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To ensure the sustainability of rice production and uplift the livelihoods of rice growers, agricultural diversification
becomes imperative. By diversifying agricultural practices, farmers can strike a balance between rice cultivation
and other crops, mitigating the environmental impacts of excessive input usage. Implementing innovative
techniques, such as integrating rice with aquatic species (RASp), can optimize resource utilization and reduce
reliance on vast amounts of water and synthetic inputs. Rice—aquatic species integration is a form of intensification
where rice (R) remains the primary crop while aquatic species (ASp) become secondary products. This integration
empowers efficient water use, offering a solution for sustainable food production. RASp presents an innovative and
holistic farming system that harnesses the ecological synergies between rice and aquatic species to optimize

resource utilization, enhance productivity, and mitigate environmental impacts.

rice—aquatic species integration alternate con-current productivity

| 1. Species, Feed, and Productivity (Profitability)

The traditional RASp includes rice-prawn/shrimp, snail, rice-tilapia, rice—carp, rice—crayfish, and rice—crab . In
China, P. sinensis is commonly reared in rice fields because of its high monetary value and its ability to produce
high yields of rice and turtle without adversely affecting the quality of the water or soil compared to turtle
monoculture [&. However, C. carpio, C.auratus, and O. niloticus are the primary species stocked in rice fields in
China B8, B. gonionotus is frequently stored in polyculture with rice in paddy fields in southern Asia (India and
Bangladesh) and southeast (Indonesia, Thailand, Malaysia, and Vietnam) Asia, while O. niloticus is the primary
species in Ghana Bl. In Italy, C. carpio, C. auratus, and Tinca tinca are the most commonly distributed species.
Prochilodus argentes, Leporimus elongatus, Pimelodus clarias, C. carpio, and T. rendalli are the most common
species in both semi-intensive and intensive RASp integration in South America and the Caribbean. The most
prevalent fish species in East & South East Hungary, India, and Indonesia, are common carp (C. Caprio). C.
carpio, Ictiobus cyprinellus, and Ictalurus punctatus are the most common species in the United States (US).
However, C. carpio, B. gonionotus, and O. niloticus are the main stocked species in rice fields in Cambodia, Laos,

and Bangladesh, while L. rohita and B. gonionotus are the common species in Myanmar 4],

In India, the Indian Organic Aquaculture Project includes rotational cropping of organic rice and giant river prawns
2, In south-western Vietnam, prawn farming dominates the Mekong delta, but other forms of commercial

aquaculture, such as crab and mollusk farming, are also present in coastal areas, while freshwater fish farming in
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the inner section of the delta. In Myanmar, shrimp are produced in saline zones through alternating rice—aquatic
species (RASp) integration, whereas little rice—aquatic species integration occurs in areas with fresh and brackish
water 4Bl The Macrobrachium species, Penaeus monodon, and other species, for instance, brackish water
shrimps, are fish species that grow well in rice fields L. Tilapias can acclimate to changes in water levels and
temperatures in rice fields to reduce the risks of ecological change, and they can also be cultivated in coastal
brackish ponds BIBIEIE, |n Bangladesh, tilapia can be grown as a variety of crops in systems with brackish water
Bl while prawn and shrimp farming in rice fields are seen as an important component of the green economy and a
technological policy for the integrated management of land, water, and aquatic species resources 19, C. chanos,
Mugil spp., and Penaeus spp. were utilized in brackish water. Other forms of integration include introducing
livestock such as ducks (in Indonesia), Azolla (in China), chicken (in China), and pigs into rice—aquatic species in

China, Indonesia, and India L122],

Fish in the RASp field consume rice weeds, and insect pests, while prawns primarily consume algae, insect larvae,
and worms. In China, supplementary feed for the fish may consist of wheat bran, wheat flour, oilseed cakes
(rapeseed, peanuts, soybeans, for instance), grasses, and green fodder, and in Malawi, maize bran and napier
grass 13l L et al. (141 have suggested that the best way to achieve high-quality and high-yielding rice is to combine
indica rice with fish that receive both organic and inorganic fertilizers. This method has proven most effective in
humid regions with paddy soils containing low total nitrogen content (TN 1.5 g/kg), where an increase in rice yield
is attributed to aboveground biomass, soil potassium (K*), soil bulk density, water TN 13, rice planthopper, and soil
redox potential (Eh). Applying the RASp integration system has dramatically reduced the quantities of chalky rice in
the subtropical zone while increasing the proportions of brown rice, milled rice, and head rice. However, RASp did

not have any discernible effects on other grain quality traits in the temperate zone 24!,

Table 1 shows that the integration of RASp can lead to an increase in rice productivity ranging from 4.14 to 16.64%
[11[2][31[16][17][18][19][20][21][22][23][24][25][26][27][28][29][30][31][32][33][34][35][36][37]

Table 1. Productivity of crops in rice—aquatic species culture among different countries in relation to rice

monoculture.

Productivity (kg/ha/Season) Fish

Rice Mono- Fish Rice Species S

4702 259 5261 R
C. carpio, B. gonionotus, O. niloticus

4188 485 4736 18]
1453 2257 L9

Bangladesh Prawn & fish
- 827 2352 [20]

. 1080 35800005 B. gonionotus, O. niloticus 21](22]
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Productivity (kg/hal/Season) Fish
Rice Mono- Fish Rice Species S
Indonesia - 300-890 67378800_ C. carpio, B. gonionotus [L6][23]
7915- 1900 8300- . . [1[24]
_ 10,319 2500 12,000 C. carpio, B. gonionotus
China
372 6290 C. carpio var. color [25]
5560 1230 5800 Rohu, Catla, Silver carp, Common carp, & [26]
Mrigal
- 1144 3300 C. catla, C. carpio, C. mrigala, L. rohita 2
India C. catla, L. rohita, C. mrigala, C. carpio & M
3362 980 3629 seata, & : & mrgasa, L. camp : (27
rosenbergii
1300- 3000- . . 28]
- 2000 3600 B. gonionotus, C. catla, C. mrigala
Ghana - 201 4410 Nile tilapia (O. niloticus) &
325— [29]
- 1218 2182 Mud Carp, Chub, Carp
Vietnam ) 1024- 5700~ (2211201
2200 6806 31
- 326 4209 =
C. carpio, B. gonionotus, O. niloticus
. 173 363 [33]
i 900- i [34]
Thailand 1100
O. niloticus, C. striata, C. carpio, B. gonionotus, [35]
4700 300 3600 C. cirrhosus, P. jullieni, C. batrachus
Japan 4061~ 345 4871- Carassius complex, Goldfish 6]
5319 6381 us), while
Nepal 3370 354 3670 Common carp (C. carpio) 7 5 such as

rage wiaui or ancri wiat, uie species cuiwieuq, reguidl 100U vdilieues (e.y., pialkurl, periprywrl, daru benthOS),
intensive or extensive farming, and the stage at which they were harvested. China had a fish yield of about 0.372—
2.5 t/ha, followed by Vietnam (2.2 t/ha), India (1.1-2.0 t/ha), Thailand (0.175-1.1 t/ha), Bangladesh (0.259-1.45
t/ha), and Indonesia (0.89-1 t/ha), Ghana (0.2 t/ha), Japan (0.345 t/ha), and Nepal (0.354 t/ha) 38 as shown in
Table 1. The combination of multiple species of fish tended to increase rice and fish productivity, particularly in
India, where the combination of B. gonionotus, C. catla, and C. mrigala resulted in higher productivity compared to
other species combinations.

Rice—fish farming in the coastal areas of Kerala (Pokkali fields) produced a fish yield of 229 kg ha™! and a rice yield

of 2.4-4.4 t ha™! of salt-tolerant high-yield rice varieties 22, In Vietham’s coastal areas, ricefish farming yielded 2—
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3t of rice, 50 kg of shrimp, and 150-200 kg ha™* of fish 49, The gher system in Bangladesh consists of shrimp and
fish culture with a yield of 280-450 kg ha™t, depending on water exchange, followed by boro rice with a yield of
0.50-1.40 t ha™1, or 3.2-7.7 t ha™1, respectively. The system also yields 200-250 kg of shrimp and 150-175 kg of
fish per hectare 41, In rice—brackish water shrimp farming in five coastal provinces of the Mekong Delta, the

average yield was 640 kg ha™ of shrimp and 3.5-4.0 t ha™! of rice 49,

These outcomes indicated that the yield components varied depending on the RASp model used, geographic
distributions, the quantity and content of feed nutrients, types and amounts of organic and inorganic fertilizers
used, and the density of aquatic organisms. Notably, rice yield significantly increased in the subtropical and tropical

zones.

| 2. Water Quality, Soil, and Requirement for Water Levels

Depending on the water resources available, the integration of rice and fish systems can be achieved in various
ways, such as irrigated, deepwater, rain-fed, and coastal systems 42, Bashir et al. 43 suggest that the ideal
conditions for RASp cultivation are a pH range of 6.5-9, 10 ppm CO,, 5-7.5 DO (dissolved oxygen), 30—-90 cm
water level, 25-30 cm water transparency, and a temperature of 25-30 °C. RASp integration enhances water
quality and abundant microorganisms, leading to improved performance, quality, and growth of tilapia muscle 44!,
In addition, the levels of TN, ammonia-N, and TP in the water of catfish and shrimp ponds were substantially
lowered by RASp 431, Although rice cultivation in the catfish and shrimp ponds reduced respiration rates in the
water and sediment, the respiration rates of the fish and shrimp remained unaffected 43, The integration system
improves the fertility of the soil and reinforces sustainable crop production 2426l Feng et al. 42 reported a 70—
79% reduction in nutrient concentration in water samples in the co-culture compared to fish-monoculture, indicating
that integrating aquatic species in rice fields can lessen environmental pollution. However, Li et al. 42! distinguish
nine herbicides in 68 RASp and 30 sediment samples in the RASp integration in six provinces of China, posing

ecological threats to the daphnia, fish, and algae.

The water depth required for successfully integrating the RASp system varies depending on different factors.
Traditionally, rice monoculture employs shallow water, whereas RASp integration requires deeper water. In tropical
conditions, continuous flooding of 2.5 to 7.5 cm of water is believed to provide an ideal environment for rice growth
(481491 However, when rice fields are used for fish farming, deeper water is required. A deeper section of rice fields,
called a fish refuge, is preferred by farmers for successful fish growth, with the ideal water depth for fish being 65—
70 cm B9, In Northeast India, the water level ranged from 1-3 cm in April, 10 cm from April to May, 51 cm on 15
August, and 24 cm at the time of fish harvesting in November B, In Bangladesh, prawn and small fish cultivation
were maintained at water levels of around 30—40 cm in rice fields and 100 cm in ditches B2, while a water depth of
21 cm was needed for fish culture in rice fields B2l In China and Bangladesh, the RASp integration was used at a
depth of 20 cm B4I55] while in Vietham, an average water level of 27 cm was observed in RASp integration 221, In
Thailand, the water level in RASp fields ranged from 15 to 35 cm throughout the rice growing season 221, Hence,

regional practices may differ slightly based on various factors.
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In the coastal regions of Bangladesh, rice yield was not significantly affected by the depth of water (50 cm or 70
cm), while a higher yield of fish and shrimp was observed at the deeper depth of 70 cm. On the eastern coast of
India, two water depths were identified: (1) a diversified farming system based on rice—fish integration for rainfed
lowland (up to 50 cm water depth), and (2) a multitier farming system based on “rice—fish-horticulture-livestock” for
deepwater (50-100 cm water depth) conditions. Sinhababu and Mahata 28! reported on the amount of rainwater
harvested and its use in ricefish diversified farming systems in rainfed lowlands in India. The 1300 m2 pond refuge
harvested 1820 m? of water, corresponding to an average water depth of 140 cm. After five years of on-farm rice—
fish farming in coastal saline areas, Sinhababu et al. 57 observed a 50% reduction in water salinity in fish refuge

ponds.

A major obstacle to the widespread adoption of the RASp integration system is the lack of access to sufficient
water L7491 |nsufficient water, drought, and irregular rainfall can adversely affect fish growth in rice fields. In
shallow water, fish experience increased stress, which can negatively impact their survival, growth, and
reproduction 28, Low water levels have a significant impact on the total fish biomass produced in rice fields 2,

Therefore, implementing the RASp integration system is difficult when the water supply is limited.

On the other hand, flooding or excessive water is one of the primary concerns that the RASp integration system
has. When rice ecosystems flood, fish may escape, and wild, predatory fish may enter, leading to lower yields due
to predation and disease transmission. The water quality in rice fields is also affected by floods as land-based
pollutants contaminate it, hindering fish growth and production. The financial limitations faced by small-scale
farmers in developing nations prevent them from constructing sufficient dikes in their rice fields, leaving them at risk
of flooding Y. The height of typical dams is about 25-30 cm, and the same width 2%, and it's important to note
that financial constraints are the main reason why these farmers cannot build dikes to the proper height and width.
Rice fields with low and narrow dikes are at a higher risk of flooding, particularly for small-scale farmers in
developing countries who cannot afford to build higher dikes Y. Furthermore, sluice gates, which could help
manage water levels efficiently, are often absent in rice fields. As rice is the primary crop in the RASp integration
system, fish farming must adapt to the water availability and needs for rice production. To prevent fish from

escaping or fleeing during floods, stronger dikes with fencing and netting can be constructed around rice fields (18],

3. Land Use Efficiency (LUE), Labor Use Efficiency (LBUE),
and Water Use Efficiency (WUE)

In a study conducted by Dwiyana and Mendoza 8 it was found that rice—aquatic species (RASp) systems
increased LUE by 1.74 times compared to rice monoculture. Additionally, the rotational fish culture (ROTF) system
had an even higher LUE of 2.58 times than rice monoculture. However, rice monoculture was found to have a
higher LBUE (USD 3.07 per man per day) than rice—aquatic species integration (USD 2.69 per man per day),
according to the same study 28, On the other hand, the LBUE achieved with ROTF integration was higher (USD
4.16 per man per day during the rainy season and USD 4.74 during the dry season) than that of rice monoculture.

Among various rice—aquatic species systems, fish yield was found to be the highest. In Karnataka, India, the
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integrated RASp system was discovered to generate an additional 41.4% of jobs and also had a higher LUE than
rice monoculture 69,

The concurrent cultivation of RASp in China requires approximately 26% more water than rice monoculture.
Therefore, these models are not recommended for use in regions with limited or insufficient water supplies [©11. In
the Philippines, the trench refuge and pond refuge regimes have been found to increase water requirements by
approximately 23.3% and 26.3%, respectively, compared to rice monoculture 62, According to Table 2, which
presents data from various sources [12181[63][64][65][66][671[68](69] the water use efficiency (WUE) for integrated fish in
rice fields is reported to be 1.21 kg/m?, which is at least 10% higher than the WUE for rice monoculture (0.85-1.60
kg/m?3).

Table 2. Comparison of rice and fish WUE (water use efficiency) values under various farming systems (FS).

Farming Crop Type of Study WUE (Kg/m®) Reference
Crop production & land use @ 0.74 631164]
Agriculture (river water) Rice Experimental @ 0.85-1.6 (651166
Review 2 1.09 (67]
Assessment & 0.21-0.37 (68]
Aquaculture Fish Review @ 0.36 (691
Experimental 2 0.207 L2l
Rice—aquatic species Assessment ? 1.21 (18]
Integrated
Pig—rice—catfish Experimental ° 4.31 12)

Note(s): & WUE calculates by dividing the yield by the amount of water consumed. °: The WUE is calculated in

The taller rice plants provide shade to. fish ring the hot season, reducing thermal stress and potentiall
integratecE s;llster[rzls by |vid\|{r|19 the [ﬁj??d riccla + ffjs I+gany other specsl'es by tue Ito%al amount 0{ water con%umecljab}/,

dﬁcreasin% water evaporation LI Moreover, the integration of pig-rice—aquatic species increases WUE by
all participating enterprises.
approximately 39% compared to rice monoculture and 28% compared to rice—aquatic species. This suggests that

incorporating more enterprises into paddy fields results in higher WUE values.

No recent studies have been conducted to measure the water use efficiency (WUE), land use efficiency (LUE), and
labor use efficiency (LBUE) of integrated rice and fish cultivation. Therefore, it is recommended that more recent

research be conducted to assess these efficiency measures.

| 4. Greenhouse Gas (GHG)

Cultivation of fish in rice fields has demonstrated a significant reduction in methane emissions (by about 14.8—

22.1%) and nitrous oxide (N2O) emissions (by about 9%), despite rice monoculture increases the emissions of
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greenhouse gas (methane (12%) and nitrous oxide) by 2.5% from the total GHG. This is due to water mixing at

different levels by the movement of fish species and livestock, which boosts the DO level in the field’s standing
water [Z21Z3][74][75]

On the contrary, co-cultivation systems have been shown by several studies to result in a 26% increase in CHy
emissions compared to monoculture systems [AIZEITIT8 However, the inclusion of fish, crabs, and crayfish in
RASp (rice—fish, rice—crab, and rice—crayfish) significantly lessens N,O emissions 879 A rice—crab integration
method minimizes seasonal N,O emissions by 19.7-28% 8 Additionally, the rice-cum-crayfish model reduced
CH,4 emissions by 18.1-19.6% but increased N,O emissions by 16.8—21.0% compared to rice monoculture model
(89 Co-culture RASp systems can reduce N loss from NH; volatilization and nitrate leaching while also promoting
nitrogen use efficiency (NUE) through a reduction in N fertilizer applications 9. Feng et al. [l found that adding
phosphorus to the RASp had no effect on CH, emission while adding K significantly increased CH, emission from
the RASp by 18.4%. Combining P and K increased CH, emission from the RASp six-fold, with no effect on N,O
emission. In Germany, where the average temperature is 25 °C, the rice—carp model released the most methane,
with an average of 13.6 mg m~2 h™1, followed by the rice—carp/tilapia model, which released 12.1 mg m™2 h™! on
average, and the rice monoculture model, which released 10.7 mg m=2 h=1 on average 8. Methane production is
often higher in rice paddies with higher temperatures due to the growth of methanogens [B2I83 yy et al. 13
estimated that CH, emission increases with temperature, precipitation, soil DOC (dissolved organic carbon), soll
MBC (microbial biomass carbon), and soil dehydrogenase activity, while it (CH, emission) decreases with soil Eh,
soil nitrate, soil ammonia, soil urease activity, water pH, and aboveground biomass. N,O emission depends on soll
SOC (soil organic carbon), soil MBC, soil Eh (redox potential), soil nitrate, soil ammonia, soil urease activity, soll

dehydrogenase activity, and water DO.

Several studies have shown that co-culture systems can significantly reduce the global warming potential (GWP) of
rice production. For example, in southern China, the GWP of rice-Gibel carp integration was 4611-4754 kg CO,
ha~! lower than that of rice monoculture (5391-5977 kg CO, ha™1) B4, Similarly, in China’s Jianghan District, rice—
crayfish integration had a GWP of 3847—7205 kg CO, ha™1, lower than the rice monoculture value of 5828-8478 kg
CO, ha™1 29 Xu et al. [83 reported a reduction in GWP of 11.1-21.1% with the rice—crayfish integration model
compared to rice monoculture. However, in the northeastern part of China, rice—crab integration (both juvenile and
megalopa) had a GWP between 9293 and 9811 kg CO, ha™! higher than rice monoculture (7275 kg CO, ha™1) [,
Previous studies conducted in East Asia have consistently found that co-culture systems effectively reduce CH,
emissions and global warming potential (GWP) from rice paddies 282l However, research conducted in South
Asia showed that the RASp model resulted in a significant increase in CH, emissions ranging from 26% to 112%
and GWP by 11-22% [B8I72I7783] Thijs difference could be attributed to variations in mean annual temperature and

precipitation across different geographic locations.

The results indicate that CH, and N,O emissions vary based on factors such as the type of aquatic species used in
the co-culture system, fertilizer usage, mean annual temperature, and precipitation levels. Further research is

needed to better understand the overall production and emission of CH, and N,O, particularly under conditions of
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changing water levels, feed input, species and fertilizer types, RASp stocking density, and varying temperature and

precipitation.

References

1.

10.

11.

12.

Zhang, J.; Hu, L.; Ren, W.; Guo, L.; Tang, J.; Shu, M.; Chen, X. Rice-Soft Shell Turtle Coculture
Effects on Yield and Its Environment. Agric. Ecosyst. Environ. 2016, 224, 116-122.

. Mohanty, R.K.; Verma, H.N.; Brahmanand, P.S. Performance Evaluation of Rice—Fish Integration

System in Rainfed Medium Land Ecosystem. Aquaculture 2004, 230, 125-135.

. Ofori, J.; Abban, E.K.; Otoo, E.; Wakatsuki, T. Rice—Fish Culture: An Option for Smallholder

Sawah Rice Farmers of the West African Lowlands. Ecol. Eng. 2005, 24, 233-239.

. Dubois, M.; Akester, M.; Leemans, K.; Teoh, S.; Stuart, A.; Thant, A.; Shein, N.; Leh, M.; Moet, P.;

Radanielson, A. Integrating fish into irrigation infrastructure projects in Myanmar: Rice-fish what
if.... ? Mar. Freshw. Res. 2019, 70, 1229-1240. Available online:
https://hdl.handle.net/20.500.12348/3780 (accessed on 25 July 2023).

. Rahman, M.L.; Shahjahan, M.; Ahmed, N. Tilapia Farming in Bangladesh: Adaptation to Climate

Change. Sustainability 2021, 13, 7657.

. Kais, S.M.; Islam, M.S. Impacts of and Resilience to Climate Change at the Bottom of the Shrimp

Commodity Chain in Bangladesh: A Preliminary Investigation. Aquaculture 2018, 493, 406—415.

. Ibrahim, L.A.; Abu-Hashim, M.; Shaghaleh, H.; Elsadek, E.; Hamad, A.A.; Alhaj Hamoud, Y.A.

Comprehensive Review of the Multiple Uses of Water in Aquaculture-Integrated Agriculture Based
on International and National Experiences. Water 2023, 15, 367.

. Ibrahim, L.A.; Ramzy, E. Water Quality and Its Impact on Tilapia Zilli (Case Study) Qarun Lake-

Egypt. Int. Water Technol. J. 2013, 3, 171-191.

. Ibrahim, L.A.; EIBastamy ElSayed, E. The Influence of Water Quality on Fish Tissues and Blood

Profile in Arab Al-Ulaygat Lakes, Egypt. Egypt. J. Aquat. Res. 2023, 49, 235-243.

Hu, L.; Zhang, J.; Ren, W.; Guo, L.; Cheng, Y.; Li, J.; Li, K.; Zhu, Z.; Zhang, J.; Luo, S.; et al. Can
the Co-Cultivation of Rice and Fish Help Sustain Rice Production? Sci. Rep. 2016, 6, 28728.

Abd El-ghany, W.A. A Review on the Use of Azolla Species in Poultry Production. J. World’s Poult.
Res. 2020, 10, 378-384.

Omoike, A.; Falaye, A.; Ajani, E.; Akande, O. Performance Evaluation of Integrated Aquaculture of
Catfish, Pig and Rice. Adv. Life Sci. Technol. 2019, 71, 24-27.

https://encyclopedia.pub/entry/47468 8/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chikafumbwa, F.J.K. Use of Terrestrial Plants in Aquaculture in Malawi. In Proceedings of the
Third International Symposium on Tilapia in Aquaculture. ICLARM Conf. Proc. 1996, 41, 175-182.

Li, W.; He, Z.; Wu, L.; Liu, S.; Luo, L.; Ye, X.; Gao, H.; Ma, C. Impacts of Co-Culture of Rice and
Aquatic Animals on Rice Yield and Quality: A Meta-Analysis of Field Trials. Field Crops Res. 2022,
280, 108468.

Yu, H.; Zhang, X.; Shen, W.; Yao, H.; Meng, X.; Zeng, J.; Zhang, G.; Zamanien, K. A Meta-
Analysis of Ecological Functions and Economic Benefits of Co-Culture Models in Paddy Fields.
Agric. Ecosyst. Environ. 2023, 341, 108195.

Dwiyana, E.; Mendoza, T.C. Comparative Productivity, Profitability and Efficiency of Rice
Monoculture and Rice-Fish Culture Systems. J. Sustain. Agric. 2006, 29, 145-166.

Ahmed, N.; Garnett, S.T. Integrated Rice-Fish Farming in Bangladesh: Meeting the Challenges of
Food Security. Food Secur. 2011, 3, 81-92.

Ahmed, N.; Hornbuckle, J.; Turchini, G.M. Blue—Green Water Utilization in Rice—Fish Cultivation
towards Sustainable Food Production. Ambio 2022, 51, 1933-1948.

Ahmed, N.; Troell, M. Fishing for Prawn Larvae in Bangladesh: An Important Coastal Livelihood
Causing Negative Effects on the Environment. Ambio 2010, 39, 20-29.

Ahmed, N. Linking Prawn and Shrimp Farming towards a Green Economy in Bangladesh:
Confronting Climate Change. Ocean Coast. Manag. 2013, 75, 33-42.

Saiful Islam, A.H.M.; Barman, B.K.; Murshed-e-Jahan, K. Adoption and Impact of Integrated Rice—
Fish Farming System in Bangladesh. Aquaculture 2015, 447, 76-85.

Dey, M.M.; Prein, M.; Mahfuzul Haque, A.B.M.; Sultana, P.; Cong Dan, N.; Van Hao, N. Economic
Feasibility of Community-Based Fish Culture in Seasonally Flooded Rice Fields in Bangladesh
and Vietnam. Aquac. Econ. Manag. 2005, 9, 65-88.

Purba, S. The Economics of Rice-Fish Production Systems in North Sumatra, Indonesia: An
Empirical and Model Analysis; Gottingen University: Gottingen, Germany, 1998.

Cao, C.; Jiang, Y.; Wang, J.; Yuan, P.; Chen, S. “ Dual Character” of Rice-Crayfish Culture and
Strategies for Its Sustainable Development. Chin. J. Eco-Agric. 2017, 25, 1245-1253.

Hu, L.; Ren, W.; Tang, J.; Li, N.; Zhang, J.; Chen, X. The Productivity of Traditional Rice—Fish Co-
Culture Can Be Increased without Increasing Nitrogen Loss to the Environment. Agric. Ecosyst.
Environ. 2013, 177, 28-34.

Dey, A.; Sarma, K.; Kumar, U.; Mohanty, S.; Kumar, T.; Bhatt, B.P. Prospects of Rice-Fish Farming
System for Low Lying Areas in Bihar, India. Org. Agric. 2019, 9, 99-106.

https://encyclopedia.pub/entry/47468 9/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Mishra, A.; Mohanty, R.K. Productivity Enhancement through Rice—Fish Farming Using a Two-
Stage Rainwater Conservation Technique. Agric. Water Manag. 2004, 67, 119-131.

Das, T.; Sarkar, P.; Prasad, N. Exploring the Potential for Concurrent Rice-Fish Culture in
Wetlands of Assam, North East India. Int. Res. J. Biol. Sci. 2014, 3, 60-69.

Tuan, N.T. Land-Use Efficiency of Some Agricultural Livelihood Models on Low-Lying Land: A
Study in Ha Tinh, Vietham. Univers. J. Agric. Res. 2023, 11, 10-21.

Berg, H.; Ekman Sdderholm, A.; Séderstrom, A.-S.; Tam, N.T. Recognizing Wetland Ecosystem
Services for Sustainable Rice Farming in the Mekong Delta, Vietnam. Sustain. Sci. 2017, 12,
137-154.

Vromant, N.; Nam, C.Q.; Ollevier, F. Growth Performance and Use of Natural Food by
Oreochromis niloticus (L.) in Polyculture Systems with Barbodes gonionotus (Bleeker) and
Cyprinus carpio (L.) in Intensively Cultivated Rice Fields. Aquac. Res. 2002, 33, 969-978.

Berg, H. Rice Monoculture and Integrated Rice-Fish Farming in the Mekong Delta, Vietham—
Economic and Ecological Considerations. Ecol. Econ. 2002, 41, 95-107.

Little, D.C.; Surintaraseree, P.; Innes-Taylor, N. Fish Culture in Rainfed Rice Fields of Northeast
Thailand. Aquaculture 1996, 140, 295-321.

Department of Fisheries (DOF). Freshwater Fishfarm Production, Department of Fisheries;
Ministry of Agriculture and Cooperatives: Bangkok, Thailand, 2003.

Arunrat, N.; Sereenonchai, S. Assessing Ecosystem Services of Rice—Fish Co-Culture and Rice
Monoculture in Thailand. Agronomy 2022, 12, 1241.

Tsuruta, T.; Yamaguchi, M.; Abe, S.; Iguchi, K. Effect of Fish in Rice-Fish Culture on the Rice
Yield. Fish. Sci. 2011, 77, 95-106.

Gurang, T.B.; Wagle, S.K. Revisiting Underlying Ecological Principles of Rice-Fish Integrated
Farming for Environmental, Economical and Social Benefits. Our Nat. 2005, 3, 1-12.

Yuan, J.; Liao, C.; Zhang, T.; Guo, C.; Liu, J. Advances in Ecology Research on Integrated Rice
Field Aquaculture in China. Water 2022, 14, 2333.

Sasidharan, N.K.; Abraham, C.T.; Rajendran, C.G. Spatial and Temporal Integration of Rice, Fish,
and Prawn in the Coastal Wetlands of Central Kerala, India. J. Trop. Agric. 2012, 50, 15-23.

Xuan, V.T.; Matsui, S. Development of Farming Systems in the Mekong Delta of Vietnam; Ho Chi
Minh City Publishing House: Ho Chi Minh City, Vietnam, 1998.

Yousuf Haroon, A.; Dewan, S.; Karim, S.M. Rice-Fish Production Systems in Bangladesh. In Rice-
Fish Research and Development in Asia; ICLARM: Metro Manila, Philippines, 1992; pp. 165-175.

https://encyclopedia.pub/entry/47468 10/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

De la Cruz, C.; Lightfoot, C.; Costa-Pierce, B.; Carangal, V.; Bimbao, M. Rice-Fish Research and
Development in Asia; ICLARM: Manila, Philippines, 1992; p. 457.

Bashir, M.A_; Liu, J.; Geng, Y.; Wang, H.; Pan, J.; Zhang, D.; Rehim, A.; Aon, M.; Liu, H. Co-
Culture of Rice and Aquatic Animals: An Integrated System to Achieve Production and
Environmental Sustainability. J. Clean. Prod. 2020, 249, 119310.

He, J.; Feng, P.; Lv, C.; Lv, M.; Ruan, Z.; Yang, H.; Ma, H.; Wang, R. Effect of a Fish—Rice Co-
Culture System on the Growth Performance and Muscle Quality of Tilapia (Oreochromis niloticus).
Aquac. Rep. 2020, 17, 100367.

Li, F; Sun, Z.; Qi, H.; Zhou, X.; Xu, C.; Wu, D.; Fang, F.; Feng, J.; Zhang, N. Effects of Rice-Fish
Co-Culture on Oxygen Consumption in Intensive Aquaculture Pond. Rice Sci. 2019, 26, 50-59.

Yan, Y.; Liu, M.; Yang, D.; Zhang, W.; An, H.; Wang, Y.; Xie, H.; Zhang, X. Effect of Different Rice-
Crab Coculture Modes on Soil Carbohydrates. J. Integr. Agric. 2014, 13, 641-647.

Feng, J.; Li, F.; Zhou, X.; Xu, C.; Fang, F. Nutrient Removal Ability and Economical Benefit of a
Rice-Fish Co-Culture System in Aquaculture Pond. Ecol. Eng. 2016, 94, 315-3109.

Roger, P.A. Biology and Management of the Floodwater Ecosystem in Rice Fields; International
Rice Research Institute: Manila, Philippines, 1996; ISBN 971220068X.

Horstkotte-Wesseler, G. Socioeconomics of Rice-Aquaculture and IPM in the Philippines:
Synergies, Potential, and Problems; International Rice Research Institute: Manila, Philippines,
1999; Volume 57, ISBN 9718020047.

Halwart, M.; Gupta, M.V. Culture of Fish in Rice Fields; FAO: Rome, Italy; World Fish Center:
Penang, Malaysia, 2004; No. 1718.

Rautaray, S. Rice-Fish Farming System as Micro-Water Resource and Income Generation under
Rainfed Lowland Situations. J. Water Manag. 2011, 19, 52-57.

Wahab, M.A.; Kunda, M.; Azim, M.E.; Dewan, S.; Thilsted, S.H. Evaluation of Freshwater Prawn-
Small Fish Culture Concurrently with Rice in Bangladesh. Aquac. Res. 2008, 39, 1524-1532.

Sadiqg, M.S.; Singh, I.P.; Makarfi, M.A. Labour-Use Efficiency of Rice Farmers in Nigeria’s North-
Central Region. Siembra 2022, 9, e39609.

Xie, J.; Wu, X.; Tang, J.; Zhang, J.; Luo, S.; Chen, X. Conservation of Traditional Rice Varieties in
a Globally Important Agricultural Heritage System (GIAHS): Rice-Fish Co-Culture. Agric. Sci.
China 2011, 10, 754-761.

Sevilleja, R.C.; Cagauan, A.G.; Lopez, E.A.; De la Cruz, C.R.; Van Dam, A.A. Component
Technology Research in Rice-Fish Systems in the Philippines. In Rice-Fish Research and
Development in Asia; ICLARM: Manila, Philippines, 1992; pp. 373-384.

https://encyclopedia.pub/entry/47468 11/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Sinhababu, D.; Mahata, K. Rice-Fish Diversified Farming-a Rainwater Recycling Based Highly
Profitable System in Rainfed Lowlands in Eastern India. In Management in Fisheries and
Aquaculture; Vass, K.K., Sarangi, N., Mitra, K., Jena, J.K., Suresh, V.R., Shrivastava, N.P., Katiha,
P.K., Eds.; Inland Fisheries Society of India: New Delhi, India, 2007; pp. 83—89. ISBN
8185482136.

Sinhababu, D.P.; Mahata, K.R.; Saha, S. Participatory Approach to Rice-Fish Farming in Coastal
Ecosystem: Prospects and Value Addition. J. Indian Soc. Coast. Agric. Res. 2008, 26, 44-47.

Frei, M.; Becker, K. Integrated Rice—Fish Production and Methane Emission under Greenhouse
Conditions. Agric. Ecosyst. Environ. 2005, 107, 51-56.

Portz, D.E.; Woodley, C.M.; Cech, J.J. Stress-Associated Impacts of Short-Term Holding on
Fishes. Rev. Fish Biol. Fish. 2006, 16, 125-170.

Khoa, S.; Lorenzen, K.; Garaway, C.; Chamsingh, B.; Siebert, D.; Randone, M. Impacts of
Irrigation on Fisheries in Rain-Fed Rice-Farming Landscapes. J. Appl. Ecol. 2005, 42, 892—-900.

Channabasavanna, A.S.; Biradar, D.P. Relative Performance of Different Rice-Fish-Poultry
Integrated Farming System Models with Respect to System Productivity and Economics.
Karnataka J. Agric. Sci. 2007, 20, 706—709.

Campanhola, C.; Pandey, S. Sustainable Food and Agriculture: An Integrated Approach; FAO:
Rome, Italy, 2019; ISBN 9789251311370.

Cai, X.; Sharma, B.R.; Matin, M.A.; Sharma, D.; Gunasinghe, S. An Assessment of Crop Water
Productivity in the Indus and Ganges River Basins: Current Status and Scope for Improvement;
IWMI: Colombo, Sri Lanka, 2010; Volume 140, ISBN 9789290907350.

Chapagain, A.K.; Hoekstra, A.Y. The Blue, Green and Grey Water Footprint of Rice from
Production and Consumption Perspectives. Ecol. Econ. 2011, 70, 749-758.

Steduto, P.; Hsiao, T.C.; Fereres, E.; Raes, D. Crop Yield Response to Water; FAO Irrigation and
Drainage Paper 66; FAO: Rome, Italy, 2012; ISBN 9789251072745.

Peng, S.; Tang, Q.; Zou, Y. Current Status and Challenges of Rice Production in China. Plant
Prod. Sci. 2009, 12, 3-8.

Zwart, S.J.; Bastiaanssen, W.G.M. Review of Measured Crop Water Productivity Values for
Irrigated Wheat, Rice, Cotton and Maize. Agric. Water Manag. 2004, 69, 115-133.

Verdegem, M.C.J.; Bosma, R.H.; Verreth, J.A.J. Reducing Water Use for Animal Production
through Aquaculture. Int. J. Water Resour. Dev. 2006, 22, 101-113.

Brummett, R.E. Farming Fish to Save Water. Bioscience 1997, 47, 402.

https://encyclopedia.pub/entry/47468 12/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Ahmed, N.; Muir, J.F.; Garnett, S.T. Bangladesh Needs a “Blue-Green Revolution” to Achieve a
Green Economy. Ambio 2012, 41, 211-215.

Lin, K.; Wu, J. Effect of Introducing Frogs and Fish on Soil Phosphorus Availability Dynamics and
Their Relationship with Rice Yield in Paddy Fields. Sci. Rep. 2020, 10, 21.

Bhattacharyya, P.; Sinhababu, D.P.; Roy, K.S.; Dash, P.K.; Sahu, P.K.; Dandapat, R.; Neogi, S.;
Mohanty, S. Effect of Fish Species on Methane and Nitrous Oxide Emission in Relation to Soil C,
N Pools and Enzymatic Activities in Rainfed Shallow Lowland Rice-Fish Farming System. Agric.
Ecosyst. Environ. 2013, 176, 53-62.

Ghosh, A.; Mazumdar, A. A Review on the Role of Chironomine Midges (Chironomidae: Diptera)
in the Paddy Fields. J. Environ. Sociobiol. 2016, 13, 67-74.

Liu, S.; Hu, Z.; Wu, S.; Li, S.; Li, Z.; Zou, J. Methane and Nitrous Oxide Emissions Reduced
Following Conversion of Rice Paddies to Inland Crab—Fish Aquaculture in Southeast China.
Environ. Sci. Technol. 2016, 50, 633-642.

Wu, S.; Hu, Z.; Hu, T.; Chen, J.; Yu, K.; Zou, J.; Liu, S. Annual Methane and Nitrous Oxide
Emissions from Rice Paddies and Inland Fish Aquaculture Wetlands in Southeast China. Atmos.
Environ. 2018, 175, 135-144.

Frei, M.; Razzak, M.A.; Hossain, M.M.; Oehme, M.; Dewan, S.; Becker, K. Methane Emissions
and Related Physicochemical Soil and Water Parameters in Rice—Fish Systems in Bangladesh.
Agric. Ecosyst. Environ. 2007, 120, 391-398.

Wang, A.; Ma, X.; Xu, J.; Lu, W. Methane and Nitrous Oxide Emissions in Rice-Crab Culture
Systems of Northeast China. Aquac. Fish. 2019, 4, 134-141.

Li, C.-F,; Cao, C.-G.; Wang, J.-P.; Zhan, M.; Yuan, W.-L.; Ahmad, S. Nitrogen Losses from
Integrated Rice—Duck and Rice—Fish Ecosystems in Southern China. Plant Soil 2008, 307, 207—
217.

Sun, Z.; Guo, Y,; Li, C.; Cao, C.; Yuan, P.; Zou, F.; Wang, J.; Jia, P.; Wang, J. Effects of Straw
Returning and Feeding on Greenhouse Gas Emissions from Integrated Rice-Crayfish Farming in
Jianghan Plain, China. Environ. Sci. Pollut. Res. 2019, 26, 11710-11718.

Qian, H.; Zhang, N.; Chen, J.; Chen, C.; Hungate, B.A.; Ruan, J.; Huang, S.; Cheng, K.; Song, Z.;
Hou, P.; et al. Unexpected Parabolic Temperature Dependency of CH4 Emissions from Rice
Paddies. Environ. Sci. Technol. 2022, 56, 4871-4881.

Feng, J.; Liu, Y.; Li, F.; Zhou, X.; Xu, C.; Fang, F. Effect of Phosphorus and Potassium Addition on
Greenhouse Gas Emissions and Nutrient Utilization of a Rice-Fish Co-Culture System. Environ.
Sci. Pollut. Res. 2021, 28, 38034-38042.

https://encyclopedia.pub/entry/47468

13/14



Rice-Aquatic Species Integration System (RASp) | Encyclopedia.pub

82.

83.

84.

85.

Khoshnevisan, B.; Bashir, M.A.; Sun, Q.; Pan, J.; Wang, H.; Xu, Y.; Duan, N.; Liu, H. Optimal
Rice-Crab Co-Culture System as a New Paradigm to Air-Water-Food Nexus Sustainability. J.
Cleaner Prod. 2021, 291, 125936.

Datta, A.; Nayak, D.R.; Sinhababu, D.P.; Adhya, T.K. Methane and Nitrous Oxide Emissions from
an Integrated Rainfed Rice—Fish Farming System of Eastern India. Agric. Ecosyst. Environ. 2009,
129, 228-237.

Yuan, W.; Cao, C.; Li, C.; Zhan, M.; Cai, M.; Wang, J. Methane and Nitrous Oxide Emissions from
Rice-Duck and Rice-Fish Complex Ecosystems and the Evaluation of Their Economic
Significance. Agric. Sci. China 2009, 8, 1246-1255.

Xu, X.; Zhang, M.; Peng, C.; Si, G.; Zhou, J.; Xie, Y.; Yuan, J. Effect of Rice-Crayfish Co-Culture
on Greenhouse Gases Emission in Straw-Puddled Paddy Fields. Chin. J. Eco-Agric. 2017, 25,
1591-1603.

Retrieved from https://encyclopedia.pub/entry/history/show/107364

https://encyclopedia.pub/entry/47468 14/14



