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Abstract
Chinese agriculture is seeking a sustainable production increase in order to solve the food problem for its population. The 
traditional “high input, high pollution” agricultural production mode has led to a large burden on resources and on the envi-
ronment. At present, China is promoting the transformation of its agricultural production modes in the direction of resource 
conservation and green development. In recent years, the crayfish–rice integrated system of production (CRISP) has been 
developed intensively in China due to its important economic benefits. Evaluating this new agricultural model comprehen-
sively and guiding the related green sustainable development are urgent issues. Here, we used statistical data and literature 
to review the origin and development of CRISP in China and to compare the Chinese CRISP with similar models in other 
parts of the world. We reviewed studies on the ecological and social effects of CRISP for its objective evaluation and drew 
three main findings. First, although the crayfish initially introduced were sourced from the USA, the extensive application 
of CRISP led China to rapidly become the largest crayfish producer worldwide — accounting for over 90% of the crayfish 
production — and a leader in crayfish processing and catering industries. Second, the specific Chinese CRISP culture model 
promotes a green transformation towards a high-quality rice production system. Finally, CRISP affected positively soil qual-
ity, water and nutrient recycling, pest limitation, and biodiversity development in the paddy field system. CRISP reveals a 
good example of the effective application of green revolution in China’s agricultural production. We analyze for the first time 
the specific ecological foundation and management model for the sustainable development of CRISP. These observations 
provide a reference for the development of other agriculture–livestock integrated systems worldwide.
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1 Introduction

For a long time, China has ensured food security by con-
sidering high, stable yield the primary goal of agricultural 
production. Consequently, China’s agricultural production 
has shown a sustained increase and led to effective resolu-
tion of the food problem among the Chinese population. 
However, the traditional “high input, high pollution” agri-
cultural production mode used in China has caused a heavy 
burden on resources and the environment. At present, China 
is promoting the transformation of agricultural production 
mode in the direction of resource conservation, environmen-
tal friendliness, and green development.

The fishery–rice integrated system of production has a 
history of nearly 2000 years in China. It refers to an eco-
logical circulation agriculture development mode via the 
implementation of engineering transformation of paddy 
fields, construction of aquatic–rice co-farming systems, 
realizing stable rice yield, increasing aquatic products and 
the economic benefits, and reducing pesticide and chemi-
cal fertilizer application considerably. In the recent years, 
China has focused on the extensive development of the fish-
ery–rice integrated system of production—making it a typi-
cal example of ecological circular agriculture in the country. 
The resulting economic, ecological, and social benefits are 

remarkable. At present, freshwater crayfish (Procambarus 
clarkii)–rice, crab (Eriocheir sinensis)–rice, fish–rice, soft-
shell turtle (Pelodiscus sinensis)–rice, bullfrog (Rana cates-
biana)–rice, loach (Misgurnus anguillicaudatus)–rice, and 
other rice integrated systems have been formed in various 
parts of China. Of these, the crayfish–rice mode (Fig. 1) is 
most popular in China and thus has been implemented at the 
largest scale and China’s Ministry of Agriculture included 
the fish–rice integrated farming mode as the main promo-
tion technology of green ecology–oriented agriculture in the 
nation’s future agricultural development planning.

Compared with the traditional rice or crayfish farm-
ing system, crayfish–rice integrated system of production 
(CRISP) affords a mutually beneficial ecosystem for crayfish 
and rice. In this system, the paddy field provides a large 
space for crayfish to move and grow healthily. After rice 
harvest, the field is flooded in winter. Here, rice straw not 
only provides a habitat for crayfish seedlings but also affords 
a heat preservation effect enabling the hatching of crayfish 
seedlings. Rice straw decay promotes the growth of plankton 
in the water body, which provides food for crayfish as well 
as effectively solves the problem of straw returning—which 
has long been regarded as a significant problem in China. 
Rice straw digestion and utilization by the crayfish kills 
the remaining pests and reduces the source of pests in the 
next year. Crayfish waste provides organic fertilizer for the 
rice, and the existence of crayfish restricts the application 
of pesticides and fertilizers in the rice field. Thus, this cray-
fish–rice–soil–microorganism mutualism system effectively 
provides resource conservation, environmental friendliness, 
and ecological balance and indicates great potential to lead 
the transformation of agricultural production in China.

As a brand new and rapidly developing farming system in 
China with great economic benefits, CRISP has attracted the 
attention of numerous Chinese farmers who have spontane-
ously transformed their paddy fields for this system. In this 
article, we introduced the development of CRISP in China 
and summarize its economic, social, and ecological effects. 

Fig. 1  A a photograph and b schematic of a crayfish–rice integrated system of production (CRISP) field structure (photo by Yang Jiang).
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Based on this, we also propose the ecological foundation 
and management model for the sustainable development of 
CRISP. We finally discuss the future development directions 
and prospects for CRISP in China.

2  Origin of CRISP in China

2.1  Introduction of crayfish into China

Taxonomically, crayfish (Fig. 2) are arthropods, crustaceans, 
and decapods. They are native to the southern United States 
and northeastern Mexico (Hobbs and Zinn 1948). Because 
of their omnivorous and strong adaptability to the environ-
ment, crayfish expand and multiply rapidly. With the contin-
uous development of aquatic trade, crayfish have been arti-
ficially introduced to many places in the world. At present, 
except for Oceania and Antarctica, crayfish populations have 
been widely distributed in > 30 countries and regions in the 
five continents (Huner and Avault 1979). In 1927, crayfish 
were introduced from the Americas to Japan as bait for the 
bullfrog. About 2 years later, crayfish were introduced from 
Japan to Jiangsu Province in China and gradually spread to 
central and southern China along the Yangtze and Huaihe 
River Basins (Li and Xu 2017).

Crayfish is a typical invasive species to China, and over 
the next 40 years after their introduction in China, cray-
fish were not favored by Chinese people, especially Chinese 
farmers. This was because crayfish burrowing led to field 
ridge damages and the farmers did not know how to manage 
it and control crayfish propagation. Nevertheless, Chinese 
people started to pay attention to the edible value of cray-
fish, and scientists began studying them. Even then, human 
crayfish farming and consumption remained low for some 
time in China.

2.2  Formation of CRISP in China

After 1980s, the consumption of crayfish as food in China 
began to increase sharply. However, most of the crayfish 
consumed then were obtained from the wild. These wild 
crayfish eventually could not meet the rapidly increasing 
market demand. Consequently, Chinese farmers started rais-
ing crayfish in ponds. In 2001, to effectively utilize their 
perennially flooded rice field, a farmer in QianJiang City, 
central China, raised crayfish in a rice field for the first time, 
thus inventing CRISP.

3  CRISP model in China

3.1  Field structure

The most common field structure used in the Chinese CRISP 
model is the annular ditch. Here, the annular ditch is created 
inside a rice field around the rice planting area (Fig. 1a), 
and it usually accounts for 10–20% of the rice field area. In 
total, the area of rice field area used for CRISP usually is 1–2 
 hm2, with the ditch width and depth being about 3 and 1 m, 
respectively (Fig. 1b). A plastic sheet with a height of 0.5 m 
is placed around the outer banks to prevent the escape of the 
crayfish. Notably, since 2018, to ensure the rice planting area 
is not reduced because of CRISP, the Ministry of Agriculture 
and Rural Affairs of China has put forward a standard that 
requires the proportion of annular ditch area of CRISP to not 
exceed 10% of the total area of the rice field (Chen 2018).

3.2  Management process

A schematic of the main management process is shown in 
Fig. 3. During non-rice growth season (November to next 

Fig. 2  Crayfish (Procambarus 
clarkii) grown in crayfish–rice 
integrated system of produc-
tion (CRISP). Left: dorsal side. 
Right: ventral side (photo by 
Yang Jiang).
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May), the rice field is flooded with about 30–50 cm deep 
water, making the rice field look like a pond. Hence, several 
aquatic plants are planted in the field. The crayfish can thus 
forage all over the field. During the rice growth season (June 
to October), the water is drained, and the water level in the 
annular ditch becomes lower than that in the rice planting 
area. Here, the crayfish follow the water into the annular 
ditch and mate in the annular ditch. Thereafter, they burrow 
on the field ridge to escape the summer heat. After rice har-
vest, all the rice straw will be left in the field. Then, the rice 
field is flooded again, and the young crayfish emerge and 
forage all over the field. Crayfish are harvested over March 
to June before the rice growth season. During the crayfish 
growth season, some organic materials such as soybean, suc-
culents, and corn are added to the field as food supplements 
for the crayfish.

4  Area and distribution of CRISP in China

Over the past decade, China has become the largest pro-
ducer and consumer of crayfish worldwide. Moreover, the 
total crayfish output in China accounts for > 90% of the 
world’s total output (FAO 2016). CRISP has contributed 
about 85.9% of crayfish production in China (China crayfish 
industry development report 2020), and the area used for 
CRISP has increased about ninefold from 123 ×  103  hm2 in 
2007 to 1057 ×  103  hm2 in 2019 (Fig. 4). CRISP is mainly 
applied in the central part of China, including Hubei, Anhui, 
Hunan, and Jiangxi Provinces, which account for about 80% 
of the total area used for CRISP in China (Fig. 5). In Hubei 
Province, the area of CRISP accounts for 22.9% of the total 
area of the rice fields. CRISP has been majorly applied 
in central China mainly because of the abundant water 

resources present in this area. About 30% of the regions 
in central China are plains and lakes. Of the coastal cities, 
Jiangsu Province has the largest area used for CRISP: about 
140 ×  103  hm2. Thus far, CRISP has been extended to 23 
Chinese provinces, even including the northwestern parts 
of China where areas used for paddy fields are very small 
(Fig. 5).

5  Comparison of CRISP between China 
and other regions of the world

Although crayfish have been introduced to many countries 
such as China, Japan, Kenya, Spain, and Portugal, most of 
them have only developed their crayfish fishing industry. 
Historically, crayfish farming first began in the USA (Anas-
tácio et al. 1995). The artificial culture of crayfish in the 
rice field in China rose and developed only after 2001. By 
2005, China and the USA had become the main crayfish 
producers worldwide (MBC 2001). Eventually, the crayfish 
supply in the USA deteriorated, and this necessitated an 
annual increase in the crayfish import from countries includ-
ing China. Since 2009, China has been the main crayfish 
exporter to the USA (Christopher 2019).

In the USA, Louisiana had been the main crayfish produc-
ing area, accounting for 90–95% of the nation’s total crayfish 
production (FAO 2016). This was because Louisiana had a 
large number of natural crayfish populations. However, due 
to changes in the climate, ecology, and river water level, 
the crayfish catch at the natural sources began decreasing 
annually (McClain 2000). Consequently, in 1950, large-scale 
artificial crayfish culture was initiated in Louisiana (Zhao 
et al. 2009). This culture was mainly divided into natural 

Fig. 3  Crayfish–rice integrated 
system of production (CRISP) 
management process. a–d The 
schematic of field scenes of 
CRISP in different seasons. 
a Early winter (November to 
December); b overwintering 
period (January to February); 
c growth period of crayfish 
(March to June); d growth 
period of rice (June to October).
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Fig. 4  Areas of crayfish–rice 
integrated system of produc-
tion (CRISP) in China (China 
crayfish industry development 
report, 2020).

Fig. 5  Distribution of crayfish–rice integrated system of production (CRISP) in China (China crayfish industry development report, 2020).
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water pond and rice field culture, each of which accounted 
for about half of the cultivation areas.

Two main modes of rice field crayfish culture were 
applied: a monoculture system and a rotation system 
(McClain et al. 2005). In the monoculture system, rice was 
planted to harvest rice but to provide habitat and food source 
for the crayfish—the only agricultural product harvested. In 
this mode, crayfish were generally not specially fed, and the 
rice products were fully used as the food source for cray-
fish. Crayfish harvest would start in November and last until 
August of the next year. In the rotation system, rice was 
planted in summer and harvested in autumn and then cray-
fish were raised over autumn, winter, and early spring; rice 
was planted again in the next summer. For multicrop rota-
tion, two strategies were applied: (1) crayfish and rice rotated 
in the same places for several years and (2) rice planted in 
different places every year (Chien and Avault 1980; Brunson 
and Griffin 1988; McClain and Romaire 2004).

The similarity between the Chinese CRISP model and 
other regions in the world is that the rotation system is con-
sidered the main model. In contrast, its most distinctive fea-
ture is the use of the unique annular ditch. In this model, 
crayfish enter into the annular ditch during the rice growing 
season to avoid the high temperature in summer; this reduces 
the adverse effects of crayfish foraging and burrowing on 
rice growth. At the same time, the annular ditch provides an 
independent place for crayfish breeding, and the rich water 
in the annular ditch can flow back into the paddy field to 
nourish the rice. Therefore, the Chinese CRISP model can 
achieve high crayfish and rice yields simultaneously. Moreo-
ver, this CRISP can provide a reference for the development 
of similar crayfish–rice models in other parts of the world.

6  Comparison of CRISP with other fishery–
rice integrated systems

In China, fishery–rice integrated farming systems have 
had a long history including various models. Many kinds 
of aquatic animals including common fish species such 
as the grass carp (Ctenopharyngodon idella) and the carp 
(Cyprinus carpio) and high-quality aquatic products with 
high economic value such as crayfish, crab, softshell tur-
tle, bullfrog, and loach have been cultivated in paddy fields. 
In 2019, the total area and aquatic product output of six 
main cultivation modes (including CRISP as well as other 
fish–rice, crab–rice, loach–rice, softshell turtle–rice, and 
bullfrog–rice integrated farming models) were 2.29 ×  106 
 hm2 and 2.86 ×  106 t, respectively, accounting for 98.61% 
and 98.57% of the total area and aquatic product output 
of the fishery–rice integrated farming systems in China 
(China rice-fishery integrated cultivation industry develop-
ment report 2020). Of these systems, CRISP accounted for 

48.4% and 61.9% of the total area and aquatic product output 
of fishery–rice integrated farming system in China, respec-
tively, occupying the absolute dominant position (China 
rice-fishery integrated cultivation industry development 
report 2020). In terms of regional distribution, CRISP and 
softshell turtle–rice integrated models are mainly distributed 
in central China. The crab–rice model is mainly distributed 
in northern China and some coastal provinces. Fish–rice, 
loach–rice, and bullfrog–rice integrated models are distrib-
uted widely all over China. Moreover, the fish–rice inte-
grated model is the main rice field breeding mode in China’s 
mountainous and hilly areas (China rice-fishery integrated 
cultivation industry development report 2020). In terms 
of model characteristics, CRISP and fish–rice integrated 
models are simpler than the other models with regard to 
their field engineering and management requirements. The 
farmer input cost of these models, especially CRISP, is also 
low. Even under less input but extensive management, farm-
ers can obtain a certain amount of crayfish yield due to the 
strong adaptability and reproductive capacity of crayfish. 
Compared with the fish–rice integrated model, CRISP also 
affords higher economic benefits due to the higher market 
price of crayfish. In addition, CRISP requires a relatively 
large area of a single paddy field, which is more in line with 
the current development trend of large-scale, standardized 
agricultural production. Other models, such as crab–rice, 
softshell turtle–rice, and bullfrog–rice integrated models, 
have the same or even higher economic benefits as CRISP, 
but they all need to be carried out on a relatively small scale 
while incurring high investment, high risk, and a highly 
intensive model that require extensive management by the 
farmers. Finally, a very important reason that CRISP has 
become the current dominant agricultural mode in China 
is that the total demand for crayfish in the Chinese con-
sumer market is higher than that of the products of other 
fishery–rice integrated models.

7  Economic and social effects of CRISP 
in China

The rapid development of CRISP has also been driven 
by the large benefits and quick increases in the market 
demand for crayfish in China. China’s CRISP has provided 
crayfish and grain yields of 1.50–2.25 and 8.00–10.00 t 
 hm−2, respectively, with their prices being 2000–3000 
and 400–700 USD  t−1, respectively. The higher price of 
the grains is due to the low pesticide and fertilizer use 
in CRISP. Compared with the traditional rice farming 
system, CRISP has increased the revenue by 3000–6750 
USD  hm−2. An example for CRISP-related income versus 
expenditure is presented in Table 1. Compared with the 
traditional rice farming system, CRISP has led to 100%, 
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52.9%, and 46.8% reductions in field plowing, fertilizer, 
and pesticide costs, respectively. Finally, because of the 
aforementioned reasons, CRISP has increased farmer 
income by 4959 USD  hm−2 compared with the traditional 
rice farming system (Table 1). Over 2007–2019, crayfish 
consumption increased by about seven times in China, 
reaching 1773 ×  103 t in 2019 (China crayfish industry 
development report 2020). However, a large gap remained 
between the supply and demand for crayfish in China in 
2019, with the estimated demand being 1089 ×  103 t higher 
than the actual supply (China crayfish industry develop-
ment report 2020).

China exports 15 ×  103 to 30 ×  103 t of crayfish annually; 
about 90% of the crayfish in the European market are from 
China. Eventually, CRISP has induced many derivative 
industries in China such as the catering, processing, cul-
tural, and even, education industries: about 18640 restau-
rants mainly providing crayfish dishes, about 865 crayfish 
processing enterprises, about 70 sessions of annual crayfish 
festival (Fig. 6b), and 1 training school for crayfish cooking 
(world’s first) in QianJiang City, central China (established 
in 2015; Fig. 6a). In 2019, the output value of CRISP and 
its derivative industries had reached USD59.6 billion, with 
about 700 ×  103 workers (China crayfish industry develop-
ment report 2020).

About 60% of crayfish are consumed in food stalls, with 
young people (aged 20–40 years) being the chief crayfish 
consumers in China. People prefer to eat crayfish in outdoor, 
lively environments than in indoor, quiet environments. The 
peak time for crayfish consumption at the food stalls is 6 to 
12 pm.

In China, crayfish is cooked using varied methods, such 
as braising, stir frying, and steaming (Fig. 6b, d). Of these, 
the most popular is braised crayfish, which has a special 
sweet and spicy taste. Eating crayfish is a DIY (or do it 
yourself) process. People need to dismember and shell the 
crayfish. Therefore, people usually spend more time to eat 
crayfish than to eat other food. They also need to use two 
hands and wear special gloves. This stops them from being 
distracted by their cell phones or other such devices during 
mealtime. As a result, the atmosphere at crayfish-serving 
avenues is lively, with increased face-to-face interactions 
among people. Therefore, eating crayfish has gradually 
become a highly favored social activity.

CRISP has also affected the rice culture in China. Under 
CRISP, most farmers change middle-season rice (transplant-
ing date, around June 10) to late-season rice (transplanting 
date, around July 10)—mainly because that the last large 
harvest of crayfish is carried out around July 10. Thereafter, 
the field can be used for rice planting. Moreover, due to its 

Table 1  Income and expenditure of crayfish–rice integrated system of production (CRISP; USD  hm−2).

Items CRISP Traditional rice farming system

Expenditure Total income Net income Expenditure Total income Net income

Rice Rent for field 761 661
Seeds 228 228
Field plough and leveling 0 217
Seedling cultivation 65 65
Transplantation 152 152
Fertilizer 41 87
Pesticide 58 109
Labor 166 217
Electricity and irrigation 65 45
Harvest 174 174
Grain drying 141 141
Transportation 87 87
Insurance 8 8
Total 1946 3673 1727 2191 3224 1033

Crayfish Parent crayfish 217 0
Feed for crayfish 435 0
Plastic sheet 17 0
Field construction 130 0
Disease control 43 0
Study for technology 43 0
Total 886 5151 4265 0 0 0

Total 2833 8824 5992 2191 3224 1033
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relatively low temperature during the grain filling stage, late-
season rice is usually of better quality than is middle-season 
rice (Choi et al. 2011).

People prefer rice from CRISP due to its good quality 
and low chemical fertilizer and pesticide input, even though 
its rice is relatively high. At present, some high-quality rice 
brands have been effectively gained popularity in China. Of 
these, Shuang Shui Shuang Lü is the most famous (Fig. 6c, 
d); its variety and technical support have been received 
from a research team at Huazhong Agricultural University. 
Although the average price of rice brand is several times 
higher than that of ordinary rice, it remains in short supply, 
even within China.

8  Ecological effects of CRISP in China

8.1  Effects on soil

The physical and chemical properties of soil are consider-
ably affected by cropping system and field managements. In 
CRISP, the organic materials including rice straw, aquatic 
plants, and food supplement materials are added to the rice 
field. A certain amount of these organic materials finally 
penetrate into the soil. Some studies have shown that the 
soil total organic matter and total nitrogen contents gradu-
ally increase with the increase in the CRISP duration (Cao 
et al. 2017; Si et al. 2017; Yuan et al. 2020b).

Changes in soil physical and chemical properties, espe-
cially pH, also affect soil heavy-metal transformation, 

migration, and release (Li and Xu 2017). Soil pH signifi-
cantly increases after long-term CRISP (Si et al. 2017; Yuan 
et al. 2020b). Soil pH of rice field in CRISP can change 
from weakly acidic to weakly alkaline, and this change can 
promote the transformation of major heavy metals, such as 
cadmium, into a passive state, which cannot be absorbed 
by rice plants easily (Kashem and Singh 2001). Yuan et al. 
(2020b) evaluated the CRISP soil quality using an integrated 
soil quality index (SQI). This SQI assessed the soil organic 
carbon, microbial biomass carbon (MBC), total potas-
sium, oxidation–reduction potential (Eh), and Mn (II). The 
authors’ results showed that CRISP significantly improved 
the rice field SQI.

8.2  Effects on water use and water quality

The traditional paddy field water cycle is open, where the 
system water circulates in and out. A certain water level is 
always maintained here, expect during the tilling and matu-
ration stages (when the field is drained and dried). Water is 
supplemented from an intake ditch from outside the field, 
whereas it is discharged into a drainage ditch outside the 
field (Fig. 7). Therefore, water use efficiency for traditional 
paddy fields is not high, and a considerable part of the nutri-
ents is lost with the flow of water (Si et al. 2019).

In CRISP, the water cycle is relatively closed 
(Fig. 7). The annular ditch around the rice planting area 
can greatly increase the water-holding capacity of the 
paddy field. This significantly improves the drought 

Fig. 6  Food culture of cray-
fish–rice integrated system of 
production (CRISP) in China. 
a Training school for crayfish 
cooking in QianJiang City, 
central China (photo courtesy 
of Cougui Cao, with permission 
of Qianjiang Crayfish School 
http:// www. qjlxxy. com); b 
crayfish festival in central China 
(photo by Li Lin); c rice prod-
ucts from CRISP (photo by Li 
Lin); d cooked crayfish and rice 
from CRISP (photo by Li Lin).
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resistance ability for the farming system. Water is 
stored in the annular ditch for both the crayfish growth 
and rice irrigation. This water and the water in the field 
circulate with each other. Thus, water is recycled inter-
nally in CRISP.

Crayfish has sensitive adaptability to the water trans-
parency rate, dissolved oxygen content, and nutrient con-
centration. Therefore, the CRISP water quality is high and 
strictly controlled and has a strong self-purification abil-
ity (Yi et al. 2019). Moreover, the low chemical fertilizer 
input reduces water eutrophication risk.

8.3  Effects on nutrient utilization and circulation

In CRISP, nutrient input is mainly from fertilization, organic 
feed, water irrigation, and rainfall, whereas nutrient output 
mainly involves nutrient loss, absorption, and utilization via 
the rice grain and crayfish (Fig. 8). Crayfish feeding and 
excretion can directly increase nutrient content in the paddy 
soil. For example, total N of organic feed input in the pro-
cess of one season breeding of crayfish is > 75 kg  hm−2, and 
only around 30% of the N input is used by crayfish. Most of 
the N input drains into the water and soil. At the same time, 
the rich organic matter in the crayfish excreta is conducive 

Fig. 7  Comparison between the 
water cycles of a a traditional 
paddy field and b a cray-
fish–rice integrated system of 
production (CRISP).

Fig. 8  N cycle of crayfish–rice 
integrated system of production 
(CRISP).
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to microbial proliferation, which promotes the N cycle and 
the activation of original soil N. Compared with traditional 
rice farming, CRISP leads to 100% of the rice straw being 
returned to the field and its complete utilization by crayfish 
in a short term (Si et al. 2019). The feeding activity and 
mechanical disturbance of crayfish can promote effective 
soil N nutrient utilization. Crayfish disturbance to the soil 
releases fixed N nutrients in the soil, improves soil redox 
status, and promotes N mineralization and nitrification (Hu 
et al. 2016). In addition, crayfish foraging directly inhibits 
weed and plankton growth, reducing N nutrient uptake by 
these organisms in the paddy soil and making more N nutri-
ents flow toward rice growth (Hillebrand et al. 2008). Based 
on this efficient nutrient utilization and recycling, farmers 
can gradually reduce the chemical fertilizer input via a long-
term use of CRISP.

8.4  Effects on pests and weeds

CRISP has obvious effects on the occurrence of pests in the 
paddy field. A long-term follow-up investigation on CRISP 
pests showed that the population of planthopper (Nilapa-
rvata lugens), rice stem borer (Chilo suppressalis), and 
rice-leaf roller (Cnaphalocrocis medinalis) was consider-
ably smaller in CRISP than in the traditional rice farming 
system (Cao et al. 2017). In particular, CRISP demonstrates 
a strong control effect on the rice stem borer, mainly because 
long-term flooding in winter kills most of the larvae of 
the rice stem borer, which perch in the rice straw for the 
overwintering.

CRISP has also shown a control effect on weeds in the 
rice field. Guo et al. (2020) indicated that the total number 
of weeds was significantly lower in CRISP than in the con-
ventional rice farming system. Some weeds such as Mazus 
japonicus, Alternanthera philoxeroides, and Eclipta pros-
trata are rarely observed in CRISP.

8.5  Effects on biodiversity

In CRISP, the introduction of invasive biological crayfish 
has changed the species relationship in the food chain. In 
contrast, CRISP involves completely different field struc-
tures and field management. This has impacts biodiversity in 
rice fields. A long-term follow-up study reported that species 
richness decreased during the first 3 years of CRISP (Cao 
et al. 2017)—mainly due to the interference of field engi-
neering transformation on the original ecology. Thereafter, 
the species richness recovered rapidly. Around 10 years later, 
the species richness for CRISP became even higher than that 
for the traditional rice farming system (Cao et al. 2017). The 
increase in soil total organic matter content in CRISP pro-
moted the supply of soil microbial active carbon source, and 
the enhanced supply of active carbon source promoted MBC 

synthesis and then induced improvements in the microbial 
diversity (Wang et al. 2019). Si et al. (2017, 2018) stud-
ied the effects of crayfish feed and feces on the microbial 
community in the CRISP paddy soil and found that com-
pared with the traditional rice farming system, CRISP sig-
nificantly increased soil microbial abundance, community 
evenness, and diversity index by 28.6–38.7%, 18.2–26.4%, 
and 12.6–18.6%, respectively.

9  Limitations of the current CRISP model 
in China

Although the current CRISP model appears to be effective 
based on the current data, it is still in a stage of rapid devel-
opment. This leads to some limitations, particularly under 
the unreasonable management conditions. These deficiencies 
mainly include (1) decreased rice planting area due to blind 
annular ditch area expansion (Cao et al. 2017), (2) secondary 
gleying of the paddy soil due to increased continuous flood-
ing time (Yuan et al. 2020a), and (3) irrigation water quality 
deterioration due to excessive feed input (Yu et al. 2018). To 
overcome these limitations, further improving the CRISP 
model based on a scientific design of ecological process and 
field management is warranted.

10  Ecological process design for sustainable 
development of CRISP

10.1  Principle design of a benign CRISP cycle

Many biological and abiotic elements exist in CRISP. A 
design to realize the benign cycle among all these elements 
is illustrated in Fig. 9a. If only rice is planted in the paddy 
field, a considerable part of the photosynthetic products such 
as weeds and phytoplankton are either harmful (competing 
for glory and fertilizer) or useless. Weeds need to be con-
trolled. Moreover, plankton may consume nutrients and die 
or be lost in vain.

The introduction of once crayfish in the abovementioned 
scenario has a very different result: According to the food 
chain in CRISP, crops, weeds, and phytoplankton carry on 
photosynthesis—the primary production. This is followed 
by the utilization of phytoplankton by zooplankton and zoo-
benthos—the secondary production. If crayfish can use the 
above photosynthetic products, they also become part of the 
secondary production. If crayfish feed on zooplankton and 
zoobenthos, they become part of the tertiary production. 
After the introduction of crayfish in the rice field, the mate-
rial and energy to be lost can be utilized completely. CRISP 
has a harmonious structure; it can efficiently and economi-
cally utilize materials and effectively arrange energy transfer 

68    Page 10 of 14



Agron. Sustain. Dev. (2021) 41: 68

1 3

and conversion by not only adapting to the local natural con-
ditions but also being able to purify environmental pollution.

10.2  Principle design of mutual benefits of CRISP

Compared with the traditional rice farming system, CRISP 
provides a mutually beneficial ecosystem for rice and cray-
fish (Marques 1999). A design to strengthen the mutual 
benefits for CRISP is shown in Fig. 9b. In this system, 
the vast paddy field provides space for crayfish to move, 
which makes the crayfish grow healthily. Crayfish move-
ment in the field can increase dissolved oxygen in the water 
and promote rice plant root growth. After rice harvest, the 
field is flooded in winter, and here, the rice straw not only 
provides a habitat for crayfish seedlings but also has a heat 
preservation effect on their hatching. Rice straw decay pro-
motes plankton growth in water, which not only provides 
food for crayfish but also effectively solves the problem of 
straw returning (a long-standing and difficult problem for 
Chinese farmers). Rice straw digestion and utilization by 
crayfish kills the remaining pests and blocks pests sources 
for next year. Crayfish excreta provides an organic fertilizer 
for the rice, and the existence of crayfish restricts pesticide 
and chemical fertilizer application. Therefore, this “cray-
fish–rice–soil–microorganism” mutualistic symbiotic system 
can effectively achieve resource conservation, environmental 
friendliness, and ecological balance.

10.3  Management for sustainable development 
of CRISP

Key management processes for the sustainable development 
of CRISP are shown in Fig. 10. The annular ditch model is 
the best model available currently. Because crayfish can bur-
row in the ditch to avoid the heat during the rice season, the 

area of the annular ditch needs to be controlled and should 
not occupy too much of the rice planting area. We suggest 
that the annular ditch area should be < 10% of the rice field 
area. Young fish input should be less than 150 ×  103  hm−2 
to ensure that the individual crayfish can grow large enough 
and sell at a good price. Organic materials such as soybean, 
succulents, and corn can be added to the field as food sup-
plements for the young crayfish. During the crayfish growth 
season, aquatic plants, such as elodea, should be planted all 
over the field; these plants provide shelter and food for cray-
fish. Water exchange and feeding control are needed to main-
tain water quality. Moreover, water levels should be higher 
for heat preservation (usually the water depth is around 
30–50 cm). April to May are the peak seasons of crayfish 
harvest. Farmers can adjust the cage mesh size to catch large 
crayfish and retain small crayfish. The draining of the paddy 
field can be gradually started in mid to late June. Typically, 
no tillage is needed before rice planting because of the long-
term flooding before. Transplanting is preferable over direct 
seeding because it increases crayfish growth and harvest in 
the field. The N fertilizer used for rice plants can be reduced 
by 30–100% according to the number of CRISP years. In 
general, we recommend that < 75 kg  hm−2 N fertilizer should 
be used for CRISP. Moreover, insecticide application for rice 
can be reduced by 50–100%. In particular, insecticide for 
controlling stem borers need not be used. We also emphasize 
that highly toxic pesticides and pyrethroid-containing pesti-
cides should never be used because they can easily kill cray-
fish. Draining and sun drying the rice field and ditch for a 
longer time is necessary for improving the redox state of the 
soil. Drainage and sun drying should be carried out at least 
twice, once at the rice tilling stage (about 7–10 days) and 
once after rice harvest (about 10–15 days). During the rice 
growth season (June to October), farmers can still harvest 
some crayfish from the annular ditch. At this time, it is better 

Fig. 9  The principle design of a benign cycle and b mutual benefits for crayfish–rice integrated system of production (CRISP).
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to harvest small crayfish and retain large ones. Because the 
large crayfish are ready to burrow and mate in this period. 
The height of the rice stubble can be > 50 cm, and the rest 
should be powdered. All the rice straw can be returned to the 
field and reused. After the straw is dried, the field is flooded 
again until the next rice planting season.

11  Conclusion and prospects for CRISP 
in China

Although the development and application of CRISP in 
China began only 17 years ago, it has already become the 
world’s largest crayfish–rice integrated system. Moreover, 
the scale of CRISP in China is expected to keep expanding 
over the next 5–10 years until market saturation.

The Chinese CRISP model is unique compared with that 
in other places worldwide. The most creative part of the 
Chinese CRISP model is the use of the annular ditch. This 
model has demonstrated great potential for both crayfish and 
rice production with considerable environmental benefits.

Specific ecological foundation and management models 
to remedy the deficiencies of the current CRISP model have 

been proposed. These may guarantee the sustainable devel-
opment of green crayfish and rice industries. Consequently, 
China’s agricultural management departments are demon-
strating great enthusiasm for the further development and 
promotion of CRISP. A series of policies have been issued 
to support these. Of them, the two most important measures 
are (1) providing financial subsidies to farmers and process-
ing enterprises engaged in CRISP and (2) strengthening the 
project support for the scientific research of CRISP.

In 2017, the Chinese scientists developed the idea of 
Shuang Shui Shuang Lü, where CRISP was developed via 
an integrated system of green rice production and green 
aquaculture. Next, Huazhong Agricultural University inau-
gurated the Shuang Shui Shuang Lü research institute in 
2018. With the idea of Shuang Shui Shuang Lü, scientists 
aim to (1) further reduce the chemical fertilizer and pesticide 
use in CRISP, (2) breed special super-green rice varieties 
for CRISP, and (3) breed high-yield, high-quality crayfish 
varieties for CRISP.

Relying on China’s rural revitalization program, the Chi-
nese government is aiming to build CRISP into a rural com-
plex, integrating multiple industries including agricultural 
production, sales, catering, entertainment, and tourism as 
well as other related services. Together, these will provide 

Fig. 10  Management of a crayfish–rice integrated system of production (CRISP).
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powerful support for the sustainable development of CRISP 
in the future. Moreover, the concept and technology of green 
sustainable development of Chinese CRISP can provide a 
reference for the development of other agriculture–livestock 
integrated systems worldwide.
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