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Effects of improved traditional rice-fish system productivity
on field water environment
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Abstract World agriculture currently faces great challenges in producing sufficient food while minimizing negative environmental
effects of crop cultivation, requiring us to rethink current agricultural production processes. Traditional agricultural systems based on
local species diversity and interactions have contributed to food and livelihood security throughout the world for centuries. As human
population increased, however, traditional agricultural systems faced daunting challenges in food demand and supply due to the lower
economic benefits of the systems. Thus improving the productivity of traditional agricultural systems in a sustainable way has been
of great concerned to producers and decision-makers. To determine the feasibility of increasing traditional agricultural productivity
without corresponding increase in negative environment impacts, two experiments were conducted at a traditional rice-fish co-culture
site that had been operated for over 1 200 years in southern Zhejiang Province. In the first experiment, three treatments without
pesticide, including rice monoculture (RM), rice-fish co-culture (RF) and fish monoculture (FM), were compared. In addition to
measured rice yield (in RM and RF), fish yield (in RF and FM), and surveyed input-output economics, focus was put on total
nitrogen (TN), total phosphorus (TP), total ammonia nitrogen (NH,"-N) and chemical oxygen demand (COD) in field water. Four
fish density treatments, including with target fish yields in rice-fish co-culture fields of 750 kg-hm™ (RF750), 1 500 kg-hm 2
(RF1500), 2 250 kg-hm™ (RF2250) and 3 000 kg:hm™ (RF3000), were designed in the second experiment. Rice and fish yields, input
and output of economics, and TN, TP, NH,"-N and COD were measured in the field water. The first experiment showed no
significant difference in rice yield between RM and RF. There was also no significant difference in fish yield between RF and FM in
the experiment. However, total and net income of the system were higher in RF than in RM and FM. Field water contents of TN, TR,
NH,*-N and COD were not significantly different between RF and RM. The second experiment showed that rice yield, fish yield, and
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total and net economic output increased with increasing fish stock density and fish feed input. Increase in fish stock density increased
target yield of fish by 1 500 kg-hm2 (50%), significantly increased net income of rice-fish co-culture systems by 25.2%~101.4%, and
also increased COD, TN, TPand NH,"-N content in field water. When target yield was 3 000 kg-hm’z, TP and COD contents became
significantly higher than in other treatments; which enhanced risk of environmental pollution. Economic analysis indicated that target
fish yield of 2 250 kg-hm™ gave higher economic income and with little impact on field water environment.

Key words Rice-fish system, Productivity, Stock density, Field water COD, Field water nitrogen and phosphorus,
Economic income
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Table1l Production and economic income of traditional and fish-density increased rice-fish co-culture systems
1) 2
Treatment Riceyield Fishyield Cost Total income Net income
(kg-hm?) (kg-hm?) (Yuan-hm2) (Yuan-hm2) (Yuan-hm2)
RM 6 171+299.68a — 2 462+184.80ab 20981+1 018.9a 18 519+834.1a
RF 5 898+415.74a 484+70.9a 2 062+262.82a 49 09315 667.5b 47 03145 404.7b
FM — 414+37.53a 441+101.74c 24 840+2 251.8c 24 399+2 150.1c
RF750 5 044+308.52a 686154.38a 2 955+403.01b 42 572+3 100.8bd 39 617+2 697.8d
RF1500 5 126+508.86a 1190+104.43b 4091+643.59d 62 978+5 703.8e 58 887+5 060.2e
RF2250 5 150+465.66a 1578+243.85b 5227+884.17de 78 570+11 151f 73 343+10 267f
RF3000 4911+297.21a 2 159+199.54¢ 6363+1 124.75¢ 101 093+8 873g 94 730+7 74859
RM: ; RF: . 375 kg-hm™2; FM: ; RF750: 750 kg-hm™%; RF1500:
1 500 kg-hm%; RF2250: 2 250 kg-hm %, RF3000: 3000 kg-hm 2
5% 1) i 2) RM: rice monoculture; RF: traditional rice fish

co-culture with a target fish yield of 375 kg-hm™2; FM: fish monoculture; RF750: rice-fish co-culture with a target fish yield of 750 kg-hm %, RF1500:
rice-fish co-culture with a target fish yield of 1 500 kg-hm™2; RF2250: rice-fish co-culture with a target fish yield of 2 250 kg-hm™; RF3000: rice-fish
co-culture with atarget fish yield of 3 000 kg-hm™2. The same below. Different letters in a column mean significantly difference at 5% probability level.

1) Cost includes fish seeds, rice seeds, fertilizers, feeds and pesticides. 2) Total income includes rice and fish products.
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Fig. 1 Total nitrogen contents in field water in traditional (a) and fish-density increased (b) rice-fish co-culture systems at
different growth periods of rice
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Fig. 2 Total phosphorus contentsin field water in traditional (a) and fish-density increased (b) rice-fish co-culture systems at
different growth periods of rice
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