereby accelerating the diffusion
speed of industrialization technology. At the same
time, the previous text mentioned that factory farm-
ing technology requires farmers to be proficient in
applying and analyzing relevant equipment and mi-
crodata, which can be difficult. This difficulty may
pose certain obstacles to the diffusion of technology.
To address this, the government and technical per-
sonnel from research stations should establish close
connections with farmers, providing technical con-
sultation and on-site assistance both online and of-
fline. This helps farmers overcome the challenges of
applying technology. Additionally, proficient farmers
in technology application can further diffuse the
technology through cooperatives or homogenous dis-
semination, which plays a positive role in promoting
the diffusion and adoption of factory farming tech-
nology.

Promote agricultural cooperatives and strengthen co-
operation between farmers and agricultural enter-
prises

Agricultural cooperatives play a significant positive
role in promoting the dissemination of heteroge-
neous and homogeneous agricultural technologies.
On one hand, through close communication and col-
laboration, advanced technologies and knowledge
can be spread and diffused, allowing marginal farm-
ers to acquire advanced technologies and information
from core peers, as well as receive technical and fi-
nancial assistance from leading enterprises, thus ac-
celerating industrial transformation and upgrading.
On the other hand, farmers can form industrial clus-
ters and joint-stock enterprises through agricultural
cooperatives, addressing real issues such as insuffi-
cient funds, lack of information, and backward tech-
nical management among small-scale farmers, pool-
ing resources such as manpower, land, and funds
from villagers to collectively drive the transformation
and upgrading of the local shrimp farming industry.
The government should also actively organize and
promote cooperation between local enterprises and
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villagers, including but not limited to symposiums,
enterprise visits, enterprise sponsorships, and indi-
vidual-enterprise collaborations, breaking down or-
ganizational barriers and promoting the diffusion and
upgrading of technological information across indus-
tries.

Strengthen industry norms and promote green aqua-
culture.

The text mentions that industrialization is restricted
in some areas due to reasons such as coal burning
polluting the air, untreated wastewater polluting the
environment, and overuse of groundwater, hindering
the diffusion of technology. Therefore, the govern-
ment should specify industry standards, such as com-
pletely banning coal-fired boilers and improving sub-
sidy policies, establishing sound regulations for
wastewater treatment and water recycling systems,
and reducing harm and impact on local environment
and water sources, thereby reducing restrictions on
industrialization technology by local policies, and
promoting the diffusion of technology in local indus-
tries.
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