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FOREWORD 

The Asian Rice Farming Systems Network (ARFSN) was established to: (i) promote 
and coordinate collaborative research between national and international research insti
tutions in farming systems with major emphasis on problems common in Asia; (ii) pro
vide a mechanism for sharing information, technology and methodology generated by
national research systems, the International Rice Research Institute (IRRI) and other 
international institutions; and (iii) provide a feedback mechanism to national research 
systems for field-identified problems. 

The ARFSN operates through a Working Group composed of national farming sys
tems program leaders who act as country coordinators for the Network's projects, project
leaders and selected scientists in the region who are invited depending on the topic for 
discussion. IRRI provides coordination through a Network Coordinator for the various 
projects. 

The ARFSN's project on rice-fish, a collaborative effort involving many institutions 
throughout Asia, is led by the International Center for Living Aquatic Resources Man
agement (ICLARM) in Manila, Philippines. The objectives of the project are to: (i) de
velop and refine rice-fish research methodologies; (ii) evaluate options for integration of 
rice and fish production which will increase the productivity and income of Asian rice 
farmers; (iii) establish collaborative research on rice-fish farming among national, inter
national and regional research institutions; and (iv) exchange and distribute research 
information on rice-fish farming among rice and aquaculture scientists in Asia. 

ICLARM coordinates and links with national programs in the participating countries 
(Bangladesh, India, Indonesia, China, Vietnam, Malaysia, Korea, Thailand and Philip
pines). Research on rice-fish farming is being pursued in each country by interdiscipli
nary teams of agronomists, aquaculturists and social scientists to develop appropriate 
technologies through on-farm trials. 

The first workshop, Rice-Fish Farming Research and Development Workshop, was 
held in Ubon, Thailand on 21-25 March 1988. There were 52 participants from 11 coun
tries: Thailand (21); Philippines (8); Bangladesh (6); Canada, Indonesia (4); India (3);
China (2); and Malaysia, Enutan, Singapore, Laos (1). An additional 53 Thai observers 
attended. The objectives were to: (i) discuss plans for the on-farm and on-station experi
ments and formulate common methodologies; (ii) determine strategies for rice-fish farm
ing systems research and development; and (iii) review the state-of-the-art in rice-fish 
farming. 

R. Syamanonda, Director General, Department of Agriculture, Thailand, opened the 
workshop by noting that farmers have accepted rice-fish farming because it has increased 
their income and family protein consumption. Little financial investment is needed. 
Farmers must plant rice and rice needs water; for fish, dikes must be raised and a 
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refuge must be dug. Fish feeds include natural production and noxious weeds affecting 
dike, leading to weed control. Fish excrement is a useful fertilizer for rice. Fish culture 
in ricefields also controls some rice pests. In addition to fish, rice yields increase by 
about 15%. 

The Director General of the Department of Fisheries, Thailand, Mr. Vanich Varikul, 
went on to emphasize that in Thailand and other Asian countries, rice and fish have 
always been the two most important staple food. Inscribed on a stone tablet from the 
Sukhothai Period - a Thai early kingdom that flourished 700 years ago - are words that 
appropriately describe the prominence that the country has placed on these two com
modities. The inscription read simply: "There were rice in the fields, fish in the water". 
It was the king's description of the significance of rice and fish in the lives of his people. 
In the last 25 years, Thailand has increased its total fishery production ten fold from 
220,000 t in 1960, to 2.2 million t in 1985. But of the 2.0 million t from marine catch, 
almost 800,000 t are trash fish which are being processed into fishmeal. The remaining 
supply does not reach inland markets and is an unaffordable luxury to many of the peo
ple in the villages. Policies aimed at improving the nutritional status of the people and 
emphasizing on cheap sources of good quality protein. Thus, there is a need to promote 
and develop inland aquaculture and this includes rice and fish culture. In addition to 
improving people's nutritional status, the incomes of rice farmers must be increased, land 
use intensified and farm activities must be diversified. In Thailand, farmers thll back on 
other commodities when the main crop is not doing well. Too much focus has been on 
irrigated ricelands with little attention to rainfed ricelands. There is also a need to coor
dinate the numerous programs and activities of different agencies concerned with rice
fish culture. 

Prayut Siripanit, Deputy Minister, Ministry of Agriculture and Cooperatives, Thai
land, closed the ceremonies with the observation that research on rice-fish culture involv
ing the Departments of Fisheries and Agriculture has had results that can help farmers. 
Thus, their concerted efforts will accelerate the develo'pment for the farmers in the fu
ture. 

The second workshop, Rice-Fish Farming Systems Research and Development, was 
held at the Central Luzon State University, Mufioz, Nueva Ecija, Philippines, on 23-27 
October 1989. Thirteen countries were represented by 72 pa'ticipants: Philippines (33); 
Thailand (20); Indonesia (4); China (3); Korea, India, USA (2); and Bangladesh, Mada
gascar, Malaysia, Nepal, Singapore, Vietnam (1). The objectivec were to: (i) discuss the 
progress made in rice-fish farming systems and component technology research; (ii) deter
mine a common methodology for rice-fish on-station research and extension; and (iii) 
conceptualize bankable projects and credit schemes for rice-fish farming. 

Mr. Carlos G. Dominguez, Secretary of Agriculture, Philippines, opened the second 
workshop observing that the potential of rice-fish farming in Asia is great. Consider a 
resource of approximately 116 million ha of ricefields, of which 46.6 million ha are irri
gated. Even if only 20% of these irrigated fields would produce fish at a conservative rate 
of 150 kg/ha, there would be an incremental supply of fish to 1.39 million t. On a 
broader perspective, rice-fish farming as a system can contribute to sustained rural de
velopment, socioeconomic upliftment and increased incomes of rural families. Because of 
farm diversification, it can result in maximum utilization of farm labor, particularly 
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during off-season periods. The system can also provide opportunities for rural investment 
and profitability to private investors without necessarily converting mangrove areas into 
aquaculture ponds. And yet, despite these potentials and foreseeable advantages that can 
be derived from rice-fish farming, we had noted in the past a decline in fish cultivation 
in ricefields which was most pronounced in technologically advanced countries. The de
cline was attributed to several factors, most significant of which were technical factors 
associated with rice intensification programs which used pesticides and high-yielding rice 
varieties that could not accommodate fish rearing. Other constraints identified were lim
ited information on appropriate techniques, the attitude of the farmers, their reluctance 
to change work habits and to modify their ricefields to accommodate fish culture. There 
are indications, however, that rice-fish farming is regaining popularity in Asian countries, 
for example, in Indonesia and Thailand. In Indonesia, rice-fish farming area was 49,000 
ha in 1977 and then more than doubled to 114,000 ha in 1984. In Thailand, there were 
4,497 farms in 1972 rising to 5,634 farms in 1983. While rice-fish culture has developed 
erratically in the Philippines, at its height in 1983, high average yields over 5 t/ha of 
rice and 208 kg of fish were demonstrated. 

The papers presented in the two workshops covered the whole range of rice-fish sys
tems environments: irrigated, rainfed, deepwater and coastal. For the first time, exten
sive information on these very important farming systems, which was ignored in the 
past, has been brought together into one publication. 

Kenneth T. MacKay 
Director General, 
ICLARM 

ix 



ACKNOWLEDGEMENT 

Generating and collating the materials for this book involved many people from both 
national and international research centers, funding agencies and non-government or
ganizations. We would like to first acknowledge the research and extension work of the 
national scientists in Bangladesh, China, India, Indonesia, Republic of Korea, Malaysia, 
the Philippines, People's Republic of China, Thailand and Vietnam. Secondly we would 
like to thank our partners in the international arena, particularly the International Rice 
Research Institute, the Asian Institute of Technology, the International Institute of Rural 
Reconstruction, and the Network of Aquaculture Centres in Asia/Food and Agriculture
Organization of the United Nations. Research was made possible by funds from the In
ternational Development Research Centre of Canada, Asian Development Bank, the 
United Kingdom Overseas Development Administration, Canadian International Develop
ment Agency, International Funds for Agricultural Development, Ford Foundation, Inter
national Foundation for Science and Care International. 

Special thanks are due to Dr. Roger S.V. Pullin and Mr. Jay L. Maclean for their 
guidance in the preparation and critical review of this book. We also acknowledge the ef
forts of the staff from ICLARM's Information Division, particularly: Leticia B. Dizon and 
Casilda I. Guevara in the additional editing and production processes; Christopher M. 
Bunao, Ovidio F. Espiritu and Albert B. Contemprate for the layout and artwork; and 
Ma. Graciela R. Balleras and Virgilio Martin J. Castrillo for typesetting the manuscripts. 

x 



Introduction to Rice-Fish Research 
and Development in Asia* 

C. LIGHTFOOT 
B.A. COSTA-PIERCE** 

M.P. BIMBAO 
C.R. DELA CRUZ 

InternationalCenter for Living Aquatic Resources Management
 
MCPO Box 2631
 

0718 Makati, Metro Manila
 
Philippines
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457 p. 

Abstract 

An overall perspective of rice-fish research and development in Asia is given through a country analysis rnd
highlights of research. Existing and potential rice-fish areas, and rice-fish system characteristics and their per
fornance in Bangladesh, China, India, Indonesia, Korea, Malaysia, Philippines, Thailand and Vietnam are presented. Similarly, highlighted are research findings on production systems, indigenous knowledge, effects on rice 
yield and pesticide management. Country analysis shows that rice-fih systems presently occupy only a very small 
percentage of the potential area. The wide array of systems that exist can be broadly characterized by field design,
growing period and fish species. Three types of field design are common: trench within the ricefield, pond or sump
within or adjacent to the ricefield, and deepwater ricefield. Two types of growing periods, concurrent with the rice
and rotational after the rice, are found. Carp, tilapia, silver barb, snakeskin gourami and prawns are grown. Re. 

productions systems revealed that while most systems,earch on are for growout operations, ricefields are also
suitable for nursery operations. In many cases, especially where traditional systems exist, researchers have found 
that farmers have more knowledge about rice-fish culture than researchers. Rerearch has also found that modest
increases of 10 to 20% are to be expected in rice yields when fish are cultured in ricefields. While ovi use of
pesticides has limited fish culture in ricefields, research findings indicate that proper application, selection of 
chemicals and integrated pest management (1I'M) strategies can overcome this constraint. 

Thi. introduction provides an overall perspective on rice-fish culture across the nine Asian countries (Bang
ladesh, China. India, Indonesia, Korea, Malaysia, the Philippines, Thailand and Vietnam) participating in the 
Asian Rice Farming Systems Network (ARFSN) rice-fish project, and highlights important findings of the two
workshops. The analysis cross references the papers so that readers are guided to relevant areas. 

Country analysis compares the extent of existing and potential arras of rice-fish culture in irrigated, rainfed,
deepwater and coastal brackishwater environments. For each of the countries reported, the typer of systems used,
the rice varieties, fish species, rice and fish yields arl incomes are compared. 

'ICLAIiM Contribution No. 919.
 
"Present addrc',s. Hale Ohia Road, P.O. Box 1050, Volcano, Hawaii 96785, USA.
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Important research findings bring to the readers' attention the fact that: i) most production systems are 
growout operations but ricefields can also be used for nursery operations; ii) indigenous knowledge of rice-fish 
often exceeds that of researchers; iii) rice yields usually increase when fish are present in the ricefields; and iv) 
with special exceptions, pesticides do not necessarily restrict the adoption of rice-fish culture. 

Counte'y Analysis of Existing for rice-fish farming in the reporting coun
and Potential Areas tries indicate that only China and Indone

sia have significant areas. The paucity of 
Rice-fish systems presently occupy a data in the table suggests that fish are 

very small percentage of the area judged cultivated in so few ricelands that national 
to be suitable for them. The data shown statistics rarely bother to record them. 
in Table 1 of potential and existing areas Conversely, areas where there is potential 

Table 1. Potential and existing areas for rice-fish farming in Asia. 

Ricefield areaa Potential/Suitable Existing area Authorin
 
Country ('000 ha) area ('000 ha) (003 ha) this volume
 

Bapgladesh 	 Total 10,229 615 Not known I)ewan, see p. 11
 
Irrigated 1,227
 
Rainfed 9,002
 

China 	 Total 32,798 5,000 985.5 (1986) Xu and Guo, see p. 315 
Li, sce p. 17 

Irrigated 30,902 Wang, see p. 325 
Rainfed 2,296 Xu and Guo, see p. 315 

India 	 Total 40,991 2,000 Not known Ghosh, see p. 27
 
Irrigated 14,349
 
Rainfed 26,644
 

Indonesia 	 Total 9,889 1,570 94.3 (1985) Koesoemadinata and
 
Irrigated 6,230 Costa-Pierce, see p., 45
 
Rainfed 3,659 Syamsiah et al., see p. 287
 

Korea 	 Total 1,229 127 0.1 (1989) Kim et al., see p. 63
 
Irrigated 1,118
 
Rainfed 111
 

Malaysia 	 Total 647 120 Not known Ali, EeCp. 69
 
Irrigated 427
 
Rainfed 220
 

Philippines 	 Total 3,426 181 1.4 (1982) Sevilleja, see p. 77
 
Irrigated 1,473 0.2 (1986)
 
Rainfed 1,953
 

Thailand 	 Total 9,378 254 Fedoruk and
 
Irrigated 1,313 Leelapatra, see p. 91
 
Rainfed 8,065
 

Vietnam 	 Total 5,691 326 Not known Mai et al., see p. 105
 
Irrigated 2,276
 
Rainfed 3,415
 

aSource for 1985-87 data: IRRI. 1989. Implementing the strategy work plan for 1990-1994: IRRI toward 2000 

and beyond. International Rice Research Institute, Manila. 



3 
for rice-fish culture are significant in all sizes and layouts are reported by Fagi et
countries reporting. al., Li, Sevilleja and Wang which act as

Among the countries listed, Indonesia fish refuges. Li also reports ridge-ditch
is second to China in rice area being used field designs with rice-azolla fish systems.
for rice-fish farming. Fish culture is con- Li and Wang report some cases in China 
centrated in irrigated and coastal where ponds or sumps constructed adja
ricelands. Although it is much smallor in cent or connected by a canal to the 
area, Thailand is next to Indonesia in the ricefield are used. Similar methods are 
extent of rice-fih culture. Fish are grown used in Indonesia as presented in
in many different ways in both irrigated Koesoemadinata and Costa-Pierce, in Ma
and rainfed environments. Rice-fish farm- laysia by Ali, in the Philippines by
ing has been successful in parts of India's Sevilleja, and in Thailand by Chapman,
brackishwater and irrigated areas where Fedoruk and Leelapatra, and Thongpan et 
water level can be controlled. Interest in al. The ridge-ditch design is similar to the 
deepwater rice-fish farming is growing Indonesian surjan design reported by
partly because India has more than 4 mil- Koesoemadinata and Costa-Pierce, al
lion ha of deepwater rice areas, the larg- though the latter has much wider ridge 
est in South and Southeast Asia. Simi- and ditch. 
larly, Bangladesh has more than 2 million Concurrent culture of fish and rice as 
ha of deepwater areas planted to rice. The well as rotational systemq where fish are 
potential of this resource for stocking and grown :fter rice are common throughout
feeding fish has not been tapped yet. The Asia. Combinations of rotational and con
area devoted to rice-fish farming in the current rice-fish systems arranged in one-
Philippines is still limited. Rice-fish cul- year sequential cropping pattern are best 
ture techniques for irrigated rice using developed in Indonesia. Koesoemadinata 
tilapia and carp have not yet diffused to and Costa-Pierce and Syamsiah et al. de
many farmers, scribe the Indonesian concurrent rice-fish 

minapadi;fish culture in between two rice 
crops penyelang; and fish culture duringCountry Analysis long fallow periods after the second rice 

of System Characteristics crop palawija systems. Examples of one
and Performance year cropping patterns are minapadi

minapadi-palawija;and mnnapadi-penye-
The data presented in Table 2 com- lang-minapadi-palawija.When practised 

pare rice-fish systems, fish species, rice in combination, these systems can produce
varieties and their yields and income annual fish yields of over 1,000 kg/ha. 
across the countries of concern. Tile most important fish species found
 

A variety of systems exists, with many in ricefield systems are carps (Indonesia,

variations in field engineering, species India, China), tilapias (Philippines, China,

used, fish stocking rates and sizes, crop Thailand), Puntiusgonionotus (Thailand),
rotations, etc. In general though, three and Trichogasterpectoralis (Thailand). 
types of field design predominate: shallow Both mono- and polyculture of these spe
trench within the ricefield in the Philip- cies are practised. Many other species of
pines, Indonesia and China; pond refuge fish and other animal (e.g., shrimps and 
adjacent to the ricefield in Indonesia, In- frogs) are found in ricefields. In deepwater
dia, Thailand and China; and deepwater and coastal areas of Bangladesh, India and
ricefields in India and Bangladesh. Vietnam, Haroon et al.; Ghosh; and Mai 
Trenches or ditches constructed in varying et al., respectively, report that shrimps are 



Table 2. Selected data on rice-fish by environment and system. 

Environmentisystem 

Banglad.h 
Freshwater/capture 

Freshwater/culture
concurrent/on-station 

with feeding 
concurrent/on-farm 

rotational/on-farm 

Brackishwater/capture 

Brackishwater/culturerotational 
traditional 

improved 

Brackishwater-freshwater 
rotational 

concurrent 

China 
Freshwater/culture 

field-pond/double rice 
ridged/single rice 

rice-azolla-fish 
non-ridged/double rice 
non-ridged/single rice 

rice-fish rotation in 
swimpland/single rice 

concurrent/ridge ditch 
on-farm/experimental 
onttationspecies comp:zitin 

concurrent/growout 
concurrent/hatchery 

Rice 
variety 

oman 
boro 

BR 11 

oamin 
anan 

boro 

Oman 

early 
median 
late 

Rice yield 
(tlh) 

0.5-1.4 
3.2-7.7 
4.2-4.5 
3.8-4.1 

9.5 
7.8 

11.4 
8.0 

4.3 

4.8-5.0 
8.3-9.0 

3.3 
5.6 
8.6 

Fish species 

..'anna, catfishes, minnows, Colisa, 
spiny eels, shrimps 

Indian major carps, llypophthalmicthys molitrix,Cyprinus 
corpio, Puntiusgonionotus, Cirrhinusreba 
Indian major carps, lletropn.m fossUis 
I. f-scsi/L 
A. gonionozus,Oreochromj, niloticus 
0. nioticus 
Aucrbrchiumrorenbergii 
M. rosenbcrgii 
Indian n'sjor crrps. C. reba, 

Ifypophthalmichthys emolilrix, 

Cienopharyngodonidelta, P. gonLonotus, C. carpio
 
Penaeus monodon 
Mugil corula,Mys~w so., Lares calcarifer, Labco hata 

Penaeus spp., Metapenaeus spp. 
Polydactylussexgdis, L calcarifer 
Penaeus spp. 

P. monodon. Af. rusenbergii 
L. calc-ifrer, lndizsn major carps, Mugil sp. 
P. monodon, M. rowenbergii,II. molitrix, Indian 
major carps 

C. idela, crucian carp, C. carpio 
C. idella, C. zarpio,crucian carp, tilapia 
C. ide/Ia 
C. idella 
C. idella 

Fish yield 
(kg/ha) 

43-147 


198-225 

98-213 


213-508 

317-488 

40-50 


162-390 


223-856 


210 

80 


210-300 

80-400
 

280-450 


200-250 

150-175
 
83-130 


1,119 
1,572 

760 

731 


1,312 

117-200 

1,582-1,896 


Income 
(USS/ha) 

30-134 


825 


688 


583 

732 


528 

507 


529 


1,039-1,269 
1,404-1,5R2 
750-1,500 

198 (gross) 
332 (gross) 
471 (gross) 

Author in
 
this volume
 

Dewan, see p. 11
 

Dewan, see p.11;
 
Ilaroon et al., see p. 165
 
Ilaroon et al., see p. 165
 
1laroon et al., see p. 165
 
llaroon et al., see p. 165
 
tlaroon et al., see p. 165
 
Dewan, see p. 11
 
tlaroon et al., see p. 165;
 
Dewan, see p. 11
 
liaron et al., see p. 165
 

Dewan, see p. 11;
 
flaroon et al., see p. 165
 

laroon ct al., sc p. 165
 

Ilaroon et al., see p.1
6 5
 

llaroon et al., see p. 165
 

Ilaroon et al., s,,e p. 165
 

Xu and Guo, see p. 315
 
Xu and Guo, see p. 315
 

Xu and Guo, bee p. 315
 
Xu and Guo, see p 315
 

Xu and Guo, see p. 31
5
 

Xu and Guo, see p. 315
 
Xu and Guo, see p. 315
 
Li and Pan, see p. 151
 
Nie et al., see p. 173
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Table 2 (continued). 

Rice
Environment/system varicty 

India 
Freshwaterirrigated/wetland L 


deepwater deepwcter rice 
valley fields deetr.-ter rice 
beels 
 modern 

concurrent/rainfed 

capture/deepwater
(river basin) 

capture/inland 

mountain valley/waterlogged 


ter~ rehighly
temcesla!low/wild feeding traditional 

pest controlflow stocking rate 

irrigated 


shallowhatchling to finge.lings 
growout 

no feeding 
with feeding Roanc, PanAcj, 

BakswtrJaya 

Bracishwoatertraditional 
pokkali 

khazan salt-resistant, 
local 

Mhabadha(wild cropping) 

modified 

pokkali salt-resistant, 

loca l 
bhaxsbad.a salt resistant, 

modern, CRS 1, 

shallow/rotational CSR 3, SR2?BSR 2FB 

deepwater/growout
on-farm CR 1014,JaLadh 

Rice yield 
(t/ha) 

2.7 
2.0-2-5 
1.0-20 
1.0-3) 

1.0-1.5 
2.0-3.0 
1.0-1.5 

0.3-0.8 

1.5-2.3 

3.0-5.0 


1.5-3.7 
5.2 

1.8-1.9 
1.96.4 

0.5-1.5 

0.7-27 

2.5-3.0 

1.5-1'.0 

2.0-4.2 

Fish yield
Fish species (kg/ha) 

1rurrels, catfish, carps 500-700

Indianmajr7andChineseca catfish 1,00
Indian major carps 500-800Dehdrai 
nussels, catfish, carps 0-80 


20-80 


natural stocks 3(1 year)
wild stocks 300 (1year)
C. crpio yar

variableC apoGoh 
C. carpio 28-186 


C. soriata 28-112

0. mossmbicus, C. corpto, Cirrhinus mrigao. L. rohita 77 


77 


1)2-153
carp, M. rosenbcrgii 630-930( year)IL.osilis,Clariasbatroe/iu9 199 yhosh,
I. fo iis, C.batrachus 309 


360-490 


Metapenaeus app., Peruseas spp, M..rude,

Palaern styli/era, Caridinagrocirost.-is,Acetes sp. 500-600 

M. dussunieri,EtriplusmaculatusE. surolensLl,Mgil spp., Peni- , spp., perches 500-2,000 
Liza app., Mugil cephalus, Laes calcarifer 

MystusguL/o, Macrobrochiumapp., Metapenaeusapp.,
Penaeu spp., P. styli/err, Rhinomugil corsula, 
Parapenaeopsissculptilis 

brackishwater shrimp, tilapia, natural stocks 785-2,135(1 year)7 8 - , 3 1 y a )G
local 
P. monodon, L prsia.carps, mullets, 00-1,200 (1 year)
natural stccks 

carp,M. rogenbergii,P. monodon, L. pa-ia, 870-1,000 (1 year) 

tilapia, natural fry 

C. carpio,If. molirix, Lidian majo- carps 76 (119 days)-

1,100(1 year) 

Net income 
(US$I.a) 

Author in 
this volume 

Dehadrai, see p. 367
 
Dehadrai, see p.367
 

seep 367
 
Dehadrai, see p,367
 
Deadrai,seep.367
 

Ghosh, seep. 27
 
Ghosh, see p. 27
 

Ghosh, see p. 27
e .2
 

Ghosh, see p. 27; 

Dehadi,see p. 367
 
Ghosh, see p. 27
 
Ghosh, see p. 27
 

Chosh, see p. 27
 
Ghosh, see p.27
 

see p.27
 
Ghosh, see p. 27
G!,osh, see p. 27
 

Ghosh, see p. 27
 

Ghosh,see p. 27
 
Dehadrai,see p. 367
 

h os h, see p. 27
 
1ehadrai, see p. 367
 

hosh, see p. 27
 
ehadh, see p.37
 

Dehadrai, seep.367
 

Ghosh, see p.27
 

Chosh, see p. 27
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Table 2 (continued). 

Rice Rice yield Fishyield Income Authorin 
Environment/system variety (t/ha) Fish species Ckg/ha) (US$/ha) this volume 

on-farm/expermental 
no feeding NC 492 Sabita 1.7-2.1 C carpio,H. molitrix, Indian major carps, 267-813 Mukhopedhyay et al., 

0. ni~oticus, P. gonionotus, local species see p. 255 
with feeding NC 492 Sabita 1.6-3.2 C. carp/o,!t. no/itrix, Indian major carps, 692-922 Mukhopedhyay et al., 

0. niloticus,P. gonionotus., local species see p. 255 

Indoneeia 
Freshwater/irrigated/cuncurrent 

on-sta.ion 3.2-6.0 C carpio 224-320 32Z-680 Syamsiah et al., see p. 287 
(rice.fish4duck)- IR 64 11.7 C curpi, 185 2,060 Syamsiah et al., see p. 287 

(rice~fish.duck)-duck 
fertilizer levels 

zero TSP 6.7 C. carpio 1,400 Fagi etal., see p. 273 
25-150 kg/ha 6.6-7.4 C. carpio 1,300-I,600 Pagi et al., see p. 273 

densities and irrigation 
methods 

1,600-4.160 fish/ha (WS) 7.5-8.4 C. carpio 10.119 Fagi et al., see p. 273 
2,000-5,000 fish/ha (DS) 5.5-5.8 C. carpio 80-192 Fagi et al., see p. 273 

on-farm 
miLcpodi.penydaasg. 13 250-780 1,599-2,130 Koesoemadinata and 

rapOdi Costa-Pierce, see p. 45 

rice-pataiija 256-1,000 140-230 
Yunus et al, see p. 131 

Koesoemadinata and 
Costa-Pierce, see p. 45 

sinapdi-penyeang- 255 1.280 Koeronadinata and 
palawij Costa-Pierce, see p. 45 

minapadi-penyetang- 302 450 Koesoemadinata and 
vegetable-penyetwg Costa-Pierce, see p- 45 

ricefield pond (poayamn) 360-970 Koesoemadinata and 
Costa-Pierce, see p, 45 

rice-rice-fish IR 64 C. cwpio 80-367 474-1,236 Frgi et al., see p. 273; 
Yunus et al, see p 131 

(rice+fish)-(ricefish)-fish I 64 C carpio 320-850 932-1,400 Fegi etal., see p. 273; 
Yu-.s et al, see p. 131 

(rice+fish-fish-(rice4 i3sh)- 1R 64 C. carpia 1,414-1,430 Fagi et L., see p. 273 
fish 

(rice+fish+duck)-(fish +duck)- rt 64 C. eorpio 1,498 Fagi et al., see p. 273 
(rice+fish+duck) (fish+duck) 

Coastal freshwater (sraah tambakl milkfish. Java carp and tilapia, C. cawpio 2,000-3,500 Koesoemadinata and 
rotational M. rosenbergu;,marine shrimp Costa-Pierce, see p. 45 

Korea 
Freshwater/concurrent/ Misgurnusanguillicaudatus 23,238 (gross) Kim et al., see p,6, 

with feeding Porusilurus asotus, 1,210-1,260 
0. niloticus 2,720 

continued.. 



Table 2 (continued). 

Envirenment/syster 
Rice 

variety 
Riceyield 

(tha) Fi3h speciem 
Fishyield 
(kg/ha) 

Net income 
(US$/ha) 

Author in 
this volume 

Malaysia 
Freshwater/capture/sump

single rice crop Trichogarrpectnruis,T. trichoptcurs, 

C. macro phal , C. stri zta, Anaba, tentudineusT. trichopterus,C. nacroeephdu.s, C. striatas 

T. pec:orais 

302-470 

88-175 

Ali,see p.69 

All, see p. 69 

Philippines 
Freshwatercapture traditional 2.5-3.0 M. awuilicaudatus 1-10 kglSO-700 me 

culture 
mountain Seville seep. 77 

on-farmconcurrent 

pond 
with inorganic fertilizer 
with animal manure 

trench 
with inorganic fer lizer 
with animal manure 

on-stationco-current 
rotational 

border planting pattern 
trench or pond refuge 
animal manure 

traditional 

mountainItRI varieties 
IRRI varieties 
IRRI varieties 
DRIl varieties 
IRRI varieties 
IRIUI varieties 

IRRI varieties 
IRRI varieties 
IR 66 
IR 64 
IR 64 

6.1 
5.9-6.0 
5.4-6.0 

6.3 

G.5-6.8 
5.8-6.1 

3.3-6.3 
3.3-6.3 
2.5-5.1 
1.6-2.3 
1.5-2.1 

C. eurpio,0. niloicuL 

0. niloticus 
0. niuoticus 
0. niloticus 
0.n/oticus 

0. nitoticus 
0. niloticus 

C. cr-pio,0. niloticus 
C. curpio,0. nitoticus 
0. niloticus 
0. niloticus 
0. niloticu 

129 

53.3 
148-169 
180-200 

73.3 

44-13046-130 
46-133 

78-303 
390-629 
105-195 
2"-396 
58-152 

Sevilleja, see p.77 

Torres et al., see p. 295 
Torres et al., see p. 295 
Torres etal., see p. 295 
Torres etal., reep. 295 

Tores et al., see p. 295 
Tores et al., see p. -95 

Sevilleja, see p.77 
Sevilleja, see p. 77 
Sevilleja etal. see p. 373 
Sevilleja et al., see p. 373 
Sevilleja et al., see p. 373 

Thailand 
Freshwater/rainfed 

concurrenttrap sump 

terraced field 

ope-, dike 

rainfedrice 

rainfed rice 

wild species 

C. c-rpio, P. gonionotus, tilapia 

30-60 

400 

125413 

Fedoruk and Leelapatra 
, 

see p. 91 
Fedoruk and Leelspatr, 

Fedork and Leelapatr, 

Khoo Klad 
Amnart Charoen RD 6,RD 8,SPT, 

1.2-2.1 
2.1-3.0 

P. gonionotus,Aristichthysnobilis 38-214 
79-14 

Thonp. 91 
Thongp an et al., see p. 301 

Kheuang Nai 

Det Udom 

KDML 105, nativeRD G,SPT, 

KDML 105 
RD 6, KDML 105, 

1.8-3.0 

2.3-2.9 

79-146 
264-W3 

61-104 

206-235 
Thngpn et al., se p. 301 

Thongpen et al., se- p.301 

native 182-220 113-128 Thongpan etal.,seep. 301 

contin"ed... 
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Table 2 (continued). 

Environment/system 
Rice 

variety 
Rice yield 

(/ha) Pish species 
Fish yield 

(kg/ha) 
Net income 
(US$/ha) 

Author in 
this volume 

Freshwaterclcoed dike 
rainfed/concurrent 

irrigated/concurrent 

rainfed rice 

high yielding 

180-300 

180-900 

Fedoruk and Leelapatra, 
see p. 91 

Fedoruk and Leelapatra, 

irrigated/rotational 

deepwater 

Dom Noi (irrigated and 
cainfed) 

high yielding 

1.3-2.7 

Trichogastersp., P. gonionotus 

C. carpio,0. nitoticus 

750-90C 

940-1,875 

8-238 

see p. 91 
Fedoruk and Leelapatra, 

see p. 91 
Fedoruk and Leelapatra, 

see p. 91 
Thongpan et al., see p. 301 

Vietnam 
Freshwater/concurrent 

(rice.shrimp)-(rice~shrimp) 
(rice+fish'shrimp)-

(rice+fish/shrimp) 
(rice-shrir~p)-(rice.shrimp) 

dry season 
wet season 

traditional, 
we' and dry 

5.7 
5.2 

3.5-5.7 

M. ronbergi4 P. gonionotus 187 shrimp; 214 fish 

64 

Mai etal., see p. 106 
Mai et al., see p. 105 

Maiet al., see P. 106 

Brackishwater-freshwater/ 
rotational 

rice-shrimp (no feeding) 
rice-shrimp (with feeding) 

Brackishwater/rotational 
(fish/shrimp)-(rice+fish/ 

shrimp) 

seasons 

traditional 
traditional 

K/mer do, 
IR 42 

3.0 
3.5 

2.4 Metapenacuslysia o, M. tenuipes, 
M. easis, Penaeus indicus 
Pseudapocrypleslanccokaus 

50 
80 

2-3 kg shrimpday 

15 kg fish/day 

74 
134 

Mai et al., see p. 105 
Mai et al., seep. 105 

Mai etul., see p. 105 

Mai et al., see p, 105 



9 
added to the rice-fish systems. Giant searchers. This was certainly found to be 
freshwater prawns (Macrobrachium the case where traditional rice-fish farm
rosenbergii)and finfishes are stocked dur- ing systems has existed for many years as 
ing wet or monsoon months, while marine they have in freshwater environments of 
shrimps and fishes are cultured during China, Indonesia, Malaysia and Thailand 
summer or saline water months. and in coastal brackishwater environ-

Thailand, Bangladesh and India have ments of Bangladesh, India and Vietnam. 
seasonally important ricefield capture fish- However, in irrigated and deepwater
eries system. In India, Ghosh reports sig- environments, culturing fish is not tradi
nificant contributions to the protein nutri- tional. In the recent past, rice-fish sys
tion of poor people in the densely popu- tems for irrigated (China, Indonesia) and 
lated rice-growing districts made by such rainfed (Thailand) environments have 
systems. been pioneered generally by farmers 

themselve3. Today, rc9earchers are in-
Research Findings volved in developing improved systems for 
on Production Systems these environments. This is particularly 

true for irrigated rice-fish farming in the
While most rice-fish production sys- Philippinas and Korea where technologies

tems are growout operations, the ricefields are being developed with much reliance 
can also be used for nursery operations. on research results. Similarly, researchers 

Ricefields are being used both as fish in Bangladesh and India are providing
nurseries and growout for table fish in farmers with new systems for culturing
China as reported in Li and Pan; in Indo- fish in deepwater ricefields. 
nesia by Yunus et al., Syamsiah et al. and 
Costa-Pierce; and in Thailand by Research Findings
Chapman. Interestingly, raising fingerlings on Effects on Rice Yield 
in ricefields was shown by Costa-Pierce to 
be more profitable than growout in Indo- Over the years, it has almost become 
nesia. Furthermore, Costa-Pierce pointed a conventional wisdom among farmers 
out that in Indonesia, shallow ricefields that rice yields are increascd when fish 
may be better suited to nursery systems. are present in the ricefields. indeed, with 
Indonesia and China have rice-fish culture few exceptions, scientists report modest 
systems well integrated with inland aqua- increases in rice yield. Lightfoot et al. 
culture production networks as reported summarized published data on rice yields
by Koesoemadinata and Costa-Pierce, from China, India, Indonesia, Philippines
Sastradiwirja, Costa-Pierce, Li and Xu, and Thailand find that averageto per
and Guo. Many rice farmers in Java pro- cent increases in rice yields ranged from 
duce common carp (Cyprinus carpio) fin- +4.(- to +28.6. However, these averages
gerlings for sale to fish farmers who grow hide a wide variation in reported effects. 
the fingerlings to table-size. Furthermore, Some researchers, as in the case of 
Syamsiah et al. report that Indonesian Bangladesh, Korea and Indonesia, re
farmers integrate ducks and home gar- ported modest increases. Haroor et al. re
dens into tLeir rice-fish culture systems. ported up to 14% increases in Bangladesh 

rice yields and Kim et al. reported Ko-
Research Findings rean farmers obtaining comparable or bet
on IndigenousKnowledge ter yields of rice in the presence of fish. 

In Indonesia, 6.6% increases were re-
The stock of indigenous rice-fish ported by Syamsiah et al. For others, the 

knowledge often exceeds that of the re- picture was less certain. Nie Dashu et al. 
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reported yield increases ranging from 11 
to 35% in China. In India, while 
Mukhopadhyay et al. reported 1-11% 
range of rice yield increases, Ghosh re-
ported an increases between 9 and 23%. 
Similarly, the Philippine picture is uncer-
tain. The report of Torres et al. that rice 
yields were neither positively nor nega-
tively affected by the presence of fish con-
trasts starkly with the 47-50% increases 
reported by Fermin. 

Few instances of decreased rice yields 
ware reported. Thongpan et al. observed 
that nine out of 25 of their cooperating 
farmers experienced yield losses from -29 
to -1%. Two per cent decreases were re-
ported in India by Mukhopadhyay et al. 
Neither group offered any mechanisms by 
which the reported reductions might have 
occurred. 

Research Findings 
on PesticideManagement 

With special exceptions, pesticides do 
not necessarily restrict the adoption of 
rice-fish culture. 

Dewan, Ghosh, Kim et al. and Xiao all 
report that rice-fish farming declined due 
to the use of pesticides in rice production. 
Irrigated systems being more polluted 
than rainfed and deepwater ricefield 
which experience lower levels of chemical 
inputs were the most affected. That the 
adverse effects of pesticides on fish were 
aggravated by farmers' tendencies to apply 
more pesticide than was needed was 
pointed out by Sevilleja, and Fedoruk and 
Leelapatra. Proper application methods 
and selection of chemicals with low toxic-
ity as discussed in Kim et al., 
Koesoemadinata and Costa-Pierce, 
Sevilleja and Xiao can alleviate toxicity 

problems somewhat. Cagauan and Arce 
suggest how pesticides can be applied and 
still preserve or enhance yields of both 
rice and fish. There are other trends in 
rice production that favor fish. Insecticide 
use is decreasing in some countries as 
more pest-resistant varieties are being 
used and the Integrated Pest Management 
(IPM) is proving successful. These de
creases may support Waibel's finding that 
the economic benefits from insecticide use 
under farmers' conditions are much less 
than claimed. 

Conclusions 

Findings as highlighted here suggest 
several measures and directions for future 
research and development in rice-fish c 1l
ture. Conclusions emerging from the pa
pers and discussions presented here direct 
us towards finding new roles for rice-fish 
in the wider context of aquaculture and 
agriculture sector development. Not only 
are we directed towards roles in the 
hatchery-fry-fingerling-growout con
tinuum, but also in the supportive role for 
the expansion of IPM. Indeed, IPM could 
act as a vanguard for expansion in rice
fish culture. 

In seeking to develop new roles, two 
measures will be important. The first 
measure to be taken is the participation of 
farmers and fishers in the generation of 
new systems. In these new systems meas
ures must be taken to insure that rice 
yields are, at worst, not sacrificed and at 
best increased. Such directions and meas
ures can only assist in the realization of 
the reported potential for fish production 
in Asian ricefields. 
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Abstract 

Bangladesh has approximately 2.83 million ha of ricefields where 0.2 million t of wild fish are caught annu
ally. Fish production can be increase-d considerably in these ricefields if fish culture is practised. Capture and 
culture rice-fish systems exist in very limited scale. In capture systems, wild fish stock enters the flooded
ricefields and gets trapped after rice harvest. In culture systems, concurrent and rotational rice-fish systems are 
practised by stocking fish and shrimps in inland freshwater or coastal ricefields. 

Little research has been done on rice-fish farming systems in Bangladesh. On-station and on-farm experi
ments focused on evaluating different stocking densities and combination of species such as Indian major carps
and Chinese carps, common carp (Cyprinus carpio), silver barb (Puntius gonionotus) and tilapia (Oreochromis
mo.qsambicus). Gross yields from different combinations of these species vary widely with stocking densities and 
survival. Incomes ranged from US$30 t 134/ha in concurrent and US$688/ba in rotational systems. Rice-fish 
culture also provides opportunity for reducing unemployment.


Some constraints must be resolved and 
more research must be done if rice-fish farming has to succeed in 
Bangladesh. Strong political will is needed to resolve Social issues on land ownership and rights on water use. 
Technical, production inputs and credit support are also necessary. 

Introduction 
that certain pesticides can control rice 

Agriculture for-ms thelbasis of Bangla- pests witho,,t affecting fish (Arce 1985).
desh economy. Fish is the cheapest source Moreover, fish culture in ricefields not
of animal protein and contributes about only incrases fish production but may
80% of the total protein intake in Bangla- also increase rice production. 1tora and 
desh (Karim 1978). The abundant water Pillay (1962) report that rice-fish culture 
sources of Bangladesh provide scope for can increase rice yield by about 15%. Ex
increased fish production. Vast areas of pansion of rice-fish culture in the inun
ricefields can be utilized for rice-fish cul- dated areas will not only increase animal 
ture. Recently, rice-fish culture has protein supplies, but will also increase the 
gained attention because of observations income of rural people. 

11 
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Past and Present Status 
of Rice-Fish Systems 

PrevailingRice-Fish Systems 

Farmers have been harvesting fish 

from ricefields for a long time in Bangla-
desh. Both capture and culture systems 

In capture systems, farmers do not 
stocfishaptrepem, f edstos en-

stock fish but depend on wild stocks en-
tering the inundated ricefields. Farmers
do little to prepare their nicefields for re-

taining fish. Fields are normally sur-

rounded by dikes of variable heights.
Some make sumps of variable size and 
Soeth maktesps poaribl sie
depth in the lowest portion of the 

ricefield. Some make brush shelters in the 

sumps to provide shelter for the fish and 

stealing. After harvesting the riceprevent seln.Aerhretnthrie 

crop, few kilograms of wild fishes such as 

Channa,Shrimps 
Colisa, minnows, spiny eels and small 
shrimps are caught. Fertilizers and artifi-

cial feeds are rarely applied in the 

ricefields. 
In culture systems, the farmers con-

struct ponds of different sizes in low-lying 
areas of the field. During monsoon, when 
ponds and ricefields are full with rainwa-
ter, farmers release carp fry. Specific 
stocking densities are not followed. Brush 
shelters are built in miniponds. Normally, 
farmers do not apply fertilizers or give 
supplementary feed. After harvesting rice 
in November to December, fish harvest 
continues until March. 

In coastal areas, farmers culture ma-
rine shrimps (such as Penaeus monodon,P. indicus, P. semisulcatus and 
MP. naeus monceosinriceP. s us-
Metapenaeus monocros) in ricefields us-
ing traditional bheri system. Here, 
ricefields are enclosed by small embank- 
ments with inlet channels and sluice 
gates. Fields may vary from 3 to 50 ha. 
Shrimp is produced both by rotational and 
concurrent systems. After harvesting rice 
in December to January, tidal water full 

of shrimp and fish fry is allowed to enter 

the ricefields. Some of the species found 
are Labeo bata, Mugil corsula, Mystus 
sp., Lates calcarifer and P. monodon. 
Bamboo screens Gocally known as bana) 

are then placed cver the sluice gate to 
prevent fish and shrimps from escaping.
Neither fertilizers nor supplementary feed 
are provided. Shrimp harvests start at the 

end of April and continue up to July. Fish 
now in the water-supply channel are har
vested during September. About 210 kg of 
shrimp and 80 kg of fish are harvested
(MPO 1985). 

Occasionally, farmers produce fresh

w ater s Mrobrh 
water shrimp (Macrobrachium 
rosenbergii)along with transplanted aman
rieMosnraswshutheaiiy 

rice. Monsoon rains wash out the salinity 

of the ricefields. After transplanting in 

shrimp fry collectedreleaseAugust, farmers from nearby7,000-8,000rivers. 
shrimp re hareted fter riesN 

are harvested after rice in No

vember to February. Without fertilizer or 

supplemental feed, yields vary from 40 to 
50 kg/ha (Haque 1987). 

Rice-Fish Research 
and Development 

Relatively little research has been 
done on rice-fish farming systems in 
Bangladesh. At present, only the Fanning 
System Research and Development Pro
gram of Bangladesh Agricultural Uiver
sity (BAU) and the Fisheries Research 
Institute (FRI) have been conducting re
search on rice-fish farming. 

Das and Dewan (1982) conducted fish 
growth experiments in rice-fish concurrentgot xeiet nrc-ihcnurn 
systems. Labeo rohita, Cirrhinus inrigala, 
Cyprinus carpio and Oreochromis 
mossambicus were stocked both in 
monoculture and polyculture at 2,000/ha 
for L. rohita and C. mrigala, and 7,000/ 
ha for C. carpio and 0. mossambicus. 
The plots were fertilized with 180 kg/ha 

urea, 160 kg/ha triple superphosphate 
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and 40 kg muriate of potash. Fish were ter during monsoon. To investigate the 
harvested 75 days after rice. All species productive use of the ricefield, an experi
showed better growth in monoculture ment was conducted in a 2.5-ha ricefield 
than in polyculture. 0. mossambicus surrounded by high land with only one 
showed highest average growth, closely outlet. Seven species of fish (C. catla, L. 
followed by C. carpio. C. mrigalahad the rohita, P. gonionotus, C. carpio, C. 
lowest growth rate. mrigala, Ctenopharyngodon idella and H. 

BAU's Farming System Research molitrix) were released in July and har
team conducted rice-fish culture experi- vested during the early December. Only 
ments on farmers' fields at Kazirshimla, 80 kg urea, 60 kg triple superphosphate
Mymensingh in 1985, 1986 and 1987, and and 20 kg muriate of potash were ap
at the Agronomy Field Laboratory in plied. Unfortunately, a considerable 
1987. All experiments used concurrent number of fish were lost to monsoon 
systems of L. rohita, Catla catla, C. floods. C. catla, C. carpio and C. idella 
mrigala, Hypophthalmichthys molitrix, C. grew better than the other species. Total 
carpio and Puntius gonionotus with rice. yield was 856 kg/ha and net return was 
In each experiment, fish of different den- US$688/ha. 
sities and species combinations were re
leased after 10-15 days of transplanting 
aman rice in August. All experimental Economic Significance
plots received 178 kg/ha urea, 125 kg/ha and Profitability 
triple superphosphate and 67 kg/ha 
muriate of potash. Fish were har,,estcd in Rice-fish culture could improve the 
November just after the rice. Among the economic condition of rural people. Eighty
three species studied at the Agronomy per cent of Bangladesh's people live in 
Field Laboratory in 1987, C. carpio gave rural areas and most of them are depend
the highest average growth (Table 1). In ent on agriculture. The promise of in
the farmers' fields at Kazirshimla, P. creased rice and fish production not only
gonionotus showed the highest average provides cash but also improves nutrition. 
growth followed by C. catla and C. carpio. Additional incomes from fish in ricefields 
C. carpio and P. gonionotus were not achieved in experiments ranged from 
used in the 1985 and 1986 experiments. US$30 to 134/ha in concurr nt systems
Among the fish released in those years, and US$688/ha in rotational systems. 
C. catla showed the highest average Moreover, if monocrop rice areas in cen
growth. Better fish yields and higher net tral and coastal regions can be leased to 
returns of fish were obtained in the ex- unemployed persons for rice-fish farming,
 
periments conducted at the Agronomy then unemployment may be reduced.
 
Field Laboratory and in farmers' fields at
 
Kazirshimla in 1987. The lowest yields
 
and net returns in 1986 might be associ- Future Prospects
ated with the prolonged drought during and Constraints 
that season. 

Rotational systems were tested on Potential Resources 
farms in 1987 at Randia Village, and Prospects 
Mymensingh, by BAU's Farming System 
Research team. This system has one sin
gle crop, i.e., boro rice is cultivated from Bangladesh has about 2.83 million haof ricefields where water stands for about 
mid-December to April, after which the four to six months. At present, about 0.2
fields are left fallow due to excessive wa
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Table 1. Performance of fishcs in rice-fish polyculture. 

System/ Stocking Average Average Gross Net 
Location/Year/ density initial final Mortality Yield income returns 
Fish species (fish/ha) weight (g) weight (g) (%) (kg/ha) (US$/ha) (US$/ha) 

Concurrent, on-station 
Agronomy 
Field 
Laboratory, 1987 2,220 147 168 134 
P. gonionotus 555 10.0 95 7 51 
C. carpio 

var. specularis 1,110 7.0 189 63 77 
L. rohita 555 5.5 62 47 19 

Concurrent, on-station 
Kazirshimla, 1987 1,678 79 110 38 
P. gonionotus 357 10.0 135 32 33 
C. mrigala 607 6.0 69 69 13 
C. calla 250 7.0 115 43 16 
C. carpio 

var. specularis 464 6.5 113 34 34 

Kazirshimla, 1986 1,800 43 48 30 
L. rohita 790 2.3 55 73 12 
C. mrigala 683 11.9 85 55 26 
C. calla 63 16.0 112 22 5 
C. reba 264 3.6 0 100 0 

Kazirshimla, 1985 1,521 94 92 49 
L. rohita 739 6.0 100 15 63 
C. calla 109 26.0 117 36 8 
C. mrigala 13 10.0 62 31 1 
H. molitrix 660 30.0 55 36 23 

Rotational, on-farm 
Randia Village, 1987 5,000 856 840 688 
C. calla 500 8.0 1,200 63 241 
L. rohita 1,000 6.0 300 71 87 
P. gonionotus 400 9.0 300 52 52 
C. carpio 600 7.5 1,000 64 216 
C. inrigala 800 6.0 300 57 103 
C. idella 100 7.0 1,300 54 60 
H. molitrix 600 7.5 600 73 97 

million t of wild fish are caught -very Constraints to Development 
year (MPO 1985). Culturing fish in these 
inundated ricefields would increase fish Major biological, technical and socio
production considerably. Fish can also be economic constraints to raising fish in 
cultured in irrigated, coastal and ricefields are listed below: 
deepwater aman areas. In coastal areas, 1. In order to harvest market-size fish 
shrimp and fish can be cultured using within three to four months, ferm
concurrent and rotationa! techniques. Tra- ers have to stock large fingerlings 
ditional production systems can be im- which are not available in suffi
proved. cient quantities at the right time. 
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2. 	 Indiscriminate use of insecticides in 4. Effects of various insecticides on 
rice causes heavy mortalities in the fish as well as on the environment 
fish population. as a whole to identify suitable in

3. 	 Pests, especially crabs and rats, secticides and proper doses. 
make holes in the dike which 5. Field designs that satisfy water re
make it difficult Lo retain water at quirements for both fish and rice 
the desired depth. which are economical and accept

4. 	 Rice-fish farming is risky because able to rice farmers. 
of excessive rainfall causing flood- 6. Descriptions and cost-benefit analy
ing or prolonged drought. ses of existing systems to improve

5. 	 Preventing fish escape is very diffi- and restructure research "nd de
cult in fragmented holdings demar- veloptrent thrusts. 
cated by low dikes that pe-mit wa
ter from one field to flow into an- Development Strategies 
other. Moreover, farmers are reluc
tant to raise bunds or make Strategies for developing rice-fish 
trenches in small ricefields. farming systems should contribute to the 

6. 	 Theft of fish. generation of rural employment, provision
7. 	 Farmers do not want to culture of better nutrition and increase of foreign

fish in their fields because they exchange earnings.
lack knowledge about improved Success of rice-fish farming requires a 
methods of rice-fish farming and strong political will because success is de
its benefits. pendent on land ownership patterns,

8. 	 Lack of qualified and experienced rights over using water bodies, and timely
extension workers to teach and supply of inputs and credit. 
motivate farmers. Adaptive research programs should be 

9. 	 Lack of proper and relevant re- cognizant of research results obtained in 
search on how to improve farming other Asian countries. The FRI, universi
systems. ties and other interested institutes should 

undertake research programs in different
FutureResearch Thrusts agroecological zones. Research results 

should be tested in farmers' fields through
Since rice-fish research has only been pilot projects in different regions. Tech

going for a few years in Bangladesh, nologies developed should be made avail
there is still plenty of work to be done. able to farmers through government and 
To maximize fish production in ricefields, nongovernment organizations. 
the following research should be investi- Training is an important element in 
gated: human resource development. To this 

1. Selection of hardy, fast-growing end, research and training institutes 
species with high tolerance to pes- should undertake appropriate training
ticides, high temperature, low wa- programs for extension workers and farm
ter levels and salinity in coastal ers. 
areas. 	 Availability of fingerlings is vital to 

2. 	 Determine suitable stocking rates the adoption of rice-fish. Government seed 
and combinations of different spe- multiplication farms should take effective 
cies. steps to ensure adequate supplies of qual

3. 	 Determine suitable doses of ferti- ity fingerlings.
lizer and low-cost supplementary Necessary arrangements should be 
feed for fish. 	 made that ensure credit facilities for 
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rice-fish farming on easy terms to all cat-
of farmers especially to poor

egories oDhaka, 
farmer cooperatives. 
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Abstract 

Rice-fish culture has a long history in China. However, rice-fish farming system was just a sporadic and 
spontaneous production practice before the founding of the People's Republic of China. In fourthe recent 
decades, rice-fish culture went through the process of normal development, severe fluctuations and rapid devel
opment. The success of induced spawning of cultured fishes in 1958 and improved rice-fish culture techniques
favored the development of various rice-fish farming systems. Although large expansion of rice-fish area was 
experienced in the past years, the potential for development is still great. Rice-fish culture is a type of integrated
fish farming that combines rice cultivation with aquaculture to promote a balanced ecosystem. It has been rec
ognized as an important approach to help poor peasants out of poverty. 

Introduction Historical Background of 
Rice-Fish Culture in ChinaThe rapid increase in world popula

tion has also become a challenge to Rice-fish culture is an age-old practice
China. There is an urgent need to raise in China but there are no accurate 
per unit yields of land and waterbodies as records when it actually started. Related 
well as expand the area of arable land. historical information is very scanty.

Experience has shown that rice-fish In 1978, a tomb of the mid-Eastern 
culture can increase rice production by Han Dynasty (25-220 AD) was excavated
10% and produce fish at 300 kg/ha on the at Lao Tao Si, Mian County, Shanxi 
average, or provide 4,500-7,500 large fin- Province. One of the unearthed relics was 
gerlings/ha for growout ponds or pens in an intact ricefield model made of red pot
lakes. tery. The unearthed tomb contained 18 
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pieces of miniature pottery of aquatic 
plants and animals including lotus flow-
ers, lotus leaves, lotus seeds, water chest-
nuts, duckweeds, soft-shelled turtles 
(Trionyx sinensis), grass carp 
(Ctenopharyngodonidella) and Carassius 
auratus (Guo 1985). Before this excava-
tion it was believed that rice-fish culture 
began in the period of the Three King-
doms (220-280 AD). The unearthed cul-
tural relics of Mian County not only indi-
cate that rice-fish culture in China dates 
further back in the historical record, but 
also fills an important gap in kind in the 
history of rice-fish culture in China. Mian 
County is located in the Hanzhong basin 
south of Qinlin mountain, near the border 
of Sichuan and Shanxi Provinces. Its cli-
mate permits only a single-crop rice culti-
vation. The unearthed ancient model indi-
cates that aquatic plants such as lotus, 
water chestnuts and duckweeds, as well 
as aquatic animals such as fish and tur-
tles can grow in ricefields. 

Although pond fish culture began at 
the end of the Shang Dynasty (1401-1154
BC), the only cultured species was com-
mon carp (Cyprinus carpio) until the 
Tang Dynasty. It is likely that other spe-
cies may not have been deliberately 
stocked in ricefields in 'h- mid-Eastern 
Han Dynasty. When ricefields were irri-
gated, wild fish and naturally-occurring 
turtles would have been likely introduced 
into the fields and grew naturally. How-
ever, people already noticed the coexist-
ence of rice and fish in ricefields at this 
ancient date. Nevertheless, if fish were 
purposely stocked, rice-fish culture was 
just in its embryonic stages. 

Rice-fish culture was mentioned in 
Weiwu's "Recipes of Four Season ;", that 
is, "a species of small fish produced in the 
ricefields in Pi County has yellow scales 
and red tail, and can be used for making 
fish sauce". The dynastic title Weiwu re-
fers to the first emperor of the Wei Dy-
nasty, Caocao, a warlord who lived at the 
end of the Eastern Han Dynasty and the 
Three Kingdoms. Pi County is on the 
northwest of Cliendu, where King Duyu 

of Shu once built his capital. The small 
fish with yellow scales and a red tail is 
likely the C. carpio. Although this record 
did not clarify if C. carpia was cultured 
in ricefields, it should be noted that it 
was during that time when C. carpio cul
ture began to develop from small ponds to 
vast expanses of waterbodies. Fish culture 
might have started in ricefields. 

Moreover in Sichuan, a mountainous 
region, ricefields are flooded year-round. 
In the winter when fields are fallow, the 
water stored in the fields provides 
favorable conditions for fish culture. In 
view of its locality, rice-fish culture tech
niques -night have been extended from 
the well developed Hanzhong basin to the 
western region. This expansion may have 
happened after Zhuge Lian, a great 
statesman and strategist in the period of 
the Three Kingdoms, entered Sichuan. 

Rice-fish culture a3 recorded in the 
'Wonders in Southern China" written by 
Liu Xun in 889-904 of the Tang Dynasty 
(618-907 AD) quotes: "In the districts of 
Xin Long, etc., there are hillside ilots and 
deserted buildings here and there. The 
flat areas are hoed to be open spaces 
near the houses. When spring rains come, 
water is stored in the plots around the 
houses. C. idella fingerlings, which were 
purchased in advance, are then released 
into the flooded fields. One or two years 
later, the fish grow up and the grass 
roots in the plots are all eaten. This 
method not only fertilizes the fields but 
also produces fish. Then, rice can be 
planted without barnyard grass. This is a 
superior method of benefitting the people" 
(CFFCEB 1982). The culture of C. idella, 
black carp (Mylopharyngodon piceus), sil
ver carp (Hypophthalmichthys molitrix) 
and bighead carp (Aristichthys nobilis) 
began at the beginning of the Tang Dy
nasty. From then on to when Liu Xun's 
book was written, more than 200 years 
had passed. The people were familiar with 
the feeding habits of C. idella and could 
distinguish its fry from other species. 
They made use of C. idella to condition 
ricefields. This was the earliest record of 
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rototional rice-fish culture in China, and 
was a great step towards advanced rice-
fish culture techniques. 

In the Ming Dynasty (1368-1644) the 
chronicle (1392) of Qing Tian County, 
now in Zhejiang Province, mentioned sev-
eral C. carpio species of black, red or 
mottled colors, which are cultured in 
ricefields and ponds. Qing Tian and Yong 
Jia Counties are known for salted C. 
carpio at home and abroad. Through hun-
dred years of domestication, a good stock 
had been bred which was adaptable to the 
ricefield environment. Also, a fish process-
ing method had been developed. However, 
rice-fish culture was limited to the hilly 
areas along the Oujiang River before the 
founding of the People's Republic of 
China. 

Status of Rice-Fish
Culture in China 

State-of-theArt 

In modern China, rice-fish culture is 
common in the southeastern and south-

provinces, especially in mountain-westernwestern princhesteca nindmoutn-
ous areas. In nearly 40 years from 1949, 
rice-fish culture went through the process 
of normal development, severe fluctua-
tions, then to rapid development. For ex-
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ample, taking Sichuan Province to repre
sent the status of the rice-growing areas 
because of its similar situation with the 
other provinces (Fig. 1), the development
of rice-fish culture can be divided into 
three stages: from 1949 to 1956, stable 
developmental stage; from 1957 to 1978, 
fluctuating developmental stage; and from 
1979 to 1984, rapid developmental stage 
(Feng 1984). 

In the past, most fry stockpd in 
ricefields came from eggs collected from 
the Yangtse and Pearl Rivers in provinces 
adjacent to these rivers. In hilly regions,
either C. carpio broodstock were released 
in ricefields for natural spawning or fish 
nests with sticky fertilized eggs were put 
into ricefields for hatching. Under these 
conditions, it was impossible to immedi
ately promote and implement rice-fish cul
ture techniques. In 1958, induced spawning of cultivated fish in China was suc
cessful. This development ended the de
pendence on the great rivers for fry, andhad greatly contributed to the rapid devel

opment of fish culture in ricefields. 
In the 195rs, rice technologies were 

developed. Irrigation systems transformedarid lands into arable fields. Traditional 
rice cultivars (Oryza indica) were changed 
to 0. japonica or hybrid strains. The 
practice of broadcast sowing was changed 
to seedling transplanting. These measures 
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Fig. 1. Fish production from rice-fish culture in Sichuan Province. (Sources: 
Feng 1984; Jiang 1987). 
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increased rice production. However, these 
innovations created new constraints to 
rice-fish culture: close planting; consecu-
tive cropplags; sundrying of the field; and 
the application of chemical insecticides 
and fertilizers. 

Nie and Wang (1981) studied the rela-
tionship between rice and fish arid tbund 
that both benefit from each other. He 
called this mutualistic association and this 
has provided the theoretical basis for rice-
fish culture in China. Since then, rice-fish 
culture techniques have been improved, 
and the problems caused by the changes 
in rice agronomy and the destructive ap-
plications of chemicals and fertilizers, 
have been partially solved, 

In the 1980s, especially aftc- the First 
National Rice-Fish Culture Seminar in 
1983, a production movement called 
"Hundred jin Fish, Thousand jin Rice 
Grains" (one jin = 0.5 kg) has spread rap-
idly to all rice-fish areas. 

Techniques and Methods 

The techniques and methods of rice-
fish culture depend on the local 
agroclimate, water supply, soil fertility 
and availability of fry. Many system types 
have emerged since 1979. There are three 
types of culture systems: 1) rotational 
rice-fish farming or fish culture in 
ricefields during the winter fallow, sum-
mer fallow, or during both seasons; 2) 
mixed rice-fish farming, i.e., fish culture 
intercropping in one or two consecutive 
rice crops; and 3) rice-fish culture in rota-
tional and concurrent rice farming. Gener-
ally, fingerlings are raised in mixed farm-
ing systems, while food fish are raised in 
rotational farming systems (Li 1988). 

There are two methods of tilling rice: 
bedding and ridging. It has been shown 
that the ridging field tillage method is 
more suitable to rice-fish culture. Ridging 
tillage is also called a semiarid, free-
plowing type of rice farming system. In 
China, it has now been transformed into 
a ridge rice planting-ditch fish farming 

system (Fig. 2). The guiding principle of 
this method is soil fertility 
biothermodynamics theory proposed by 
Professor Hou Guangjiong. One ditch and 
one ridge alternate every 60 or 84 or 100 
cm where two, three and four rows of rice 
seedlings, respectively, can be planted on 
top of the ridge. The space for fish can be 
made larger while keeping the rice popu
lation or number of seedlings the same by 
reducing the planting space to 10 cm. The 
ditch is 30 cm deep with 26 cm of water 
at rice transplanting time, after which 
water levels are raised to the top of 
ridges. Rice plant roots absorb nutrients 
and moisture continucusly because the 
water, oxygen and heat contained in the 
soil are stable. This is also conducive to 
good fish growth because of the increased 
rate of' organic matter decomposition and 
more natural foods are produced con
pared to the bedding field tillage method 
(Deng and Xu 1984; Zhong et al. 1987). 
This method also improves the ecological 
environment for the growth of rice and 
fish by deepening the filled soil layer and 
increasing the water column. Also, the 
economic returns are higher. Fish yields 
reach 1,500-3,750 kg/ha and rice yields 
5,250-7,500 kg/ha. 

Fish ditches and sumps are dug in 
ricefields to overcome the constraints 
posed by sundrying and the application of 
chemicals and fertilize-s. Either shallow 
ditches and small sumps or wide ditches 
and large sumps can be constructed. The 
shallow ditch is usually 33 cm in width 
and depth, with the small sump usually 
1-2 m2 wide and 80 cm deep. Ditches and 
sumps cover 5-8% of the ricefield area. 
The wide ditches are 45 cm in width and 
depth; while the large sump is 2.5-4.0 m 
wide and 1.5-1.8 m deep. Ditches and 
sumps might 1,e dug on one side of a plot. 
They account for 10% of a plot. The small 
waste pool, ditch and ash pond can be 
utilized and renovated to widen ditches or 
sumps. This flexibility offers many advan
tages. Ditches and sumps enlarge the wa
ter area of the rice plot. Broad ditches or 
sumps can be used as spawning ponds for 
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Fig. 2. Ridge rice planting-ditch fish farming system. 

C. carpio and C. auratus, or as fry nurs- the decomposition of organic matter. 0.
eries. However, the depth of the sump aureus can tolerate 2.4 ppm of un-ionized
should not be greater than 66 cm, other- NH 3 (48-hour LCo) (Pullin and Lowe
wise, C. carpio would not swim into the McConnell 1980).
ricefields to search for food, especially Grass carp. C. idella are herbivorous 
when feeds are given. Stocking fish can fish and can control wild aquatic weeds in
be done early and harvesting can be post- ricefields. Grass carp fingerlings (total
poned, thus, the growth period can be ex- length above 6.6 cm) feed on macrophytes.
tended and fish production is increased. The size of fingerlings stocked in ricefields
Earthworks can be done in winter to alle- should be within the range of 3.3 to 5.0
viate labor constraints in summer. cm as this would prevent the fish from 

eating rice seedlings (Luo 1985). 
Catfish. These are omnivorous fishFish Species Cultured in Ricefields which are resistant to diseases and are 

very adaptable to the environment of
Several fish species can be cultured in small waterbodies with low DOs. Pro

ricefields. Below are some recommended longed exposure to extreme of turbidities
species. as in the ricefields favors the growth of

Common carp. C. carpio which has olfactory feeders, such as Clarias species
black, red, white or a mottled color, grows (C. fuscus, C. batrachus, C.
quickly and is sluggish. It does not jump, macrocephalus, C. leather') over visual
is reluctant to escape, and is very adapt- feeders (Khoo and Tan 1980).
able to the ricefield environment. It has Loach. In China, loach (Misgurnus
been domesticated, can survive 40 0C wa- anguillicaudatus)is also cultured with 
ter or in shallow ,,vaters even with its rice. After rice seedlings are transplanted,
dorsal fin above the water surface. M. anguillicaudatusbrooders are stocked

Tilapia. Tilapias are very resistant to at 150 kg/ha. About 1,125 kg/ha of these
low dissolved oxygen (DO) levels, fish can be collected after rice harvest. 
Oreochromis mzossambicus and 0. They subsist only on natural food. The
niloticus can tolerate DOs as low as 0.1 methods for harvesting the fish must be 
ppm. Moreover, tilapia can withstand adapted to their biological behavior in dif
very high levels of CO2, with maximum ferent seasons. For example, during win
tolerance levels of 72.6 ppm for 0. ter, pig manure or cowdung is heaped in
macrochir and 50 ppm for Sarotherodon ricefields to lure the fish, and these fish
esculentus. It can also tolerate high levels be harvested several times. In spring,can 
of other gases (NH3, HRS) coining from a bamboo trap is put before the outlet and 
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the fish swim into it and are coliected. In 
autumn, the water in the plot is drained 
and the field is completely sundried. Af
terwards, the area is refilled with a small 
amount of water which induces the loach 
to emerge from the soil. The fish then can 
be collected by a dip net (Wang 19,35). 

Other species. As rice-fish culture 
techniques develop, the species stocked in 
ricefields have diversified from fish to 
prawn (Macrobrachiunisp.) and American 
snail; and from local fish to some ex-ported species. 

Other IntegratedSystems 

Several three-tier agriculture-aquacul-
ture systems are being tested such as a 
rice-watervelvet-fish, rice-chicken-fish, 
rice-fish-fruit (grape, banana or sugar 
cane) and rice-fish-frog systems. The lat-
ter iE a pesticide-free integrated system 
where the fish and frogs control rice pests 
and diseases. The final products from this 
system consist of grains, oil, meat, fish 
and frogs - all of which are quality food 
for human consumption (Ying 1986). 

Economic Significance 

Culturing fish in ricefields results in 
the eradication of weeds and harmful in
sects, loosening of soils, increasing DO 
levels and improving the fertility of 
ricefields, thus, rice production may be in-
creased to between 8.0 and 47.3% (Nie et 
al. 1985). Nie (Outlook Weekly 1987) esti-
mated in 1981 that if the rice-fish area is 
expanded to 6.6 million ha in three years, 
with the average rice yield of 3 t/ba, the 
national rice production could be in-
creased by 2 million t and 30-50 billion 
fingerlings (10-13 cm) can be harvested 
annually for restocking in ponds and 
lakes. Expansion of rice-fish culture could 
play an active role in the fulfillment of 
the national aqua-product objectives (Out-
look Weekly 1987). 

Prospects and Constraints 
of Rice-Fish Culture 

Prospects 

In future, rice-fish culture in China 
will develop rapidly along with other agri
cultural enterprises. There are 24.6 mii
lion ha of rice lands in China, 25% of 
which are suitable for fish culture. In 
1982, some 344,520 ha were used for rice
fish culture; 441,000 ha in 1983 andihclue 4,00h n18 n
557,720 ha in 1984. This represents a 
62% increase in rice-fish area in China 
(Jiang 1987). In Sichuan province, rice
fish area doubled in four years from 

67,333 ha in 1979 to 156,666 in 1982 
(Jiang 1983). There is great potential for 
further development of rice-fish culture if 
the trends of large expansion in rice-fish 
area continues. Fish yields in general, has 
reached 225-750 kg/ha and even 750
2,250 kg/ha have been reported. In 
Qujiang County, Guangdong Province, a 
woman cultured C. leather in a 0.06-ha 
rice plot. After 86 days, 422 kg fish and 
515 kg rice were harvested - a production 
record in rice-fish culture. 

Constraints 

Some constraints associated with mod
ern rice technologies have hindered rice
fish culture from 1957 to 1978. However, 
since then, the problems associated with 
sundrying and application of chemicals 
and fertilizers have been partially solved. 
Fertilization techniques have also im
proved. The principle is to maximize the 
use of organic manure and minimize 
chemical fertilizers. If chemical fertilizers 
are used with manure, the bulk of ma
nure should be applied basally for the 
whole growth period. Topdressing of 
chemical ferilizer is applied in small 
amounts and in stages. 

Although the fish in ricefields act as a 
biological control of weeds and diseases, 
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they cannot totally replace chemicals. The Development Strategy

principles of application are to choose
 
chemicals which are 
of low toxicity, have China has a population of more thanlow residual effects, are highly effective one billion, 80% of which live in riral ar
and eury-spectrum. Among rice pests and eas. Grain production is largely performed
bacterial diseases, the most damaging are by manual labor. Considering the coun
the yellow rice borer (Tryporyza try's socioeconomic conditions, China must
incertulas), armyworm (Pseudoletia develop agricultural infrastructuie. Agri
oryzae), sheath and culm blight of rice cultural modernization should proceed
(Ilypochnus sasakii), bacterial leaf blight from adaptable agriculture to ecological(Xanthomonas oryzae) and instant rice agriculture to mixed agriculture-aquacul
blight. The IC,,s of chemicals to fish in ture and finally to industrialized agricul
ricefields are presented in Table 1. ture. This process outlines the evolution-

This practice of sundrying the field is ary approach modernize China's agrito 
proven to be not necessary if fish are cul- culture. 
tured in ricefields. The bottom-dwelling Mixed agriculture refers to an inteomnivorous fish functions better than grated system of various agricultural en
sundrying (Xu et al. 1986). terp-.es in unit area, spacea or water

China's rice-fish culture is spreading body, with multistrata structure and
from the hilly regions to the plains. Al- multigrade utilization matrix. Rice-fish is
though the economic benefits of rice-fish an important component which combines
culture are better than those of crops with aquaculture to promote a bal
monocropping, its revenues are much anced ecosystem. It increases rice produc
lower compared to other rural industries. tion and decreases labor; it popularizes
As a result, labor shortage is a main fish culture techniques, thus, fish produc
problem affecting further development in tion is greatly enhanced. Fish cultured in
these countrysides on the plains. If rice- ricefields serves as a biological control on
fish culture develops from the south to rice pests, which is beneficial to both the
the north in Beijing, Liaoning and Jilin rice crops and people's health. Rice-fish
Provinces, water will be the main con- culture is a low-cost production system,
straint due to soil porosity. If extensive has quick returns on investment and gen
systems become semi-intensive, insuffi- eiates higher incomes. Thus, it has been
cient supply of fry of desirable species recognized as an important approach to
and palatable fish feeds will be the major help poor peasants get out of poverty.
constraints. 

To achieve high and stable yields, dif
ferent culture systems should be adopted
in line with the different socioeconomic Research Thrusts and 
and natural conditions in the regions. Methodologies
Good quality strains and stock should 
also be made available. However, this job Research on rice-fish culture should
will not be easy. In areas with long expe- be intensified. Various models of rice-fish
rience in rice-fish culture, farmers adhere systems have evolved in line with local
to traditional techniques. On the other agroclimate and socioeconomic conditions.
hand, in the newly developed areas, farm- Benefits from the different rice-fish cul
ers lack the technical know-how and ture systems should be quantified in an
there is also lack of technicians to pro- input-output analysis or costs and returns 
mote rice-fish culture. Thus, extension analysis. The positive economic returns 
programs on rice-fish culture techniques should be highlighted to facilitate exten
should be organized. sion work when promoting rice-fish cul

ture. 

http:terp-.es


Table 1. The LC 5 0 of chemicals to fish in ricefields.
 

LC 50 (ppm) Normal dosage (ppm)
 
Type and names Test species 48-hour 96-hour Toxicitya Kinds g/ha 

Insecticides
 
Dipterex C. carpio 6.2 M 90% crystals 
 1,125 
DDV C. carpio 4.0 M 80% emulsion 1,125
Fenitrothion C. carpio 4.4 M 50% emulsion 750 
Malathion C. carpio 9.0 M 50% emulsion 750
Roxion C. carpio 40.0 L 40% emulsion 750 
Parathion C. carpio M5.0 50% emulsion 7,50
Methamidophos salmonid 51.0 L 50% emulsion 750 
Metacrate C. carpio 15.3 L 20% wettable powder 1,500
Isoprocarb C. carpio 4.2 M 10% wettable powder 3,000
Chlordimeform C carpio 15.2 L 25% wettable powder 750 

Germicides 
Kitazine C. carpio 5.0 M 40% emulsion 1,500
Kitazine-P C. carpio 5.1 40% emulsionM 1,500
Hinosan C. carpio 1.3 M 40% emulsion 750
Isoprothiolane C. carpio 6.7 M 40% emulsion 1,125 
EL-291 C. carpio 14.6 L 20% wettable powder 756
Sanmate C. carpio 96.6 L 50% wettable powder 750
Jingangmycin C. carpio 100.0 L 5% wettable powder 1,125 
Imidan C. carpio 5.3 M 
Erasan 2.0 M 
Lebaycid 2.0 M 
Landrin 38.1 L 
Baygon 1.03 M 
Furadan carbofuran trout 0.23 H
 
Bassa C. carpio 12.6 L
 
Rotenone C. carpio 0.032 
 E
 
Topsin C. carpio 11.0 L
 
Blasticidin S C. carpio 40.0 L
 
Thiram, TMTD C. carpio 4.0 M
 
Seedvax fish 0.4-1.8 E
 

Herbicides 
2,4D C. carpio 40 L
 
Agritox C. carpio 14.0 L
 
DCPA, propanil 0.42 H
 
Nitrofen 
 2.1 M
 
Berthiocarb 
 3.6 M
 
Prometryne 23.5 
 L
 
Pentachlorophenol 0.35 H
 

aL(low) for common carp in 48 hours, LC,0 = 10; M (moderate), LC0 = 1-10 ppm; H (high), LC50 < I ppm.
bI = Safe if applied; 2 = safe if applied when water depth is 10 cm; 3 = safe if 30%of chemicals drops in the water 
cEspecially to grass carp. 

100% 30% Safetyb 

1.52 0.46 3 
1.04 0.31 3 
0.51 0.15 3 
0.53 0.16 3 
0.43 0.13 2 
0.51 0.15 3 
0.49 0.14 2 
0.56 0.17 2 
0.45 0.14 3 
0.25 0.08 2 

0.45 0.14 3 
0.92 0.28 3 
0.43 0.13 3 
0.63 0.19 3 
0.23 0.07' 2 
0.56 0.17 1 
0.08 0.02 1 

and when fish grows larger. 
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The relationships among aquatic invent new agricultural and aquaculture 
plants, animals and their environments is machines. 
a complex one. Ecological studies should In deepwater and waterlogged areas, 
emphasize the need to fully utilize natural as well as reclaimed lands from lakes and 
resources (water, soil, sunlight, tempera- the sea, the combination of agriculture 
tur. and air). The methodology of ecologi- and aquaculture can protect the environ
cal systems theory may be very useful for ment, increase rice production and im
this. prove people's diet by increasing animal 

It is generally believed that chemicals protein production. China is now investi
of low toxicity will not cause mass fish gating the feasibility of deapwater rice
mortalities in ricefields, but opinions re- fish culture. 
garding the standard safe dosages differ.
 
For example, carbofuran is safe for use in
 
rice-fish culture because it does not accu- Conclusions
 
mulate in the fatty tissues of fish (Estores 
et al. 1980). However, carbofuran is ex- In developing agricultural couihtries, 
tremely toxic to C. idella (Mao et al. one characteristic of undeveloped peasant
1985). Probably, the latter refers to acute agriculture is its low level of self-suffi
toxicity, while the former refers to chronic ciency. The productivity per worker and 
toxicity and absence of residual effects. yield per unit of land are both low. Agri-
Experiments on the standard dosages of culture and aquaculture combinations are 
chemicals to different fish species should the best ways to raise per unit yields.
be done. Research is also necessary to de- Rice-fish culture should be recognized as 
velop alternative pest control techniques part of the larger agricultural system. Let 
that will not harm fish. rice-fish farming be a true "New Alche-

The average farm size in China are mist" farm. 
becoming larger but their numbers lessen 
as a result of the ongoing economic re
forms in rural areas. Much has been writ- Acknowledgements 
ten about the decline of the family farm. 
Yet experience in the United States, vest- I would like to thank Guo Yixian of 
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Abstract 

Rice-fish culture is an age-old practice in India. The country has a resource of 2.3 million ha of deepwaterrice plots in the freshwater sector, drawing attention for immediate exploitation through rice-fish culture. Inaddition, nmonocropped ricefields under high monsoon precipitation in some coastal belts of the country are alsoused for fish culture during the summer fallow period, particularly for raising prawns. Based on these two traditional techniques of rice-fish culture, diverse techniques are being evolved by the farmers in different parts ofthe country with the sole objective of deriving higher returns from ricefields. Transformation of the techniques
from capture-culture to culture system with necessary inputs has been projected with economics. Researchthrusts needed for better management of the fish agroecosystem to develop complementary interrelationships
between the two commodities is also discussed. 

Introduction 

The Indo-Pacific Region is well known 
for its vast rice area, with fish considered 
as the main protein food for the people, 
India is no exception. Presently, the coun-
try utilizes 39 million ha for rice cultiva-
tion which is the highest in the world, 
This includes 2.3 million-ha deepwater 
plots (Dutta 1981). 

More than two decades ago, rice-fish 
integration was prevalent in 135 million 
ha of ricefields involving 107 countries of 
the world. But by 1975, with the advent 
of high-yielding varieties (HYV) of rice, 
rice-fish culture was restricted to 44 coun-

tries. Although several countries discon
tinued integrating fish in ricefields, the 
total rice-fish area remained almost the 
same due to an increase in area in some 
countries including India (SEAFDEC/AIA 
1980). 

Production of fish from ricefields is an 
age-old practice in India. Apart from the 
inland ricefields, rainfed areas along the 
coast are also used for monsoon 
monocropped rice cultivation. During the 
rest of the year, these areas usually re
main fallow due to the high salt content 
of the soil and scarcity of irrigation water. 
Rice-fish culture in coastal saline areas 
aims at utilizing the summer fallow 
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period for brackishwater aquaculture 
without affecting the subsequent rice crop 
during the monsoon season, 

This paper briefly discusses some tra
ditional techniques of rice-fish culture 
along with the new innovations to in-
crease the productive potential of arable 
land. 

Past and Present Status of 

Rice-Fish Farming 


In India, rice-fish farming is a grow-

ing venture. Already, the country has 
nearly 2 million ha of rice plots for the 
production of fish. These fish-yielding rice 

plots show great systems diversity in the 
past and present. The classification of 
rice-fish systems are: 

a. freshwater rice plots 
* 	perennial deepwater 
* 	flooded river basin 
" 	seasonal and perennial water-

logged wetlands 
* defunct riverbeds and shallow ox-

bow lake 
* 	impounded rainfed with and 

without improvisation 
" mountain valley 
" running water terrace 

b. coastal rice plots 
" plots for monsoon rice and sum-

mer fish farming 
"plots for monsoon rice and fish 

besides summer fish farming. 
The foregoing types of rice 

agroecosystems can further be extended toinclatede rirrie p ots und r i te-
include irrigated rice plots under inte-
grated farming. 

The age-old system of rice-fish farming 
mainly belongs to West Bengal and 
Kerala. On the other h n galanges 
andera a nthelotherhand te Ganie 
and Brahmaputra Plains used to provide 

a capture fishery resource in the 
ricefields. These primitive ricefield plots 
are summarized in Table 1. 

Present Rice-Fish Farming Systems 

Some rice-fish production systems 
have been developed aside from the modi
fication of the shrimp filtration and wild 
cropping systems. These are integrated 
farming in mountain valley plots, running 
water terrace type plots and impounded
rainfed plots (without improvisation) inthe freshwater sector. Rice-fish culture in 
teresystem s lo rcis e in 
NrhHlsates in the 

CAPTURE FISHERES RICE PLOTS 

Presently in the eastern part of India, 
indigenous species are usually found in 
flooded ricefields and farmers usually col
lect them when the water level subsides 
and rice is harvested. In the East 
Godavari District, such inundated rice 
plots are the source of naturally occurring 
spawn and fingerlings. India is yet to ex
plore and develop such a promising 
source of ricefield capture fisheries. 

MODIFIED SHRIMP FILTRATION SYSTEM 

The traditional system of shrimp fil
tration in rice plots of Kerala and Goa 
has been modified in the current prac
tices. Major changes in the management 
include the desalinization in pokkali plots 
tthrough various devices, nam ely, field 
trenching in a crisscross manner for 
quick removal of runoff water carrying 

surface salt deposits that have accumu
lated during brackishwater prawn culture.In addition, farmers now scrape out the 
topsoil from ricefields and heap the soil in 
places for better salt removal. After these 
heaps are washed by rainwater, the soil 
is again spread over the field to obtain 
better rice yields. Production from such 



Table 1. Species cultured in different rice-fish systems in India. 

System type 

Rice-fish integration 
system in freshwater 
(in flooded river basins 
deepwater rice plots, 
perennial waterlogged 
wetlands, oxbow type 
lakes, low-lying rice 

plots, etc. in Uttar 
Pradesh, Bihar, West 
Bengal, Orissa, Assam; 
production 3 kg/ha/year) 

Prawn filtration system 
(in pokkali plots, Kerala; 
production 500-600 
kg/ha/year) 

Khazan system (in Goa) 

Wild aquacropping in 
bhasabadha system 
(in West Bengal) 

Species cultured 

C. 	carpio, C. catla, L. rohita,Cirrhinusmrigala, Puntiuspulchelus,
Rasbora daniconius, C. batrachus,H. fossilis, C. striata, 
C. gachua, Rhinomugil corsula, Chromis caeruleus, C. dimidiatus, 
C. ternatensis,Macrognathus aculeatus,Mastacembelus armatus, 
M. pancalus,Aplocheilus panchax,Nandus nandus, 
Notopterus notopterus, Puntius ticto, P. sophore, Arnblypharyngoion 
mola, Ambassis nama, A. ranga, 0. mossambicus, Glossogobius giuris 

Metapenaeusdobsonii, Metapenaeus monoceros, Penaeus indicus, 
P. semisulcatus, Macrobrachium.rude Palaemon stylifera,
Caridinagraecilirostris,Acetes sp., Mugil dussumieri, 

Etroolus maculatus 


M. dobsoni, M. dussumieri,P. merguiensis, E. suratensis, 
P. monodon and P. indicus 

L. parsia,L. tade, Mugil cephalus, Lates calcearifer,Mystus gulio, 
M. rosenbergii,Metap 'naeus brevicornis, M. monoceros, P. monodon, 
P. indicus, P. semisulcatus, P. stylifera, M. rude, Rhinomugul corsula, 
Parapenaeopsissculptilis 

Source 

Hora 1951; 
Chakrabarti and Ghosh 1981; 
Jhingran 1983 

Panikkar 1937; Gopinath 1955; 
Panikkar and Menon 1956; 
Menon 1954; George et al. 1968; 
Natarajan and Ghosh 1980 

Pillay and Bose 1957 
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rice-fish plots has been raised to 785-
2,135 lg/ha/year by selective stocking of 
prawns which accounts for 80% of produc-
tion. 

MOI)IFIED BHASABADHA 

SYSTEM OF WEST BENGAL 


By selective stocking of Penaeus 
monodon and mullets and occasionally 
Oreochrornisino:sarnbicus,the traditional 
system of culture in ricefields of 
Hasnabad, Basirhat, Malancha, Gopalpur, 
Haroa, Sandeshkhali and Nzat could be 
modified to increase fish and prawn pro
duction to 600-1,000 kg/ha/year (Jhingran 
and Ghosh 1987). Juvenile mortality has 
been reduced considerably by recent intro-
duction of the built-in nursery system and 
supplementary feeding. In such a modi-
fled method of culture, entry of predator 
species is avoided by filtration of incoming 
water using bamboo mats and velon nets. 
The introduction of salt-resistant varieties 
of rice (e.g., CSR 1, CSR 3, SR 26B) in 
these fields has increased rice yields from 
2.5 to 3.0 tlha. 

MOUNTAIN VALLEY PLOTS 

In northeastern India, many ricefitlds 

located in valleys where water accu-are 
mulates from the adjoining hills and flows 

down the valley by gravity. Dwarf vanie-
tidon rievaley gravity. Dwarivae ities of rice are generally cultivated in 
such plots integrated mainly with 
Cyprinus carpio. Fish production from
such plots range from 200 to 1,000 kg/ha 

during the monsoon. Recently, such inte-
grated farming is gaining popularity in 
these areas. 

RUNNING WATER TERRACE SYSTEM 

In the hilly terrain of Meghalaya and 
Sikkim, ricefields are in the form of steps 
on mountain slopes. As in Japan, terraces 
provide opportunities to have a form of 
running water fish culture system in 

ricefields. Water from stream-irrigated 
and rainfed plots trickles down from a 
higher to lower altitude creating a flow
through system within the plots. These 
terrace-type rice plots are stocked with C. 
carpio at 6,000/ha and fed with either 
mustard oilcake mixed with rice bran (1:1 

ratio) at 1 kg/ha/day or simply provided 
with domestic kitchen wastes to get an 
average production of 186 kg/ha in two 
months (Anon. 1979). 
IMPOUNDED RAINFED PLOTS
 
WHOUT .ANY IMPROVISATION
 

In recent years, in the low lying areas 
of West Bengal, rice plots with earthen 
dikes are often increased in height to im
pound more water and entrap naturally 
occurring species such as Puntius sp., 0. 
mossambicus, Channa punctatus, C. 
gachua, C. striata, Clarias batrachus, 
Heteropneustesfossilis, Mastacembelus 
pancalus,Arnbassis sp., Macrobrachium 
lamarrei,M. rude, M. mirabile and M. 
dayanum. These are then grown and 
propagated within the rice plots from July 
to November. Yields are poor as the field 
gets exposed in winter allowing predation
by birds, snakes and otters and destruc
tionue through parasitic infectionuse damageto the indiscriminate of pesti
cl. tns. 

cie S. 

There are other farmers who, instead 
of depending on nature, stock their plotswith carp and tilapia and prevent the es
cape of fish. However, they maintain nei
ther a specific stocking density nor spe
cies ratio. Little feed is provided. A low 
yield of 300 kg/ha is generally obtained 
from such rice plots. 

Status of Rice-Fish
 
Research and Development
 

During the last three decades, experi
ments have been conducted in several 
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states of the country to improve the pro- carpio, 4.0 and 200 g. The yield was 77duction potential of fish/prawn in kg/ha in three months comprising 40%ricefields. Presently, most research activi- tilapia. A Mahsuri ricefield (0.16 ha) was
ties iii rice-fish culture are confined to stocked with carps at 6,000/ha at a 5:3:2deepwater ricefields in freshwater and ratio of C. carpio, C. mrigala and L.coastal ricefields in brackishwater habi- rohita. The overall recovery after twotats. The main objective is to evaluate the months was 34%. Two plots of CR 1014performance of different species of fish (tall variety) rice gave an average yield ofand prawn reared for short duration in 76.2 kg/ha of C. carpio when stocked atricefield ecosystem. 7,250/ha and reared for 119 days. The 

rice yield was 2,719 kg/ha (Dutta et al. 
1979).Research and Development Muddana and others using rice plotsin Inland Rice-Fish Culture at Hebbal in Karnataka as carp nursery, 
raised 17.5-kg carp fry to 152.5-kg finger-The State Fisheries Department, Gov- lings/ha in 71 days (Jhingran 1983).

ernment of West Bengal, undertook nurs- In West Bengal, H. fossilis and C. ery rearing of carps in a 279-ha ricefield batrachus we.'e stocked at 1:2 ratio at(Hora 1951). Carp fry (19-64 mm) were 10,000 fingerlings/ha in Randhunipagal
stocked at 1,4 57/ha and raised to 127-135 ricefields. With no supplementary feeding,mm size in three to four months. The to- catfish yield was 199.4 kg/ha and 18.4 Utal yield was estimated to be 112 kg/ha ha for rice yields. However, with supplewith an overall survival of 34%. mentary feeding (fish meal and rice branlyenger (1953) carried out some ex- at 1:2 ratio and given 5% of the fishperirnents in plots at the lasserghatta biomass), yields were increased to 375 kg/and Visweswarya Farms in Karnataka to ha for catfish and 1.88 btha for rice. Thecontrol insect pests in the ricefields yield of rice low (1.79 t/ha) in thewas 

through stocking of Channa striata. The 
 control plot without fish. Similarly, H. average fish yield in four months was 112 fossilis and C. batrachus yields in otherkg/ha, showing a growth of 7-13%. rice plots trials were 410 kg/ha (Ratna),
Jyenger (1962) also improved the yield of 360 (Pankaj)and 490 (Jaya) with ricerice in terrace-type plots through integra- yields of 3.8, 3.7 and 6.4 t/ha, respec
tion of fish. Twelve 2 5.5-m2 plots were tively, against 3.2, 3.0 and 5.9 t/ha of rice
manured with compost at 272 kg and a 
 in the control plots during March-June,

mixture of ammonium sulfate with super- July-November and November-April.

phosphate at 103 kg in the ratio of 1:1 Thus, in the integrated system, total anapplied. Of the three treatments, for each nual yields were 1,260 kg/ha of fish, 13.4terrace with four plots, C. striata we' t/ha of rice and 23.7 t/ha of straw. Instocked at 400, 300 and 2 00/plot. The c, these plots, fewer incidences of stemborerest density gave the best result. The aver- were recorded (Dutta et al. 1986).
age yield of fish was 28 kg/ha, and an in- For extending the rearing period ofcreased production of rice at 277 kg/ha fish, part of the rice plot is usually conwas achieved. verted into a perimeter canal, central0. nzossambicus and C. carpio were pond or lateral trench (Figs. la, lb andstocked at 2,500 kg/ha in the rice plots at lc). Besides renovations, the ricefield isthe Central Rice Research Institute fertilized with farmyard manure comor
(CRRI), Cuttack. The average size of 0. post at 30 t/ha, N at 120 kg/ha, P206 atmossambicus at stocking and harvesting 60 kg/ha and K20 at 20 kg/ha in three was 13 and 35 g, respectively, while for C. phases during planting, tillering and 
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Fig. 1. Designs of rcnovatcd rice plots for rice-fish cullure. 

flowering. Experiments were conducted in 
a renovated 1.02-ha rice plot with a peri
meter canal of 0.27 ha at the Rahara 
Farm of the Central Inland Fisheries Re
search Institute (CIFRI). The canal was 
trapezoidal in shape with a top width of 6 

a base width of 3.6 m and a full canal 
water depth of 1.2 m. During the 
monsoon season, a deepwater variety of 
rice (Jaladhi2), capable of growing rap
idly like a hydrophyte in deepwater, was 
sown directly in a 0.75-ha plot in June. 
One month after sowing rice, fingerlings 
of Indian major carps (L. rohita, C. catla, 
C. mrigala) were stocked at 6,000/ha at a 
ratio of 3:4:3. Fish were fed 2-5% of body 
weight with mixed rice bran and mustard 
oil cake at 1:1 ratio. The plot was gradu

allowed to dry in December, and fish 
moved to the perimeter canal. During 
summer, an HYV rice (such as Ratna, 
Jaya or Pusa) was cultivated in the same 
plot using canal water for irrigation 
(Table 2). Pesticides (Dimecron and BHC) 

were also applied to control rice pests. To 
pesticide washing from the peri

meter canal harboring the fish, a low dike 
along the periphery of the rice plot was 
erected. The monsoon harvest produced 

kg/ha of rice, while the summer 
produced 4,300 kg/ha. During these 

seasons, C. catla, L. rohita and C. mriga
la were stocked in the perimeter canal at 
sizes ranging from 52.3 to 64.6 mm (11.7
15.2 g). In 10 months of f'sh rearing (sixand four months for the monsoon and 

summer rice crops, respectively), a produc
tion of 700 kg/ha with mean size ranging 
from 160 to 268 mm (72.6-200.6 g) was 
achieved (Ghosh and Saha 1980). 

and Development
in Coastal Rice-Fish Culture 

Due to limited and uncertain income 
from monsoon-dependent agriculture, ef

forts are being made to culture 



33 
Table 2. Average values rf phya;cc-rhemical conditions in rice plot r'novated fora 
fish culture for different seasons. 

Parameters 
Monsoon 
(Jul-Oct) 

Winter 
(Nov-Feb) 

Summer 
(Mar-Jun) 

Water temperature (C) 
pH 
DO (ppm) 
Total alkalinity (ppm) 

27.2-29.0 
7.1-8.0 
3.2-4.5 

89.5-121.0 

17.3-25.2 
7.2-8.3 
3.0-4.4 

124.0-162.0 

25.5-29.8 
7.6.-8.0 
2.2-2.9 

137.0-157.0 
COD (ppm) 2.0-15.8 2.1-11.4 4.4-11.4 
Specific conductivity 

(glmhos/cm) 
NH 3 - N (ppm) 
P0 4 (ppm) 

229.0-489.0 
0.02-2.6 

0.03-0.09 

0.96-2.85 
0.003-0.06 
0.84-0.26 

464.0 
0.08-0.3 

0.04-0.09 

brackishwater fish and prawn in the low saline (< 20 gtmhos/cm). Salinity levels
coastal ricefields during summer season of the soils remain at 8.5-13.5 gmhos/cm
in West Bengal, Kerala and in during summer when estuarine water in-
Karnataka. High rainfall in these areas undates the plots. With the onset of the
reduces the salinity of the soil to a con- monsoon, the reduction in saiinities are
siderably low level during the monsoon not the same for all the three categories. 
season when rice is cultivated on the In the low and moderately saline regions,
same plots (Gopinath 1955). A survey by the sqlt. content of the soils were reduced
the Indian Institute of Management re- to practically safe levels for the subse
vealed that rice-fish culture in coastal quent rice cultivation; while for the highly
areas covers around 2,520 ha in saline zone, reduction in salinity was not 
Karnataka and 7,100 ha in Kerala as dramatic (Table 3).
(Srivastava 1985). A report of the Marine The second phase of the study investi-
Products Export Development Authority gated the extent of' residual soil salinity
estimated that there are 30,000 ha under during the rice-growing period. Soil sam
rice-fish culture in coastal West Bengal ples were collected from different rice-fish
(Anon. 1987). Since integration of plots during the monsoon season and 
brackishwater aquaculture with rice in- their nearby traditional rice plots in the
volves the possibility of gradual accumula- coastal West Bengal. Soils under the rice
tion of salt in the soil which may affect fish culture system showed slightly higher
the subsequent rice crop in the long run, ECs (2.6-9.3 .tmhos/cm) compared to plots
the CIFRI carried out investigations to under rice cultivation (0.7-3.6 jtmhos/cm) 
assess the suitability of this culture sys- (Table 4). The former soils remained sub
tem for the coastal soils of India. merged under saline water durin,; sum-

Initially, a study was conducted on mer months. Although all farms had a 
the salinity cycle and seasonal changes in history of summer brackishwater aquacul
biological and chemical properties of dif- ture for several years, it was interesting
ferent low lying intertidal wetlands of to observe that salt accumulation in the
coastal West Bengal. Based on the maxi- soil was not as pronounced to affect the 
mum water salinity, the coastal area is subsequent rice crop. Such lowering of soil 
categorized into highly saline (electrical salinity can be ascribed to the high
conductivity [EC] > 30 gmhos/cm), moder- monsoon precipitation in the region
ately saline (20 < EC > 30 tmhos/cm) and (Chattopadhyay et al. 1983). 
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Table 3. Some important properties of the coastal rice plots. 

Highly saline Medium saline Low saline 
Parameter (EC > 30) (EC 20-30) (EC < 20) 

Water 
DO (ppm) 6.4-12.8 7.2-20.4 4.0-18.4 
Alkalinity (ppm) 80.0-232.0 106.0-414.0 130.0-244.0 
pH 7.4-8.4 7.5-8.5 7.2-8.4 
N (ppm) 0.06-0.16 0.09-0.31 0.65-1.37 
P (ppm) tr**-0.12 0.1-0.22 0.01-0.28 
Plankton (individual/m3 ) 75 x 101-82 x 103 75 x 101-12 x 103 37 x 101-71 x 102 

Soil 
pH 7.0-8.3 7.9-8.3 7.5-7.9 
Organic C (%) 0.3-0.5 0.7-0.9 0.8-1.3 
Average N (ppm) 100.8-168.0 165.2-201.6 145.6-257.0 
Average P (ppm) 5.0-8.0 9.0-15.0 10.0-17.0 
Benthos (individual/m 2 ) 16 x 102-30 x 105 36 x 103-18 x 107 52 x 103-24 x 103 

EC = electrical conductivity in ltmhos/cm.
**tr 
= trace.
 

Table 4. Electrical conductivity (EC in jimhos/ 
cm) of coastal soils under different culture which about 80% occurs in June to Sep
systems. tcmber), and frequent runoff and leach

ing. The average monsoon rice productionRicc-fish Rice 
(brackishwater) monoculture was 3.3 t/ha which was highly compara

ble with the production of conventional 
No. of samples 14 14 rice cultivation in the region. Variations 
Range 2.6-9.3 0.7-3.6 in EC values during the post-
Average EC 4.3 2.0 brackishwater aquaculture period during 

the monsoon season are showr in Table 5. 
Results indicated that if the monsoon pre
cipitation is around normal, there would 

During the third phase of the study, be little danger of residual salt accumula
short-term brackishwater aquaculture was tion in the soil of rice-fish plots during 
carried out in two 0.015-ha rice plots with the monsoonal rice cultivation period. A 
saline tidal water (EC 7.0-40.0 gimhos/cm) concurrent system of freshwater aquacul
at the Regional Research Center of the ture also produced, on an average, 440 
Central Soil Salinity Research Institute kg/ha of fish and prawn during the rice 
(CSSRI), Canning, West Bengal, during cultivation period. 
April to June in 1982-86. Average fish Technologies developed through ap
and prawn production of 0.43 t/ha in plied research on rice-fish culture were 
three months was obtained during the taken to the farmers' plots. Developments 
summer fallow season. High salinity took place both in freshwater inland end 
buildup in the soils (maximum EC 24.0 coastal saline plots. 
gmhos/cm) due to brackishwater aquacul- A 1.09-ha rice plot in Bandipur, West 
ture was decreased to safe levels during Bengal, which was producing only one 
subsequent kharif rice culivation by the crop of rice (2.7 tlha/year) in a traditional 
high monsoon precipitation of the region system, was renovated, keeping 65% of 
(average annual rainfall is 1,750 mm, of the area in rice, 33% perimeter canal and 

http:0.01-0.28
http:0.1-0.22
http:tr**-0.12
http:0.65-1.37
http:0.09-0.31
http:0.06-0.16
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Table 5. Average variations in electrical conductivity (EC in jgmhos/cm) during different cropping
periods. 

Brackishwater fish culture (summer) Freshwater rice culture (monsoon) 

End of End ofInitial Irrigation experiment Initial During experimentYear soil water soil soil growth soil 

1982 13.1 23.3 24.0 7.8 5.2 7.21983 9.2 32.2 22.6 4.6 3.61984 11.4 34.2 24.8 3.5 2.9 
6.3 
5.81985 9.0 24.4 18.6 4.8 4.2 6.91986 10.3 30.5 20.8 6.2 3.8 6.6 

the rest for dikes. Two crops of rice, gives a net margin of US$2,175 for aRatna in summer and Jaya in the payback period of one year to fixed capi
monsoon, and one annual crop of carp tal (Table 7).
were raised. Yields were 4.2 (Ratna) and From Table 8, it is clear that higher
3.2 (Jaya)t/ha of rice and 237 kg/ha/year margins occur in the bhasabadha type ofof carp in the initial phase. In subsequent farming system with selective stockingyears, fish yields increased to 630 kg/ha/ compared to the pokkali system, with reyear. Similarly, in freshwater rice plots turn over capital investment at 56% andwith excavation of deeper pools at 29%, respectively. For the bhasabadhaMinakhan, fish yields ranged from 650 to system, the annual net margin
930 kg/ha/year and rice yields, 5.1 to 

is 
6.4 US$1,209 against an annual investment oft/ha/year. US$2,137, and the payback period is one

In coastal saline areas of West Ben- year for the capital cost of US$917.gal, plots belonging to 35 farmers were In renovated freshwater ricefields, aldeveloped. In recent years, fish yield in though the return on investments is modthese plots average was 826 kg/ha/year erate (39%), the payback period spans toand rice yield, 2.7 t/ha during the 13 years for a capital cost of US$2,833monsoon season. In low salinity plots near (Table 9). But if the farmer owns the
Basirhat in West Bengal, management land, the capital cost 
drops to onlypractices were further developed and US$611/ha, lowering the payback period
yields improved: 50 kg/ha of P. monodon; 
 to two years. With an annual investment

250 kg/ha of mullet; 3,000 kg/ha of tilapia of US$1,064/ha in two rice crops and one
and 2.4 tlha of rice (Table 6). aqua. '
 . crop, an annual net margin of 

Economic Significance US$415/ha is realized. 
and Profitability Prospects and Constraints 

Besides better land use, rice-fish cul- Rice-fish culture has great prospects
ture is lucrative and economizes invest- in India if the agronomic aspects of grow
ment costs for the crops. In pokkali sys- in i nd earng p ems or grow
tem where dikes and otb, • earth york al- ing rice and rearing problems for betterready exist, the capital cost for the inte-gration is quite low (US$5,333 per 16 ha) fish growth are properly understood andtheir techniques become complementary.
gatnd is uait lof e n US$7,5003per16Rice-fishand an annual investment culture offers opportunities forof US$7,500 farmers to supplement their income and 
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Table 6. Rice-fish farming iu India. 

Fish production Rice production 

Location Type of rice plot Fish stocked (kg/ha) (t/ha) 

Present trends 

East Godavari Deepwater Natural stocks 3 (1 year) 1.0-1.5 
(wild crop) (river basin) 

Kerala (modified Shallow P. monodon, 785-2,135 1.5-2.5 
pokkali system) (brackishwater) P. indicus and (1 year) 

natural stocks 
NE Hill Complex Waterlogged C. carpio Highly variable 1.0-1.5 

(mountain valley) 
Meghalaya Shallow C. carpio 186 (2 months) 0.5-0.8 

(terrace system) (hilly) 
West Bengnl Shallow P. monodon, 600-1,000 (1 year) 2.5-3.0 

(modified bha- (2 aquatic crops) L. parsia and 
sabadha system) natural stocks 

West Bengal Rainfed Wild stock (tilapia, 300 (1 year) 2.0-3.0 
(ordinary plot) (inland) Channa sp., catfish, 

prawns, etc.) 
West Bengal Shallow P. monodon, L. parsia, 1,000 (1 year) 1.5-3.0 

(sewage enriched) (low salinity) tilapia and natural fry 

Trends in research and development 

State Fisheries plot, Shallow (nursery) Carp (1,457/ha) 112 (3-4 months) 12.5-3.7 
W.B. 

Karnataka plot Shallow (nursery) Carp fry to fingerlings 153 (71 days) 1.5-2.0 
Karnataka farms Terrace type C. striota 112 1.5-2.0 

(pest control) 
Karnataka plot Terrace type C. striata (200-400/plot) 28 1.8-2.3 
CRRI, Cuttack Irrigated 0. irossambicusand 77 (3 months) 3.0-4.0 

(extension) C. carpio (2,500/ha) 
CRRI, Cuttack Irrigated C. carpio, C. mrigala 34% recovery 3.0-5.0 

(Mahsuri plot) (extension) and L rohita (6,000/ha) (2 months) 
State Agri. Dept., Deepwater C. carpio (7,250/ha) 76 (119 days) 2.0-2.7 

West Bengal (production) 
(CR 1014 plot) 

Pandua, W.B. Deepwater II. molitrix, C. mrigala, 1,100 (1 year) 2.1 
(Jaladhi 1) (production) C. catla and L rohita 4.2 

(9,000/ha) 
Pandua, W.B. Shallow H. iossilis and 199 (no feed) 1.8 

(Randhunipagal) (production) C. batrachus 375 (with feed) 1.9 
(10,000/ha) Control (no fish) 1.8 

Hooghly, W.B. (Ratna/ Shallow (production) II. fossilis and 410 3.8 
Pankaj/Jya crops in C. batrachus 360 3.7 
succession) 490 6.4 

CSSRI, W.B. Shallow Carp and M. rosenbergii 870 (1 year) 3.0 
(SR 26 B) (brackishwater) (in monsoon), 

P. monodon and IL 
parsia (in summer) 

24 Parganas, Shallow Carp with 630-930 (1 year) 5.2 
W.B. (Developing) (freshwater) M. rosenbergii 

24 Parganas, Shallow Brackishwater 826 (1 year) 2.7 
W.B. (Developing) (coastal) shrimp and fish 

with tilapia 
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Table 7. Economics of traditional shrimp filtration (pokkali) system in a 16.ha ricefield in Kerala 
(modified from George et al. 1968). a 

Item 

Capital costsb
 
Fixing sluice gate


(6 nos.) U US$33.33 each 

Bamboo and arecanut screen
 

(6 nos.) @ US$5.56 each 
Shed for store, watch and ward, etc. 
Net for fishing (3 nos.) 
Net for water filtration (3 nos.) 

Annual costs 
Services
 

Lease @ US$333.33/ha 

Dike maintenance 

Maintenance of sluice gates 

Rent of canoes @ US$0.22/day/canoe

for 3 canoes for 5 months 
Wages for laborers (4) @ US$25.00/ 

month for 5 months 
Wages for supervising staff (1) 

@ US$41.67/month for 5 months 
Miscellaneous 

Annual investments 
Annual depreciation on fixed capital 
Interest @ 12% on capital 
Annual costs 
Interest Q 15% on annual costs 

Annual sales 
P. indicus - 4.100 kg @ US$1.67/kg 

. nonodon - 67 kg @ US$3.33/kg 


A. dobsoni - 7,194 kg @ US$0.33/kg 

Al. nionoceros - 393 kg 0 US$0.56kg 


Income and returns 
Capital costs (US$) 

Annual investment costs (US$) 

Annual sales (US$) 

Annual net margin (US$) 

Return to fixed capital (%) 

Return to investment (%) 

Net margin to sales (%) 

Net present value (NPV) for annual 

Payback period (year) 

Internal rate of return (IRR in %) 


Economic Annual 
life depreciation Costs/Value 

(year) (US$) (US$) 

10 20 200.00 

5 6.67 33.33 
10 19.44 194.44 

5 16.67 83.33 
5 6.67 33.33 

5,333.33 
133.33 
16.67 

100.00 

500.00 

208.33 
111.11 

69.44 
65.33 

6,402.78 
960.44 

6,833.31 
223.33 

2,398.00 
218.33 

544.44 
7,498.00 

9,673.00 
2,175.00 

399.50 
29.00 
22.48 

net margin (US$) 1,977.28 
1 

363 
aOriginal values in Indian Rupee were converted to US$ at the rate of US$1 = Rpl8.00, as of 1987. 
bCost outlays for construction of dikes and other earthworks have not been considered as they are 
already in existence. 

http:1,977.28
http:2,175.00
http:9,673.00
http:7,498.00
http:2,398.00
http:6,833.31
http:6,402.78
http:5,333.33
http:US$25.00
http:US$33.33


38 

Table 8. Economics of a 1-ha modified bhasabadhatype of rice-fish culture system in Gopalpur-
Basirhat, West Bengal (modified from Ghosh 19P1 I I 

Item 

Economic 
life 

(year) 

Annual 
depreciation 

(US$) 
Cost/Value 

(US$) 

Capital costsb 
Dike construction 
Construction of sluice gates 
Nets, gears, crafts, boats, etc. 

10 
10 

6 

44.44 
13.89 
55.56 

444.44 
138.89 
333.33 

Annual costs 
Services 

Labor charges for seed bed preparation, 
transplant, weeding, reaping, etc. 88.89 

Labor charges for fish culture operations 
@ 2 laborers/ha/day 666.67 

Lease of rice-field/ha/year 250.00 
Maintenance costs 111.11 

Material inputs 
Seed (100,000 Penaeus monodon) @ US$4.44/thousand 

including transport cost 444.44 
Miscellaneous expenses 111.11 

Annual investment 
Annual depreciation on fixed capital costs 113.89 
Interest @ 12% on fixed capital costs 110.00 
Annual costs 1,672.22 
Interest @ 15% on recurring costs 250.83 

Annual sales 
Sale of P. monodon . 250 kg @ US$3.89 972.22 
Sale of other prawns and mullets 

250 kg @ US$0.83 208.33 
Sale of tilapia - 3,000 kg @ US$0.56 1,666.67 
Sale of carp and freshwater shrimp 

250 kg @ US$0.83 208.33 
Sale of paddy - 2,400 kg @ US$0.12 300.00 

Income and returns 
Capital costs (US$) 916.67 
Annual investment'costs (US$) 2,136.94 
Annual sales (US$) 3,355.56 
Annual net margin (US$) 1,208.61 
Return to fixed capital (%) 131.80 
Return to investment (%) 56.30 
Net margin to sales (%) 36.00 
Net present value (NPV) for annual net margin (US$) 1,065.39 
Payback period (year) 1 
Internal rate of return (IR in %) 120 

aOriginal values in Indian Rupee were converted to US$ at the rate of US$1 = Rpl8.00, as of 1987. 

bCost outlays for construction of dikes and other earthworks have not been considered as they are 

already in existence. 

http:1,065.39
http:1,208.61
http:3,355.56
http:2,136.94
http:1,666.67
http:1,672.22


39 Table 9. Economics of 1-ha renovated rice-fish culture plot having haticulturc Gn tlic dike creqt. -t 

Economic Annual 
lire depredation Cost/Value

Itm (year) (US$) (USS) 

Capital costab
 
Cost of land 

Earthworks 

Variable costs 
For monsoon rice in 0.67 ha 

Rice seed - 60 kg 0 US$0.22/kg 
Labor - 20 man-days at US$O.89/man-day 

For summer rice in 0.67 ha 
Rice seed - 50 kg @ US$0.28/kg 
Single superphosphate 400 kg 8 US$0.06/kg 
Muriate of potash 66.6 kg 8 US$0.08/kg 
Urea - 220 kg 8 US$0.14/kg 
Pesticide 
Laborer - 30 man-days 8 US$0.89/man-day 

For fish culture
 
Fish seed 6,OCO 8 US$1.111100 nos. 

Cowdung 5,000 kg a USS1.1/t 

Ammonium sulfate 70 kg 8 US$O.07/kg 
Single superphosphate 50 kg @US$0.06/kg 
Mustard oilcake for feed 360 kg 8 US$0.17/kg 
Rice bran for feed 360 kg 8 US$0.06/kg 
Laborer 300 man-days 8 US$0.89/man-day 

For horticulture on 0.04 ha of dike crest area 
Seed 
Inorganic fertilizer 
Laborer 20 man-days Q US$0.89/man-day 

Hire for power tiller 8 3 hourWycnr 

For farm equipment and implements 
Hire for fishing gears and tools 
Hire of equipment for plowing, soil dressing, 

mowing, etc. (for 2 rice crops) 
Hire for reaping, threshing, winnowing 

(implements for 2 rice crops) 
Hire for tools 

Annual investments 
Annual depredation on fixed capital 
Interest 0 12% on fixed capital 
Annual variable costs 
Interest @ 16% on variable costs 

Annual sales 
Sale of 550 kg paddy (from 2 crops) 8 US$0.14/kg 
Sale of 5,610 kg of hay 8 US$0.06 per 3 kg 
Sale of 700 kg carp @ US$0.83/tg 
Sale of vegetables, fruits, etc. 

Income and returns 
Capital costs (US$) 
Annual investment costs (US$) 
Annual sales (US$) 
Annual net margin (US$) 
Return to fixed capital (%) 
Return to investment (%) 
Net margin to sales (%) 
Net present value (NPV) for annual net margin (US$) 
Payback period (years) 
Internal rate o: return (IRR in %) 

2,222.22 
20 30.56 611.11 

13.33 
17.78 

13.89 
25.78 

5.33 
30.56

4.44 

26.67 

66.67 
5.56 
4.67 
3.22 

60.00 
20.00 

266.67 

0.83 
17.78 
2.50 

5.56 

5.56 

2.78
2.78 

30.56
340.00 
30.89 
602.89 

90.44 

763.89 
103.89 
583.33 

27.78 

2,833.33 
1,063.09 
1,478.89 

415.00 
14.65 
39.01 
28.06 

377.28 
13 
8 

'Original values in Indian Rupee were converted to US$ at the rate of US$1 = 18.00 Rupee, as of 1987. 
bCost outlays for construction of dikes and other earthworks have not been considered as they are already in 
existence. 

http:1,478.89
http:1,063.09
http:2,833.33
http:2,222.22
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to obtain better returns from a unit area 
of land, but the system has also some 
constraints. 

Potential Resources and Prospects 
for Rice-Fish Farming 

States with heavy monsoon precipita-
tion, particularly West Bengal, Assam, 
Iripura, Manipur, Orissa, parts of Bihar 
in the eastern part of the country, and 
some areas of the Andhra Pradesh, 
Karnataka and Kerala in the south have 
good potential for further development of 
rice-fish farming. The deepwater 
ricefields, retaining around 50 cm of wa-
ter or above during monsoon months, are 
ideal for fish integration. Low-lying 
ricefields bounded by high irrigation 
dikes, railway tracks and highways on at 
least two sides of the field, are especially 
suitable for rice-fish farming. Already 
some work in this direction has been ini-
tiated under an International Rice Re-
search Institute (IRRI) program on rice-
fish culture in Midr.apur, Parganas and 
Murshidabad Districts of West Bengal. In 
Assam, many of the old fortresses con-
structed by tribal chiefs of the states are 
considered most suitable for rice-fish 
farming. The 37-ha Jangal Balahu Garh 
fortress in Nawgong District offers a 
ready-m, de site for rice-fish farming. It 
has high perimeter dikes, horizontal deep 
trenches and wooden sluices present in 
one corner of the plot for draining excess 
rainwater. There are other nonflood prone 
areas in Goalpara and Dhubri Districts of 
the state which could also be developed 
for rice-fish culture. In the maritime 
states of the country, except in West Ben-
gal and Kerala, monocropped ricefields 
are not. adequately utilized for culturing 
fish and prawn in a sequential system. 
Impoundment of saline mudflats under 
tidal inundation is primarily undertaken 
for reclamation of saline swamps for agri-
cultural purposes in the long run. Due to 

the presence of tidal brackishwater in the 
vicinity of coastal ricefields, fish and 
prawn culture can be easily integrated 
following sequential system. 

Although there exist immense scope 

and potential for the development of rice
fish farming in the country both in inland 
and coastal rice plots, the technology for 
undertaking such integrated farming has 
not yet been implemented due to various 
constraints. In some rice-growing areas of 
the country, farmers have adopted and 
modified the technology to suit their re
quirements for raising a secondary fish 
crop in ricefields with or after rice crop. 
In most rice-producing states in India, 
however, rice-fish farming technology has 
not yet diffused to the farmers. 

Constraints to Development 

The major constraint in rice-fish farm
ing is the application of pesticides. This 
problem has been discussed by Khoo and 
Tan (1980). Many pesticides used on rice 
such as Endrin, Dieldrin, Thiodan, DDT, 
BHC, etc., are toxic to fish (Grist 1965). 
Regular ti of these pesticides is likely to 
result in mortality of fish and other ben
eficial organisms useful for biological con
trol of rice pests. In coastal rice-fish cul
ture, however, pesticides cause fewer 
problems, because these are generally not 
used for monsoon rice cultivation. But in 
years of high pest infestation, application 
of pesticides becomes necessary to save 
the crop. In such cases, fish stocked un
der concurrent rice-fish culture are likely 
to be adversely affected. 

Flooding of plots is also a common 
problem wh;ch results to considerable es
cape of stocked animals and the coming 
in of undesirable carnivorous fish. 

Nonjudicious stocking of fish which 
are less suitable in the rice-fish culture 
system, often results in poor yields. In 
India, C. carpio,Labeo rohita, L. bata, C. 
mrigala, Puntius javanicus, 0. 
mossambicus, Clarias batrachus, 
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Macrobrachium rosenbergii and M. irrigated rice plots are usually not 
malcolmsonii vary in different environ- stocked with fish due to their shallowness 
ments of the ricefields. The species mix and the application of pesticides is essen
also depends upon the characteristics of tial to increase rice yields. The IPM tech
the rice plots. In case of coastal ricefields, niques, successfully applied in rice-fish
P. monodon, Liza parsia,L. lade and 0. plots in Southeast Asia, may also be tried 
mossambicus are preferred by the farmers in India. If necessary, rice plots may be
in the brackishwater phase of the sequen- renovated so that stocked fish will be re
tial system. moved from the rice plots before pe..Licide

In some cases where ricefields are applications. Experiments should b, initi
shared by more than one owner, conflicts ated in irrigated areas of West Bengal, 
among shareholders often restrict proper Orissa and Andhra Pradesh to test the ef
utilization of the land. Insecurity of land ficacy of IPM techniques under Indian 
tenure exists when ownership of a par- conditions, and for widescale adoption in
ticular piece of land is uncertain, in dis- other rice-producing states of the country.
pute or under short-term lease. The in- Suitable rice varieties for different 
vestment outlays and the stream of ben- types of rice-fish culture are lacking. For 
efits stretching over a long period of time, example, most of the deepwater rice vari
make it necessary that land tenure is se- eties exhibit poor yields. The development 
cure. of better rice varieties which give higher

There are some constraints to coastal yields and have greater pest resistance, is 
rice-fish farming. Brackishwater aquacul- one of the basic requirements for success
ture is becoming so lucrative for commer- ful concurrent rice-fish farming. In coastal 
cial production of exportable prawn that rice-fish culture there is also a great need
farmers are tempted to extend the for suitable rice varieties. Although the 
brackishwater aquaculture phase even CSSRI in India has screened some salt
during rainy season, thereby foregoing the tolerant varieties (Table 10), there is still
monsoon-dependent rice crop. Salinization a need to develop more varieties which 
of the soil is another problem encountered exhibit equally good performance under a
in coastal rice-fish culture, particularly in comparatively wider salinity range.
the years of low monsoon precipitation The selection of fish species and its
(Chattopadhyay et al. 1987). During stocking density are factors which differ 
brackisbwater aquaculture, the seepage of under varying ecological conditions and 
saline water ',., the adjoining rice plots water depths of rice plots. So far, very lit
used exclusively for agriculture, is also a tle research has been done. Furthermore,
problem. This may increase the soil salin- species which normally breed in confine
ity of rice plots and which will affect the ment should find place as stocking compo
general agricultural activities of the area. nents for higher yield. 

As fertilizer requirements of rice and 
fish are different, a compromise should beResearch Thrusts and made when grown together. Practically no 

Meihodologies Preferred work has been done to develop a suitable 
fertilizer management schedule for this

In Southeast Asia, irrigated ricefields farming system.
with dwarf rice varieties are stocked In coastal rice-fish farming,
mainly with tilapia arid common carp. salinization of the soil during the
Pest problems can be solved to some ex- monsoon rice cultivation period may cre
tent by the application of integrated pest ate problems, especially during the years
management (1PM) techniques. In India, of low precipitation. Further research 
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Table 10. Rice varieties suited to different water depths and soil salinities. 
(Source: Yadav et al. 1979). 

Water Soil 
depth salinity
(cm) (EC in pmhos/cm) 

15-25 <5 

15-25 5-8 

15-25 8-10 

25-50 <5 

25-50 5-8 

should be carried out to develop suitable 
desalinization techniques. 

Due to poor fish productivity in 
ricefields, research on suitable formulated 
supplemental feeds convenient for applica-
tion in ricefields should be done. There 
should be a feeding zone located in the 
deeper areas of the rize-fish plot which is 
free from rice plants or other floating or 
submerged weeds, where the fish could be 
trained to feed. 

Rice-Fish Farming 

Development Strategy 

Apart from the ricefield capture fish-
ery resources of the Ganga, Brahmaputra 
and Godavari river basins which are sub-
jected to floods during the monsoon sea-
son, deepwater ricefields can be also ex-
ploited by integrating fish culture. About 
2.3 million-ha deepwater ricefields are 
available in the country, but no 
macrolevel survey has been undertaken to 
demarcate areas suitable for rice-fish 
farming. It is essential that each state 
government, particularly the eastern 
states, form a joint committee to compose 
of officials from the Agriculture and Fish-

Rice varieties 

Jaya, Mahsuri, Pankaj, IR 8 

CSR 1, CSR 2, CSR 3, SR 26-B, 
Nona-Sail (S), Nona-Bokra 

CSR 1, CSR 2, CSR 3, SR 26-B, 
Nona-Sail (S) Hamilton, Matla, 
Nona-Bokra 

SR 26-B, NC 1281, Kalomota (Sel) 

SR 26-B, NC 1281, Nor" Sail (S), 
Nona-Bokra, Hamilton, Matla, 
Kalomota (Sel) 

eries Departments to undertake 
macrolevel surveys for locating potential 
deepwater ricefields for fish culture, keep
ing in mind the physical and biological re
quirements of fish culture. 

Conclusions 

The current rice-fish farming systems 
in India are diverse in nature, depending 

on the local agroclimatic conditions and 
topographical features of the land. Considering the resources of the country, it can
be said that deepwater ricefields are suit

able for fish culture due to the abundance
of water and the use of rice varieties that 
are generally pest resistant. Even if 30% 
of the existing deepwater ricefields in the 
country are used for rice-fish farming, 
production from inland waters could reach 
2.2 million t. 
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Abstract 
Rice-fish farming has been practised in Indonesia for more than a century. It is widely recognized as havinggreat potential in rural development and in the management of ratural resources in the rice agroecosystem.

Rice-fish farming in 1985 in Indonesia employed over 302,000 people who worked on 94,309 ha of ricefields and 
produced 63,218 t of fish.
 

The growth of rice-fish culture in Indonesia 
 since 1980 indicates that current systems are profitable andadaptable to many areas of the country where large fish markets exist for the wide variety of fish sizes produced. Growth in the area and intensification of yields in rice-fish culture has been centered in ,Java. Annual average fish production from ricefields in Java reached 805 kg/ha in 1985. The most popular species used are common carp (Cyprinus carpio) and Java carp (Puntiu'i javanicus) with a cropping pattern of minapadipenyclang-minapadi.penyelang.While increased pesticide use and planting of high-yielding rice varieties have
occurred, Indonesian rice-fish culture systems have been able to adapt and flourish. 

Introduction ers, especially in Java, and are now re
garded as a traditional form of manage-The first trials of growing fish in ment of natural resources in rice agricul

ricefields in Indonesia 1860date from ture. Rice-fish culture is based on the use
(Ardiwinata 1957; Vincke 1979). In mod- of available ecological niches and thus 
ern times, rice-fish farming systems have represents one of the most rational, effec
been widely adopted by rural rice farm- tive and beneficial ways of optimizing the 
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use of rice lands in Indonesian rural 
areas. 

Irrigated land in rural areas has be-
come alarmingly scarce in recent years 
due to the high demand by urban indus-
tries and of housing an expanding popula-
tion. The scarcity of agricultural land is 
especially apparent on the heavily-popu-
lated island of Java (population over 100 
million) where average land ownership 
per family has fallen to 0.59 ha 
(Soemarwoto 1985). In Central Java, Hart 
(1976) estimated that a typical household 
of five persons had to control 0.5 ha of 
ricefields for an adequate ir-ome; 0.15 ha 
was the minimum size required for sub-
sistence. 

Rural poverty and underemployment 
still characteri7e the Indonesian situation 
while great economic strides in national 
agricultural outputs have been made. The 
gross domestic product of Indonesia aver-
aged 7.7% per year during 1970--82 but 
per capita income remained relative- un-
changed during this period (World Bank 
1983, 1984). Over half of all households 
in Java fall below the absolute poverty 
line. In 1983, per capita income in Indo-
nesia averaged US$550/year. 

Fish culture in ricefields can provide 
an adequate means of income and food for 
the rural poor since the production of a 
nutritious grain and a high-quality, valu-
able protein can be accomplished from 
one system on the same piece of land 
(Schuster 1955; Coche 1967). Rice is the 
staple food for the people of Indonesia 
and throughout Southeast Asia (Grist 
1985). However, it is common knowledge 
among scientists and rural development 
workers that a rice diet is not a complete 
one, especially for infants, growing chil-
dren, and pregnant and lactating women. 
A rice diet must be supplemented with 
animal protein. Protein-energy malnutri-
tion is one of the major causes of child 
mortality in Southeast Asia and is wide-
spread, affecting 33% of the preschool 
children in Indonesia in 1980 (CBS 1981). 

Fish is the traditional and most pre-
ferred source of animal protein in Indone-

sia and will remain so in the foreseeable 
future. In 1986, fish consumption per 
capita in Indonesia was 14.7 kg/year, 
which increased to 15.1 kg/capita/year in 
1987. However, the growth in fish con
sumption rates per capita in Indonesia, is 
still far below those of other Asian coun
tries such as Malaysia, the Philippines,
Thailand, Singapore and Brunei (FAO 
1984). Based on the 1980-82 data for 
these countries, fish consumption rates 
were 47.6, 33.4, 20.2, 32.6 and 33.6 kg/ 
capita/year, respectively. The main rea
sons for the low fish consumption rate in 
Indonesia are the scarcity of fish and poor 
economic conditions prevailing in rural 
areas which make f'sh protein an expen
sive commodity requiring expenditure of 
scarce cash resources. Expansion of low
cost aquaculture development in ricefields 
could help increase fish supplies in rural 
areas, providing nutritional benefits as 
well as additional employment opportuni
ties for the rural population. 

Expansion of employment opportuni
ties in the rice farming agroecosystem in 
Indonesia is essential. Recent population 
growth has created a skewed population 
size structure where a huge number of 
youth are trying to find work or" are 
underemployed. The national economy 
and traditional agricultural sectors, while 
growing at an impressive pace, have 
failed to absorb these youth. There has 
been an alarming long-term decline in la
bor use in rice farming in Indonesia, par
ticularly in Java. Collier et al. (1982) re
ported a decline from 1,523 hours per rice 
cropping season in 1924-30 to 1,152 hours 
in 1977-80. This report also concluded 
that the ability of the Javanese rice sector 
to absorb more and more landless 
laborers has declined and probably come 
to a full stop. 

In many parts of Indonesia, rice-fish 
culture is well integrated into the local 
rice economy and plays a major role in 
increasing the incomes of rural farmers. 
Fish culture in ricefields requires rela
tively small capital inputs, has a very 
short payback period, and uses little 
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advanced technology. In isolated villages (1962), traditional rice-fish culture began

far from the sea, fish culture in ricefields during the last 10 years of the 19th cen
in Indonesia assumes tremendous nutri- tury. Ardiwinata (1957) stated it is likely
 
tional and economic importance. Family the practice was known before 1860 in
 
incomes and nutritional standards can be the Ciamis area of West Java. In other
 
closely related to the success or failure of parts of the Preanger residency, small
fish crops raised in ricefields. Rice-fish scale farming of fish in ricefields certainly
 
culture yields an average increase in rev- occurred before 1872.
 
enue of 28% above rice revenue and con- Extension to Central and East Java,
 
tributes significantly to overall family in- North and Central Sumatra, North 
come from small landholdings Sulawesi, Bali and Lombok Islands of 
(Djajadiredja et al. 1980; Schmidt 1980). rice-fish farming outside its origin (West
Rice-fish culture also reduces household Java) was made by students of religious
expenditures for costly purchases of ani- schools (santris), merchants and govern
mal protein. ment officials. Further expansion of rice-

Fish culture in ricefields in Indonesia fish culture was made possible by the de
plays an important role in the supply and velopment of ricefield irrigation systems
distribution of seed fish for growout. Rice- and government extension efforts. By
fish systems are an essential part of the 1934, officials of the Agricultural Exten
aquaclilture production network in Indo- weresion Service actively spreading rice
nesian rural areas (Costa-Pierce, this vol.). fish culture practices to areas outside 
The role of rice-fish farming in this Java. By the 1950s, rice-fish farming sys
respect has been recently augmented in tems were scattered on the islands 
West Java due to the widespread adoption throughout the country. During this time,
of intensive aquaculture systems such as it was recorded that rice-fish culture was 
running water systems (RWS) and reser- practised in approximately 50,000 ha of 
voir cage culture. Expanded seed markets ricefields, and average fish production lev
and higher prices due to increasing mar- els were 100 kg/ha/year (Ardiwinata 
ket demand for seed fish have brought in- 1957). 
creased opportunities and financial Today, rice-fish farming is reported in 
benefits for Indonesian ric, farmers since 17 of the 27 provinces in Indonesia. Rice
the mid-1970s. fish farming is practised in all provinces

This oaper reviews the past and in Java and the northern provinces of 
present sta~u,, of' rice-fish farming in In- Sumatra, except in Riau and Jambi. 
donesia. A synthesis of the existing infor- There are no records of rice-fich farming
mation on the subject was obtained from in any of the provinces of the islands of 
the literature, published as well as unpub- Kalimantan, Maluku or Irian Jaya. How
lished, and in reports in the Indonesian ever, as Ruddle (1980) has pointed out,
language. In addition, recent data from rice-fish farming is probably more wide
short-term surveys in West Java which spread than recorded by current data. 
focused on existing production systems Recent large-scale migration of iarmers 
and their economics are included, from Java to the outer islands of ind ne

sia may have contributed to the spreaai of 
rice-fish farming systems. However, few 

Current Status of data exist on the extent of rice-fish cul-
Rice-Fish Farming ture in the outer islands. 

Statistics reveal that the average area 
Rice.fish farming in Indonesia began of rice-fish farms increased steadily from 

in the mid-19th century during thePreanger residency in West Java 1960 to 1969 but declined from 1974 to1979 (Table 1). This decline coincided with 

(Ardiwinata 1957). According to Satari a government rice intensification program 
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Table 1. Area, prodnction and yield of rice-fish farms by island, Indonesia, 1975-85. 
(Source: DGF 1985). 

Bali-Nusa 

Year Java Sumatra Sulawesi 
lenggara 

Islands Indonesia 

1975 
Area (ha) 
Production t) 
Yield (kg/ha) 

28,502 
25,238 

886 

10,798 
1,373 

127 

19,169 
2,639 

138 

14,187 
738 

52 

72,656 
29,988 

413 
1976 

Area (ha) 
Production (t) 
Yield (kg/ha) 

26,840 
16,520 

616 

7,635 
1,238 

162 

15,680 
2,908 

186 

10,451 
717 

69 

60,607 
21,383 

353 
1977 

Area (ha) 
Production (t) 
Yield (kg/ha) 

22,371 
11,139 

498 

10,351 
3,609 
349 

6,255 
2,365 
378 

9,934 
588 

59 

48,911 
17,701 

362 
1978 

Area (ha) 
Production (t) 
Yield (kg/ha) 

39,220 
18,222 

465 

11,499 
2,881 

258 

5,947 
3,279 

551 

11,255 
685 

61 

67,588 
25,067 

370 
1979 

Area (ha) 
Production (t) 
Yield (kg/ha) 

52,295 
21,216 

406 

12,247 
4,459 

364 

6,353 
2,697 

425 

8,524 
748 
88 

79,419 
29,120 

367 
1930 

Area (ha) 
Production (t) 
Yield (kg/ha) 

54,923 
24,682 

449 

14,208 
6,704 

472 

7,158 
3,338 

466 

12,653 
771 

61 

88,942 
35,495 

399 
1981 

Area (ha) 
Production Ct) 
Yield (kg/ha) 

66,538 
37,930 

511 

13,965 
ND 
ND 

7,395 
184 

20 

9,057 
566 

63 

96,955 
49,529 

511 
1982 

Area (ha) 
Production (t) 
Yield (kg/ha) 

108,359 
32,923 

304 

12,256 
5,304 

433 

6,850 
3,256 

476 

9,919 
577 

58 

137,384 
40,060 

306 
1983 

Area (ha) 
Production (t) 
Yield (kg/ha) 

83659 
40,280 

482 

11,491 
8,937 

7178 

6,910 
2,250 

326 

6,843 
698 
102 

108,903 
52,165 

479 
1984 

Area (ha) 
Production (t) 
Yield (kg/ha) 

87,785 
47,951 

546 

12,810 
7,765 

606 

5,952 
2,192 

368 

7,185 
972 
135 

113,732 
58,880 

518 
1985 

Area (ha) 
Production (t) 
Yield (kg/ha) 

64,85i 
52,181 

805 

14,38; 
8,056 

56C 

5,706 
2,071 

363 

9,361 
910 

97 

94,309 
63,218 

670 

ND = No data. 
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known as the "Five Points Efforts" (panca farmer's family. Excess fish produced were 
usaha) included in the Mass Guidance sold to local markets within the rice-grow-
Project (BIMAS) and promoted by the ing districts. As fish markets grew with 
Ministry of Agriculture. From 1980 to population, fish were included into other 
1984, however, the area of rice-fish farm- parts of the yearly rice-growing cycle.
ing increased dramatically, reaching a Fish production was undertaken between 
maximum of 137,384 ha in 1982. Nearly rice crops (penyelang or intermediate 
all of the increased area of rice-fish farm- cropping) to produce fish not only for con
ing was located in Java. By 1985, Java sumption but also as seed for resale to 
accounted for nearly 69% and Sumatra pond owners. In addition, the minapadi
15% of Indonesia's rice-fish farming area. system (concurrent cropping) was initiated 
It is noteworthy that since 1975 rice-fish between the planting of rice seedlings and 
in South Sulaw-si and Bali has declined the time of first weeding.
sharply. The reasons for this are unclear. As markets for seed fish grew, rice-

Fish production from rice-fish farming fish farming practices and systems 
from 1975 to 1985 increased as much as responded to market demands. Minapadi
200%. Increases were noted from year to fish production was extended to include a 
year since 1980 in most parts of the coun- second cultivation period after the first 
try, except in Aceh, North Sumatra, rice weeding until the second rice weed-
North and South Sulawesi. Increased fish ing, and a third period following the sec
production from rice-fish farms was due ond rice weeding until the flowering of 
not only to expansion in the area, but also the rice plant. Penyelang was modified for 
due to a significant increase in intensity raising fry to fingerling size instead of 
of the practice. By 1985, average annual producing fish for consumption.
fish yields obtained from rice-fish farming Palawijaor rotational cropping is the 
in Indonesia increased to 670 kg/ha. Sig- oldest type of rice-fish culture practised in 
nificant progress in the intensification of Indonesia. Instead of the usual fallow or 
rice-fish culture occurred in Java where dry season cropping period after ice har
annual average fish production levels in- vest, the dikes of the r'icefield are raised 
creased to 805 kg/ha compared with 481 and a single crop of fish is stocked in 
kg/ha in 1983 and 546 kg/ha in 1984. ricefields after a single annual crop of rice 

has been harvested. In its traditional 
form, the practice was carried out by 
farmers to provide fish for the immediate 

Rice-Fish Farming Systems and extended family. In more recent 
times, however, as the market permeated 

The classic Indonesian rice-fish farm- rural areas and since additional income 
ing systems of minapadi,penyelang and was needed, palawija became a meais for 
palawija have been reviewed by numer- producing fish and fingerlings for sale. 
ous authors (Ardiwinata 1957; Growing fish during palawija is often pre-
Djajadiredja et al. 1980; Khoo and Tan ferred to other crops such as soybeans,
1980; Ruddle 1980). All of these systems mungbeans, maize or vegetables. This is 
require physical modifications to the because the risks in growing terrestrial 
ricefield to accommodate fish and ensure crops are often greater, such as rat infes
their proper growth and survival. tation which is a chronic problem in agri-


According to Ardiwinata (1957), the cultural areas during the dry season.
 
various systems of rice-fish culture devel- In the modern palawija system, 5-8
 
oped in 100 years in West Java in the fol- cm fingerlings are stocked and grown for
 
lowing sequence. Fish were first grown as a 3- to 6-month period. The system is
 
a secondary or fallow season crop adopted in agricultural areas where good
 
(palawija), aiming to furnish food for the sources of irrigation water can be
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obtained throughout the year. If adequate
land preparation is performed - e.g., by
applying fertilizers or introducing ducks to 
fertilize the soil by their excretion, and by
reducing pests such as snakes, eels, 
aquatic insects, etc. - fish production from 
palawija can be higher than any of the 
other rice-fish systems practised in Indo-
nesia. In Subang Regency, West Java, fish 
yields from 75-day palawija are higher
than those obtained from 50-day
minapadi or 30-day penyelang systems,
i.e., 300, 150, and 100 kg/ha, respectively
(Taslim and Syamsiah 1987). Thus, 
palawija is very popular with rice farmers 
and fish breeders. Since ricefield dikes are 
raised, palawija offers the farmer a large
surface area of relatively deep water to be 
stocked with fish for three to six months. 

However, the advantages of palawija 
must be balanced with its reported disad-
vantages. The system is hampered by fish 
mortalities due to predators such as 
snakes, birds and water insects. In some 
areas, poaching can also be problem. For 
these reasons, some farmers have 3hort-
ened the rearing period of fish :n palawija 
to -equential 1- or 2-month rearing 
periods, producing two to three crops of 
seed fish for further resale to fish growout
operations. 

Many farmers have developed 
palawija in Subang Regency, West Java 
(UPP 1985, 1986; Yunus et al., this vol.).
This choice of one type of system has cre-
ated seasonal shortages in the supply of 
seed fish since most farmers' require-
ments fall nearly the same time of year,
i.e., at the end of rice harvest. Seasonal 
shortages of seed at the end of each rice 
lo rvest increase the price of seed fish. To 
deal with this, farmers must try to obtain 
seed fish before rice harvest and store the 
fish in small backyard ponds. 

Multicropping of high-yielding varie-
ties (HYV) of rice which mature in 105-
125 days compared with traditional rice 
varieties (160 days) poses another prob-
lem to rice farmers who incorporate fish 
into their cropping pattern. The needs of 
the rice always takes precedence over the 

needs of fish. On top of this. rice-fish sys
tems face competition from agricultural
extension agents promoting terrestrial 
crops during palawija, specifically
soybeans and maize. However, notwith
standing the current constraints for incor
porating palawija fish cultivation into the 
existing rice farming systems, palawija
has been widely adopted recently in cer
tain parts of the country (especially in the 
lowland areas of West Java) where excel
lent technical irrigation systems exist. 

The penyelang or intermediate system
of rice-fish farming cultivates fish between 
two rice crops for 1-1.5 months. Rice 
farmers often practise penyelang system
while waiting for rice seedlings to grow in 
seed beds and to be transplanted to 
ricefields (28-30 days), or while waiting
for rice seedlings from elsewhere. Because 
of the widespread use of HYV and thus 
multiple cropping of rice, i.e., four to five 
crops in two years, many farmers with ir
rigated rice have abandoned palawija and 
adopted penyelang with its relatively
shorter periods of fish rearing. As a con
sequence, in the upland areas of West 
Java (Cianjur, Sukabumi, Bandung, 
Garut and Tasikmalaya Regencies), called 
the "cradle of rice farming" in Indonesia, 
the sequence of rice-fish cropping is now 
penyelang-minapadi-penyelang-minapadi, 
rather than palawija-penyelang-minapadi
penyelang-minapadi. 

Penyelang has been observed to pro
duce lower fish yields compared with 
palawija or minapadi (Taslim and 
Syamsiah 1987). However, since rice will 
always be the principal crop in Indonesia, 
penyelang may have the greatest poten
tial for future development. The seasonal 
timing of modern rice farming does not 
conflict with penyelang. Penyelang is 
thereby less restrained by agronomic ad
vances in rice farming, such as the appli
cation of agrochemicals and introduction 
of HYV and can produce a variety of fish 
sizes. In addition, ricefields during
penyelang are sought by fish breeders to 
reproduce fish (mainly common carp 
[Cyprinus carpio]). 
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The minapadi rice-fish system is the in the construction of trenches. The firstmost popular and widely used presently is that these should be wide and deepin Indonesia (Fig. 1). Rearing of fish in enough to safely accommodate all fishthis system is carefully synchronized with during drying and weeding of therice cultivation in order not to adversely ricefields. Secondly, trenches should notaffect rice yields. In minapadi, fish are be too large to remove too many ricecultured simultaneously with rice for 20- seedlings from the ricefield. The third45 days. An initial fish rearing period is consideration is the safety of fish fromconducted between rice transplanting and predation, poaching and other mishapsthe first rice weeding (21-28 days). A sec- such as damage to the dikes.ond fish rearing period is between the Usually, two rows of rice seedlingsfirst and second weeding periods (40-45 have to be removed for the construction
days). A third fish rearing period of 50 of 4 0-50-cm-wide trenches. It is oftendays can be performed during second thought that with rice being the most imweeding until the flowering of the rice portant crop, utmost care must be takenplant. not to remove too many rice plants -orPhysical preparation of the ricefield trench construction. However, in mai,for minapadi varies from one place to an- areas of Indonesia, income from fish cropsother, particularly in the design and con- grown in ricefields is higher than incomestruction of fish trenches (Fig. 2). There from rice. For this reason, many farmers are at least three considerations involved have increased the size of trenches to give 
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Fig. 1. Ricefield construction minapadi. Dor 
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Fig. 2. Design and construction of fish trenches in minapadi. 

more growing space for fish. This can be rice seedlings in this way, farmers report 
seen in rice-fish farming centers in West no decrease in rice yields. 
Java, particularly the Garut and Another important type of rice-fish 
Tasikmalaya Regencies. Rice-fish farmers culture system is the sawah tambak, 
in the Cianjur Regency prevent any de- which is found only in the coastal low
crease in rice yields by planting the rice lands of the province of East Java, specifi
seedlings from the area of the trenches to cally in the regencies of Lamongan and 
adjacent rows, thereby doubling the plant- Gresik. Fish yields from sawah tambak 
ing density of rice in the rows alongside are the highest of the rice-fish culture 
trenches (endong planting). By planting systems in Indonesia. In 1986, this system 
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was practised on 16,566 ha of land and Sawah tambak systems are princi
yielded 34,840 t of fish for an annual av- pally polyculture, with milkfish (Chanos
erage yield of 2,103 kg/ha (DPPJT 1986). chanos) and Java carp (Puntiusjavanicus)
Tribawono (1980) reported that in as main species. Java tilapia (Oreochromis
Lamongan, fish yields from sawah tambak mossambicus), Cyprinus carpio and fresh
ranged from 2,000 to 3,500 kg/ha/year. water prawn (Macrobrachiumrosenbergii)
Recently the sawah tambak systems have are usually grown together with them.
expanded to other areas of East Java, no- Since 1986, marine shrimp (Penaeustably the basins of the Brantas and Solo monodon) have also been cultured in someRivers. freshwater and seasonally brackishwater

The area where sawah tambak occurs sawah tambak systems after a 10-dayin East Java is only 1-2 m above sea acclimation period to freshwater.
level and has a strong seasonality: annu- The principal production systems inally flooded throughout the wet season sawah tambak are: 1) fish and wet season
and completely dry during the dry season. rice concurrently for four to six months;This makes traditional wet rice cultivation 2) fish and wet season rice concurrently
difficult or impossible. Soils are poor for for four months, then dry season rice; 3)crop farming, being marine clay. In 1950, fish in trenches and dry season rice for
farmers built 1.4 - 2 .0-m dikes and six to seven months; 4) continuous aqua
trenches around their fields to prevent culture in former ricefields, harvestingfloods from damaging their rice crops and three crops of fish, each with 4-month 
to grow fish year-round (Fig. 3). Because growout periods (Tribawono 1980).
of the high dikes, this unique system ac- Payanman and surjan are two otherquired the name of sawah tambak since types of rice-fish farming systems curcoastal brackishwater ponds in the area rently used in Yogyakarta and West Java,look similar. However, sawah tambak sys- respectively. Payaman systems are contems are nearly all freshwater. structed near a village and river to make 
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Fig. 3. Design and construction of a one-ha sawah tambak ricefield. 
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better use of an unproductive part of a 
ricefield (Fig. 4). Fish are stocked in a 
pond constructed next to the ricefield and 
forage into it. The pond becomes a refuge 
for fish when ricefields are drained, 
Surjan systems are used in coastal areas 
of West Java where soils are puor due to 
drainage problems. Farmers construct a 
series of raised and sunken soil beds to 
maximize the production of rice, land 
crops and fish in one system (Fig. 5). 
Ruddle (1980) has described a surjan sys-
tem in the Karawang Regency in West 
Java. 

Cropping Patterns 
in Rice-Fish Culture 

Application of the various rice-fish sys-
tems described above can be done in vai-
ous cropping patterns or production sys-
tems. Cropping patterns can be manipu-
lated to obtain higher fish and rice yields 
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and thereby increase income. Administer
ing certain cropping patterns may con
serve the fertility of agricultural soils or 
improve the productivity of marginal 
lands in rural areas. Farmers employ 
various cropping patterns suitable to their 
individual climatological, agronomic and 
sociological conditions. 

Studies conducted by the Research 
Institute for Freshwater Fisheries (RIFF) 
in 1985 in the Subang Regency of West 
Java found three cropping patterns which 
produced two crops of rice and several 
fish crops a year. Cultivation of fish in 
ricefields in Subang involved the produc
tion of fingerlings of 50-100 g size for 
further ongrowing in intensive aquacul
ture systems such as cages or running 
water systems. The cropping patterns
found were rice-rice-palawija;minapadi
penyelang-minapadi-palawija; and 
minapadi-minapadi-palawija.Palawija 
was the most popular, followed by 
minapadi and penyelang. Minapadi was 
practised for 20- to 60-day periods and 
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Fig. 4. Design and construction of payaman ricefield. 
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Fig. 5. Design and consi,.-,etion of surjan riceield. 

penyelang for 30 days. Because of the 
longer growing period, palawija in 
Subang produced the highest fish yield 
(354 kg/ha) compared with minapadi (143 
kg/ha) and penyelang (114 kg/ha). RIFF 
data coincide with observations of Taslim 
and Syamsiah (1987) in the district of 
Binong, Subang. According to their data, 
palawija was the most widely used type 
of rice-fish culture (1,194 ha), compared 
to minapadi (260 ha) and penyelang (15 
ha), and fish yields from palawvija weresignificantly higher when compared with 

minapadi and penyelang (e.g., 300, 150 

and 100 kg/ha, respectively). It was alsofound that 8,475 ha of the ricefietd area 
(88%) was left fallow after rice harvest in 
Subang and that a large potential for ex-
pansion of rice-fish culture existed. 

Unfortunately at present, there is not 
enough data from other parts of Indonesia 

to further analyze existing cropping pat
terns. However, it can be assumed that 
various cropping systems have been de
veloped by farmers to suit their local con
ditions. For example, based on results of 
surveys in the upland areas of West Java, 
(Bogor, Cianjur and Sukabumi Regencies), 
it was found that minapadi and 
penyelang were the most popular, using a 
cropping pattern) of minapadi-penyelang. 
tninapadi-penyelang.Surveys suggest that 
farmers optimize rice yields, notwithstanding the low price and sometimes lower 

income from rice. 

Knowledge of cropping patterns inrice-fish farming in Indonesia is still very 
limited. More studies are needed to reveal 
the advantages and disadvantages of vai
ous cropping patterns in economic terms 
as well as effects on soil fertility and long
term productivity of agricultural lands. 
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Species of Fish Used in 

Rice-Fish Culture 


Eight main fish species are raised in 
Indonesian ricefields. Production levels of 
these species and their importance in the 
main islands of the country are presented 
inTable 2. 

Common carp is the main fish culti-
vated inricefields. It is also the main cul-
tivated fish in ricefields in Aceh (2.8% of 
the national level), North Sumatra (6.1%), 
West Java (38.5%), North Sulawesi (1.6%), 
South Sulawesi (0.7%), Bengkulu (0.7%) 
and Bali (0.6%). In Java, common carp 
production amounted to 40.7% of the total 
production of fish from rice-fish farming. 
Statistical data also show that the produc-
tion of "other" fish species from ricefields 
has increased remarkably, from 2.5% of 
the national total in 1975 to 29.8% by 
1985. In Java, this production of "other" 
fish species reared in ricefields comprised 
34.6% of the total production in 1985. 

Java carp is the second most impor- 
tant fish cultured in ricefields especially 
in Java (Table 2). Java carp is produced 
mainly in East Java from sawah tambak. 

It is also important in the special admin
istrative region of Yogyakarta in Java, ac
counting for 24.2% of the production from 
rice-fish farming.

Java tilapia is an important cultured 
fish in ricefields in East Java (3.2% of the 
national level), West Java (1.3%), West 
Sumatra (0.2%), North Sulawesi (0.2%) 

and Central Java (0.2%). 
Nilem carp (Osteochilus hasselti) is a 

minor species in ricefields ir 'Vest Java 
(1.7%), Central Java (0.11X), North Sula
wesi (0.1%) and Wvst Sumtra ().1%). 

A preliminary survey conducted by 
RIFF in the district of Ciampea, Bogor, 
West Java, revealed that rice farmers in 
14 villages were engaged in the culture of 
ornamental fish in ricefields. At least 16 
species of freshwater ornamental fish 
were recorded during the survey. Breed
ing of fish is carried out six to seven 
times a year and new breeder fish are in
troduced after two to three breeding cy
cles. Main species cultivated in ricefields 
are Barbus, Costy, Ambassis and 
Asmania. The majority of these farmers 
cultivate ornamental fish for a 6-month 
period during palawija. Fish were being 
marketed in Jakarta. 

Table 2. Fish production (t) by species in ricefieldis and their relative importance (% in brackets) at the national 
level, by island, Indonesia, 1975-85. (Source: l)GF 1985). 

Common Java Java Nilem Nile Giant Sepat Kissing 
Island Total carp carp tilapia carp tilapia gourami siam gourami Others 

Indonesia 63,218 29,933 8,046 3,559 1,277 564 65 101 733 18,940 
(100) (47.3) (12.7) (5.6) (2.0) (0.9) (0.1) (0.2) (1.2) (30.0) 

Java 52,181 21,232 7,839 3,019 1,138 117 64 29 702 18,041 
(100) (40.7) (15.0) (5.8) (2.2) (0.2) (0.1) (0.1) (1.3) (34.6) 

Sumatra 8,056 6,503 18.3 2,58 67 356 0 2 27 660 
(100) (80.7) (2.3) (3.2) (0.8) (4.4) (0.0) (0.0) (8.2) 

Sulawesi 2,071 1,468 7 198 72 37 0 70 4 215 
(100) (70.9) (0.3) (9.6) (3.5) (1.8) (3.4) (0.2) (10.4) 

Bali-Nusa 910 730 17 84 0 54 1 0 0 24 
Tenggara (100) (80.2) (1.9) (9.2) - (5.9) (0.1) - - (2.6) 
Islands 
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Socioeconomics of 
Rice-Fish Culture 

General descriptions of the economic 
fe nealdesriptyonof the ecofarm
no-'
feasibility of the rice-fish farming in Indo-

nesia are given by Ardiwinata (1957);Djajadiredja et al. (1980); and Schmidt 

(1980). In general, these authors claim 
that the profit obtained from fish cultiva-
tion can cover operational costs for rice 
cultivation. Djajadiredja et al. (1980) re
ported that the major costs for rice-fish 
culture were: construction (35%); labor 
(34%); seed fish (18%); and others such as 
fertilizers, pesticides and taxes (less than
6%). They also reported a rate of return 
of rice-fish farming that ranged from 68 
to 107% of total costs. Schmidt (1980) esti-
mated that the total rate of return from a 
rice-fish farm in Indonesia was 83.7% per
100 M 2, and that the ratio of family labor 
to wage labor was 0.3. Ile concluded that 
rice-fish culture could provide substantial 
amounts of income and employment in 
Indonesian rural areas, 

Rice-fish farming is a very significant
employer of rural people in Indonesia. 
Rice-fish farming emp'oyed a total of 
302,486 persons (Table 3). 

Recent surveys from West Java have 
shown that various cropping patterns yield 
a wide range of net returns, as shown by
farms surveyed in Sukabumi, Cianjur and 
Bogor Regencies (Table 4). Net returns re-
ported are within the range of those re-
ported by Djajadiredja et al. (1980). Farm-

ers in the Cianjur Regency reported even 
higher fish production and net returns in 
the penyelang and minapadi using supple
mental feeds (Table 4). 

Rates of return in cultivating ornamental fish in Ciampea District of Bogor 
are reported to be 80-96% (Table 4).These rates of return were lower than 
those observed for all other rice-fish sys
te selyn foofish. 

Prospects for
Rice-Fish Culture 

By 1984, Indonesia had a recorded 4.9 
million ha of i,'rigated ricefields (Tarrant 
et al. 1987). Of these, an estimated 1.57 
million ha were suitable for rice-fish cul
ture (DGF 1987). At present, only 94,309
ha or 6% of these fields are being used 
for fish culture. A large expansion in rice
fish culture can be accommodated. Expan
sion of rice-fish culture is warranted not 
only due to the protein, economic and 
employment needs of the rural population
but also for producing seed fish for grow
out in an expanding inland aquaculture
industry. If just 10% of the suitable irri
gated ricefields were used for rice-fish cul
ture at an average fish production of 500 
kg/ha/year, an additional 78,500 t of 
freshwater fish would be available 
annually. This additional fish production
would more than double the fish produc
tion from ricefields achieved in 1985. 

DGF 
1985). 

Province 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

Indonesia 157,546 118,893 139,329 1:10,875 211,041 236,248 204,436 248,331 262,192 302,486 

Java 65,09:1 52,303 71,492 67,343 123,526 145,411 135,871 161,266 164,878 211,157 

Sumatra 27,841 32,233 24,756 29,335 45,265 50,058 35,863 41,487 44,302 41,833 

Sulaweai 28,.963 15,062 13,772 11,747 17,779 22,203 22,417 22,724 10,545 23,447 

Bali-Nusa 43,647 19,295 26,309 22,450 24,471 18,576 10,285 22,854 30,467 26,049 
Tenggara 

Islands 

Table 3. Number of rice farmers engaged in rice-fish farming by island, Indonesia, 1976-85. (Source: 
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Table 4. Fish production and net returns per hectare per year for different 
cropping patterns practised by farmers in selected regencies, Indonesia. 

Fish Net Rate of 
production returns return 

Location/Ciopping pattern (kg) (US$)" (%) 

Sukabumi Regency 
Minapoadi.penyelang-palawija 255 1,280 183 
Minapadi-penyelnng-minapadi 400 2,050 202 
Minapadi.penyelang.minapadi 2150 1,200 219 

Cianjur Regency 
Minapadi.peyelag-vegetablespenyelang 302 450 
Minapadi-penyeloag.nioapadi 385 1,550 242 
Minapadi-penyelaPg-minapadi 780 1,560 201 

Bogor Regency 
Minapadi.penyelang-minapadi 380 2,130 
Rice-palawija 256 140 110 

Ciampea, Bogor Regencyb 
Ricefield pond, farm 1 S,000c 360 96 
Ricefield pond, farm 2 24,000 c 970 80 
i'lawija (6 months)-rice 1,000 230 93 

aOriginol values in Indonesian Rupiah were converted to US$ at the rate of US$1 

= l1p 1,647 as of 1987.
 
bPertasis to ornamental fish.
 
Cln number of fish. 

Total land use for aquaculture in In- IV), rice-fish culture by 1988 was targeted 
donesia was 377,958 ha with 238,868 ha to reach 82,500 ha (DGF 1985). By 1985, 
in brackishwater ponds, 94,309 ha in rice- the area of rice-fish culture in Indonesia 
fish culture, and 44,778 ha in freshwater reached 94,309 ha. This rapid expansion 
ponds (Tablc 5). The use of potential land indicates that the acceptance of rice-fish 
area available for aquaculture was 28%. culture is very high, and that the systems 
Rice-fish culture has utilized only 6% of are profitable for small-scale farmers 
its potential. During Indonesia's fourth where adequate knowledge and seed sup
five-year development program (PELITA ply exist. 

Table 5. Utilizatien of potential aquaculture resources in Indonesia, 1985. 
(Source: l)GF 1987). 

Aquaculture Potential Area 
resource area utilized Per cent 
system (ha) (ha) utilization 

Brackishwater ponds 840,000 238,868 28 

Freshwater ponds 180,000 44,778 25 

Rice-fish culture 1,570,000 94,309 6 

Cage culture 135,000 3 <1 

Mariculture cages 18,715 0 0 
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Constraints to Development cides containing these active ingredients

of Rice-Fish Culture were not directly harmful to fish if applied at recommended rates. 
There is an urgent need to formulateFish cultivation in ricefields uses the ecological guidelines for fish cultivation in same resource base as rice cultivation. ricefields. This lack of guidelines is a ma-Rice is still considered the principal crop. jor constraint to the development of rice-A major constraint to the expansion of fish culture systems. The carrying capacirice-fish culture is, therefore, the some- ties of fish in ricefields, and how agrotimes conflicting agronomic needs of both nomic practices of fertilization, feeding,crops. There is a growing concern about different cropping systems and soil types,the environmental effects of modern, in- affect the aquatic food web are almost to

tensive methods of rice agriculture on tally unknown.rice-fish culture. Increased pesticide and Farmers in Indonesia have mentionedfertilizer use and the adoption of HYV the following constraints that affect the
rice have threatened the viability of rice
fish culture sourcesthroughout Asia (Khoo and success of quality seed fish; lack of highof rice-fish culture: lack of reliableTan 1980; Koesoemadinata 1980). quality, reasonably-priced supplemental

Pesticides are detrimental to fish and feeds; control of predators and pests; lackthe aquatic food web which supports the of sufficient water during the seasons of"fish (Koesoemadinata 1980; Takamura palawija and penyelang; and lack of tech
and Y asuno 1986). The adverse effects of nl ogy on pety e st fisho t eanr
pesticides on arefish their lethal and nology whenhow fishbestpricesstoreare low.rice farmon to fish on the
chronic toxicity, persistency and accumu
lation in biological systems. Koesoe
madinata (1982) measured the toxicity to
 
common carp and Java carp of 24 insecti- Conclusions
 
cides commonly 
 used in irrigatedricefields. It was found that 8% were ex- Within the framework of rural devel
trem ely toxic, 62% w ere h ighly toxic, 17% With i ce-fish cult ur ag e e 
were moderately toxic and 12% had low opment, rice-fish culture has great potentoxicity (Table 6). There may be no single tial in Indonesia. In addition, from an enanswer to the problem of pesticide use in vironmental point of view, rice-fish culrice-fish culture, but a rational approach ture can play a large role in the manageis to use selective pesticides which have ment of natural resources in the ricelittle or no impact on fishfood web (Koesoemadinata 1980).or the aquatic agroecosystem. Rice-fish culture requiressmall cash outlays and could provide sig

foodweb Koeoemainaa190).nificantIn Indonesia, the use of pesticides is increases in rural employmentand family incomes. Rice-fish systems
controlled by a governm ent pesticide com - a d a l y i npo ve th e -uish at ss

mittee. Extremely toxic and persistent 
 could also improve the nutritional statuschemicals such as Endrin, DDT, BIIC of rural people directly by additional conand other organochlorines are prohibited sumption of fish, or indirectly by improvfrom the aquatictehne o venvironment.e re d m e n t Inl 1986,i ss r esi De r eeR ing incomes.ice-fi sh farming should be given sufthe government issued Presidental Decree attention in in fosteringficient its roleNo. 3 to help with the problem of pest the development of a vibrant rural aquaresistance and resurgence of brown plant culture production network. In Indonesia,leafhoppers. The decree declared that pest rice-fish culture is the central fish nurs

plised wthestiidecontrol in ricefields couldormlatins cn- ery system,only be accom- and is essential for the surplished with pesticide formulations con- vival and expansion of inland aquacultaining buprofezin, BPM C , M IPC and vira and unnin tera
carbofuran as active ingredient. ture, especially cage and running water
Koesoemadinata (1982) found that pesti- systems. 
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Table 6. Lethal toxicity of rice insecticides to common carp (Cyprinus carpio) and Java carp (Puntius 
gonionotus). (Source: Kocsoemadinata 1982). 

Insecticide 

BPMC 

Carbaryl 

Cartap hydrochloride 

Chlorpyriphos ethyl 

Chlorpyriphos methyl 

Cyanophemphos 

Diazinon 

Dicrotophos 

Dichlorvos 

Etrimphos 

Fenthion 

Fenitrothion 

Isoxanthion 

Malathion 

MIPC 

Monocrotophos 

Metamidophog 

MTMC 

Methomyl 

Methoate 

Phentoate 

Propoxur 

Quinalphos 

Triazophos 

aln per cent. 

Common carp 
Active ingredient 

concentration 96-hour LC5o 
(9/l) (ppm) 

500 4.00 

8.208 5 a 

50
a 1.15 

200 0.31 

240 5.50 

250 2.75 

600 3.60 

500 360.00 

500 2.30 

500 7.50 

550 3.60 

500 4.70 

550 1.40 

600 4.50 

50 10.09 

200 310.00 

208 70.00 

300 11.50 

200 4.80 

500 230.00 

608 0.94 

50 66.00 

250 5.80 

400 8.10 

95% confidence 
limits 

2.84-5.64 

7.19-9.34 

1.01-1.31 

0.21-0.47 

5.30-5.70 

2.25-3.36 

2.02-4.28 

290.30-446.40 

2.04-2.59 

6.58-8.55 

3.39-3.82 

4.08-5.41 

1.27-1.54 

3.44-5.89 

8.70-11.70 

269.60-356.50 

55.12-88.90 

9.35-14.14 

4.17-5.52 

198.30-266.80 

0.81-1.09 

58.41-74.58 

4.96-6.79 

5.06-12.98 

Java carp 

96-hour LCw0 95% confidence 
(por) limits 

24.00 20.34-28.32 

6.40 5.92-6.91 

0.22 0.20-0.24 

2.40 2.88-4.01 

3.80 3.60-3.90 

3.80 3.30-4.37 

6.60 5.74-7.59 

310.00 264.90-362.70 

3.70 2.50-3.90 

7.40 6.32-8.66 

3.90 3.50-4.30 

7.00 6.36-7.70 

1.80 1.55-2.09 

13.00 11.50-14.69 

26.60 20.94-33.78 

320.00 262.50-390.40 

130.00 17.10-144.30 

13.50 11.44-15.93 

7.50 6.70-8.40 

105.00 92.10-119.70 

3.30 3.00-3.60 

45.00 40.91-49.50 
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Rice-fish culture is not successful tegrated agriculture-aquaculture farmingeverywhere in Indonesia. Constraints in- systems. ICIARM Conf. Proc. 4. 258 p.herent to intensive methods used in mod- DPPJT. 1986. (East Java figures for 19S6). Dinas

Perikanan Propinsi Jaws Timur, Surabaya.ern rice agriculture can be a threat to the (In Indonesian).widespread adoption of rice-fish culture. FAO. 1984. A study of methodologies for forecastingThe uneven distribution of rice-fish cul- aquaculture development. FAO Fish. Tech.
ture in Indonesia suggests that its advan- Pap. 248. 47 p.

tages are still unknown to most farmers Grist, D.H. 1985. 
 Rice. Longman, London.in the country. Therefore a continuing Hart, G. 1976. The survival strategy of labor allocation. Papcr presented at the "Workshop onextension program focused first on the Household Duties", 3-7 April 1976, Singa.spread of the existing best available tech- pore.nologies, then upon improved technolo- Khoo, H. and E.S.P. Tan. 1980. Review of rice-fishgies, is needed. Longer-term basic culture in Southeast Asia, p. 1-14. Inresearch is also needed. Increased fish R.S.V. Pullin and Z. Shehadeh (eds.) Inte
production grated agriculture-aquaculture farming syscould be accomplished by un- tems. ICLARM Conf. Proc. 4. 258 p.derstanding and effectively using the Koesocmadinata, S. 1980. Pesticides as major conavailable ecological niches in the ricefield straints to integrated agriculture-aquacul.
agroecosystem. ture farming systems, p. 45-51. In R.S.V.The impressive growth of rice-fish cul- Pullin and Z.She' ideh (eds.) Integrated ag

riculture-aquac lure farming systems.ture in Indonesia since 1980 indicates, IClARL, Conl. Proc. 4. 258however, p.that current development and Koesoemadinata, S. 1982. Lethal toxicity of 24 insecextension efforts have been effective, and ticide formulations commonly used for ricethat previous constraints posed by pesti- pest control in irrigated ricefield to two Incide use or adoption of HYV have not had donesian freshwater fish species Cyprinus
long-term consequences. Rice-fish farming Penelitianearpio and Puntius gonionotus. Bull.Perikanan (Fish. Res. Bull.) 2:
is profitable nearly everywhere in the 67-82.
country. This bodes well for the future of Ruddle, K. 1980. A preliminary survey on fish culti.the systems in Indonesia. vation in ricefields, with special reference to 

West Java. Bull. Natl. Mus. Ethnol. 3:801-
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ADstract 

Korea has considerable potential for fish production in its ricefields. Of the 980,000-ha irrigated ricefields,
about 13% are suitable for rice-fish farming. While rice-fish farming has been practised for about 30 years, it has 
not become popular. Short rice cultivation periods, use of agricultural chemicals and competition from inshore 
and pelagic fisheries explain this. Demand for freshwater fish has increased recently due to socioeconomic factors 
at the farm level and exhaustion of inshore fishery by environmental pollution.

Loach (Misgurnus anguillicaudatus)is already a for commercialpopular species rice-fish farming. Other
species such as catfish (Parasilurusasotus), Nile tilapia (Oreochromisniloticus) and common carp (Cyprinus
carpio) also appear to be suited for rice-fish farming. Rice yield in rice-fish culture is almost the ricesame as 

monoculture even though 14% of the rice-fish area is devoted to canals or ponds.


Current technology on 
 rice-fish farming is still insufficient to make sound practical recommendations. More 
research is needed on the safe use of pesticides for fish growth and human consumption, improvement of fish 
culture, suitability of species and design of rice-fish facilities. 

Introduction summer for 90-135 days, depending on 
the latitude and the rice variety. How

Rice-fish farming has been practised ever, this practice did not spread at that
in Korea since the 1950s. Fish are time because fish supplies from inland 
stocked after the rice is transplanted in waters met demand. Today, inland re-
May and grown over the warm humid sources are limited by pollution of 
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waterways and ponds, and increased use 
of agricultural chemicals. Nationl fish 
production in 1987 was 3.33 milion t, 
most of which came from marine fishing. 
Inland fish production only accounts for 
1.7% (Fig. 1). The dominant species, com-

chemicals, and increased catch from in
shore and pelagic fisheries. Interest has 
increased recently because farmers need 
to use their fields more efficiently. 

In 1989, 487 farmers were culturing 
fish in 95 ha of ricefields. M. 

IMarine lisherie- 9505(98+3). 
 03%) Inland fisheries 

Capture 
47.-5981 
(1.4%) 

Fig. 1. Fish production (1)from marine and inland fisheries, Korea, 1987. (Source: MAFF 1988) 

mercially reared in artificial ponds or res
ervoirs, are mirror carp (Cyprinus carpio 
var. specularis), eel (Flutaalba), common 
carp (Cyprinus carpio) and trout (Salino 
gairdneri)(Table 1). A combination of de-
clining fish supplies, economic develop
ment favoring urban centers and decreas-
ing farm incomes has recently spurred
interest in rice-fish farming. 

There exists considerable potential for 
expanding rice-fish areas. Korean farmers 
cultivate 22% of the total land area which 
is just over 21 million ha. Ricefields oc-
cupy 1.35 million ha while the rest of the 
cultivated land supports upland crops
(Fig. 2). Seventy-two per cent of the 
ricefields (about 980,000 ha), have irriga-
tion systems. Crops grown are shown in 
Fig. 3. 

Rice-Fish 'arming 

Rice-fish farming was practised during 
the 1960s in the southern provinces of 
Sunchon-Gun and Kyongsan-Gun. C. 
cart i and loach (Misgurnus 
angui.licaudatus)were the species farmed. 

Rice-fish farming declined in the 
1970s because rf the introduction of high
yielding varieties, use of toxic agricultural 

Table 1. Production (t) and value (US$)u of fishery 
products from inland fisheries, 1987. (Source: MAFF 
1988). 

Fish and aquatic products W (US) 

Capture 47,598 75.92 
Culture 9,501 64.75 

C. carpio var. specularis 3,592 15.39 
F.alba 
C. carpio
S. gairdneri 

2,441 
936 
704 

36.97 
3.69 
4.69 

Snakehead (Ophiocephalusargus) 287 1.58 
Silver carp (Jtypophthalmichthys 

molitrix) 70 0.44 
0.nilotkus 
Goldfish (Carassiusauralus var.)
M. anguillicaudatus 

56 
51 
15 

29.17 
0.18 
0.08 

Parosilu:rsasotus 12 0.07 
White fish (Hypomesus olidus) 8 0.01 

Sea shiner (Tribolodon keta W.)
Salmon (Oncorhynchushera W.) 

4 
2 

0.01 
0.002 

Blue gill (Lepomis machrochirus R.) 1 0.0005 

Mullet (Mugil cephalus L) 1 0.002 
Other finfish 80 0.10 
Manusc 1,228 1.15 
Algae 13 0.06 

"Original values in Korean Won were converted to US$ at 
the rate of US$1 = Won792 as of 1987. 
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Forest 
6,499 ha 
(65.5%) 

Upland 1 
92 ha 

(8% ~Cu.tlvated 

Blcelields 
1,352 haOthers1,280 ha (13.6%) Fig. 2. Area ('000/ha) of land use, Korea, 1987. 

(12.9%) (Source: MAFI 1988) 

RIce
1,262 

FruiMs

(8.3%) 

114 
(4.4%)

Others 
216 

(8.3%) Mulberry
9 

Barley and (0.3%)
wheat 

207 

~Potatoes 

Vegetables 
Pulses 

212 

47 
(1.8%) 

308
(11.8%) Special crops176 t 1(8.2%) 

Fig. 3. Area ('000/ha) of cultivated I.,,nd by crop*, 
Korea, 1987. (Source: MAFF 1988)
0Crop area exceeds cultivated area because of 
multiple cropping inirrigated fields. 

(6.8%) 
Miscellaneous 

grains 
46 

(.°0 

anguillicaudatus was the only species re- was maintained at more than 10 cm 
ported to be farmed. For rice-M. throughout the season. Fingerlings were 
anguillicaudatusfarming, field borders released about a week after transplanting 
were reinforced with 130-cm steel sheets at 614,000/ha. Commercial feeds were
buried to 30 cm to prevent M. supplied daily. No chemicals were used for 
anguillicaudatusescape. In addition, a weed or pest control. The average cost for 
coarse net was placed over the field to fishfarm construction (Fig. 4) was 
prevent bird predation. Rice planting den- US$9,348 in 1989 and gross income was 
sities were reduced by 50%. Water depth US$23,238/ha. 
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Fig. 4. Plane figure of rice-fish farming field. 

Research on Rice-Fish Rice yield in association with catfish 
Fanning or tilapia was comparable or better thanrice monoculture (Table 2), even when 

14% of the ricefield area was devoted to
Research on C. ca "piocarried out be- canals or ponds. Improved rice growth is 

tween 1963 and 1967 in Jinhae Aquacul- believed to be due to increased soil fertil
ture Research Center recommended stock- ity caused by uneaten fish feeds and fish 
ing densities of 3,000-5,000/ha without feces. However, rice yields were signifi
feeding and 15,000/ha with feeding. Fish cantly reduced by 44% without weed con
yields were about 250 kg/ha without feed- trol. 
ing and about 1,000 kg/ha with feeding. After four months in the ricefields, 

Successful results in rice-fish experi- fish yields were 1,260 kg/ha for P. asotus 
ments at Kyonggi Provincial Rural Devel- and 2,720 kg/ha for 0. niloticus (Table 3).
opment Administration during 1988 and P. asotus fingerlings (2.5 g and 5.9 cm)
1989 with catfish (Parasilurusasotus) en- grew to 84.5 g and 23.4 cm; while 0. 
couraged other research institutes to in- niloticus (76.7 g and 15.9 cm) grew to 
vestigate other fish species such as M. 198.1 g and 21.9 cm. The survival rates 
anguillicaudatus, C. carpio var. were 50% and 92%, respectively.
specularis, Nile tilapia (Oreochromis Not all herbicides affected fish sur
niloticus) and C. carpio. vival (Table 4). C. carpio var. specularis 

Table 2. Effect of herbicides on the growth and yields of rice in rice monoculture and rice-fish culture experiments 
at Kyonggi Provincial Rural Development Administration, Korea, 1989. 

Weight
Calm No. or No. or Polished Percentage Polished ofweeds 

feading length panicles grains rice yicld of nonplant- rice yield Index (dry matter
2Treatment' date (cm) per hill per m (kg/I00 hill) ing r-ea (kg/ha) (%) in g/mrn) 

Rite monoculture, herbicide 10 Aug 68 19.3 35,300 2.38 0 4,950 100 3.6 
Rice-P. asoNus, herbicide 12 Aug 74 20.5 40,900 2.71 14 4,850 98 1.8 
Rice-P. asotus, no herbicide 9 Aug 72 14.9 26,300 1.50 14 2,680 54 93.0 
Rica-O. nlloticus, herbicide I Aug 78 21.4 49,000 2.90 14 5,170 104 1.1 

aSechaibyoo was transplanted 15 May at planting density of 30i 16 cm. Chlometoxyfen was applied 2 days after transplanting at 30 kg/ha, fish were 
released 20 days after herbicide application. 
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Table 3. Effect of herbicides on survival rates, growth and yields of fish in four months in rice-fish culture
experiments at Kyonggi Provincial Rural Development Administration, Korea, 1989. 

Treatments-

Rice-P. asatus. herbicide 
Rice-P. awtus, no herbicide 
Hice-O. nioticus, herbicide 

No. of 
fingerlings 

(no./ha) 

Survival 
rate 
%) 

Fish length (cm) 
6 Jun 6 Oct 

ish weight (g) 
6 Jun 6 Oct 

Fish yield 
(kg/ba) 

30,000 
30,000 
16,000 

49.8 
51.6 
91.6 

6.9 
5.9 

15.9 

23.4 
22.8 
21.9 

2.5 
2.5 

76.7 

84.5 
78.4 

198.1 

1,20 
1,210 
2,720 

aSechaibyeo was transplanted 15 May at planting density of 30 x 16 cm. Chlometaxyfen was applied 2 days after transplanting at 30 kg/ha,
fish were released 20 days after herbicide application. 

Tab 2 4. Survival rates of C. carpio var. specularis at different stocking dates after herbicide applicationin rice-fish experiments at the Kyonggi Provincial Rural Development Administration, 1989. 

Fish stocking day(s) after herbicide application (DAH) a 

Herbicides I DAH 
(%) 

Iutachlor + Pyrazolate 
Chlometoxyfen 
Pretilachlor 
Mefenacet + Bensulfuron methyl 

32 

aDashes (-) mean no experiment was done. 

fingerlings were affected by Butachlor + 
Pyrazolate only if stocked one to two days
after herbicide application. Chlometoxyfen,
Pretilachlor and Mefenacet + Bensulfuron 
methyl did not affect the survival rate of 
C. carpio var. specularis if stocked 15 
days after herbicide application. Herbicide 
residues in fish tissues and their safety
for human consumption are still to be 
evaluated. 

Conclusions 

Short duration rice varieties and 
heavy use of chemicals have been the
limiting factors for rice-fish farming in 
Korea. However, successful commercial 
rice-M. anguillicaudatusfarming and re-
search findings with other fish species 
suggest more opportunities for rice-fish 
farming. 

2 DAH 3 DAH 4 DAH 15 DAH 
(%) (%) (%') (%) 

92 100 100 100 
- - - 100 

100 
100 

Current research information still falls 
far short of providing practical recommen
dations. Research by rice and fish scien
tists on rice-fish culture facilities; raising
mixed species; minimal use of chemicals 
on rice; residual effects of chemicals in 
fish for safety in human consumption;
timE, density and size for stocking fish; 
fish feeding regimes; and adaptability of 
fish species to rice-fish conditions will con
tribute to the expansion of rice-fish farm
ing in Korea. 
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Abstract 

Fish is an important protein in Malaysia.source Most of the freshwater fish are obtained from ricefields,
especially from the Kerian Irrigation Area of northwest Perak. The most important ricefield species are the
herbivorous gourami (Trichogasterpectoralis and T. trichop,'rus), the carnivorous snakehead (Channa striata),
the omnivorous catfish (Clariasmarrocephalus), and the insectivorous climbing perch (Anabas testudineus). In
Malaysia, the capture method of rice-fish culture is practised where no field preparation, fish stock;ng or feeding
is done. Here, the fish depend on the natural productivity of the ricefields for food. A sump or pond, dug at the
lowest section of the fields, provides shelter during low water levels and double as a harvesting basin. With the 
introduction of rice double-cropping and the subsequent heavy uses of herbicides and pesticides, fish yields have
declined substantially from 461.4 and 301.6 to 367.0 kg/ha in the 1930s and 1940s, to 88.3, 128.0 and 174.6 kg/
ha in 1985, 1986 and 1987, respectively. A short growing season has also resulted in the dominance of
subharvestable fish. Rice-fish farming is still important economically, where it can contribute up to 6.79% and
8.98% to the seasonal incomes of owner and tenant farmers, respectively. However, to increase the income and
the efficiency of the system, improvements to the current system are needed and are discussed further in the 
paper. 

Introduction In Malaysia where annual per capita 
fish consumption varies from 20 to 25 kg

Rice-fish culture has been known in (Khoo and Tan 1980), the importance ofAsia for several centuries (Coche 1967). rice-fish c-'lture has long been recognized
The system was introduced to Southeast (Heath 1934; Soong 1947, 1948, 1949,
Asia from India about 1,500 years ago 1950, 1951, 1955). Fish provide additional
(Tamura 1961). According to Coche (1967) income (Hickling 1961) especially impor
only 0.65% or 136,000 ha out of about 21 tant to tenant farmers, who form 60% of
million ha of ricefields in Southeast Asia the rice farmers in Peninsular Malaysia
are utilized in rice-fish farming. (Tan et al. 1973). There are approximately 
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352,000 ha of ricefields under cultivation 
in Peninsular Malaysia, of which only 
34.10% or 120,000 ha have sufficient wa-
ter depths (15-16 cm) for rice-fish cultiva-
tion (Tan et al. 1973). These areas are 
situated primarily in the "ri-e bowl" states 
of Perlis, Kedah and northern Perak in 
the northwest region of Peninsular Malay-
sia (Fig. 1). Thus in Malaysia, ricefields 
are available t-br rice-fish farming to pro-
duce cheap animal protein. 

Past and Present 

Status of Rice-Fish 

Farming Systems 


In Malaysia, as in other Southeast 
Asian countries, fish supplement rice in 
the local diet, and are the most important 
and cheapest animal protein source (Hora 
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and Pillay 1962; Khoo and Tan 1980). 
Most of the fish sold in the country are 
caught from the surrounding seas. For 
freshwater fish, the most important 
source is the ricefield. 

The numerically most important spe
cies obtained from ricefields are the 
snakeskin gourami (Trichogaster 
pectoralis), a species introduced from 
'1ailand in the early 1920s (Song 1948). 
This herbivorous ,:pecies is now preferred 
over the two-spot gourami (T. 
trichopterus) in the ricefield ecosystem of 
Krian. The catfish (Clarias 
macrocephalus) is the third most abun
dant species in the ricefield, but is themost important species economically. It is 

essentially nocturnal and omnivorous in 
nature, feeding on benthic worms, insects, 
etc. The snakehead (Channa striata) is 
also economically important. It is a top 
level predator in the ricefield ecosystem, 
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Fig. 1. Map showing the major rice-growing areas of Peninsular Malaysia. 
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feeding mainly on other fish, frogs, tad- to promote zooplankton growth are notpoles, etc. done. Fish stocking or restocking is notSnakeskin gourami are salted and also practised. No supplemental feed issundried before being sold in the mbrket, given, fish obtain their food solely fromwhile catfish and snakehead are sold alive natural food organisms in the ricefieldssince dead ones have no market value (Tan et al. 1973). The fertility of the eco(Tan et al. 1973). Climbing perch (Anabas system depends primarily on fertilizerstestudineus) are relatively unimportant applied twice during the rice-growing seaeconomically, but important nutritionally, son. The chemical fertilizers used arebeing consumed by farming families or urea (46% N) and NPK (17.5-15.5-10.0)processed into fermented fish locally at the rate of 56 and 112 kg/ha per appliknown as pekasam. cation, respectively.The single most important rice-fish The sizes of the fields used in thefarming area in the Peninsular is the rice-fish system vary from 0.81 to 1.42 haKrian Irrigation Area of northwest Perak (Ali 1987a). A sump pond with a diameter(Fig. 1) which covers an area of 25,000 ha ranging from 6.5 to 8.0 m and 2.0 m deep(Tan et al. 1973). Thle area is the oldest is dug at the lowest elevation to functionirrigation scheme in the ccuntry, com- shelter during periods wateras of lowpleted in 1906. It has been successfully levels and high water temperatures inconverted to double cropping of rice in the ricefields, and as a catch basin duringearly 1970s and relies piimarily on two fish harvests (Fig. 2). The sump pond,main water sources, the Bukit Merah shaded by trees with its surface coveredReservoir and the Krian River. 'he Krian with water hyacinth (Eichhorniaarea is noted for its fish from ricefields. crassipes), is generally cooler and hasFish harvested from its ricefields have higher dissolved oxygen concentrationsbeen exported to Singapore, Indonesia and compared to the shallower ricefields (Ali

southern Thailand (Soong 1948; Tan et a]. 1987b).1973). Currently, the area is still the most Ricefields are prepared for planting byimportant source of ,'"eshwater fish in the spraying emergent aquatic macrophytescountry although catches have declined such as Cyperus sp., Monochoria sp. andsignificantly following the introduction of Limnocharis sp. with herbicides such asdouble cropping of rice. The rice-fish Gramoxone (paraquat-based), then manufarming systems described in this paper ally cutting and removing the dead weedsare based essentially on methods prac- with scythe (Ali 19 87a). The extremelytised in this area. soft and boggy bottoms preclude the use 
of heavy machinery.

Rice-Fish The rice planting schedule for the
Production Methods Krian area is shown in Table 1. After 

four months from the transplanting when
Rice-fish culture in the Krian area is the rice is ripe and the fields are dry, the

essentially capture fishery with very little sump ponds are drained and the fish har
management inputs. Wild fish from irriga- vested. Fish are sold to dealers who also

tion canals and sump ponds enter the provide a water pump, nets and other acflooded ricefields early in the season, are cessories needed for fish harvest. Thetrappedtil they and grownharvestedtogetherfrom with rice un-are sump ponds, however,sump ponds harvested. Small fish are notleft completelybehindare toat the end of the rice growing season provide stock for the next season. 

(Soong 1948). Field preparations such as Besides using sump ponds to harvest 
digging perimeter trenches, repairing the fish, farmers also use gourami nets to
dikes for the retention of fish (Khoo and trap the fish in ricefields, and cast andTan 1980), and applying organic fertilizers lift nets to catch fish from irrigation 



72 

Ricetield ( 0 8 1 0 ha 

inlet / 0 olt 
sump pond 

Ricefield (0 8 - 10 ha) 

inlet /outlet to 

Sump pond 160-80 Cn
2 
i / Shade lrce5 

surlace usually co;% ed) (bananas coconuls mangoes) 
wth walo thyacinlh 
(EichhorniacrasspesI 

Fig. 2. A typicai layout of a rice-ish farming system of the Krian 

Irrigation Area. 

canals. However, these harvesting tech- trast, Tan et al. (1973) reported a fish 
niques contribute only a small portion to yield of only 93.2 kg/ha in areas practis
the total fish harvest. ing double cropping of rice; and over a 

Yields obtained from Krian ricefields three-year interval, a 57.2% decline in 
have been steadily declining. Heath (1934) harvest was observed. Ali (1987a) moni
and Soong (1948) reported average yields tored fish yields in farmers' fields for 
of 532 kg/sump pond and 302-423 kg/ three consecutive four-month growing sea
sump pond, respectively. Since the aver- sons in late 1985 to early 1987 (Table 2). 
age size of ricefields connected to the These fish yields were similar from those 
sump pond is 1.15 ha, the yields per hec- obtained by Tan et al. (1973). 
tare of ricefield reported by the two re- The most abundant and dominant spe
searchers would be 461.4 and 301.6-367 cies observed by Ali (1987a) was the 
kg/ha, respectively. These yields were ob- snakeskin gourami. However, catfish and 
tained when single cropping of rice was snakehead were the more economically 
still practised and the growing season was important species (Table 2). 
6-10 months. Tan (1973) reported a yield The short rice growing season (four 
of 470.3 kg/ha. The reported fish yield months) prevented fish from reaching har
seems to indicate single cropping. In con- vest size by the end of the rice growing 
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period. This resulted in the dominance of according to Tan et al. (1973), there were
subharvestable size fish, which could probably two generations of fish in the
reach as high as 45.7% of the total sumps or ponds due to the long rice grow
biomass harvest (Table 3). Single rice ing season. 
crops would allow fish to grow for as long Farm net income per hectare per sea
as eight months before harvest. However, son obtained during the study ranged from 

US$26.05 to 40.86 (1987) (Table 2). In this 
case, the annual income from fish which

Table 1. A typical planting schedule of Krian was US$75.32, was significantly lower 
Irrigation Area. compared to the net income of US$281.65/ 

Dlays Activity ha observed by Tan et al. (1973). 

0 Field preparation
 
spraying of herbicides (Paraquat - 1.2 to
 
2.51/ha of commercially prepared concentra- Economic Significance

tion) cutting, raking and removing dead
 
weeds 
 Income from fish sales provides an 

Seeding important supplementary contribution to
20 the total annual income of farmers. InWransplanting Tan et al. 1973, fish sales contribution to 
40 total income was 6.09 and 11.80% for 

First fertilization owner and tenant farmers, respectively, in 
5.5 kg/ha of Furadan (Carbofuran) double rice cropping areas. The current 
mixed with urea (56 kg/ha) and NPK corresponding values are 6.79 and 8.98%. 
(112 kg/ha) fertilizers 	 It can be appreciated that no matter how 

60 	 low the contribution of fish makes to total 
Second fertilization income, the profit obtained from the sale 
- same as in first application of fish from ricefields is essentially a net 

80 profit since little costs are involved. Thus, 
this makes fish culture important to farm

150 Harvesting of rice ers. However, there is a need to do more 
* fields dry or beginning to dry on the relative 	contribution of rice-fish 

fish in sump ponds are harvested 	 farming to the economy of the rural rice
farmers, which at present is lacking. The 

Table 2. Fish yields obtained from the harvest of sump ponds monitored for three consecutive growing 
seasons from 1985 to 1987 (modified from Ali 1987a). 

1985 	 1986 
 1987
 
Sept.lcDC Feb-May Sept 86-Jan 87 

Fish price Yield Income Yield Income Yield Income 
Species (US$/kg)a (kg/ha) (US$/ha)a (kg/ha) (US$/ha)a (kg/ha)(US$/ha)a 

T. pectoralis 0.14 18.1 2.53 15.4 2.16 64.6 9.04
C. macrocephalus 1.01 9.5 9.60 13.1 13.23 	 16.6 16.77 
C. striata 0.51 27.3 13.92 37.4 	 19.07 29.5 15.05 

A)Marketable yields 	 54.9 26.05 65.9 34.46 110.7 40.86
 
Tita! yields 
 88.3 128.0 	 174.6 

'Original values in Malaysian dollars were converted to US$ at the rate of US$1 = M$2.57 as of 
1987.
 

http:US$281.65
http:US$75.32
http:US$26.05
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Table 3. Harvestable and subharvestable components of fish yields obtained 
from three consecutive harvests in 1985 to 1987 (modified from Ali 1987a, 
1990). 

Harvested fish 
Total fish 

yield Subharvestable Harvestable0 

Seasons (kg/ha) (kgbha) (%) (kg/ha) (%) 

1985 (Scp-Dcc) 88.3 24.0 27.2 54.9 62.2 
1986 (Feb-May) 128.0 53.5 45.7 65.9 51.5 
1987 (Sep 86-Jan 87)) 174.6 43.4 24.9 110.7 63.4 

aT. pectoralis > 14.0 cm; C. striata > 25.0 cm; C. macrocepholus > 20.0 cm. 

only exhaustive survey was conducted in 
the early 1970s (Tan et al. 1973). 

Cuk-rent Rice-Fish Farming 
Research and Development 

Although rice-fish farming has a very 
high potential in Malaysia, no research is 
currently being conducted on improving 
the prevailing culture and management 
techniques. Most studies were carried out 
in the 1940s and 1950s by Soong (1947, 
1948, 1949, 1950, 1951, 1955) and by sev-
eral researchers later in the early 1970s 
during the transition period from single to 
double rice cropping (Tan 1971; Yunus 
and Lim 1971; Moulton 1973; Tan 197?; 
Tan et al. 1973). Currently, research on 
the basic ecology of rice-fish farming is 
being conducted primarily by Ali (1987a, 
1987b, 1988, 1990) in order to formulate 
and design more effective culture tech-
niques and management strategies that 
will counteract the declining fish har-
vests. 

Prospec~s and Constraints 

With over 350,000 ha of ricefields 
available for potential rice-fish farming, 
the nro'pect for increased fish production 
using this system remains very good. In 
spite of the intensive use of herbicides 

and pesticides, rice-fish farming is still the 
most important source of freshwater fish 
in the country. Currently, there are no 
real or apparent social constraints to hold 
back the development of rice-fish farming 
systems. Manpower is not a major prob
lem since in the rural areas, farming has 
always been an activity involving every
one in the family. 

A preliminary survey conducted in the 
Krian area indicated that all the ricefield
sump pond systems are still producing 
fish, albeit at a lower level. The major 
factors affecting production are the short 
growing season for fish due to double 
cropping of rice and intensive use of her
bicides and pesticides in the ricefields. 
Pesticides such as Thiodan, Malathion, 
Furadan and paraquat-based herbicides 
are commonly used (Tan et al. 1973). 
There is, however, a growing awareness 
among farmers on the adverse effects of 
pesticides on both fish populations and 
the ecological balance of the ricefields 
(Khoo and Tan 1980). Thus, the emphasis 
now is towards using less amount of 
harmful pesticides in the ricefields. 

The other constraint on the expansion 
of rice-fish farming in Malaysia is the 
lack of research and development on im
proving the culture and management 
techniques currently being used. Tech
niques employed in the early 1930s and 
1940s have remained unchanged. Thus, 
more research in the area of culture tech
niques and management strategies is 
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Abstract 

Rice-fish culture in the Philippines was adopted as a nationdl program for pilot implementntion starting
1979. Tie maximum total area covered under the program was 1,397 ha achieved in 1982 with an approximate
total fish production of 243 t. The concurrent system in ricefields with a center or peripheral trench was com
monly practised by farmers with tilapia (Orcochromisniloticus) and common carp (Cyprinuscarpio) as the pro
ferred species. The intensive use of pesticides and the small fish at harvest due to the short duration of fish
culture period were identified as some of the technical constraints which hamper the development of rice-fish 
farming 'n the country. Other factors were socioeconomic and manageraent-related in nature. 

There is a bright future for rice-fish farming develop.aent in the Philippines due to the vast area of poten
tial resources which can be exploited using the available production systems. There is also a renewal of interest 
and increased awareness of the benefi.s that can be derived out of this system. Research is likewise underway,
with the involvement of several government and non-gove,.,ment research institutions, fer the development of al
ternative and modified systems which are expected to solve nost of the problems associated with !oncurrent rice
fish culture. 

Introduction Rice-fish culture has not been given 
i..I'h attention in the past because of 

In the Philippines, fish culture in lack of a workable technology that f-rn
ricefields is no, a unique practice. How- ers could easily adopt. On tne other hand, 
ever, the scientilic integration cf agricul- rice-fish culture itself might have been re
ture and aquaculture farming systems has garded as a pv,'r investment for possible 
a short history since the cultivation of research (Cainpos 1985). For instance,
rire with other crops and livestock has Manacop (1960) proposed a research and 
always taken precedence over the produc- d'evelopment program to the International 
tion of aquatic products (dela Cruz Rice Research Institute (IRRI) in 1960,
1980a). but this was not implemented. It was only 
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in 1974 that the corcept of rice-fish cul-
ture technology began to be transformed 
into an operational reality when research-
ers at the newly established Freshwater 
Aquaculture Center (FAC) of the Central 
Llizoa State University (CLSU) conducted 
an exploratory trial in culturing fish with 
rice (Anon. 1974). Having discovered its 
potentials, FAC undertook an extensive 
research and development prog'ram on 
rice-fish culture directed at developing an 
appropriate low-cost technnlogy for fish 
production in rice farms. The ultimate ob-
jective was to increase the availability of' 
animal protein supply and thereby im-
prove the nutrition of the people in inland 
areas (Arce and dela Cruz 1978). Hence-
forth, successive tr::;.ls and experiments 
have resulted in tihe generation of a rice-
fish culture technology package. 

Past piid Present Status of 
Rice Fish Farming Systems 

Description of Prevailing Rice-
Fish ProductionSystems 

Recognizing the potentials of the tech-
nology in the socioeconomic upliftment of 
ruraifarmers, the Departn.-it of Agricul-
ture (DA) launched in May 1979 the Na-
tional Rice-Fish Culture Program locally 
known as Palay-lsdaan,covering 931 ha 
in 41 selected provitices in the 12 regions 
of the country. The program aimed to in-
crease the income of rice farmers and to 
improve their nutritional status providing 
proteir. through the fish produced in their 
ricefield& (Arvalo 1J87). 

Farmers pa-ti pting in the progr.'n 
adopted the technology for concurrent
rice-fish culture as recommended by the 
FA(3. The ricefield was modf.L d by con-
struting a center trench running length-
wise with the dikes made slightly higher 
and wider than in rice monoculture (Figs. 
la and b). A screened gate was provided 
on the dike to prevent entry of wild fish 
and escape of stocked fish. The fish spe-
cies used were the Nile tilapia 

(Oreochromis niloticus) or common carp 
(Cyprinus carpio). Their stocking rates in 
monoculture and polyculture ',ystems in 
rice-fish culture and other details of the 
technology are shown in Tables 1 and 2, 
respectively. 

Data from the DA revealed a general
downward trend in total area and produc
tivity of rice-fish culture from 1982. Its 
area during the initial six months of ir
plementation was 193 ha, only about 19% 
of Lhe original target area, hitting a peak
in 1982 at 1,397 ha (Table 3). Very lim
ited data and information are available on 
the extent of rice-fish culture practices
outside of the national pilot implementa
tion program. In a survey ,' 53 farms in 
Central and Southern Luzon conducted by 
Tagarino (1985), the average area of rice
fish fields was 0.59 ha, representing about 
21% of the total farm area of an average 
farmer. Concurrent rice-fish culture was 
adopted, although the majority of the 
farmers did not follow the recommendedpractices. About 60% of the farmers 
adopted the peripheral trench design. The 
aquatic plant Colocasia sp. was grown on 
the sides of the dikes, while other vegetables or crops were planted on the top 
(Fig. 2). 

The Nile tilapia and common carp 
were grown either singly or in combina
tion at stocking densities of 5,500-9,500/ 
ha. Although farmers used the high-yield
ing IRRI rice varieties, they did not apply 
the required kind and amount of fertiliz
ers. Occasionally, supplemental feeds,
mainly rice bran, were given. Fish har
vest was generally done prior to the rice 
harvest. The average rice anti fish pro
duction we:'e 4,825 kg/ha and 232 kg/ha, 

-

respectivety.Whiie the trench-type of ricefield facil
ity is generally adopted by rice-fish farm
ers in most parts of the country, a uniquesystem is being practised in the rice ter
raes of the Cordillera mountain ranges 
in Northern Luzon. These terraced rice 
lands which are spread over the provinces 
of ifugao, Kalinga-Apayao, Mt. Province 
and Benguet involve 120,000 farm 

http:tr::;.ls
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Fig. I a. Cross-section of a ricefield, dike and trench. (Source: dela Cruz 1980a).
b. Location of trench for a ricefield measuring 10 x 20 m. Scale 1:280. (Source: 
dela Cruz 1980a). 

TabIL 1. Recommended fish species and stocking densities in rice-fish culture. (Sources: dela 
Cruz and Lopez 1980; FAC 1985). 

Stocking
Fish culture F ice-fish rate Stocking
system Species culture system (fish/ha) size (g) 

Monoculture 0. niloticus concurrent 5,000 15-25 

rotational 10,000 

C. carpio concurrent 3,000 5-10 

Polyculture 0. niloticus + 3,000 15-25 
C. corpio concurrent 2,000 5-10 

0. niloticus + 10,000 15-25 
C. carpio rotational 5,000 5-10 
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Table 2. Recommended technical package for concurrent rice-fish culture. (Source: FAC 1985). 

1. Technical inputs 	 11. Schedule of production activitiesa 

Kind 	 Recommended quality, quantity Culture 
and procedure of application day Activity 

Rice IRRI HYV to be transplanted t 0 seedbed preparation 
seeds a distance of 20 x 20 cm I soak rice seeds 

between hills 3 broadcast germinated seed, 
on seedbed 

5 treat growing seedlings %ith 
recommended insecticides 

Fish 	 Monoculture: 0. niloticus - 5,000 10-4 land preparation - plowing, 
species 	 harrowing, clearing, 

C. carpio - 3,000 improving dikes, trenching 
Polyculture: C. niloticus + 3,000 basal fertilization and 

C. carpio -2,000 	 pesticide application 

Inor-	 Urea (46-0--0): 75 kg/ha PA pull rice seedlings 
ganic 	 Ammonium phosphate (16-20-0): 25 transplanting 
fertil- 150 kg/ha basal and top dressing 28-29 irrigate ricefields, 
izer applications 3-5 cm deep 

29 apply recommended herbicide 
32 fish stocking, raise water level 

to 7-10 cm deep 

Pesti- Furadan (1-3 bags/ha) 
cides 2-4-D IPE 75 reduce water depth to 5 cm, 
and Broadcast prior to transplanting apply fertilizer top dressing 
herbi- Other insecticides (0.01% cone.) 76-95 increase water depth 
cides Drain ricefield until fish are to 10-15 cm deep 

collected in the trench 96-124 increase water depth 
before spraying 	 to 20 cm deep 

125-130 drain ricefleids and harvest fish 
131-135 harvest rice crop 

aMay vary depending on the rice variety. 

Table 3. Total area and production levels of the National Rice-Fish Culture Program, 1979
86. (Source: Arevalo 1987). 

Total area Average area Production/ha 
Year (ha) No. of farms per farm (ha) Rice (kg) Fish (kg) 

1979 (May-Oct) 193 428 0.45 4,965 115 
1980 249 446 0.56 5,150 208 
1981 497 1,141 0.44 5,015 155 
1982 1,397 2,284 0.61 5,010 174 
1983 759 1,237 0.61 4,450 164 
1984 424 932 0.45 3,900 152 
1985 607 1,177 0.52 4,300 119 
1986 185 550 0.34 3,850 A.0 
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Fig. 2. Cross-section of a typical rice-fish field with pelipheral trench showing areas planted to 
various crops. 

households with average landholdings 
ranging from 0.15 to 0.25 ha (NFAC 
1984). Most farmers have a single tradi
tional late-maturing (about five to six 
months) mountain rice variety which does 
not require pesticides. However, rice pro
duction is low with average yields of only
2.5-3.0 t'ha (NFAC 1984). 

The most popular fish grown is a cold 
water fish known as cyprinid loach or 
Oriental weather fish (Misgurnus
anguillicaudatus),locally known as dojo,
panispis, yoyo or u-u believed to have 
been introduced by the Japanese in World 
War II (Bocek 1982). There is no deliber-
ate stocking of the fish. They enter into 
the ricefields through irrigation water 
supplied by streams or surface runoff. To 
facilitate harvesting, pits (pukungan)
measuring 1-2 m wide and 1-2 m deep 
are constructed at the center of the 
ricefield. Farmers also catch the fish with 
the use of bottle-shaped traps known as 
bubo. A traditional catch ranges from 1 to 

'..g in ricefields with areas ranging
from 180 to 700 m2 (Cagauan 1987). 

The culture of other species was intro-
duced in the rice terraces, notably com-
Taon carp and Nile tilapia. Bocek (1982)
reported that stocking the ricefields with 
carp at 200/ha with a mean culture pe-
riod of 147 days and no supplemental 
feeding, produced 129 kg/ha/year; while 
stocking with Nile tilapia at 8 fry/m 2 or 

80,000'ha yielded fish averaging 250 g 
each. 

Status of Rice-Fish 
Research and Development 

Research on rice-fish farming system
is mainly undertaken at the FAC (Table
4). Established in 1973 as the lead na
tional agency for freshwater aquaculture 
research, one of its major functions is to 
develop low-cost technologies appropriate 
for rural development. 

Among the initial experiments was an 
exploratory trial on rice-fish culture con
ducted about 14 years ago. Between 1974 
and 1987, a total of 74 experiments were 
completed covering various research areas 
(FAC 1974-1984; CLARC 1985-1987). In 
these studies which mainly used high
yielding IR varieties, Nile tilapia and 
commn Rar ere n il e t e andcommon carp were found to be the most

suitable for culture in ricefields, either in 

monoculture or in polyculture. Under the 
concurrent system, stocking densities of 
3,000/ha for cummon carp and 5,000/ha 
fo, Nile tilapia were found appropriate for 
monoculture without supplemental feed
ing. Polyculture of common carp and Nile 
tilapia at a stocking rate of 2,000 and 
4,000/ha, respectively, gave the highest 
yields. Fish production ranged from 78 to 
303 kg/ha. 
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Fig. 3. Research areas for the development of improved rice-fish systems. 
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Table 4. Completed research on rice-fish culture at the 

Freshwater Aquaculture Center. (Sources: FAC 1974-1984; tilapia 
CLARC 1985-1987). 

Research area 

Trench design and evaluation 

Variety/Species trials 
Rice 
Fish 

Paddy field carrying capacity 

Fertilization and feeding studies 

Culture', Wanagement systems evaluation 
Ricr. 
Fish 

Studies on pesticides 

Alternative and modified systerrs 
Rotational system 
Organic and azolla fertilization 
Rice-pig-fish combination 

Economic analysis 

Total 

noculture system was found most suit
_- able; while for polyculture, a combina-

Number tion of 5,000/ha (7. carpio and 10,000/ha 

4 	 tilapia appeared most promising. Fish 
yields ranged from 390 to 629 kg/ha. 

In both concurrent and rotatioral 
10 systems, yields of IR rice varieties 
6 rapred from 3.3 to 6.3 tlha. Case stud

6 ies of some of these systems and re
views of the rice-firh culture technology 

10 development were prepared by dela 

Cruz 	(1980a). 
4 Cur:ent research efforts on rice-fish 
6 farming systems are geared mainly 

towards the development of modified, 
10 improved or alterna'ive management 

systems for the traditional and more es
8 tablished concurrent r-ce-fish culture. 
2 Fig. 3 presents the different research 
4 areas for the development of improved 
4 techniques and systems under the rice

fish culture systems research program 
:4 of FAC. 



83 
Modified Agronomic tute for inorganic fertilizer. Fish inand Alternative Practices for manured ricefields grew at 0.68 g/dayRice-Fish Culture which was higher than in chemically for

tilic.rd riv'&fields at 0.22 g/day. Rice yields
Substantial research is being done on were ,so comparable with those using inalternative cultural and management organic fertilizer.

practices for rice as they affect fish in a Although research is still preliminary
concurrent rice-fish culture, in nature, the results appear promising. 

More trials are being undertaken which 
also include the use of cattle manure andUSE OF ORGANIC the testing of various rice planting dis-FERTI LIZERS tances and patterns. 

Cagauan and Nerona (1986) evaluated
 
azolla as a biofertilizer in rice-fish culture APPROPRIATE CROPPING PAlTERN FOR

system using Nile tilapia. Results showed ROTATIONAL RICE-FISH SYSTEM
 
that fresh azolla incorporated in the soil 
at the rate of 2-5 t/ha during land prepa- This system is alternative to the conration (about seven days before trans- current rice-fish culture system which replanting), is comparable to 50 kg/ha urea duces the pesticide hazard. The scheme(46-0-0) and 100 kg/ha ammonium phos- involves the culture of rice and fish ir, thephate (16-20-0) of inorganic fertilizers, same ricefield alternately or at different
Greater fish and rice yields were obtained times. Several advantages of this systemapplying azolla at the same rate plus half have been reported by dela Cruz and
the fertilization rates of inorganic fertiliz- Lopez (1980).
ers. This implies that fertilizer expenses In a study comparing different rotacan be reduced by partial substitution of tional patterns, tilapia production in fishinorganic fertilizers since the farmer can fields (ricefields utilized as fishponds) pre
grow his own azolla. viously planted to rice ranged from 406 to

Mang-urnphan (1987) compared or- 527 kg/ha in four months at 10,000/ha
ganic fertilizer applied basally at the rate stocking density (Sevilleja and Lopezof 35() kg/ha with inorganic fertilizers ap- 1986). Fish production in a concurrentplied at 60.9 kg/na urea, 200 kg/ha am- system stocked at 5,000/ha ranged frommonium phosphate and 75 kg/ha muriate 98 112 kgiha.to Results also indicated
of potash (0-0-60). Results showed that that the cropping rotatien must include atfish production in ricefields with 100% or- least one rice crop to be economically at
ganic fertilizer were higher by about 25% tractive. 
compared to yields from ricefields with 
only inorganic fertilizers. However, there 
was a slight reduction in rice production. Research Programs and Projects

A rice-fish-pig integration was evalu
ated to test the substitutability of pig Research on rice-fish culture received manure to iorganic fertilization (Sevilleja a big boost with technical assistance pro
et al. 1985). Pig pens were constructed vided by the Asian Development Bank
alongside the rice-fish fields so that pig (ADB). The 2.5-year project which commanure is gathered in a settling or col- menced late 1987 is being implemented bylecting pond underncath the pigpens the International Center for Living
where irrigation water passed. Results Aquatic Resources Management
showed that pig manure can be a substi- (ICLARM) with CLS7J and IRRI as 

http:tilic.rd
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cooperating institutions. In the Philip-
pines, he FAC is designated to carry out 
the on-station experiments of the project. 

The increasing involvement in rice- 
fish culture research by other agencies, 
notably the DA, is indeed a welcome de- 
velopment. The DA's Regional Integrated 
Agricultural Research System (RIARS) in 
Central Luzon has started on-farm re-
search in rice-fish culture, focusing on va-
riety trials and fertilizer studies. The DA-
IRRI Prosperity Through Pice Project is 
looking into rice-fish culture as a means 
of increasing farm incomes, 

Likewise, the DA through its defunct 
National Food and Agricultural Council 
(NFAC), also launched the Save Our Ter-
races Program (STP) which included a 
rice-fish farming system component 
(NFAC 1984). The Banaue Area Develop-
ment Center (BADC) was established in 
Banaue, Ifugao Province, as the seat of 
on-farm experimentation on technology 
verification. The general objectives of the 
STP are to increase the farm productivity 
and incomes of rice terrace farmers and 
to improve the nutritional conditions and 
status of the population. Trials are cur
rently underway at the BADC following 
lowland rice-fish culture recommendations 
(Cagauan 1987; Arce 1988). 

Economic Significance 

Rice-fish culture is considered as an 
ideal method of land use since the land is 
utilized for the production of both ri-e 
and fish (Coche 1967). Viewed from a 
broader perspective, the system allows 
farmers to diversify their production and 
enables them to fully utilize farm labor, 
especially during the periods of low labor 
demand and off-season. Thus, the system 
results in the maximum utilization of 
farm resources. 

Information on the economics of rice-
fish culture is scarce. Perhaps this is 
largely because fish culture in ricefields is 

still largely a small-scale, backyard type 
of operation where the produce, especially 
fish, is mainly consumed by the farm 
household. About 80% of the total fish 
production in ricefields is consumed by 
the farm family (Tagarino 1985). 

However, the available information 
shows that rice-fish culture is a profitable 
enterprise. Table 5 shows that the net re
turns from rice-fish culture is higher by 
about 27%, compared to rice monoculture 
(Arevalo 1987). Although expenses are 
higher in rice-fish culture resulting from 
more labor expenses and fingerling costs, 
this is more than compensated by the in
come from fish. Tagarino (1985) also 
showed that concurrent rice-fish culture is 
profitable. 

Case studies have shown that profits 
are higher on concurrent and rotational 
rice-fish systems than rice monoculture 
(dela Cruz 1980a; Sevilleja and Lopez 
1986). In Torres and Sevilleja (1983), 
among four freshwater fish production 
systems, rice-fish culture obtained the 
highest rate of return (2.55) and capital 
productivity (3.55). 

Prospects andi Constraints 

Resource Potentials 
and Prospects 
for Rice-Fish Farming 

The Philippines is basically a rice-pro
ducing country where majority of the 
farmers depend on rice production for 
their livelihood. Likewise, Filipinos are 
generally rice- and fish-eating people. 

In 1985, the national total rice area 
was around 3.24 million ha, about 558,943 
ha we!-e irrigated under the direct super
vision of the N,-tional Irrigatioo' Adminis
tration (NIA). Outside these areas, about 
650,000 of ricefields are irrigated by 
farmer-managed communal irrigation sys
tems and are under pump irrigation 
(NEDA 1985; NIA 1985). 
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Table 5. Comparative costs and returns per hectare per crop of rice monoculture
and concurrent rice-fish culture under the 1986 National Rice-Fish Culture Program
(modified after Arevalo 1987). 

Value/Cost (US$/ha) a 

Item 

Gross returns 

Rice 

Fish 


Costs 
Variable 

Laborb 
Seeds 
Fertilizer 
Chemicals 
Fingerlings 
Screens, plastic bags 

Fixed 
Interest on loan 
Land amortization 
Irrigation fee 
Othersc 

Net returns 

Price per unit 
(US$) 

0.1 8/g 
0.90/kg 

0.30/kg 

0.01/pc 

Rice monoculture 

700 
700 

-

469.35 
389.85 
244.25 
15.00 
57.50 
73.10 

-

79.50 
11.25 
29.00 
21.85 
17.40 

230.65 

Rice-fish 

799.75 
673.75 
126.00 

505.6 
426.10 
248.30 

13.50 
57.50 
66.20 
37.50 

3.10 
79.50 
11.25 
29.00 
21.85 
17.40 

294.15 

aOriginal values in Philippine Pesos were converted to US$ at the rate of US$1 = 
Pesos 20.00 as of 1987.
bIncludes in kind payment for harvesting and threshing.
clncludes Samahang Noyon (Farmers' Association) contributions, land tax and crop 
insurance. 

Rice production in the e ,untry is con-
centrated in Regions II, III and VI which 
accounts for more than 50% of the coun-
try's production. These regions have the 
most extensive irrigated areas. The larg-
est irrigation systems are found in Re-
gions II (Magat River) and III (Upper 
Pampanga River Integ'ated Irrigation 
System). Cagayan Valley (Region II) is 
largely a landlocked area, while a great 
portion of Central Luzon (Region III) is 
inland. If fish supply in these is toareas 
be increased, then substantial increases in 
fish production from inland resources 
should be made. Irrigated ricefields pro-
vide great potentials for fish culture. For 
example, if 10% of the totsl irrigated 
ricefields of about 1.2 million ha is de-
voted for rice-fish culture, an additional 

fish production of 24,000 t would be avail
able at an estimated average yield of 200 
kg/ha. This would mean an increase of 
about 4.3% over the 1987 fish production 
from the aquaculture of 560,970 t. This 
increase would be much more significant 
in landlocked rice-producing but fish-defi
cient areas where the technology is envi
sioned to be adopted. 

The rice terraces, also in Region II, 
cover an area of approximately 30,000 ha. 
No one knows the extent of rice-fish cul
ture in these areas. In 1987, only 25.5 ha 
were documented as devoted to rice-fish 
culture in the province of Ifugao (BADC 
1987). A sizeable portion of the rice ter
races maintains their natural grandeur 
with continuous irrigation by rivers and 
streams. In general, however, the terraces 
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are faced with the problem of possible de-
struction due to underutilization and 
abandonment (NFAC 1984). Rice-fish cul-
ture is a potentially beneficial technology 
for the rice terraces. However, farmers 
should first be liberated from their bond-
age of traditional rice culture practices. 

Constraints to Development 

Several authors have presented excel-
lent reviews on tile subject of rice-fish 
culture (Hora and Pillay 1962; Khou and 
Tan 1980; Temprosa and Shehadeh 1980). 
All demonstrate the bright economic 
potentials of rice-fish culture. However, in 
spite of its technical and economic feasi-
bility, the technology has not been widely 
adopted. The constraints that hamper t1 
development of rice-fish culture are tech-
nical, socioeconomic and management-re-
lated in nature. Moreover, there are other 
reasons for the decline and for the failure 
of expansion programs which are complex 
and difficult to define (Pullin 1985). 

Farmer acceptance of the technology 
has been hampered by some built-in tech-
nical constraints within the system itself 
The combined culture of rice and fish 
faces the problem of intensive use of pes- 
ticides, generally recognized as necessary, 
especially with the use of high-yielding 
rice varieties. Although some advances 
had been achieved on selecting the kind 
of chemicals that are safe for use in rice-
fish culture and their proper application 
methods and dosages (Arce and dela Cruz 
1978; Heinrichs et al. 1988), still some 
farmers indiscriminately use pesticides 
resulting in irreversible damage to fish 
and humans as well. 

One general criticism of the system is 
the relatively small fish at harvest espe-
cially in concurrent rice-fish culture be-
cause of the short fish culture period. 
This problem is further aggravated by the 
concept of multiple cropping in rice culti-
vation, which leaves little time for fish 

culture because of the shorter duration of 
water in ricefields. Water use is critical, 
especially in the concurrent system. 
Adopting the system may complicate rice 
culture management practices. 

Another reason is tile lack of under
standing of the technology by farmers 
who have not fully appreciated its eco
nomic benefits. Farmers generally con
sider that raising fish in ricefields re
quires additional expenses for fingerlings 
and the construction of bigger dikes and 
trenches. Moreover, expenditures on sup
plemental feeds can be considerable if 
farmers aim for higher fish production. 
These additional cash outlays may corn
pound their financial problems. 

Many farmers also lack motivation or 
Find it difficult to change work and social 
habits in order to grow fish with the more 
important rice crop. Marketing can also 
be a problem. Freshwater fish must be 
sold live or fresh to command a high 
price. In coastal areas, the market price 
of freshwater fish can be discouragingly 
low because consumers prefer marine fish. 

Farmers complain of the lack of 
fingerling supply. Although there have 
been considerable development and im
provement in the tilapia hatchery indus
try because of the high rates of return 
(Yater and Smith 1985), the problem may 
not be availability, but the timing and 
accessibility to seed sources. 

Expansion of rice-fish culture should 
be a logical eventuality considering the 
farmers' very limited farm size and low 
production levels. The limited adoption of 
rice-fish culture in the rice terraces of the 
Cordilleras is attributed to the lack of 
proven technology packages highlighting 
the farming systems production approach 
to intensify and maximize land utilization; 
inadequate adaptable rice production tech
nology; shortage of trained extensionists; 
limited accessibility into many areas; and 
limited availability of desired fish species 
(Ramsey 1983; NFAC 1984). 
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Research Thrusts/Aeeds and Research areas are on impact assessment,Methodologies Preferred optimum resource allocation, substitution 

and complementarity among commodities,Rice-fish farming systems remain a full employment and labor resources andwide open field for multidisciplinary re- social desirability of the technology.
search in the Philippines involving Technologies must be verified bothagronomists, agricultural economists and under different environmental conditionsother social scientists. Although substan- and in farmers' fields. Together with techtial research have been underway, numer- nology packaging, costs and returns ous constraints need to be resolved to ac- should be documented and disseminated. 
celerate the diffusion of the technology to 
farmers. Several authors have identified 
general research needs in rice-fish farm- Rice-Fish Farming

ing (dela Cruz 1980b; Furtado 1980), Development Strategy

which to date remain basically the same.
 
However, in the light of the increasing More institutional support is necesrecognition of aquaculture as an saryintegral to accelerate tile adoption of thepart of a farming systems approach to ag- technology. Better liaison between rericultural development, there is a need to searchers and farmers can be establishedreorient research thrusts to focus on both with more appropriate extension apthe agronomic and fish culture aspects of proaches and systems validation. The govrice-fish culture. ernment should consider policies and pro-

Improvement and refinement of the grams in support of rice-fish culture suchtechniques for rice-fish culture, for both as subsidies, incentives, access to credit
the concurrent and rottional systems, and infrastructural support. These pointsremain a major research ,irust for the have long been the recommendations offuture. Specifically, more information the National Rice-Fish Coordinating Coinshould be generated in the role played by mittee, but have not been fully imple
the rice agronomy in relation to fish cul- mented.
 
ture in ricefields. Consequently, under-
 The farmers, who are the ultimatestanding the agronomic and aquaculture beneficiaries, should be educated more oninteractions may result in the develop- the nature and significance of the techment of modified, improved or alternative nology. There is therefore a need for arice-fish farming systems. Some relevant more vigorous information dissemination 
research areas include the use of' appro- campaign.

priate fish species as biological control of
 
weeds and insect pests and the use of or
ganic manures and pesticides and their Conclusions 
attendant biological and economic implica
tions. 

In 
The future outlook of rice-fish fa "mingthe Philippines, tilapia is the pri- systems in the Philippines is definitely

mary species grown in ricefields. Genetic bright. Despite some setbacks in the pastimprovement of the Fish is ongoing as a which have hampered the development ofnational top priority research program, the technology, very recent and currentEvaluation should include testing tilapia developments show a renewal of interest
in ricefields. A range of other Fish species and increasing awareness of the benefits
should also be developed. from rice-fish culture.
 

More research on the socioeconomics 
 Farmers are slowly laying aside someof rice-fish farming systems are needed, of their indifferences towards the 
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technology. There is sufficient justification 
to be optimistic that in due time, rice-fish 

culture will play a major role in the so-
cial and economic upliftment of a majority 
of Filipino rice farmers. 
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Abstract 

Fish are produced in ricefield capture and culture fisheries in Thmiland. Annual production from r.efieldcapture fisheries is about 75,000 t valued at US$75 millioi,. These fisheries may be in jeopardy due to agriculturepollution and large-scale water management developments which reduce the entry of wild fish to ricefields.Ricefield culture fisheries account for less than 0.05% of the country's 8.9 million-ha lice lands. The integration of rice and fish is increasing despite setbacks related to the introduction of high-yielding varieties of riveand use of pesticides. About 3,000 farms arc engaged in rice-fish farming. Annual rice production is 3,000 t,while fish production ranges from 30 to 9(10 kg/ha and in some cases, 1,875 kg/ha. The potential is vast for theexpansion of rice-fish fairming through improved production techniques and new production systems.The cultivation of rice and fish makes good use of agricultural lands, produces fish for home consumption,increases rice yields and generates additional income from fish sales. Increasing the benefits of rice-fish falrmingwithin the context of integrated rural development is proposed. This could be done by instituting a Departmentof Fisheries program on rice-fish farming involving coordination with other agencies and the development of
appropriate technical services. 

Introduction grounds by water projects. Mitigating 
such losses in the interest of supportingRicefield capture fisheries relies on rural development could he achieved

natural fish seeding. Its contribution to through improving management tech
rural welfare is ensured so long as the niques in ricefiel fisheries.
integrity of wild fish populations is main- Integrated rice-fish farming has beentained. Current concerns in this regard practised in Thailand for perhaps moreinclude the decimation of stocks by agri- than 200 years (Pongsuwana 1962). Ea, ly
cultural and industrial pollutants and the applications, largely localized in theprevention of fish migration to spawning Northeast, were apparently simple and 
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dependent upon capturing wild fish for 1950s, fish yields ranged from 137 to 304 
stocking into ricefiells. During and after kg/ha/crop, while rice yields were in
the World War II, the Department of creased by 25 to 30% in ricc-fish fields in 
Fisheries (DOF) promoted rice-fish farm- the Central Plains (Pongsuwana 1962). 
ing by providing seed fish and extending However, in the I970s, the conse
technologies. Ricefield fisheries prolifer- quences of introducing to Thailand high
ated in the Central Plains (Fig. 1). In the yielding varieties (HYV) of rice resulted to 
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a near collapse of rice-fish farming in the ticular focus on rice-fish farming within 
Central Plains. Relying on heavy pesticide the context of rural development.
applications to achieve the target produc
tion, the use of HYV resulted in environ
ments toxic to fish. Farmers either sepa- Status of Rice Production 
rated their rice and fish operations or and Rice-Fish Farming 
stopped growing fish. Moreover, the 
DOF's Center for Rice-Fish Farming Re
search in Chainat established in 1968 to 
develop appropriate technologies, was The resource base for rice-fish farmingclosed in 1974.Threorebsforc-ihfamn 

sebaesiicens f. in Thailand are the ricefields and the riceDespite these setbacks,varieties grown. About 8.9 million ha is 
ing was not discontinued. In recent years, under rice cultivation, approximately 19% 
it has recovered especially in the Central u n ie ivated About 19tPlains, North and Northeast Regions. is potentially irrigated. About 5.6% of the
This revitalization was due to the: 1) rice land is double cropped, one crop isgrown in the wet season and the other, inmore discriminate use of HYV; 2) emer- the dry eason with irrigation. The distr
gence of rice pesticides which, if properly bution by provinces and fisheries zones is 
applied, were not toxic to fish; 3) in- shown in Table 1. 
creased capability of the DOF to deliver The type and variety of rice grown
supporting technical services; 4) verifica- determines the culture period, water re
tion of the economic viability of somc rice- gime in the field and the quality of water 
fish farming practices; 5) growing percep- as influenced by fertilizers and pesticides.
tion of the economic henefits of rice-fish Ricefield capture fisheries operate in the 
farming; and 6) promotion of rice-fish in environment predicated by rice. Rice-fish 
special projects assising disadvantaged farming, however, involves measures for 

This paper examines the potential of improving fish production by modifyingThicesedfishereinesi th alp- the environment without affecting ricericefield fisheries in Thailand with a par- productivity. 

Table 1. Rice area, production and yield by Fisheries Command Zone (FCZ) and Region, 1982-83. 

(Source: Department of Agricultural Extension, Bangkok, Thailand). 

Total Double cropped 

Area Production Yield Area Production Yield 
Region ('000 ha) (I0 t) (kg/ha) (000 ha) ('000 t) (kg/ha) 

Central 1,961 4,090 2,082 506 1,756 3,468 
FCZ 1 865 1 ,822 2,107 264 891 3,367 
FCZ 2 477 1,060 2,222 185 695 3,752 
FCZ 3 622 1,207 1,940 57 171 3,k,iO 

North 2,112 4,578 2,1A7 66 201 3,019 
FCZ 4 1,430 2,34 1,842 32 118 3,678 
FCZ 5 682 1.944 2.849 34 83 2,409 

Northeast 4,258 4,942 1,161 35 79 2,270 
FCZ 6 1,965 2,002 1,018 10 22 2,294 
MCZ7 1,355 1,777 1,311 17 41 2,372 
PC 8 938 1,163 1,240 8 16 2,025 

South 654 1,135 1,735 26 66 2,568 
FCZ 9 538 946 1,760 25 60 2,557 
FCZ 10 116 189 1,625 0.2 0.8 4,000 

Thailand 8,987 14,744 1,610 633 2,101 6,318 

lTotals may not tally due to rounding off. 
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Rice Cultivation country. Some are hybrids of native vari
eties which are photoperiod sensitive and 

GENERAL AGRONOMY have a definite harvesting date. Others,
referred to as RD varieties in Thailand, 

Thailand grows three types of rice: are crosses between native and HYV de
lowland, deepwater and upland, with low- veloped by the International Rice Re

land rice accounting for more than 95%. se d byst e Iri Rie Re-

Rice varieties, including glutinous and search Institute (IRRI). They are mostly 

non-glutinous, have been developed for photope-iod insensitive and can be grown 
any time provided water is available (Tadifferent soil types and climates of the ble 2). 

Table 2. Agronomic characteristics of common rice varieties in Thailand. (Source: 
Department c'f Agricultural Extension, Bangkok, Thailand. 

Optimum Culture 
water depth period Harvest 

Rice varieties Kinda (i) (days) time 

Photo insensitive
 
RD 1, 2, 3, 21, 23 NG 0.1--0.15 120-130
 
RD 4, 10 G 0.2-0.3 127-130
 
RD 5, 11 NG 0.1-0.15 135-140
 
RD 7 NG 0.5 120-130
 
RD 9 NG 0.1-0.15 115-125
 
RD 25 NG 0.1-0.15 100
 
RD 17 (Floating) NG 1.0 140 

Photo sensitive 
Central Region 

88, S-4 NG 0.1-0.15 130-150 21-26 Nov 
148, RD 27 NG 0.1-0.15 1.;0-150 3-10 Dec 
123, 17 NG 0.1-0.15 130-150 19-20 Dec 

North Region 
62M, RD 6, NS G 0.2-0.3 130-150 20-26 Nov 
105, 148 NG 0.2-0.3 130-150 25 Nov 

Northeast Region 
HY-71, RD 6, RD 8, ND G 0.2-0.4 130-150 Nov 
NSG-19, RD 15, KDM-105 NG 0.2-0.4 130-150 Nov 
KPM-148, KTH-17 G 0.2-0.4 130-150 Nov 

South Region 
PR-2, NP-132, RD 13 NG 0.2-0.3 130-150 Feb 

Floating Rice 
NC G 1.0 200-240 30 Nov 
T-161, PG-56, P.D-19 NG 0,5-1.0 200-240 Dec 

Upland 10ce 
SM G 0.15-0.20 130--150 15 Oct 
GML NG 0.15-0.20 130-150 Nov/Dec 

aNG = nonglutinous; G = glutinous. 

http:0.15-0.20
http:0.15-0.20
http:0.1-0.15
http:0.1-0.15
http:0.1-0.15
http:0.1-0.15
http:0.1-0.15
http:0.1-0.15
http:0.1--0.15


95 

The RD varieties are shorter and re- fields as possible to ensure water against 
quire less growing time and water depth insufficient rainfall. Consequently, bund 
than native varieties. Moreover, they are heights are often 30 cm or more. Crop
dependent upon relatively heavy applica- duration of the first rice crop ranges from 
tions of fertilizers and pesticides, and are 130 to 150 days. The growing period of 
seriously affected by water depths exceed- rainfed rice and fish is shown in Fig. 2. 
ing 30 cm which often occur during rainy If a second crop of RD varieties is 
season. The RD varieties perform best in grown under irrigation, qrowing time may
the dry season with irrigation. Although range from 100 to 140 days; February 
the productivity of RD varieties is higher through July in the Central, North and 
(50% or more) than native varieties, grain Northeast Regions; and April through
quality is poorer. September in the South. 

In growing rainfed lowland rice, farm- Deepwater rice, including floating and 
ers tend to hold as much water in the tall varieties, are grown in extensively 
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Fig. 2. Growth duration of rice and associated fish crops by type of rice and 
regions. 
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flooded swampy terrain. There are about 
700,000 ha of deepwater rice in Thailand, 
mostly around the Chao Phraya River be
tween Bangkok and Chainat and some 
further North around the Yom River (Fig. 
1). Floating rice varieties are grown in 
areas where water depths is greater than 
1.0 m, while tall varieties with limited 
elongation ability are grown where water 
depths range from 0.5 to 1.0 m. With few 
exceptions, individual fields are not 
bunded and territory is designated by 
simple fences or reference markers. The 
growing period is about eight months and 
applications of fertilizers and pesticides 
are generally low. Crops are adversely af-
fected by drought every two to three 
years. Average yield is 1-2 tlha, but is 
lower in some southern parts of the Cen-
tral Plains where acid sulfate soils occur. 

Rice is also grown in mountainous ar
eas of the North, Northeast and South. 
Production, while relatively small, is of 
significance locally. Fields are often ter-
raced and individually bunded to allow 
water depths of 15-30 cm. Most rainfed 
crops are planted by direct seeding and 
irrigated crops by transplanting. About 
seven tillers per plant is usually reached 

Seeded T:onsplanted 

Co-o 
20 

E 

10

0
 

10I00 

Vegetotive phase 

Nursery Tillering Elongation 
period period period 

30 days after seeding or 10 days after 
transplanting. 

WATER MANAGEMENT 

Rice requires varying amounts of wa
ter at different growing stages, so that 
water levels need to be managed by farm
ers (Fig. 3). The first rice growth stage 
which is the nursery period, lasts 10 days 
when seeds are transplanted and 30 days 
when directly seeded. Water depths at 
zerostage increase gradually from nearly 

zero to about 5 cm. For the next 50 days, 
water depth is increased as the rice plant 
grows. Maximum water depths are main
tained until the crop matures. Water is 
drained to zero about one month before 
harvesting. 

Some farmers apply organic fertilizers 
before starting the crop. Few apply ferti
lizers to rainfed varieties during the 
growing period, since most believe that 
whatever they apply is lost when flooding 
occurs and that local varieties are unre
sponsive to fertilizers. Inorganic fertilizers 
are always applied to HYV. The 

00III00 L I150 

Day 

Reproductive and ripening phase I 

Fig. 3. Representative water regime in rice cultivation. 
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recommended rate ranges from 60 to 100 crops is grown in irrigated areas but in 
kg/ha spread over three applications: first rainfed areas, second crop is rarely 
in the nursery period; the second about grown. 
40 days after the crop has started; and 
the last, about 20 days later. 

Ricefield Capture Fisheries 

PEST CONTROL Ricefield capture fisheries of Thailand 

Principal pests in rice farming include rely on wild fish entering ricefields with 
weeds and insects. Weed control involves no fish management inputs. Predominant 
timely flooding of fields, use of mechanical species are usually predators such as 
weeders, hand weeding and use of chemi- snakehead (Channastriata) and walking 
cal herbicides. Use of insecticides for in- catfish (Clariasbatrachus) and other air 
sect pest control is increasing not only breathers (e.g., climbing perch [Anabas 
with HYV but also with traditional rice testudineus]). Some carps and barbs fre
(Table 3). Its effectiveness and environ- quently become prey to predators or die 
mental impact varies with kind and appli- for other reasons. Fish are captured 
cation technique. Pesticides are applied as manually or by traps during rice harvest. 
foliar sprays and by broadcasting gran- Production from this capture fishery is 
ules. Most farmers tend to use more than generally unrecorded. Unsubstantiated 
the recommended rates. claims, however, indicate that past yields 

were higher than current ones. The rea-
HARVESTING son may be due to decline in wild stocks 

which is associated with agricultural pol-
Water is drained about one or tho lution and to water projects which have 

weeks before harvest to facilitate the impeded natural fish migration. Spiller 
movement of machinery and workers. (1985) postulates that ricefield capture 
Generally, rice are harvested manually, production in Thailand may be around 25 
but mechanical harvesters are sometimes kg/ha, while those in other Asian coun
used. During the dry season, fields are tries range from 1.5 to 84 kg/ha. Assum
left fallow. A second crop of rice or other ing 1/3 of the rice lands produce fish at 

25 kg/ha, the annual yield of the ricefield 
capture fishery will be about 75,000 t. 

Table 3. Common insecticides used in rice With US$1/kg wholesale value at the 
culture in Thailand. (Source: Koesoemadinata landing place, total value is $75 million. 
1980). 

Toxicity to fish 
Insecticide (96-hour LCs 0 in ppm) Ricefield Culture Fisheries 

Common in the 1970s PRODUCTION 
Gamma-BHC 0.13 
BPMC 5.4Dieldrin 0.0113 Yearly fish production in rice-fish 
Endosulfan 0.0028 farming by region from 1975 to 1982 is 
Endrin 0.00063 shown in Fig. 4. There is no data in the 
Malathion 1.3 southern region where it is presumed 
Parathion 1.269 negligible. Production in the three regions 

Recent introductions increased from 600 t in 1975 to 3,000 t in 
Carbaryl 5.5 1982. The accelerated increase from 1980 
Carbofuran 1.27 to 1982 may be a reflection of the 
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Fig. 4. Fish prodution in rice-fish farning in Thailand. (Source: DOF 1983) 

development and technological factors and Leelapatra 1985). Among the cultured
identified earlier. species, common carp (Cyprinus carpio)

There were 2,620 rice-fish farms coy- and silver barb (Puntiusgonionotus) are
ering 2,820 ha of ricefields, or 0.03% of becoming more popular.
Thailand's total rice area (Table 4). Eighty 
per cent of the farms were in the North- MANAGEMENT PRACTICES 
east, 18% in the Central Region and 2% In irrigated areas, concurrent and ro
in the North. Fish production in ricefields tational systems are practised. The three 
from the Central Region which accounts 
for 71%, may be an overesimate, since types of rice-fish farming are the trap
there is no adequate distinction between sump, open dike and closed dike. Trap
harvests from rice-fish culture in ricefields rainfed areas. Closed dike type is found in
and intensive fish culture in ponds. rainfed, irrigated and deepwater environ-

With more hatchery seed fish avail- ments. 
able, introduced species accounted for 93% For the trap sump, a 50-100-m2 area,of the fish yields in ricefields compared to .0-.5-m deep sump is dug at the lowest
77% in 1975 (Table 5). However, some part of the field. No bunding is involved. 
case studies showed that farmers continu- The sump provides refuge for fish while 
ously crop wild fish, which are not ac
counted in the production data (Fedoruk concentrating them for harvest. Some 
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Table 4. Fish production in rice-fish culture fisheries, Thailand. 
(Source: DOF 1983). 

Region 

Central North Northeast Thailand 

No. 	of rice-fish farms 474 68 2,086 2,628 
Total area (ha) 1,420 79 1,321 2,820 
Average/farm size (ha) 3.0 1.2 0.6 1.1 

Production (t) 2,090 37 818 2,945 
Yield (kg/ha) 1,472 468 619 1,044 
Value at farmgate price 

(US$/ha) 1,472 468 619 1,044 

Total value (US$ million) 2.08 0.03 0.82 2.93 

Table 5. Comparison of 1975 and 1981 rice-fish culture ment practices involve stocking of seed 
fisheries, Northeast Thailand. (Source: DOF 1983). fish and applying inputs at varying levels. 

1975 1981 The water inlets and outlets are screened 
by nets or bamboo fences to control theNo. of farms 675 1,741 entry and exit of fish. There are spillways 

Total area (ha) 402 1,068 
Average farm size (ha) 0.6 0.6 or buried conduits in dikes for automati-
Total fish Y-"ld (t) 107 393 cally controlling water levels, for directing
Yield composition in inns %) 	 discharge through fish traps, or for sec-

Introduced species 77 (72) 365 (93) ondary uses. Trap sumps are also used. 
0. nilo.,' us 28 (26) 45 (12) 
o. gniontous 	 91 (23) In some cases, fish refuge trenches 1-2 m 
C. corpio 49 (46) 229 (58) wide and 0.5-1.0 m deep of various 
Wild species 30 (28) 28 (7) lengths are constructed. A 	 mix of C. 
C. batrachus 8 (7) 9 (2) carpio, P. gonionotus and Nile tilapiaC. slriata 15 (14) 15 (4)
C.thers 15 (4) 1 4) (Oreochronmis niloticus) are stocked to ex-Others 7 (7) 4 (I)

Production (kg/ha) 266 362 ploit the niches in ricefields. Fertilizers,
Introduced species 192 336 mainly organic, are provided to promote
Wild species 75 26 the production of fish food organisms in 

ricefields. Supplemental feeds, largely in
digenous materials such as rice bran and 

farmers stock fish, but they escape when boiled rice, are fed to the fish. 
fields become flooded. Thus, the reported Open dikes, applied on sloping or 
fish production from wild fish is about hilly terrain, are characterized by a two
30-60 kg/ha/crop. The trap sump, a tran- to three-sided dikes in the lower part of 
sition from rice-fish capture to culture the ricefield. Fish are free to forage be
fisheries, demonstrates that simple man- yond the ricefield as water conditions al
agement can increase fish production from low. Spiller (1985) estimated that fish 
25 to 30-60 kg/ha. Trap sumps are wide- yields range from 125 to 188 kg/ha/crop.
spread in Thailand, but since few intro- In a case study where management was 
duced fish are involved, its area and pro- sophisticated, fish yield was 413 kg/ha/
duction are not usually represented in the crop with a B:C of 1.6:1 (Fedoruk and 
DOF's statistics. Leelapatra 1985).

The open and closed dikes are bunds Closed dikes completely enclose the 
converted to dikes built to 1 m. Manage- ricefield. Fish yields from this type range 
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from 180 to 300 kg/ha/crop in concurrent 
systems under rainfed conditions, from 
180 to 900 kg/ha/crop when grown with 
HYV, and from 750 to 900 kg/ha/crop 
when produced in rotational systems with 
irrigation water depending on the density, 
the initial size of fish at stocking and du-
ration of culture period (Spiller 1985). 
Growing fish with rainfed rice in closed 
dikes is most common and is geared to 
the production of table fish only. Few 
farmers practise rice-fish farming using 
irrigation water. 

In two separate surveys of 4 and 14 
farms in Northeast Thailand, increases in 
rice yields ranged from 3 to 22% (Spiller 
1985). Only one farmer who produced a 
second irrigated crop and used HYV re-
ported a 58% decrease in rice yields, 

Some innovative isolated cases have 
been observed by Spiller (1985). These 
methods illustrate adaptations to circum-
stances and the evolutionary direction of 
management. Noticeable examples are: 

1) A closed-dike rainfed operation in 
Maha Sarakham pump water from 
an adjoining pond that is enriched 
with dung from chickens raised 
above the pond. 

2) 	A rotational rice-fish system in 
Kalasin incorporated separate ad-
joining brood and nursery ponds 
fed with irrigation water which al-
lowed self-reliance in seed fish. 
Some brooders were preduced in 
the ricefield. 

3) 	Trials by the Chiang Mai Fisheries 
Station involved the use of double 
dikes tc check flooding problems in 
concurrent rice-fish culture. The 
higher outer dike controls the flood 
waters, while the lower inner dike 
controls water levels in the field. 

4) Instead of placing the trapping sump 
within the ricefield, a few farmers in 
Sakhon Nakhon concentrate fish in 
sumps outside the field. The sump 
may be connected to the field by a 
trench or a buried conduit. 

5) Few farmers in the Central Plains 
grow fish and deepwater rice to
gether in closed-dike fields. Enclos
ing dikes have been built to 1 m or 
more, but dike breakdown is com
mon due to the pressure of holding 
deep water. Adult fish (gourami 
[Trichogaster sp.] and P. 
gonionotus) are stocked rather than 
fingerlings. The time available (8
month culture period) allows 
spawning within the fields. Even 
with fish escape due to flooding 
and dike collapse, yields are still re
ported to range from 940 to 1,875 
kg/ha/crop. 

6) One farmer in Sakhon Nakhon 
practised rotational culture without 
modifications for fish. After rice 
harvest, the field was merely 
flooded and stocked with finger
lings, which reputedly grew well. 
Since the fish were grown during 
the dry season, irrigation was avail
able and water levels were control
led. 

7) 	Integration of rainfed rice and fish 
is practised in terraced fields on 
hilly terrain around Ubolratana 
Reservoir. Fedoruk and Leelapatra 
(1985) reported lish yield of 400 kg 
ha/crop, with the fish culture ex
tended in refuge trenches after the 
rice harvest. 

Fisheries projects with rice-fish compo
nents are all in Northeast Thailand. Re
sults are limited to field experiences and 
observations which serve as the basis for 
techniques being extended. Below are ob
servations and recommendations summa
rized from Anon. (1983), Thongpan et al. 
(1984), and Lysack (1985). 

OBSERVATIONS 

1) 	 Rice-fish farming is most produc
tive in fertile soils with a good 
waterholding capacity. Water 
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losses through seepage in sandy 5) Stock fish only after rice plants 
soils limit production. have five to seven tillers. 

2) Rice production in rice-fish farm- 6) A mixture of fish species is the 
ing is generally higher than in best. The recommended stocking 
rice monoculture. rates for polyculture are 2,500 C. 

3) 	 Flooding and dike breaching, carpio, 1,250 P. gonionotus and 
which allow fish to escape, are 1,250 0. niloticus, or a total of 
common. 5,000/ha. 

4) 	 Fish eat young rice plants. 7) Use large (7-10 cm) fish for stock
5) 	 The supply and quality of seed ing. 

fish are inadequate. Those pro- 8) Add fertilizer (composted farm 
vided by the DOF are often too straw, weeds and manure) regu
small - many die during trans- larly. 
port, while many more die soon 9) Incorporate nursery ponds adjacent 
after stocking. to ricefields as part of a fenced 

6) 	 Water from irrigation networks is trench refuige. Proposed dimensions 
often too muddy Lnd fish do not are 100-500 r,12 and 0.5-1.0 m 
grow adequately in such water, deep. A suitable management re

7) 	 C. striata eat introduced fish. gime involves: drying a pond until 
8) 	 Fish from ricefields are easy to the mud cracks; liming and fertiliz

sell provided 0. niloticus are 400- ing; water refilling, fish stocking 
600 g and P. gonionotus, at least and applying supplemental feeds 
100-200 g. 	 (such as boiled rice). 

9) 	 0. niloticus often reproduce in the
 
ricefields which results in stunted
 
growth. Seed Fish
 

10) Chinese carps grow to 1 kg in 
four months in ricefields. Seed fish for rice-fish farming are ob

11) Brackishwater constrains adequate tained from the DOF, private hatcheries, 
rice and fish yields. wild capture and farmers. 

12) Retting kenaf in ricefields reduces The DOF's freshwater seed fish pro
water muddiness while stimulat- duction is about 150 million/year, but is 
ing the growth of organisms for expected to increase due to the develop
fish food. ment of 10 new field stations. Out of the 

15 species produced, 68% (102 million)
RECOMMENDATIONS 	 consist of P. go, ionotus, 0. niloticus and 

C. carpio which predominate rice-fish cul
l) Construct sturdy dikes high ture. Fifty-seven per cent is produced in 

enough (1-2 m) to prevent flood- the Northeast, 26% in the Central, 13% in 
ing. Grow plants on dikes to help the North and 4% in the South. The over
stabilize slopes, all distribution indicates that 70% are 

2) Screen ricefield water inlets and stocked in public waters, 20% in fish
outlets. ponds and 10% (15 million) in ricefield 

3) Install refuge trenches around the fisheries (Table 6). 
ricefield to ensure water for fish DOF stations in the Central, North 
and allow extended growth period and Northeast Regions distribute about 
for fish after rice harvest. 80% of their seed fish in March to Octo

4) 	 Use strong-stemmed rice varieties ber, with a peak (60% of the total) in 
when fish are grown. June to August. The balance is released 
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in small amounts from November to April. 
Fish are generally less than 5 cm, mostly 
about 3 cm. 

Studies by the DOF are underway to 
determine the status of seed fish produc-
tion by the private sector. Preliminary in-
formation indicates there are up to 100 
operations in the Northeast with an out-
put of about 130 million seed fish per 
year. Some operations occur in the North, 
estimated at 15 million. Although outputs 
from operations in the Central Region 
may well exceed 200 million/year; only 5% 
of these goes to rice-fish farming. In con-
trast, about 35% of the privately-produced 
seed fish in the Northeast is sold to rice-
fish farmers; and a similar distribution 
from the Northern Region is assumed. It 
is also assumed that there are no signifi-
cant seed fish operations for rice-fish 
farming in the Southern Region. 

The species available from private 
hatcheries include Chinese carps, Indian 
major carp Labeo rohita, P. gonionotus, 
0. niloticus and C. carpio. Chinese carps 
are most available in the Central Region; 

L. rohita are mostly produced in the 
Northeast (Table 6). 

Optimizing fish production in rice-fish 
farming requires that seed fish are 
stocked during the early stages of rice 
crops to allow the longest period of 
growth. The timing by type of rice and 
region is shown in Fig. 2. The figure also 
indicates that the current availability of 
seed fish for hatcheries more or less coin
cide with the needs for fish culture in 
ricefields. 

Most private sector seed fish produc
tion in the North and Northeast is for 
rainfed ricefields. Stocks are available 
from June to August. Some operations in 
the Central Region are also rainfed; but a 
few use irrigation water and can supply 
seed fish throughout the year. 

Seed fish prices of DOF and the pri
vate sector are presented in Table 7. In 
both cases, seed fish are usually sold at 
the production facility. Some private pro
ducers, however, may transport supplies to 
a district center convenient to customers 
and charges a premium for transport costs. 

Table 6. Estimated distribution of seed fish (in millions) for rice-fish farming
from the Department of Fisheries (DOF) and private hatcheries, by species 
and region, Thailand. (Source: Fedoruk and L2elapatra 1981). 

Region 

Central North Northeast South Thailand 

DOF hatcheries 3.8 2.1 8.5 0.6 15.0 
P. gonionotus 1.8 1.0 4.1 0.3 7.2 
0. niloticus 1.1 0.6 2.5 0.2 4.4 
C. carpio 0.9 0.5 1.9 0.1 3.4 

Private hatcheries 10.0 5.2 45.5 - 60.7 
P. gonionotus 4.0 2.6 23.0 29.6 
0. niloticus 0.3 0.2 1.7 2.2 
C. carpio 2.1 1.3 11.4 14.8 
L. rohila 1.6 1.0 9.0 11.6 
Chinese carps 2.0 0.1 0.4 2.5 

Total 13.8 7.3 54.0 0.6 'io.7 
P. gonionotus 5.8 3.6 27.1 0.3 36.8 
0. niloticus 1.4 0.8 4.2 0.2 G.6 
C. carpio 3.0 1.8 13.3 0.1 18.2 
L. rohita 1.6 1.0 9.0 - 11.6 
Chinese carps 2.0 0.1 0.4 2.5 
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Table 7. Seed fish prices (US$/100 pieces). (Source: Fedoruk and with the interest of ricefield 
Leelapatra 1981). fisheries and for servicing 

Source 	 Sizes/Species Price ricefield fisheries in accord
ance with developmental 

Department of Fisheries (DOF)a 	 2-3 cm 0.40 objectives. The concept in
3-5 cm 0.80 volves a centralized plan
5-7 cm 1.20 providing structure for: 1) 

Private sector 	 Small DOF activities; and 2) coor-
P. gonionofus 0.24-0.60 	 dination of roles by other 
0. niloticus 0.40-0.80 	 government agencies and 
C. carpio 0.40-0.80 	 some nongovernment or-
L. rohila 0.80-2.00 
Chinese carps 1.20-2.00 ganizations such as the Na-

Large tional Energy Board, the 
P. gonionotus 3.80-1.20 	 National Economics and So
o. niloticus 0.80-1.20 	 cial Development Board 
C. carpio 0.80-1.20 	 and the Department of Ag-
L. ruhita 2.00-4.00 
Chinese 	carps 2.00-2.80 riculture (in formulating an 

appropriate agricultural
aPrices are standardized by size regardless of species or location, land policy); the Acceler

ated Rural Development,
 
the US Peace Corps, the
 

Conclusions and Canadian University Services Overseas,
 
Recommendations 	 etc., (in research and extension on rice

fish farming); and the Bank of Agricul
Rice-fish farming is an established ag- ture and Agricultural Cooperatives (in ac

ricultural production system in Thailand. cessing credit to rice-fish farmers and ex-
It promotes rational use of limited agri- ternal assistance).DOF activities would focus on: 1) the
cultural lands while providing important dop anverific o aprori 
contributions to the rural economy development and verification of appropri
through fish production and increases in ate technologies including new applica
rice yields. Other benefits include income 
generation through commercial production development of the seed fish resources re
of table fish and seed fish. Achieving quired for expansion from within the DOF 
these benefits is highly consistent witih and through promoting self-reliant sup
policies of Thailand's current social and plies by the farmers and commercial sup
economiceon incdevelopment plans. 	 plies by the private sector; and 3)development the 
quired by the government to support rice- ing liaison in developing external assist

l s amaintenance of the national plan includ

fish farming. One concerns the integrity ance. 

of ricefield environments and of wild fish 
stocks which are basic to existing fisher- References 
ies as well as their expansion. The other Anon. 1983. Report on the Rice-Fish Farming Work
concerns the technical services involved in shop, 9-10 November 1983, Sui Technol
promoting expansion. Both could be ad- ogy College, Surin, Thailand. 
dressed through a DOF-initiated national DOF. 1983. Freshwater fish farm production, 1982. 
program on rice-fish farming. The pro- Department of Fisheries, Bangkok, Thai

land. 70 p.gram could include placement of infra- Fedoruk, A. and W. Leclapatra. 1981. Field survey, 
structure for guiding land uses consistent 3-20 December 1981. (Unpublished). 
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Abstract 

Rice is one of the main agricultural products of Vietnam. But its yield is low because input levels are low.A way of increasing ricefield productivity is to integrate aquaculture into rice production. This would also bring
into productive use the excess farm labor in Vietnam. 

Ricefield aquaculture in Mekong Delta has great potential. Surveys in three districts of Hau Giang Province
showed that rice-shrimp systems are dominant in both fresh- and brackishwat-r environments. Initial investiga
tion in freshwater environment involving one case each in Long Phu and Phung Hiep Districts of Hau Giang 
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indicated that the net returns from rice cropping patterns with shrimp was much higher than the patterns in
volving dry and wet season rice with early mua rice er soybean. In brackishwater environment such as in Nha 
Be DLnit, Ho Chi Minh City, rice-patterns (with and without feeding) gave higher net returns by 53 and 176%, 
respectively, than a sole rice crop. 

Introduction 

Vietnam is predominantly an agricul-
tural economy. Food grains, particularlyrice, are the main products of Vietnamese 
agriculture. Food grain production 
amounted to t in19 1988 of which rice 
was 16.4t. 

The agriculture sector (including crop 
cultivation, animal husbandry and aqua-
culture) accounts for 38% of the country's 
total output value and 49% of national 
income. It also employs about 62% of the 
nationa' labor force (SPC/UNDP/FAO/WB 
1989) or about 70% if aquaculture and 

capture flsheries are included, 
Agriculture absorbs a greater propor-

tion of labor force than necessary (i.e., 

farm sizes are too small to provide full 
employment even at peak season). For 
example, it is estimated that in the Red 
River Delta, there is an absolute labor 
surplus of 45-50% (SPC/UNDP/FAO/WB 
1989). 

Low crop yields combined with small 
landholdings ause poverty in Vietnam. 
Low yields in rice is attributed to low in-
put levels, 

Thus, thc integration of aquaculture 
in rice farming would provide additional 
work for tapping some. of the excess farm 
labor. Productivity of ricefields would also 
be enl'inced. 

The Mekong Delta occupies 4 million 
ha of natural land. About 2,487,000-
2,650,000 ha are devoted to agricultural 
activities (Nguyen 1989). Rice is being 
grown on 2 million ha (Mai et al. 1988). 
Since Mekong Delta is flat, the river and 
canal systems are widespread and reticu-
late like a web throughout the Delta. 
Therefore, fishes and shrimps can swim 
from the far north of Sea-Lake Tonle-sap. 

Kampuchea, to the Delta or from the sea 
by tide, to lay their eggs and develop. 
Fishes, shrimps and other aquatic crea
tures were abundant before the advent of 
pesticides in Vietnam's ricefields (Duong
1989; Dang 1986). Nowadays, they are 
scarce due to enviromental degradation. 
Thus, the ecosystems and aquatic produc

tivity need to be restored. With a re
source of 800-km seashore, 4 million ha of 
natural land and canal systeTas, the cen
tral government has recently released a 
new economic policy that encourages the 
people to work hard on their fields to 
gain more benefits (MAFI 1988). There
fore, integrating aquaculture to rice farm
ing in the Mekong Delta is very promis
ing. 

Potential of Ricefield Aquaculture 
in the Mekong Delta 

Occupying one-eighth of the Vietnam 
Occuy, the very 

territory, the Mekong Delta plays a very 
important role in the export of aquatic 
products (Table 1). The export value of 
shrimps caught from the sea and river 
mouths is 71% of the national value. 
While the export value of shrimps coming 
from brackishwater isuas much as 80%, 
the Mekong Delta supplies 100% of the 
exported shrimps raised in freshwater 
areas. Shrimps caught from brackish- and 
freshwater areas come from ricefield 
aquaculture systems. Mekong Delta has 
41% of the total ricefield area in the 
country (Table 2). This comprises the 
summer-autumn or wet season rice crop. 
The transition crop within the year in the 
Mekong Delta is as much as 70% that of 
the whole country. Besides shrimp culture 

in ponds, ditches or mangrove forests, 
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Table 1. Estimated shrimp catch (t) and value of exports (million US$), Vietnam, 1990. (Source: Duong !989). 

Aquatic
products 

Shrimp
Sea and river mouth 
Brackishwater 
Freshwater 

Total 

Squid and other 
sea products 

Total export of 
aquatic products 

North Vietnam Coastal Part 
South Vietnam 
Mekong Delta Total 

Catch Value Catch Value Catch Value Catch Value 

3,000 
4,400 

0 
7,400 

9 
9 
0 

18 

2,000 
3,000 

0 
5,000 

6 
6 
0 

12 

25,000 
3,,500 
10,000 
68,500 

38 
60 
20 

118 

30,000 
40,900 
10,000 
81,000 

53 
75 
20 

148 

10 20 22 52 

28 32 140 200 

Table 2. Percentage of rice area in the Mekong Delta and Red River Plain to total rice 
vrea, Vietnam, 1988. (Source: MAFI 1988). 

Vietnam Mekong Delta Red River 

Season crop (OO ha) ('000 ha) % ('000 ha) % 

Winter-spring crop 1,822 
Summer-autumn 989 
Mua 2,847 
Total 5,719 

farmers in Hau Giang Province (Phung 
Hiep, Long Phu, Thot Not, My Xuyen
Districts), Cuu Long (Binh Minh), Tien 
Giang (Cai Be), Long An (Go Cong) and 
Tp Ho Chi Minh (Nha Be) also raise 
shrimps in ricefields (Fig. 1). This way, 
farmers provide more shrimps for home 
consumption, and also contribute to the 
export earnings of the country. 

Survey on Ricefield 
Aquacultare System 

EXISTING RICE-FISH SYSTEMS 

576 51 941 50 
699 71 0 0 

1,048 87 544 19 
2,321 41 1,030 18 

shown the dominant rice-shrimp/fish sys
tems being practised by farmers and their 
production levels (Table 3). 

The dominant systems are: 1) rice
freshwater shrimp/fish system year-round 
(such as in Thanh Loc 1 hamlet in Thot 
Not District and Cai Con and Mang Ca 
hamlets in Phung Hiep District); 2) rice
brackishwater shrimp/fish system year
round (such as in Giong Co hamlet in My 
Xuyen District- and 3) rice-shrimp/fish 
system alternatively every six months 
(such as in Long Thoi commune, Nha Be 
District, Ho Chi Minh City). In the third 
system, rice is grown in freshwater 
months and shrimp/fish is cultured inQuick surveys (Nguyen et al. 1988; Le brackishwater months. The fish species

and Duong 1990; Le et al. 1990) in three and rice varieties used are shown in 
districts of Hau Giang Province have Table 4. 
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Mekong Delta 

Vietnam 
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Delta 

Fig. 1. Map of Vietnam and location of Mekong Delta. 

Table 3. Rice-shrimp/fish cropping patterns and production in Mekong Delta, Vietnam. (Sources: Nguyen et al. 1988; 

Le and Duong 1990; Le et al. 1990). 

Farmers Rice yield (t/ha) Shrimp/fish yields 
interviewed 

a
Location (no.) Cropping pattern Wet season Dry season Wet season Dry season 

Giox'g Co llamletb WSR-Fallow 2.4 
42 (WSR+FiS)-(F+S) 2.4 2.2.5 kg shrimp/day; 2.5-3 kg shrimp/day, 

15 kg fish/day for 4 nionths 

Thnnh Loc 1 hamletc WSR-DSR 5.2 5.7 
43 (WSR+S)-(DSR+S) 5.2 5.7 187 kg shrimp/ha 

(WSR+F+S)-(DSR+F+S) 5.2 5.7 214 kg fish/ha 

Mang Ca Hamlet and 100 	 WSR-DSR 3.9 4.0 
Cai Con Hamletd 	 WSR-T 3.9 3.5 (TR) 

(WSR+S)-(TR+S) 3.9 5 ('PR) 79 kg shrimp/ha 

(WSR+S).(DSR+S) 3.9 4.0 4B, kg shrimp/ha 

aDSR . dry season rice; WSR = wet season rice; F = fish; S a shrimp; UP = traditional rice.
 
bLocated in Tham Don Village in My Xuyen District, liau Ciang Province.
 
cLocated in Trung An Village, Thot Not District, liau Giang Province.
 
dBoth located in Dal Thanh Village, Phung Iliep District, llau Giang Province.
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Table 4. Rice varieties and shrimp/fish species in rice-shrimp/fish farming. 

Rice varieties 

Location (hamlet) Dry season 

Thanh Loc 1 Dry season rice 

Cai Con and Mang Ca Dry season rice 

Traditional rice 

Giong Co Khmer do 

IR 42 

ap. indicus is rare in the wet season. 

RICE-FISH SYSTEMS CROPPING CALENDAR 

The cropping calendars in the four 
hamlets surveyed are shown in Figs. 2 to 
4. Two crops of rice are produced per 
year, except in Giong Co hamlet. Rice are 
usually directly seeded at the rate of 100-
300 kg/ha per crop. However, transplant-
ing rice is most common in Giong Co 
hamlet. The high seeding rate is neces-
sary for compensating any damage from 
weeds and fish. Particularly, for the tradi-
tional rice variety, farmers either broad-
cast the rice seed at the rate of 75 kg/ha 
per crop or transplant seedlings at 40 kg/ 
ha per crop. More than 50% of the 
farmer-respondents practising direct seed-
ing apply herbicides. Chemical fertilizers 
are applied at the rate of 38-350 kg/ha 
per crop in Giong Co hamlet and 368-376 
kg/ha per crop in Thanh Loc 1 hamlet; 
while in Cai Con and Mang Ca hamlets, 
application rates are 40-80 kg N and 20-
35 kg P205 per ha. 

Freshwater shrimp (Macr,Lrachium 
rosenbergii)fry are bought from fishermen 
and stocked in growout ponds adjacent to 

Shrimp/Fish species
 
Wet season Both seasons
 

Wet season rice M. rosenbergii 

Puntius gonionotus 

Wet season rice M. rosenbergii 

Khmer do Melapenaeus lysianassa 
IR 42 M. tenuipes, 

M. ensis 

Penaeus indicusa 
Pseudapocryptes lanceolatus 

ricefields. One month after rice seeding or 
transplanting, the young shrimp are
moved into the ricefields at average stock
ing rates varying from 0.5/m2 (in Cai Con 
and Mang Ca hamlets) to 2/m2 (in Thanh 
Loc 1). Fish stocking rate is 2.6/m2. The 
shrimps and fish are fed alternately with 
rice bran, broken rice, rough rice, coconut 
meal, dried cassava, crabs, snails and 
dead animals. 

In Giong Co hamlet, stocking rate for 
marine shrimps is not known. Feeding is 
not done. Rice are harvested about a 
week ahead of the shrimp/fish. Hlowever, 
shrimp/fish harvest may further be de
layed depending on market prices. 

Ricefields have surrounding dikes 
high enough to prevent the shrimps from 
escaping during floods. A peripheral canal 
along the inner side of dikes is provided.
The layouts of a rice-shrimp field by a 
farmer and that proposed by extension 
workers are shown in Fig. 5. Flopgate 
culverts (Figs. 6a, b, c) are installed to 
regulate the flow of water and insure 
good water quality of the rice-shrimp/fish 
area. 
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a Dry Season Rice + Shrimp + We Season Rico 

Jan Feb Mar Afr May Jun Jal dAg 6ep Oct Nov Dec JanI r uI I I I L ] , 

ce co eh g ab co coc of 9 g g gh ab cdo 

Drseason / Wei sason ice / n 
riica 

17hrimps / / [ohwtship ilroher
 
reshwater shriwp sh 

0 Wei Season Rco + Shrimp. Trad&f ;a ice 

Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec Jan 
Ii L_ _ I 1 -1 L - I 

eh rab cdec c elg ab o o oco a oh 

7 7 
TradiWoea aso7 Trdrdial 

/rrreshwater shrimp 

a) Land preparahon. plowing, puddlrng, harrowing, levelling 
bf Broadcasting of riceseeds, shrimp fry procurement or Irerisplatiing re. 
C) FeCqihZingfor rice 
d) Shrimp stocking 
,j Rice + shrip cuture 
f) Rice harvest 
g) Shrimp culture in ric ried 
h) Field draieing shrimp harvest 

Figs. 2a and b. Cropping calendar for rice-shrimp farming in Caicon and Mang Ca Hamlets, Dai 
Thanh Village, Phung Hiep District, Hau Giang Province, Vietnam. 

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 
L II I I I 1 - I I 

h a bc de df ffg j j h bc Id fd f fg 

/Wetseaaso n rice /D Season rice 

fih Freshwater shrimp+fish /Freshwater shrimp+ 

a) Land preparation first rice-shrimp-fish seison, 
plowing, harrowirg, levelfing.
 

b) Broadcasting of rice seeds.
 
c) Shrimp and fish procurement.
 
d) Fertilizing for rice.
 
e) Shrimp and fish stocking.

f) Rice-shrimp-fish culture.
 
g) Harvesting rice.
 
.1) Field draining/shrimp and rice harvest.
 
i) Shrimp and fish restocking.
 
j) Shrimp and fish culture in ricefield.
 

Fig. 3. Cropping cal, ,dar for rice-shrimp farming in Than Loc 1 Hamlet, Trung An Village, 

Thot Not District Hdu Giang Province, Vietnam. 



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
I I I I I I I I I 

hi hi f g hi hi a h bcfd hi d hi hi e hi 

ih _//Marine shrimp+fish / Marine shrimp+ 

a) Seedling of rice soaking, incubating, broadcasting).
 
b) L.arn.dpreparations (plowing, puddling, levelling).
 
c) Transplanting of rice.
 
d) Fertilizing.
 
e) Harvesting of rice.
 
f) Excavating] reexcavaling oftrenches.
 
g) Idal water coming in and retained at about 30 cm above field level.
 
h) Repeated harvesting ofshrimp.
 
i) Repeated harvesting of fish.
 

Fig. 4. Cropping calendar for rice-shrimp/fish farming in Giong Co Hamlet, Tham Don Village, 
My Xuyen District, Hau Giang Province, Vietnam. 

LABOR INPUTS FOR RICE-FISH SYSTEMS 
Irfl. free, 

.f o o 	 Gal. h1..........	 More labor is required in rice-shrimp/
 

0o 2 . fish 	farming than in rice or shrimp/fishO 0 7...........monoculture (Table 5). Thus, this integra' 


0 	 ion would0 0 	 t::2;8 create jobs and exploit excess 

(3 0 ,R;eco farm labor. 

~ c222;;; 1 Initial Investigation of Ricefield 
2 Aquaculture in the Mekong Delta 

Dike
 

a Lay-ouofrice shrimpheldof a farmer 	 CASE OF ISLAND DUNG, 
LONG PHU, HAU GIANG 

if -	 [An investigation on rice-shrimp sys

tem in freshwater environment was done 
Q-: : il:during the 1984 wet season. Three pat

cF- ",,. terns had been compared: 1) summer
:;: ;. autumn or wet season rice followed by 

;; 2;": early mua rice; 2) wet season rice fol
- - lowed by freshwater shrimp; and 3) wet 

season rice, followed by winter-spring or 
b Lay outofa rice-shrimp field proposed by extension dry rice followed by soybean. Giworkers. season 

ant prawn (M. rosenbergii) has been 
raised after the summer-autumn or wet 

Fig. 5. Layouts (a and b) of a rice-shrimp field, season rice harvest. This pattern gave the 
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Cover open) Cover (ckosed) 

a Gate hole ride of CocoWl hunk. cover 
openswhen ilde risesand is closed when tie 
recedes 

l Waler gate made of concrete. mth enher 
concrete or wood coer, opened or closed 
manually C. Water gate made ofconcrete, withbamboo or 

nylon net Io prevent shnrrps and hih frun 
escaping w,hen Ide receded 

Fig. 6. Some types of water gate setting in rice-shrimp fields to get shrimp fingerlings from the river 
by tide. 

Table 5. Labor (man-days/ha/year) in rice monoculture and rice-shrimp/fish farming systems. 
(Sources: Nguyen et al.1988; Le and Duong 1990; Le et al. 1990). 

Rice monoculttire Shrimp/Fish Rice-Shrimp/Fish 

Location (hamlet) range average range average range average 

Than Loc 1 91-360 196 27-267 155 134-489 333
 
Cai Con and Mang Ca 2.5-230 144 32-125 95 88-432 239
 
Giong Co 29-115 74 10-210 78 36-325 148
 

highest net return and man-day value (wet season) rice pattern served as a con
(Table 6). trol. Nine farmers who raised shrimps in 

winter-spring followed by summer-autumn 
rice crops gained an average net return 

CASE OF DAI THANH COMMUNE, of 10,503 kg rice/ha/year (291% higher 
PHUNG HIEP DISTRICT, HAU GIANG than the control). Nine others who raised 
(FRESHWATER ENVIRONMENT YEAR ROUNi)) shrimps in summer-autumn followed by 

A survey using different cropping pat- early mua rice crop gained net returns of 
terns was carried out on 27 farmers' 8,883 kg rice/ha/year (247% higher than 
fields where the soil is high in organic the control). Results also showed that the 
matter and nitrogen. The winter-spring returns to materials from rice-shrimp pat
(dry season) followed by summer-autumn tern is highest (Table 7). 
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Table 6. Efficiency of rice-shrimp pattern in freshwater island Dung, Long Phu, Hau 
Giang, 1984 wet season. (Source: Dang 1986). 

Cropping pattern 

Summer-autumn rice
early mua rice 

Summer-autumn rice
shrimp 

Rice-rice-soybean 
(Intensive farming) 

Gross returnsa Net returnsa Man-day 
converted in rice (t) lice (t) (kg rice/day) 

8.0 2.2 19.0 

8.5 6.7 59.0 

17.8 4.0 17.0 

Table 7. Net returns of different cropping patterns of farmers in Long Phu, Hau Giang Province. (Source: 
Vo et al. 1989). 

Respondents 

Average of 9 farmers 

Average of 9 farmers 

Average of 9 farmers 

Winter-
Spring 
1988-89 

(kg rough 
rice) 

Summer-
Autumn 

1988 
(kg rough 

rice) 

2,847 2,466 

Mua 88 
2,641 2,274 

Winter-
Spring 
88-89 
2,077 1,522 

CASE OF NHA BE DISTRICT, 

HO CHI MINH CITY 

(SIX MONTH FRESHWATER, 

SIX MONTH BRACKISHWATER) 


Nha Be District has 6,000 ha which 
grows only one traditional tall rice crop 
because of the hydrologic situation of this 
area. In the upstream, the field is in-
truded by four months of brackishwater; 
in the middle part, six months; and in the 
downstream part, seven months of 
brackishwater - with different salt con-
centrations that prevent farmers from 
doubling their rice croppings. The soil is 
poor in structure, rich in organic matter 
and exchangeable iron; therefore, dike is 

Total 1988 
Shrimp 

1988 Net returns 
(kg rough (kg rough Returns to Returns to 

rice) rice) materials labor 

4,963 10,503 14.2 5.0 
(291.3%) 

5,011 8,883 28.0 4.7 
(247%) 

3,600 3.2 2.8 
(100%) 

very weak and can be easily destroyed by
tide and heavy rain. Thus, shrirp culture 
in the district used to be a minor under
taking, although the natural resource of 

shrimp is abundant. The farmers could 
not harvest more than 50 kg shrimp/ha 
because of extensive shrimp culture with
out feeding. 

Results from the survey with three 
models performed by farmers in Long 
Thoi commune, Nha Be District, showed 
that traditional tall rice monoculture gave 
net returns of US$38 (Table 8). The sec
ond farmer who improved his dikes got 50 
kg of shrimp. His net returns was 53% 
higher than that obtained from rice 
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53 

Table 8. Returns from rice-shrimp pattern using traditional tall rice crop in brackishwater environment, Nha 
Be, Ho Chi Minh City, 1989. (Source: Nguyen and Nguyen 1989). 

Gross Total Net 
Rice yield Shrimp returns costs returns % increase from 

Pattern (kg/ha) (kg) (US$)a (US$)a (US$)a rice monoculture 

Rice monoculture 2,FO 125.17 87.17 38.00 
Rice-shrimp
 

(no feeding) 3,000 50 178.81 120.70 58.11 

Rice-shrimp
 

(with feeding) 3,500 80 263.75 
 158.69 105.05 176 

"Original values in Vietnnm liong were converted to US$ at the rate of US$1 = 4,474 Pong as of 1988. 

monoculture. The third farmer who workshop. We also thank C.R. dela Cruz 
applied 3,000 kg compost and fed the for expanding this paper and Lita 
shrimp with rice bran, broken rice and Katimbang for typing the manuscript. 
rotten animals and secured the dikes to
 
prevent leaking, harvested 80 kg shrimp.
 
IHis net returns was 176% higher than References
 
rice monoculture.
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Abstract 

Rice-fish culture systems are an intricate part of the inland aquaculture production network in West Java,
Indonesia. Expansion of inland aquaculture in West Java has fueled a concomitant expansion in fish productior,from ricefields. Fish production from ricefields jumped from 17,701 to 58,880 t from 1977 to 1984. )ue to in
creased market demand, the majority of increased fish production has been of seed fish for further restocking.Growing emphasis is being placed upon extension and intensification of ricefields as nurseries for expanding 
inland aquaculture.


Intensive rice-fish nursery systems were 
studied in the Cianjur and Subang Regencies, West Java, in 198687. In Cianjur, a combined minapadi-penyelang nursery system produced four crops of fish and one crop of ricewith total yields of 370 kg/ha and 5,667 kg/ha, respectively, in six months. Economic surveys of existing rice-fish 
3 0 and pond nurseries in Cianjur showed that net returns from semi-inlensive, -50-cm dep nursery ponds, con.verted from ricefields, averaged US$500/ha in 30 days. Net returns mere lower, from US$53 to 186, and culture

periods longer (40 days), for all other typcs of rice-fish nursery system3. In Subang, an intensive rice-fish nurserysystem was studied for one year. The system produced 11.7 t of rice in two crops and 791 kg fish from five crops
(3 minapadi, 1 penyelang, I palnwija). Net return was US$1,697/ha/year, with fish comprising 31% of the total.

The importance of small fish cultured in riefields in supplying protein for the densely populated rice-growing districts of West Java, has not been fully appreciated. Increased market demand and high prices for seedfish make intensive rice-fish nursery systems attractive investments for farmers in the Cianjur and Subang
Regencies. However, an important protein ,ource, small fish, one produced in traditional rice-fish growout systerns and sold directly as human food within the rice-growing regions, is now being diverted into the more lucrative markets for seed fish. Local fish markets and people dependent upon them could experience diminished fish 
protein supplies if current market forces continue. 

Introduction 	 Costa-Pierce, this vol.). Even within these 
four provincial centers, rice-fish culture isIndonesian rice-fish culture is localized practised widely only within a few, conin East Java, West Java, North Sumatra tiguous, restricted group of districts

and North Sulawesi (Koesoemadinata and (kecamatan), and is not widespread. In 

*ICLARM Contribution No. 474.
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these districts, rice-fish culture plays a 
central role in supplying seed fish for fur-
ther ongrowing in an expanding inland 
aquaculture production network. Large 
market demand for seed fish has fueled a 
concomitant expansion in rice-fish nursery 
systems in these areas. In contrast, devel-
opment of rice-fish nurseries in areas of 
Indonesia outside Java, as well as in 
neighboring Asian countries, is not as well 
developed, or is unknown. 

Constraints posed by modern rice 
farming technology have limited the ex-
pansion of rice-fish culture. This could 
possibly be partially relieved by develop-
ing rice-fish nurseries rather than focus-
ing wholly upon the traditional use of 
ricefields as fish growout systems. 

Rice-Fish Systems in the 

Aquaculture Production 

Network of West Java 


West Java is the most densely popu-
lated region of Indonesia and contains the 
rapidly expanding urban complexes of Ja-
karta and Bandung. West Java is also an 

important center of inland aquaculture 
and rice-fish culture (Djajadiredja et al. 
1980). The province has the highest in
land fish production in Indonesia (120,411 
t in 1985) (DPPJB 1986). Nearly 21% of 
West Java's total inland fish production 
comes from rice-fish culture, with 1985 
production estimated at 24,807 t. An esti
mated 93% of all ricefields in West Java 
are irrigated year-round, and the most 
productive rice-growing centers are the 
Cianjur and Subang Regencies 
(Kabupaten). These two regencies account 
for 33% (8,261 t) of the total fish produc
tion from ricefields in the province 
(DPPJB 1986). 

Common carp (Cyprinus carpio) is the 
most preferred fish in West Java. In a 
survey of 477 people surrounding two new 
reservoirs in West Java, 78% preferred 
common carp in the Saguling Reservoir 
Region, and 94% in the Cirata Reservoir 
Region (Table 1). Average fish consump
tion rate for the Saguling 	Region was 

12.4 kg/capita/year, and for Cirata, 11.8 
kg/capita/year (Table 2). These rates are 
lower than the national rate reported in 
1986 of 15.05 kg/capita/year (Soeprapto 
1987). 

Table 1. Species preferred by residents of Saguling and Cirata Reservoir Regions, West Java, 
Indonesia. (Source: IOE/ICLARM 1987). 

Saguling 	 Cirata 

Fresh Salted a 
Fresh 

(n=465) (n=292) Cirata (n=175) 

Fish species No. % Fish species No. % Fish species No. % 

C. 	carpio 228 49 Sardines (Rasbora 258 88 C. carpio 165 94 
orgyrolaenia) 

0. mossambicus 70 15 Sepat siam (Tricho. 155 53 Other fish' 6 
gaster pectoralis) 

Milkfish (Chanos chanos) 41 9 Puntius javanicus 112 38 
0. nilolicus 29 6 Othersb <10 
Other fishb 21 

aRlesponses can be multiple. 
bincludes P. javanicus, Nilem carp (Osteochilus hasselti), Puntius (P. binotatus, P. bramoides), river prawn 

(Afacrobrah iurn rosenbergii), hampal (ltampala macrolepidola), snakehead (Ophiocephalus striatus or 
Channa striata), walking catfish (Clariasbatrachus), kissing gourami (Ilelostoma temmincki), bawal and 
rembang (miscellaneous ocean fish).

cincludes P. javanicus, Java tilapia (Oreochromis massambicus), 0. niloticus, C. batrachus, and l. lemminc. 
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Table 2. Per capita fish consumption rates in the Saguling and Cirata Reservoir Regions, West Java, 
Indonesia. (Source: IOE/ICIARI.M 1987). 

Eat fish Hish consumption rate (kg/capita/year) 
Villages/Resp ndents 

(no.) (no.) Fresh Salted Fresh Salted Total 

average

Reservoir Range Mean Range Mean consumption 

Saguling 23 308 272 (88%) 292 (95%) 2.9-10.2 5.8 0.4-10.2 6.6 12.4
 
Cirata 16 56 175 (99%) 173 (98%) 4.8-10.6 8.0 1.4-8.1 3.8 11.8
 

Rice-fish culture systems are an es- cides increased from 1,080 to 14,210 t 
sential part of the aquaculture production (Tarrant et al. 1987). Ricefields planted to 
network in West Java. Recently, these HYV rice increased from 18.5% in 1974, 
systems have had to respond to rapidly to 73.4% by 1985. Rice yields in Java 
changing market demands and prices for jumped from an average of 2.80 t/ha in 
their products, namely, small common 1974 to 4.46 t/ha in 1985, and from 2.45 
carp of 3-5, 5-8, 8-12-cm lengths and t/ha to 3.79 t/ha in Indonesia during this 
80-100-g sizes. Since the economic viabi- period (Rosegrant et al. 1987).
lity of rice-fish culture in West Java is in- From 1976 to 1985, rice production
extricably connected to the inland aqua- showed an impressive growth of 6.8%/year
culture and rice production systems of due to the following factors: 1) govern-
West Java, it is important to review ment rice intensification program (in 1969 
recent developments in these areas, only 35.7% of Indonesia's ricefields were 

Until 1976, the majority of rice-fish under this program, by 1985 this in
culture systems and methods in West creased to 72.3%; 2) irrigation develop-
Java were traditional ones oriented to- ment; 3) development and dissemination 
wards producing small common carp as of modern rice varieties; 4) interventions 
food fish for direct local consumption, or in marketing and price supports; and 5)
for producing seed fish for further fertilizer and pesticide subsidies. Fish pro
ongrowing in ponds located within the duction in ricefields also increased impres
rice-growing region (Fig. 1). Traditional, sively, over 33%/year from 17,701 t in 
low-yielding rice varieties depend on sea- 1977 to 58,880 t in 1984 (DGF 1979,
sonal rains. The availability and price of 1986). Much of this increase in fish pro
fish from ricefields were largely influ- duction was due to large increases in pro
enced by the weather. Abundant rain duction in West tJava. 
meant abundant, low-cost fish in the By 1976, intensive running water sys
rainy season and diametrically opposite tems (RWS) (Suprayitno 1986) moved 
market conditions during the dry season. from a demonstration scale into the main-

Rapid changes swept the traditional stream of the inland aquaculture produc
rice farming and rice-fish agroecosystem tion network in West Java. In 1985, over 
from 1970 to 1984 in Indonesia. The area 5,000 units of 10-100-m2-concrete 
of irrigated ricefields increased from 3.7 to raceways were present in West Java. A 
4.9 million ha, area planted to high-yield- growing market demand for 80-100 g (av
ing varieties (HYV) of rice increased from erage size) common carp for stocking in 
0.8 to 6.8 million ha, distribution of gov- RWS was created which reverberated 
ernment-subsidized inorganic fertilizers in- throughout the aquaculture production
creased from 0.2 to 4.1. million t, and dis- network, fueling increased production of 
tribution of government-subsidized pesti- seed fish from rice-fish systems (Fig. 1). 
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Fig. 1. Historical development trends of the aquaculture production network for C. corpio in 
West Java from 1910 to present. Traditional network (a) developed from 1910 to 1976. Rice-fish 
systems supplied seed fish for further ongrowing in family ponds and fish for direct consumption 
by people living within the rice-growing districts. Network from 1976 to 1985, (h) where fish 
markets increased in size due to tremendous population pressure in West Java. The number of 
ponds and rice-fish systems also increased. Running water systems (aWS) moved from the labo
ratory to commercial-scale, increasing the demand for seed fish and contributing to the expan
sion of rice-fiqh and pond nurseries. The dashed line indicas the decrease in production of 
small fish, once used as direct human food, from rice-fish culture to fish markets in West Java. 
Changing network, c) from 1986 to present. lemands for freshwater fish continue to expand, 
but the number of traditional fish ponds remain relatively constant du- tourbanization and a 
sharp drop in numbers of WS occurs. Rapid development of reservoir cage culture creates in
creased demand for seed fish for stocking, causing increased development of rice-fish nursery 
systems. Rice-fish culture plays a relatively minor role in supplying local fish to people within 
the rice-growing districts. Question marks indicate possible future outes of the changing aqua
culture production network, while dashed lines represent new connections between rice-fish, 
RWS and cage systems observed in January 1988. 

However, from 1985 to 1987, the number 1984 to Rpl,500-1,700/kg in 1987; and 5) 
of RWS fell dramatically due to the fol- business management failures (DPKC 
lowing factors: 1) poor quality of seed fish 1987). In addition, by 1986, the higher 
coming from the Bandung Region, com- profitability and lower operating costs of 
bined with poor handling and transporta- reservoir floating net cage culture had 
tion techniques; 2) increase in the price of been demonstrated (IOE 1986; LPPU 
seed fish from Rpl,200-1,300/kg in 1984 1986; RIIF 1983). Operators of tile reser
to Rpl,700-1,800/kg in 1987; 3) increase voir floating net cages were able to sell 
in price of fish feeds from Rp300/kg in fish at consistently lower prices than own
1984 to Rp450/kg in 1987; 4) decrease in ers of RWS, further exacerbating the i
fresh fish prices from Rpl,800-2,000/kg in nancial problems of RWS. 
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Expansion of reservoir (and lake) ment efforts in the expansion, and intensi
floating net cage culture has a much fication of pond nurseries, will need togreater potential to create more perma- originate from rice-fish culture. 
nent changes in the rice-fish culture sys- While increased demand for seed fish 
tem and to fuel a much larger expansion could fuel a significant expansion of ricein West Java (Fig. 1). Rapid expansion oi fish culture in West Java, and possibly
reservoir aquaculture has occurred in a Indonesia, complete conversion of the rice
very short period of time (1985-88). Its fish culture systems into seed production
operating costs are lower and fish could also imperil fish supplies in local
productivities of cages are higher. Reser- markets. A large proportion of small fishvoir floating net cages in the Saguling production harvested from ricefields, sold
Reservoir, developed from 1985 (zero fish to small local markets and cuaaumed loproduction), produced 2,554 t of common cally, would, due to market forces, be 
carp in 1988, more than 20%X of the total shifte:! into the more profitable resaleinland fisheries production for the entire markeL as seed fish for floating net cages
Bandung Regency in 1985 (DPPJB 1987). or other growout systems. Until very re-
Nearly all of the seed fish used in reser- cently, the majority of rice-fish culture
voir cages originated from rice-fish culture systems in West Java produced small
in the Bandung, Cianjur and Subang Re- common carp in very short fish produc
gencies. The impact on rice-fish systems tion cycles for direct sale to small local
in West Java at current levels of refer- markets (Fig. 1).
voir cage prcduction is causing rapid ex- The importance and magnitude of this
pansion in area, changes in management production of small fish to human nutri
practices, system types and economics of tion has heretofore been unrecognized.
rice-fish systems (DPKC 1987). Few aquaculturists or rural development

Larger ircreases in fish production experts have considered that many Asian
from ricefields in West Java are also an- cultures prefer, for household economic as
ticipated, for two reasons. First, it has well as cuitural reasons, to purchase and
been estimated that irrigated rice a-ea eat small (50-200 g) rather than large
must increase to 10.3 million ha by the fish ( 0.5) kg. In a survey conducted in 
year 2000 (Tarrant et a]. 1987), if Indone- 16 villages in West Java, 71% of the
sia is to maintain its rice self-sufficiency respondents preferred common carp of an
defined at 320 kg/capita/year (Sayogyo average size of 67-200 g; and 85% of the1978). Expansion of irrigated rice lands respondents preferred tilapia (Oreochromis
will correspondingly increase the available spp.) of an even smaller size, 25-50 g
areas for rice-fish culture. Second, accord- (Table 3). If the great demand for seeding to the government reservoir aquacul- fish ;or floating net cages develop as 
ture development programs, floating net planned, local fish markets within the 
cage aquacultu.e will expand from its cur- densely-populated rice-growing districts 
rent center in the Saguling Reservoir into could experience fish shortages.
another (Cirata Reservoir) in 1988. Total 
fish production from the two reservoirs by
1992 will reach a minimum of 12,928 t, or Technology and Economics of 
11% of the total inland fish production Rice-Fish Nurseries 
(culture and capture) from the entire 
province of West Java for 1985 (DPPjB
1987). If this occurs, floating net cages in Radical changes are occurring and
both reservoirs wil! require approximately will continue to occur in the rice-fish cul2,585 t of seed fish of an 80-100 g aver- ture system in West Java (Fig. 1). To 
age size (Effendi, pers. comm.). Nearly all document current technological and eco
of this seed, barring any major develop- nomic changes in rice-fish culture 
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Table 3. Fish sizes preferred from a survey of 16 villages in West Java, Indonesia. 
(Source: IOE/ICLARM 1987). 

Average No. of respondents consuming fish 
fish size 

(g) Oreochromis spp. 

25-33 69 
33-50 34 
50-67 10 

67-100 2 
100-200 6 
200-333 0 
333-500 0 

500-1,000 0 

occurring as a result of the expansion of 
inland aquaculture in West Java, scien-
tists at the Institute -f Ecology (JOE), 
Padjadjaran University (Bandung, hidone-
sia) in cooperation with the International 
Center for Living Aquatic Resources Man-
agement (ICLARM, Manila, Philippines), 
surveyed rice-fish culture systems in in-
land fisheries centers in West Java in 
1986-87. Fisheries centers within a 100-
km radius of the Saguling and Cirata 
Reservoirs were identified from the 1986 
reports of the West Java Provincial Fish-
eries Service and the DGF. Survey areas 
included portions of Bandung, Cianjur, 
Sukabumi, Subang and Tasikmalaya Re-
gencies. After a few months of survey, it 
was found that the great majority of seed 
fish for stocking reservoir aquaculture 
systems were originating from rice-fish 
nursery systems in the Cianjur and 
Subang Regencies. It was thereby decided 
to focus all further surveys on rice-fish 
culture in those regencies. Surveys on fish 
seed marketing routes, rice-fish cropping 
patterns, fish and rice yields, and eco-
nomic data were monitored. In addition, 
two candidate systems for the best avail-
able existing technology of rice-fish nurs-
ery systems were documented. 

The Ci.njur and Subang Regencies of 
West Java have recently undergone rapid 
expansion in rice-fish culture. It is esti-
mated that 61% of all irrigated ricefields 
in Cianjur (DPKC 1987), and 32% in 
Subang (UPP 1985, 1986), are used for 

% C. carpio % 

57 0 0 
28 0 0 

8 0 0 
2 44 26 
5 78 45 
0 20 12 
0 4 2 
0 26 15 

rice-fish culture. Production of fish from 
rice-fish systems in the Cianjur Regency 
in 1987 was 4,872 t, the highest in West 
Java (DPKC 1987). The Cianjur Fisheries 
Service plans to increase rice-fish area to 
10,000 ha by 1989. To meet the estimated 
1988-89 demand for seed fish in expanded 
freshwater aquaculture, the Cianjur Re
gency must produce an additional, ap
proximately 580 t of 80-100-g common 
carp (DPKC 1987). 

In the Cianjur Regency in 1987, IOE/ 
ICLARM scientists documented a rice-fish 
nursery system that used very short (one 
month) minapadi cycles (Fig. 2). The sys
tem incorporated 7ninapadi-penyelangrice
fish systems, and produced four crops of 
seed fish from three minapadi and one 
penyelang cyclos, along with 5,677 kg of 
rice in six months. Total fish yield was 
370 kg/ha in six months, ranging from 41 
to 58 kg/ha/month for the minapadi sys
tems. Total fish yields for all three 
minapadi cycles were 144 kg/ha/rice crop 
and 226 kg/ha for the penyelang cycle 
(Fig. 2). Total minapadi fish yield re
ported here was higher than the average 
of 75-100 kg/ha in three to four months 
reported by Coche (1967); fish yield from 
penyelang (Fig. 2) was also higher than 
the 150 kg/ha in four to six months re
ported by the same author. 

Unfortunately, economic data were not 
available for this intensive nursery sys
tern. However, in farmer interviews in 
1950-87, it was learned that numerous 
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Fig. 2. Aquaculture management of different rice and fish cropping patterns in _n intensive rice-fish nursery 
system over a six-month period in Cianjur Regency, West Java, Indonesia, 1987. 

Month 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 

System Mirapadi I Minapadi 2 Minapadi 3 	 Penyelang 

Terrestrial Riceplar.tei Rice Rice Paddy Rice 
weeded weeded dried harveted 

Aquatic Fish seeded 	 Fish harvested Fish harvested Fish harvested Fish seeded Fish harvested 
Fish restocked Fish restocked 

Fich stocked into Fond hatchery 	 ricefield ricefield ricefield 

Fish size 1-3 cm 	 10-20% 5-10 cm 10-20% 8-12 cm 5-10% > 16 cm &-1O cm 10-20% > 16 cm 
80-90% 3 5 cm 80-90% 5-10 cm 90-95% 10-15 cm 80-90% 10-15 cm 

Fish number 50,000-60,000 	 20,000-40,000 500-1.000 1,000-3,000 

Mortality (%) 	 40-G0 20-40 10-40 	 10-40 

Market 	 5-10 cm sale 8-12 cm sale sale sale
 
3-5 cm restocking 5-10 cm restocking
 

Fish yield 	 41 58 45 22G 
(kg/halyear) 

operators of rice-fish systems in Cianjur 5). In Subang, a special inland fisheries 
shifted to intensive fish nursery systems development project (pilot project manage
with very short minapadi cycles due to ment unit, or UPP in Indonesian) was 
more favorable returns. A separate finan- created in 1982 by the West Java Provin
cial survey was conducted using five ex- cial Fisheries Service to document and 
amples of each of the four existing types improve existing practices and expand
of fish nursery systems in the Cianjur rice-fish areas. Major routes of seed distri-
Region. Results showed that net returns bution from Subang rice-fish systems to 
were highest for the semi-intensive, inland aquaculture in West Java were 
deepwater (30-50 cm) nursery ponds (that documented (Fig. 3) (UPP 1985). UPP 
had been converted from ricefields) (Table (1985) also documented the different crop
4). ping patterns of rice-fish culture existing 

Factors other than finances will need in 11 villages in Subang (Table 6). 
to be considered before any large-scale 
conversion of ricefields to pond nurseries 
will occur i West Java. For example, Table 4. Net returns from rice-fish culture in the 
current government policies to preserve Cianjur Regency, Indonesia. (Source: DPKC 1987).
ricefields and maintain national rice self- Culture period Net returns 
sufficiency would prevent any large-scale System type (days) (US$/ha)* 
conversion (dela Cruz, pers. comm.). 

The Subang Regency has thousands of Penyelang 40 185 
hectares of ricefields of rich volcanic soils Palawiia 40 
that are technically irrigated by the Minapadi 40 150 
Jatiluhur Reservoir. Subang's rice-fish Semi-intensive pond 30 498 

cropping pattern is no longer influenced *Original values in Rupiah were converted to US$ at 
by seasonal rains due to the widespread the rate of US$1 = Rpl,647 as of 1987. 
development of irrigation networks (Table 

52 
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Table 5. Yearly rainfall and cropping pattern of rice-fish culture 
in the Subang Regency, Indonesia, 1984. (Source: UPP 1985). 

Fish 
Rainfall Area Fairmers production 

Month (mm) (ha) (no.) (kg) 

January 225 41 40 4,214 
February 155 10 i8 3,017 
March 107 3 3 210 
April 198 8 11 1,520 
May 161 17 24 1,798 
June 0 25 30 3,125 
July 44 191 215 50,410 
August 0 120 150 40,320 
September 0 370 400 101,000 
October 105 616 400 163,157 
November 122 666 420 192,655 
December 148 29 72 3,435 

f-angerong J Ko.
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Fig. 3. Routes of C. carpio seed from rice-fish nurseries in the Subang Regency to aquaculture growout 
systems in West Java. Also shown are the major supply routes of fry C. carplio (1-3 cm average size) 
from pond hatcheries in the regencies of Bandung (40%), Tasikmalaya (30%), Subang (20%) and 
Purwakarta (10%) into rice-fish nursery systems in Subang. (Modified from UP1 1985). 

Seven villages were chosen by the 
UPP for a rice-fish development project. 
These villages had a population of 52,550. 
Ricefields comprised 82% (5,763 ha) of the 
villages' total land area (UPP 1985, 1986). 
Rice-fish culture in the seven villages has 
recently expanded (Table 7). In particular, 
palawija systems showed dramatic in-

creases in terms of number of farmers in
volved, rice-fish culture area and fish 
yields. 

It is known that palawija fish produc
tion is the most productive of the three 
methods of rice-fish culture in Indonesia. 
Fish yields in traditional Indonesian pala
wija in three months produce 600 kg/ha 
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Table 6. Cropping patterns of rice-fish culture systems in the Subang Regency, West 
Java, Indonesia. (Source: UPP 1985). 

Village Jan Feb Mar Apr May Jun 

Cicadas minapadli penydlang ninapadi 
Nanggemng minapadi penyelang minapadi 
linong minapadi penyelang minwpadi 

Karangwangi minapadi penydlang mirapadi 
Kihiyand minapadi penyelang minapadi 
Tarjungsari minapadi penylang minapadi 
Citmjaya minapadi penydlang minapadi 
Mulyasuri penyevang minapadi 
Mekarwangi penylang minapadi 
Surnbersari penyd-ang minapadi 
Gambarvari ,aiapadi penyelang minapadi 

Village Jul Aug Sep Oct Nov Doe 

Cicadas palawija minapadi 
Nanggerang palawUa minapadi 
Binong palawija minapadi 
Karungwangi palawija minapadi 
Kihiyang Pnawija minapadi 
Tanjungsari palawija minapadi 
Citrajayn palwija minapadi 
Mulyasari patawija minapadi 
Mekarwangi palauw- minapadi 
Surnbersari paaw minapadi 
Gambarari palawun minapadi 

Table 7. Growth of rice-fish culture in Subang Regency, West Java, Indonesia.
 
(Source: UPP 1986).
 

Culture Average rice Average
 
Area Farmers period production fish yields
 

System type (ha) (no.) (days) (kg) (kg/ha)
 

Minapadi 
1982 5.0 40 60 750 150
 
1985 278.2 670 60 32,930 118
 

Penyelang 
1982 94.8 ? 30 7,016 74
 
1985 20.5 146 30 1,694 83
 

Palawija 
1982 632.3 1,100 60 126,460 200
 
1985 1,570.1 2,503 60 471,154 300
 

in fertile areas, 300 kg/ha in moderately greater than minapadi in Indonesia, Ja
fertile areas, and 100-200 kg/ha in pan, Thailand and Vietnam. 
unfertile areas (Ardiwinata 1967). Similar Traditional palawija in Indonesia 
findings in Southeast Asia have been re- were, however, oriented towards produc
ported by others. Middendrop (1985) ing 125-200-g (average size) common carp 
found that fish yields from palawija are for local food. While a wide diversity of 
higher than yields from minapadi systems different stocking and harvesting patterns 
in northern Thailand. Coche (1967) men- in palawija continues to exist in Subang 
tioned that fish yields from palawija were (Tables 8 and 9), surveys have shown 
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Table 8. Approximate culture period (days) to reach various sizes of fish in palawija,
West Java, Indonesia. (Source: Modified from UPP 1985). 

Harvest size 

Seed fish (100 g) for cages 
and running water systems

Rice-fish growout (125-26,0 g) 
for local food 

Consumption size (>200 g) 

Stocking size 

3-5 cm 5-8 cm 8-12 cm 100 g 

60-80 40-60 30-40 -

90-120 75-90 60-75 30-40 

60-80 40-60 30-40 20-30 

Table 9. Stocking densities and sizes of C. carpio in palawija systems. (Source: UPP 1986). 

Stocking 

Size 
(cm) 

1-3 
3-5 
5-8 
5-8 

8-11 

that an increasing 

Density 
(fish/ha) 

70,000-100,000 

10,000-15,000 

6,000-10,000 

1,500-3,000 
1,000-2,000 

number of palawija 
systems in the regency produced 8 0 -100-g 
seed fish for further restocking in reser-
voir floating net cages and in RWS. 

An owner-operated 1-ha rice-fish 
nursery in Subang was studied for one 
year, and costs and net returns recorded, 
The system produced 11.7 t of rice and 
791 kg/ha of fish over the one-year period 
(Table 10). Fish production came from 
three minapadi, one penyelang and one 
palawija. Net returns were calculated us-
ing the scheme of Herdt (1978) and are 
presented in Table 10. Net return was 
US$1,690 ha/year, with fish comprising
31%. Cost of fry was 28% of the value of 
the fish produced. The net return from 
fish was 73% of fish gross receipts. Rice-
fish culture studies in Southeast Asia esti-
mates cost of fry as 30-50% of the value 
of the fish produced, and net returns from 
fish as 30-65% of fish gross receipts 
(Khoo and Tan 1980). 

The attractiveness of rice-fish nurser-
ies can be evaluated in terms of the 

Culture period Harvest size Mortality 
(days) (cm) (%) 

30 3-8 40-60 
50 5-8 30-50 
50 8-11 20-40 

50-90 12-18 10-40
 
30 12-18 10-40
 

amount of cash returned to small-scale 
farmers for the quantity of family labor 
invested. Small farmers in Indonesia are 
very short of cash, using family labor in 
all possible circumstances. Small cash 
outlays are made when virtually no risk 
is involved, e.g., during rice harvest, 
when hiring part-time labor can maxi
mize income. Thus, an index of income 
earned per unit of labor invested may be 
more relevant than any straightfoi ward 
economic analysis of rice-fish farming sys
tems, especially in a labor-rich and capi
tal-poor situation like rural Indonesia 
(Smith, pers. comm.). 

For the rice-fish nursery system stud
ied in West Java (Table 11), the opportu
nity cost of family labor, equivalent to 
working in a 1-ha rice-fish nursery sys
tem for one year, is US$342. This labor 
gave a net return of US$1,690. Thus, for 
every US$0.61 (agricultural wage rate 
per day in West Java 1988) of labor in
vested by the farming family, a return of 
US$3.00 is realized. This indicates that 



Table 10. Aquaculture management of different rice and fish cropping patterns in an intensive rice-fish nursery system over a one-year period in SubangRegency, West Java, Indonesia, 1987. 

Fish Fish NumberMonth System Terrestrial Aquatic stocked Fishsize of Mortality yield
into (cm) fish (%) Market (kg/ha/year) 

1 Rice planted Fish seeded Pond hatchery 1-3 50,000-60,000 
1.5 
2 Minapadi 1 Rice weeded 
2.5
3 Rice weeded Fish harvested, Ricefield 8-12 (20-30%) 20-50 8-12 cm sale 110

Fish restocked 5-10 (70-80%) 500-1,000 5-10 cm restocking 
3.5 Minapadi 2 >16 (5-10%) 10-40 sale 454 Paddy dried Fish harvested 10-15 (90-95%)4.5 Penyelang Fish seeded Ricefield 5-10 1,000-3,000

5 
 Rice harvested 
5.56 Rice planted Fish harvested Ricefield 10-40 sale 226 

Fish restocked7 Minopadi 3 Rice weeded 1-3 50,000-60,000 

8 Rice weeded

9 8-12 (20-30%) 20-50 8-12 cm sale


Paddy dried Fish ha,.v-ested 
110 

5-10 cm sale, 
9.5 Rice harvested restocking 

10 Fish stocked 5-10 (70-80%) 1,500-3,000
11 Palawija FielJ fallow12 > 18 (5-10%) 10-40 sale

Fish harvested 
300 

12-16 (90-95%) 

I-. 
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Table 11. Costs and returns (US$) for a one-hectare intensive rice-fish nursery system in 

Subang, West Java, Indonesia, 1987. 

Total costs 
Cash cost far labor 


Transportation of laborers 

10 harvest days x '. crops
 

x 3 people x Rpl,000/
 
person/day 


Non-cash costs for family labor 

Supervising, harvesting, level 


field, making channels
 
Fixing ditches 

Breaking ground 

Plow fields 

Fix main dike 

Fertilize, planting 

Weeding 1 

Weeding 2 

Clean dikes 

I)estroy pests 

Harvest 

Sun-dry rice 


Non-cash cost for labor in kind 
Meals 10 days x 2 crops x 3 people 

x Rp300/person/day 
Cash costs for material inputs 

Minapadi 40 kg seed fish @ Rpl,500/kg 
Penyelang 50 kg seed fish @ Rpl,500/kg 
Palawija 50 seed fish @ Rpl,500/kg 
60 kg rice seed @ Rp200/kg 
Fertilizer, pesticide 

Gross returns 
Minapadi 1 110 kg fish @ Rpl,350/kg 
Minaopadi 2 45 kg fish @ Rpl,400/kg 
Minapodi 3 110 kg fish @ Rpl,500/kg 
Penyelang 226 kg fish @ Rp1.500/kg 
Palawija 300 kg fish @ Rpl,500/kg 
11,700 kg rice @ Rp225/kg 

Net returns 

Fish Rice Rice-fish 

188.83 427.63 616.46 
12.14 36.43 48.57 
12.14 

36.43 
30.97 310.81 341.78 
30.97 

45.17 
54.65 
54.65 
23.98 
18.21 
14.51 
10.93 
15.18 

6.07 
45.54 
21.86 
10.93 10.93 
10.93 

145.72 69.46 215.18 

69.46 

707.65 1,598.36 2,306.01 
90.16 
38.25 

100.18 
205.83 
273.22 

1,598.36 

518.82 1,170.73 1,689.55 

*Original values in Rupiah were converted to US$ at the rate of US$1 = Rpl,647 as of 1987. 

small farmers in West Java greatly ben-
efit from their rice-fish nursery opera-
tions. 

Conclusions 

Inland aquaculture in West Java has 
significantly expanded from 1976 to the 
present. This growth has provided the 

driving force for concomitant expansion of 
rice-fish culture due to the larger market 
demand for seed fish. 

Intensive rice-fish nursery systems 
are at the forefront of development in the 
aquaculture production network of West 
Java due to their critical role in supplying 
seed fish for expanding running water 
and reservoir cage aquaculture systems. 
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Abstract 

Rice-fish farming systems in Indonesia, known as minapadi (concurrent), penyelang (intermediate) and
palawija (rotational), together with rice production patterns are practised widely in Indonesia, especially in Java. 
Results from the 32 rice-fish farmers surveyed in West Java in 1987 and 1988 showed that the introduction of 
fish into the ricefield increased rice productivity. The rate of return on inputs per year averaged 127% for the
rice-rice-fish and 173% for the (rice+fish)-(rice+fish)-fish cropping patterns. Constraints identified were the need 
for more quality seed fish to support the expansion of rice-fish farming, the use of pesticides and optimizing 
production of rice and fish through better design ol fish refuges. 

Introduction been practised for more than a century, 
and is still widely practised (Djajadiredja

Rice and fish are the staple foods for et a]. 1980; Koesoemadinata and Costa
the majority of people in Asia. Rice-fish Pierce, this vol.). It assumes a tremen
farming is an ideal method of land use, dous household economic importance as 
since it produces high quality grain and well as being an essential part of the 
animal protein simultaneously (Satari nation's inland aquaculture production
1962). Fish culture in ricefields requires system (Costa-Pierce, this vol.).
relatively small capital inputs and has a There are many advantages of rice
short payback period (Ruddle 1982). In fish culture. Khoo and Tan (1980)
Indonesia, fish culture in ricefields has revealed that with the introduction of fish 
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into the ricefields, the yield of rice is in- Some Economic Analyses 
creLsed by 4 to 15%. This probably re
sults from the increased soil fertility due A survey was conducted in West Java 
to fish feces, the additional fertilizers used (Cianjur, Sukabumi and Bogor Districts) 
and remnants of supplemental food, bet- in 1987 by the Research Institute for 
ter aeration of the water and greater Freshwate," Fisheries (RIFF). Data collec
tillering. Thus. ricefields are rich tion was done by interviewing rice-fish 
(oftentimes richer than many fish culture farmers using a questionnaire and visiting 
ponds) in natural aquatic fish foods due their ricefield area. The results obtained 
to constant fertilization, besides plowing from 14 respondents showed that 
and drainage of the ricefield (Costa- minapadi-penyelang-minapadiwas the 
Pierce, this vol.). Satari (1962) revealed cropping pattern adopted most by the 
that by introducing fish into ricefields, farmers. The system produced an average 
rice grow better, branch higher, the effec- ot 500-800 kg of fish (700 kg/ba) and 12
tive tillering rate and grains per tiller are 16 t of rice (13 tf/a) in one year. Rate of 
higher, and the rate of empty grains is return on inputs ranged from 86 to 1.26% 
lower. Fish also reduce the need for ferti- (Table 1). Fish accounted for 22-48% of 

lizer on rice (Li 1986) and may decrease total net returns. 
weed growth in ricefields by 30% between The ratio of net returns from fish to 
transplanting and first weeding periods rice production costs for a single crop of 
(Satari 1962). Fish also consume many minapadi and minapadi-pcnyelang
destructive insects and insect larvae minapadi ranged from 41 to 54% and 56 
which damage rice plants as well as con- to 115%, respectively (Table 2). The latter 
sume many human disease vectors (Khoo was able to pay more for the rice produc
and Tan 1980). Thus, fish culture in tion costs because the system produced 
ricefields can be a valuable addition to more fish. 
management of natural resources in the Another baseline survey conwas 
rice agroecosystem (Costa-Pierce, this ducted in 1988 by the Sukamandi Re
vol.). search Institute for Food Crops (SURIF) 

Table 1. Input-output analyses of minapadi.pcnyeang-minapadi cropping pattern per year from 

farm surveys conducted by IIFF in Sukabumi, Cianjur and Bogor, 1987.0 

Net returns 
of fish 

Total Total to total Rate of return 

Area input costsb net returns net returns on inputs 

Location (ha) (US$) (US$) (%) (%) 

Sukabumi 1 1,492.78 1,657.21 22 111 

Cianjur 1 1,080.36 1,302.88 48 120 

Cianjur 0.95 1,020.81 1,232.31 22 121 
Sukabumi 0.50 813.50 983.37 26 121 

Bogor 1 1,361.84 1,712.53 22 126 
Subang 1 696.72 599.39 27 86 

aOriginal values in Indonesian Rupiah were converted to US$ at the rate of US$1=Rpl,600, as 
of 1987. 
bincludes land rent and ricefield construction. 

http:1,712.53
http:1,361.84
http:1,232.31
http:1,020.81
http:1,302.88
http:1,080.36
http:1,657.21
http:1,492.78
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Table 2. Ratio of net return of fish on rice input costs in minapadi and minapadi.penyelang
minapadi cropping pattern from farm surveys conducted by RIFF in Sukabumi, Cianjur and 
Bogor, 1987. a 

Minapadi Minapadi-pcnyelang.minapadi 

Rate of Rate of 
Rice input Net returns fish returns on Net returns fish returns 

Area costs of fish rice inputs of fish on rice inputs 
(ha) (US$) (US$) (%) (US$) (%) 

1 541.65 291.56 54 625.93 115 
0.95 486.43 218.75 45 268.75 56 
0.50 	 276.00 123.12 45 259.37 93 

1 569.65 234.21 41 369.68 65 
1 499.65 246.87 49 356.87 71 
1 194.06 96.87 50 132.01 68 

aOriginal values in Indonesian Rupiah were converted to US$ at the rate of US$1 =Rp1,600, as 
of 1987. 

and the RIFF in Binong Village, Subang and (rice+fish)-(rice+fish)-fish patterns. By
District, where about 15% of the 10,234- introducing fish into the cropping pat
ha irrigated ricefields were used for fish terns, the productivity of ricefields and 
palawija and 2% for concurrent rice-fish the farm incomes have increased. 
culture. Details on the methodology is dis- Labor, a major cost in all cropping
cussed in Syamsiah et al. (this vol.). Sixty patterns, accounted for 68% of total costs, 
farmers were interviewed but only 18 -,'e- followed by fertilizers and tax (12% each), 
sponses were analyzed. The cropping pat- chemicals (5%) and seed/fingerlings (3%). 
terns adopted by farmers were: rice-rice
fallow; rice-rice-fish; (rice+fish)-rice-fish; 
(rice+fish)-(rice+fish)-fish; and (rice+fish)
fish-(rice+fish)-fish. Prospects and Constraints 

Rice yields from rice monoculture and 
rice-fish culture averaged 10.8 and 10.9 t/ Prospects 
ha/year, respectively. Rice monoculture 
yields ranged from 8.0 to 14.0 t/ha/year; About 94,309 ha of ricefields through
while in rice-fish culture, 9.0 to 13.0 t/ha/ out the country are being used to culture 
year. fish. This area is only 8% of the total po-

Fish production from rice-rice-fish tential irrigated ricefields or 1% of the to
ranged from 80 to 367 kg with aver- tal ricefield area in Indonesia which is 
age of 241 kg/ha/year; while in (..e .-fish)- about 7,195,946 ha. 
(rice+fish)-fish, 320 to 850 kg with an av- West Java has 542,821 ha of potential 
erage of 550 kg/ha/year. irrigated ricefields, but only 8% are cur-

The ratio of net returns on inputs per rently used to culture fish (Ahmad and 
year in the rice-rice-fallow, rice-rice-fish Darmawiredja 1989). A larger expansion
and (rice+fish)-(rice+fish)-fish patterns, of rice-fish culture in this region has a 
averaged 115, 125 and 173%, respectively great possibility, since seed fish demands 
(Tables 3-5). On the average, the income from reservoir floating net cages and run
from fish was able to cover 20 and 59% of ning water systems are increasing (Costa
rice production costs in the rice-rice-fish Pierce and Hadikusumah 1990). 
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Table 3. Input-output analyses of rice-rice-fallow cropping pattern per year from farm surveys conducted by 
SURIF and RIFF, Binong, Subang District, 1988. a 

Area (ha) 

Items 0.35 1.0 0.5 0.25 0.7 0.7 Average 

Input costs 
Seed 
Fertilizers 
Chemicah' 
Labor 

land prt paration 
seedling 
planting 
fertilizing 
pest eradication 
weeding 
harvesting 

Tax 

300.66 688.06 379.70 204.55 
5.45 13.64 12.12 4.55 

31.52 78.79 37.88 24.06 
19.39 75.03 18.18 9.45 

29.09 60.61 41.21 28.79 
4.85 7.27 4.85 1.82 

11.52 49.09 12.12 18.18 
2.42 4.85 4.85 3.64 

10.30 18.48 7.27 7.27 
5.82 16.67 9.39 3.64 

143.94 290.91 185.45 82.55 
36.36 72.73 46.36 20.61 

502.73 544.85 
13.64 10.00 
75.76 64.55 
29.09 33.94 

64.24 77.58 
3.64 9.70 

21.82 24.24 
9.09 12.73 
9.09 12.12 

10.91 21.21 
212.12 223.03 

53.33 55.76 

436.73 

Value of output 
Net returns 
Rate of return on inputs (%) 

663.03 1,454.55 927.27 412.73 
362.36 766.48 547.58 208.18 
120 111 144 102 

1,069.70 1,116.96 
566.97 572.12 
113 105 

940.73 
504.00 
115 

"Original values in Indonesian Rupiah were converted to US$ at the rate of US$1 = Rpl,650, as of 1988. 

Table 4. Input-output analyses of rice-rice-fish cropping pattern per year fiom farm surveys conducted by SURIF 
and RIFF, Binong, Subang District, 1988.0 

Area (ha) 

Items 0.70 1.15 0.70 0.40 0.28 0.21 Average 

Input costs 517.88 684.55 417.01 237.03 244.06 181.64 380.30 
Rice 486.06 647.27 360.96 208.30 204.48 153.45 343.39 
Seed 10.91 10.91 9.09 5.45 3.88 3.03 
Fertilizers 64.24 65.45 53.03 15.15 25.76 10.61 
Chemicals 73.64 38.79 23.94 8.48 6.67 7.27 
Labor 

land preparation 40.61 63.33 30.04 20.00 20.00 25.45 
seedling 5.45 7.58 3.64 3.64 2.73 3.64 
planting 20.61 36.36 30.30 12.12 8.48 10.00 
f'rtilizing 9.70 9.70 5.45 6.06 4.85 2.73 
pest eradication 7.88 26.67 5.45 6.67 3.64 3.64 
weeding 16.97 29.09 15.15 5.15 6.06 3.64 
harvesting 212.73 287.88 147.88 100.73 98.18 67.09 

Tax 53.33 71.52 36.97 24.85 24.24 16.36 
fish 31.82 37.27 56.06 28.73 39.58 28.18 36.91 
Fingerlings 9.09 13.64 30.30 10.24 24.24 6.06 
Feed 2.73 0.91 1.82 1.21 1.09 1.21 
Labor 

land preparation 7.58 7.58 7.88 7.27 7.27 13.94 
stocking 0.91 0.91 0.91 0.91 0.91 0.91 
maintenance 9.09 10.00 9.09 3.64 3.64 3.64 
harvesting 2.42 4.24 6.06 5.45 2.42 2.42 

Value of output 1,111.52 1,517.27 925.76 636.36 641.82 394.85 854.55 
Rice 1,060.61 1,440.00 739.39 509.09 490.91 335.45 762.55 
Fish 50.91 77.27 183.36 127.27 50.91 59.39 92.00
 

Total net returns 593.64 823.73 508.75 399.33 297.76 213.21 474.24 
Rate of return 
on inputs (%) 115 122 122 168 122 117 127
 

Net returns of fish
 
on rice inputs (%) 4 6 36 47 5.5 20 19.7 

eOriginal values in Indonesian Rupiah were converted to US$ at '.e rate or US$1 = Rpl,650, as of 1988. 

http:1,440.00
http:1,060.61
http:1,517.27
http:1,111.52
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Table 5. Input-output analyn.s cf (rice+fish)-(rice+fish).fish cropping pattern per year from farm surveysconducted by SURIF and Rl?'F, Binong, Subaag District, 1988.a 

Area (ha) 
Items 0.50 0.15 0.70 0.70 1.50 0.50 Average 

Input costc 
Rice 

Seed 
Fertilizers 
Phemicals 

394.55 
315.78 

7.76 
55.09 
15.09 

375.52 
300.67 

6.97 
35.21 
20.61 

447.27 
397.27 

16.67 
59.39 

9.09 

473.64 
410.00 

17.27 
6424 
15.15 

1,160.73 
D260.61 

27.27 
117.27 
60.61 

374.12 
317.76 

7.45 
32.73 
6.06 

5,17.58 
450.30 

Labor 
land preparation 
seedling 
planting 
fertilizing 
pest eradication 
weeding 
harvesting 

Tax 

Fish 

Fingerlings 
Fm-d 

Fertilizers 

21.15 
3.64 

20.55 
3.64 

4.85 
6.06 

142.24 
35.70 
78.79 
50.00 

7.27 

21.82 
3.64 

16.97 
2.73 

12.12 
9.09 

136.97 
34.55 
74.85 

45.45 
5.76 

1.21 

25.45 
3.64 

20.61 
3.64 
5.45 
4.85 

198.79 
49.70 
50.00 
27.27 

0.61 

5.45 

29.09 
5.15 

19.39 
3.64 

4.55 
9.09 

193.94 
48.48 
63.64 

37.88 
5.45 

60.61 
10.30 
34.24 
5.45 
5.45 

12.12 
501.82 
125.45 
200.12 
165.15 

5.58 

26.06 
3.64 

16.36 
3.64 

3.64 
8.48 

167.88 
41.82 

56.36 
33.33 
2.73 

87.27 

Labor 
land preparation 
stocking 
maintenance 
harvesting 

9.09 
0.91 
9.09 
2.42 

7.58 
0.91 
9.70 
4.24 

3.64 
0.91 
9.09 
3.03 

6.06 
0.91 
9.09 
4.24 

6.06 
0.91 

15.15 
7.27 

5.45 
0.91 

10.91 
3.03 

Value or output 
Rice 
Fish 

Total net returns 
Rat of return on inputs%) 

Net returns or fish on
rice inputs (%) 

1,134.55 
712.12 
422.42 
740.00 
187 

109 

908.48 
687.27 
221.21 
532.97 
142 

49 

1 183.03 
993.94 
189.09 
735.76 
164 

35 

1,371.52 
969.70 
401.82 
897.88 
189 

82 

3,243.64 
2,509.09 

734.55 
2,082.91 
179 

56 

975.09 
840.03 
135.09 
600.97 
161 

25 

1,469.33 
1,118.67 

350.67 
931.76 

173 

59 

aOriginal valves in Indonesian Rupiah were converted to USS at the rate or US$1 = Rpl,650, as or 1988. 

Rapid expansion of reservoir fish cul- Regencies (Effendi 1988; Costa-Pierce, thisture has occurred in the Saguling Reser- vol.).voir (West Java) which has a total area of The government's rice-fish production5,340 ha during 1985-88. Fish culture in program included the expansion of ricefloating net cages in this reservoir started fish culture to other regions and a ricein 1985 with 57 units of cages operated, intensification program. In West Java,producing 17.4 t of common carp. By around 20,000 ha are to b included in1988, the floating net cages increased to this intensification progj-am, starting1,236 units which produced 2,554 t of fish 1989. 
(Sutandar et al. 1990). The system has
expanded to the Cirata Reservoir (West Constraints 
Java) in 1988 and already has 100 unitsof floating net cages, producing 31.9 t of An expansion of rice-fish farming willfish by the end of 1988. The seed fish increase the need of seed fish. Moreover,used in these reservoirs' floating net improved seed fish production techniquescages mostly originated from rice-fish cul- should also be considered to prevent theture in the Subang, Bandung and Cianjur poor quality of fish seed which has been 
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observed by the Fisheries Service in 
Cianjur since 1987. 

The use of pesticides in rice-fish cul-
ture needs proper attention. Using inte-
grated pest management has been suc-
cessful for brown planthoppers. Use of in-
secticides against fish parasites have to 
be in accordance with Presidential Decree 
No. 3, 1986 (Ahmad and Darmawiredja 
1989). Only nine out of the 30 kinds of 
insecticides (Bassa, Baycarb, Hopcin, 
Kiltop, Mipcin, Folithion, Mikrab, 
Tsumacide and Unden) are recommended 
by the government. The decree also speci-
fled the active ingredients in the pesti
cides (see Koesoemadinata and Costa-
Pierce, this vol.). 

Farmei. are concerned that rice pro
duction is lower due to the reduction of 
area used for rice cultivation due to con-
struction of trenches as fish refuges. Bet-
ter techniques to optimize production of 
rice and fish should be found. 

Research Activities 

In the effort to get better fish yields, 
different strains of common carp from iso-
lated areas in Indonesia have been col-
lected by the RIFF in collaboration with 
Dalhousie University, sponsored by the 
International Development Research Cen-
tre of Canada (IDRC). Experiments on the 
crossing of different strains are on-going. 
But the research activities are still limited 
to pond fish, and are lacking for rice-fish 
culture purposes. 

On the use of pesticides in rice-fish 
farming system, Koesoemadinata (1982) 
found that 8.3% of the rice pesticides 
were extremely toxic to fish, 62.5% were 
highly toxic, 16.7% were moderately toxic 
and 12.5% were of low toxicity. The Pesti-
cide Committee stated that extremely 
toxic and persistent chemicals categorized 
as water contaminants, such as endrin, 
DDT, BHC and other organochlorines, are 

not allowed to be used in aquatic environ
ments. 

An experiment on evaluating the ef
fects of fish stocking densities was con
ducted by the RIFF at Sukamandi. Re
sults showed that although there is no 
significant effect of different stocking den
sities of fish on rice production, a trend of 
higher rice production for higher fish 
stocking densities exists. Moreover, an ini
tial stocking density of fish between 2,000 
and 4,000/ha gives better fish production. 
In this experiment, 4% of the ricefield 
area was used for the trench. 

Conclusions 

Rice-fish farming systems are prac
tised widely in Indonesia and have a 
great potential for expansion. The area of 
ricefields used for fish cultivation has in
creased steadily since 1979, 75% of which 

are located in Java. The increased fish 
production in Java Island until 1986 has 
indicated significant progress in the inten

sification of rice-fish culture. 
The minapadi-penyelang-minapadi 

pattern is adopted by most farmers in 
West Java, while in Binong Subdistrict, 
the palawija system or minapadi
minapadi-fish pattern is widely practised. 
The rate of return on inputs per year in 
the minapadi-penyelang-minapadiaver
aged 114%, and net returns from fish coy
ered 73% of rice production costs. In 
Binong Subdistrict, the rate of return on 
inputs per year in minapadi-minapadi
fish pattern averaged 173%; net returns 
from fish covered 59% of rice production 
costs. In the same area, using the rice
rice-fish pattern, net returns from fish 
paid only 20% of rice productions costs. 

In this Regency, a larger expansion of 
rice-fish culture has a great possibility, 
since rapid expansion of reservoir fish cul
ture has occurred in a short period of 
time, increasing dramatically the demand 
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for seed fish from rice-fish culture. Efforts PELITA IV and the work plan of UPTD 
to increase hatchery production of seed Saguling-Cirata fisheries in PELITA V.
fish of high quality should be considered. Dinas Perikanan UPTD Saguling-Cirata,
Other research areas are focused on use 

West Java, Indonesia. (In Indonesian).
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Abstract 
Observations from an on-farm research and extension project conducted from 1984 to 1989 in NortheastThailand have revealed great diversity in fry nursery facilities and management. Many management proceduresfall short of what is needed. Instruction in basic nursery management would greatly improve fry production without the need for new technologies. Suggested fry nursery techniques can increase fish production and loweroperating costs. Furthermore, the more efficient use of fry can partially redress the current seed fish supply

problem. 

Introduction taken. The information on fry-rearing fa
cilities and management used in rice-fish 

Mortality in rice-fish systems largely farms described here comes primarilydepends on fish growth rates during the from observations made between 1984 
fry-nursing stage because the fish growth and 1989 in an on-farm research and ex
rate determines the size of fingerlings tension project. After this examination,stocked. It is generally accepted by farm- several improvements are suggested. 
ers and researchers that heavy mortalities 
occur when undersized fingerlings are Description of Fry Nursery
stocked. Successful fry to fingerling rear
ing is achieved by a relatively modest Systems
number of rice-fish farmers.

Apart from a brief description by The following descriptions of nurserySurintaraseree (1988), research specifically layouts and management strategies inexamining nursery facilities and manage- both rainfed and irrigated areas servement in Thailand has not been under- only to show the variety of systems in 

*Present address: P.O. Box 26, A. Muang, Nong Khai 43000, Thailand. 
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use. Surintaresee (1988) found that most 
farmers realize the importance of fry-
nursing but only those raising fish for 
sale utilized adequate levels of nursery 
management. 

All species raised (Cyprinus carpio, 
Oreochromis niloticus, Puntiusgonionotus, 
Aristichthys nobilis and Hypophthal-
michthys molitrix) are stocked together in 
the nurseries. Supplementary feeding is 
common because plankton productivity is 
inadequate. The amount of feed provided 
depends on the financial resources and/or 
availability of materials. Feeding, how-
ever, is rarely done on a fish biomass ba-
sis. 

Farmers stock fry as early as possible 
to maximize the rearing period. Usually, 
fish are stocked when nurseries have 
accumulated about 0.5 m of water. Nurs-
ery periods usually last between three 
and five weeks. One to two weeks after 
transplanting rice, 2-5 cm total length 
fingerlings are released into the ricefields. 
Stocking densities are highly variable and 
often not even considered in nursery sys-
tems. 

One of the simplest facilities used is a 
plastic screened cage set in the pond. 
Cages are stocked early in May, water 

"/" 


.... 


permitting, when fry of all species are 
still available from government and pri
vate hatcheries. Early stocking gives fry 
approximately four weeks to attain the 5
7 cm total length desired for stocking into 
ricefields. Cages also provide protection 
from aquatic predators. There are a 
number of disadvantages associated with 
this method, however. As is true of any 
enclosed system, there is a danger of fry 
escape should the enclosure become punc
tured, and theft is easy. Frequent inspec
tion and guarding are necessary. Trans
port from cages to field increases stress 
on the fish and adds labor. Another ex
pense associated with this type of nursery 
is that of fertilizing the water to encour
age adequate plankton production. Farms 
in the Northeast produce insufficient or
ganic inputs so supplemental feeding with 
rice bran, termites, and occasionally with 
pelleted feed, is necessary. 

A simple nursery of fine mesh plastic 
or bamboo fencing placed in natural low 
areas within a ricefield have been de
signed (Fig. 1). Although plastic netting 
must be purchased and has a shorter life, 
its convenience over the stronger bamboo 
explains its prevalence. These areas are 
generally small, between 10 to 50 M 2 

. 

- - _ 

.I-... 


Fig. 1. A natural low area used as a nursery facility during ricefield preparation. 
(Reproduced with permission from US Peace Corps 1986). 
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These enclosed depressions are stocked or July, fish reared in nursery fields are
 
following the first rains when water depth large and suffer fewer poststocking
 
reaches 30-50 cm. This extremely turbid mortalities. High flow rates and 20 cm
water is of poor quality, therefore some deep water avert mortalities due to high
 
type of supplemental feed is provided, water temperature.

Farmers reduce this problem by sur- Although these systems require addi
rounding the low areas with earth bunds. tional labor, cash costs are negligible
 
Fencing embedded in bunds provides partly because no feed is needed.
 
added protection from predators. A frequently observed fry-rearing sys-


Occasionally, nursery areas of 400-- tem utilizes a trench refuge (Fig. 2).
800 m2 are especially prepared from ir. - Trenches on one or two sides of the field 
gated ricefields. These nurseries are used are located at the low end so that they 
to spawn 0. niloticus and C. carpio. collect water first. Fry are stocked before 
Nursery fields are flooded from January field preparation when the water depth in 
until March when C. carpio spawn. Fry, the trenches has reached about 0.5 m. 
spawned in enclosures within nursery Cages or fencing in the trench contain the 
fields, are released by opening the spawn- fry. Bunds around the trench prevent tur
ing enclosures. The fry feed on decom- bid water from the ricefield entering the 
posed rice stubble and other plant matter, nursery. Before the rains, the trench is 
and hence supplemental feeds are not limed and manured at approximately 1 kg 
supplied (Surintaraseree 1988). Predator per 20 m 2 and 3 kg per 16 M 2 , respec
control is difficult in this open system, but tively. More developed facilities have out
because nursing occurs during the dry lets for releasing fish into the field and 
season, aquatic predators are less numer- draining during floods. If water level 
ous than during the rainy season. Semi- should drop and water temperature ap
aquatic and terrestrial predators still pose proach lethal levels, farmers shade a sec
a threat. As stocking occurs only in June tion of the nursery. 

44.4 4V 

Fig. 2. A trench refuge with outlets and a spillway used i0r fry-nursing. (Source: US 
Peace Corps 1986). 
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A similar fry-rearing system has its fingerlings of at least 5 cm total length,
refuge pond within the ricefield (Fig. 3). no more than one week after trans-
These nurseries are managed in the same planting. 
manner as the trench nurseries. Low Probably the greatest constraint to 
bunds are constructed around the 0.5-n x better fry-rearing in Northeast Thailand is
1.5-rn ponds to maintain water quality the lack of familiarity with basic nursery
during field preparation and prevent management practices. When rice-fish cul
aquatic predators from entering the nurs- ture was initial!y promoted, of its adone 
cry. Composts of rice straw and household vantages was its simple management.
wastes are sometimes used to promote This is not the case during the fry nurs
plankton growth. ing stage, however. This should be

Fry have been successfully reared in stressed to potential adopters so that they
all of the aforementioned nursery layouts. may have a full understanding of what is 
Productive fry-nursing can be achieved required.
almost regardless of the facility. What dis- Labor can be a constraint as fry
tinguishes the productive systems is their nursing coincides with ricefield prepara
management. tion. Feeding and feed acquisition are 

particularly labor-intensive activities. 
Natural food production reduces the

Constraints to Better Nursery amounts of time required to collect or 
prepare supplemental feeds. Therefore,

Management time invested in liming and manuring 
eventually reduces labor for feeding.

Basic fry management in rice-fish sys- Fry availability is another constraint 
tems includes: the installation of a fence faced by farmers, especially for those ex
around the nursery; liming and manuring periencing late rains. Seed fish must be 
using compost; supplemental feeding with made available at later dates in such cir
rice bran, broken rice, termites, pelleted cumstances. Associated with late rains is 
feeds or other suitable feeds; stocking the the reduced duration of nursing and 
nursery as early as possible; and stocking hence stocking of undersized fingerlings. 

e I. V 1 
y €.r. . .
 

-At / 8 

Fig. 3. A nursery pond refuge contiguous with the ricefield. (Source: US Peace Corps 
1986). 
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Again, education in basic nursery man- tems, many different nursery facilities 
agement can partially resolve this and management regimes have developed.
constraint. Facilities range from simple enclosures 

Other deficiencies have been noted in in ponds and trenches to specialized 
otherwise well-managed nurseries. Fertile ponds incorporated into the rice-fish field. 
nursery water is lost when water from There is no preferred or acceptable nurs
ricefields overflows the refuge following ery model. Nurseries are constructed in 
heavy rains. Similarly, water is lost when accordance with the local environment 
the field is drained through the refuge. and available resources. Management
Ideally, the nursery should be completely practices vary substantially, with only few 
closed from the field, and provided with a farmers adhering to the principles of 
separate water outlet, proper fry management. Observations sug-

Generally, the most popular species in gest that management, not the physical 
rice-fish systems (C. carpio, 0. niloticus characteristics of the systems, determines 
and P. gonionotus) are reared together, their success. It must be stressed that 
but there is evidence from highly fertile fry-rearing, unlike other phases of rice
nurseries that Chinese carp impede tila- fish integration, is management intensive. 
pia growth. Some consideration might be Nursery management is a critical 
given to raising the two species in isola-	 phase in rice-fish culture because it 
tion. 	 strongly affects production. Its benefits 

are reduced production costs and mitigat
ing the seed fish supply problem. 

Benefits of Optimal 
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The primary benefit from good man
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over, the number of fry conserved reduce
the seed fish supply problem. Surintaraseree. 1988. Rice-fish culture systems: 
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insure some measures of success. 159 p. 

Conclusions 

Notwithstanding the lack of research 
dedicated to fry-rearing in rice-fish sys
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Abstract 

The future of an integrated aquaculture program including rice-fish depends on the expansion of decentral
ized hatcheries. However, ricefields as nurseries are not yet used in the Philippines as extensively as in other 
countries. Rearing fry and fingerlings of Nile tlapia (Oreochromis niloticus) is practised in excavated ricfields in 
small- and medium-scale hatcheries/nurseries i;: Laguna and Rizal Provinces. This paper details the prevailing 
management practices for ricefields as breeding and nursery ponds for tilapia production in the Philippines, and 
how rapid urban development, industrialization, escalating land costs and prospects for other economic uses of 
agricultural lands will determine the future of ricefield hatcheries in the Philippines. 

Introduction 	 (Oreochromis niloticus) is grown economi
cally in net enclosures, cages, earthen 

Much has been written about the ponds and ricefields (Guerrero 1981; The 
Philippine experience in the commercial Technical Committee for Tilapia 1983; 
production of tilapia (Oreochromis spp.) Guerrero 1985). 
(Smith et al. 1985; Guererro 1987; Bimbao The use of ricefields for tilapia 
and Smith 1988). Suc cess was spurred by fingerling production is a particularly im
the emergence of hatchery operations as a portant development in the Philippine 
specialized function of the industry and as government's new agenda for developing 
a subsidiary economic activity in certain rice-fish culture which previously failed to 
rural areas of the country. attract the private sector (Lastimosa 1982; 

Mo-e than 300 million fingerlings are Pullin 1985; Tagarino 1985; Bimbao and 
estimated to be produced annually by Smith 1988). Less than 100 ha of rice-fish 
over a thousand small- and medium-scale farms in Central Luzon, Southern Luzon 
tilapia hatcheries in the Philippines and Panay Island are on recent record 
(Yater and Smith 1985). The Nile tilapia (Corre 1985; Tagarino 1985). However, no 
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hard figures are available for hatchery
production from ricefields throughout the 
Philippines.

The more than 400 private tilapia
hatcheries in the province of Laguna in 
Southern Luzon, however, draw consider-
able attention. Most of these hatcheries 
operate amidst lowland ricefields and 
along the periphery of the 90,000-ha
freshwater lake, Laguna de Bay. 

Yater and Smith (1985) estimated an 
aggregate annual production of 225 mil-
lion fingerlings from the hatcheries in 
Rizal and Laguna Provinces. These hatch-
eries supply the bulk of fingerling re-
quirements in the major tilapia-producing 
areas in the Philippines. In other areas,
land-based hatcheries and freshwater 
demonstration farms of the Department of 
Agriculture and lake-based hatcheries 
supply the bulk of fingerling requirements
for growout operations (Guerrero 1985).

This paper details the prevailing man-
agement practices of ricefields as hatcher-
ies and nurseries for tilapia. In most 
cases, ricefields were already excavated to 
hold deep water and are being used ex-
clusively for fish production purposes. 

Ricefields as Tilapia 
Hatcheries and Nurseries 

Laguna has 13,000 ha of ricelands; 
less than 5.0 ha are used for concurrent 
rice-fish farming as it is traditionally con-
ceived (Tagarino 1985). This figure has 
probably declined; concurrent rice-fish sys-
tems appear to be a rare feature of 
ricefields in the area. Where fish produc
tion is practised, it is common for portions
of the rice farm to be allocated exclusively 
for fish breeding, nursery and growout.

Privately operated hatcheries in the 
Philippines tend to be small, even for 
backyardlocated inoperations. Hatcheries arethe oftencorners of ricefields near 

locaed n tecrnes ofricfieds ear
residences where they can be monitoredby members of the household (Yater and 
Smith 1985). 

Small-Scale Hatchery/Nursery Sys
tens: the Sto. Domingo Experience 

The hatcheries of Sto. Domingo in 
Bay, Laguna, provide a classic study of 
tilapia farming as an economic base for 
community development (Gaite et al. 
1985). The technology in the breeding of 
0. niloticus introduced by the Freshwater 
Demonstration Fishfarm (FDFF) of the 
Bureau of Fisheries and Aquatic Re
sources (BFAR) caught on from one enter
prising farmer to residents who immedi
ately saw signs of new economic opportu
nity. 

At least 42.5 ha of hatcheries operate
in the municipality of Bay, 80% of which 
are in Sto. Domingo (Darvin 1989). In 
spite of cut-throat competition within the 
community (Banasihan, pers. comm.), the 
industry has survived. Market accessibil
ity has been a major advantage; the 
area's proximity to cage culture operations 
in Laguna de Bay and minor lakes in 
nearby San Pablo City, assures the opera
tors of buyers. The hatcheries are also 
well known among tilapia growers in 
Central Luzon and Bicol Region (Gaite et 
al. 1985).

The number of households engaged in 
the breeding and nursery of tilapia has 
increased from 126 in 1982 to more than 
260 in 1987 (Costa-Pierce et al. 1989). 
Monthly production of tilapia fingerlings 
probably exceeds 1,000,000 (Comia, pers.
comm.); roughly equivalent to the produc
tion of the three DA freshwater farms in 
the proviice (at FDFF, Los Bafios Fresh
water Fishfarm and Sta. Cruz Fishfarm). 

LAND PREPARATION AND MANAGEMENT 

As standard practices, ricefields are 
developed for fish breeding and nursery
by excavation of a fish refuge, increasingthe height of dikes, installing wire screens 
in water gates and fencing materials toin waerates and en m is tokeep predators out and prevent fish stock 
from going astray (dela CruzTagarino 1985). 

1980; 
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Ricefield plots with areas ranging broiler pellets or crumbles are also com
from 100 to 400 m 2 are manually exca- mon (Yater and Smith 1985). Feeding
vated to 1.0-1.5 m to store water. Nurser- usually depends on the visual food de
ies lie adjacent to the breeding pond but mands of the stocks. In spite of the avail
no specific pond designs or layouts are ability of various feed formulations for 
applied. Poor siting, irregularly shaped tilapia fingerlings, rice bran remains the 
ponds, narrow and inadequate dikes make most common feed. 
some of the ponds prone to flooding. Simi- Schooling fry are scooped daily from
lar land preparation and water manage- the breeding ponds with dipnets and 
ment practices are applied for both breed- transferred directly into adjacent nursery
ing and nursery ponds. ponds. Nets of different sizes and designs

Water is supplied through irrigation are used for sorting fry. Sorting is done
canals to screened bamboo inlets. One only when there are purchase orders.
week before stocking, ponds are fertilized The majority of fingerlings are sold at 
with chicken manure at the rate of 1,000 size 22 (11-15 days old), size 17 (16-32
kg/ha. days old) and size 14 (30-40 days old)

Inorganic fertilizers are applied rarely. (Yater and Smith 1985). These are bought
Some operators believe that chicken in bulk purchases up to 500,000 finger
manure stimulates reproduction. Because lings by middlemen from Central Luzon 
pond refuges are small, pests and preda- for further nursery rearing and resale at 
tors like tadpoles, mudfish (Ophiocephalus higher prices (Comia, pers. comm.).
striatus) and birds are Fry are withgenerally removed also collected a beach
manually or scared away. seine during total draining of breeding

Ponds are thoroughly drained, levelled and nursery ponds. A series of net enclo
and refilled with water at monthly inter- sures or hapas are temporarily installed 
vals after each breeding and nursery to hold graded fingerlings. Techniques for
cycle. counting, packing and transporting tilapia 

fry and fingerlings are described by Yater 
and Smith (1985) and the Technical Com13ROODSTOCK AND FRY MANAGEMENT mittee for Tilapia (1983). Breeding ponds 
generally produce 16,000-20,000 fry or 80

Breeders of 0. niloticus (Philippine fry/m2 per month.
 
and Israel strains) weighing 50-100 g are
 
stocked at 4-5/m2 (Costa-Pierce et al.
 
1989). Sex ratios vary from 1:4 to 1:7 PROFITABILITY
 
male to female (Guerrero 1981). Breeders
 
are replaced after seven months to one Most operators manage six to seven
 
year. M2ponds of 200 each. With 1,000 breed-

The majority of operators procure ers, farmers may harvest up to 30,000
breeders from cage-reared stocks from fingerlings per pond per month. Capital
Laguna de Bay and from Aquatic costs for pond construction and nets 
Biosystems, a private firm in the locality, range from US$43 to US$48 in 1989 
The FDFF has 0. niloticus breeders of (Costa-Pierce et al. 1989). Monthly earn
various strains but stocks for dispersal ings average US$95-143 but can reach 
purposes are limited (Comia, pers. US$952. Fingerlings are sold from 
comm.). US$0.0038-0.01 a piece. Some operators

The availability of relatively cheap have themselves become middlemen, sell
supplemental feeds such as rice bran and ing fingerlings with a mark up of 
copra meal gives room for flexibility in US$0.001 per piece.
feeding practices among hatchery opera- At least four operators have gone into 
tors. The use of chicken starter mash and p oduction of common carp (Cyprinus 

http:US$0.0038-0.01
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carpio) fingerlings and one into experi-
mental trials with Japanese carp. With 
technical assistance from the FDFF, 
diversification may occur in the future. 
However, production of cut-flowers, e.g., 
aster and gladiolus, is beginning to en-
croach on the ricefields of Sto. Domingo. 

Medium-Scale 
Hatchery/Nursery Systems 

Tilapia fingerling production remains 
a secondary occupation to medium-scale 
hatchery/nursery operators. Mr. Victorino 
Barundia as related by Rebong (1987) 
successfully produces tilapia fingerlings 
with rice, vegetable, garlic, watermelon 
and pigs in his 2.6-ha farm in Cabuyao, 
Laguna. Rice bran from the farm is used 
as a feed. Papaya, banana and pole beans 
are also planted along the fishpond dikes. 

A total of 9,000 m 2 is allotted to three 
breeding and three nursery ponds. Ma
nure from the piggery is drawn through a 
pipe directly into one of the breeding 
ponds, while fresh manure is hauled daily 
to the rest of the ponds. The fry feed on 
thick algal mats that form in the 40-50 
cm deep nurseries. Chicken manure is 
applied basally at 1,000 kg/ha with side 
dressing of urea (46-0-0) at weekly inter-
vals. 

Six to eight times a day, a hired 
laborer walks around the pond edges to 
collect schooling fry. The fish are given 
one gallon of commercial feed crumbles 
and pellets (26% crude protein) three 
times a day and are fed to satiation with 
rice bran. Occasionally, the feeds are 
formed into balls coated with rice bran 
and fed to the fish in feeding trays. 

Mr. Barundia shortened his draining 
cycle from 45 to 30 days and claims to 
have subsequently increased his produc-
tion from 300,000 to 500,000 fingerlings 
per month. His farm record for 1987 
showed a net income of US$1,000-1,190 
in 45 days. 

In the 3-ha hatchery of Mr. Cristeto 
Villarin in Pila, Laguna, lime, chicken 
manure and rice hull ash, are applied to 

stimulate production of zooplankton in 
nursery ponds. Water from an irrigation 
canal is checked for toxicity by placing a 
few fingerlings in the supply canal over
night before the water is drained into the 
ponds. The fry are collected with a fry 
sweeper in the morning only to prevent 
stress. Fry and fingerlings are hauled 
through a steel cart running along the 
concrete water supply canal. 

The convers on of ricefields for 
nursery and growout of freshwater 
aquarium fishes is a recent development 
in Pila, Laguna. Traditional pond methods 
are applied except for the use of nets for 
roofing and fencing of individual ponds. It 
is unlikely, however, that the technology 
will stimulate a gold rush syndrome 
which marked the beginning of the tilapia 
industry, since operators have inadequate 
knowledge of management practices and 
markets are uncertain. 

Productionof 
Sex-Reversed Fingerlings 

Sex-reversed fingerlings are produced 
in hapas installed in earthen ponds at the 
Aquatic Biosystems' farm in Bay, Laguna. 
The fry are collected from breeding ponds 
and graded with a series of hand nets of 
different mesh sizes. The smallest fish 
from 8 to 11 mm are kept for sex re
versal in 1 x 3 x 1 m hapas at 100/m2. 
The fry are fed with SRT-99, a commer
cial hormone-laced feed formulation of 30 
pg methyltestosterone/g feed at 20-30% of 
the fry body weight for 21 days. The 2.7
ha farm can produce from 40,000 to 
200,000 sex-reversed fingerlings at 
US$0.01/fish (Costa-Pierce et al. 1989; 
PCAMRD-DOST 1989). 

At present, the transfer of this tech
nology to small-scale producers seem to be 
constrained by the lack of experience of 
fish farmers and the perceived sophistica
tion of the technology. But the use of 
hapas may rcale down the sex-reversal 
technology to the level of fish producers in 
ricefields. Sex-reversed fingerlings may 
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reach market size after four months and to this landlocked area could, analogous 
may prove promising for stocking in rice- to the situation in West Java, Indonesia, 
fish systems to be able to harvest table- supply the seeds for the cages in the res
sized tilapia. ervoir (dela Cruz, pers. comm.). 

Large, corporate hatchery producers 
have a competitive advantage as reliable 

Concurrent Rice-Fish Culture sources of seed supply. The decentralized 
nature of small-scale hatcheries, however, 

The technology for rice-fish culture is provides some leverage. In Laguna de 
well documented for growout of Nile tila- Bay, cage culture and land-based hatcher
pia (dela Cruz 1980; Tagarino 1985). ies give semblance to mutually dependent 
However, the production of table-sized production systems. In areas where 
tilapia from the technology is affected by expansion of cage culture is possible, 
its early reproduction. A ricefield system whether in freshwater lakes or in the 
for tilapia fingerling pnJuction is still coastal zones, these systems will evolve 
wanting. Although tilapia breeds well in together. 
shallow waters as is the case in ricefields, The future of ricefield hatcheries will 
systematic techniques for collecting fry depend to a large extent on the opportu
and fingerlings in a ricefield system is yet nity costs of agricultural lands. Rapid 
to evoive. urban development, industrialization, es

calating land costs and agricultural diver
sification, slow down the adoption of rice
fish farming.

Problems and Hatchery operations and practices, as 
Constraints in the case of Sto. Domingo, have taken 

the path of traditional agriculture where 
The future of an integrated rice-fish the trade is passed on to the children. 

program is partly anchored on the expan- This should be of interest as tradition is 
sion of decentralized hatcheries with likely to sustain and expand the endeavor 
fingerling production as specialized func- in the community. However, tradition 
tion. Ricefields provide a large resource may be overruled, since in many areas, 
base for this purpose. With the new inter- farmers do not own the land they till. 
est and anticipated improvements in rice- It is clear from the experiences dis
fish sstems, farmers with small cussed that management practices vary 
landholdings may soon find attractive the from one fish farmer to another. Where 
production of fry and fingerlings concur- the fundamental aspects of the technology 
rent with rice, in order to diversify their are known, farmers tend to be guided by 
crops and augment their income. As economy and convenience, factors that 
hatcheries concentrate in Laguna, the po- contribute to the Filipino farmer's 
tential for small-scale fingerling produc- innovativeness and ability to go beyond 
tion fr3m ricefields in other areas is still the present technological dimensions of a 
untapped. An example of an area with rice-fish system. 
such potential is the Magat Reservoir in Providing motivation for farmers to 
Northern Luzon (Region 2). Its tilapia adopt rice-fish farming remains a chal
cage culture industry has more than lenge in many regions of the Philippines. 
2,000 operators and is in great need for But as in the rest of Southeast Asia, rice
fingerlings. At present, more than 50% of fish farming lives as a tradition and fer
the tilapia seeds come from Nueva Ecija tile area for research. New perspectives, 
(Region 3) and Laguna (Region 4) Prov- more research and a resurge of efforts are 
inces. Tilapia fingerlings produced from needed to create a new wave of optimism 
rice-fish systems that could be introduced for rice-fish farming in the Philippines. 
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Abstract 

This papar describes the present status of Chinese rice-fish farming systems. Rice-fish culture in China is inthe process of development from extensive to semi-intensive culture; from monoculture to polyculture; and froma setf-sufficient natural economy to a commercial economy. As the country's cultivated land area has shrunk atan annual rate of about 500,000 ha over the past three decades, fish production from rice-fish farming must increase. Preliminary aallysis of natural foods and trophic levels showed that potential fish production in ricefields 
could be 160-390 kg/ha.

In 1988, the area of rice-fish farms in China onereached million ha, accounting for 5% of the total areasuitable for icv-fish farming. Ricefields can produce 4,500/ha large-sized fingerlings. One million ha of rice-fishfields could produce 14% G1the fingerlings needed for pond culture.
Rice-fish growout systems, which produce fingerlings to market size food fish, can be mixed rice-fish farming, rotational or both mixed and rotational farming. Fish culture techniques and intensity of rice cropping inthese fa-ming systems vary. More than 50% of rice-fish farming systems are for growout. 

month growing period for warmwater fish
Introduction exists. Owing to the seasonal winds from 

the southeast and southwest, plusFish culture in ricefields depends on the
topographic effects, precipitation in, Chinaphysical, technological and socioeconomic decreases from south to north and fromconditions. China covers temperate, sub- the southeast to northwest. The annualtropical and tropical zones. Sixty per cent precipitation in east China is about 400of inland waters (not including Tibet) are with rainfallmm concentrated betweenwithin the area from the warm temperate July and September. Heavy rains occurto tropical zones, so that a seven- to eight- with high ambient temperatures so that 
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the climate in the rice region is suitabe 
for fish production. 

Photosynthesis in water bodies in the 
north during summer is higher because of 
sufficient solar radiation. Primary produc-
tion is also high due to abundant natural 
food resources, making fisheries produc-
tion in water bodies also high, and on 
annual basis becomes similar to produc-
tion from waters in the south. 

From economic and geographical view-
points, most inland waters are concen-
trated in east and south China, where 
densely populated cities are situated. With 
a large market demand, inland fisheries 
are well developed and rice-fish farming 
has great potential. 

Based on the climatic conditions and 
historical background, areas suitable for 
rice-fish culture can be divided into three 
main regions. These are: 

1)Yangtze River, Middle and Lower 
Reaches. This area includes Hubei, 
Hunan, Jiangxi, Anhui, Jiangsu, 
Zhejiang Provinces and Shanghai. 
The ricefields in this region 
accounts for more than 50% of the 
area under rice cultivation in 
China. In this region, the climate is 
moderate; water resources are 
abundant; irrigation facilities are 
setup; and people are experienced 
in rice-fish farming. There is a con-
siderable amount of winter fallow 
fields in mountainous districts in 
the western part of Hunan and the 
southern part of Hunan and 
Jiangxi. They are suitable for devel-
oping rice-fish farming. 

2)South China. The area includes 
Guangdong, Guangxi, Fujian, 
Hainan Provinces and Taiwan. The 
ricefields in this region accounts for 
20% of the nation's total area under 
rice. This region is situated in the 
subtropical-tropical zones. With 
higher temperatures and abundant 
rainfall year-round, it is a promis-
ing area for rice-fish farming. 

3)Southwest China. It includes 
Yunnan, Guizhou and Sichuan 
Provinces. The ricefields in this re
gion accounts for 20% of the rice 
area in China. In this region, rice
fish farming has a long history. 
Minority peoples in the south and 
southwestern parts of Guizhou and 
southern Yunnan culture fish in 
ricefields, as well as farmers in 
rural Sichuan Province where 0.8 
million ha of fallow winter fields 
are not fully utilized (Li 1985). 

There are some rice-fish farming in 
Shannxi, Shanxi, Beijing, Heilongjiang, 
Jilin, Liaoning and Hebei Provinc,.s. 

For a long time, many have asked if 
rice-azolla, rice-fish or rice-azolla-fish 
farming systems could be undertaken in 
northern China. Azolla and warmwater 
fishes are grown in subtropic and tropic 
zones, whereas water temperatures in 
ricefields in the north are low. The 
growth period for azolla and fish is short, 
and it is also difficult for them to 
overwinter. Besides, water resources are 
limited. However, 10 years of studies on 
rice-a'olla-fish farming in Huanan 
County, Heilongjiang Province (46.07"N, 
130'E), proved that rice in association 
with azolla and fish can give numerous 
ecological, economic and social benefits 
(Wang et al. 1988). 

In 1988, China set a new record for 
aquatic production of 10 million t (She 
1989). Production from fr'esbwater aqua
culture in 1988 reached 3.9 million t, 
which accounted for 86% of the total in
land aquatic production (Ding 1989). It is 
difficult to get the exact fish production 
figures from ricefields. China has more 
than 20 million ha of ricefields. In 1986, 
rice-fish area was 985,517 ha (Nie and 
Wang 1988), which accounted for 5% of 
the total ricefields. In 1988, this area 
reached one million ha (Ding 1989), C.hi
nese practices have proven that rice-fish 
farming can increase rice production by 
10% and produce 225-750 kg/ha fish on 
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average (Li 19L. With just 150 kg/ha, Diatoms, which are easily digested by
one million ha could produce t150,000 fish, accounted for 54% (Table 2). The sec
fish, which is equal to 4% of freshwater ond trophic level included 75 zooplankton
aquatic products in 1988. In 1981, fish species: six kinds of protozoa; 38 rotifers;
production from ricefields was 14,047 t, 17 cladocera; and 14 copepods. Rotifers 
only 1.4% of the production from freshwa- accounted for 45% (Table 3). During the 
ter aquaculture of 1,014,060 t (Cai 1985). early growing stage, all cultivated fish fry
These figures indicate that rice-fish farm- feed on zooplankton, especially rotifers
ing will play a more important role in (FPEB 1982). The third trophic level
freshwater aquaculture. Rice-fish farming included 12 kinds of benthos; two oligo
in China is in the process of development chaete worms; three mollusca; six aquatic
from extensive to semi-intensive culture; insects; and one leech (Table 3). The pre
from monoculture to polyculture; and dominant species were Branchiuraand 
from a self-sufficient natural economy to Limnodrilus.a 

commercial one. 
 The potential production for herbivo

rous fish can be estimated according to 
the formula: 

The Ricefield Environment F = B x U/K (FPEB 1982) 

Almost 97% of ricefields in China are where:
 
irrigated. Thus, only rice-fish farming in =
F potential fish production
irrigated areas is discussed here. (kg/ha);


A rice-fish field is just like 
 a small B = the maximum biomass (wet
 
open ecosystem. In the abiotic part, the 
 weight)(kg/ha);

environmental 
 factors a._ water, heat, U = the utilization rate (%); and
light, air, nutrients and soil. As compared K = the food conversion factor (FCF) 
to fishponds, a rice plot is a shallow wa- (wet weight).
 
ter body. There is a great diurnal change

of water temperature within the range of 
 The biomass of aquatic weeds are about
10'C (Zheng et al. 1962; Ding 1978). The 15 t/ha during rice-growing season and 
fertility of ricefields fluctuates. The soil 15-38 t/ha during the fallow season 
contains a high organic matter content. 80% of which can be eaten by grass carp
The dissolved oxygen level is, on the aver- (Ctenopharyngodon idella). Suppose 65% 
age, normal: 1.8-6.9 mg/l (Zheng et al. is eaten by the fish in order to sustain
1962); 1.5-8.2 mg/l (Ding 1978). If rice-fish the reproduction of weeds. The FCF for C. 
farming is practised, the respiration of idella is 100 (fresh weight) or 120 (wet
fish will produce a large amount of CO 2, weight). C. idella potential production is
which could be beneficial to rice. In the 78 kg/ha and the maximum would be 195
biotic part, rice are autotrophs. Fish are kg/ha. The potential fish production for
heterotrophs. One has to know what their plankton-feeders and benthic feeders can 
feeds are and how many trophic levels be estimated according to the formula: 
are involved in feeding fish. 

Huang (1984) studied three trophic F = B x P/B x U/K (Huang 1984)
levels in winter fields in Sichuan Prov
ince. The primary trophic levels included where: 
aquatic weeds (Table 1), algae and rice P/B = coefficient of production to 
wastes. These trophic levels also included average biomass. 
phytoplankton; five phyla and 30 genera. 
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Table 1. Dominant aquatic weeds in ricefields. 

Common name 	 Scientific name Diameter 

Emergent plants 
Marsilea quadrifolia 
Monochoria vaginalis 

Alligator weed Alternanthera philoxeroides 
Rotala indica 

Arrowhead Sagilkariapygmea 
Barnyard grass Echinochloa crus-galli 

Monochoria korsakowii 
Scirpus yagara 
Fimbrislylis 

Pickerelweed Pontederia 
Sweetflag Acorus 
Spikerush Eleocharis 
Cattail Typha 

Floating plants 
Zemra paucicostata 

Water fern Salvinia 2 cm 
Giant duckweed Spirodela polyrhiza 8 mm 
Water meal Wolffia arrhiza 1-1.5 mm 
Lesser duckweed Lemna minor 5 mm 
Water velvet Azolla filiculoides 1 cm 

A. inibricata 
Hydrocharisasiaticus 

Submerged plaints 
Hydrilla vcrticillata 
Myriophyllum spicatum 

Pondweed Potamogeton crispus 30-60 cm 
P. malaianus 
P. maackianus 

Waterweed EModca 15 cm 
Coontail Ceratophyllum 30 cm 
Water milfoil Myriophyllum 30 cm 
Naiad Najas 60 cm 
Eelgrass Vallisneria 45 cm 

Uticularia 
Heleocharisyokoscensis 

Table 2. Phytoplankton in ricefields. 

Common Dominant Number of 
name genera Phylum/Class genera 

Diatoms 	 Synedra Bacillariophyta 10 
Fragilaria 
Navicula 
Stauroneis 

Green algae Chlorophyceac 7 
Blue-green algae Cyanophyceac 7 
Euglenoids Euglena Euglenophyceae 4 
Dinoflagellates Pyrochophyceae 2 
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Table 3. Zooplankton and benthos in ricefields. 

Kind 

Zooplankton 
Protozoa 
Rotifer 
Cladoceran 

Copepod 

Benthos 
Oligochaete 

Mollusca 

Number of 
Dominant organism species 

6 
38 

Ceriodaphnia rigaud 17 
Moina micrura 
Mesocyclops leuckarti 14 
Eucyclops seerulatus 

worms Branchiura sowerbyi 
Limnodrilus hoffmeisteri 2 
Viviparus chinensis 
Corhicula spp. 
Segmentina nitidella 3 

Aquatic insects 	 Chironomus 
Diptera 
Cybister larvae 6 

Leech 

Phytoplankton in ricefields averages about 
1,060,942 mad/l, the biomass, 3.107 mg/l. 
The highest is 2,155,120 ind/l, with a 
biomass of 6 mg/l, among which diatoms 
account for 54%. The average 
phytoplankton biomass in terms of area is 
9.3 kg/ha or a maximum of 18 kg/ha. The 
phytoplankton P/B is 187 according to 
FPEB (1982). The FCF for silver carp 
(Hypophthalmichthys molitrix) is 40 (He
and Li 1975) and the utilization rate is 
70%. F is equal to 30 kg/ha. The maxi-
mum potential production for H. molitrix 
will be 59 kg/ha. 

On zooplankton in ricefields, rotifer 
accounts for 45%. The average biomass is 
213 ind/l, 5.027 mg/. The highest biomass 
582 ind/l, 10.818 mg/ in which copepods 
account for 74%. The biomass of 
zooplankton is 15 kg/ha. Zooplankton P/B 
coefficient is 20 (He and Li 1975). The 
FCF for bighead carp (Aristichthys 
nobilis) is 10 and the utilization rate of 
zooplankton 25%. Therefore, the potential 
production for A. nobilis is 7.5 kg/ha. At 
maximum zooplankton biomass of 32.4 kg/ 
ha the potential production for A. nobilis 
will be 16 kg/ha. The average biomass of 

benthos in ricefields is 560 ind/m2 or 
10.458 g/m2; and the maximum biomass is 
1,836 ind/m 2 or 29.099 g/m2. The P/B coef
ficient of microdrili and chironomids 
ranges from 5.4 to 6.5 (Winberg 1972 in 
Huang 1984). The FCF for C. carpio 
yearling to benthos is 4.4 (Kapzuhkuh 
1952, in Ifuang 1984). Supposing the FCF 
for C. carpio is 4 and the utilization rate 
is 25%, the potential fish production of 
omnivorous fish is 45 kg/ha; the maxi
mum being 118.2 kg/ha. 	In addition, the 
detritus and bacteria are not calculated. If 
added, the total fish production could be 
increased by 30% (He and Li 1983;
 
Schroeder 1978). To sum up, the total fish
 
production could be 208.7-504.2 kg/ha 
only from the natural food in ricefields 
(Table 4). 

By the same method, analysis of data 
from Sanming, Fujian Province, shows the 
carrying capacity is 152 kg/ha. Analysis 
on incomplete data from Jiangxi Province 
shows benthos in ricefields can be con
verted into 39-71 kg benthos feeders per 
hectar (Yin 1985). Analysis on incomplete 
data by Ding (1978) showed that the 
biomass of aquatic vascular plants could 
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Table 4. Estimates of fish production from natural food in ricefields. (Source: He and Li 1983; 
Schroeder 1978) 

Carp 
species 

Biomass 
Food (13) kg/ha 

Utilization 
rate (U) 

Food 
conversion 
factor (K) 

Potential fish 
production (F) 
Ave. Max. 

Grass 
Silver 
Bighead 
Common 

Aquatic weeds 30,000-53,000 
Phytoplankton 9.3 
Zooplankton 15 
Benthos 

65 
70 
25 

4 

120 
40 
10 
25 

78 
30 
7.5 

45 

195 
59 
16 

118.2 

Total 160.5 388.2 

Add: 
Detritus and 
bacteriaa 

48.2 117.2 

Grand total for F 208.7 504.2 

aApproximately 30% of total fish production. 

be converted into 21-38 kg herbivorous For example, in Heilongjiang Province, 
fish per hectare. The potential fish pro- common carp seed (5-6 cm) can be 3up
duction in ricefields is between 98 to 390 plied by farmers, but H. molitrix, A. 
kg/ha (Ding 1978; Yin 1985; Yin 1986). If nobilis and C. idella fingerlings all come 
manure and feeds are applied, and if rice from Yangtze River and Pearl River del
pests and rice wastes are included as tas (APPRS 1989). There are 1,246 hatch
feedstuffs, the production would be eries in China. The area of state-owned 
higher. fish nurseries is 23,733 ha; while the area 

Interaction between rice and fish is a of collective and private fish nurseries is 
mutual symbiosis. Rice and fish benefit 94,493 ha. The total nursery area is 
and help each other not only in brief 118,226 ha which accounts for 3% of the 
durations such as in mixed farming, but aquaculture area (3,894,973 ha) (Anon. 
also in longer periods such as in rota- 1986). In general, ricefields can produce 
tional rice-fish farming. Rice-fish farming 4,500 large-sized fingerlings/ha (Nie and 
is considered as an ecosystem that fully Wang 1988), so one million ha of rice-fish 
utilizes natural resources, saves energy fields will produce 4,500 million large
and recycles wastes. sized fingerlings, which will account for 

14% of fingerling production. However, 
this does not mean all ricefields could or 

Ricefields as Fish will produce fingerlings. 
Nurseries 

Significance Utilization Forms 

Rearing fry and fingerlings in Ricefields are used for fish culture for 
ricefields meet the demands of pond cul- hatching, rearing postlarvae to finger
ture, reservoir and lake fisheries and lings, rearing small to large fingerlings, 
aquaculture in both the south and north. rearing large-sized fingerlings to table 



157 

fish, and rearing fry to table fish. Usu- lings with a body length of 8-20 cm in 
ally, ricefields are used as fish nurseries three to five months. Fish at the fry stage
in the lowland areas, with fish growout are delicate and small; with little power of 
systems in the mountainous districts, movement and ability to feed. Their diet
Hatching fish in ricefields is the least suc- is restricted. They have a low environ
cessful because of low survival rate. mental adaptability and are vulnerable to 

predators. In addition, they have high 
metabolic rates. Therefore, rearing should 

Selection of Fish Species be managed carefully to maximize sur
vival rates. 

The selection of fish species to be 
stocked in ricefields depends on their
 
characteristics. First, the fish should be PREPARATION OF FISH NURSERIES
 
able to live in shallow waters and feed on
 
natural foods present in ricefields. Second, Fish trenches and sumps need to be 
they should be beneficial to rice growth provided for transfering fish and for har
and should increase rice producLion and vesting. Bunds should be compacted and 
should thrive in lowlands or waterlogged raised to 50-60 cm high to prevent fish 
areas. Third, the availability of seed fish escape during heavy rains and through 
should be considered. Farmers near the holes made by swamp eels (Flutaalba),
Yangtze and Pearl Rivers collect fry from water snakes and moles. Water inlet and 
rivers and stock them in ricefields. This outlets with convex bamboo screens are 
help in improving the broodstock of culti- positioned on bunds at opposite corners. 
vated fish. Fourth, as far as nurturing fry The screen size is 1 m wide, 80 cm high,
and fingerlings is concerned, medium- to and 2 mm between bamboo slats. The 
large-sized fingerlings should meet the convex of the screens should face inward. 
market demand. Fifth, it is better to The lower part of a screen should be 
choose fish species feeding on the first or buried deep into the field, the sides into 
second trophic levels. According to the the bunds. 
biological behavior of Chinese carps, rear
ing periods in ricefields in the Yangtze 
River drainage basin are two years for C. NURTURING FRY TO FIRST FINGERLINGS 
carpio and Carassiusauratus and tilapia (SUMMERLINGS
(0. niloticus); two years for H. molitrix In Yangtze River drainage basin, rice
 
and A. nobilis; and three years for C. nurseries and fallow fields before trans
idella and black carp (Mylopharyngodon planting of early rice are used to rear
 
piceus). postlarvae to summerlings. Monoculture is 

adopted due to the different rice and fish 
Rearing Techniques for production cycles. Propagation of C. carpioreaingehnus fois coincident with sowing of early rice, so 
Fry and Fingerlings C. carpio postlarvae are nurtured in rice 

nurseries. In general, the ratio of riceRearing fry and fingerlings in nurseries to ricefields is 1 to 10; the same 
ricefields can be divided into two parts: area ratio used for fish nurseries to rice
nurturing three- or four-day old fish fields. Propagation of C. idella needs 
postlarvae, which have begun to eat food, higher temperature, so that it is 25-30 
to fingerlings (about 3 cm long) in 18-25 days later than 0. niloticus and half a 
days; and rearing summerlings to finger- month later than C. carpio. C. idella 
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postlarvae may be stocked directly with 
early rice. In Yangtze River Middle Reach 
areas, early rice is transplanted in late 
April, whereas the earliest transferring of 
C. idella summerlings comes in late May. 
There is a time gap between transplant-
ing and stocking. If winter fingerlings are 
stocked, early rice and fish can match 
well, but it is costly and time-consuming. 

A method of nurturing fish was ex-
perimented by stocking C. idella fry (8 
mm) directly into early ricefields in 
Taoyuan County, Hunan Province. This 
method has some advantages: fingerlings 
are uniformly sized and healthier, they 
grow fast and need no feeding. The rear-
ing techniques are: 

1) Fifteen days before sowing and 
stocking, rice nurseries are treated 
with quicklime at a rate of 375-750 
kg/ha. A hot quicklime emulsion is 
evenly spread to eradicate leech 
and predaturs. Lime application 
adjusts the pl! of the soil which is 
conducive to fish growth and can 
help release N, P, K and other 
nutrients held by the soil. To clear 
ricefields, other chemicals such as 
rotenone, teacake, croton and 
bleaching powder are also used. 

2) There is no need to apply manure 
to rice nurseries because manure 
for rice has already been applied 
before sowing. However, fermented 
manure should be applied to fallow 
fields to propagate plankton 
(rotifers, naupii, microzooplankton, 
etc.) three to five days before stock- 
ing at a rate of '150 kg/ha. 
Zooplankton establish quickly after 
manure applications. Peak 
populations occur in the following 
order: protozoans, rotifers, nauplii, 
microcladocerans, macroclado-
cerans, copepods. The peak time de-
pends on the type of manure. Fry 
stocking should be timed to ensure 
a sufficient supply of palatable 
natural food at each growing stage 

of the fry. After stocking, additional 
manure should be applied to stabi
lize the abundance of natural food. 

3) 	Stocking densities depend on local 
conditions, but in general, are 
750,000-900,000 fish/ha. A few fry 
are tried first to observe the effects 
of temperature differences. Filling 
of rice nurseries with water in 
steps is important to achieve the 
maximum growth and survival of 
the fry. 

4) The water color and the behavior of 
fry should be observed twice daily 
to determine the amount of manure 
and feed to be administered and to 
remove predators (Cybister spp., 
loach [Misgurnus anguillicaudaus], 
F. alba, water snake, duck, etc.). If 
green algae (Spirogyra, Zygnema 
and Mongeotia) grow, plant ashes 
can be put on the algae or they can 
be killed by applications of 0.7 ppm 
copper sulfate. 

5) 	Summerlings can be transferred to 
ricefields when they grow to 3-5 
cm. 

NURTURING SUMMERLINGS TO FINGERLINGS 

Due to the low survival rate in rear
ing postlarvae to summerlings in 
ricefields, farmers often stock 
summerlings instead of fry into ricefields. 
Summerlings can be stocked with double
cropped early rice or single-crop late rice, 
or first with early rice and then consecu
tively cultured with late rice for three to 
five months until they become fingerlings 
or marketable food fish. Usually, 
polyculture and stepwise stocking are 
adopted. In some places, e.g., in Fujian 
Province, winter fingerlings are stocked 
into winter fallow fields to be reared to 
spring fingerlings from November to 
March for about 127 days, with the sup
ply of feeds dependent on the weather 
and feeding activity of fishes. The rearing 
techniques are: 
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1) Disinfection should be conducted by every two weeks. Feeds such as 
submerging summerlings in 2% rice bran and rapeseed meal are 
saline water for five minutes before applied to the sumps at a rate of 
stocking. This is to prevent fish 15-37 kg/ha every week. Water 
diseases. depth is increased to a maximum. 

2) Summerlings are stocked 5-10 days 5) It is appropriate to harvest fish 
after transplanting rice seedlings, several days before rice irrespective

3) Stocking densities depend on local of whether it is early, middle or 
conditions. In general, C. idella late rice. The water should be 
summerlings are stocked 1-2 drained slowly to allow fish to go to 
months later than C. carpio and the trenches and sumps, where 
half-month later than 0. niloticus they are caught by dip nets.
 
In Sichuan Province, if C. carpio is
 
the predominant species, 7,500
12,000 C. carpio summerlings (3 Ricefields as
 
cm), 3,000-4,500 C. carassius Fish Growout Systems

summerlings (3 cm) can be stocked
 
in mid-April; 3,000-4,500 C. idella
 
summerlings (5 cm) in late May for Significance
 
a
Intotal stocking of 13,500-21,000.the Rice-fishZhejiang Province, total culture is a traditional prac-In Zejiag he ticePovine, ttal in mountainous districts wherestocking number is about 3,000/ha tienmo taou dsrcswhein extensive culture; and 4,400/ha people's fish protein source comes mainlyin emiintensive culture.nd Thedifin semi-intensive culture. The dif- from ricefields. Although 75% of fresh
ferent stocking densities of C. water aquatic products in 1988 came from 
carpio, C. auratus, C. idella and 0. pond culture (Ding 1989), it is impossible 
niloticus in fish nurseries and to convert more fertile farmland into fish

ponds in the present circumstances.growoues yste in e fiChends are China's cultivated land area has de
presentd Table creased at about 500,000 ha/year over theYin 5 (Chen8).

1985; Yin 1986; JPAPB 1986).
 

4) When fish are stocked in ricefields, past three decades (Gu 1989). Therefore, 
manure and duckweeds are applied fish production from rice-fish culture has 
toaperiead tecwes a increased in Sanming,to peripheral trenches atareaptedrate oof Fja rvneadCeguevery year, e.g., iha 
375 and 750 kg/ha, respectively, Fujian Province and Chengdu, Sichuan 

Province (Table 5). 

Table 5. Fish production from riceields, 1981-85. (Sources: Pan 1986; Yin 1986). 

Production (t) 

City 1981 1983 19851982 1984 

Sanming
 
ricefields 159.90 445.00 699.50 1,103.50 2,246.20
 
ponds 784.30 2,009.40 2,431.70 3,211.00 5,663.70 
ricefields, % 20.39 22.15 28.74 34.36 39.67 

Chengdu
 
ricefields 266.05 402.95 1,162.45 2663.30 4,589.05 
ponds 2,879.80 3,624.65 4,621.10 7,224.85 11,661.05 
ricefields, % 9.3 25.16 39.3511.12 36.86 

http:11,661.05
http:7,224.85
http:4,621.10
http:3,624.65
http:2,879.80
http:4,589.05
http:1,162.45
http:5,663.70
http:3,211.00
http:2,431.70
http:2,009.40
http:2,246.20
http:1,103.50
http:culture.nd
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Utilization Forms 

Rice-fish systems that culture finger-
lings to adult or market size food fish are 
growout systems. Rice-fish growout sys-
tems can be mixed rice-fish farming, rota
tional farming, or both mixed and rota-
tional farming. Fish growout systems ac-
count for more than 50% of rice-fish 
farming systems, e.g., in Jiangxi Province, 
ricefields as fish nurseries account for 
25%; as fish growout systems (in associa-
tion with fish nurseries), 40%; as fish 
growout systems, 10% in mixed farming; 
and as fish growout systems and nurser-
ies, 20% in rotational farming systems. 
Rice nurseries as fish nurseries account 
for 5% of intercropped farming (JPAPB 
1986). 

Selection of Fish Species 

In 1983, a study on culturing growout 
over one year showed that H. molitrix, A 
nobilis and C. idella summerlings reached 
150, 200 and 125 g, respectively, all 
smaller than the market size (500 g). C. 
carpio and its hybrids could reach market 
size (150-250 g). Fish species which could 
be reared from summerlings or large-sized 
fingerlings to adult fish are C. carpio, C. 
carassius and 0. niloticus. In general, 
fish stocked should be winter or spring 
fingerlings. From the growth rate view-
point, it is catfish (Clariasleather) that 
grows fastest in nonoculture. Its body 
weight gain is 168 times in a four-month 
growing period in ricefields. Its individual 
average weight at harvest is four times 
that of 0. niloticus and 10 times C. 
carpio (Chen 1988). 

Rearing Techniques 

Fish growout systems in rice-fish 
farming include double-crop ricefields-
fallow fields, fallow-fields double cropped 

ricefields, winter fallow fields, crop-late 
ricefields, early ricefields-fallow fields and 
waterlogged areas. 

STOCKING DENSITY 

Stocking density varies with local con
ditions. As mentioned earlier, there is a 
time gap between the stocking of C. 
carpio and C. idella. In Sichuan, if C. 
carpio is the predominant species, 1,500
2,250/ha C. carpio vinter fingerlings (50 g 
or 10 cm) are stocked in April; 750-1,200/ 
ha C. auratus (6.6 cm) in June, with 300
450/ha C. idella winter fingerlings (50 g) 
added. If C. idella is the predominant 
species, 300-600/ha C. carpio winter fin
gerlings (10-13 cm) and 300-600/ha C. 
auratus winter fingerlings (6.6 cm) are 
stocked in late April. Stocking of 1,500
3,000/ha C. idella winter fingerlings (50 
g) to be reared to large-sized fingerlings is 
done in mid-June. If 0. niloticus is the 
predominant species, 6,000-9,000/ha 0. 
niloticus winter fingerlings (6.6-10 cm) or 
12,000-18,000/ha 0. niloticus summerlings 
(3 cm); 300-600/ha C. carpio winter fin
gerlings; and 150-300/ha C. idella winter 
fingerlings are stocked in May. In all 
cases, 750-1,500 kg/ha fish can be 
achieved under normal semi-intensive 
management. Chen et al. (1985) recorn
mended that if 0. niloticus is the pre
dominant species, the optimal stocking 
density is 3,750-4,500/ha 0. niloticus win
ter fingerlings (10 cm) and 750-900/ha C. 
carpio winter fingerlings (Table 6). In 
Jiangxi Province, if 0. niloticus winter 
fingerlings (10 cm) are stocked, they can 
grow to 250 g each during a four- to five
mcnth growing period. When harvested in 
late September or early October, a fish 
yield of 450-900 kg/ha can be achieved, of 
which 70% would reach market size (100

250 g), and the 30% below 100 g could be 
restocked as winter fingerlings for the 

next year (Yin et al. 1983). It is better to 
stock fish early in the year. C. idella 
winter fingerlings should be stocked after 
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Table 6. Stocking densities in fish nurseries and growout systems in ricefields. (Sources: Chen et al.1985; JPAPI1 
1986; Yin 1986). 

Cyprinus carpio C. auratus 

Stocking density Size Stocking density 

Dominant species (fish/ha) (cm) (fish/ha) 


C. carpio 
nurseries 7,1500-12,000 3.3 3,000-4,C00 
growout 1,500-2,250 10 750-1,200 

4,500 6.6 

C. idella 
nurseries 1,500-3,000 3.3 1,500-3,000 
growout 300-600 10-13 300-600 

0. niloticus 
nurseries 1,500-2,250 3.3 

grownut 300-600 10 


300-600 10 

750-900 10 


2.250-4.500 10 

*Interstocked to be reared to large-sized ingerlings. 

the beginning of the rice reproductive 

stage. 


MANURE AND FEED APPLICATION 

Manure usL.ally accounts for 70% of 
basal fertilizer applications and the rest, 
chemical fertilizers. In semi-intensive cul-
ture, fertilizers and feeds should be 
applied and good water quality kept. 
When C. carpio or 0. niloticus is the 
dominant species, 750 kg/ha fermented 
manure and 375 kg/ha Wolffia should be 
applied to trenches every two weeks and 
15-30 kg/ha rice bran and rapeseed meal 
to sumps every week. Likewise, 750 kg of 
fermented manure and 375 kg tender 
grass or duckweeds are applied to fallow 
fields every week if fish rearing follows 
rice harvesting. Added are 15-30 kg/ha of 
fine feeds every two to three days in 
sumps. When C. idella is the predominant 
species, 750 kg/ha Wolffia are applied at 
the beginning every two weeks, and grass 
afterwards. The water in fallow fields 
should be as deep as possible. 

THINNING AND INTEISTOCKING 

If 0. niloticus winter fingerlings are 
stocked, they will reproduce heavily in 

C. idella Oreochromis nUotius 

Size Stocking density Size Stocking density Size 
(cm) (fish/h) (cm) (ish/la) (cm) 

3.3 3,000-4,50 5 
6.6 300-450 50 g' 

3,000 11-13 

3.3 7,500-12,000 5 
6.6 1,500-3,000 s0 g° 

1,r00-2,250 5 12,000-18,000 3.3 
150-330 10 6,000-9,000 6.6-10 
150-300 10 12,000-18,000 3.3 

3,750-4,500 10 

1,800-3,000 11.5-13.2 g 

ricefields. It is important to thin the 
postlarvae out by using a net with mesh 
size of 1 x 0.5 cm. By this method, an 
experiment yielded market size 0. 
niloticus (100-200 g) which accounted for 
81% and market size C. carpio (300 g), 
71% (Chen et al. 1985). In May or June, 
some summer fingerlings are interstocked 
in ricefields to be reared to large-sized 
winter fingerlings for the next year. 

I)ISEikSE, PREI)ATION AND
 

ESCAPE PREVENTION
 

Based on experiences in pond culture, 
every 10 days after July, supplemental 
feeds soaked in a 3% saline or 3% garlic 
solution should be applied for three or 
four consecutive days. Every 15 days, 
bleaching powder should be used to steri
lize the feeding platforms at a rate of 0.37 
mg/l. Every 20 days, a quicklime emulsion 
should be spread over fish trenches and 
sumps or 90% dipterox applied at 1.2 
mgil during periods of high incidence of 
fish diseases (such as enteritis). Routine 
management is very important to elimi
nate predators such as F. alba, kingfish
ers, egrets, etc., and to fill holes on bunds 
made by water snakes, etc. 
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Problems and Consequences 

In previous years, the concept of "rice 
first, fish second" was followed. When a 
contradiction occurred between rice and 
fish production, farmers often abandoned 
fish to secure rice production. Now, it is 
time for us to propose the concept of "rice 
and fish, fifty-fifty". This does not mean 
that fish should occupy half of the 
ricefield, rather it is to ensure proper 
growth conditions for fish in ricefields 
When good growth conditions for fish are 
provided, fish production generally 
reaches 750 kg/ha while rice production 
increases by 10% due to mutual benefits 
(Zhang 1986). 

A new freshwater aquaculture produc-
tion system should be evolved that inte-
grates a broodstock fishfarm, rice-fish 
farming system and pond, reservoir and 
lake culture systems into a unified pro-
duction system. The functions of 
broodstock fishfarm should be hatching 
and first stige nurturing. The functions of 
rice-fish farming systems should be to 
rear summerlings to large-sized finger-
lings or to rear large-sized fingerlings to 
food fish. The functions of pond culture, 
reservoir and lake culture systems should 
mainly be due to culture large-sized 
fingerlings to market size fish. This will 
contribute significantly to national aquac-
ulture production (Zhang 1985). 

Owing to the expanded area of rice-
fish farming systems, the demand of fry, 
summerlings and especially winter finger-
lings, is increasing. Moreover, China has 
only four original broodstock fishfarms 
and 42 improved broodstock fishfarms. 
Their annual production can only provide 
2.5% and 0.9% of fry and fingerlings 
needs, respectively (APPRS 1989). If every 
household cultures fish in ricefields, sup-
ply of fry cannot meet the demand. 
Hatcheries should be rationally distrib-
uted in rice-producing regions to ensure 
fry supply. 

The main problems of fry and finger
lings nurtured in ricefields in China are 
poor varieties, early maturing, poor qual
ity, low production and serious degrada
tion of the economic characteristics of cul
tured fish. We recommend that a hybrid 
of common carp, C. carpio var. jian, be 
stocked in ricefields. The hybridization 
was undertaken at the Freshwater Fish
cries Research Centre (FFRC) in recent 
years. The merits of this hybrid are high 
back, thick body, better resistance to fish 
diseases, fast growth, capability of reach
ing market size in one growing season 
and stable economic characteristics. An
other recommended hybrid for rice-fish 
culture tried at FFRC is the cross of male 
0. aureus and 0. niloticus. Its monosex 
rate reached 95% and tolerated a tern
perature 2.5-3°C lower than its female 
parent and its catching rate was 2.7 times 
higher than 0. niloticus (Wang et al. 
1989). In a rice-fish experiment in 1989, 
hybrid summerlings (3 cm) of this fish 
reached 15-17 cm, or an average weight 
of 100 g in 90 days, while 0. aureus 
reached only 10 cm. If C. carpio is 
stocked with 0. niloticus in polyculture, 
C. carpio gains moie weight because they 
can utilize different ecological niches al
though both fish are omnivorous. Thus, C. 
idella, 0. niloticus and C. carpio are the 
best combination in ricefields. 

In order to increase economic returns, 
farmers are trying to culture in ricefields 
new aquatic products, such as F. alba, the 
soft-shelled turtle (Trionys sinensis), C. 
leather and snakehead (Ophiocephalus 
argus). In the south, wooly-handed crab 
(Eriocheirsinensis) [cultured only in 
China], young pearl clams (Hyriopsis 
cunzingii and Cristariaplicata) and fresh
water prawns (Macrobrachiumrosenbergii 
and M. nipponensis) have been tested, 
and in the north, rainbow trout (Salmo 
gairdneri).The biological basis for their 
integration and specific culture techniques 
should be studied. 
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There are many lowland, shallow Symposium on Rice-Fish Culture in China,

lakes and uncultivated waterlogged areas 10-13 October 1988, Wuxi, China.
inCentral China, which are dryayinwinter Chen, J., P. Chen and X. Jin. 1985. Experimental report on nurturing fingerlings in winter
and flooded in summer (Zhang and Guo fillows. Fujian Fisheries 85(3).
1988). Deep and broad peripheral fish )ing, R. 1978. Rice-fish culture experiment and tile
trenches could be dug to form a new preliminary study on the principle of rice 
design of rice-fish fields. The earthwork increment. Freshwater Fisheries 78(5).er
desin of re-fishbuields. heaeadamswwl)ing,X.1989. The 40 years' achievements of Chinesecan be used to build peripheral dams with freshwater aquaculture. China Fisheries
the height dependent on the maximum 8q(6).
water level as determined from historical FPEB.1982. Freshwater fisheries enhancement tech
records. Then, fish can be cultured in niques and fishery planning. FreshwaterFisheries Enhancement Techniquestrenches while rice or deepwater rice can andFishery Planning Editorial Board. Institute
be i ultivated on the central table land. of Hydrobiology, Wuhan, China.
When floods come, there is no problem for Cu, C. 1989. Industries eating up the nation's best 
rice if a deepwater variety is planted and land. China )aily, 11 March 1989.He, Z. and Y. Li. 1975: Discussion on the food of silfish can swim up to the table land. After ver carp. Acta Hydrobiol. Sin. 5(4):541-54.
harvesting rice, the whole field can be He, Z. and Y. Li. 1983. Studies on the water quality
refilled with water for fish culture. of the high yielding fishpond in He Lie 

Commune, Wuxi (II). Plankton. J. Fish. 
China 7(0) (1983). 
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Abstract 

Descriptions of prevailing freshwater and brackishwater rie-fish farming systems practised in Bangladesh
are presented. Freshwater production systems of concurrent rice-fish (growout and hatcheries/nurseries) and riceshrimps are still in experimental stages. Yields obtained from experiments are low. Puntius gonionotus and tila
pia (Oreochromis niloticus) seem to be the better species for rice-fish system rather than Indian major carps(Catla catla, Labeo rohita, Cirrhinusmrigala). Freshwater giant prawn (Macrobrachium rosenbergii)appears tobe suitable. In brackishwater or coastal areas, traditional and improved rotational or concurrent rice-fish/shrimp
production systems are pra,:tised. From December to March, shrimp and fish are either carried by tidal water
inflow or stockcd to produce one crop of fish/shrimp by April. With the onset of monsoon in July, the samericeland is transplanted to amaa rice, and stocked or seeded naturally by tidal inflow. In areas with low tidalamplitude and low salinity, boro rice may be produced from November to April, followed by fish/shrimp culturebeginning in July until October or November. With the improved system of shrimp/fish culture, combined yieldsof shrimp and fish v .y from 280 to 450 kg/ha. Some may even produce as high as 700 kg/ha of shrimp alone. 
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Introduction. 

The practice of harvesting fish and 
prawn from inundated ricefields is prob-
ably as old as rice farming itself. It is a 
very common scene in rural Bangladesh 
during the monsoon. Increasing demand 
for -- ,e by both farming communities and 
government has encouraged farming that 
depends on biocides that are toxic to fish. 
As a result, rice farming has developed, 
while fish habitats have gradually 
degraded (Ahmad 1988). 

Declining fish catches from inland 
waterbodies and increasing population has 
reduced the intake of fish in Bangladesh 
households. At present, 0.78 million t of 
fish per year are produced, of which 
inland fisheries contributes about 80%. By 
the year 2005, a.out 1.2-1.5 million t of 
fish would be needed but production will 
only be around 0.81 million t (MPO 
1985a). More fish must come from inland 
waters. This has led to renewed interests 
in utilizing ricefields in freshwater and 
brackishwater habitats for fish production. 

Bangladesh has more than 2.83 mil-
lion ha of seasonal floodplains planted to 
rice where water remains from four to six 
months (Karim 1978). Current capture 
fishery harvest in these areas is around 
37 kg/ha (MPO 1985a). The south-west 
and south-east coastal areas of Bangla-
desh subject to inflow of seawater contain 
more than 150,000 ha of shrimp farms, 
Aside from shrimp farms, low-lying areas 
producing one crop of wet season rice can 
be used for integrated aquaculture. 

Rice-Fish Research 
in Freshwater Habitats 

While capture fisheries in ricefields is 
well established, formal culture systems 
are still largely experimental. Fish yields
from capture, estimated to be 37 kg/ha, 

could be drastically increased by culture 
techniques (MPO 1985b). 

Research on rice-fish culture is being 
carried out by the Fisheries Research Ins
titute, Farming System Research and De
velopment Program of the Bangladesh 
Agricultural University, Bangladesh Rice 
Research Institute and non-government 
organizations. 

FRI Activities 
Experiments on rice-fish (with Indian 
Experimets on ric th Ian
 

major carps (e.g., Catla catla, Labeo
 
rohita, Cirrhinus mriga a) and rice
shrimp (with giant freshwater prawn 
Macrobrachium rosenbergii)production 
systems have been completed at the FRrs 
Riverine Station, Chandpur in 1988 and 
1989 (Haroon et al. 1989). In 1988, two 
experiments determined the optimum 
stocking density of shrimp and fish. The 
first rice-shrimp experiment used three 
densities of shrimp; the second, used two 
densities of fish with two combinations of 
fish species at each density. Both experi
ments received the recommended 200 
kg/ha urea, 130 kg/ha triple superphos
phate (TSP) and 250 kg/ha cowdung. No 
supplemental feeding was provided. In 
the second year, the best stocking density 
of shrimp/fish from the first year, was 
tried at various levels of inorganic fertili
zers. In both years, two crops of rice were 
grown one after the another. Fish and 
shrimp were stocked 20 days after trans
planting the first rice crop. Fish and 
shrimp were kept in the refuge trenches 
during transplanting of the second rice 
crop and were harvested prior to har
vesting of the second rice crop. 

Yields of the first transplanted aman 

rice crop (July-December) and the second 
boro crop (January-May) for the two-year 
period of the experiment are shown in 
Table 1. Additional fertilizer applied in 
the second aman crop doubled its yield 
but did not have significant effect on the 
boro rice crop. 
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Shrimp yields followed stocking densi- idella and Hypophthalmichthys molitrix 
ties but the best sizes were achieved at were cultured for six months. An on-sta
the lowest density (Table 2). Size and tion experiment in 1988 examined the 
yield at 7,500/ha stocking density effects of P. gonionotus and Oreochromis 
improved with additional 50% individuals. niloticus polyculture versus monoculture. 
Yields at this stocking density increased Stocking rates were held constant at 
by 39% with more 50% juveniles. 7,000/ha. The highest fish yields were ob-

Fish yields for both years at stocking tained from P. gonionotus monoculture 
densities of 8,000 and 16,000/ha are (Table 5). Yields from P. gonionotus and 
shown in Tables 3 and 4. Highest yields 0. niloticus polyculture and 0. niloticus 
were obtained with 8,000/ha stocking den- monoculture did not differ much. Fish did 
sity. However, both densities may have not appear to reduce rice yield. Indeed, 
been too high as all fish grew poorly. yields may have been slightly increased. 
Available food during the 180-day culture 
period may not have been sufficient. 
Increasing the amount of fertilizer did not BRRI Activities 
improve yields. Stocking density should 
be lower than 8,000/ha in future experi- A rice-fish culture experiment in 
ments. Kismat at Mymensingh was conducted 

The two-year experiment on rice- with six farmers in 1988. Rice (BR 11)
shrimp indicated that M. rosenbergii could seedlings , transplanted in August
be one of the best species for such inte- and 6,250 0. niloticus fingerlings were 
gration. With regard to rice-fish, using released at the rate of 60 kg/ha one 
Indian major carps seem to be unsuitable month later. Water levels were main
for concurrent culture with rice. Fertilizertained at 25-30 cm. was applied

On-farm trials where Puntius at 60-40-40 kg of NPK/ha with the first 
gonionotus was stocked at 1,875-3,750/ha and second top dresses at 15 and 30 days
in the ricefields of 11 farmers for four after transplanting. Low-cost supplemen
months resulted in fish yields ranging tal feed and insecticides were used during
from 140 to 450 kg/ha and zero produc- the culture period. Average rice yields in 
tion on five farms because of flooding, sole plots were 4.01 t/ha while those in 

rice-fish were 3.97 t/ha (Table 6). Fish 
culture did not significantly affect rice

FSRDP Activities yield. On the other hand, rice-fish culture 
produced 400 kg/ha of fish with a net re-

Fish yields from experiments con- tu-.n of US$825 compared to rice 
ducted by FSRDP between 1985 and 1987 monoculture at US$505. This included the 
using concurrent rice-fish systems with additional income of US$36 for fish 
different combinations of L. rohita, C. fingerlings. 
catla, Cirrhinus reba, Cyprinus carpio 
var. specularis ar- P. gonionotus ranged 
from 43.2 to 146.3 kg/ha/crop (Hossain et NGO Activities 
al. 1987). Fourteen per cent more rice was 
obtained in fields with fish than in rice The Noakhali Rural Development Pro
m'onoculture. Rotational system of rice fol- gram (NRDP) has stocked 50 ricefields in 
i -wed by fish have yielded 856 kg/ha 1989. Species stocked were H. molitrix, C. 
(Dewan, this vol.). Here, C. catla, L. idella, C. catla, L. rohita, C. mrigala and 
rohita, C. mrigala, P. gonionotus, C. C. carpio. Moreover, farmers have leased 
carpio var specularis, Ctenopharyngodon out monocropped boro ricefields for six 
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Table 1. Rice yield from rice-fish/shrimp farming experiments, FRI Riverine Station, Chandpur, 
1987--89. 

Yield of aman Yield of boro 
1st crop (tUha) 2nd crop (t/ha) 

Ricefield 
Year area (i 2 ) Range Average t s.d.a Range Average ± s.d.a 

1987-88 52-129 0.54-0.70 0.60 + 0.15 3.36-7.70 .50 + 1.69 
1988-89 63-141 1.13-1.40 1.30 ± 0.17 3.20-4.80 3.96 + 0.70 

as.d. = standard deviation. 

Table 2. Growth and yield of shrimp from rice-shrimp farming experiments, FRI Riverine Station, Chandpur, 
1987-89. 

Average weight (g) CulLure Above 
No. period Survival 30 g size Yield 

Year Treatment released Initial Final ± s.d. a (days) (%) (%) (kg/ha) 

1987- Normal fertilizationb 
88 

7,500/ha 230 8.66 18.17 + 9.9i0 180 82 16222 
15,000/ha 540 9.25 13.13 + 6.01 180 80 2 230 
22,000/ha 1,048 9.20 14.76 ± 7.65 180 71 3 390 

1988
89 Normal fertilizati.inb 

7,500/ha + 
additional 50% individuals 241 8.18 57.50 + 27.01 240 88 2223 4 c 

100% increase of
 
urea, TSP
 

7,500/ha + 
additional 50% individuals 275 7.25 46.50 ± 22.90 240 81 2625 0 c 
7,500/ha 225 7.90 39.43 + 19.56 240 76 22579 

as.d. = standard deviatioi,.

bUrea at 200 kg.ha; TSP, 130 kg/ha; cowdung, 250 kg/ha.
 
cAffected by flood.
 

Table 3. Growth and yield of fish from rice-fish farming experiments, FRI Riverine Station, Chandpur, 1987-88. 

Stock Average weight at stocking (g) Average weight at harvest (g)
density Combi- Culture Yield
(fish/ha) nations C. calla L rohita C. mrigala H. fossilis (daya) C. cala L rohita C. mrigala II. fossihs (kg/ha) 

8,000 A 13.2 9.5 11.0 10.0 180 45.0 51.0 35.0 41.0 225
8,000 A 9.5 6.3 10.9 10.9 180 27.0 49.0 43.0 31.0 22216,000 B 7.1 39.3 10.3 10.0 180 28.0 29.0 44.0 19.0 21316,000 B 24.4 10.0 5.8 10.0 180 31.0 54.0 73.0 30.0 198 

aA - C. calda 40%; L rvhita 15%; C. mrigala 40%; Ileteropneu.,tesfossilis5%; B - C. calla 40%; L rohita 25%; C. mrigala 25%; H. fosilis 10%. 

http:3.20-4.80
http:1.13-1.40
http:3.36-7.70
http:0.54-0.70
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Table 4. Growth and yield uf fish from rice-fish farming experiment, FRI Riverine Station, Chandpur 1988-89. 

Stocking density 
(flsh/ha) and Average weight at stocking (g) Culture Average weight at harvest (g)
fertili. er period Yield 
treatmentsa C. cota L rohita C. mrigala H. foueisi (days) C. coda 1 rohita C. ewigola H. fasilie (kWha) 

8,000 ha with 
60% increase 
inurea, TSP 1.56 1.90 1.16 11.96 240 40.0 60.0 50.0 b 98 

8,000/ha with 
100% increase 
in urea, TSP 1.17 2.71 1.19 12.38 240 23.0 50.0 40.0 b 213 

8.000 ha with 
160% increase 
in urea. TSP 1.22 4.10 1.47 13.45 240 13.0 60.0 13.0 20.0 115 

eRecommended dose: uret at 200 kg/ha; TSP, 130 kg/ha; cowdung, 250 kg/ha; b - no retrieval. 

Table 5. Performance of fish in rice-fish culture in Agronomy Field Laboratory of BAU, 1988. 

Rice yield 
(t/ha) 

Stocking Average weight (g) 
density Survival Yield with without 

Treatment Species (fisl/ha) Initial Final (%) (kg/ha) fish fish 

T, P. gonionotus 3,500 1.80 79.52 67 179 

0. niloticus 3,500 1.62 67.80 50 119 

Total 7,000 299 4.39 3.85 

T2 P. gonionotus 7,000 1.82 102.53 71 508 4.50 3.85 

T3 0. niloticus 7,000 1.61 76.70 42 213 4.22 3.85 

Table 6. Productivity of rice-fish integrated system (six 500.M 2 farms) during T. aman season,
 
Kismat, Mymensingh, BRRI, 1988.
 

Average fish weight 
Fish (kg/ha) Rice yields (tlha) 

population 
Length Weight at harvest Survival At Net Rice- Rice 

Farm (cm) (g) (fish/ha) (%) harvest gain fish alone 

1 12.0 100.0 4,875 78 487.5 427.5 4.00 4.10 
2 12.0 100.0 4,500 72 450.0 390.0 4.05 4.00 
3 11.5 95.8 3,750 60 359.0 315.0 3.87 4.00 
4 10.5 87.5 3,625 58 317.0 302.5 3.78 3.87 
5 12.0 100.0 3,875 62 387.5 327.5 4.07 4.00 
6 12.0 100.0 4,375 70 437.5 377.5 4.10 4.10 

Mean 4,167 66 416.7 356.7 3.97 4.01 



170 

months to farmers interested in rice-fish 
culture. Farmers use rotational system of 
rice followed by fish. Stocking densities 
range between 3,075 to 6,246/ha. Fish 
yields vary from 223 to 700 kg/ha. 

Rice-Fish Systems in 
Brackishwater Habitats 

TraditionalSystems 

Today's brackishwater rice-fish/shrimp 
farming has its roots in the traditional 
bheri/gher system of Satkhira-Khulna re-
gions. In bheri/gher culture systems, 
ricefields are enclosed by zmall embank-
ments with inlet and outlet channels con-
trolled by sluice gates. The enclosed area, 
the gher, may vary from 3.50 ha to more 
than 50 ha. Tidal water carrying 
postlarvae shrimp and fish juveniles are 
trapped in the lowiying depressions or 
ghers. Among the shrimps, Penaeus 
nzonodon, P. indicus, P. semisulcatus and 
Metapenaeus monoceros are the target 
species; while Polydactylus sexfilis and 
Lates calcarifer are the desired fish. 
Yields of shrimp and fish are about 210 
and 80 kg/ha, respectively (MPO 1985b).
In the late 1950s, more than 100 such 
farms were reported in Satkhira alone 
(MPO 1985b). Present land use is one 
crop of local transplanted aman rice 
(Patnai).In some regions of the south-
west, brackishwater shrimp is either ro-
tated with rice or grown concurrently. In 
high saline areas of the south-east, farm-
ers grow shrimp/fish between April and 
December and produce salt in the remain-
ing time. Yields of shrimp are around 300 
kg/ha and fish, 400 kg/ha (FAO and SIDA 
1985; MPO 1985b). 

Improved Systems 

Farmers are gradually improving their 
systems by stocking fish and shrimps, ap-

plying fertilizers, providing supplemental 
feeds and producing fish and shrimp seed 
in nurseries. 

SHRIMP/FISH CULTURE FOLLOWED BY RICE 

In shrimp/fish system followed by rice, 
postlarvae of P. monodon and P. indicus 
are stocked at a rate of 15,000-20,000/ha.Screens on the water inlet and outlet 

sluices keep out wild stocks and preda
tors. Lime and fertilizers are added 

during land preparation. Rice bran, wheat
bran and mustard oil cake provide supple
mentary feed. Stocking occurs between 
November and January with harvesting 
between April and July. Yields of shrimp 
and fish vary from 280 to 450 kg/ha 
depending on the volume of water 
exchanged and level of inputs (FAO and 
SIDA 1985). 

In July, farmers begin transplanting 
their aman rice following traditional lines. 
Selective stocking of M. rosenbergii, P. 
monodon, Indian major carps and H. 
molitrix are sometimes done instead of 
stocking wild species. Stocking rates vary 
from 12,000 to 15,000/ha and produce 
around 83-130 kg/ha of fish and shrimps 
(Haroon 1987). 

BORO RICE FOLLOWED BY SHRIMP/FISH 

Where tidal water does not flood 
farms in October or November, boro rice 
can be grown. Transplanting is done 
between November and December, rand 
harvesting in April. The following July, 
M. rosenbergii and P. monodon are 
stocked at a rate of 15,000- 2 0,000/ha in 
the fallow fields. Some farmers also stock 
Mugil sp., L. calcarifer and Indian major 
carps with shrimp. Harvesting is done 
between Octobc.r and November. Shrimps 
are harvested by cast nets or bamboo 
traps placed infront of the sluice gates. 
Fish are harvested after shrimps by 
draining the water from the gher. Shrimp 
yields vary between 200 and 250 kg/ha
and fish between 150 and 175 kg/ha. 
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Conclusions 

Considering irrigated and rainfed 
deepwater ricefields and shrimp saline 
areas all over Bangladesh, one can only 
conclude that the potential for rice-fish 
and shrimp farming is great. In many of 
these areas, short season rice varieties 
and pesticides do not limit fish produc-
tion. There is no doubt that fish farming 
could play a key role not only in increas-
ing protein supplies to all but also in eco-
nomic development of farmers and low 
income rural people (Gupta 1987; Haroon 
1987). Perhaps the time has come to rec-
oncile rice production with other crops 
(Ahmad 1988). 
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Abstract 

Experiments were conducted with grass carp (Clenopharyngodon idell) in a rice-fish system. The objectives 
were to increase rice production with negligible extra cost and to reduce farmers' labor for weeding. C. iella of 
3.5-4.0 cm were stocked in a ricefield at 2/mn and allowed to grow throughout summer. Results showed that they 
increased rice yields generally by 10% or more; however, the experimental data gave increases of 11-35%. 
C. idella controlled weeds and harmful insects. By eating grass, they reduced the need for farmers' labor for 
weeding. C. idella feces also helped fertilize the ricefields. C. idella also ate mosquito larvae - an added benefit 
to public health. The concurrent rice-C. ide/la system proved highly suitable for raising advanced fingerlings,
which grew from 3.5-4.0 to 11-16 cm during the summer crop. Ricefields stocked with fish gave 38 to 62% more 
revenue than fields without fish. The whole sysLem was very much appreciated by the farmers. 

Introduction 

In China, fish culture in ricefields is In the early seventies, we used grass 
an old practice but the conventional meth- carp fry or fingerlings in rice-fish culture 
ods used have produced small benefits in attempts to increase rice productivity, 
and been of little interest to agronomists. assuming that the fish would eat the 
Rice-fish culture declined during the early weeds that compete with rice for light,
sixties, when changes in agricultural pro- space and nutrients, at the same time 
duction systems made the contradictions help farmers save on labor used for weed
between rice and fish culture severe. ing. This relationship between rice and 
Increased pesticide use was a major prob- fish is called mutualism, because the two 
lem. Rice-fish culture was almost aban- crops benefit from each other and render 
doned. the ricefield ecosystem more profitable. 
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Materials and Methods 

From 1980 to 1983, rice-fish experi-ments were made in Hunan Province dur-

ing the early, median and late rice crops 
in fields which were well drained and not 
affected by drought. Increasing rice pro-
duction was the primary objective. Con-
current culture systems, where fish are 

the rice crop, weve studied.reared with 
This system is more widely used than 
rotational systems in China and is suit-
able for culturing fingerlings. 

The new concurrent rice-fish culture 
method differs from the traditional 
methods as follows: 

" 	 A trench is dug along the dike of 
the ricefield after transplanting 
the rice seedlings. The seedlings 
are then densely retransplanted 
along the inner edge of the dike. 
They act as a hedge fence that 
prevents fish escapes during heavy 
storms. They also compensate for 
the lost space occupied by the 
trench. . 

" 	 C. idella, a weed control species, 
is stocked at two 3.5-4.0-cm 
fingerlingS/m2 without feeding. 

Results 

Weed Control 

C. idella adapt well to life in 
ricefields and control weeds thoroughly 
than hand weeding and more efficiently 
than herbicides. Ricefields usually need 
weeding two or three times per crop, if no 
fish are stocked. Among the many species 
of weeds in ricefields, there are some 
which C. idella like to eat (such as 
Hydrilla verticillata and Eleocharis 
yokoscensis) and some which C. idella do 
not usually eat (such as Callitricha 
stagnalia and Sagittariapygrnea). How-
ever, C. idella that lack plentiful of food 
will still eat the latter. C. idella have 
enough space and food when stocked at 

2/m2 in ricefields; weed control is optimal 
at this rate. 

In two experiments, the quantities ofweeds present after fish harvest were asfollows: with fish, 33 kg/ha in experiment 
I and 450 kg/ha in experiment II; without 
fish, 435 kg/ha in experiment I and 6,525 

kg/ha in experiment IT,5th an 
kg/ha in experiment 11. Therefore, the 
areas started with fish had 14leswdstaarswihufs. to 15 times 

Mosquito control 

C. idella help to control mosquitos. A 
4.6-cm C. idella fingerling can eat 272 
mosquito larvae in 24 hours. Stocking 
ricefields with two C. idella/m2 can al
most eliminate mosquito larvae: a big ben
efit to public health. 

Ricefields stocked with C. idella 
always produced 10% or more rice than 
those without fish. In a series of trials 
(one during the early crop and three dur
ing the median crop, with plot sizes rang
ing from 0.08 to 1.47 ha), the increased 

rice production from stocking fish ranged 
from 537 to 1,574 kg/ha, or 11 to 35% 
above the production from fields without 
fish. The increases are due not only to 
weed control but also to the manuring 
effect of C. ide/la feces. Tests showed that 
C. idella fingerlings excrete about 1.5 g 
feces/day. For the 60-day early rice crop, 
stocked fish produced about 537 kg/ha of 
feces. Thus, stocking C. idella can save 
on fertilizer. 

C. idella fingerlings stocked during 
the summer rice crop grew from 3.5-4.0 
cm initial length to 11-16 cm (Table 1). 
The advanced fingerlings produced were 
very healthy. They were also produced 
very economically as there was no need 
for nursery ponds, feeds or fertilizer, and 
very little extra labor was required to 
take care of the fish, which solely 
depended on eating weeds, plankton and 
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Table 1. Harvests of advanced C. idella fingerlings, stocked with summer rice. 

Area No. of fish No. of fish No. of fish Survival 
Plot No. (ha) stocked harvested harvestedjha (%) 

1 2.94 41,500 18,430 6,269 44 
2 1.47 29,500 8,250 5,612 28
3 1.29 19,600 10,090 7,822 51 

Table 2. Comparison of revenues from ricefields with and without stocked C. idella 
fingerlings.a 

Increase 
Net yields Value Total value in revenue

Type of crop Product (kg/ha) (US$) (US$) (%) 

Early crop 
With fish Rice 3,272 153 198 54 

Fingerling 5,172 45 
Without fish Rice 2,734 128 128 

Median 
With fish Rice 5,596 262 332 38 

Fingerling 6,084 70 
Without fish Rice 5,1 :18 241 241 

Late 
With fish Rice 8,595 403 471 62 

Fingerling 7,845 68 
Without fish Rice 6,218 291 291 

uOriginal values in Yuan were converted to US$ at the rate of US$1 = Yuan 3.70 as of 
1983. 

insect larvae. The plankton density in Through repeated experiments, we are
ricefields without fish is normally about convinced that C. idella is the best weed
43 kg/ha, compared to 19 kg/ha for those eliminator among freshwater fish and 
stocked with C. idella fingerlings. ricefields are an excellent habitat for it.

The ricefields stocked with C. idella C. idella is recommended as a tool for 
gave 38 to 62% more revenue than those weed control in the rice growing areas of 
without (Table 2). This was much appreci- the world. 
ated by the farmers. 

Discussion 

This new system of rice-fish culture 
not only utilizes water space to rear fish 
for food, but also uses the fish as a tool to 
reduce weeds and insects and to increase 
rice yields. The key to this is the choice 
of fish species and its feeding habits. 
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Abstract 
Even though rice-fish farming has been practised in Asia for many years, little quantitative data on yield

effects exist. Indeed, the study of fish effects on rice is replete with hearsay and confounding, inconclusive experi
ments An analysis of the data culled from eighteen studies was undertaken to answer the question of what
happens to the rice yields in rice-fish systems. This analysis was done not to know if rice yields were higher, butto build new management practices to stabilize rice yields on similar or higher levels. Incomplete data sets and
confounding experiments permit us only to report that despite increases and decreases in rice yield on average,observations show a 15% increase in rice yields. Unfortunately, few authors offered adequate explanations for
yield differences. Mechanisms that might explain how fish increase rice yield were also poorly reported. A hand.ful of studies have reported that fish feed on rice pests including weeds, and various pathways have been traced
for fish to contribute to soil fertility. These experiences tell us that fish feed, fertilizer input, fish stocking rates,
water depth, soil nutrient status and rice variety will be among the important management variables determining 
rice yield. 

Introduction Rice-fish farming has been practised 
for many years, but what happens to riceRice yields deserve careful study be- yields when fish are stocked in ricefields 

cause Asia's resource poor farmers are so is still unclear. More often than not,
utterly dependent on rice. Households farmers tell of rice yield increases, but 
must grow enough rice to survive. Pre- data gathered from farms as well as
dicting rice production and matching in- research stations are not always conclu
put levels is a vital calculus for farmers. sive. Nevertheless, many authors have 
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quoted farmers (or quoted other authors 
who quoted farmers) to elevate to the sta-
tus of conventional wisdom the increase 
in rice yield when fish are stocked. 
Ruddle's 15% figure is often quoted al-
though he merely stated that "it is well 
established" that rice yields go up by 15% 
when fish are grown in the rice field 
(Ruddle 1982). What little data is cited in 
the literature suggests that outcomes are 
not uniform or predictable. 

A similar situation exists when au-
thors explain mechanisms for yield in-
creases. There is a plethora of can, might 
and maybe but little experimental evi-
dence. Often, today's authors must go 
back to experiments conducted in the 
1950s ii'd the 1960s to get their evidence. 
Coche'; oft quoted weeds' effect is based 
cr) tee eyperiments in the 1950s in Africa 
(Coche 1967). Indeed, many of the still 
unquantified mechanisms were put for-
ward by Ardiwinata (1958). We do not 
make these points to criticize but to high-
light a situation that needs to be rectified, 

If fish are going to increase or de-
crease rice yields, farmers must know 
about it. We need to know what is hap-
pening to rice yields in rice-fish systems 
so that management strategies can be set 
by farmers to ensure not only favorable 
but also predictable outcomes. 

Effect of Fish on 

Rice Yields 


Evidence to date from researchsta-
tions and farms from several countries 

canindicates that rice grown with fish 

yield more or less than rice grown alone 
(Table 1). Regardless of rice yield level, 
we find that differences can be negative 
or positiv. Differences however, do 
strongly fvor positive outcomes on the 
average (range = +4.6 to +28.6). The 
range of differences was found to be very 
wide, from -58% to +183%! Moreover, 
Spiller (1985) indicates that rice yield in-
creases as fish production increases, 

Unfortunately, it is difficult to inter
pret the information from the various re
ports and compare yields among environ
ments/climates. Authors are not very clear 
about the conditions under which yields 
were reached: soil types and fertility, in
put levels, rice %ariety,etc. are either dif
ficult to extract or not reported at all. The 
yield increase figures in Table 1 were cal
culated on the basis of rice area using the 
size of the fish refuge given by the au
thors, but often it is hard to find how 
much of the rice area was devoted to the 
fish refuge. It was therefore not possible 
to perform a more rigorous statistical 
analysis of the data in search for some 
key factors affecting rice yields and possi
ble mechanisms for yield increases. In 
none of the work do we find adequate ex
planations of why yields were high or low 
except in cases where crops were severely 
damaged. Notwithstanding the uncer
tainty of outcomes, it seems that growth 
and production of the individual rice 
plants are increased. Strongest evidence is 
from Thailand and the Philippines where 
rice yields from rice-fish and rice alone 
were compared on the same farm. Also, 
various reports speak of better tillering 
and higher grain weight (China Freshwa
ter Fish Committee 1973; Li 1988). From 
these data it is not unreasonable to as
sume a 10-15% increase when fish are 
present. The much greater variability in 
the data from Thailand may be caused by 
the environment: rainfed, low-input tradi
tional varieties against irrigated modern 
varieties in the Philippines. Rice yield in
creases are large and frequent enough to 
warrant a search for mechanisms. 

Mechanisms for Rice Yields 

Many mechanisms have been put for
ward to explain the yield increases ob
served in rice crops when grown with 
fish. Some of these are clearly indirect 
rah e oa te e cts. e prectcl 
rather than direct effects. The precise 
water control necessary for good fishand nuduction will, through better weed pro



Table 1. Effect of fish on rice yields in various rice-fish systems. 

Yieldchange
Approxim ate System
Sy teCountry Y-r yitd % 

Fih Fish Source Data quality
eel nLFh Avrage Refuge Water Loootion Rji¢ r lih density SieRange 2type mangement var..ty spe-ca /M (g) 

Thaitand 19tS 1 8 * It 28.9 .990 12 pond imrrtted farm CCION/'G ng196,5 I S ng Thogpsn et a].102 .21 4 .39.1 13 pond rnfod this o1. paired field. on 12 farefarm CC/ON/I' ng1943 2,3 63 5S 3 . 2.2 8 ng Thongpn et ol. this s-|. poired field. on 13 fareMost ratfed tarm ng P91984 2 2.3 * 158 ng Sptler I 85ng 23 per.d fields on 8 farm.mgsted fGr. gtut'n.u CC/IPGN/AN ag 0.32 ng Mtddndorp and Verreth 1986 5 mono vz. 15 nee-fish 
1987 226 264 0 .183.3 it pond rmnfd I.rno CC/ON/PC ng ng Thongp.n et a th.i not. paired fields on 1I1 Ginns

Chia 197.3 4 .286 - 62 .1036 6 n ng ng vanout. ng ng n China Freshwater Fish "controllted experiment' 
ng . 8 .47.3 ng ng ng ng Commison 1973190-83 ng ng55 * 21.4 .11.2 . .35.1 ng ng N., rt 1. 19W4 trenh intgated station no inonationn CI 2 3 56 em Noe I).shu et .l. this not. d.t, from four crop

Indonesia 1985 5.-6,5 . 66 ng ng tren, irngated station ng CC ng n- Sy.msioh ct s.1 1988 dUtw from sl ollborstors 
Ind.. 1987 2-2.5 46 2.2 . .10.9 8 deepwoter farm NC-492. IMC poly I 275 Mukhopodhysy et a. this not. controlled expenment 

1987 2-2.5 o II . 4.5 - .43.1 1 doep-ater narm NC-492, IMC poly I 492 Mukhopsdhyy et aL. this o,. controlled experiment 
1980-83 4.4,5 * 16,9 8.5 -. 233 3 trench Imgteld

1982 IIFPIC1 0.-0.5 ng1.8 . 62 I)ottu et .t. 1985- 5.1 -* 7.4 2 trench imgatcd controlled expenmntnt
IIPFCII 0 ---. 5 ng lstt et .1 1985 controlled expenment

Phihppmne. 1977-78 6 * 9.3 - 0.4 - .41.3 19 trench irigated farm 2116 Most ON 051989 6 o 134 ng pp 20 Arre and det. Cru. 1978 pared filde5 trench imgated tarm1989 6 * 10.2 IR64 ON 0.5 22 Tones et .t. this vol.ng 5 pond imated farm I164 pired filds on five fam 
1988 6 'N 0.5 26 Tore.* 86 ng 3 et ot. this vol. plir,-d fields or. five farm.trench irngeted arm IR 66 ON 051988 6 - 15.6 n 53 Iel. Cru .. d van D.. 1988 potred fields on three fes3 trench irngsted farm IR 66 CC1988 6 * 12.4 0.5 06 lZ:t Cruz snd .nci 3 trench Mpited farm 

D.m 1988 paired fields on three farmsIR 66 ON/CC poly 0330.17 5.3/0.7 Detc Crux ond van DamI 98 paired fields on three farm 

Table note: 
I avg- average; ng - not given. poly polyculture.2. All nece yelds were clculated on the bast or area 0planted to nece, excluding the fish refuge ore..3 Fish spert-.: CC Yield increeses were calculated as: I 0(yteld from RIi'- Cyp-tso.o oap.; ON - yield monoulture.yed monorultur).r(h- d.1t-; PG - Punasi. joonsotu;AN - Arishcfhkeyo -obd.; Ci - Cten.phAe.yodo ide/la; IMC - lndin major corps; 2i11a Ilterop-eust. fossil; CB - C/rio. baotncshus. 
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trient management, definitely improve 
rice yields, whether there are fish present 
in the water or not. The additional tillage 
given to ricefields for fish will improve 
rice yields whether there are fish present 
or none. 

Weed control, pest and disease con-
trol, and soil nutrient management typify 
the areas where direct beneficial effects 
have been found. "Katengese experimental 
iicefields stocked at the rate of three 
adult fish (Tilapia melanopleura') per 
acre three weeks after the transplanting 
of one-month-old rice seedlings have 
proved successful in keeping the ricefields 
completely free of weeds and algae", re-
ports Coche of work done in the Congo 
during the 1960s (Coche 1967). Another 
study done in the 1960s in Indonesia 
found that ricefield weed biomass was sig-
nificantly reduced by the grazing of carp 
and tilapia (Satari 1962 in Moody, this 
vol.). Similar results were obtained in 
China where fish reduced the number of 
weeds and their fresh weight (Xu and 
Guo, this vol.). 

"After three years of observation, it 
has been concluded that the majority of 
snails normally present in the ricefield 
could be controlled by the joint action of 
these fish". Here Coche is reporting on T. 
melanopleura and ttaplochromis mellandi 
eating snail food and snails in an African 
experiment in the 1960s (Coche 1967). 
Fish have also been seen to eat other rice 
pests and pathogens. Fedoruk and 
Leelapatra cite that "consumption by fish 
of rice pests is shown in a research in 
China (Liao 1980) where insect predators 
in rice were reduced by 12-75% with the 
introduction of fish into ricefields" 
(Fedoruk and Leelapatra, this vol). Also 
in China, Xu Yuchang and Guo Yixan 
observed reductions in rice leafhoppers 
and rice striped disease incidence in corn-
parative experiments of rice monocropping 
and rice-fish culture. Unfortunately, their 

nSee Philippart and Ruwet (1982), . 25. This 
name was used for various species, c.g.. Tilopia
refldalli and 7. zilli. 

report does not say anything about the 
statistical validity of the results (Xu and 
Guo, this vol.). Interestingly, their fish 
seemed not to predate on spiders; in fact 
they observed an increase in spider 
populations in the rice-fish plots. Other 
work in China has found fish to predate 
on rice stemborers, rice leaf folders and 
rice planthoppers (China Freshwater Fish 
Committee 1973, in Spiller 1985). 
Stemborer eggmasses are reduced, 
number of leaves rolled by leaf folders are 
reduced, and number of planthoppers are 
reduced despite confounding effects 
wrought by differentiil applications of in
secticide. Over a period of three months, 
rice planthopper populations were found 
to be lower in ricefields with fish corn
pared to fields without fish (Xiao, this 
vol.). 

Various pathways have been traced 
for fish to contribute to soil fertility 
(Pierce 1968; Khoo and Tan 1980; Lipton 
1983; Middendorp 1985). Roger's scheme 
helps explain these pathways (Fig. 1). 

Firstly, fish grazing on the aquatic 
biomass contribute through their feces to 
nitrogen accumulation at the soil surface. 
Secondly, grazing reduces algal biomass; 
this helps keep the p1l near neutral 
which in turn reduces ammonia losses via 
volatilization. Water pH is a major factor 
in determining nitrogen losses (up to pH 
9, the un-ionized ammonia concentration 
increases by a factor 10 per unit increase 
in p1H [Roger 19b81). This mechanism 
would only be important in the earlier 
3tages of the crop though, as algae are 
shaded out quickly after the rice canopy 
closes. 

Lastly, through increasing the aerobic 
layer at the soil-water interface by their 
feeding actions, fish slow the 
denitrification process that leads to 
volatilization of nitrogen. Nitrogen losses 
from volatilization range from 2 to 60% 
(Fillery et al. 1984). 

Differences in soil nutrient status are 
being detected. Organic matter, nitrogen, 
available phosphate and potassium levels 
were all higher in fields where rice had 
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Fig. t. 11c role of the photosynthetattic(Source: Roger 1988). biomass in nitrogen recycling in wetland ricefields 

been grown with fish compared to field., cm which is deeper than the 10 cm opt;iof rice alone (Xu and Gun, this vol.). As mum for many modern rice varieties.one might expect,, differences were mosf Strengthened and higher bunds demandmarked in the soils of the sumps and more labor. Moreover, farmers and govtrenches (Li 1988). Again, little statistical ernments worry about loss of ricofield 
strength in these reports exist, area to fish trenches. The presence of fish 

also curtails some rice crop protection
techniqiles - some chemicals reduce fishDiscussion gowih, ricefields cannot be drained to kill 
rice viral stem rots, etc.

Not all interactions betwee-. rice and Farmers and govek'nments need to befish are positive. There have been reports able to predict more accurately what willof carp uprooting rice seedlings if storked happen win fish are stocked in ricefields.too early (':hoo and Tan 1980). Stocking Research aims not just to know if yieldsNile tilapia (Oreochromis niloticus) nga- are higher or not, but to build new mantively affected rice yields in experiments agement practices that stabilizein the Philippines (van Dam 
rice

1990). Grow- yields at similar if not higher levels. Theing fish in ricefield.3 demands greater wa- major"constraints to reaching this aim areter depth and higher bunds. Optimal wa- the manifold opportunities for confoundingter depths for fish are between 15 to 25 in rice-fish experimems. In the literature 
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reviewed here, effects of feitilizer use, fish 
feeding, and carry-over effects in rota-

tional systems were confounded in the 
comparative data. Not enough details 
were reported to thoroughly analyze and 
compare the accumulated data.

With the available information, we did 

not ,ucceed in reaching a more definite 
conclusion about why fish increase rice 

,the "average of average"yields. However, tsearch 
rice yield increases as reported from the 
18 studies assembled in Table 1 is 
remarkably close to the 15% increase 
reported by Ruddle (1982). Experiences 
documented here suggest that fish feed 
and rice fertilizer input, fish stocking 
rates, water depth and fluctuations, soil 

rts 
nutrient statu: and rice variety will be 
among the m"ost important variables 
determining yield differences. Well-de-

controlled experimnts compar-signed and
signedLi, 
ing rice-f"c, widh rice monoculture could 
of cov'..se clarify things instantly. Such 
expr;rirnents would, however, be very site-

r,d 	climate-specific. It would h a great
help 

deal if some consensus about reporting on 
rice-fish trials existed, so that all reports 
would contain information on at least a 
minimum array of variables about both 
rice and fish. Multivariate statistical tech-
niques could then be "sed to do across-
site and -season analyses and extract the 

most important variables. Perhaps 
managing these "principle components" 
will help farmers and researchers predict 
more accurately what is happening with 
rice yields in rice-fish s,ystems. 
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Abstract 

Increased water depth as a result of increasing bund height to permit fish culture in ricefields causes a
reduction in weed growth. Furthcr decrease in weed growth occurs when fish are introduced into ricefields re
sulting in reduced weeding costs. Tadpole shrimp (Trinpus sp.) which are used to control weeds in transplanted
ricefields in Japan also reduce weeding costs, but they cause severe damage to rice seeded directly. Weeds, not
controlled indirectly by increasing water depth or directly by introducing fish, must be controlled either manually,
mechanically or chemically. Hand weeding and mechanical weeding should, in most circumstances, have little effect on fish. However, the negative effects of herbicides on fish and microcrustaceans that serve as important food 
sources for fish cannot be ove rlooked. Additional research is needed to further quantify positive and negative 
interactions among weeds, fish and crustaceans. 

Introduction height of the bunds surrounding the field 
must be raised to give an adequate depthThe only universal pestj in rice are of water. The depth of water required de

weeds exceeding tolerable levels in nearly pends on the size and type of fish cul
all seasons (Moody and Cordova 1965). As tured, but it must be at least 10 cm for
they are found in all crops in all fields, it part of the culture period (Fhoo and Tan 
is necessary to invest in weed control 1980).
practices to reduce yield losses caused by Many weeds cannot germinate in 
weed competition. Many techniques can flooded fields (Wrigley 1969). Weed 
be used to reduce either directly or indi- populations decrease as the depth of wa
rectly the weed problem in rice. No mat- ter increases. Emergence and growth of 
ter what technology is used, the aim is to Echinochloa crus-galli (L.) P. Beauv. be
maintain weed populations at levels which come increasingly poor with increased 
do not cause economic losses, depth of submergence (Arai et al. 1.954, 

cited in Arai 1963). When water depth 
reaches 15 cm, E. crus-galli stops growingWater Depth and most of the plants die. Hernandez 
(1923, cited in Garcia 1931) reported that 

Certain physical modificatiois must be 15-20 cm water was effective in control
made to ricefields for fish culture. The ling a number of common weed species. 
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Manna et al. (1969) reported that the in-
cidence of grass weeds and sedges was 
negatively related to the depth of stand-
ing water which was positively related to 
the prevalence of algal weeds. Therefore, 
the reduction of weed growth in ricefields 
where fish are cultured may be merely 
due to the increased water depth, rather 
than the effect of the fish themselves, 

Biological Control 

Fish in Rice Culture 

CONCURRENT RICE-FISH 

Stocking fish in ricefields could i,,! in 
inexpensive biological method of weed 
control (Satari and Trimarini 1974). Tubb 
(1961) reported that during early rice 
growth, fields containing milkfish (Chanos 
chanos) required much less weeding than 
fields without fih. This could have been 
partly due to the depth of water in the 
field - initially, the water level was main-
tained at 20 cm and then increased to 30 
cm as the seedlings grew. Also, the rice 
tillers were clean and free from algae.

The introduction of herbivorous fish 
into ricefields controls weeds and reduces 
weeding labor and costs (Khoo and Tan 
1980; Chen 1984, cited in Mochida 1983). 
Among the most useful species are 
Puntiusgonionotus, Oreochromis mossam-
bicus, Trichogasterpectoralis Regan and 
Cyprinus carpio L. (Jiu 1987a, 1987b) re-
ported that weeds almost completely dis-
appeared in rice-azolla-fish (Table 1) and 
rice-fish systems, and that intensive labor 
for weeding was minimized. The almost 

Table I. The effect of rice-azolla-fish system on 
weed growth. (Source: liu 1987b). 

-
Treatment Weed density 

(nom 2) 
Weed weight 

(g/m 2 ) 

Rice 48.2 450 
Rice-azolla 9.3 63 
Rize-azolla-fish 1.8 11 

total lack of weeds was attributed to fish 
activity. 

Some herbivorous fish feed on weeds, 
thus reducing the number of weedings 
needed (Vincke and Micha 1986). In 
search of food in the mud, fish till the 
soil. By doing this, submerged weeds have 
little chance to anchor their roots in the 
soil and their growth and reproduction 
will be hampered. Fish consume large
quantities of weeds and algae, among 
other pests, which are directly or indi
rectly injurious to rice (Datta et al. 1986). 
Arce (1977, cited in Campos 1986) re
ported that fish eat weed sEeds as well as 
some aquatic plants such as Ipomoea sp. 

In Japan, carp reared in ricefields 
perform useful tillage, eat weeds and in
sects which cause damage to rice plants 
(Schuster et al. 1954). In Malaysia, the 
rearing of T. pectoralis with rice has a 
beneficial effect on rice production be
cause the fish cat algae covering the sur
face of the soil (Soong 1954). Fish such as 
0. niloticus, which may develop rapidly 
in ricefields are known to ingest great 
quantities of blue-green algae (Anon. 
1979). 

Satari (1962) reported that about 73% 
of the total weed biomass was produced 
during the period from transplanting until 
the first weeding. He found that when C. 
carpio was cultured with rice, there was 
a decrease of about 30% in the total 
weight of weeds produced. Only the 
growth of weeds with their roots anchored 
in the soil, mostly of the Cyperaceae and 
Poaceae families, was checked by the C. 
carpio. All free-floating weeds, such as 
Azolla pinnata, Eichhorniacrassipes 
(Mart.) Solms and Salvinia natans (L.) 
were not affected. Grasses and sedges 
comprised 60% of the weed flora on a net 
weight basis when there were no fish in 
the field. When fish were present they ac
counted for only 26-29%, while free-float
ing weeds accounted for 64-72%. The pro
duction of weeds after the first weeding 

seemed to be decreased more by the 
increased shading effect of the rice plants 
than by the presence of C. carpio. Weea 
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production was reduced by 40-47% when 
a mixed stocking of C. carpio and tilapia 
was used (Table 2). Weeds such as 
Salvinia, Pistia and Eichhornia cause a 
serious problem in fish culture in Kerala, 
India (Kulkarni et al. 1986). 

Liu (1987b) reported that deficiency of 
fodder was one of the limiting factors af-
fecting fish growth in traditionl.] systems 
of raising fish in ricefields. flW reported 
that the problem can be solved by using
azolla as a fish fodder. With good water 
management, the dual culture of rice and 
azolla provides many benefits such a-. lini-
ited evaporation of water, minimized com-
petition from weeds, and yield inci-erses 
over two rice cycles of as much as 50% 
(Reynaud and Franche, n.d.). The azolla 
blanket must he sufficiently developed to 
suppress weed growth but limited enough 
to avoid damage to rice seedlings 
(Scharpenseel and Knuth 1987). Liu 
(1987b) recommended the growing of 
duckweeds (Lenina minir L. and Wolffia 
arrhiza (L.) Wimm.) for fish fodder in 
places where it is difficult to g'ow azolla 
in summer because of high temperatures. 

Pheang (1975, cited in Soewardi et al. 
1979) reported that grass carp
(Ctenopharyngodonidella Val.) could con
trol dense populations of Hydrilla 
verticillata (L.f.) Royle and Salvinia 
molesta D.S. Mitchell, and retarded the 
growth of E. crassipes. However, C. idella 
also cause some damage to rice plants. 
Bardach ei;al. (1972, in Soewardi et al. 
1979) noted that the use of C. idella en
tails the risk of their escarpe into natural 
waterways and possible damage to valu
able wetlands. Soewardi et al. (1979) re
pored that the presence of H. verticillata 
significantly reduced the consumption of 
rica by C. idella but that rice was still 
severely damaged, while the presence of 
S. cucullata Roxb. and E. crassipes did 
nnt decrease rice damage. Dwarf rice 
cultivars wer, damaged more than taller 
cultivars. 

RVUE-FISH ROTATIONS 

There was an abundant growth of 
Flydrilla sp. in ricefields stocked only with 
0. niloticus, and a relative absence of 

Table 2. Effect or introducing fish at varying periods in transplanted
rice on grass weed weight (L/ha). (Source: Satari 1962). 

Weeding 

Treatment First Second Total 

C. 	carpio (5 days after transplanting 
[DAT] to first weeding) 1.7 0.6 2.3 

C. 	carpio + tilapia (5 DAT to 
first weeding) 1.7 0.6 2.3 

C. carpio (5 DAT to second weeding) 1.8 0.4 2.2 

C. 	carpio + tilapia (5 DAT to 
second weeding) 1.7 0.2 1.9 

C. 	cario (5 I)Ar to 1 month after 
seco:id weeding) 1.5 0.5 2.0 

C. carpio + tilapia (5 D)AT to 1 month 
after second weeding) 1.5 0.2 1.7 

No !ih 2.4 09 3.3 

Least significant diffennce 1-91) at 5%) 0.6 0.4 0.9 
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weeds and algae when combinations of 0. 
niloticus and C. carpio were used (dela 
Cruz 1980). This was attributed to the 
higher turbidity of the water caused by 
the feeding habits of the carp. C. carpir 
may also reduce rice production cost by 
cleaning the soil surface sufficiently to al-
low direct seeding or transplanting. Clean-
ing would save the costs of plowing and 
harrowing. However, Satari (1962) re-
ported that fish grown in the period be-
fore transplanting rice appeared to cause 
a slight increase in weed growth until the 
first weeding. 

Satari (1962) reported that the culture 
of fish before transplanting rice, or fhe 
culture of fish with the rice crop preceded 
by the culture of fish before transplanting 
rice, stimulated the growth of net plank-
ton such as Chloromonadinae (Euglena), 
Diatomeae (Navicula), Volvocales (Volox), 
Cyanophyceae, Conjugales (Spirogyra), 
and Protozoa (Difflugia). During the first 
eight weeks after transplanting (WAT) 
fish culture stimulated the growth of 
Anabaena, Nostoc and Oscillatoria(all net 
plankton), and also the growth of Nostoc 
in the mud. In another trial, at four WAT 
there was increased production of Nostoc 
(as net plankton and in the mud), 
Anabaena (as net plankton) and 
Oscillatoria(as net plankton and in the 
mud) in fields where fish had previously 
been cultured. 
TADPOLE SHRIMP 

In Japan, tadpole shrimp (Triopus 
longicaudatus Le Conte, T. grararius 
Lucas and T. cancriformis Bosc.) have 
been used to control weeds in trans-
planted ricefields (Matsunaka 1976, 1979). 
The small crustaceans feed on weed seed-
lings and disturb their roots by mechani-
cal agitation of the soil. Total weeding la-
bor has been reduced by 70-80% in initial 
field trials (Matsunaka 1979). 

Tadpole shrimp do not injure trans-
planted rice seedlings (Matsunaka 1976, 
1979) but cause severe damage to rice 
seeded directly into water (Matsunaka 
1979; Catizone 1983; Templeton 1983). 

Mechanical and
 
Chemical Control
 

Weeds can be controlled mechanically 
or chemically. Ricefields are usually 
weeded by hand two or three times dur
ing the growing season. This causes no 
harm to fish which may even benefit 
from the temporary agitation and aeration 
of the water (Kuronuma 1980). Hand 
weeding and the use of rotary weeders 
have no adverse effects on fish (Singh et 
al. 1980). However, Vincke (1979, cited in 
Vincke and Micha 1986) cautioned that 
mechanical weeding, especially in shallow 
water, may be dangerous to fish because 
it makes the water very muddy. 

Although herbicides are extensively 
used and reach waterways through direct 
application and runoff (Bovey et al. 1974), 
little is known about their distribution 
throughout the environment or their ef
fects on organisms other than plants 
(Schober and Lampert 1977). The possibil
ity of toxic effects of herbicides to fish can
not be ruled out although there is little 
information available on the subject (Singh 
et al. 1980). They may cause immediate 
reductions in population numbers, either 
directly because of acute toxicity to inver
tebrates or indirectly because of changes 
in water quality (Cowell 1965, cited in 
Sanders 1970). According to Gangstad 
(1986), acute toxicity of herbicides to fish 
is proportional to the concentration, is a 
direct function of the time of exposure and 
is depende.nt upon temperature. One of 
the most important points to be kept in 
mind when using herbicides is to ensure 
that they are nontoxic to fish in the fields 
because many farmers depend on them as 
their daily protein source (Cheam 1974). 

Microcrustaceans such as those of the 
genus Daphnia are of worldwide distribu
tion and represent an extremely impor
tant link in the aquatic food chain 
(Crosby and Tucker 1966), being impor
tant food items for both young and adult 
fish (Sanders 1970). Daphnia magna 
Straus and Daphniapulex are partic,. 
larly abundant and form a significant 

http:depende.nt
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part of the diet for both young and adult in insignificant amounts (Gangstad 1986).
iish in ponds and lakes of the temperate However, Sanders (1970) reported that 
zone (Pennack 1953, cited in Crosby and the propylene glycol butyl ether ester of' 
Tucker 1966). D. magna was generally 2,4-D exhibited a wide range of toxicities 
most sensitive to the herbicides tested by to crustaceans, with TLo values of 0.10 
Sanders (1970), followed in descending mg/l for D. magna, to no apparent effect 
order of sensitivity by the seed shrimp at 100 mg/ for crayfish. In contrast, 2,4-D
[Cypridopsis vidua (O.F. Muller)], glass acid was not toxic to D. magna at a con
shrimp (Palaenionetes kadiakensis centration greater than 100 mg/l.
Rathbun), sowvbug (Asellus brevicaudus The alkanolamine salt of 2,4-D has
Forbes), scud (Gammarusfasciatus Say), very low acute toxicity to red swamp
and crayfish [Orconectes nais (Faxon)j. crayfish (Procambarussp.), but propanil
Sigmon (1979) reportud that neither tern- and molinate are moderately toxic (Cheah 
perature nor herbicide application rate 1978).
had an effect on oxygen consumption of The toxicity of 2,4-D to fish is vari-
D. pulex exposed to 2,4-D 1(2,4- able. The ester derivatives are the most 
dichlorophenoxy) acetic acidl. Wagela and toxic. However, under field conditions,
Dubey (1987) reported that oxygen con- toxicity at maximura recommended rates 
sumption of D. pulex increased with in- has seldom if ever been observed and can 
crease in pendiamethalin [N-(1- be avoided with proper precautions
ethylpropyl)- 3,4-dimethyl- 2,6-dinitroben- (Gangstad 1986). Cheam (1974) indicated 
zenaminel concentration. Death occurred that 2,4-D appears to be nontoxic to fish 
at a concentration of 2 ppm. Nitrofen [2,4- in the concentrations used for weed con
dichloro-l-(4-nitrophenoxy)benzene] killed trol in rice 
D. pulex at 0.5 ppm. Herbicides such as 2,4-D (dela Cruz 

Several herbicides could present a 1980; Arce 1985) and butachlor [N
very real danger to D. magna under field (buthoxymethyl) -2-chloro-N- (2,6-diethyl
conditions (Table 3). Molinate (S- phenyl) acetamidel (dela Cruz 1980),
ethylhexanhydro-1 H-azepine-l-carbothio- which are commonly used in rice produc
ate) and propanil IN-(3,4-dichlorophenyl) tion in the Philippines, do not harm fish. 
propanamidej may be used at field rates However, dela Cruz and Cagauan (1981)
in excess of the median toxic dose for D. reported that butachlor was relatively 
magna. Other common herbicides, such as toxic to C. carpio, Macrobrachium sp. and
2,4-D, seemed to be completely innocuous Corbicula manilensis, with C. manilensis 
(Crosby and Tucker 1966). The herbicide being the most tolerant. Derico (1951) re-
2,4-D does not concentrate in food chains, ported that shrimp (Atya sp.), fish finger
is rarely detectable in food, and then only lings (Ophiocaraaporos Bleeker), corixid 

bugs, and small freshwater snails 
Table 3. Toxicity, in terms of median (Ampullaria luzonica Reeve) were not af
immobilization concentrations (LC5 0 ), of fected by 2,4-D. C. carpio, Macrobrachium 
aquatic herbicides to D. magna. (Source: sp. and C. manilensis had high tolerance
Crosby and Tucker 1936). limits for MCPA [(4-chloro-2

1Cs50 Fieldse methylphenoxy) acetic acid] (dela CruzHerbicide (ppm) i(ppm) and Cagauan 1981).
Propanil is slightly toxic to fish and 

contamination of streams should be
Molinate 0.70 (0.46-1.05) 3.5 avoided (Anon. 1987). However, Hashi-
Propanil 4.8 (3.8-6.6) 7.0 moto (1970) reported that no danger of 
Paraquat 11.0 (9.1-12.2) 2.0 to to170 repted th noanl of
2,4-D >100 2.0 toxicity to fish is expected with propanil if 
MCPA >100 2.0 it "s used according to directions on the 

label (Table 4). 
"Figures in parentheses are ranges. 

http:0.46-1.05
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Table 	4. Classification and examples of herbicides by toxicity to fish. (Source: Hashimoto 1970). 

Classification lHerbicides 

A = 	 No danger of toxicity to fish is expected when used Chlornitrofen 
according to the directions on the label. MCPA-Na 

Paraquat-dichloride 
Propanil 

13 = 	 Danger of toxicity to fish is not usually expected when 2,4-1)-ethyl
used according to the directions on the label; but con- MCPA-ethyl 
siderable care should be taken if used on a large scale. Nitrofen 

Swep 

C = 	 Danger of toxicity to fish is expected unless extreme care loxynil 
is taken so that the chemical will not contaminate lakes,
 
rivers or other bodies of water; not permitted to be used
 
in ricefields.
 

The toxicity of bentazon [3-(1-
methylethyl)- (1H)- 2,1,3,-benzothiadiazin-
4(3H)-one 2,2-dioxidel to fish is low; 500 
ppm produced no reaction in guppies 
(Lebistes reticulatus)(Luib et al. 1973), 
while quinclorac (3,7-dichloro-8-
quinolinecarboxylic acid) is not toxic to 
fish (Wuerzer and Berghaus 1985). 
Shinohara et al. (1973, cited in Yusa and 
Ishikawa 1979) reported that thiobencarb 
[S-(4-chlorophenyl)l diethylcarbamothio-
ate) 	had no adverse effects on carp. 

Agarkov (1973) reported that when 
molinate was applied aerially to 
premoistened soil in the rice shooting 
period, significant fish migration (up to 
19% or more) into the irrigation water 
was observed. As a r.sult, large-scale 
death of weed-eating fish was observed in 
the discharge canals. Molinate is more 
toxic to bluegill sunfish (Lepornis 
macrochirus Rafinesque) than to D. 
magna and crayfish (Sanders 1970). 

A cor,oination of ioxynil (4-hydroxy-
3,5-diiodobenzonitrile) and 2,4-D is very 
effective for the control of broadleaf weeds 
in deepwater rice in Thailand (Vongsaroj 
et al. 1987). In Japan, ioxynil cannot be 
used in ricefields because of the danger of 
toxicity to fish (Table 4). Therefore, ioxynil 
should be used vwith extreme caution in 
ricefields. 

In lower Bengal (especially in the 
Sundarban area), Chara is a problem 
where rice-fish cultivation is practised. 
Mukherjii and Ray (1966) reported that 
Chara and other algae could be controlled 
by fentin acetate (triphenlytin acetate) at 
rates well below 1 ppm. However, fentin 
acetate is highly toxic to fish (Litsinger et 
al. 1987) and other aquatic animals, and 
should not be used for algal control. 

Some farmers apply copper sulphate 
to control algae but it can be toxic to 
plants and animals especially if it is used 
over several years (Anon. 1971). A con
centration of 0.08-0.10 ppm copper is 
toxic to a number of freshwater fish. Be
cause of its possible toxicity to fish and 
rice, it seems inadvisable to use copper to 
control blue-green algae (Olsen 1957). 

Olsen (1957) reported that Delrad ap
plied to ricefields before the appearance of 
algae on the soil gave promising results 
for algal control. However, caution should 
be exercised with the use of Delrad where 
fish are concerned. A concentration of 0.7 
ppm is toxic to L. niacrochirus,goldfish 
(Carassius auratus) and young 
largemouth black bass (Lawrence 1954, 
cited in Olsen 1957). The toxicity of 
Delrad increases three-fold when tempera
tures increase from 18 to 21°C (Olsen 
1957). 

http:0.08-0.10
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Abstract 

Water quality parameters affecting fertility and productivity of rice-fish farming systems in Kerian, North 
Peri' , were studied for three growing seasons from September 1985 to January 1987. Parameters were obtained 
for both sump ponds and ricefields. Temperature and dissolved oxygen were higher (5.5 ± 0.3 mg/) in the more 
exposed riceficlds than in the sump ponds (1.7 ± 0.2 mg/l) and both environmenLq have slightly acidic p1- (6.3 ± 
0.2 and 6.0 ± 0.2, respectively). However, these parameters did not affect the native fish spe:ies which have 
evolved to adapt to these extreme environments. Both the hardness (55.6 ± 7.7 and 51.0 ± 6.0 mg/l as CaCO, for 
the ricefields a'ld the sump pondi, respectively) and alkalinity (29.4 ± 2.2 and 31.1 ± 2.6 mg/! as CoCO3, respec
tively) levels were not low to affect phytoplankton production. Liming (2,240-5,833 kg/ha) increased temporarily 
the concentrations of the two parameters. Nitrate-N (0.22 ± 0.02 and 0.23 ± 0.02 mg/l, respectively) and 
orthophosphate (0.07 ± 0.01 and 0.08 ± 0.02 mg/l, respectively) were rather low, in spite of frequent fertilizations 
at 56 kg/ha urea and 112 kg/ha NI'K. Chlormphyll a concentrations were 33.6 ± 5.9 and 45.2 ± 13.5 f.g/1, respec
tively. Benthic populations fluctuated in response to fertilizations and, in general, the henthic populations in the 
ricefields were higher (0.54 ± 0.06 g/m') than in the sump ponds (0.186 ± 0.035 gim'). 

Introduction son, wild fish that enter the ricefields 
with the floods are trapped, grown and 

Rice farmers in Malaysia practise the later harvested. To facilitate harvest and 
capture method of rice-fish farming to to provide shelter for fish (luring the 
supplement their seasonal incomes (Tan et growing season, a sump pond is (ug at 
al. 1973). The system is low-cost, requir- the lowest end of each field. Since the 
ing no stocking or feeding of fish, and de- system requires no biological and little 
pends primarily on the natural fertility of economic inputs, it is important to under
the ricefields to provide fbod for the fish. stand the basic ecological principles that 
At the beginning of the rice-growing sea- sustain the system so that modifications 
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to the system, if necessary, can be made 
to improve yields. Previously, except for 
some descriptive and economic studies 
(Tan 1973; Tan et al. 1973; Khoo and 
Tan 1980), no studies on the biology and 
ecology of the capture method of rice-fish 
farming have been done. Starting 1985, 
intensive studies on the biology and ecol-
ogy of the capture method of rice-fish 
farming practised in the Kerian District 
of North Perak, Malaysia are being con-
ducted (Ali 1988a, 19881), 1988c, 1988d, 
1989, 1990a, 1990b). This paper aims to 
discuss some aspects of fertility and pro-
ductivity of the ricefields and sump ponds 
used in rice-fish farming. Some initial 
data obtained during a preliminary study 
has been published elsewhere (Ali 1988e). 

Materials and Methods 

The study was conducted in the rice-
growing region of Kerian, North Perak, 
about 60 km south of Penang. This is the 
only rice-fish farming region in Malaysia 
and was famous in the 1960s and the 
early 1970s for its ricefield fishes such as 
the snakeskin gourami (Trichogaster 
pectoralis), catfish (Clrias inacro
cep/hatlus) and snakehead (Channa 
striatas) (Soong 19.18, 19.19; Tan et al. 
1973). Starting mid-1970s, when double 
cropping of rice began and was followed 
by the widespread use of herbicides anti 
pesticides, fish yields declined (Tan et al. 
1973). 

For the study, three ricefields averag-
ing 0.96 ha and sump ponds ranging from 
6.5 to 8.0 m diameter and 1.98 in deep, 
were used. During the study, fields were 
prepared for rice cultivation by farmers 
using the prevailing methods (Ali, this 
vol.). In December 1985, prior to the start 
of the secrnd season, lime was applied to 
the study sites at tile rate of 2,2,10-5,833 
kg/lm. 

Sampling started on September 1985 
until January 1987. Three crops of rice 

were grown during the period. Water 
samples were obtained biweekly from both 
the ricefields and the sump ponds at 15 
cm below the surface, stored in a cooler 
packed with crushed ice and analyzed 
within six hours in the laboratory for 
chlorophyll a, hardness, alkalinity, nitrate
nitrogen (nitrate-N) and soluble 
orthophosphate using methods of Boyd 
(1979). Dissolved oxygen (DO), water tem
perature and p1l were measured in situ 
using a Yellow Spring Oxygen Meter 
(Model 57) and a Hanna pII meter (Model 
8314), respectively, whereas a Secchi disk 
was used to obtain visibility readings from 
the sump ponds. Concurrently, benthic 
samples from the sump ponds and the 
ricefields were also obtained using an 
Ekman Grab. The benthos were screened 
using a bucket filled with a US Standard 
No. 30 bottom sieve, separated using satu
rated salt (NaC1) solution, stained with 
rose benzol and preserved in a 5%. 
formalin solution. The samples were later 
identified (Pennak 1978), counted and the 
dry weight (oven-dried at 103 (C for 24 
hours with partially opened door) obtained 
in order to calculate the biomass. 

Results and Discussions 

The mean values (+ s.e.) of water 
quality and biological parameters meas
ured in the sump ponds and ricefields of 
North Kerian, Perak, Malaysia for three 
consecutive seasons from 1985 to 1987 are 
presented in Table I and illust-ated in 
Figs. 1-10. 

The DO values were significantly 
(P<0.05) higher in the exposed fields (5.5 
+ 0.3 mg/I) than in the more protected 
ponds (1.7 + 0.2 mg/I) (Fig. 1). 
Photosyntlicsis )y algae, various kinds of 
aquatic weeds an(l phytoplankton 
contributed to tile high DO in the fields 
than in the ponds. In the ricefields, the 
DO generally declined as the growing 
season prog-essed due to shading by the 
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Table I. Mean seasonal values (. s.c.* of witer quality and oiological parameters measured in the sump ponds and ricefielhs of North Kerian, P~erak, Malaysia. for three consecutive seasons, 1985-87. 

lParameters Season I Season II Season III Mean 

)issolved oxygen (mg/1)
 
sump ponds 1.6 ± 0.1 
 1.7 3:0.6 1.8 ± 0.2 1.7 + 0.2
ricefields 7.0 ±:0.2 5.1 ± 0.8 4.7 3:0.3 5.5 + 0.3 

Water 	phi levels
 
sump ponds 5.3 ± 0.1 6.1 
 ± 0.1 6.5 + 0.2 6.0 . 0.2ricefields 5.7 + 0.1 6.3 + 3.2 6.9 ± 0.3 6.3 ± 0.2 

Water hardness (mg/I as CaCO1 )
 
sump ponds 27.9 _ 2.0 46.4 + 4.31 
 72.3 3:12.7 51.0 ± 6.0
ricefiehls 	 28.5 + 1.7 47.0 3.9 83.0 ± 16.8 55.6 ± 7.7 

Alkalinity img/i is CACO), 
concentrations
 
sump ponds 21.6 ± 3.2 
 39.5 + 6.4 28.9 ± 2.3 31.1 ± 2.6
rneficfihs 21.6 ± 3.3 35.2 ± 3.4 30.1 . 3.5 29.4 ± 2.2 

Nitrogen-nitrate 
concertraLti ( mgfq 
sump ponds 0.37 ± 0.02 0.18 ± 0.05 0.16 ± 0.01 0.23 ± 0.02
ricefields 0.36 ± 0.03 0.15 ± 0.02 0.17 2:0.01 0.22 ± 0.02 

Ort hophosphate (Ong/,)
 
sum P ponds 
 0.1 2 ± 0.03 0.08 ± 0.0.1 0.06 . 0.01 0.08 ± 0.02
ricefields (.01 


Chlorophyll a (pg/])
 
sum, ponds 12.39 ± 


0.08 ± 0.01 0.05 0 0.06 2:0.01 0.07 ± 0.01 

0.76 30.11 ± 10.53 82.49 + "1.57 45.2,) ± 13.50
ncefichrls 	 15.36 . 1.29 17.86 ± 3.81 60.33 ± 11 .-i) 33.6( ± 5.90 

Secchi disk visibility (cm) 
sump ponds 32.9 ± 0.9 36,8 ± 1.1 "34.9 _ 1.5 34.8 ± 0.8

liomass (kg/la) 88.3 16; 128.0 ± 27.( 17-1.6 36, 0 130.3 ± 21.9
Ahundance (no./ha) 1,.12-4 40..((2 3,101 ± 1,12,1 3.777 .131 2,7637 ± 700 

s. = Standard error 

rice plants. H owever, the seasonal decline liming and this contributed to the per
andi the diel fluctuations of the DO are petuflly low p11 levels in both habitats. 
not important factors since native ricefield Furthermore, ricefields are not plowed
fish species can tolerate low )O andl are mechanically because of the extremely
atmospheric air )reathers (Ali 1988e, soft and boggy bottoms. Field preparation
19 90a). Species such as catish possess only includes spraying the Fields with her
arl)orescence organs that enal)le them to hicides and then manuallv removing the 
use atmospheric air (Lagler et a!. 1977). wee(is. The resulting inluch does not de-

Both the ricefi elds I(6.: + 0.2) anid compose quickly in the boggy habitats, re
sump ponds (6.0 + 0.2) have slightly low sulting in acidic environnent. Low pfl
pI I and although the difference is not sig- does not have any detrime ntal effect on
nificant (lP>0.(i5), the sunip pontls consist- the Fish. In fact, sore speci(" such as T.
ently have lower vales (Fig. 2). Trie acid- pectoralis seem to prefer slightly acidic 
ity is primarily dtue to tannic/humic acids water (Soong 19-18).
resulting from lhe decomposition of lnime application in the stcolld season 
aquatic weeds and rice stalks leftover resulted in a temporary increa;e in pi to
from field prel)ara'ion and harvesting, above 8.0 for about one month, after
Farmers in this area (o iot practise which the pA soon declined to the 
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pre-liming levels, Its ineffectiveness is 
probably due to the swampy nature and 
the proximity of the ricefields to the coast, 
resulting in acid sulfide soils (Boyd 1979). 

Mean alkalinity and hardness are not 
overly low in both habitats (29.4 + 2.2 
and 55.6 + 7.7 mg/ as CaCO, in ricefields 
and 31.1 + 2.6 and 51.0 + 6.01 mg/! as 
CaCO, in sump ponds, respectively) (Figs. 
3 and 4). There is also no significant 
difference (P>0.05) in the concentrations 
of the two parameters detected in both 
habitats. Lming initially caused an 
increase in alkalinity from a pre-liming 
range of 23.8-53.8 to 41.9-93.0 mg/ as 
CaCO, for ricefields and 23.3-77.5 to 
46.5-139.5 mg/l as CaCO0 for sump ponds, 
but did not result in any big increment in 
hardness levels (24.0-42.3 to 28.0-61.1 
mg/l as CaCO:, and 25.3-53.8 to 22.0-66.1 
mg/I as CaCO, for ricefields and sump 
ponds, respectively). Therefore, liming was 
topped for the subsequent seasons since 

the purpose of liming (to increase both 
p11 and alkalinity and result in increases 
in phosphorous and carbon dioxide for 
phytoplanktnn) (Boyd 1979), was not 
achieved. 

In general, the water in both the 
sump ponds and ricefields can be consid-
ered as soft (Sawyer and McCarty 1967). 
Why there is a big increase in hardness 
immediately after fallow in the third sea-
son is not yet known. It could be due to a 
number of factors, one of which is the 
field preparation by neighboring farmers 
since the nature of on-farm research 
means that access to and control of the 
study area is not restricted. Except after 
liming, the total hardness levels in both 
sump ponds and ricefields were higher 
than total alkalinity indicating the domi-
nance of non-carbonate hardness (Boyd 
1979). 

The nitrate-N concentrations in both 
sump ponds and ricefields were fairly 
high in the first season (0.22 to 0.72 and 
0.23 to 0.59 mg/l for ricefields and sump 
ponds, respectively). The concentrations 

peaked shortly after liming (31 November 
and 12 December 1985), hut the levels 
declined thereafter (Fig. 5). The mean 
concentrations for both the ricefields and 
sump ponds are 0.22 ± 0.02 and 0.23 ± 
0.02 mg/l, respectively, and the difference 
in concentrations between the two habi
tats was not significant (P>0.05). The con
centrations detected (0.25 mg/i) were 
about equal to those in fertilized fish
ponds (Boyd 1974). However, the concern
trations should be higher because fer~iliz
ers (Lrea and NPK) are applied twice 
every season. Thus, the relatively low ni
trate-N levels were probably due to the 
high utilization rate by the growing rice 
plants, aquatic weeds and phytoplankton, 
leaving low concentrations ini the water 
(Ali 1988c, 1988e). 

Soluble orthophosphate levels were 
also relatively low considering the amount 
of fertilizers applied during the season 
(Fig. 6). Means for both the ricefields 
(0.07 ± 0.01 mg/) and sump ponds (0.08 + 
0.02 mg/) were tcL' significantly different 
(P>0.05). The levels detected were about 
the same is those observed in fertilized 
ponds, where the orthophosphate levels 
can range from 0.07 to 0.09 mg/l (Zeller 
1952). Ihe orthophosphate reached maxi
mum concentrations following liming, 
however, the levels declined quickly there
after. There is probabiy little 
orthophosphate eft in the water due to 
high utilization rate by the rice plants, 
aquatic wends and phytoplankton, and the 
peak observed was probably the result of 
orthophosph;ate being released from the 
mud following liming. Frequent 
fertilizations will result in residual 
orthophosphate existing in the mud and 
the orthophosphate released from this 
layer is a source of phosphorus for 
phytoplankton (Chiou and Boyd 1974). 

Chlorophyll a concentrations in both 
ricefields (33.6 + 5.9 Mig/I) and sump ponds 
(45.2 ± 13.5 pg/I) were low throughout the 
study (Fig. 7). The difference in values for 
both habitats was also not significant 
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(P>0.05). The concentrations increased 
only slightly after liming, however, mnjor 
peaks occurred after fertilization. The con-
centrations observed declined in the first 
and second seasons. However, the levels 
increased to above 60 pig/l for both the 
sump ponds and ricefields in the third 
season. The overall concentrations were 
rather low when compared to the mean 
value of 62.7 pg/l obtained by Boyd (1973) 
in fertilized fishponds. The poor phyto-
plankton growth is piobably due more to 
shading than nutrient availability (Ali 
1988e). Phytcplankton production in the 
ricefields declined as the rice plants began 
to grow and shade out the water, 
whereas in the porins the low 
phytoplankton productivity is due more to 
shading by watcr hyacinth. 

Mean Secchi disk value fcl the sump 
ponds was 34.8 + 0.8 cm (Fig. 8), 
however, the coloration (yellow to dark 
brown) observed was due to tannin 
associated with vegetative breakdown. 
This condition is commonly observed in 
the swampy areas of Malaysia (Johnson 
1967). 

The benthic populations in both sump 
ponds and ricefields consisted primarily of 
chironomids, oligochaetes and cera-
topogonids. The population's abundance 
and biomass fluctuated in relation to field 
preparations and fertilizer applications 
(Figs. 9 and 10). Both the biomass and 
abundance were higher in the ricefields 
(0.54 ± 0.06 g/m 2 and 815 ± 94 indivi-
dual/m2, respectively) than the sump 
ponds (0.19 ± 0.04 g/m2- and 332 + 49 
individuals/m2, respectively). The 
shallower water and the higher DO 
concentrations in the ricefields prevented 
the surface soil from becoming anoxic. 
Furthermore, the fiequent upturning of 
the soil during field preparation 
conditioned the soilwater interface and 
resulted in greater population of benthic 
invertebrates as compared to the sump 
ponds. 

Effects on Fish Culture 

Physical and chemical parameters of 
water such as temperature, DO, plf, tur
bidity and depth will determine species 
that can survive in ricefields (Ali 1990a). 
In the Malaysian system, the native spe
cies are very well adapted to these condi
tiors, and thus, should be used for rice
fish farming. For example, T. pectoralis 
prefers acidic water and its fry can sur
vive even at pH 4.6 (Sitasit 1969); 
whereas species such as C. striataand C. 
macrocephalus which can breath atmos
pheric air, can tolerate very low DO 
(Lagler et al. 1977). Exotic species might 
not be able to adapt to the local environ
ment well enough to result in high yields. 
In the Malaysian system, farmerr, are re
luctant to do any improvements since 
these will involve extra costs. Tile system 
does not have features such as perimeter 
trenches or deepwater pools to provide 
shelter for fish. Only sump ponds, which 
in most cases were dug 60-70 years ago, 

provide shelter. Thus, in this low input 
system, native spc.cies tend to perform 
better than introduced ones. 

Fertility and primary productivity are 
important in the capture system of rice
fish farming because they affect food 
availability for fish. The linkage between 
nutrients (nitrate and phosphate) and fish 
is through phytoplankton, zooplankton, 
aquatic insects and macrophytes, whereas 
the detritus linkage is probably through 
zooplankton, aquatic insects and benthos. 
Although zooplankton is important as fish 
food especia ly in the initial stager of 
growth (Boonsom 19,4), the role played 
by detritus is equally important. Groups 
such as the oligochaetes (Tubifex sp.) and 
chironomids convert the detritus to 
biomass for utilization by fish. The graz
ing by zooplankton on aufwuchs and de
tritus also enable this important food 
source to be linked with fish. Organic fer
tilization program could help in 
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enhancing the availability of detritus and ing with larger fingerlings, providing sup
farther increase the overall productivity of plementary feeds, improving the sump
the system. ponds and building perimeter trenches 

Although ricefields are fertilized will be done. However, the status of rice
regularly during the growing seasons, the fish farming system in Malaysia will not 
fertilizers are quickly taken up by the change much for the next five to ten
rice plants, aquatic weeds or tied-up in years. At the moment, farmers are reluc
the mud, leaving relatively small amount tant to carry out this new technology be
for the phytoplankton. In the Kerian cause of the extra costs and doubts that 
area, the weeds are so dominant that this might reduce rice yields. Also, the 
they exert negative effects on fish rice subsidy program which provides ferti
productivity by providing hiding places for lizers and harvests subsidies, does not
zooplankton, thus, making it difficult for help to encourage farmers to venture into 
larval and juvenile fish to hunt and feed other areas to supplement income. This,
(Ali 1990b). Furthermore, the weeds are fact, puts a damper onin improving rice
so effecti"e in using up the available fish farming system since farmers obtain 
nutrients that phytoplankton production better returns from rice farming alone. To
is reduced (Ali 1988c), hence affecting fish overcome this, there must be a socioeco
yields. In this case, herbivorous fish are nomic survey to determine the real im
more seriously affected, resulting in pact of rice-fish farming on the rural 
reduced condition and lower yields (Ali economy. Based on these, proper planning
1988d, 1990a). During the study, T. can be done to promote and to encourage
pectoralis was more seriously affected by farmers to participate in this ecologically
low food availability, while C. macro- efficient, integrated farming system. 
cephaius, a benthic omnivore, is affected 
less and the carnivorous C. striata, the 
least Pffected (Ali 1990a). Acknowledgement 
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Abstract 

Data were collected from several districts in West Java, Indonesia, to determine management inputs in rice
fish farming. Inorganic fertilizer was more commonly applied than organic manure. In concurrent rice-fish cul
ture, average application of inorganic fertilizer per hectare was: 99.3 kg N; 71.4 kg P205; 36.9 K20; and 16.7 kg
S. Rice bran is the only supplemental feed given at a daily rate of 10-210 kg/ha in 20- to 70-day culture period. 
In rotational rice-fish culture, rice bran is fed about 150-200 kg/ha/20-40 days and 300-525 kg/ha/75 days for 
pe'nyelang and pianwija methods, respectively. Insecticide applications of small amounts (500-1,000 mI/ha) arc tol. 
crated by fish. 

Introduction 

Rice-fish culture in West Java, Indo-
nesia, has been practised since the 19th 
century (Satari 1962). Rice-fish farming 
plays an important role in the rural areas 
of Indonesia especially in Java, due to the 
added income compared with rice culture 
alone. Experience shows that practising 
rice-fish farming, which requires little ad-
ditional capital input, increases income 
per unit area of ricefield. 

In 1985, total fish production obtained 
from rice-fish farming in Indonesia was 
about 63,218 t, or 21% of total production 
from fish culture. West Java contributed 
approximately 40%. The total area of 
ricefields was estimated around 41,635 ha. 
Fish production provided rice-fish farmers 

approximately US$38,654. Of this amount, 
54% was contributed by West Java (DGF 
1987). 

The two main types of rice-fish 
farming in Indonesia are the concurrent 
and rotational culture. In the concurrent 
culture or the minapadi, fish are cultured 
with the rice crop for one to two months, 
with one to two crops of fish. In the 
rotati,)nal culture, fish are cultured in 
ricefields between one or two rice crops. 
Rotational culture can either be the 
penyelang where fish are cultured 
between two rice crops for about one 
month or when the ricefield is being 
prepared for the next crop; or the 
palawija where fish are cultured as a 
single crop for two to three months after 
the second rice crop or during the fallow 
period after one rice crop. 
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Resource utilization in rice-fish farm-
ing greatly depends on the type of cul-
ture. Hence, this paper discusses the use 
of fertilizer, feed, water and pesticides for 
different culture methods. Since West 
Java makes the dominant contribution to 
fish production from rice-fish farming in 
Indonesia, information was collected from 
farmers in this province, 

Fertilizer Rates 

The widely used inorganic fertilizers 
in rice-fish farming are urea, triple super-
phosphate (TSP) and potassium chloride 
(KCI). Organic fertilizers are rarely used; 
of the 11 farmer respondents, only three 
used organic fertilizer (Table 1). In con-
current culture, fcrtilizer applications are 
usually carried out three times: before 
transplanting; 15-20 days after trans-
planting (DAT); and 40-50 DAT. Fertiliz-
ers are usually applied the day after 
weeding. 

Farmers applied inorganic fertilizer at 
different rates, even in the same district. 
The average rates per hectare consist of 
203 kg urea; 159 kg TSP; 61.5 kg KCI and 
65 kg ammoniun sulfate (ZA), or equal to 
99.3 kg N/ha; 71.4 kg P2O/ha; 36.9 kg 
KO/ha; and 16.7 kg S/ha (Table 1). 

The nitrogen requirement for high-
yielding varieties (HYV) of rice ranges 
from 35 to 135 kg N/ha (Watanabe 1977; 
Surowinoto 1980). Efficiencies of nitrogen 
utilization are 50-80%; losses may be due 
to volatilization, denitrification and 
leaching. 

Most farmers broadcast fertilizer on 
the soil surface, despite the availabil'ty of 
better application techniques such as deep 
root zone placement, soil incorporation 
and slow release fertilizers (Singh et al. 
1980; Surowinoto 1980). Also, there is 
only a slight difference in the amount of 
fertilizer applied in wet (87.6-95.4 kg NI 
ha) and dry (89.0-96.8 kg N/ha) seasons 
(Table 2). The recommended rates for the 
dry and wet seasons are 60-100 kg N/ha 
and 100-160 kg N/ha (Surowinoto 1980). 

Nitrogen applications in rice-fish are only 
7-8% rice monoculture. 

The total amount of P205 applied by 
farmers varied from 45.0 to 121.5 kg/ha. 
Six out of 11 farmers surveyed exceeded 
the range of 30-60 kg P.O,/ha stated by 
Singh et al. (1980) (Table 1). 

Potassium (K) applications ranged 
from 13 to 64 kg KO/ha. Some farmers 
believed that as rice straw residues are 
returned to the soil, only a small amount 
of K is needed. Nevertheless, it is recom
mended that 10-45 kg KO/ha is suffi
cient. 

In rotational culture for both 
penyelang and palawija, most farmers did 
not apply fertilizers. In penyelang, a few 
applied organic fertilizer (goat or chicken 
manure) at the rate of 1,500-3,000 kg/ha 
(Table 3); while in palawija, most farmers 
applied 150-300 kg/ha organic manure 
and 23-40 kg N/ha (Table 4). Most farm
ers also incorporated rice straw into the 
soil to serve as fertilizer when it decom
poses. 

Feeds and Feeding 

In rice-fish farming using both concur
rent and rotational methods, fish utilize 
the abundance of natural foods enhanced 
by fertilizers and fish feces. Satari (1962) 
reported that the feces of common carp 
may promote the growth of blue-green al
gae (Cyanophyceae), especially Nostoc, 
Anabaena and Oscillatoria. Generally 
fish production in rice-fish culture relies 
on water fertility. Artificial feeds are only 
given as supplements. Seven of the 11 re
spondents fed fish with rice bran (Table 
5). The amount of rice bran given varied 
widely according to the rearing period and 
location, ranging from 10 to 490 kg/ha 
over rearing periods of 20-70 days. In 
Subang District, rice bran application 
rates averaged 81 kgf/ha in a 45-day fish 
culture period (Dani 1987). The feeding 
frequency of rice bran ranged from one to 
three times per week. The fish culture in 
penyelang was shorter, about 20-40 days. 



Table 1. Fertilization rates and rice production per hectare per crop in rice-fish culture. 

Amount of fertilizers 

Farmer 

no. Location 

I Majalaya, Bandung 
2 Majalaya. Bandung 
3 MaJalaya, Bandung 
4 [bun. Majalaya, 

Bandung
5 [bun, Majalaya, 

landung
6 Majalaya, Bandung 
7 Cicadas, Binong, 

Subang8 Cicadas, Binong, 

Subang9 Cimarah,Ciamis 
10 Benda Tasikmalayn 
11 Bayongbong, Gurut 

0 day after transplanting 
(DAT)Ricepeid 

varieties Organic N P205 K2 0 

Sokan 2.700 16 
IR 64 2,644 -2 

IR 64 23 63 30 
IR 64 - 45 36 

1R 64 22 45 

IR 64 45 45 
IR 64 27 45 13 

IR 64 27 45 13 

Cisodane 16 47 42 
Cisadne 22 47 63 
Seri/A 23 47 

S 

8 
-

29 

N 

41 

90 
45 

50 

45 
45 

45 

32 

56 

15-20 DAT 

P2 05 K20 

40 54 

12 
12 

45 15 

45 15 

S 

6 

NI 

41 

15 
56 

56 

18 

18 

47 
56 
56 

40-50 DAT 

P205 K20 

41 14 
41 16 
45 17 

12 

12 

47 63 

S 

17 
12 

12 

12 

N 

81 
72 

128 
105 

128 

90 
90 

90 

95 
78 

136 

Total fertilizer 

P2 0 5 K20 

97 64 
122 16 
108 42 
45 48 

90 27 

90 15 
45 13 

45 13 

47 42 
47 63 
95 63 

S 

25 
12 

12 

6 

28 

Rice 
culture
period 

(DAT) 

105 
117 
106 
110 

110 

115 
115 

115 

145 
143 
115 

Rice 
;rodluc

iotion 

(kg'ha) 

7142 
7.555 
8,571 
3.500 

7,000 

8,333 
7,000 

7.000 

3,928 
8571 

Table 2. Comparison of fertilizer rates (kg/ha) in the wet and dry seasons 
rice monoculture systems at Subang Subdistrict. (Source: Dani 1987). 

in rice-fish and 

Type of 
culture 

Rice-fish 

N 

95.4 

Wet season 

P205 K2 0 

74.0 7.1 

Total 

176.5 

N 

96.8 

Dry season 

P2 0 5 K2 0 

75 5.4 

Total 

177.2 

Rice 
monoculture 87.6 65.7 11.4 169.7 89.0 68 5.8 162.8 



Table 3. Fertilizer and feeding rates and fish production in rotational (penyelang) rice-fish culture. (n = 10; feed = rice bran; feeding frequency = 
once a day except farmer #2. 

Fertilizer application (kg/ha) 
Stocking Harvest 

Farmer 
Organic Inorganic 

Density Size 
Feeding 

rate 
Culture 
period Yield size Survival 

no. Location N P K ('000 fish/ha) (g) (kg/ha/day) (day) (kg/ha) (g/ha) rate (%) 

1 Boyongbong, Garut 0 0 0 0 5.0 11 0 22 120 40 60 
2 Benda, Tasikmalaya 1,500 0 0 0 75.0 larvae 5 30 150 5 40 
3 Chimaragah, Ciamis 3,000 0 0 0 3.0 20 0 30 59 28 70 
4 Cicadas, Binong, Subang 0 34 52 3.6 25.0 5 5 40 337 30 45 
5 Cicadas, Binong, Subang 1,500 34 0 0 15.0 2 6 30 90 15 40 
6 Majalay.- Bandung 0 0 0 0 140.0 larvae 0 30 231 5 33 
7 Majalaya, Bandung 0 11 11 0 130.0 larvae 0 30 162 5 25 
8 Majalaya, Bandung 0 0 0 0 5.0 5 0 30 110 40 55 
9 Karang Tengah, Cianjur 0 0 0 0 48.0 2 0 20 106 5 44 

10 Karang Tengah, Cianjur 0 0 C 0 9.8 4 0 20 146 20 75 

Table 4. Utilization of fertilizers and feed, and fish production in rotational rice-fish culture (Palawija)in Cicadas, Binong, Subang. (n = 10; feed 
= rice bran; culture period = 75 days) 

Fertilizer application Fish stocking Feeding Harvest 

Farmer Organic Inorganic, N Rate Size Amount Frequency Yield Size Survival rate 
No. (kg/ha) (kg/ha) ('000 fish/ha) (g) (kg/day) (kg/ha) (g) (%) 

1 200 34 15 2 4 once 480 80 40 
2 300 38 30 5 7 twice 1,013 75 45 
3 150 23 15 5 6 twice 607 90 45 
4 250 15 20 4 5 once 750 75 50 
5 150 20 25 3 6 once 750 75 40 
6 300 40 20 5 6 twice 760 100 38 
7 300 36 20 5 5 twice 720 80 45 
8 200 25 15 4 7 twice 390 65 40 
9 250 35 25 5 5 twice 828 85 39 
10 200 30 15 4 6 twice 525 70 50 
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Table 5. Feed (rice bran) application rates and fish and rice production per hectare per crop in rice-fish culture 
system. 

Fish Rice 
Fish stocking 

Feed application Culture Pro- Mean Survival Culture 
Density Size period duction weight rate period Production 
('000 ha) (cm) Amount Frequency (day) (kg/ha) (g) (%) (day) (kg/ha) 

270 
300 

larvae 
larvae 

2 kg/ha 
5 kg/ha 

twice a week 
cnce a week 

40 
35 

367 
440 

5 
5 

27 
29 

105 
117 

7,142 
7,555 

10 3-5 5 kg/ha once a week 15 160 20 80 106 8,571 
120 larvae 0 27 186 5 31 110 3,500 
130 larvae 0 30 201 5 31 110 7,000 
200 

25 
larvae 
3-5 

7 kg/ha/day 
6 kg/ha/day 

once a day 
twice a day 

30 
20 

375 
206 

5 
11 

37 
75 

115 
115 

8,333 
7,000 

25 3-5 6 kg/ha/day twice a day 22 178 11 65 115 7,000 
7.5 8-12 7 kg/ha/day twice a day 70 300 100 40 145 3,928 
15 3-5 0 30 132 11 80 143 8,571 
5 1-3 0 37 83 11 50 115 

Only three of 10 respondents applied rice or broadcasting insecticide, the ricefield 
bran at 150-200 kg/ha in 30-40 days (Ta- was drained until water was retained in 
ble 3). In palawija 300-525 kg/ha of rice the trenches, where fish took refuge. With 
bran was given in 75 days (Table 4). these methods, fish mortalities were low. 

Insecticide Applications Water Management 

Insecticides applications were only There are three ways of providing the 
done in concurrent rice-fish culture. The required water to rice: continucusly,
Department of Agriculture has recom- continuous submergence and intermittent 
mended several insecticides for rice-fish irrigation. Continuously flowing water, 
culture: Mipcin 50 WP, Hopcin 50 EC, the most common in Indonesia, is only 
Baycarb 50 DC, Dharmabas 50 EC, Kiltop possible if the water source is abundant, 
50 EC, Bassa 50 EC and Applaud 50 WP. i.e., for ricefields in valleys. In continuous 

Of those recommended by the submergence, the ricefields are kept 
government, only Mipc'n 50 WP was used flooded startinr a few days after 
by the respondents. Sumithion 55 EC and transplanting until one to two weeks 
Diazinon 60 EC, although prohibited for before harvest. These two ways of 
rice, were also used. However, with providing water are most compatible with 
respect to fish production, Sumithion and rice-fish culture. They have the 
Diazinon were not harmful since low advantages of controlling weeds more 
dosages were applied. Dosages for each effectively and saving labor costs incurred 
application used by the respondent in managing water. 
farmers were: 446-1,000 g/ha fbr Mipcin; In intermittent or rotational 
1,000 mg/ha for Sumithion and 500-750 irrigation, the ricefield is alternately 
ml/ha for Diazinon. However, the flooded aild drained, and the soil surface 
manufacturer's recommended dosages are: is allowed to dry prior to the next 
Mipcin, 1,000-1,400 g/ha; Sumithion, 750- application of water. This method has a 
1,000 mg/ha; and Diazinon 320-720 number of advantages from the point of 
mg/ha. Applications were done at 15-40 view of rice culture itself, such as good
DAT and at 40-60 DAT. Before spraying aeration of the soil and savings on 
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irrigation water. However, it is not 
generally suitable for rice-fish culture 
(Singh et al. 1980). 

With respect to the culture of high 
yielding varieties (HYV) of rice, the 
standing water depth is gradually 
increased from 5 to 10 cm throughout the 
rice-growing period. This depth is also 
suitable for concurrently culturing fish. In 
rice-fish culture, however, additional 
efforts have to be taken to strengthen the 
dikes and install a water screen at both 
the inlet and outlet to avoid fish escape. 
Trenches, 40-50 cm in width and 20-30 
cm in depth, must also be built. This 
occupies about 2-4% of the total ricefield 
area. If the water source is abundant, 
water may be added continuously at the 
rate of 2-5 I/second/ha (dela Cruz 1986). 
It is very important in rice-fish culture to 
check the water level daily. Water levels 
may decrease as a result of leakage or 
the shortage of inflow which may lead to 
high water temperatures. On the other 
hand, water in the field might overflowespecially after a heavy rain, resulting to 

fish escapes. Leakage and clogging of the 
screen must be attended to prevent the 
decrease or overflow of water. 

Production of Fish 
and Rice 

In rice-fish culture, fish can be 
stocked at the larvae (hatchlings) to fry 
(1-3 and 3--5 cm) stage. With a stocking 
density for 120,000-300,000 larvae/ha, the 
average production was 394 and 194 
kg/ha with and without supplemental 
feeding, respectively, for a culture period 
of 30-40 days. However, at a stocking 
density of 10,000-25,000 (3-5 cm) fry/ha. 
Average production were 181 kg/ha in 15-
22 days with supplemental feeding and 
132 kg/ha in 30 days without. Survival 

rates of stocking fry at 1-3 or 3-5 cm 
ranged from 50 to 80%, much higher
than stocking larvae (27-37%). Only one 
respondent who stocked 8-12 cm had a 
40% survival rate. The corresponding rice 
production (wet state) under this rice-fish 
system was around 3,500-8,571 kg/ha/crop 
(average of 6,860 kg/ha). 

The average fish production in 
penyelang (mostly without supplementary 
feeding), was about 151 kg/ha in 20-30 
days. In palawija, the average production 
was about 682 kg/ha in 75 days with sup
plemental feeding of 300-525 kg/ha of 
rice bran (Table 4). 
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Abstract 

Production of fish on rice lands as a viable option for increasing farm cash and protein levels has begun to 
attract many Asian governments and policymakers. The economics of rice-fish culture on a mixed farm in Cen
tral Luzon, Philippines, is examined through linear programming (LP) models. Results show that a shift from
rice monoculture to rice-fish culture requires 17% more labor and 22% more working capital, but the additional
fish output generates 67% more farm income. Simulation of optimal farm plans for different rice-fish production
scenarios shows that there is still an economic incentive for expansion even at lower fish productivity. Moreover, 
even if the relative price of rice increased by 50%, rice-fish culture would still pay off. 

Introduction 	 more diversified practices to meet dietary 

and income demands. Population andA technological limit may have been other factors have increased the pressure
reached to further intensification of rice on land use. In the seventies, the 
cropping systems. Farmers are looking for percentage of Philippine farms <3 ha 

*IC!,ARM Contribution No. 727. 
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increased from 61 to 72%. Integration of 
fish on rice-based farms may alleviate 
dietary and income deficiencies. 

Although an old practice in China and 
India, rice-fish culture in the Philippines 
is only 15 years old (Bimbao et al. 1990). 
Adoption has been low due to technical 
and social constraints. Indiscriminate 
application of pesticides and short rice 
production cycle have resulted in small 
fish at harvest. Unavailability of 
fingerlings, inadequate water supply, fish 
poaching and the risk-averse attitude of 
most farmers, also play a part. If these 
constraints can be overcome even on 5% 
of the existing irrigated rice lands, 
adoption of rice-fish could increase fish 
production by 29,340 t, generate income 
of US$35 million and provide 5,868 t of 
protein (Table 1) We know that the 
profitability and productivity indices 
generated in rice-fish are higher than rice 
monoculture (Arce and dela Cruz 1978; 

dela Cruz 1980; Arevalo 1987; Bimbao et 
al. 1990; Sevilleja, this vol.). Less well 
known is how rice-flsh culture impacts on 
the whole farming system. This paper 

analyzes the economic impact of 
introducing rice-fish production technology 
into traditional rice-based farins in the 
Philippines, specifically, the effects on 
farm income, employment and resource-
use patterns. 

Materials and Methods 

Analytical Framework 

A mathematical programming 
technique was used to analyze the effects 
of rice-fish adoption on a rice-based farm 

(Heady and Srivastava 1975). The 
structure of the linear programming (LP) 
model developed here is given in Table 2. 
The farmer is assumed to maximize 
annual farm gross margin, i.e., total sales 
minus total purchases. Sales consist of 
farm produce net of family consumption, 
seed production and other deductions; 

while purchases consist of buying inputs 
for production operations and outputs for 
consumption needs over a year. 

The Data 

The model is derived from farm level 
studies of rice-fish production in Guimba, 
Nueva Ecija, Centr,-1 Luzon. Farm 
resources represent an average farm in 

Table 1. Targets in rice-fish area, fish 

production, income and protein availability 
when rice-fish culture is adopted over 5 and 
10% of the 1928 irrigated rice lands inthe 

Philippines. 

Item Amount/Level 

Total rice land (ha)" 3,392,670 

Irrigated rice land (ha)" 1,956,030 
% Irrigated over total rice land 58 
Rice-fish area targets (ha) 

5%of irrigated rice lands 97,802 
10% of irrigated rice lands 195,603 

Pish production targets in 

rice-fish area ('000 kg)b 

5%adoption 
@300 kg/ha/year 29,341 
@500 kg/ha/year 48,901 
10% adoption 
do300 kg/ha/year 58,681 
@500 kg/ha/year 97,802 

Fish income targets derived from 

rice-fish culture ('000 US$)' 
5% adoption 
@300 kg/ha/year 34,915 
@500 kg/ha/year 58,192 
10% adoption 
@300 kg/ha/year 69,830 
@500 kg/ha/year 116,384 

Protein availability from 
rice-fish culture ('000 kg)d 

5% adoption 
@300 kg/ha/year 5,868 
@500 kg/ha/year 9,780 
10% adoption 
J300 kg/ha/year 11,736 
@500 kg/ha/year 19,560 

"Source: 3hAS1987.
 
I'Computed based on fish yields of 300 and 500 kg/
 
ha/year.
 
'Computed at US$1.19/kg of fish. Original values in
 
Philippine Pesos were converted to US$ at the rate
 

of US$1 = 1,21 of 1989.
as 
dComputed tAt20% protein production rate per fish 
weight. 



Table 2. Structure of the linear programming model used for the economic analysis of rice-fish farms. 

Period 1 

Maximize 
gross margin 

Crop activity 

Crop... CroPN Labor, 

Input 

Input, Seed1 Sale1 

Output 

Consumption1 Seed production1 Buying1 Credit1 Cash transfer1 

Objective function
coefficient 0 0 -WI -CI -Sl pi 0 0 -Pl -rl 0 

Period 1 
Labor 1 ill ... llN -1 
Input 1 
Seed 1 
Production 1 
Consumption 1 
Cash balance 1 

il1 
SlN 
-ql l 

... 

... 

'IN 

-qlN 

Wl 

-1 

Cl 

-1 

Sl 

1 1 
1 

-1 
1 

1 
Pl -1 

Period 2 
Labor 2 121 ... 1 2N 
Input 2 i21 ... i2N 
Seed 2 s21 ... s2N 
Production 2 -q2 1 --- q2N 
Consumption 2 
Cash balance 2 -P1 -1 

Period 3 
Labor 3 131 ... 13N 
Input 3 131 ... '3N 
Seed 3 s31 ... S3N 
Production 3 -q3 1 --- "q3N 
Consumption 3 
Cash balance 3 

Cash maintenance 
-(1+i1 ) 

(continued) 

t'3 

0 
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Table 2 Continued 

Maximize 
gross margin 

Objective function 
coefficient 

Period 1 
Labor 1 
Input 1 
Seed 1 
Production 1 
Consumption 1 
Cash balance 1 

Period 2 
Labor 2 
Input 2 
Seed 2 
Production 2 
Consumption 2 
Cash balance 2 

Period 3 
Labor 3 
Input 3 
Seed 3 
Production 3 
Ccnsumption 3 
Cash balance 3 

Cash maintenance 

Period 2 

Input Output 

Labor 2 Input 2 Seed2 Sale 2 Consumption 2 Seed production 2 Buying 2 Credit 2 Cash transfer 2 

"w2 -c2 -S2 P2 0 0 -P2 -r2 0 

-1 
-1 

-1 
1 
1 

w2 c2 s2 p2 -1 

-P2 -(1+i 2 ) 



Table 2 Continued 

Mayimize 
gross margin 

Objective function 
coefficient 

Period 1 
Labor 1 
Input 1
Seed 1 
Production 1 
Consumption 1 
Cash balance 1 

Period 2 
Labor 2
Input 2 

Seed 2 


Production 2 
Consumption 2 
Cash balance 2 

Period 3 
Labor 3 
Input 3 
Seed 3 
Production 
Consumption 3 
Cash balance 3 

Cash maintenance 

Period 3 

inpot Output 

Labor 3 Input 3 Seed 3 Sale3 Consumption 3 Seed production 3 Buying3 Credit 3 Cash transfer3 

Year end 
balance R.HS. 

-w3 -c3 -s3 P3 0 0 -P3 -r 3 0 

< L 

5 0 
5 0 
< C 
->C1-s B1 

< 12 
5 0 
5 0 
_0 

> B 2 

-1 
-1 

w3 c3 

-1 

s3 

1 1 
1 

-1 
1 

1 
P3 -1 1 

<0 
_0 
_0 
> C3 
_B 3 

-P3 -(l+i3 ) 1 -1 

t3 
I. 
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that area, as do the farm resource 
constraints and other limitations. Input-
output coefficients for different rice-fish 
production activities were derived from 
results of on-farm and on-station 
experiments (dela Cruz and van Dam 
1988, 1989). Data on traditional cropping 
activities were taken from surveys 
conducted by the Philippine andDepartmentCentralof Agriculture (DA 1982) 

Luzcn State University (CLSU 1989). 
Data on farm subsistence requirements of 
different food crops were based or. 
surveys done by the Ministry of 
Agriculture (MA 1980). 

The farm is a 2.3-ha irrigated land. 
Production alternatives in the dry (Janu-
ary-June) and wet (July-December) sea
sons are rice monoculture, fish 

monoculture or rice-fish culture either 
using the trench or pond method, with or 
without 
witout ntcopea. Mimu ea sibwte-
melon and cowpea). Maximum feasible 
areas for these alternatives are: iice-fish 
culture, 1.5 ha; rnungbean, 0.5 ha; water-
melon, 0.1 ha; and cowpea, 0.3 ha. 
Sources of farm labor are family and 
hired, with the latter valued at US$2 per 
man-day. There are three sources of 
working capital: own (US$286); institu-
tional credit (US$476 at 16% interest 
rate); and informal credit (unlimited at 
20% interest rate). The model was divided 
into wet season (period 1), interseason 
(period 2) and dry season (period 3) to 
accord with existing cropping seasons and 
to account for cash flow from one period 
to the other. At period 1, farm funds con-
sist of money owned and borrowed from 
institutional or informal sources. At 
periods 2 and 3, funds generated from 
sales in previous periods are added. 

It was assumed that the farm needs a 
minimum amount of rice (2,000 kg), fish 
(70 kg), mungbean (100 kg) and cowpea 
(60 kg) for subsistence. This requirement 
would be met from farm production or 
purchase and as such, would compete for 
farm cash. It was assumed that all 

watermelons harvested are sold. Poultry, 
livestock and off-farm activities were not 
included in the model because their 

requirements are minimal and do not 
compete with crop production activities. 

Results and Discussion 

Several LP models were developed 
around a base model of rice monoculture 
with intercrops of mungbean, watermelon 
and cowpea; and rice-fish models initially 
with 1.5-ha farm area under rice-fish. Re
sults show that the optimal farm plan for 
this initial rice-fish model chooses the en
tire 1.5 ha available for rice-fish (Table 3). 
The introduction of rice-fish using 1.5 ha 
increased farm gross margins by 67%, 
while farm requirements for cash and la
bor increased bv 22 and 17%, respectively. 

Cropping patterns under rice-fish devote 

0.8 ha to rice monoculture, 1.4 ha for 
rice-fish pond without intercrop, 0.1 ha 
for ice-fish pond with intercrop in the 
wet and dry seasons, and 0.9 ha for 
intercrops (0.5 ha, mungbean; 0.1 ha, wa
termelon; and 0.3 ha, cowpea). This opti
mization, however, did not pick up rice
fish trench or fish monoculture which 
means returns from these activities are 
less attractive. 

Farm Plans for Different Levels of 
Rice-Fish Adoption 

Farm plans for different areas of rice
fish adoption were developed to examine 
effects on farm gross income, cropping 
patterns, and resource and production 
mix. A maximum gross margin of 
US$3,406/year can be realized when the 
entire 2.3-ha farm is devoted to rice-fish 
(Table 3). While the farm becomes more 
labor-intensive as it goes to full adoption 
of rice-fish, the proportion of hired labor 
to total labor increases only slightly from 
55 to 57%. The pattern of farm labor 
monthly requirements is shown in Fig. 1. 
Points -bove the available farm family 
labor curve signify the need for hired 
labor. Conversely, points below the 
available farm family labor curve reflect 
family labor surplus. More working 
capital is also required as more area is 
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Table 3. Comparison of farm gross margin, output, cropping pattern and production inputs in an optimal
farm plan at different levels of rice-fish adoption by a farm in Guimba, Nucva Ecija, Philippines, 1989. 

Base model 	 Rice-fish models 

0 ha 0.5 ha 1 ha 1.5 ha 2 ha 2.3 ha 

Farm income (US$)'
 
Gross margin 1,784 2,595
2,200 2,971 3,207 3,406
Total sales 3,817 4,257 4,781 5,362 5,690 6,058 
Total purchas, 2,033 2,057 2,185 2,391 2,483 2,652 

Output 
Rice (kg) 21,275 21,275 21,275 21,275 21,275 21,275 
Fish (kg) 0 200 200 592 752 840 
Fingerling ('000 pcs) 0 48 95 141 179 201 
Mungbean (kg) 500 500 500 500 500 500 
Watermelon (kg) 900 900 9rA0 900 900 90 
Cowpea (kg) 2,398 2,398 2,398 2,398 2,398 2,398 

Cropping pattern (ha) 
Wet season 2.3 2.3 2.3 2.3 2.3 2.3 
Rice monocrop 2.3 1.8 1.3 0.8 0.3 0 
Rice-fish pond without intercrop 0 0.5 1.0 1.4 1.4 1.4 
Rice-fish pond with intercrop 0 0 0 0.1 0.6 0.9 
Interseason 0.9 0.9 0.9 0.9 0.9 0.9 
Mungbean 0.5 0.5 0.5 0.5 0.5 0.5 
Watermelon 0.1 0.1 0.1 0.1 0.1 0.1 
Com'pea 0.3 0.3 0.3 0.3 0.3 0.3 
Dry season 2.3 2.3 2.3 2.3 2.3 2.3 
Rice monocrop 	 2.3 1.31.8 0.8 0.3 0 
Rice-fish pond without intercrop 0 0.5 1.0 1.4 1.4 1.4 
Rice-fish pond with intel-crop 0 0 0 0.1 0.6 0.9 

Production 	inputs
 
Labor (man-days) 360 
 372 401 421 442 454 
Own 	 162 163 183 188 197 197 
Hired 198 210 220 233 245 257 
Working capital 
(pesos) 696 736 805 852 950 962 
Own 286 2.86 286 286 286 286 
Institutional credit 410 451 476 476 476 476 
Informal credit 0 0 43 90 188 200 
Fertilizer (t) 3 8 14 18 22 26 
Inorganic 2 2 2 2 2 2 
Organic 1 6 12 16 20 24 
Fuel/Oil (I) 530 696 830 980 1,130 1,220 

"Original values in Philippine Pesos were converted to US$ at the rate of $1 = P21, as of 1989. 

devoted to rice-fish. In all scenarios, Effects of Lower Productivity

farmers must exhaust all working capital.

Above 0.5 ha of rice-fish, farm loans go The effects of a 10% drop in rice and
 
beyond institutional sources to informal 10, 20, 
 30 and 40% drop in fish yields 
sources at a higher interest rate. Two with concurrent expansion of rice-fish 
tonnes of inorganic fertilizers were used area were also examined. Table 4 shows 
at all levels of rice-fish adoption. Organic farm gross margin and output for 
fertilizer use increased from 1 to 24 t diff-rent levels of rice-fish adoption and
with adoption level. aiternative production scenarios. The farm 
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Fig. 1. Monthly labor requirements and available family labor at various 
sizes of rice-fish enterprise in the farm. 

Table 4. Farm gross margin and output for diferent levels of adoption of fish on rice fa,ms corresponding 
to alternative production scenarios.a 

Production acenarios 

Base model Scenario 1 Scenario 2 Scenario 3 Scennrio 4 Scenario 5 
Item (0 ha)b (0.5 ha)b (I ha)b (1.5 ha)b (Wha)b (2.3 ha)b 

Gross margin (US$)c 1,784 2,131 2,336 2,400 2,288 2,074 
Total sales (US$)c 3,817 4,207 4,566 4,790 4,840 4,726 
Total purchases (US$)c 2,033 2,077 2,230 2,391 2.552 2,652 
Output 

rice (kg) 21,275 20,813 20,350 19,888 19,425 19,148 
fish (kg) 0 210 360 474 526 509 
fingrling (100 pcs) 0 480 860 1,130 1,250 1,210 
mungbean (kg) 500 500 500 500 500 500 
watermelon (kg) 900 900 900 900 900 00 

cowpea (kg) 2,398 2,398 2.398 2,398 2,398 2,398 

aScenario I = drop in productivity fim the base model: rice, 10%. 

Scenario 2 = drop in productivitien from the rice-fish models: rice, 10%; fish, 10%. 
Scenario 3 = drop in productivitics from the rice-fish models: rice, 10%; fish, 20%. 
Scenario 4 = drop in productivities from the rice-fish models: rice, 10%; fish, 30%. 
Scenario 5 = drop in prodacti" ies from the rice-fish models: rice, 10%; fish, 40%. 

blevels of rice-fish adoption. 
cOriginal values in Philippine Pesos were converted to US$ at the rate of $1 = P21, as of 1989. 
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0 

Table 5. Optimal size of rice-fish enterprise and farm gross margin
for various relative prices of rice under alternative production 
scenarios.a 

Base model price 25% increase 50% increase 
(US$0.19/kg) (US$0.24/kg) (US$0.28/kg) 

Production 
scenarios Size of Gross Size of Gross Size of Gross 

rice-fish margin rice-fish margin rice-fish margin 
(ha) (US$)h (ha) (US$) (ha) (US$) 

Base model 0 1,784 0 2,420 0 3,C55 
Scenario 1 2.30 2,226 2.30 3,719 2.30 4,384 
Scenario 2 2.30 2,360 2.S0 3,475 2.30 4,140 
Scenario 3 2.30 2,445 2.30 3,229 2.30 3,894 
Scenario 4 2.30 2,320 2.30 2.985 2.30 3,650 
Scenario 5 2.30 2,074 1.40 2,754 1.40 3,454 

"Scenario I = drop in productivity from the base model: rice, 10%. 
Scenario 2 = drop in productivities from the rice-fish models: rice, 

10%; fish, 10%. 
Scenario 3 = drop in productivities from the rice-fish models: rice, 

10%; fish, 20%. 
Scenario 4 = drop in productivities from the rice-fish models: rice, 

10%; fish, 30%. 
Scenario 5 = drop in productivities from the rice-fish models: rice, 

10%; fish, 40%. 
boriginal values in Philippine Pesos were converted to US$ at the 
rate of $1 = 121, as of 1989. 

60- ~-20 

50, 

1,5 

'in) 40V-

C Gross morgin (Pesos) 

E 0 0 

20 i.. ,.., I ,, Fingerling (100 pcs I 

f I 

0 ---------.. Jo 
Bose mode; I 2 3 4 5 

Production scenorios 

Fig. 2. Farm gross margin and outputs under alternative production scenarios. 
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realized its highest gross margin 
(US$2,400) using 1.5 ha to rice-fish with 
rice and fish yields per hectare lower by 
10 and 20%, respectively. Beyond 1.5 ha, 
optimal gross margin decreased (Fig. 2). 
Nevertheless, gross margins for all areas 
are higher compared to rice monoculture. 
Intercrop production remained at 

allowable area in all scenariosmaximum 
which implies they are very profitable. 

Effects ofRelative Price Change 

Table 5 shows the effects of 25 and 
50% increases in the price of rice on the 
optimal area for rice-fish at different 
yields of rice and fish. Optimal rice-fish 
area is reduced to 1.4 ha when the rela-
tive price of rice is increased by 20 and 
25%, and rice and fish productivities drop 
at 10 and 40%, respectively. The remain-
ing 0.9 ha will be devoted to rice 

monoculture. This implies that rice-fish is 
more renumerative for a wide range of 
rice and fish yields even at higher relative 
prices of rice. 

Conclusions 

Models indicate considerable economic 
incentives for rice-fish culture under cur-
rent= conditions of yields, costs, prices and 
farm resource endowments in the Philip-
pines. Farmers will benefit from rice-fish 
even if both rice and fish production rates 
are lower, and the relative price of output 
rises in favor of rice. However, sustaining 
this practice in thre long run will require 
good resource management especially in 
irrigation water. Fingerlings produced in 
rice-fish systems should be marketed for 
fish growout systems in ponds, pens and 
cages. Moreover, the constraints of inad-

equate 	water supply, unavailability of fin-
gerlings, and fish losses due to predators 
and theft are still to be solved for wider-
scale adoption of rice-fish culture in Phil-
ippine farms, 
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Abstract 

The constraint posed by pesticides due to its detrimental effects to fish and to the aquatic biota remains an 
essential research subject in rice-fish farming. This paper is a review of the effects of pesticides in ricefields with 
reference to fish in rice-fish farming. Methodologies are described while research results on fish toxicity, rate of 
degradation and residues of selected pesticides, are presented. Fish toxicities of major groups of pesticides ranked 
from the most to least toxic are insecticides, molluscicides and herbicides. Insecticides such as carbamates and 
organophosphates were less toxic to fish than organochlorines and synthetic pyrethroids. Acute toxicity data 
generated from laboratory bioassays can be extrapolated for field use. Suitability of pesticides for rice-fish culture 
depends mainly on the persistence of chemical, formulation, manner and time of application before relcasing fish 
to the ricefield,. Granular form of pesticides applied before fish introduction to ricefields seem to be suitable. 
Applying pesticides seven to ten days before fish introduction to ricefields was sufficient for degradation of the 
chemicals and re.sulted to no fish mortality. Generally, residues of commonly applied insecticides were not detect
able in water and fish tissues at seven days after application in ricefields. 

Introduction strains of insects due to the misuse of 
pesticides is one of the most serious envi-

Pesticide use is one of the major con- ronmental problems associated with the 
straints to rice-fish farming. While pesti- adoption of high-yielding varieties (HYV)
cides offer a patacea to pest problems in of rice (Spiller 1985). Most of the pesti
rice, they pose danger to fish in rice-fish cides are used in irrigated rice areas 
farming. It has also been recognized that where HYVs have been introduced. 
the indiscriminate use of pebticides in rice Use of pesticides in the Asian region
farming can be an environmental health has increased by an average of 4.6% from 
hazard. 1971 to 1981 (Staring 1984). Imports dra-

The increase in pest and plant disease matically increased in Bangla lesh, Korea 
outbreaks and in pesticide resistant and India (Table 1). The average supply 
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of active ingredients of agropesticides per 
hectare of arable land in 1971 is shown 
in Fig. 1. Most of these are used in rice. 
In the Philippines, the total area planted 
to rice is 3,600,000 ha, 35% of which is 
treated with granular insecticide, 25% 
with liquid herbicide (Magallona 1980). 

Increased pesticide use in most Asian 
countries has been reported to have 
caused the decline in rice-fish culture. In 
Indonesia, an estimated two million kg of 
insecticides applied annually to more than 
one million ha (Jlardjamulia and 
Koesoemadinata 1972) have caused fish 
mortalities which resulted to significant 
financial losses (Sianin 1960). Since 1972, 
ricefield fish production declined by 67% 
(Spiller 1985), attributed to increased 
pesticide use in Malaysia (Lim and Ong 
1985). In Vietnam, increased pesticide use 
from 1958 to 1983 steadily decreased 
population of frogs, fish and crabs in 
ricefields since the early 1960s. Vincke 
(1979) noted that concurrent rice-fish 
culture was not possible in a Vietnamese 
commune in 1979 due to heavy DDT 
applications on rice. 

While pesticide use has steadily 
increased in most Asian countries, there 

5,coo
 
L 

1,0co

3, 
I

2,o00 

OL.. .
 
E F 

- P 
a' -

Fig. 1. Average supply ol agropesticides (active 

ingredienta) per hectare of arable land, 1973. 
(Source: JPPA 1982). 

has been a trend toward the development 
and use of pesticides less toxic to fish and 
mammals (Fig. 2). For example, a 
substitute for the highly toxic parathion is 

Table 1. Pesticide imports (t) in selected Asian countries. (Source: 
FAO 1983, in Spiller 1985). 

Average annual 
Country 1977 1982 increase (%) 

Bangladesh 2,455 9,749 57.8
 

Burma 1,912 2,500 6.1
 

India 13,928 45,000 44.6
 

Indonesia 36,064 45,197 25.3
 

Japan 44,243 61,688 7.9
 

Korea 3,861 14,752 56.4
 

Malaysia 17,883 40,956 25.8
 

Pakistan 43,902 24,155 - 9.0
 

Philippines 15,893 15,226 - 0.8
 

Thailand 32,329 59,724 16.9
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fenitrothion, having less than 1% the tuted amines. Carbamates are less toxic to 
mammalian toxicity (96-hour LC,, = 8 fish than the organochlorines and 
ppm) (FAO 1984, in Spiller 1985). In organophosphates, although the reverse is 
Vietnam, many farmers have switched true for zooplankton and some insect lar
from using pyrethroids which are vae (Holden 1972). Synthetic pyrethroids
comparatively safe for humans but highly offer some distinct advantages due to 
toxic to fish, to methyl parathion because their high mammalian safety factor and 
it is cheap and less toxic to fish (Vincke higher biological activity against insects 
1979). Methyl parathion, however, is very compared to other insecticidal groups. Bio
toxic to humans, logical insecticides are those insecticides 

This paper presents an overview of based on biological organisms such as Ba
the different pesticides used in ricefields cillus thuringiensis 'BT) and nuclear 
and their effects on fish in rice-fish farm- polyhedrosis virus (NPV). Biological insec
ing in Southeast Asia. Information gath- ticides appear very promising as compo
ered on the effects of pesticides include nents of integrated pest control (IPC)
mainly data from the Philippines, Indone- (Magallona 1980). Botanical insecticides 
sia and Malaysia on fish toxicity, rate of come from plants that possess insecticidal 
degradation and applications to rice-fish properties such as the neem tree 
culture. Data from China where pesticide (Azadirachta indica), lagundi (Vitex
applications have been shown to be com- negundo), sambong (Blumea balsarnifera)
patible with rice-fish culture (Spiller and oregano (Coleus amboinicus).
1985), are also reported. The Fertilizer and Pesticide Authority

(FPA) (1986), a regulatory body in thePhilippines on the importation and use of 

General Classification and fertilizers and pesticides, lists two major
Effects of Pesticides groups of insecticides for rice: carbarnatesand organophosphates. Most orga

nochlorines have been phased out. How-Pesticides are classified into insecti- ever, endosulfan is still prescribed for rice 
cides and herbicides. There are six main but on a restricted basis. Another 
groups of insecticide compounds: organochlorine registered under FPA is 
carbamate, organophosphate, organochlo- gamma-BHC in three forms: soluble con
rine, synthetic pyrethroid, biological and centrate, granule and wettable powder.
botanical. Herbicides are grouped into Fifty-one per cent of these insecticides are 
phenoxy-aliphatic compounds and substi- emulsifiable concentrates (EC), 18.6% 

0 - Specified toxic 

80 

Toxic Less toxic 

40 

20 Ordinary pesticide 

0 - J 
 _ L_ _ I.I
1950 19G. 1970 1980 

Fig. 2. Annual change of pesticides classified by mammalian toxicity. (Source: 
JPPA 1982). 
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granular (G), 16.3% wettable powders 
(WP) and the rest soluble concentrates 
(SC) in ultra-low volumes (ULV) and low 
concentrates (LC). 

Carbofuran granule, a carbamate 
form, is prescribed for rice-fish culture 
based en the low amount of residues de-
tected from fish Fillets, which were less 
than 0.01 ppm, the recommended 
carbofuran limit in edible products (Seiber 
and Argente 1976a, 1976b). In recent 
years, liquid carbofuran, usually applied 
during the last insect infestations in rice, 
has been phased out from the market due 
to its extreme toxic effects to fish. Farm-
ers find the cost of granular carbofuran 
expensive, leading to the use of less ex-
pensive insecticides such as endosulfan. 
Proper timing of endosulfan applications 
did rot result in fish mortality in rice-fish 
fields. Arce et al. (1984) reported that 18 
rice-fish farmer-cooperators from Nueva 
Ecija, Philippines, used insecticides such 
as carbamate-carbofuran, carbaryl, metho-
myl and MIPC; organophosphate-methyl 
parathion and monocrotophos; and syn-
thetic pyrethroid-cypermethrin and per-
methrin. 

In Malaysia, the most frequently used 
insecticides to control rice stemborers are 
endosulfan, malathion, BHC and carbaryl 
(Khoo and Tan 1980). Commonly used 
organophosphates for rice-fish culture in 
North Sumatra, Indonesia, are Sumithion 
EC or Agrothion EC (both fenitrothion), 
Lebaycid (fenthion) and Diazinon 60 EC 
(diazinon) (dela Cruz 1986). 

Organochlorine compounds for rice are 
also widely used in Indonesia, Malaysia 
and China. In Indonesia, large-scale 
endusulfan applications (450 t in 1969 and 
850 t in 1969/70) over an area of 133,000 
ha were followed by fish kills in ponds 
and rivers, resulting in considerable losses 
to farmers (Koesoemadinata 1980). 
Garbach et al. (1971) analyzed the insecti
cide residues from the Brantas River sys-
tem, fishporids and the Strait of Madura. 
They found endosulfan residues of 0.00046 
ppm in rivers and canals, 0.0008 ppm in 
fishponds, and less than 0.0003 ppm in 

the sea water of the Madura Strait. An
other organochlorine insecticide, endrin, 
had a downstream effect for more than a 
hundred meters from an experimental ap
plication site (Harjamulia and Koesoe
madinata 1972). 

Li (1986) reported that derris, 
toxaphene and pentachlorophenol (a fungi
cide) are prohibited in rice-fish culture in 
China because of their extreme toxicity tc 
fish. Chinese field trials indicated that 
chlorinated hydrocarbons can be less toxic 
to fish than what lethal concentratioi 
values might indicate if applications are 
made carefully. However, bioaccumulation 
of some of the pesticides in the fish may 
be a pioblem. A trend to reduce pesticide 
use in China has resulted in the phasing 
out from 1981 to 1986 of organochlorine 
compounds such as BIIC (Spiller 1985). 

I1olluscicides are another group of 
pesticides used in the Philippines to con
trol an introdu:ed South American her
bivorous freshwater snail (Pornaceasp.) in 
ricefields. The snail was introduced in the 
country in 1980 (Juliano et al. 1989) and 
1982 (Mochida 1987) as a cheap source of 
human food, but became a major aquatic 
pest in rice farming. Yield loss from snail 
infestation can be as much as 40% 
ies ca 1emcsn 40% 
(Escalada 1989). Chemicals to kill the 
snails usually applied before rice trans
planting are probably the most effective 
(Basilio 1989). These chemicals (tin and 
aquatin compounds) are reported to have 
adverse effects to humans like itchiness, 
bruises/cuts, delayed healing of wounds, 
and nail discoloration and distortion 
(Adalla and Morallo-Rejesus 1989; Cheng 
1989; Escalada 1989). Organostannous 
molluscicides were used to control these 
snails but were banned in 1990. 

Toxicity Tests of 
Pesticides to Fish 

Results from studies on toxicities of 
different insecticides and herbicides to 
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different freshwater fish species and Central Luzon State University (FAC
invertebrates are presented in Tables 2 CLSU) are generally based from Taras et 
and 3. Singh et al. (1980) and Ca (1983) al. (1971) and Greenberg et al. (1980) and 
have data on the toxicity of some modified according to existing conditions. 
pesticides to nonspecific fish species in The weights of experimental animals used 
Indonesia and China, respectively. Ali ranged from 1.2 to 13.5 g for Nile tilapia 
findings indicated that insecticides (Oreochromisniloticus), 4 to 14 g for Java 
belonging to the organochlorine and tilapia (0. mossambicus), 1.8 to 14 g for 
synthetic pyrethroid groups, in general, crucian carp (Carassiuscarassius),5.0 g 
are highly toxic to fish. for common carp (Cyprinus carpio), 10.0 g 

Standard methods used to evaluate for freshwater shrimp (Macrobrachium 
pesticide toxicity to fish in irrigated rice- sp.) and 0.7 g for freshwater clam 
fish fields and results obtained in some (Corbicula manilensis). The modified 
Southeast Asian countries and China are procedure for static bioassay tests are 
described below. described in dela Cruz and Cagauan 

(1981). 
Philippines Toxicity tests of insecticides to 0. 

niloticus (Tables 2 and 3) revealed that 
All pesticide toxicity tests done at the MTMC + phenthoate, and cypermethrin 

Freshwater Aquaculture Center of the and permethrin were extremely toxic; 

Table 2. Toxicity of different insecticides expressed as 48- and 96-hour LCo to 0. niloticus, 0. 
rnossanmbicus and C. carassius tested at the Freshwater Aquaculture Center-Central Luzon State 
University, Philippines. (Sources: dela Cruz and Cagauan 1981; Ordanza and dela Cruz 1979; Ponce and 
dela Cruz 1979; Magisa and dela Cruz 1978; Arce et al. 1985a; Arce and Cagauan 1984; Gucrrero 1976). 

48-hour I.C1 O 96-hour IXC50 
(ppm or formulated product) (ppm of formuluted product) 

Insecticide 0. Toxicity 0. T.uxicity C. Toxicity 0. 0. C. 
a

group/common name nloticu.q ranks in.qa.amhicus nnk carassius ranks niloticmi nwcmzmbicu.i carnsius 

Carbam ate 

IIMI'C 5.6-6.7 ht 28.3 mt 5.4-6.12 25.2 
Carbaryl 3.10 ht 2.93
 
Carbofuran 2.27 ht 2.4 ht 1.97 1.72
 
MTMC 68.0 mt 52.0 mt 50.0 46.9
 
MTMC - Phenthoate 0.56 et - 0.47

b
I'MC 6 . .0b0 5 3 4 .75 b 
PMP 59.0 mt 34.8 mt 47.1 19.6 

Organophosphate 

Azinpho. ethyl 0.028b 0.023b 0.009 at 0.002 
Chlorpyrites 2.0 ht 1.34 ht 1.3 1.19 
Diazinon 45 mt 40.7 rot 2.2 15.2 
Methyl parathion 25.7 rot 13.4 not 19.0 11.0 
Monocrotophos 1.2 ht 47.60 rat 0.31 et 33.10 
Triazophos 6.6 ht 

Organochlorine 

Endosulfan 5.8 ht 1.3 ht 1.3 1.6 

Synthetic pyrethroid 

Pernethrin 0.75 et 1.3 ht 0.75 
Cypermethrin 0.63 et 0.63 

6Ranklng of pesticides from Koesoemadinata and Djajadiredja (1976) for 48-hour IC50 : <1 - extremely toxic (et); 1-10 - highly toxic (ht); 

10-100 - moderately toxic (mt); and >100 - low toxic. 
b24-hour IXc0. 

http:5.4-6.12
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Table 3. Toxicity of different herbicides expressed as LC5 o (ppm of formulated 
product) tested on different freshwater organisms at the Freshwater Aquaculture
Cen'ter-Central Luzon State University, Philippines. (Sources: dela Cruz and 
Cagauan 1981; Santiago and Recometa 1981). 

Brand name 

Agroxone 
2, 4-D Amine 
Rilof H 
Machete 
Modown 
Treflan 
Eptam 1) 

Brand name 

Agroxone 
2, 4-D Amine 
Rilof H 
Machete 
Modown 
Treflan 
Eptam 1) 

1,Cr 0 (ppm of formulated product) 

0. niloticus C. carassius 
Common rame 48-hour' 96-hour 48-hour" 96-hour 

MCPA 
2, 4-1) Amine 

27.5 mt -
Butachlor 1.4 lit 1.3 -
Bifenox 149.0 It 127.0 128.0 It 102.0 
Tiflularin 71.5 mt 54.4 53.5 mt 49.5
 
EPTC 308.0 It 225.0 190.0 It 170.0
 

LCs 0 (ppm of furmulated product) 

Macrobrachium 
Common name C. carpio sp. C. manilensis 

MCPA 520 1,840 4,600 
2, 4-D Amine 800 920 5,300 

- -
Butachlor 
Bifenox 
Triflularin 
EPTC 

flRanking of pesticides from Koesoemadinata and I)jajadiredja (1976) for 48-hour 
LCr,0 : <1 = extremely toxic (et); 1-10 = 
(mt); and >100 = low toxic. 

BPMC, carbaryl, monocrotophos, 
triazophos and endosulfan were highly 
toxic; and MTMC, diazinon and methyl 
parathion were moderately toxic. Insecti-
cides MTMC and monocrotophos were 
moderately toxic to Java tilapia; BPMC, 
PMP, diazinon and methyl parathion to 
crucian carp. 

C. carpio, Macrobrachium sp. and C. 
inanilensis showed high tolerance limits 
to herbicides such as MCPA and 2,4-D 
Amine. Based from the 48-hour LC60 , 
butachlor was highly toxic to 0. niloticus. 
Rilof H and Treflan R were moderately 
toxic; while Modown and Eptam D were 
less toxic to C. carassius (Table 4). 

In all toxicity tests on insecticides and 
herbicides, temperature values varied by 
1-3*C (Taras et al. 1971; APHA/AWW./ 
WPCF 1974; Greenberg et al. 1980). Gen-

highly toxic (ht); 10-100 = moderately toxic 

erally, changes in p-I did not exceed one 
unit in all tests. Dissolved oxygen (DO) in 
the test solutions declined towards the 
end of the test period to as low as 0.1 
ppm, except in the control which re
mained high. Aeration was not introduced 
in the course of the test to avoid probable 
reduction of Lhe toxicity of the solutions. 
Marked reduction in DO is always ob
served in static bioassay tests where con
tinuous aeration is not employed. 

Safe concentrations of chemicals may 
be derived from the LC60. To determine a 
safe concentration of insecticide, the user 
should compare it with estimated values 
of 1/10 of the 48-hour LCSO for a given 
fish species (dela Cruz and Cagauan 
1981). For example, to protect 0. niloticus 
in a rice-fish culturc: system, the concen
tration to be applied should not exceed 1/ 



10 of its 48-hour The safe level ofLC5 0 . 
pesticide can be derived by multiplying 
the 96-hour LC 0 values by an application
factor which varies depending on the corn-
pound (Sprague 1970, 1971). FAO (1969) 
auggests an application factor of 0.1 to 
0.01 for less persistent pesticides such as 
organophosphates and carbamates. 

Results on the acute toxicity concen-
trations (LC.) of two organostannous 
molluscicides to 0. mossambicus at 24-
and 96-hour and their confidence intervals 
were- 24-hour LC50 = 4.01 ppm (3.83-4.19) 
and 96-hour LC5o = 2.58 ppm (1.95-3.67) 
for Aquatin; and 24-hour LCo = 0.345 
ppm (0.229-0.523) and 96-hour LCH0 = 
0.092 ppm (0.064-0.135) for Brestan (Cruz 
et a]. 1988). The increased exposure of 
the fish to lethal concentrations of both 
molluscicides caused reductiona in 
hemoglobin and histological damages to 
gills, intestines, liver and kidney. 

Indonesia 

Pesticide toxicity testing has been 
carried out in Indonesia by the Inland 
Fisheries Research Institute since 1973 
following a standardized testing procedure 
employing 48- or 96-hour LC, determined 
under specified conditions following
APHA/AWWA/WPCF (191.1); Duodoroff et 
al. (1971); Koesoemadinata and
Djajadiredja (1976) and Koesoemadinata 

(1980). Flow and static tests are used but 

the latter are more widely employed 

(Koesoemadinata 1980). 

Koesoemadinata (1980) showed thac 
carbarriates (methomyl and carbaryl) were 
less toxic than organophosphate 
(dichlorvos and fenitrothion) ani organo-
chlorines (endrin and endosulfan). 

Malaysia 

Toxicity and persistence of various 
pesticides used in ricefields are 
summarized by Singh et al. (1980). 
Organochioiine compounds tested such as 
endosulfan 8-31IC, endrin and DDT were 
extremely toxic to fish, followed by 
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malathion. Carbaryl was the least toxic to 
fish with a 48-hour LC50 equal to 2,000
2,500 ppb. 

Toxicity tests of some insecticides to 
catfish (Clariasbatrachus) revealed that 
endrin, endosulfan and gamma-BUC were 
extremely toxic, with a 96-hour LC5 0 val
ues of 6.3 x 10- ppm, 2.8 x 10-3 ppm and 
0.13 ppm, respectively; followed by
fenthion (an organophosphate) with a 96
hour LC50 of 1.8 ppm and carbaryl with a 
96-hour LC5, of 20 ppm (Khoo and Tan 
1980). 

China 

Among the most toxic insecticides to 
fish in ricefields was toxaphene, an 
organochlorine (48-hour LC = 0.005o 
ppm), followed by two botanicals, 
pyrethrurn dust (48-hour LC., = 0.075 
ppm) and derris dust (48-hour LC50 = 0.1 
ppm). A fungicide (penta-chlorophenol) 
was also considered highly toxic with 48
hour LC,, of 0.1-0.5 ppm (Ca 1983). An
other botanical (nicotine sprays) had a 48
hour LC50 of 2.0 ppm (Table 4). 

Persistence
 
Perst n
 

and Degradation
 

Application of pesticides in rice-fish
 
culture is done several days before stock
ing fish. The number of days which the
 
chemical would persist in water is valu
able information to prevent fish mortality 
during stocking in ricefields. 

It was observed in Indonesia that 
granalar organophosphates were lethal to 
fish in ricefields four days after applica
tion, and that application of two granular 
organochlorines (endrin and endosuifan)
caused fish kills in ricefields within 11 
and 18 days, respectively (Koesoemadinata 
1980). Further experiments demonstrated 
that the emulsifiable concentrates of these 
organochlorinps killed fish within 5-50 
days (Hardjamulia and Koesoemadinata 
1972). 

http:1.95-3.67
http:3.83-4.19
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Table 4. The LC.50 of several chemicals to fish in ricefields. (Source: Modified from Ca 1983). 

Group 

Organophosphate 
Organophosphate 
Pyrethroid 
Botanical 
Botanical 
Botanical 
Organochlorine 
Organophosphate 
Organochlorine 
Organophosphate 
Organophosphate 
Organophosphate 
Organophosphate 
Inorganic copper 
Fungicides 

Phenols (fungicides) 
Herbicides 
Chlorophenoxyl and 

chlorobcnzoic acids 

Pesticide 

parathion sprays 

parathion sprays 
pyrethrum dusts 
derris sprays 
derris dusts 
nicotine sprays 
toxaphene 
trichlcrfon 
DI)V sprays 
fenitrothion sprays 
cyanophos 
demeton methyl sprays 
malathion sprays 
1B3rdeaux mixture 
nitrofen sprays 
dusts 
pcnta.hloropheinol 
2, 41) 
prometryne 

bHarm is noted for C. carpio and C. carassius;+ 

Results of tank degradation tests in 
the Philippines are summarized in Table 
5. Degradation period was determined 
when test fish attained 100% survival. 
Insecticides that degraded after more 
than 20 days under sunlight-exposed con-
ditions were carbaryl, malathion, 
permethrin and fenvalerate. Under 
shaded conditions, these insecticides were 
more persistent, degrading at 21-75 days. 

Degradation after 10 days of exposed 
conditions was observed for IPMC, 
methomyl, chlorpyrites and methyl 
parathion. In shaded conditions, the deg-
radation period was 17-41 days for these 
insecticides. 

Endosulfan (an organochlorine) and 
coumatetralyl (a rodenticide) were ob-
served to be the most persistent among 
the pesticides tested. Endusulfan (0.21 
ppm a.i.) was persistent for six days when 
50% of 0. niloticus survived. 
Coumatetralyl (0.07 m1180 l) lost its cffi-
cacy in nine days in exposed conditions 

1,C50 
in 48 hours 

(ppm) 

2.8 
5.1 

0.075 
0.016 

0.1 
2.0 

0.005 
740.0 

3.4 
3.0 

secure 
12.0 

3.8 
40.0 
27.0 
21.0 

0.1-0.5 
5.0 

10.0 

Damageb 
Normal 

concentration" 100% 30%'0 
(ppm) soluble in water 

0.2-1.6 + + 
2.3 + + 

0.13-0.20 + 
0.03 : 

- + + 
1.5-3.8 + 

5-8 
70.0 + + 

6.0 + 
2.3 + + 

0.3-1.0 + + 
1.6-6.8 + + 

3-4 + 
15.0 

4-6 + + 
4-6 + + 

10-20 
5-10 + 

0.05-0.5 + + 

aThe conc,,ntration is measured according to the effective constituents; the normal concentration is at 

depth of 5 cm when all the chemicals are added to the water. 
means .ntdeod; - dead; ± possibly dead. 

and 14 days in shaded conditions. A.t 
higher concentration of the same roden
ticide, persistence was observed beyond 50 
days in shaded and exposed conditions. 

From the insecticides tested, three 
carbamates (carbofuran, at 0.59 ppm f.p. 
IPMC, and MTMC + phenthoate) and two 
o i ganophosphates (diazinon and mono
crotophos) degraded in less than 10 days. 
As these insecticides have already de
graded by the time fish are stocked (about 
10-14 days), they can be recommended. 

Fijeld degradation tests in unplanted 
fields in Table 6 showed that azinphos 
ethyl and triazophos (both orga
nophosphates, were deraded in 12 days, 
followed by a synthetic pyrethroid
permethrin which was degraded in six 
days. Degradation periods of three to four 
days were observed in one carbamate 
(MTMC + phenthoate), two organophos
phates (monocrotophos and methyl 
parathion), and one synthetic pyrethroid 
(cypermethrin). 

http:0.13-0.20
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Table 5. Degradation and persistence of different pesticides using tilapia (Oreochrornis niloticus 
and 0. mossambicus) as test fish in tanks at the Freshwater Aquaculture Center-Central Luzon 
State University, Philippines. (Sources: Reyes and dela Cruz 1982-83; dela Cruz and Lopz 1982; 
Arce et al. 1985c'. 

Insecticide group/ 
,ommon name Concentration 

s 

Test species 
length (cm) or weight (g) 

in parentleses 

Degradation 
time 

(days) 

Average survival 
at n 

t h 
day after 

application or pesticides 
(%/day) 

I. Insecticides 

Carbamates 
Carbaryl 10.88 ppm f.p. 0. ni/otic.s 26 

Carbofuran 0.56 ppm rp. 
(6.5 • 10 cm) 
0. niloticus 

38-39 (shaded) 
5 

(2.2 - 8.5 g) 
0. mossambicus 4 

I1'MC 0.619ppm f.p. 
(2.6 - 9 g) 
C. niolicui 6 
(2.2-8.5 g) 
0. mossainbicus 8 
(2.6 - 9 g) 

1.279 ppm r.p. 0. nilotica 16-20 
(6.5 - 10 cm) 20-22 (shaded) 

Methomyl 66.16 ml1f9 I 0. niloticus 13-15 

MTMC + Phenthoate 1.02 ppm n.i. 
(4.5 1- cm) 
0. niloticus 4 
(1.7 g) 

Orgunophosphates 
Azinphos ethyl 0.11 ppm a.i. 0. nil"ticuq .505 and 

Chlorpyrites 1.32 ppm f.p. 
(I .7 g) 
0. nioticus 17 

83.3/6 

(2.2 - 8.5 g) 
0. mossambicus 19 

Diazinon 0.13 ppm a.i. 
(2.6 . 9 ,) 
0. niotiu., I 

Malathion 44.10 ml/9 I 
(1.7 g) 
0,.0nilotici 15-22 

Methyl parathion 30 mlI9 1 
(I.5 11 cm) 
0. nioticus 

31-33 (shaded) 
16-19 

(4.5 - 11 cm) 27-41 (shaded) 
44.10/19 1 0. nioticus 10-17 (shaded) 

Monocrotophos 2.27 ppm fp. 
(6 cm) 
0. niloticus 

17-24 (shaded) 
I 

(2.2 • 8.5 g) 
0. mosxsambicua 
(2.6 - 9 g) 

Organochlorine 
Endosulfan 0.212 ppm a.i. 0. niuoticuMI 50/6 

Synthetic pyrethroids 
Permethrin 0.140 ppm f.p. 0. aioficus 19-28 

Fenvalerate 14.7 ml/19 I 
(6.5 • 10 cm) 
0. niloticus 

75 (shaded) 
19-24 

(6 cm) 21-3,1 (shaded) 

It. Rodenticide 

Coumatetralyl 0.08 mI/80 I 0. nioticus 9 
(6 cm) 14 (shaded) 

29.4 ml/19 I 0. nioticus > 50 
(6 cm) > rO (shaded) 

5
f.p. - formulated product; a.i. - active ingredient. 
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Table G. Degradation period of some insecticides in unplanted ricefields (Sources: 
Arce et al. 1986, 1987). 

Group Insecticide 

Organophosphate Azinphos 
ethyl 

Organophosphate Triazophos 
Organophosphatc methyl 

parathion 
Carbamate MTMC + 

phenthoate 
Organophosphate Monocrotophos 
Synthetic pyrethroid Cypermethrin 
Synthetic pyrethroid Permethrin 

Carbofuran insecticide stays much 
longer in water (10-11 days) under low 
temperature conditions. Under these con-
ditions, one should allow 10 days after 
insecticide treatment before stocking fish. 
When rice plants are fully grown and 
water is deeper, water temperatures de-
crease. In cases where toxicity of insecti-
cide is doubtful, an on-the-spot check can 
be done. Prior to stocking fish, a pail of 
water should be scooped from the area 
and treated with carbofuran, then a 
number of fish put in the pail and ob-
served for several hours if they will sur-
vive (dela Cruz 1980). 

Field Trials on the Use 
fInsecticides inof 

Rice-Fish Culture 

Trial: at the FAC-CLSU, Philippines, 
utilized 50-, 100- and 200-m2 rice plots, 
Recommended practices for lowland irri-
gated trench-type rice-fish culture were 
employed. In some experiments, water 
was drained from plots to the trench area 
during application of insecticides. The 
plots were filled with water the next day 
up to the desired level. In other experi-
ments, increasing the depth instead of 
draining the water was done during the 
application of insecticides, 

Varying sizes of 0. niloticus finger-
lings were used and stocked at 5,000/ha. 

Application Degradation 
rates period 

% a.i. (kg a.iAia) (days) 

40 1.0 12 
40 0.6 12 

450 1.25 

6 1.02 3 
28.5 0.7125 3 

5 0.05 3 
10 0.10 6 

Fish stocking was done at least 7-40 days 
after the first application of insecticides in 
most experiments. In other experiments, 
fish stocking was done prior to the first 
application of insecticides. 

Granular insecticides were usually 
broadcast or applied basally at rice 
transplanting. Sprayable insecticides were 
applied according to the manufacturers' 
prescribed intervals of application. Most 
test concentrations used were based on 
the recommended rates. 

Fish mortalities at 24, 48, 72 and 96 
hours after each application of insecticides 
were monitored. t rowth rate, yield and 
recovery of fish at harvest were evalu
ated. Selected water quality paiameters 

(temperature, pH and DO) were analyzed 
immediately after insecticide application.

Most tests at FAC-CLSU 
demonstrated that the first application of 
insecticides at least 6-10 days prior to 
fish introduction in the ricefields did not 
cause any fish mortality (Table 7). This 
could be attributed to degradation of 
insecticide toxicity prior to fish stocking. 
Subsequent applications of insecticides in 
some tests resulted to fish mortality. This 
may be attributed to insecticidal drift in 
the water and trench not deep enough for 
fish to take refuge during the application 
of insecticide. In rice-fish culture with 
trenches 0.75 m deep and 1 m wide, the 
trench depth becomes shallow towards the 
end of rice growth due to erosion. The 
subsequent insecticide applications: 3% 
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granular carbofuran (1 kg a.i./ha), (Leakey 1985). The wide spectrum of 
carbaryl (2.125 kg a.i./ha), monocrotophos biological activity of pyrethroids to target
(0.4275 kg a.i./ha), chlorpyrite (0.63 kg pests indicates that these insecticides are 
a.i./ha), triazophos (0.60 kg a.i./ha) and likely to be highly toxic to a range of 
10% cypermethrin (0.125 kg a.i./ba). Arce aquatic invertebrates and fish. 
and Circa (1982) also demonstrated that In China, field trials employed differ
application of 0.75 and 1.0 kg a.i./ha of ent methods of pesticide applications such 
BPMC at late tillering stage after fish as mixed with soil, broadcast, sprayed and 
stocking resulted to mortality, as fumigant. Fish mortalities occurred in 

The insecticides used where there was all pesticide treatments including control 
100% fish survival in subsequent applica- (Table 8).
tions were: MTMC + phenthoate (0.255 kg Li (1986) reported that before or dur
a.i./ha) (Arce et al. 1985b); 5% ing application of insecticides, the: 1) field 
cypermethrin (0.05 and 0.10 kg a.i./ha) may be drained and fish driven to the 
and lambdacyhalothrin (0.00625, 0.0125 trenches and sumps; 2) volume of water 
and 0.025 kg a.i./ha) (Cagauan and Valle increased; or 3) water continuously
1986). changed. Chemicals in powder form 

Fish stocking before the first insecti- should be applied in the early morning
cide application was shown possible with- during the dew period, while sprays 
out causing mortality in tests using syn- should be applied after the dew has dried. 
thetic pyrethroids (dela Cruz and Circa Chronic toxicity is a long-term effect 
1981; Cagauan and Valle 1986; Arce et al. possibly related to changes in the growth
1987; Sevilleja et al. 1989). These syn- rate of 0. niloticus grown in rice-fish cul
thetic pyrethroids were: permethrin (0.05 ture applied with insecticides. Reduced 
and 0.10 kg a.i./ha), 5% cyperniethrin growth rate is one indication of the 
(0.0125, 0.025 and 0.05 kg a.i./ha), 10% chronic toxicity of the insecticide. 
cypermethrin (0.025 and 0.05 kg a.i./ha), Several experiments done at the FAC
lambdacyhalothrin (0.00625 and 0.0125 kg CLSU indicated that the mean daily
a.i./ha), cyfluthrin K + L (0.00625 arid weight gain of 0. niloticus grown in 
0.0125 kg a.i./ha) and cyfluthrin (0.0125 ricefields without supplemental feeding
and 0.025 kg a.i./ha). However, higher ranged from 0.33 (Cagauan and Valle 
rates of permethrin (0.125 to 0.50 kg a.i./ 1986) to 0.37 g/day (dela Cruz 1980). The 
ha) and 10% cyp.rmethrin (0.25 kg a.i./ mean daily growth of 0. niloticus from 
ha) produced fish mortality, all experiments using pyrethroids,

The use of pyrethroid for rice is a organophosphate (triazophos), carbamate 
recent trend in the Philippines. Current (carbofuran) and control (no insecticide)
interest in this chemical is due to its low treatments were all within this range
mammalian toxicity and high effectivity (Arce et al. 1987; Cagauan and Valle 
to insects at low concentrations. Residue 1986). 
problems are expected to be minimal. Its 
cost per hectare is competitive with other 
insecticides (Magallona 1980). Pyrethroid Insecticide Residues 
concentrations in natural aquatic 
environments show a rapid decline with Residual effects are major considera
time, initially due to absorption to bottom tions in choosing a resticide for rice-fish 
sediments, suspended particles, plant culture. Pesticide residues in the aquatic
materials, etc., and in the slightly longer could be in theenvironment biomagnified 
term from degradative process. In the foodchain. Thus, an investigation of the 
aquatic environment, the toxicity of the amount of residues present in the water 
parent compound rather than the and fish tissues is valuable to assess the 
degradation products is of concern ecological effects of insecticides in use. 
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Table 8. Insecticide applications in rice-fish culture trials in Jiangsu Province, China. (Source: 
Liao 1980). 

Perticide Methods 

Organophoasphate + Organochlorine 
1.5% Parathion + 3% 1IHC dust SM 

11 

Organochlorine 
90% Chlerdineform 	 SM 

B3 

Carbamate - 40% l)imethoate 	 SM 
13 

Carhamate - 50% Carbaryl 	 11 

Organochlorine 
90% Trichlorfon 	 B1 

Carbamate - 25% Carbendazol 	 S 

Organochlorine 
10% IIHC (emulsified) 	 8 

Fumigant 	 F 

Organochlorire . 25% DDT emulsion 	 S 

Organochlorine 
1.5% Sulfotep + 3% IBHC dust 	 SH 

Sulfoep emulsion 	 S 

Control 

aSM = mixed with soil; 13 = broadcast; S = spray; F 

Generally, residues of some insecti-
cides in vater and fish tissues in planted 
and unplanted fields were not detectable 
seven days after application (Table 9). 
These insecticides were carbamate-
MTMC + phenthoate; organophosphates 
azinphos ethyl; monocrotophos; triazophos 
and methyl parathion; synthetic 
pyrethroids-permethrin; cypermethrin; 
cyfluthrin and cyfluthrir K+L. Most insec-
ticides showed residues in water and fish 
tissues commonly occurring within 24 to 
96 hours of application and become 
nondetectable after that period, 

Trace amounts of triazophos (0.60 kg 
a.i./ha) residues were detected in 0. 
niloticus tissues seven days after the 
insecticide applicution in unplanted fields. 
However, in planted fields, no detectable 
concentration c triazophos was observed 
in fish tissues from 24 to 96 hours after 

Fish 
mortality

Pesticide 
soil or water Rate (1 day) (90 days) 

(kg) (kg/ha) (%) (%) 

0.5:15 soil 11.25 13 
1:400 water 15.0 14 

1:15 soil 1.50 9 
1.5:4P0 water 2.25 16 

1:15 soil 1.50 11 
1.5:400 water 2.25 15 

- 2.25 16 

0.5:750 water 0.09 19 

0.5:250 water 2.25 9 

0.5:200 water 2.25 12 

11.25 16 

0.5:125 water 3.75 100 

0.5:15 water 1.!5 100 

0.5:1,000 water 0.53 100 

- - 15 

fumigant 

application (Arce et al. 1987). Thus, 
degradation of insecticides is faster in 
planted fields than in unplanted fields. In 
ricei'ield condition, the absorption of 
pesticide particles by the soil, plants and 
suspended particulate crganic matter in 
water can help reduce pesticide toxicity. 

Celino et a]. (1987) suggest that 
carbofuran is hydrolyzed to its phenol 
which is immediately bound to soil con
stituents. Most of the carbofuran absorbed 
by rice is accumulated in the leaves, and 
maximum residues found in the rice grain 
were 0.085 ppm lower than the US Envi
ronmental Protection Agency tolerance 
level. Fish were safe for human consump
tion as there were no significant residues 
at harvest time. Seiber and Argente 
(1976a, 1976b) found the same result for 
0. mossambicus. 
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Abstract 

Preliminary results obtained from recent experiments evaluating the role of fish in the control of rice pestsin ricefields are reviewed. Rice planthoppers (fourth generation) were reduced from a maximum of 104,000 to70,776/ha. Rice leafrollers at the rice booting stage decreased from 210,000 to 120,000/ha. Grass carp(Clenopharyngodon idella) were particularly effective in controlling sheath blight. Incidence of rice sheath blightdecreased from 13.5-78.7% (rice monoculture) to 7.0-42.3% (rice-fish) in early and late rice, respectively.
Chemical control of rice pests is still essential in China when crop-threatening diseases occur. Methods usedin China for the selection of suitable pesticides at safe dosages, and application methods which include considera

tion of water temperature, rice growth stage and protecting fish are outlined. 

Introduction 

Raising fish in ricefields can be done 
at low cost over short culture periods and 
produce high returns. It can combine 
rice and fish culture without reduction in 
rice yields. Rice-fish culture not only
increases the area of freshwater fish 
farming and production of aquatic food, 
but also helps solve the problem of fish 
shortages in rice-growing areas, especially
in places with no ponds or water bodies, 

In China, raising fish in ricefields has 
rapidly developed. Development has been 
supported by the First National Confer-
ence on Fish Farming in Paddy Fields in 
September 1983 (APB 1983). 

When fish are raised in ricefields, eco
logical conditions greatly change. Changes 
influence the relationships among the 
population of organisms in the field. In 
recent years, research has been initiated 
in China to: 1) explore the occurrence, 
growth and decline of pests in rice-fish 
culture; 2) provide guidelines for inte
grated pest control in rice-fish culture; 
and 3) reconcile the contradicting require
ments of fish and rice for pesticides. How
ever, since research has just started and 
the institutes responsible for this work 
are few, the scope and depth of research 
are incomplete. Hence, only preliminary
resuiis are briefly reported in this paper. 
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Fish Used as Pest Control 
in Rice Farming 

Fish in Insect Control 

PIANTHOPPERS 

Results have shown that the number 
of rice planthoppers in ricefields with fish 
is less than those without fish (Table 1). 

Counts on 10 July indicated a peak in 
the number of fourth generation rice 
planthoppers of 15.9 million/ha. In the 
ricefields without fish, the number of 
planthoppers reached 23.4 million/ha or 
about 50% greater than ricefields stocked 
with 6.6-cm common carp (Cyprinits 
carpio). During the fifth generation (10 
August), the ricefields with fish had 9.6 
million/ha, whereas the ricefields without 
fish had 15.3 million/ho or nearly twice as 
much as the former. In the sixth genera
tion (10 September), the occurrence of rice 
planthoppers in the ricefields with fish 
was 150,000/ha less than without fish. 

STEMI3ORERS 

An investigation conducted during the 
rice tillering stage on 12 July showed thof 
the number of rice stemborers in the 
ricefields with fish was 6,000/ha, and the 

percentage of dead hearts 0.33% (Table 2). 
Percentage of dead hearts was 0.37% in 
the ricefields without fish. The occurrence 

and number of third generation 
stemborers were small and damage was 
slight, likely due to drought. An investiga
tion conducted on 25 August showed that 
there was no damage caused by rice 
stemborers in the ricefields with fish, 
while the percentage of dead hearts in the 
ricefields without fish was 0.29%. 

LEAFFOLI)EIS 
An investigation on the occurrence of 

fourth generation larvae of leaffolders on 
5 August showed that rolled leaves in the 
controlt showed thatnrofled)eas4% Tae 

control ricefields (no fish) was 4.4% (Table 
3). More than half the number of pests 
were counted in the control compared to 
the ricefields with fish. 

Fish in Disease Control 

Based on many years of research by 

the Taoyuan County Agricultural Bureau, 
Hunan Province, raising grass carp 
(Ctenopharyngodonidella) in ricefields 
can control rice sheath blight disease 
(Table 4). Early and late rice in ricefields 
with fish infected with sheath blight 

Table 1. Effects of 6.6-cm common carp (Cyprinus carpio) on rice planthoppers in rice-fish 
culture. (Source: Ji and Yu 1987). 

Insect population density 
('000/ha)a 

Investigation Growth stage No. of hills Rice 
date of rice plant investigated Rice-fish monoculture 

25 Jun First phase of 100 38 84 
tillering stage 

10 Jul End of tillering 100 15,900 23,400 
stage 

10 Aug End of panicle 100 9,600 15,300 
initiation stage 

10 Sep End of filling 100 210 360 
stage 

10 Oct Ripening stage 100 0 300 

aOriginal figures in mu were converted to hectares using Iha = 15 mu. 
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Table 2. Effects of 6.6-cm common carp (Cyprinus carpio) on rice stemborers in rice-fish culture. (Source: 
Ji and Yu 1987). 

Rate or 
No. or rice dead 

Investigation Growth stage No. of hills Cropping plants hearts Insect 
date of rice investigated pattern investigated (%) stage 

12 Jul Tillering 200 Rice-fish 2,384 0.33 	 2nd 
generation 

Rice 2,148 0.37 2nd 
monoculture generation 

Rice-fish 2,120 0 	 3rd 
generation 

25 Aug Filling 200 Rice 2,086 0.29 3rd 
stage monoculture generation 

Table 3. Effects of 6.6-cm common carp (Cyprinus carpio)on fourth generation rice 
leaffolders in rice-fish culture. (Source: Ji and Yu 1987). 

Insect 
population Rate of rolled 

Investigation Growth density leaves 
date stage Cropping pattern (noOOO ha' (%) 

5 Aug Booting Rice-fish 120 1.59 
stage 

Rice 210 4.40 
monoculture 

Table 4. Effects of fish on rice sheath blight in rice-fish culture (Species: Ctenopharyngodon 
idella, Oreochromis niloticus, Cyprinus carpin and Hunan Crucian carp; fish size: 5.0 cm). 
(Source: Tao Yuan Agricultural Bureau, Tao Yuan, China). 

Year 
Cropping 
season Treatment" 

Incidence of 
disease (%) 

Rate of 
diseased 

plants (%) 
Incidence 

index 

1983 

1984 

Early rice 

Late rice 

Early rice 

Late rice 

Rice-fish 
Control 
Rice-fish 
Control 
Rice-fish 
Control 
Rice-fish 
Control 

73.3 
93.3 
72.2 
94.4 
70.0 
97.5 
18.3 
34.5 

42.3 
72.1 
36.0 
78.7 
25.7 
50.2 

7.0 
13.5 

34.2 
55.0 
26.4 
41.7 
8.5 

24.1 
2.4 
4.7 

aControl = rice monoculture. 
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disease were 24.5-29.8% and 6.5-42.7%, 
respectively, than in ricefields without 
fish. 

The possible ways by which grass 
carp inhibits sheath blight disease were 
investigated. Preliminary results showed 
that die fish eats directly the sclerotia of 
sheath blight and digests them after 24 
hours. Grass carp also eats the hyphae 
germinating on the sclerotia. A fish secre
tion did not inhibit germination of 
sclerotia, but sclerotia treated with a fish 
secretion germinated hyphae more slowly 
than the normal sclerotia. In addition, in-
fection by hyphae are reduced. The con-
trol of sheath blight by fish occurs only 
when sheath blight disease spreads along 
the water surface. When sheath blight 
disease spreads vertically up the rice 
plant, fish are ineffective. 

Factors Limiting the Role 

of Fish in Rice Pest Control 


Some hydrological, biological and agri-
cultural factors limit the effectiveness of 
fish to control rice pests. 

Restricted Movements of Fish 
in the Water Area 


The species and quantity of pests 

eaten by fish are closely related to their 
life histories. Only those pests which in-
habit the plant base or fall into the water 
can be eaten by fish. Pests eaten by fish 
come from three sources: from the adult 
and larval pests whose entire life cycle 
passes in water; from pests which inhabit 
the rice plant base (rice planthoppers and 
leahoppersto 
lower parts of rice plants to suck plant 
juices (uring the (lay and climb to the 
jupper partin te layfand to tnigh oupper part of thle leaf to feed at night orfeeda 

early morning); and fiom pests which fall 
into the water during migration, e.g., rice 
planthoppers, leafhoppers and army-
worms. Their larvae (after three instars) 

tend to roll up and feign dead if they fall 
into the water. When rice stemborers and 
ant borers migrate from one plant to an
other and fall into the water, they are 
eaten by fish. Fish help control pests by 
eating the pests that fall into the water. 
However, such a role is somewhat fortui
tous and it is probably not great. 

Species, Size, EatingHabits and 
Number of Fish Stocked 

Experiments with different fish species 
have shown that grass carp more than 6.6 
cm in length ate the greatest number of 
rice leafhoppers. 

Effect of Rice Culture Practices 

The occurrence of rice sheath blight 
disease is related to field moisture and 
application rates of NPK fertilizers, espe
cially excess nitrogen. Improper fertilizer 
rates and poor water management may 
cause growth imbalances in rice, making 
it susceptible to pests and diseases. 

Feedback Adjustment Mechanisms of 
Insect Populations 

Although fish may unceasingly prey 
on insects, the negativeandfeedbackdensity-migradensity-reproduction action of 

tion of insect populations counteracts 
these effects. On the other hand, when 
the erf est is re the number 
of their natural enemies also increases. 
Natural population balance and adjust
ment mechanisms may decrease the effect 
of fish on pests. When the capacity of fish 
o eat pestsin enouh to fil 

eat pests isnot enough to effectively
 
break the adjustment mechanisms of pest 
populations, eating a large part of the 
cantpest populationonmaythe notgrowthhave a signifiinfluence and decline 
of that population. Thus, the role of fish 
in pest control should e carefully evalu
at an benot overestimated. 
ated and not be overestimated.
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Chemical Contrct of Pests Toxicity of Pebticides tv Fish 
in Rice-Fish Farming Pesticides, based on their toxicity to 

There are many kinds of rice pests fish, may be classified into acute, 
and their life histories can be quite long. subacute and chronic toxicity. The level of 
Experiments and production practices in acute toxicity is expressed in terms of Ohe 
China have shown that chemical control median tolerance limit (TLM), which re
of rice pests is essential in ricefields fers to the concentration of pesticide 
stocked with fish. Although fish play a where half of the fish die at 24, 48 or 96 
role -in pest control, when serious crop- hours after treatment. In general, if the 
threatening pests or diseases occur, 48-hour TLM for C. ccrpio of a pesticide 
chemical control is essential. Care should is >10 ppm, it is regarded as low toxicity; 
be taken, however, that pesticide applica- 1-10 ppm, medium toxicity; and <1 ppm, 
tions are conducted in a manner to con- a high toxicity pesticide (Mao et al. 1985, 
trol not only the spread of rice pests or Liu 1986). The TLM to fish of some com
diseases, but also to protect fish from be- mon pesticides are listed in Tables 5 and 
ing poisoned (Mao et al. 1985). 6. More information oki the 96-hour LC50 

Table 5. Median tolerance limits (TLM) of fish (Cyprinus carpio, red carp and 
Salmo solar) and toxicity levels of various pesticides. (Source: Mao et al. 1985). 

Form Toxicity Test
 
Pesticide name of pesticide grade spccics
 

Trichlorihn 80% crystal medium C. carpio 
l)ichlorvw 80% emulsion medium C. carpio 
Rogor 40% emulsion medium C. carpio 
TetrachlorvinphoH 25% liquid low red carp 
Chlordimeform 25% liquid low C. carpio 
Methamidopho 50% emulsion lowoil S. solar 
Etrofolan 50% emulsion oil medium C. carpio 
Carbendazol 50% wettable low red carp 

powder 
11111 40% emulsion medium C. carpio 
EBT 50% emulsion medium C. carpio 
Kasugamycin 40% liquid low C. carpio 
Tsumacide 25% wettable low C. carpio 

powder 

TLM (ppm) No. of days between last 
No. of praticide applications

Pesticide name 46 hourg 96 hours applications and fish harvest 

Trichlorfon 6.2 3 Not < 7 days 
Dichlorvos 4.0 3 Not < 7 days 
Rogor 4.0 4 Not ,7 days 
Tetrachlorvinphs, 27.9 3 Not < 15 days 
Chlordimeform 15.2 Not < 15 days 
Methamidophos 51.0 Not < 15 days 
Etrofolan 4.2 Not < 7 days 
Carbendazol 96.6 3 Not < 30 days 
1131, 5.1 5 Not < 20 days 
EBT 5.0 Not < 20 days 
Kasugamycin 100 Not < 20 days
Taumacida 15.3 Not < 20 days 
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Table 6. Median tolerance limits (TLM) of fish (Cyprinus carpio, Salmo solar, trout and red carp) to various 
pesticides. (Source: Liu 1986). 

Type Pesticide 

Pesticide 	 Trichloron 

Dichlorvo, 

Fenitrothion 
Malathion 
Bogor 
Methyl Parathion 
Methamidophos 
Phosmet 
Phenthoate 
Bluyte'x 
Tsumacide 
Landrin 
Matalumate 
Furadan 
11assa 
Etrofolon 
Tetrachlorvinphos 
Chlordimeform 
Retenone 
11ramaxymil 

octamoate 
Mevinphos 

Bactericide 	 EIIl 
IBP 

Edinphensoph 
Oryzon 
Plictran 
Carbendazol 
Thiophanate 

methyl 
Blasticidin 
Kasugamycin 
CAMA 
Pl~nazin 
Cellocidin 
Triram 
Seedvax 


Herbicide 	 2,4-D 
DMNP 
Propanil 
Nitrofen 
Benthiocarb 
Amino methan
earrsonates 


(S 136.3 
lldazhuang 
Cradiazon 
Prometryje 
Glyphooate 
Pentachlorophenol 

Others 	 Zinc phosphide 
Propargite 
Lime 

Test species 

C. carpio 

C. carpio 
C. carpio 
C carpio 
C. carpio 
C. carpio 
S. soJar 
C. carpio 
C. carpio 
C. crpio 
C. carpio 
C. carpLo 
C. carpio 
trout 
C. carpio 
C. carpio 
redcarp 

C. carpio 
C. carpio 

C. crpwo 
trout 


C. carpio 
C. carpwo 
C. carpio 
C. carpio 
C. carpin 
red carp 


C. carpio 
C. carpio 
C. carpio 
C.carpio 
C. carpio 
redcarp 

C. carpio 
fish 


C. carpio 
C. carpio 
C. carpio 
C. carpio 
C. carpo 

C. carpio 
C. carpio 
C. carpio 
C. carpio 
C. carpo 
C. carpio 
C. carpio 

C. carpio 
C. carpio 
C. corpio 

TLM (ppm) 

48 hours 96 hours 

G.2 

4.0 
4.4 
9.0 

<40.0 

5.0 

61.0 
5.3 
2.0 
2.0 

15.3 
38.1 

1.03 
0.28 

12.6 
4.2 

27.9 
15.2 

0.032 

0.03 
0.001 

5.0 
5.1 
1.3 
6.7 

14.6 
96.6 

11.0 
>40.0 

>100.0 
10.0 

>10.0 
660.0 

4.0 

0.4-1.8 


>40 

14.0 
0.42 
2.1 
3.6 

3.72 
0.86 
34.0 


3.2 
23.5 

119.0 
0.35 

80.0 
1.0 

140.0 

Toxicity 
grade 

medium 

medium 
medium 
medium 
low 
medium 
low 
medium 
medium 
medium 
low 
low 
medium 
high 
low 
medium 
low
 
low 

high 


high 
high 

medium 

medium
 
medium
 
medium
 
low
 
low 


low
 
low
 
low
 
medium 
low
 
low 

medium
 
high
 

low
 
low
 
high
 
medium 

medium
 

medium 
high 
low 
medium 
low 
low 
high 

low 
medium 
low 

Remarks
 

low for silver carp
 
(lypophthalmichtyx molitrix) 

medium for silver carp 

medium for silver carp 
low for silver carp 
high for silver carp 

medium for silver carp 

high forClenopharyngodonidella 

low for silver carp 
high for silver carp, C. id.lls 

high for fish 
high for fish 

medium for silver carp 

thiophanate has similar effectb 

applies
for TLM 24-hours 

high for silver carp 

high for allver carp and C. idella 
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of various pesticides to C. carpio are tus carp, 31.5 ppm. The experiments also 
given by Koesoemadinata and Costa- showed that the pesticides with low toxic-
Pierce (this vol.). 	 ity to fish would do less harm to fish in 

ricefields, if their application dosage is 
well controlled. But those pesticides which 

Safe Application of Pesticides 	 possess medium toxicity to fish would 
have adverse influence on the normal 

It is important to choose the proper growth of fish, if applied in a wrong way. 
kind of pesticide for rice-fish culture, 
control its dosage, apply it at - suitable ADOPTION OF SAFE METHODS 

time with appropriate methods and OF PESTICIDE APPLICATION 

prevent the pesticide from mixing with 
the water. In addition, a safe interval of Generally, pesticides can be applied by 
time after pesticide application must be mixing the pesticide with fine soil and are 
observed to reduce the residual toxicity on broadcast to the ricefields; splashing or 
fish. Estimates of routine and maximum pouring; rough spraying; or fine or mist 

dosages of some pesticides and their spraying. If pesticide mixed with fine soil 
concentrations in 10-cm water are given is broadcast to the ricefield, the resulting 
in Table 7. Some guidelines on the proper concentration in the water will be very 
use of pesticides in rice-fish culture are high. If it is applied by splashing or pour
outlined. ing, about 70-80% of the pesticide will mix 

with the water of the ricefield and will 
PROPER SELECTION cause harm to the fish. If rough spraying 
OF SUTABILE PESTICIDE or high-volume spraying (about 750 kg/ha 

of liquid pesticide is needed) is done, less 
In rice-fish systems, suitable pesticides pesticide will adhere to the rice leaves and 

possess a high toxicity to rice pests and a more will mix with the water due to the 
wide spectrum of influence, but a low tox- large size (>399 mm) of the pesticide drop
icity to fish, with low residual toxicities. let. Spraying of fine mist (droplets <250 
Examples are plictran and carbendazol for mm) or low-volume spraying (about >187.5 
controlling rice blast, kasugamycin for kg/ha of pesticide) gives a strong adhesion 
sheath biight disease, cellocidin for bacte- to rice leaves. With low-volume spraying, 
rial leaf blight, and tetrachlorvinphos or the amount of pesticide falling in the wa
chlordimeform for rice leaffolders and ter is decreased, and less harm is done to 
striped rice borers. fish. For these reasons, the fine or mist 

spraying methods are r'ecommended to 
SELECTION OF A SAFE DOSAGE control pests staying on the rice leaves. To 
OF PESTICIDE control pests resting on the lower parts of 

ri _ plants, it is necessary to increase the 
An experiment conducted by the amount of water being mixed with liquid 

Hunan Aquatic Products Institute sh)wed pesticides. Another good practice is to 
that at water temperatures below 21.5- strengthen pest control during the seed
26.0°C, the safe concentration of 45% ling period. Rice seedlings may be treated 
malathion emulsion for Oreochromis with pesticides when they are trans
niloticus is 2.1 ppm; for hybridized spe- planted. Thus, the frequency of pesticide 
cies of crucian carp and C. carpio, 6.9 applications may be reduced. 
ppm; and for lotus carp, 10.6 ppm. Also, 
at water temperature below ?1.5-26.0°C, Spraying of Pesticides at 
the safe concentration of 25% Appropriate Periods 
tetrachlorvinphos for 0. niloticus is 31.5 
ppm; for hybridized species of crucian The water temperature in the ricefield 
carp and C. carpio, 25.2 ppm; and for lo- increases or decreases depending on the 



Table 7. Common and maximum dosages and concentrations (ppm) of pesticides in ricefield waters.a (Source: Liu 1986). 

Common dosage Maximum dosage 

last ccnccntration last concentration 
Form 

Pesticide name of pesticide g/ha 100% 30% Safetyb g/ha 100% 30% Safetyb 

Trichlorfon 90% crystal 1,125 1.52 0.46 3 1,500 2.03 0.61 3Dichlorvos 80% emulsion 1,125 1.04 0.31 3 1,500 1.38 0.42 4Fenitrothion 50% emulsion 750 0.51 0.15 3 1,125 0.76 0.23 3Malathion 50% emulsion 750 0.53 0.16 3 1,125 0.79 0.23 3Rogor 40% emulsion 750 0.43 0.13 2 1,125 0.64 0.19 2Methyl parathion 50% emulsion 750 0.51 0.15 3 1,125 0.77 0.23 3Tsumacide 25% soluble dust 1,500 0.56 0.17 2 2,250 0.84 0.25 2Etrofolan 10% soluble dust 3,000 0.45 0.14 3 3,750 0.56 0.17 3Tetrachlorvinphos 25% water solution 2,250 0.67 0.20 2 3,000 0.88 0.26 2Chlordimeform 25% water solution 750 0.25 0.08 2 2,250 0.75 0.23 2EBP 40% emulsion 1,500 0.45 0.14 3 225 1.38 0.41 4Edinphensoph 40% emulsion 750 0.43 0.13 3 1,125 0.65 0.19Oryzon 40% emulsion 1,125 0.63 0.19 3 
4 

1,500 0.84 0.25 3Plictran 20% soluble dust 750 0.23 0.07 2 1,500 0.45 0.14 2Carbendazol 50% soluble dust 750 0.56 0.17 1 1,500 1.13 0.34 1Kasugamycin 5% water solution 1,125 0.08 0.02 1 1,500 0.10 0.03 1CAMA 20% soluble dust 375 0.11 0.03 3 1,875 0.56 4Phenazin 10% soluble dust 2,250 0.34 0.10 3 3,750 0.56 0.17 3Cellocidin 20% soluble dust 1,125 0.34 0.10 1 1,500 0.45 0.14 1 
'Calculated on 10 cm of water. 
bl = Applications at this concentration are safe; 2 = pesticide may be applied when water depth >10 cm; 3 = pesticide application is allowed 
when plant and fish are large in size, and only when last application is at a concentration 30% below the first application; and 4 = not safe. 
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change of air temperature. During of water from the ricefield. When the tox
summer, water temperature in ricefield is icity of the pesticide has been totallyhigh. When pesticide is sprayed at this drained, fish are returned to the ricefield.
time, chemical reactions are more rapid, Water depth of the ricefield may alsovolatility is increased, and pesticides be increased. When low toxicity pestia 
become highly toxic to fish. cide is applied, deep water (>8 cm) mayDuring its vegetative stage, rice plants be maintained to prevent fish from being 
are short and small. When pesticide is poisoned.
applied, most mix with the water, espe- Another safety measure is to flush
cially (luring the early growth stage in water through the ricefield. Before applydouble cropping or late rice. Not only will ing pesticide, water inlets and outlets aremost of the pesticide mix with the water, opened to allow water to flow freely. Pes
but water temperature is also high during ticide application should begin at the wa
this period. These conditions act together ter outlet. After half of the ricefield isand can greatly harm fish. When pesti- sprayed, discontinue application to letcide is applied during the reproductive water containing pesticides flow out of thestage of rice (i.e., when rice plants are ricefield. Then continue spraying the re
large and luxuriant), most of it stick to maining half towards the water inlet.
 
the rice plant, greatly reducing the con
centration of pesticides in the water.

iHowever, if pesticide application is not Observing a Safe IntervalBetween
 
do.e properly during the heading and 
 PesticideApplications
flowering stages of rice, fish in the
 
ricefield may eat florets contaminated The 
safe interval between pesticide
with pesticide. In this case, although the applications should not only consider thepesticide may be of low toxicity and at a rice plants, but also its adverse effects onlow concentration in the water, fish in the fish to reduce mortalities and residual
ricefields may still be poisoned. toxicity. Moreover, avoid harvesting and

For these reasons, it is better to apply eating fish right after pesticide or any
pesticides in the morning or evening (be- chemical is applied. The appropriate interfore 0900 or after 1600 hours). Further- vals for different pesticides are listed in 
more, if pesticide is to be applied during Table 5.
 
the heading and flowering stages of rice,

it should be applied in the morning and 
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Abstract 

This paper aims to establish a link between integrated pest management (1PM) and rice-fish culture by
comparing the economics of both systems. It is argued that rice-fish culture can be used as a tool in 1PM as in
secticide applications on pest-resistant rice varieties are !argely uneconomical, and as the opportunity cost from 
a decision not to stock fish in the ricefield will shift the economic threshold (the main decision criteria in IPM)
to a level that is very unlikely to be reached by pests. In this way, fish in ricefields can serve as a vehicle to 
speed up diffusion of IPM technology, as a 'do-not-spray' strategy could be changed to a more attractive strategy 
- 'grow fish'. 

Introduction protect these potential yields. Moreover, in 
the green revolution package of technol-

There are two main constraints to in- ogy for rice, pesticides are an indispensa
creased productivity in integrated rice-fish ble input to be applied on a calendar ba
farming systems - water control and pes- sis. Governments have encouraged the 
ticides. The latter can be considered as use of pesticides in rice through subsidies 
the more serious constraint because in as an instrument of food policy in order 
rice-growing areas where the water prob- to attain self-sufficiency in rice. Examples
lem can be solved, potential rice yields are of these interventions include the 
also high, justifying the use of chemical Masagana 99 Program in the Philippines
inputs. Pesticides are used as a means to where pesticides have been promoted 

Present address: !nstitut fotr Agrarekonomie, I'latz der G6ttinger Sieben Nr. 5, Georg August Universittit, 3400 
Gttingen, Federal Republic of Germany. 
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through subsidized credits and the 
BIMAS (Mass Guidance Program) in In-
donesia where selected manufacturers had 
been contracted by the government to 
provide pesticides at substantially reduced 
prices. 

The implications of pesticide use in 
rice for rice-fish farming have stimulated 
research on the toxicity effects of different 
pesticides on freshwater fish (Koesoe-
madinata 1980). It was found that some 
organophosphates frequently used in rice, 
such as azinphos ethyl and mono-
crotophos, are highly toxic to fish 
(Cagauan and Arce, this vol.). Other 
research looked for pesticides which are 
less toxic to fish. For example, the 
insecticide carbofuran has been reported 
safe for use in rice-fish culture (Estores et 
al. 1980). Also, it has been reported that 
farmers have switched to methyl 
parathion, which is less toxic to fish yet 
extremely toxic to humans (Spiller 1985). 

The question that has not been asked 
so far with regard to pesticide use in rice 
and its relationship to rice-fish culture is: 
"How necessary or economical is the use 
of insecticides under farmers' conditions?" 
This issue is particularly relevant to the 
advancement of Integrated Pest Manage-
ment (1PM) in rice. 

Economics of Pesticide 

Use in Rice 


Pesticides, in particular insecticides, 
are used to prevent yield losses from in-
sect pests and virus diseases transmitted 
by insect vectors. In Asia, pesticide usage 
grew at an annual rate of 5-7% in 1980-
85; with the highest growth (30%) re-
corded in Indonesia (ADB 1987). Although 
it is not known what proportion was used 
for different crops, it is realistic to assume 
that it was largely used on rice, as rice is 
the most dominant crop in the region. 

With the spread of high-yielding, ferti-
lizer-responsive rice varieties, pesticides 

have been considered as an indispensable 
input for rice production, often being ap
plied in a fixed proportion with fertilizers. 
Estimates of yield losses by various re
searchers have induced this assessment of 
pesticide needs. The most frequently 
quoted study is Cramer's (1967) global 
loss assessment. Accordingly, yield losses 
in rice due to insect pests alone were as
sumed to be 36%. As these figures are 
rough estimates, it is worth taking into 
consideration other sources. In analyzing 
data on yield loss, one has to be satisfied 
with secondary data taken from experi
ments that have been carried out for pur
poses other than crop loss assessment. 
However, treatments in the trials listed in 
'Fable 1, with the exception of the IRRI 
experiments, have always included an 
unsprayed and a so-called completely pro
tected field. Loss then is defined as the 
yield difference expressed in per cent of 
the yield of the protected field. A direct 
comparison of past experiments is of lim
ited use but lower losses were observed as 
one moves from the experiment station 
into farmers' fields. Data based on insecti
cide evaluation trials of the pesticide in
dustry show the highest losses because 
highly susceptible varieties were used. 
Note the high proportion of experiments 
where it was not possible to arrive at any 
significant difference between the 
unsprayed Field and the completely pro
tected field in Table 1. 

More refined methods of loss assess
ment based on multivariate regression 
functions using pest infestation data from 
untreated fields, confirmed the results of 
experiments in farmers' fields. Depending 
on the location, average losses over sev
eral years ranged from 8 to 14% but 
rarely exceeded 20% (Waibel 1186). 

As it is safe to assume that losses due 
to rice pests are much lower than previ
ously assumed, the main justifcation for 
excessive use of pesticides is removed. 
This does not automatically mean that 
their use is uneconomical altogether. 
Farmers usually spend less than 10% of 
the total cash costs on insecticides and 
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Table 1. Rice crop loss due to insect pests in the Philippines. 

Measured yield Nonsignificant
Type/Source of Period of loss (%) trials" 

experiment experiment Maximum Average (%) 

Pathiak and Dyck 
(1973) 1968-72 32 22 nab 

Insecticide 
evaluation trials
 
(Waibel 1986) 1972-81 91 34 11
 

Yield constraint 
experiments of 1975-79 27 11 na 
IIii (Waibel 986) 

Loss assessment in 
farmers' field 
(Litsinger et al. 1980) 1976-80 40 8.6 51 

Loss assessment in 
farmers' field 
(Waibel 1986) 1960-81 28 8.9 60 

"in per cent of the total number of trials conducted. 
bna = not available. 

generally spray only when they see some model has been used (Waibel 1986). The
infestation, model uses historical data on pest attacks 

On-farm trials replicated over farms (events) taken from unsprayed plots of ex
and seasons that compare farmers' treat- periments in farmers' fields together with 
ment with an untreated control are one technical parameters on alternative con
way of finding out whether farmers' pest trol strategies, represented by a linear
control practices pay off. Various research control function and relevant economic 
and extensiun organizations have carried parameters such as costs of the strategies
out such trials, but results were rarely and output prices (Fig. 1). The model 
documented. On-farm trials conducted by computes net returns for all possible com
the author in the Philippines during binations between pest events and control
1980-81 and in Thailand during 1984-86, strategies, and thus allows the difference 
showed that farmers' pesticide applications in returns and costs over the 'do-not
paid off in less than 50% of the cases in spray' strategy to be derived. 
the Philippines (Zeddies and Waibel 1982) Results are based on pest population
and incurred a loss of US$3.7/ha in Thai- events during the period 1976-81 in three
land (Waibel and Engelhardt 1988). Philippine provinces: Nueva Ecija,

Results of these studies have to be Camarines Sur and Iloilo. Computations
assessed in view of the limitations which of net returns are based on 1980 prices. 
are corrmion in conducting on-farm re- Results vary considerably with the differ. 
search: how to prevent farmers from ent provinces. On the average of all infes
spraying control plots and how to main- tation events, insect control had the high
tain field trials over a sufficient number est marginal rate of return (MRR) of 1.92 
of seasons. Thus, to obtain more detailed in the province of Nueva Ecija, the maxi
insights, a simple computerized decision mum MRR being 4.5 (Table 2). In 31% of' 
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Fig. 1. Basic components of a model for the economic analysis of pest control 
strategies. 

Table 2. Marginal rate of return (MRR) of farmers' insecticide use in 
three provinces of the Philippines, 1976-81. (Source: Calculated from 
Waibel 1986). 

Province 

Nueva Camarines 
Parameter Ecija Sur Iloilo 

Average M11l1 1.9 1.2 negative 

Maximum MRR 4.5 5.6 2.5 

Cases with MRR<I (%) 31 30 87 

all events, the use of insecticides did not study conducted by the World Resources 
pay off, i.e., the cost of control was higher Institute (Repetto 1985) showed that sub
than additional returns. In Iloilo province, sidies can lower pesticide costs by 50%. 
the farmers' use of insecticides rarely paid The impact of subsidies applying this 
off, only 13% of all cases had an MRR>I, margin to the above data set pooled 
thus making insect control uneconomical across all three provinces is shown in Fig. 
on the average. Camarines Sur ranks in 2. The chance of achieving an MRR value 
between with a higher maximum MRR of at least 1 using subsidized insecticides 
but a poor average performance. is around 50%, but is reduced to 30% 

The analysis considered only insecti- when the subsidy is removed. 
cide costs incurred by farmers and not In summary, these results clearly 
economic costs. There is a considerable demonstrate that the use of insecticides 
difference between the two because gov- with the pest-resistant rice varieties pres
ernments generally subsidize pesticides. A ently available is far less economical than 
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Fig. 2. Cumulative probability distribution of the marginal rate of return (MRR) of
pesticide applications in rice in the Philippines, 1976-81; with (m) and without (.) 
pesticide subsidy. 

previously anticipated, and that as a re- fication of the threshold. Evidence from 
sult, much less insecticides are needed. Indonesia (FAO 1988) shows that through
Litsinger (1984) estimated that rice produc- IPM, the average number of applications
tion in the Philippines can be maintained can be reduced from 4.5 to 0.5. The latter 
with roughly half of the present level of figure could probably be reduced further if 
pesticide use. the pesticide subsidy was completely re-

This fact spurred the development of moved. 
IPM in rice which has gained widespread 
recognition in Asia. Indeed, IPM has been Economics of Rice-Fish Ct'ilture 
declared by the governments of Indonesia
 
andcontrolthe Philippines as their national
strategy. The basic pestelement of this Spraying pesticides and stocking fish

in ricefields are two activities which seemapproach is the concept of the economic difficult to combine. Thus, an attempt to 
threshold, which is defined as that pestpopulation level which economically justi-	 synthesize both systems must be preceded

by an analysis of the economics of rice-fishfies control action. Thus, unlike conven- culture. The rationale for this compares
tional pest control, insecticides are only two alternative systems - rice-fish culture 
needed when the economic threshold is with no insecticide use, and the existing
reached. The main questions now become: intensive rice systems at the present level 
In how many cases does this happen? If of insecticide use. 
an insecticide is to be applied, what is the Rect cse. 
chance that it pays off for the farmer? Recent economic studies of rice-fish 

Data from on-farmbefore suggest that the trials mentioned 	 culture are presented by Amaritsutchance of the eco- (1988), Fujisaka 	 et al.and Vejpas (1990), and 
befric suesthad te rachced 	 other authors in this volume (Table 4). Itof ternomic threshold being reached is very is interesting to note that most of these 
small (Table 3). On the other hand, there studies have been carried out in farmers'isis also a chance that the farmers' practice 	 e a ric o u in tormyielding higher 	 fies a ve enet returns than 1PM, fields, allowing realistic conclusions to be
isayieling higher t r9%.turis teans I , 	 drawn. On the other hand,25 

ranging from 25 to 39%.ihis means that 	 most of thesestudies have been carried out in rainfed 
there is still room for improving the speci
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Table 3. Probability to justify an insecticide application in rice from on-farm 
trials in the Philippines (1980-81) and Thailand (1984-86). (Sources: Zeddies 
and Waibel 1982; Waibel and Engelhardt 1988). 

Pest population level 
Above threshold Below threshold 

Probability of event 

Thailand 0.10 0.90 
Philippines 0.13 0.87 

Probability of success 
a 

Thailand 0.25 0.30 
Philippines 0.29 0.39 

"The chance that HPM is better than farmers' practice. 

Table 4. Selected economic indicators on rice-fish culture in Asia. 

Source/Author Country Indicator/Para meter Value 
(%) 

Syamsiah Indonesia Increase in rice yield 
et al. (this vol.) equivalent" due to fish 20 

Ahyaudin Malaysia Income from fish as part 
(this vol. a) of total farm income 

Tenant farmer 9 
- Owner 7 

Cagauan and Arce Philippines Decrease in fish yield due 
(this vol.) to insecticide use 43 

Sevilleja Philippines Increase in net returns 
(this vol.) of rice production 28 

Amaritsut et al. Thailand Increase in net returns from 
(1988) fish culture 

- Research station 35 

- Farmers' field 18 

Fujisaka and Thailand Difference in rice yield 
Vejpas (1990) equivalents" between adopters 

and non-adopters 65 

Thongpan et al. Thailand Cases where net return was 
(this vol.) higher than rice monoculture 80 

"Gross returns from fish divided by price of rice. 

rice environments, where little, if any, 1985). Also, decrease in wild fish 
pesticides have been used. In these areas production has stimulated cultural 
with very limited opportunities to systems. For example, in Northeast 
increase rice yields, rice-fish culture is Thailand, the area under rice-fish culture 
almost a natural solution to increase has increased from 700 ha in 1978 to 
returns per unit of land (Middendorp 2,500 ha in 1986 (DOF 1988). 
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A summary of the empirical evidence of fish culture should be assessed in view 
on the economics of rice-fish culture is of the results from the economic analysis 
presented in Table 4. It must be stated of pest control. 
that the conclusions which can be drawn 
from these results are somewhat limited, 
as studies were carried out in different Rice-Fish Culture as a Tool of 
countries using different parameters as Integrated Pest Management
indicators for the economics of rice-fish 
culture. Paired comparisons between rice
fish culture and rice monoculture showed Although it has been reported that 
a considerable relative increase in net re- fish can act as a predator of insect pests 
turns due to fish. These were reported to (Chapman et al. 1987) this is not consid
be higher on research stations (Amaritsut ered to be its main role in IPM. Rather, 
et a]. 1988) as compared to farmers' con- we should consider potential income from 
ditions (Sevilleja, this vol.). An indicator fish as an opportunity cost due to the use 
which demonstrates the stability of the of insecticides. This means that the real 
rice-fish technology was presented by cost of applying insecticides i- rice is the 
Thongpan et al. (this vol.) showing that in net income foregone due to the decision 
20 out of 25 ,arm trials, rice-fish culture not to stock fish. In terms of IPM, this 
resulted in - higher net income, means that the economic threshold could 

Fujisaka and Vejpas (1990) reported be shifted to a higher pest population 
65% higher average net returns between level if the potential income from fish is 
adopters and non-adopters of rice-fish considered. 
culture in Thailand. This, however, must The economic threshold level which is 
be considered as a soft indicator, as the breakeven point between costs and 
adopters of rice-fish culture might be returns of a control measure can be ex
altogether better farmers. Other authors pressed in terms of units of pest. This is 
(Ahyaudin, this vol. lal) provided different done by dividing the cost of a control 
economic indicators showing that income measure with the price of the crop. The 
from rice in Malaysia accounts for a small result must be further divided by the ef
proportion of the total farm income. In fectiveness of a control measure as the 
Indonesia (Syamsiah et a]., this vol.), it latter will never be 100%. Considering 
was found that stocking fish in ricefields these factors, farmers' threshold will be 
increases rice yields; and in the ET, in Fig. 3. The threshold can be calcu-
Philippines (Cagauan and Arce, this vol.), lated using the following formula: 
the yield-decreasing effect of pesticides on 
fish yields was shown. ET, (c/p) + (l/e) ...= 1)
 

These results appear to confirm that 
the ricefield is a good environment for where ET, = economic threshold level; 
fish culture with an economic potential c = cost of control; 
for integration with rice. This, however, is p = price of rice; and 
only possible if the agronomic require- e = effectiveness of 
ments of rice can be met, with water con- control. 
trol being the most crucial factor (Singh 
et al. 1980). This is often not possible A farmer who stocks fish in his 
where supplementary irrigation facilities ricefields faces a different situation as 
are missing. Thus, considering water regard to pest control. If he intends to 
management alone, irrigated areas in the apply pesticides, there will be a trade-off 
absence of pesticides will have a much between the pest loss prevented and the 
higher potential for fish culture than loss of fish incurred. Consequently, the 
rainfed areas. Therefore, the possibilities loss from fish has to be considered as 
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Fig. 3. Economic threshold levels using pesticides in rice-fish culture. 

additional cost of pest control. Herce, the saved if control shall pay off is 200 kgiha
threshold will be shifted to ET 2 (Fig. 3). or 5% for a potential yield of 4 t/ha. In 

We can recalculate the threshold for Fig. 3, this leads to ET,, the point where 
an insecticide application as follows: control becomes economically superior to 

no control, while the distance from Yo to 
ET2 = ET, + (Yf + si-ct) Y represents the cost of control in kilo

+ 	(P/Pr) ...2) gram of rice. If we assume that a fish 
yield of 300 kg/ha can be reached, the lat

where ET2 = economic threshold ter will have to be corrected by the fish 
level including net mortality due to insecticide use. Using the 
yield from fish; information given in Table 4, 60% of the 

Yr= potential yield of fish; fish would survive, leaving a net yield of 
pr = price of fish; 180 kg/ha. Assuming a benefit cost-ratio 
Pr = price of rice; of fish production of 2.5, the cost of fish 
s = survival coefficient production would amount to 72 kg. With 

of fish; and a price ratio of rice to fish at 1:3, the net 
cf = cost of fish returns of fish expressed in rice equiva

production. lents will be 324 kg. As a result, the 
threshold will be increased by more than 

If we also include external effects or 100%. Clearly, a farmer who stocks fish 
health and environmental costs which are in his ricefield can tolerate a higher level 
usually associated with insecticide use, of pest infestation before spraying is eco
the threshold will increase even further to nomically justified. 
ET, in Fig. 3. The implications of this upward s;hift 

The following example illustrates this in pest threshold is that the probability of 
effect. Suppose a control measure costs a pest population reaching its threshold 
US$15/ha and the price of rice is $0.15/ wi" decline. This decline is likely to occur 
kg, while the effectiveness of the pesticide at an increasing rate with every shift in 
application under farmers' conditions is the threshold. Using the probabilities 
50%. The amount of rice that has to be of pest events explained earlier, a 
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cumulative distribution function as shown 1PM. In fact, a major breakthrough for 
in Fig. 4 will result. For the Philippine 1PM could result as one of IPM's obsta
data (Table 3), the chance that a pest cles - a non-action extension message of 
population will be below the economic 'do-not-spray' - could be changed into a 
threshold when the opportunity costs from more attractive message which is 'stock 
fish are not considered is 0.87. When that fish'. To arrive at practical extension in
cost is included, the chance that an formation acceptable to a farmer, 'fish 
insecticide application becomes necessary people' need to listen to 'pest people' and 
moves close to zero. This is also likely to vice versa.
 
be true for the Indonesian situation where
 

0 

o5 .-. .. Y 


0 

CL 5 
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 Legend:
 

0E T, Currentthreshold 
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Fig. 4. The probability that the pest population is below the 
economic threshold (ET)based on on-farm trials in the Philippines, 
1980-81 (thin curve) and Indonesia, 1988 (thick curve). 
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Abstract 

India has about 2.3 million ha of deepwater ricefields under cultivation. Farmers catch a limited amount of 
fish from this resource through traditional methods. Research efforts to use this resource by integrating aqua
culture with deepwater rice farming have been ongoing. 

On-farm rice-fish research focused recently on the deepwater ricefields of West Bengal, and covered physical 
surveys, ecological studies and fish production trials in farmers' fields. The activities included improvisation of 
methods in fish feeding and sampling. The studies revealed that a large potential exists for substantially increas
ing fish production in the deepwater rice areas of West Bengal. 

Introduction 

Deepwater rice is grown in areas 
where floodwaters rise more than 50 cm 
for more than one month during the 
growing season (Khush 1984). Since 
flooding must be sustained for at least one 
month, deepwater areas are distinguished 
from tidal wetlands (where water may 
rise more than 50 cm but only for a very 
short period) and flash flood areas (where 
rice may be submerged 50 cm or more for 

up to 7-10 days) (Catling et al. 1987). 
India has the largest area under rice 
cultivation in Asia (39 million h-) and 
also the largest area under deepwater rice 
(2.3 million ha) (Swaminathan 1978).
Deepwater rice areas are located mostly 
in West Bengal, Assam, North Bihar, 
Eastern Uttar Pradesh and Orissa. About 
0.46 million ha of the total deepwater rice 
area is in West Bengal. The immense 
variability in the area's hydrologic 
conditions, due to the variation in the 

*Present address: Central Institute of Freshwater Aquaculture, Kauaalyaganga, Bhubaneshwar, 751 002, Orissa, 
India. 
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flood timing, depth and duration of 
submergence depending on rainfall, 
topography and flood overflows from 
different sources, results in low 
productivity of the deepwater rice (Saran 
and Sahai 1979). The average range of 
deepwater rice yield in West Bengal is 
0.8-1.0 t/ha (Singh 1981). The vast fertile 
water areas are potentially capable of 
supporting the production of fish and 
prawns. 

Fish have long been harvested from 
deepwater rice areas usually by indige-
nous traps or constructing drainage 
ditches where fish collect as the area dries 
out. Water depths in ditches range from 
0.5 to 2.0 m for five to six months a year. 

A fisheries working group for the for-
mulation of a seventh five-year plan 
(1985-90) set the target for total fish pro-
duction from inland water bodies of 1.8 
million t by the end of the plan period 
(Jhingran 1988). To ensure optimum utili-
zation of all available inland water re-
sources in the country, the culture of fish 
along with deepwater rice i,.eds to be de-
v' loped fully. Several studies to work out 
integrated rice-fish production system 
were initiated, 

In this paper, a review of the tradi-
tional deepwater rice-fish farming and the 
past and recent studies on integrated rice-
fish farming in deepwater areas are pre-
sented. 

Traditional Deepwater 
Rice-Fish Farming 

and Constraints 

The empirical understanding to har-
vest a crop of fish from deepwater 
ricefields is prevalent in many parts of 
India. Ricefields form the natural habitat 
for the large variety of indigenous species 
of fish which gain entry from nearby per-
ennial water bodies. Fish grow on natural 
food. Farmers usually collect the fish dur-
ing the rice-growing season and/or when 
the water level subsides. In some large, 

saucer-shaped fields, sumps are sometimes 
dug in a deep portion where fish gather 
towards the end of the rice-growing sea
son. These fish are either netted out or 
reared for a further period of two to three 
months beyond the rice-growing season to 
harvest a better yield. The fish species 
caught are Chanda spp., Colisa spp., 
Mystus spp., Apolocheilus sp., 
Amblyopharygodon sp., Rasbora sp., 
Macrognathus sp., Nandus sp., Channa 
spp. and various prawn species. In some 
instances, rice plots are often bound with 
dikes to trap the naturally occurring spe
cies and rear them until the end of the 
rice-growing season. Instead of depending 
on nature, some farmers stock their plots 
with carp fry/fingerlings without any con
sideration of stocking density and species 
ratio. A yield of 200-300 kg/ha/season is 
generally obtained from such rice plots. 

In West Bengal, traditional (Agniban, 
Luxmidigha, Kalomota, Sadamota, Bakoi, 
Meghi, Khayersal and Jaladhi)and im
proved rice varieties (NC 492, NC 491, 
CN 704-7-3, CN 705-18, NC 493 and CN 
570-652-39-2) are cultivated. In Bihar, 
traditional varieties cultivated are Janaki 
and Sudha; in Assam, the Bao variety; in 
Uttar Pradesh, the Jalmagnavariety; and 
in Orissa, Khajera, Tulashi Khajera, the 
Mahipal varieties. The production of tra
ditional rice varieties range from 1.0 to 
1.5 t/ha while those of improved varieties 
range from 2.0 to 3.5 t/ha. 

In the states of Bihar, Assam and 
southern part of West Bengal, ricefiel Is 
sometimes provide an ideal habitat for 
successful breeding and nursery for cat
fish and murrel. Considerable seed re
sources of these fish are available from 
such ricefield environments (Dehadrai 
1979). Irrigated ricefields in east Godavari 
district of Andhra Pradesh, get naturally 
stocked with seed from Godavari River 
system and as they grow to fingerling 
size, the farmers collect fish in traps fixed 
at the inlets and outlets of the field. 

The traditional deepwater rice-fish 
farming is constrained by: 1) the lack of 
rice-fish production technology; 2) 
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reluctance to incorporate fish in deep- michthys molitrix) and prawn 
water because of lack of knowledge, fear (Macrobrachiumrosenbcrgii)in a sewage
from pesticidal damage to fish and the treated field were conducted at the Cen
change of flooding or occurrence of tral Inland Fisheries Research Institute 
drought; and 3) social problems such as (CIFRI) at Rahara in 1 '82. The yields ob
multiple ownership and absentee farmers. tained were 1,700 kg/ha of rice, 500 kg/ha
Thus, deepwater rice-fish farming has not of prawn and 200 kg/ha of fish in eight
expanded in spite of the enormous months (fish culture period was extended 
opportunity for fisheries development, and beyond rice cultivation period). The maxi
the availability of seed fish even in the mum growth of a male prawn was 125 g,
remotest rural areas. while the female was 59 g (CIFRI Annual 

Report 1982, 1983). 
Datta et al. (1986) reported relults of 

Past and Recent rice-fish culture with the deepwater rice 
Studies on Deepwater (Jaladhi1) in a plot of 2.0 ha. The F sh 

species were silver carp, catla (Ca tlaRice-Fish Farming catla), rohu (Labeo rohita) and mi'igal 
(Cirrhinusmrigala). The maximum water

A review of studies on rice-fish depth attained was 160 cm. Fish yield of 
farming conducted revealed that relatively 1.1 t/ha was achieved in seven months. 
little research has been made on the The yield of Jaladhi 2 rice after five 
development of aquaculture in deepwater months was 2.1 t/ha.
-icefields. The rice varieties grown A current cooperative project on on
(floating or traditional tall) in deepwater farm deepwater rice-fish research was ini
rice areas generally have low yields (0.8- tiated in 1986 by the International Rice 
1.0 t/ha) (Singh 1981) in contrast to Research Institute (IRRI), Indian Council 
ordinary rice varieties cultivated in of Agricultural Research (ICAR) and the 
shallow rainfed conditions. The deepwater Directorate of Agriculture (DA), govern
rice often experience a wide range of ment of West Bengal. The project aims to 
fluctuating environmental conditions from develop a better understanding of fish 
drought (during early growth period), production in deepwater rice and identify
submergence (during late growth period) methods for farmers tonew exploit the 
to flood. Except in a few instances, the full potential of this large resource. The 
deepwater rice farmers cannot go for project focuses the deepwater areas ofon 
double cropping with improved rice West Bengal. It includes a survey of 
varieties (boro rice) or deepwater ricefor "rabi"crop like areas, fish culture experi
mungbean, sesame, lentil mustard, wheat ments arid ecological studies. 
and vegetables because they do not 
generally have irrigation facilities during
the dry season. Thus, an integrated Survey of West Bengal 
farming system involving aquaculture and 
improved deepwater rice with cropping Deepwater Rice Areas 
patterns that are within the means of the 
limited-resource farmers, will increase the A preliminary survey of deepwater
productivity of deepwater ricelands and rice areas suitable for integrated
improve nutrition of the people. It will agriculture/aquaculture operations was 
also generate income for a large section of u.idertaken in 1986. The objectives of the 
rural residents in several parts of the survey were to find locations of deepwater 
country. aretis suitable for fish culture; obtain 

Trials with the deepwater rice variety general information on the environment; 
(Jaladhi2), silver carp (Hypophthal- and investigate traditional rice-fish 

culture systems and indigenous 
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technologies used by farmers. Field trips 
were made to major deepwater rice areas 
and to farmers and agricultural officers at 
the district, subdivision and block level, 

Farmers commonly exploit wild fish 
and prawns from the deepwater ricefields. 
Fish grow on natural food and are 
harvested when the water recedes. The 
traditional capture fishery of this kind 
requires very little modification as regard 
field management. Farmers obtain fish at 
a subsistence level ranging from 50 to 100 
kg/ha/season. Several such capture 
fisheries in deepwater rice areas were 
identified during the survey in West 
Bengal. Culture fisheries in conjunction 
with deepwater rice were found in some 
areas during the survey at Bhaluka 
(Harishchandrapur block in Malda) and at 
Simlon (Kalna block in Burdwan). 

Capture fisheries in deepwater rice 
areas are found in Moina, Nandigram, 
Mahisadal blocks in Midnapore; 
Khargram and Bharatpur blocks in 
Murshidabad; Kalna block in Burdwan; 
Harishchandrapur block in Malda; 
Nimpith and Gosaba blocks in 24-
Parganas (South); Haroa and Malancha 
blocks in 24-Parganas; and Chanditala I 
and II blocks in Hooghly. 

Fish culture fisheries is virtually non-
existent in West Bengal. Hence, fish cul-
ture trials and ecological studies were 
conducted in deepwater ricefields. 

Fish Culture Trials 
and Ecological Studies 

andAfter the preliminary survey 

some on-station trials, on-farm fish 
culture trials were undertaken to: 1) 
standardize and improvise the culture 
system of important food fishes (mainly 
carps) along with deepwater rice; 2) work 
out the effects of fish on growth and yield 
of deepwater rice and vice versa; 3) test 
the combined effects of growing diverse 
genotypes of rice along with different fish 
species to determine the best combination 

of rice and fish species and their inter
action towards higher productivity; and 4) 
determine the cost-benefit ratio of such an 
integrated culture system. Ecological 
studies were undertaken simultaneously 
to have an understanding of the flora and 
fauna of a typical deepwater ricefield (at 
village Pearapur, near the base station 
Chinsurah: Latitude 22 0 52'N, Longitude 
88°24'E, Altitude 8.62 m AMSL) as well 
as to examine the physico-chemical 
features of water in the same field. These 
studies would provide baseline data on 
the ecology of deepwater rice with regard 
to its suitability for integrated fish 
culture. 

Fish Culture Experiments 

Two sets of experiments were com
pleted. The first experiment compared rice 
and fish yields using treatments of 
deepwater rice alone; rice with fish; and 
rice with fish plus supplementary fish 
feed. The second experiment compared 
rice and fish yields from plots applied 
with dried poultry droppings and 
composted cowdung. These experiments 
were conducted during the kharif season, 
1987. The trials in the first experiment 
were conducted at four sites in West Ben
gal - Chinsurah (Hooghly), Gosaba (sites i 
and ii) (24 Parganas-South), Sabang 
(Midnapore) and Girirchalk (Midnapore); 
while second experiment trials were at 
Sabang and Girirchalk (Midnapore) only 
(Fig. 1). 

Experiment I 

rAYOULT 

At Chinsurah, the four plots used 
measured 200 M 2; at Gosaba (sites i and 

M 2ii), the two plots measured 450 and 
1,248 M 2 

; at Sabang, 180 m 2 each; and at 
Girirchalk, 600 M 2 each. Each plot had a 
central sump which provided a shelter for 
fish and facilitated periodic fish sampling 
for monitoring growth. The sump area 
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more than eight weeks; at Gosaba, 
106 cm and 12 weeks; at Sabang, 90 

A cm and 10 weeks; and at Girirchalk, 
N 92 cm and 13 weeks. 

.- ,,J-'After the rice seedlings were es
1 "- - tablished, various species of finger

-! Inndl C, the plots(10-12at 1cm)fish/nr- in releasedall sites into(Ta-lings " ' ...- were 

C CDhbP ble 1). The fish were released on 8, 
/ 12, 16, and 24 August 1987 atChinsurah, Girirchalk anddSabang, 

Gosaba sites, respectively. Species 

stocked comprised 15% surface 
feeder, 35% column feeder and 50% 
bottom feeder. The fish culture pe-

P "Ia Kal riod in all the sites ranged from 110 
to 130 days. 

~ ~ FISH SAMPLING 

To monitor fish condition and 
growth, periodic fish sampling was 
done in the experimental fields by 

Fig. 1. Outline map of West Bengal, showing sites for netting. Sampling by netting was not 
deepwater rice-fish culture trials, 1987 (kharif season). very effective and it was felt neces

sary to evolve a suitable device for 

was 2.25 m 2 and 1 m deep. Standard ag- sampling fishes from deepwater rice-fish 
ronomic practices for cultivation of culture experiments. A preliminary trial 
deepwater rice was followed. Plots were using a local fish trap with a lamp inside 
prepared by the middle of April 1987 and was tried. This was placed in the central 
each plot was provided with a water sump in the field. The attempt was par
depth gauge fixed in a suitable location. tially successful; further tests to improve 
An elongating-type deepwater rice variety the trap for farmers' use will be done. 
(NC-492 Sabita) was sown by dibbling 
(done at Chinsurah on 13 April 1987; at 
Gosaba on 29 May 1987; at Sabang on 1 FEEDING SCHEDULE 
June 1987; and at Girirchalk on 14 June 
1987). With monsoon showers causing In the feeding treatment, the fish 
gradual accumulation of water in the were provided with supplementary feeds 
field, deepwater rice plants grew rapidly, 11 days after stocking. An inexpensive 
keeping pace with water accumulation, feed mixture of ground nut oil cake 
Rice stand count was taken monthly from (50%), rice bran (25%), fish meal (5%), 
July onwards. Water quality parameters soybean meal (18%) and vitamin mineral 
(dissolved oxygen, p1I, specific conductiv- pre-mix (2%) was given at 2% of the total 
ity and temperature) were monitored fish biomass per day, six days a feek. 
every week; water depth was recorded The amount of feed was adjusted after 
daily and samples were analyzed for vari- each sampling. Feeds were administered 
ous plankton species. At Chinsurah, the in dough and in granular forms to enable 
maximum water depth attained was 105 uniform feeding by surace-, column- and 
cm and water remained above 50 cm for bottom-dwelling fishes. 
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FABRICATION OF A 
FISHFEEI)ING DEVICE 

To economize on feeding, a feeding 

device was fabricated. The idea was to 
determine: 1) the optimum uLilization of 
feed to prevent waste; and 2) the proper 
feeding time of varicus carp species to 
improve feed assimilation. 

The device was prepared from a 
hollow bamboo with an inside diameter of 
6-7 cm, with its bottom portion (30 cm 
long) made into a comb-like structure 
along the circumference, and the inside 
filled a with granular feed mixture. The 
whole bamboo structure was then tied to 
a peg and securely fixed in the middle of 
the sump in the experimental field in 
such a way that the bottom end of the 
feeder remained at the level of the field. 
The sound made when the fish flock 
around the device and eat the feeds can 
be captured by the vibrating movement of 
the upper end of the bamboo pole. When 
fish nibble at the feed, their body contacts 
caused a water movement similar to that 
caused by a float attached to an angling 
rod. Observations were recorded for a 12-
hour period (from dawn to dusk) daily for 
seven days when the level of water in the 
ricefield was about 70 cm. The amount of 
feed consumed was determined by 
weighing out the leftover feed (after one 
hour) in the feeder. Preliminary results 
from a single site indicated that fish 
preferred to be fed in the afternoon, 
However, no definite feeding pattern by 
fish could be established, 

HARVESTING OF RICE AND FISH 

Rice yields were evaluated following 
the recommended crop cut method (Clay 
et a]. 1978) wherein rice panicles were 
quantitatively collected from a randomly 
selected area (5 M 2 

) in the field. These 
were then sundried and the grains 
collected after careful threshing. Rice 
grains were cleaned and dried to moisture 
content of 10-12%. Total grain weight 
was then determined and the dry crop 

yield expressed on the basis of 14% 
moisture content. After rice harvest, fish 

were harvested by draining the field. 

RESUITS 

The stocking and production data of 
rice and fish are shown in Tables 1 to 3. 
Tables 1 and 2 show that common carp 
(Cyprinus carpio) and silver barb (Puntius 
javanicus) generally had the best growth 
vis-a-vis the other species in both rice-fish 
treatments (control and with fish supple
mental feedings). This was the case ex
cept in Girirchalk and in other sites 
where common carp was not part of the 
stock. Calbasu, rohu and catla were next 
to common carp and silver barb. From 
Table 3, rice yields in rice-fish s stems 

y 
with and without feeding increased 
slightly (1.0-10.6%) in all the sites except 
Sabang where yield decreased by 2.2%. 
Net fish yield ranged from 85 to 535 kg/ 
ha in the control treatment and 186 to 
945 kg/ha with supplemental feedings. 
The increase in yield of fish that had 
feeding over those that were unfed ranged 
from 77 to 119%. 

Experiment 2 

LAYOUT 

Three plots of 180 and 600 m 2 area 
were used in Sabang and Girirchalk, re
spectively. Treatments were: deepwater 
rice alone; rice with fish plus composted 
cowdung; and rice with fish plus dried 
poultry droppings. The amount of nitro
gen from each organic manure was equal 
(isonitrogenous). Nitrogen content was 
analyzed and found to be 1.8% in the 
poultry droppings, while composted 
cowdung had only 0.6%. The application 
rate for composted cowdung and poultry 
droppings at Sabang were 15 and 5 kg/ 
week, respectively; while at Girirchalk 50 
and 16.5 kg/week, on wet weight basis. 

Plots were provided with trenches 1.5 
m wide and 1.0 in deep at two sides of 



Table 1. Stocking and production data from Experiment I investigating the effects of fish supplemental feeding in deepwater rice-fish culture, kharifseason 1987. (Deepwater rice variety: NC-492 Sabita; stocking rate: I fish/m 2 ; fish culture period: 110-130 days). 

Stocking Harvesting 
Experimental 

site 
Rice yield 

(kg'ha) 
Fish 

species No. stocked 
length 

(cm) 
Weight 
(g) 

Length 

(,m) 

Weight 
(g) 

Net weigh
t 

gain (g) 
Pish yield 

(kg/'.) 

Contribution 
by weight 

(M) 

Chinsurah. 
Ilooghly 

1,741 ltohu(Labeo nihita) 
Catla (Caltacala) 
Mnngadl (Cirrhiniu.. mrigona) 
[Lta (Labeo ba:a) 
Silver carp Ulypophthal. 

30 
10 

20 
40 
20 

11.4 
14.3 

14.9 
4.6 

20.0 

20.5 
57.9 
10.5 
5.2 

135.0 

19.5 
18.3 
19.6 
15.6 
24.8 

122.5 
128.5 
116.6 
60.0 

262.5 

102.0 

70.6 
106.1 
54.8 

127.5 

1,215 14.3 
4.5 
4.9 
4.4 
11.9 

michth, n ltriu) 
Common carp (Cyprinus 

carpa') 
Calbasu (Laheo catbasu) 
Puntiuvs (Pwtius 

20 
40 

10 

13.3 
8.0 
9.0 

33.3 
8.0 

11.3 

26.3 
18.0 
22-8 

425.0 
150.0 

250 

391.7 
142.0 
238.7 

33.3 
17.7 

9.0 
javanicus) 

Sabang, 

Midnapore 
1,640 Rohu (L.rohita) 

Catla (C.ctle) 

Mrigal (C. mrigala) 
Bata (L bata) 
Silver carp (ILmolitriu) 
Common carp (C carpio) 
Puntius (R"javanicus) 

27 
9 

18 
36 
18 
18 
9 

12.2 
16.2 

12.7 
10.0 
26.2 
10.8 
12.0 

30.3 
62.0 

21.5 
11.0 

186.0 
32.0 
19.2 

20.0 
16.8 

15.9 
13.0 
28.3 
18.2 
186 

91.6 
70.0 

40.0 
20.0 

213.0 
140.9 
87.5 

61.3 
8.0 

18.5 
9.0 

27.0 
108.9 
68.3 

755 18.7 
4.8 

14.7 
4.6 

30.2 
20.6 

6.4 

Girirehalk, 
Midnapore 

2,950 Rohu (L.rohiba) 
Catla (C.catla) 
Mrigal (C.rarigala) 
Bata (L.bata) 
Silver carp (11.molitrix) 
Common carp IC. carpio) 
Calbasu (L.catbasu) 
Puntius (P. javanicus) 

90 
30 
60 

120 
60 
60 

120 
30 

13.7 
17.5 
18.4 
13.1 
17.0 
16.0 
16.2 
14.6 

38.7 
90.6 
78.7 
25.2 
77.8 
83.5 
b7.5 
52.0 

23.3 
23.0 
22.9 
14.8 
19.7 
25.8 

21.9 
19.2 

119.6 
183.3 
82.8 
46.1 
85.4 

144.7 
175.0 
129.4 

80.9 
92.7 
4.1 

20.9 
8.4 

61.2 

87.5 
77.4 

941 17.6 
8.0 
8.1 
7.9 
8.3 

14.3 
30.7 
5.2 

Gomba (i) 
24 Pargunas(s) 

2.145 Rohu CL.(-hita) 
Catla (C. cala) 
Mrigal (C.rrigala) 
Silver carp (11. moitrix) 
Puntius (P. javanicu,) 

135 
25 

225 
45 

23 

12.5 
13.2 

9.5 
9.1 
8.5 

20.0 
40.2 

14.7 
14.5 
11.3 

21.0 
21.2 

15.6 
24.0 
20.2 

140.8 
139.6 

68.5 
148.6 
184.8 

120.8 
99.4 

53.8 
134.1 
173.5 

361 42.5 
14.8 

19.8 
13.9 
9.0 

Gosaba ii) 
24 Parganas(s) 

2.115 llohu (L.nvhita) 
Catla (C. cala) 
Mrig-al (C. migala) 
Silver carp (11. molitrix) 
Puntius (P. javanicus) 

375 
63 

625 
125 
63 

12.5 
13.2 
9.5 
9.1 
8.5 

20.0 
40.2 
14.7 
14.5 
11.1 

17.7 
20.2 
13.7 
12.5 
18.0 

91.8 
125.0 
30.6 
22.7 
94.4 

71.8 
84.8 
15.9 
8.2 

83.3 

361 33.9 
21.1 
31.4 

1.8 
11.8 



Table 2. Stocking and production data in rice-fish treatment (no fertilizers, supplementary feed or organic manure) from Experiment 1, 
kharif season, 1987. 

Stocking Ilarvesting 
Contribution 

Experimental 
site 

Rice yield 
(kgfha) Fish species No. stocked 

Length 
(cm) 

Weight 
(g) 

Length 
(cm) 

Weight 
(g) 

Net weight 
gain %) 

Fish yield 
(ke'ha) 

by weight 
(%) 

Chinsurah 1,729 Rohu (Labeo rohita) 30 11.4 20.4 17.1 75.0 54.6 813 11.1 
Catla (Cata ca:la) 10 14.4 57.9 18.3 114.3 56.4 4.9 
Mrigal (Cir-rinus rragal) 20 5.0 10.6 18.9 81.2 70.6 4.9 
Bata (Labeo bata) 40 4.6 5.2 13.8 33.3 28.1 5.0 
Silver carp (ttypophthal. 20 20.0 135.0 22.6 186.1 51.1 17.0 

mrchthys mlitrix) 
Common corD (Cyprinus 20 13.3 33.3 24.83 350.0 316.7 31.0 

carpio) 
Calbasu (Labco calbasu) 40 8.0 8.0 17.5 125.0 117.0 13.2 
Puntius fPuntius 10 9.0 11.3 21.7 228.6 217.3 12.9 

javanicus) 
Nile tilapia (Orcochromis 10 9.2 16.0 

niloticus) 

Gosaba (i) 2,141 Rohu (L. rohita) 135 12.5 20.0 18.5 107.7 87.7 267 41.8 
Catla (C. carla) 25 13.3 40.2 19.89 128.4 88.2 15.5 
Mrigal (C. mrgala) 225 9.5 14.8 15.3 66.7 51.9 30.G 
Bata (L. bata) 0 
Silver carp (IL nolitrix) 45 9.1 14.5 18.0 73.3 58.8 3.6 
Common carp (C. caxpio) 0 
Calbasu (L clbasu) 0 -
Puntius (P. jaanicus) 25 8.5 11.1 19.9 122.2 111.1 8.4 
Nile tilapia (0. nioticus) 0 

Gosaba (ii) 2,102 Rohu (L. rohita) 375 12.5 20 17.3 85.7 65.7 268 25.0 
Catla (C. catla) 62 13.5 57.9 18.3 84.2 26 3 15.8 
Mrigal (C. mrigala) G25 9.5 14.8 14.0 29.6 11.8 41.5 
Bata (L. bata) 0 
Silver carp ll. rwlitrix) 125 9.1 14.5 10.5 21.2 6.7 
Common carp (C. carpio) 0 
Calbasu (L. calbasu) 0 
Puntius (P. javanicus) 62 8.5 11.1 47.5 83.3 72.2 45.5 
Nile tilapia (0. niloticus) 0 
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Table 3. Stocking weights and estimated yields (kg/ha) in rice-fish and control treatments from Experiment 1. 

Rice-fishb Rice-fish plus supplementary feedc 
RiceExperimental only Stocking Harvest Net Stocking Harvest Netsite Crop (control)" weight weight gain weight weight gain 

Chinsurah Rice 1,574 1,729 1,741
Fish  278 813 535 270 1,215 945 

Gosaba (i) Rice 2,100 2,141 2,145
Fish 177 267 90 175 361 1Sri 

Gosaba (ii) Rice 1,978 2,102 2,115
ish - 183 268 85 175 361 186 

Sabang Rice - 1,640
Fish - 348 755 407 

Girirchalk Rice 
2,950Fish 595 941 346 

"No fertilizers, organic matter or supplementary feed.bRice plus fish without fertilizers, supplementary feed or organic manure.
CCrude protein (Nx6.25) - 31 .1%; crude lipid (ether extract) - 10.2%; crude fiber - il .6%; crude ash 
- 9.1%; 
nitrogen free extract - 38%. 

each plot. Plot preparation, deepwater rice RESULTS
 
variety, fi.,.h
species combination, propor
tions and stocking densities remained 
 Rice and fish production data and netsimilar. Details of stocking, culture condi- fish yields are shown in Tables 4-5.tions and harvesting are shown in Table Puntiusjavanicus and common carp also4. Periodic data collection on both rice performed well at Girirchalk and Sabangand fish were done as in the first experi- under treatment conditions of compostedment. cowdung and dried poultry droppings.During the experimental period at Among other species, rohu grew better atSabang, the silver carp and catla species Girirchalk and tilapia (Oreochronzis sp.)developed gill rot disease. This was at Sabang. Rice yields, however, did notdetected during sampling in mid-October show any significant change in all the1987. However, the disease was controlled treatments.

with the application of lime at 60 kg/ha. Data on pest and disease incidencePoultry droppings and composted are presented in Table 6. In plots withcowdung were applied eight days after deepwater rice and fish, the incidence offish stocking and continued weekly damage by various pests were less, cornthereafter until two weeks before rice pared to the respective controls (plot withharvest, deepwater rice only). This indicated that 
stocking of fish in deepwater rice mightHARVESTING OF RICE AND FISH lead to better crop production. 

The same procedures in harvesting CONTROl, OF CRABS IN
rice and fish were done as in experiment DEEI'WATEIR RICEFIEII)S
1. Harvest of rice and fish at Sabang wasdone on 13-14 December 1987 and at The freshwater crabs ParateiphusaGirirchalk on 15-16 December 1987. hydrodomus and P. spinigera poseous problem a seriin deepwater rice cultivation 



Table 4. Stocking and production data from Experiment 2 comparing composted cowdung and dried poultry droppings in deepwater rice-fish culture, 
kharif season 1987. 

Stocking Harvesting 
Fish Contribution
 

Experimental Rice yield Fish Length Weight Length Weight Net weight yield by weight
 

site Treatment (kg/ha) species No. stocked (cm) (g (cm) (g) gain (g) (kg/ha) (%)
 

Sabang, Composted 1,602 Rohu (Lubro rohita) 27 12.2 :30.3 17.4 72.3 42.0 757 14.3 

Midnapore cowdung Catla (Cotla cil.) 9 16.2 62.0 20.6 133.3 71.3 7.7 

Mng-al (Curhinus rtigala) 18 12.7 21.5 13.0 42.6 21.1 11.7 

Bata Labeo balao) 36 10.0 11.0 13.3 28.8 17.8 5.9 

Silver carp (flHypophthal. 18 26.2 186.0 28.3 217.8 31.8 28.5 

rmichthys noIlitrx) 

Common carp (C.,prinua 18 10.8 32.0 16.6 119.4 87.4 16.5 

carpio) 
12.1 30.0 16.4 66.6 36.6 3.7 

Puntius (Puntiua 9 12.0 19.2 19.0 122.2 103.0 8.7 
Calbasu (Lahoh calbaul 36 

javanicu.O) 
Nile tilupla (Orwchrorni 9 10.5 25.0 16.3 83.3 58.3 3.0 

nilotius) 

Girirchalk. Composted 2,850 Rohu (L. rnhita) 90 13.7 38.7 16.8 70.0 31.3 802 11.0 

Midnapore cowdung 	 Catla (C. caola) 30 17.5 90.6 17.5 103.0 12.4 6.2 

Mngul (C. nrgaa) 60 18.5 78.7 21.4 86.9 8.2 11.7 

lata (L. barn) 120 13.1 25.2 15.7 41.6 16.4 10.6 

Silver carp (tl. nolrix) 60 17.1 77.8 20.5 83.3 5.5 25.7 

Common carp (C. carpio) 60 16.1 83.5 23.0 2-.7 139.2 18.0 

Calbasu (L calbw.sz 120 16.2 87.5 17.7 88.0 0.5 10.6 

Puntius (P. javanicu) 30 14.6 52.0 18.6 104.2 52.2 6.2 

Sabang, Dried poultry 2,399 Rohu (L rohita) 27 12.2 30.3 15.7 58.0 27.7 692 10.5
 

Midnapore droppings Catla (C. ralla) 9 16.2 62.0 17.5 75.0 13.0 5.3
 
Mrigai (C. ruria/a) 18 12.7 21.5 1 GA 3t.0 12.5 16.1 

Bata (L bata) 36 10.0 11.0 12.5 27.7 16.7 7.4 

Silver carp (11. molitrix) 18 26.2 186.0 29.2 225.0 49.0 30.5 

Common carp (C. carpio) 18 10.8 32.0 16.0 100.0 68.0 14.0 

i'urttius (A.javanicus) 9 12.0 19.2 21.5 200.0 180.8 15.3 

Girirchalk, Dried poultry 3,160 Rohu (L. rohita) 90 13.7 38.7 22.8 130.0 91.3 922 16.6
 

Midnapore droppings Catla (C. catla) 30 17.5 90.6 22.8 176.5 85.9 7.4
 

Mrigul (C. mrrigala) 60 18.5 78.7 23.1 130.0 51.3 9.5
 

iata (L bar) 120 13.1 25.2 17.7 400 14.8 6.9
 

Silver carp (II. rnolitriU) 60 17.0 77.8 21.6 110.3 32.5 11.1
 

Common carp (C. carpio) 60 16.0 S3.2 21.6 28-1.0 200.8 23.6
 

Calbasu (L. colhasu) 120 16.2 S7.5 16.7 110.0 22.5 14.9
 

Puntius (P. jaanicwus) 30 14.6 52.0 18.5 250.0 198.0 10.0
 

http:calbw.sz
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Table 5. Stocking weights and estimated yields (kg/ha) from Experiment 2. 

Rice-fish plus Rice-fish plus
composted cowdung poultry droppings 

Rice 
Experimental only Stocking I larvest Net Stocking Harvest Net 

site Crop (contro) weight weight gain weight weight gain 

Sabang, Rice 1,677 1,602 2,399
Midnapore Fish 	 420 757 337 348 692 344 

Ginrchalk, Rice 2.920 - 2,850 3,160

Midnapore Fish 595 207
802 	 595 922 327 

Table 6. Summary of pest and disease incidence in rice-fish culture plots. 

)iseases and pests" 

Experimental 	 Control plot Experimental plot 
site Plant stage (Decpwater rice only) (l)eepwater rice-fish) 

Girirchaik Early GIl, GI,!t, WM, GI-,GI, WM 
elongation BUlS (3.3), ITD (16.1) ILS (8.8), ,TI) (21.2) 

Grain filling 	 Gl, Rat, Ear cutting Gil, Rat, SB (8.9), 
caterpillar, SiB (17.4), FS (2.7), KB (7.3) 
FS (11.6), KB (4.7) 

Sabang Early GM, I,F,(IlI, GIl, Si3 WM, LF, GII, GM, GH 
elongation 

Grain filling 	 SB (41.1) SB (25.7) 
FS (14.3), KB (9.6) FS (2.6), KU (6.5) 

Gosaba Flowering SIB (31.3), IIISPA SB (14.3), HISPA, OH 

"GH = grasshopper; 	GLH = greenleaf hopper; WM = whorl maggot; GM = gall midge; LF = 
leaffolder; SB = stemborer; 131 = bacterial leaf streak; TID = leaf tip drying; FS = false smut; 
KI = kernel bunt. Figures in the parentheses denote per cent damage of stem, leaves or 
panicles. 

in West Bengal. The infestation is more one or more smooth entry points made in 
acute when fish culture is integrated with such a way that they cannot be used as 
deepwater rice cultivation. Generally, the exit by the trapped organisms (i.e., the 
crabs cut the stem with their sharp small bamboo sticks projecting inside the 
chelicerae during the growing phase of box prohibit them from getting out). Sev
the deepwater rice, thereby decreasing the eral such boxes (with snail's meat as 
total yield. Attempts were made to deal baits) were placed in the experimental
with this problem during the experi- field under submerged conditions near the 
ments. One was by using a simple device dikes. These were placed at night and 
normally used by the farmers in capturing lifted out the next morning. On the aver
wild fish and prawns from the ricefield. age, 30-40 crabs/trap can be collected 
The device consisted of a box-lke struc- daily. This device helped in minimizing to 
ture (Fig. 2) made of thin bamboo sticks a great extent the crab menace in the 
hand-woven with nylon thread. This has deepwater ricefield without using insecti
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Fig. 2. A device used to trap field crabs. 

cides or other chemical poisons. The 
crabs, being edible, provided an additional 
protein food for the farmers at virtually 
no input cost. 

Ecological Studies 

This component of deepwater rice-fish 
research was done in the deepwater 
ricefield at Pearapur near Chinsurah, the 
base station. On 28 July 1987, when wa-
ter depth was 20 cm, monitoring started: 
dissolved oxygen, pH, specific conductivity 
and water temperature by week; and wa-
ter depth, rainfall and light intensity per 
day. Monitoring continued until 24 No-
vember 1987 when water depth receded to 
21 cm from 144 cm during flooding. 
Physico-chemical characteristics of water 
were recorded 10 cm below the water sur-
face; light intensity was measured on the 
surface beneath the rice canopy. 

Wild fish and prawns were collected 
daily using locally made fish traps posi-
tioned at 10 different places in the field 
from 22 July until 29 November 1987. 
The species composition of fish and 
prawns caught are presented in Table 7. 
In addition to the use of local traps, fish 
catch was made through treatment of 
rotenone in bamboo mat enclosures (600 
m 2 ). Rotenone was applied at 4.0 ppm 
mixed with a dough made of wheat, flour, 

Collections of plankton were randomly 
made with a one-liter mug from the field 
once a week from July to November. Jn 
each collection, 50 liters of water taken 
from about 10 cm from the surface were 
filtered through a plankton net. The 
plankton were preserved in 4% formalin 
land identified within 15 days. During
 

analysis, collected water samples were 
to a volume of 10 cc. Then 

1-2 drops of the homogeneous mixture 

from this concentrate were placed onglass slides, counted, and the number ex

pressed in cells/liter. First collection was 
made on 28 July and weekly thereafter 
until 24 November 1987. 

Aquatic macroorganisms were saiai
pled weekly using a special sampling net 
devised for the purpose and preserved in 
4% formalin. These were identified and 
their numbers counted. 

For collection of benthic organisms, a 
set of six polyethylene trays (each meas
uring 30 x 25 x 6 cm) were placed in the 
field with proper markings at different 
places on 28 July; 4 and 28 August; 8 
and 29 September; and 27 October 1987 
then lifted out on 28 August; 8 and 29 
September; 6 and 27 October; and 1 De
cember 1987, respectively. The trays were 
filled with soil covering one fourth of their 
volume and then left in the field for one 
month. After the trays were taken out of 
the water, the large organisms were sepa
rated, their numbers recorded and identi
fications by family done. To study the 
periphyton community, clean glass slides 
were hung randomly into the water from 
bamboo sticks from various places in the 
field. After about 40 days, slides were 
taken out and studied under a micro
scope. Besides this, few rice stems were 
also collected to study qualitatively the at
tached organisms. 

RESULTS 

As the amount of rainfall intensified 
daring the season (Fig. 3), the water 
depth in the deepwater ricefields in
creased from 20 cm (28 July 1987) to a 
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Table 7. Fish and prawns collected from 22 July to 29 November 1987 from 
deepwater ricefields at Pearapur, Hcoghly, West Bengal.a 

Total catch
 
Species 
 Number biomassb Percentage 

(g) (%) 

Fish 
Chanda ranga 
C. nama 4,054 7,290 21 
Puntius ticto 
P. sophoro 
P. serana 
Puntius sp. 3,743 36,494 19 
Colisa pectoralis
C. fasciata 2,691 10,091 14 
Rasbora daniconicus 1,774 2,661 9 
Aplochelus punchax 520 525 3 
Channa punctatus 373 22,380 2 

fystus vilatus 310 1,550 2 
Others 2,004 55,310 10 

Freshwater prawns 
(including M. rosenbergii) 3,837 12,662 20 

Total 19,306 148,963 100 

aSampling was done using local devices or fish traps which were emptied
 
on alternate days.

bCalculated from preserved specimens.
 

maximum depth of 144 cm (31 August
1987). From September to 12 October, a
 
static water level condition prevailed 4N1
 
(115-144 cm). From then onwards, water

receded from 95 to 45 cm until 6 Novem- 3 Actual o1987
 
ber. On 24 November, water level de
creased to 21 cm.
 

Variations in water depth, dissolved
 
oxygen, p11, specific conductivity, tem
perature and light intensity are depicted 2,0
 
in Fig. 4. Physico-chemical studies indi
cated that the environment was well- 18
 
suited for fish culture. Catches of wild
fish and prawns revealed that a large va- 120 

riety of fish are available. The monthly
catch was highest during the month of 
November (55% of the total catch) and 
lowest in the month of July (1%). A simi- 0 _
lar result was obtained from the catch JF M A 0.1 J J A S 0 Nthrough rotenone treatment. D 

Analysis of the plankton population Fig. 3. Rainfall data (mm) at the Chinsurah riceresearch weather station. (Recorded at the cropshowed that phytoplankton was predomi- weather station, Rice-Rescarch Station, Chinsurah.)
rant in the field (Fig. 5). Of the total Latitude 22'52'N
phytoplankton, Chlorophyceae constituted Longitude 98852'E 
36%; Cyanophyceae, 26%; and Altitude 8.62 m AMSL 
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Fig. 4. Physico-chemical characteristics of water from a deepwater field in Pearapur, Hooghly, 
West Bengal, khririfseason, 1987. 

Bacillariophyceae, 38% (Fig. 6). The com- population was abundant. Arthropods 
mon forms of zooplankton like protozoa, were also rc!corded in high amounts. 
rotifera, cladocera, copepoda and ostracoda About 74 and 22% of the total catch dur
were encountered (Fig. 7). ing the season were molluscs and arthro-

Studies on other forms of aquatic pods, respectively (Fig. 8). 
macroorganisms besides piscine and The soil fauna collected from the field 
planktonic forms revealed that molluscan by tray method revealed that mollusca 



269 

900 Phytoplankton 

800 O Zooplankton 

hG 

400 

'7 

200 " i.5 lntnppltosfo 
'K " deepwater ricefield at Pearapur Village,

0- m o Nov Hooghly District, West Bengal, kiarif 
Avg 1987.Sopseason 

r- -- Chl°ophyc,.-I 

100 - - --	Cysnophy".. / 
-Buillilophyc4I. 

M 	 / I 

Fig. 6. Different groups of .'
 
phytoplankton populations from ,tQ
 

a deepwater ricefield in - ~ 30' 

Pearapur Village, Hooghly 2
 
District, West Becngal, khiorif ___________ D 


season 1987. 	 "A 0 

I - -0 . 

70 -D e tr s-	 Arthropoda -. 

-- Rotifera 	 11o 
50 -	 -1100 . . .W aterdp-h go 

40 - Others 	 ,0
 
-70
 

l0 -- - -- - - -- - 
30 

50 
20 	 P0 

30 

/ 	 0 
A&g SoP Otto 

Fig. 7. Different groups of zooplankton from a dcepwater ricefield in Pearapur Village,
 
Hooghly District, West Bengal, kharif season 1987.
 



270 

and annelida contributed 68 and 21%, re-
spectively (Fig. 9). A qualitative study of 
the periphyton community revealed that 
most available epiphytic algae were: 
Anabaena, Oedogonia, Melosira, 
Spirulina, Characium, Rivularia, 
Gleotrichia and Navicula. Besides all 
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Fig. 9. Certain benthic organism 

from a deepwaiter ricefield in 
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West Bengal, kharif season 1987. 

these, a major biotic feature of deepwater 
ricefields was the aquatic vegetation 
(weeds). Fifteen such weeds were identi
fled from the deepwater ricefield. A list of 
major species of the flora and fauna en
countered is presented in Table 8. 
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Table 8. Some dominant aquatic flora and fauna in a deepwater ricefield at 
Pearapur, West Bengal, August-November 1987. 

Plants Oryza saliva (deepwater rice) 
0. ruripogon (wild rice) 
Myriophylum indicum 
lpomoa c. uatica 
Limnrphila helerophyla 
Nymphaea pubescens 

Algae Bluegreens 
Najas foueolata 
Anabaena, Gloeotrichia,Rivularia, 
Oscillatoria,Nostoc 

Greens Microspora, Microstarius, Cosma
rium, Oedogonium 

Protozoa 
Rotifera 

Diatoms Navicula, Synedra, Nitzchia 
Arcella, Centropyxis, Ameha 
Rotaria, Keratella, Lecane 

Annelida 
Crustacca 

Oligochaeta 
Cladocera Bosmina, Daphnia,Moina 
Copepoda Diaptomus, Cyclops 
Ostracoda Cypridae 
Miscellaneous Nauplii larvae 

Insecta 

Crab 
Prawn 
Hemiptera 

Paratelphusaspinigera 
M. rosenbergii 
Micronecta, Anisops, Plea, 

Ephemeroptera 
Ranatra, Diplonicus 
Mayfly larvae 

Coleoptera Dystiscus Hydrovatus, Canthydrus, 
Donacia 

Diptera Mcsquito larvae, Chironomus 
Larvae 

Mollusca 
Fish 

Odonata Damselfly larvae 
Pila,Gyralus, Bellaniya 
C. ranga, C. nama, P. ticlo, 
P. sophoro, P. sarana, C. pectoralis, 
C. fasciala, R. daniconius 

Conclusi-)ns duction from such fertile waters. If only
10% of the area is intensively farmed, an

The deepwater ricefields of India have enormous increase in the fish harvest 
to be used more efficiently. Integrating would be achieved. 
fish production with rice is a logical way
of achieving this. To do this, past and re
cent efforts aim at increasing fish produc- Acknowledgements
tion and profits over traditional methods. 

Studies revealed that a large potential The authors express their indebted
exists for substantially increasing fish pro- ness to Dr. H.D. Catling, formerly Project
duction in the vast deepwater rice areas Leader, Deepwater Rice Project, IRRI, forof West Bengal. The ecological studies at his unstinted support; Drs. K. Mitra andPearapur indicated that a large amount of A.C. Nandi, Senior Scientists of CIFRI,fish food organisms are available which Barrackpore; and Dr. B.K. Mandal, Head,wild fish species could use more effi- Rice Research Station, Chinsurah, Westciently. Very few farmers are presently Bengal, for providing laboratory and farm
using any culture technique for fish pro- facilities during the period of study. 
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Abstract 

Rice-fish farming systems, in line with Indonesia's agricultural diversification strategy, offer good develop
ment prospects. To improve the traditional rice-fish systems, on-station and on-farm research has been conducted 
for Binong, 3ubang, West Java, by the Sukamandi Research Institute for Food Crops. On-station experiments 
investigated the effects of four rice varieties (Cisoikane, Ciliwung, IR 64 and Dodokan) on fish production; and of 
rice-fish, mechanical and chemical weed control on rice production. Moreover, research on the effects of trench 
sizes varying from 4 to 17% of the ricefield area combined with spacing of rice plants; fish stocking densities 
from 1,000 to 5,000/ha (at 500 increments); triple superphosphate (TSP) fertilizer rates and water management 
(stagnant, intermittent and continuous flow irrigation) on fish and rice production were also done. Common carp 
(Cyprinus carpio) was used in all the experiments. On-farm research involved working with 27 farmers in evalu
ating five cropping patterns: I ) rice-rice-filow; 2) rice-rice-fish; 3) (rice+fish)-(rice+fish)-fish; 4) (rice+fish)-fish
(rice+fish)-fish; and 5) (rice+fish-duck)-(fish-duck)-(rice+fish-duck)-(fish.duck). 

Results showed that fish raised together with rice did not decrease grain yields of all rice varieties tested, 
both in wet and dry seasons. C. cnrpio grew farter and attained larger sizes in a rice-fish system in the dry 
season. Rice-fish pattern gave higher yields than rice monoculture. Rice cropping pattern of tither IR 64 or 
Ciliwung during wet season followed by Cisadane during dry season would sustain rice production better than 
two crops of IR 64 in both seasons or two crops of Ciliwung. Weed populations were highest in the rice 
monoculture plots without weeding in both seasons. C. carpio suppressed weed populations by about 30% in the 
dry season and much more in the wet season. It is as effcctive as weeding once in the rice monoculture plots. 
Agroxone application was as effective as weeding twice. 

Trench sizes, arrangements and plant spacing did not show significant effects on Il 64 and C. corpio yields 
in both seasons, due to abundant supply of water during the year. The trenches, however ,howed positive border 
effects on rice yield. Highest total fish and rice yields in both seasons were obtained at stocking densities within 
the range of 2,500 to 3,000/ha. The inclusion of C. carpio in rice cultivation increased phosphorus availability to 
rice. At the same TSP level of 100 kg/ha, Ciliwung in a rice-fish system yielded 1.3 t/ha more than rice 
monoculture. 
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Intermittent irrigation and stagnant methods were found to use the least amount of water. Continuous flow 
irrigation, aside from being the highest water consumer, slight!y suppressed rice growth. Evaluation in the 
farmer-cooperators' fields showed that all the rice-fish patterns tested had increased farm income vis-Al-vis rice 
monoculture. Among the rice-fish systims, the most profitable was the (rice+fish-duck)-(fish-duck)-(rice+fish
duck)-(fish-duck) pattern where net returns were 49% higher than rice monoculture. 

Introduction 
cern over the contamination of fish from 
insecticides under intensive rice cultiva-

Farm income and sustainability of rice tion, the quality and availability of fry or 
production in lowland areas are criticalmarketing are other 
issues. Current intensive rice cultivation Cnstrints to th ansino are-oth 

the component techrequires high fertilizer levels, because of farming. To improve 


limited genetic potential of rice varie- nomog. o ricefi ha mingesys te fe
the tiesuse, tie o imalaned oil nology of rice-fish farming systems, fieldceaton 
ties used, the creation ofimbalanced soil studies have been conducted by the 
nutrients, an the emergence of new Sukamandi Research Institute for Food 
biotypes or strains of rice diseases Crops (SURIF) and the Research Institute 
(Manwan and Fagi 1989). Additional in- for Freshwater Fisheries (RIFF) of tile 
puts or introduction of new rice techno- Agency for Agricultural Research and De
logy without considering land suitability velopment (AARD) in collaboration with 
may cause low economic efficiencies, the International Development Research 

Realizing the situation, Indonesia has Centre (IDRC) of Canada. Initial funds for 
changed its agricultural development preliminary on-farm data collection were 
strategy from a single commodity granted by the International Rice Re
approach to diversification of agricultural search Institute (IRRI). This paper sum
commodities for sustaining food self- marizes research results conducted by

income. SURIF at Binong Subdistrict and at thesufficiency and increasing farm 
Rice-fish farming is an ideal practice that Sukamandi Experimental Farm, Subang 

utilizes agricultural resources more District, West Java. 
areas.efficiently in lowland rice 

Early studies showed that fish raised 
together with rice increased the availabil
ity of nitrogen, phosphorus, calcium and 
magnesium in ricefield water - increasing Profile of Rice-Fish Farming 
grain yields of traditional rice varieties Systems at Binong Subdistrict 
(Satari 1962). Rice-fish experiments dem
onstrated that the profits from fish cnuld Binong Subdistrict and the surround
be used to cover some of the operational ing coastal parts of Subang District repre
rice production costs (Syamsiah et al., this sent the most productive agricultural 
vol.). Thus, rice-fish farming is relevant to lands in West Java. Agricultural lands 
Indonesia's agricultural development pro- occupy 12,929 ha, 80% are irrigated. 
grams as it sustains land productivity, The irrigated areas receive water from 
increases farmer's income and improves the Jatiluhur Reservoir and tile Cimacan 
food situation of rural people. Freshwater Dam. Although the climate is dry with ai 
fish production from rice-fish farming sys- annual rainfall of 1,364 mm, high soil al
tems increased from 17,710 t in 1977 to luvial fertility (Aquic Tropaquepts) in com
33,495 t in 1980 and 52,165 t in 1983. In bination with abundant irrigation water 
1984, total fish production in ricefields make the land highly productive. Several 
was 58,880 t, equivalent to US$50 million, times, farmers from Binong Subdistrict 

Irrigation water concumption in tradi- have won first place in rice production 
tional rice-fish farming syztems is gener- contests at either national or provincial 
ally higher than in rice mono:,ulture. Con- levels. 
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Binong Subdistrict is the home of 
97,658 people. More than 88% of the 
population are in agriculture (food crops,
fishery, animal husbandry, estate, agricul-
tural service or landless labor) Those who 
cultivate lowland areas comprise 54% of 
the population. 

Aquaculture in lowland ricefields was 
introduced to the Binong Subdistrict in 
1979. At present, there are three compo-
nents of rice-fish farming systems: 

1. 	 Rotational fish culture (palawija 
ikan). After harvesting dry season 
rice, the ricefield is converted to a 
fishpond; fingerlings (5-8 cm) are 
cultured as an alternative to agri-
cultural crops for two to three 
months. 

2. 	 Sequential fish or fish in between 
crops (ikan pen yelang). Fish are 
reared after the wet season rice 
harvest. Fish are harvested before 
planting the dry season rice. This 
system is just a fattening of fish. 

3. 	 Concurrent rice-fish (minapadi). 
Fry or fingerlings are raised to-
gether with rice for 40-45 days or 
longer depending on use of the 
fish. 

Patterns of rice-fish farming systems 
commonly practised by farmers are: rice 
followed by rice followed by fish or (rice-
rice-fish); (rice+fish)-(rice+fish)-fish and 
(rice+fish)-fish-(rice+fish)-fish. Economic 
evaluation of the four patterns indicated 
that fish culture in lowland ricefields in-
creased net returns over a rice-rice-fallow 

pattern (Table 1). Highest net returns 
were obtained from the (rice+fish)-fish
(rice+fish)-fish pattern. 

A few years after the introduction of 
aquaculture in ricefields in the study 
area, the rice-rice-fish pattern has 
emerged as the most popular. However, 
the 	(rice+fish)-(rice+fish)-fish pattern is 
now equally popular. The concurrent rice
fish system, however, offers a better pros
pect in terms of water availability, since 
rotational fish culture is very much de
pendent on water from the Jatiluhur Res
ervoir and the Cimacan Dam. The adop
tion of the concurrent rice-fish systems
have increased steadily at an average 
rate of 14r/Jyear. Fish production from 
concurrent, rice-fish at Binong Subdistrict 
and the surrounding areas contributed 
61% of the total freshwater fish produc
tion in Subang District (Table 2). 

Despite the popularity of the concur
rent rice-fish system, fish production is 
still far behind its potential. The factors 
that constrain fish production in a concur
rent rice-fish system are the absence of 
trenches, poor quality of fry fingeror 
lings, no feeding, short duration of fish 
growth and harvesting problems as both 
crops are harvested at the same time. 
Farmers believe that fish grow better 
when raised with Cisadane rice than 
other varieties and they may be disap
pointed if other varieties are grown. 

Landless farmers generally rent fallow 
riceland in the dry season to grow fish. 
Therefore, they have low bargaining 

Table 1. Comparative economics (US$/ha) of three rice-fish farming systems and 
rice monoculture at Nangerang Village, Binong Subdistrict, Subang. West Java, 
198 7 /88 .1'(Farm size; 0.32.0.87 ha: rice variety: IR 64). 

Production system" 

Rice- rice-fallow 
Rice-rice-fish 
(Rice+fish)-'rice+ fish-fish 
(Rice+fish)-fish-(rice+fish)-ish 

"Original values in Indonesian Rupiah 
Rpl,770 an of 1988. 

Input Value of 
costs output Net returns 

841.1:3 1,850.85 1,009.72 
894.24 2,130.17 1,235.93 
914.56 2,314.19 1,399.63 

1,012.19 2,442.33 1,430.14 

were converted at the rate of US$1 = 

http:0.32.0.87
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Table 2. Area and fish production from pond, running water and rice-fish culture in Subang 
District, West Java, 1984-88.' 

Production system 

Area 
Pond culture (ha) 
Running water culture (no. 
Rice-fish (ha) 

Fish ?roduction (t) 
Pond culture 
Running water culture 
Rice-fish 
Total production 

(Source: SI)FS 1988). 

1984 1985 1986 1987 1988 

638 638 638 6,38 638 
of units) 162 165 165 165 165 

3,642 3,952 4,615 5,656 5,660 

2,034 2,154 2,187 2,251 2,310 
521 490 462 579 5541 

3,191 3,465 3,671 :3,985 .1,407 
5,746 6,109 6,320 6,815 7,271 

C.ntribution from rice-fish (%) 56 57 58 58 61 

"Rice-fish is widely adopted at Binong Subdistrict and the surroundings. 

position (Anon. 1989). The land is 

returned if the land owner wishes to use 
it for land preparation for wet season rice. 

Several component technologies of 
concurrent rice-fish have been investi-
gated at the Sukamandi Experimental 
Farm and at farmers' fields in Nangerang 
Village, Biriong Subdistrict. Trials in-
volved farmers and field extension work-
ers in identifying the treatments. Field 
operations by farmers are supervised by
researchers with minimal interference. 

Research Results of 

Component Technologies in 

Rice-Fish Farming Systems 


On-Station Research 

Six experimental areas on component 
technologies of concurrent rice-fish system 
were identified based on a field survey at 
Binong Subdistrict, and on review of pre-
vious activities in Sumatra (dela Cruz 
1986). Experiments on about 15 ha of 
land under controlled environments were 
conducted at the Sukamandi Experimen-
tal Farm. Both Sukamandi and Binong 
are irrigated by the Jatiluhur Irrigation 
System. Soil from the Sukamandi Experi-
mental Farm (Vertic Tropaquults) is less 
fertile compared to the soil from test sites 
in Binong. 

EFFECT OF RICE VARIETIES ON 

FISiH GROWTH ANDI)POI)UCTION 

Four rice varieties, Cisadane (135-140 
days), Ciliwung (120 days), IR 64 (>115 
lays) and Dodokan (<100 lays) were 

planted in 250-m plots that were 
unstocked or stocked with fish during the 
1988/89 wet and 1989 dry seasons. Four 
treatments composed of four rice varieties 
were planted by conventional methods 
without fish and another four with fish.n'lie control treatment had Fish only. Plots 

were arranged in completely randomized 

design and each treatment was replicated 
three times. 

All rice crops received urea, triple 

superphosphate (TSP) and potassium 
chloride (KCI) at 200, 100 and 100 kg/ha, 

respectively. Urea was applied equally at 
planting, at maximum rice tillering and 

at panicle initiation. All the TSP and KCI 
were broadcast and incorporated at 
planting, together with 1/3 of the urea. 

Common carp (Cyprinus carpio) 
fingerlings (12.5 g) were stocked in the 
rice-fish fields 10 days after rice 
transplanting. Stocking rates were 3,600 
and 3,000/ha in the wet and dry seasons, 
respectively. A center trench was provided 
for fish movement and refuge. 

Results showed that C. carpio grew 
faster and reached larger sizes in a rice
fish system in the dry than in .he wet 
season (Fig. 1). Fish raised together with 



277 

1988 89 WS 1989 DS 

°rr 

M 4 

Producton system 

Fig. 1. Comparison of rice yields in rice monoculture and concurrent rice-fish 
systems at the Sukamandi Experimental 

(MS) seasons. 

rice did not decrease grain yields of all 
the rice varieties tested, both in the wet 
and dry seasons. When compared with 
rice monoculture, rice-fish gave higher to-
tal yields expressed in equivalent rice 
yields. Rice varieties with different pheno-
types and maturities did not significantly 
affect fish production. 

Grain yields of IR 64 and CiLii;;;ng 
were higher in the wet season than in 
the dry season. A significant drop in yield 
of IR 64 was caused by a serious infesta-
tion of bacterial leaf blight in the dry sea-
son. Cisadane, however, maintained its 
productivity under dry season conditions, 
This suggests that rice cropping pattern 
IR 64 followed by Cisadane or Ciliwung 
followed by Cisadane would sustain rice 
production better than IR 64 followed by 
IR 64 or Ciliwung followed by Ciliwung. 
Cisadane-fish and Ciliwung-fish in the 
dry season gave a total equivalent rice 
yield of more than 8.0 t/ha. 

Dodokan failed to give grains, because 
of serious rat and bird damages during 
booting and ripening stages, respectively, 
Isolated crops of Dodokan that flower 
early must be avoided because of pest 
damages. 

Farm, 1988/89 wet (WS) and 1989 dry 

EFFECT OF TRENClI SIZE AND lAYOUT
 
ON RICE AND FISH PROI)UCTION
 

Trenches in rice-fish systems are 
constructed to provide more space as 
refuges for fish, and for ease of feeding and 
harvesting (Ruddle 1980; dela Cruz 1986). 
Trenches, however, reduce the area planted 
to rice. Therefore, farmers generally think 
that trenches will reduce rice production. 
To clarify this, rice-fish systems with 
various trench sizes and arrangements 
were evaluated: center trench, cross trench, 
peripheral trench, and a combination of 
peripheral and center trenches. Rice hills 
eliminated by the trenches were either 
planted along the adjacent rows to maintain 
the normal plant populations, or removed 
(normal spacing). Combination of factors 
tested were: 1) rice-fish, no trench, normal 
spacing (25 x 25 cm); 2) rice-fish, no trench, 
with closer spacing; 3) rice-fish, center 
trench (4% of total area), normal spacing; 4) 
rice-fish, center trench (,1%), with 
thickening; 5) rice-fish, cross trench (7%), 
normal spacing; 6) rice-fish, cross trench 
(7%), with thickening; 7) rice-fish, 
peripheral trench (11%), normal spacing; 
and 8) rice-fish, a combination of middle 
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and peripheral trench (17%), normal 
spacing. Percentages refer to the area of' 
trenches in proportion to total ricefield area. 

IR 64 and Ciiiwung were planted at 
25 x 25 cm spacing in the wet And dry 
seasons, respectively. Fertilizer and insec-
ticide applications and management were 
similar to experiment 1. C. carpio finger-
lings were released into the ricefields 10 
days after rice transplanting at an aver-
age weight of 16.5 g at the rate of 3,600/ 
ha in the wet season, and 12.5 g at 3,000/ 
ha in the dry season, 

Results show no significant effects of 
trench sizes and arrangements on grain 
yield of IR 64 and C. carpio yield, ex-

pressed as rice equivalents in the wet and 
dry seasons (Table 3). The wet season was 
long during the 1988/89 crop season such 
that tile experiment had abundant water 
in both wet and dry seasons, hence the 
trench gave no seasonal advantage. Again, 
the experiment demonstrated that higher 
fish yields in the dry season compensated 
to some extent the lower dry season grain 
yield of IR 64. 

Trenches had a border effect: the two 
rice crops rows nearest the trench grew 
better and yields were higher than those 
farther from the trench. If the rows are 
labelled 1-5 according to proximity to the 
trench, then the differences between the 

Table 3. Rice (fR 64 and Cilhiung) and fish yields (t/ia) expressed as rice equivalent and total 
production in rice-fish systems with different trench sizes and arrangements at the Sukamandi 
Experimental Farm, 1988/89 wet (WS) and 1989 dry ()S) seasons. The data in all columns are 
not significantly different (W>0.05). 

Rice-fish 
production system 

No trench, 
normal spacing 

No trench, 
with thickening 

Middle trench, 
normal spacing 

Middle trench, 
with thickening 

Cross trench, 
normal spacing 

Cross trench, 
with thickening 

Periphery trench, 
normal spacing 

Middle and 
periphery trench, 
normal spacing 

Fish yield equivalent
 
Rice grain yield in rice Total
 

1988/89 1989 1988/89 1989 1988/89 1989 
WS )S WS DS WS )S 

7.60 710 0.49 1.25 8.09 6.35 

7.68 5.35 0.69 1.27 8.38 6.62 

7.49 5.03 0.68 0.98 8.18 6.01 

7.27 5.47 0.53 1.09 7.79 6.57 

7.68 5.63 0.58 1.28 8.26 6.96 

7.68 6.11 0.51 1.03 8.18 7.15 

8.40 5.28 0.62 0.93 9.02 6.21 

7.31 5.34 0.59 1.15 7.85 6.49 

fish yield, kg x fish price 
aFish yield equivalent in rice, kg = 

rice price 
rice price = tp200/kg; 
fish price = Rpl,750/kg. 
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yields from the two row Is and the yields Ac F,S
 
from rows 2, 3, 4 and 5 are clear (Table -- Fws DS
a 
4). The higher grain yields of the two row E___DS o-o ws
 
Is compensated the lower yields of other
 
rows, possibly due to mutual shading. 150
 

Table 4. Hice yields of the rice rows nearest _E
 
to the fish trench (1 +1) with other rows D 
 -110 
farther away from the trench at the 4 
Sukamand, Experimental Farm, 1989 dry Z 
season 90 

Two Grin yield Index a 710 
rows (g/m) (%) Difference 

1+1 451.9 100 ,,0c 1,5oo 2,co 2,500 3,oo 3.soo 4,000 
2+2 359.A 793+3 33:5.0 74 

-21 Stocking densi:y of ;ingorlings/ha-26
 
4+4 313.3 
 69 -31
545 320.7 71 -29 Fig. 2. Comparison of fish5_5_320.7_71 and grain (IR 64) yields aL

_-29 _ various stocking densities in concurrent rice-fish system 
at the Sukamandi Experimental Farm, 1988/89 wet and 
1989 dry seasons. 

EFFECT OF STOCKING RATE
 
ON RICE AND FISH 
 EFFECT OF BIOLOGICAL (IICE-IISII), 

MECHANICAL, AND CHEMICAL WEEI)An experiment to determine the opti- CONTROL, ON THE PIIOI)UM'IVITY 
mum stocking density in a rice-fish sys- OF LOWI.ANI) RICEFIEII)S 
temn was conducted. Stocking densities
 
from 1,000 to 5,000/ha (at 500 increments) Weed infestations are serious
 
were evaluated in an IR 64-fish system in 
 problems in intensive rice cultivation.
 
the wet season and Ciliwung-fish in the High fertilizer applications induces weed
 
dry season. A randomized complete 
block growth and high weed densities. In places

design with three replications was used of limited water supply, weeds compete


Cultural practices, fertilizers, insecti- with rice for nutrients and for water

cide applications and management for rice itself. There are weed species that can

followed those used in experiments 1 and stand either wet or very dry conditions. 
2. C. carpio fingerlings (25 g) were re- C. carpio in a rice-fish system is be
leased into the plots seven (lays after rice lieved to suppress weed growth but no 
transplanting. Cross trenches were estab- quantitative data are available. Therefore,
lished in each plot. experiments were conducted to compare

In the wet season, fish yield was the effects of rice-fish culture (biological
highest at 3,500/ha stocking density, and control), mechanical control (hand weed
was accompanied by a relatively high ing) and chemical control (Agroxone appli
grain yield 0 IR 64. In the dry season, cations) on weeds ('Fable 5).
however, highest fish yields were obtained 1R 64 and Ciliwung were planted in 
at 2,500/ha stocking density (Fig. 2). the wet and dry seasons, respectively.

This experiment demonstrates that an Farming practices (rice, fertilizers, insecti
optimum stocking density is necessary to cide applications and management) fol
get a complementary interrelationship be- lowed those used in experiment 1. Hand 
tween rice and fish. Farmers will not use weeding was clone 20 days after rice
high fish stocking densities if it will cause transplanting or 20 and 35 clays after 
negative effects on rice yields. transplanting, depending on the treat
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Table 5. Effects of weed control by mechanical, chemical and biological (rice-fish) methods on rice 
and fish yields (tha) at the Sukamandi Experimental Farm, 1988/89 wet (WS) and 1989 dry (1)S) 

seasons. Data in the same columns having different letters are significantly different (W<0.05). 

1988/89 VS 1989 DS 

Fish vield Fish yield 
Production system l(A4 equivalent Cilituvng equivalent 

nd weeding methods yield in rice Total yield in rice" Total 

Ordinary rice cultivation, 
no w.4eeding 5.43 1) 3.3 d 

Rice-fish, no weeding 6.62 ab 0.3:4 6.96 4.22 cd 1.21 5.43 
Ordinary rict cultivation, 

weeding once 6.70 ll) 4.17 cd 
Rice-fish, veeding once 7.13 a 0.38 7.51 4.69 bc 0.96 5.65 
Ordinary -ice cultivation, 

weedir g twice 7.30 a 5.28 ab 
Rice-fish, weeding twice 7.38 a 0.47 7.85 5.57 a 0.85 6.42 
Ordinary r~ce cultivation, 

Agroxoni 6.97 a 4.56 he 

Rice-fish. Ag-,xone 7.26 a 0.13 7.69 4.97 abc 1.03 6.00 

fish yield, kg x fish price
 
"Fish yield equiva'ent in ric'-. kg =
 

rice price
 
rice price = Rp20(/kg
 
fish price = Rpl,750/kg
 

ments. Agroxone was sprayed five (lays colona and Ludwigia octaialvis (Table 6). 
after transplanting at a (lose of 1.5 I/ha. These weeds declined gradually and dis-
C. carpio fingerlings (16.5 g) were re- appeared 45 (lays after rice transplanting 
leased into the rice-fish plots at 2,600/ha. in the rice-fish plots. In unstocked plots, 

Weed populations were highest in the weeds existed until 82 (lays after trans
rice monoculture plots without weeding in planting. 
both seasons. In the rice-fish plots in the 
dry season, even without weeding, fish EFIEICT OF"TSP LEVEII ON 

suppressed weed populations as effectively RICE AND FISH1 YIELDS 

as weeding once in the rice monoculture 
plots. Agroxone application was as effec- Sono lowland rice soils in Java havc 

tive as weeding twice both in the rice-fish accumulated phosphorus because of con

system and in rice monoculture cultivation tinuous application of TSP (Adiningsih et 

(Fig. 3). Ricefields with fish increased rice al. 1988). The same was observed at the 

grain yield, particularly in the (Iry season Sukamandi Experimental Farm where IR 

(Table 5). C. carpio suppressed weed 36 does not respond to TSI) applications. 

populations by about 3()' in the (Iry sa- There is, however, no informatiui on the 

son, and much more in the wet season. effhct.s of accumulated phosl)horus on rice
results confirm l)revious fish farmhing. Fish excreta can supplyThe dry season 

reports (Satari 1962; Ru(lle 1980). phosphorus. 

Using the summed (1ominant ratio An experiment was conducted in the 

(SDR) of each weed species, the prefer- 1989 dry season to clarify the 

ence of C. carp)io may be predicted. C. phenomenon. Applications of TSP at 0, 
at con- 25, 50, 75, 100, 125 and 150 kg/ha werecarpio was particularly effective 

trolling Fimbristilis rniliaceae, Cyperus tested on rice-fish fields plante(l with 

iria, Leptochloa chinensis, Echinochloa Ciliwung. A standard plot of rice 
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400 

350 

LDry season 

M] Wet season 
) 250 

Di 200 

l,oo 

F -F R-M F-F R-M F-F R-M F-F R-M 
Ix wd 11 wd AgroxoneXgrox0ne 2x wd 2x wd no wd no wd 

Production system 

Fig. 3. Mfeets of mnechanical, chemical find biological (rice-fish) weed contirol 
on total dry weed weight at the Sukamatndi Experimnental Farm, 1988/89 
wet find 1 989 dry seasons. 

Table 6. Summed dhominant ratio (S'IMI) of weed speciC-3 in rice-fish (RF) find rice monoiculture 
(R0M) plots without weeding ait various days after transplanting M1AT) at the Sukamandi 
Experimental Form, 1 989 dry season. 

20 I)AT :10 DAT 45 I)AT 82 I)AT 

W-td Mpecivs 11F 1iM 1{1 INM ltl- Jim RFI RM 

IIbWhrL, d~qrim'ea" 9 5.91 7.45 9.48 0 12.90 0 7.54 
Afonw h-ira wainadL, 21.20 34.70 33L.4O f2.1 0 :17.70 43.00 52.00 G;3.20 
Cyprwtu, Arm. 12.20 7.50 0 0 0 10.10 0 8.17 
Scirpm, O,p 5 98 2.30 9.26 6,91 0.00 7 59 19.80 12.10 
Cypcrrui diffijrrn Lv 0 0 0 I11.50 O 12.20 0 0 
Ikmpalum tainatumn 
E':hincmwhh mh)/na

h
b 

2,99 
2 99 

0 
5. 111 

0 
0 

0 
2.,', 

0 
0 

0 
4 28 

0 
0 

0 
0 

IxpP~chloa rhow,ll' 
a 

L~atwigcia octntvjlvi 
I 

8.98 
8,98 

7.51 
690 

0 
C'.85 

8.68 
8.29 

0 
0 

4.73 
3.75 

0 
0 

9.2,3 
0 

Iudwsgvj ail.cewtens 4 63 4.60 0 0 0 0 0 0 
MarIeia Cren 15,80 13.30 10.60 14.30 4.73 12.50 7.36 5.6 
Sphenmcira reylanica 1 4) 00 TO3 0 3.1 C 6.00 31 .50 0 9.G0 
[oenin leptfilwtala 0 2,30 0 0 0 0 0 0 
Cypermi pulachrrimu:, 0 0 0 S.2.1 5.85 0 0 5.21 
Lindernm sp. 0 0 0 0 0 3.75 0 0 
Limmvcharif flava 0 0 0 0 0 0 0 0 

affighly preftrrod by C. rarpto.
'Moderately preferred by C:.corpi L. 
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monoculture receiving 100 kg/ha was the 
control. All plots received 200 kg urea 
and 100 kg KClI/ha. Other practices and 
fertilizer management followed those used 
in experimen. 1. C. carpio fingerlings 
(16.5 g) were released into the rice-fish 
plots at 3,000/ha. A cross trench was 
provided in each rice-fish plot. 

As for IR 36 in previous long-term 
iertility xperiments, Ciliwung in this 
experi-J.ent did not espond to TSP 
application (Table 7). At th- same TSP 
level (100 kg/ha), Ciliwung in a rice-fish 
system yielded i.3 t/ha more than rice 
monoculture. Even without TSP 
application, Ciliwung in a rice-fish system 
gave higher grain yield than rice 
monoculture plots receiving TSP at 100 kg! 
ha. This proves that the presence of fish in 
ricefields iirc.rascs phosphorus availability 
to rice. Phosphorus has been reported to be 
more available to rice in rice-fish systems 
(Satari 1962). Under the present 
government policy to reduce TSP levels 
applied to rice in soils where phosphorus 
has accumulated, rice-fish is an alternative 
solution. Mechanisms that maximize 
efficiency of phosphorus use in rice-fish 
systems need long-term evaluation. 

EFFECT OF WATER MANAGEMENT ON RICE 
AND FISH PROI)UCTION IN RICE-FISHI 
SYSTEMS 

p fer naement is one t n 
portant factors in a rice-fish system. In a 
adtiona ce-fis sysgem, e s

ally use a continuous-flow irrigetion tech
nique to maintain adequate oxygen con
centrations in 'the water. Under limited 
supply of irrigation water, fish may suffer 
from stress. Irrigation tectniques, imple
mented by the irrigation authority, how
ever, are often intermittent. Thus, water 
supply sometimes becomes a problem. 
However, in a rice-fish system, the rice 
structure helps move oxygen. The rice 
plant has aerenchyma that facilitate oxy
gen transport from leaves to roots. There
fore, the rice root zone may contain ad
equate oxygen for fish. Under such condi
tions, continuous-flow irrigation may not 
be necessary.
 

To clarify this, experiments were con
ducted in the 1988/89 wet and 1989 dry 
seasons. A split-plot d-sign with three 
replications were used, with management 
as the row factor (intermittent irrigation 
at 5 cm minimum and 10 cm maximum 

Table 7. fumparativ yields of Ciliwung rice and fish and total equivalent 
rice yields in a rice-fish sy., m at various triple superphosphate (TSP) 
levels and in rice monocultur,: at the Sukamandi Experimental Farm, 
1989 dry season. Data in the same column having the same letters are 
not significantly diferent (P>O.05). 

Rice grain Actual Total yield 
TSP lev.l yield fis', yield equivalent 

(kg/ha) (tji" (t/ha) rice (t/ha) a 

Rice-fish 
0 6,69 b,c 0.14 b 7.-S 

25 6.C2 b,c 0,*. h 7.63 
50 6.65 b,c 0.4 b 7.56 
75 7.14 b 0.14 b 8.28 

100 7.36 b 0.14 b 8.56 
125 7.21 b 0.15 b 8.47 
150 6.58 b,c 0.16 b 7.63 

Rice 
monoculture 

100 6.06 b 6.06 

a'his total excludes th.. fish yields equivalent in rice. 
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water levels; stagnant water at a 10 to 15 
cm water level; continuous flow at a 15-
cm water level with 10% overflow), and 
stocking density as the column factor (0;
1,600; 2,880 and 4,160 fingerlings/ha in 
the wet sea:on; 0; 2,000; 3,000 and 5,000 
fingerlingsP.a in the dry season). IR 64 
arid Ciliwang were planted in the wet 
and rry seasons, respectively. All prac
tices for rice and fish, fertilizers and in-
secticide application followed those used in 
e)-periment 1. 

Table 8 shows that continuous flow 
irrigation at 15-cm water level slightly 
suppi'essed rice growth, hence it de-
creased rice grain yield. The effect was 
more pronounced in 'he wet than in the 
dry season. On the cntrary, continuous 
flow irrigation inc eased fish yields in 
both seasons. Fish yield was highest at 
stocking densities of 4,160-5,000 finger-
lings/ha for al! irrigation techniques. 

Intermitcent irrigation used the least 
water fol.owed by stagnant conditions, 
while c'iatinuous-flow irrigation was the 
highest water consumer (Table 9). Based 
on water consumption and rice yields, 
stagnant irrigation with a stocking den-
sity of about. 3,000 fingerlings/ha may be 
recommended. Intermittent ir'"gation with 

a stocking density of 5,000/ha may be ap
propriate in the dry season to get high
yields, and perhaps save irrigation water. 

High water levels in rizefields (>10
cm) cause water loss through cracks along 
the dikes. It is known that high water 
levels suppress rice tiilering and conse
quently reduce grain yield. 

On-FarmResearch 

Twenty-seven farmer-cooperators in 
Nangerang Village, Binong Subdistrict, 
were involved in the experiment which 
evaluated the following cropping patterns: 
rice-rice-fallow; rice-rice-fish- trice+fish)
(rice+fish)-fish; (rice+fish)-fish-(rice+fish)
fish; and (ricv+fish-uck)-(fish-duck)
(rice+fish-duck)-(fish-duck). The first four 
patterns involved six farmers; the last 
had three farmers. 

IR 64 and Ciliwung in a rice-fish plot 
were planted in the wet and dry seasons, 
respectively. Rice farming practices fol
lowed the Supra Insus (Super intensive 
rice production) recommendation (spacing 
22 x 22 cm; urea, TSP, KCI and ammo
nium sulfate at 200, 100, 100 and 50 kg/
ha, respectively; Furadan 3G 20 kg/ha 
was broadcast and incorporated at plant-

Table 8. Effects of irrigation techniques and stocking densities of common carp on rice grain 
yield and fish yie3d at the Sukamandi Experimental Farm, 1988/89 wet (WS) and 1989 dry (1)S) 
seasons.
 

Stocking rate Ilice grain yield Fish yield 
(fish.'ha) (tiha) (kg/ha) 

Irrigation 1988/89 1989 1988/89 1989 1988/89 1989 
method WS nS WS Ds WS DS 

lntermittent 0 0 8.30 6.03 0 0 
(5-10 cm water lcvel) 1,600 2,000 8.35 5.75 57 124 

tH08 3,000 7.73 5.60 100 114 
4,!60 5,000 8.25 5.80 87 179 

Stagnant 0 0 7.45 6.00 0 0 
(10-15 cm water level) 1,600 2,003 7.72 5.80 10 80 

2,880 3,000 P.00 5.57 100 115 
4,160 5,000 S.00 5.67 1i1 181 

Continuoui-flow 0 0 7.43 5.95 0 0 
(15 cm water level, 1,600 2,000 7.78 5.53 81 132 
10% overflow) 2,880 3,000 7.48 5.58 100 149 

4,160 5,000 7.62 5.53 119 192 
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Table 9. Water balance with different irrigation techniques (average of three stocking.densities 
in rice-fish systems and in rice monoculture) at Sukamandi Exp.rimental Farm, 1988/89 wet 
(WS) and 1989 dry (DS) seasons. 

Water 
Water Total consump
losses water use Rainfall tion 

m 3 /ha m 3 /ha m 3 /ha 
mm/day (35 days) 1/second/ha (35 days) (35 days) 

1988189 WS 
Intermittent irrigation 

(5-10 cm water level) 17 5,950 1.97 3,677 2,273 
Stagnant irrigation 

(10-15 cm water level) 18 6,335 2.10 3,677 2,658 
Continuous-flow irrigatiun 

(15 cm water level) 20 6,965 2.31 3,677 3,288 

1989 DS 
Intermittent irrigation 

(5-10 cm water level) 9 3,115 1.03 1,450 1,665 
Stagnant irrigation 

(10-15 cm wate.- level) 17 5,915 1.96 1,450 4,465 
Continuous-flow irrigation 

(15 cm water level) 18 6,160 2.04 1,450 4,710 

ing). C. carpio fingerlings (40-60/kg) were more than 20 t/ha/year, was obtained 
stocked seven days after rice transplant- from the (rice+fish-duck)-(fish-duck)
ing at 2,600/ha. Rice bran was given at (rice+fish-duck)-(fish-duck) pattern. The 
100 kg/ha every five days. k cross trench, second highest was the same pattern 
occupying 2% of the total rice area, was without ducks followed by (rice+fish)
used in ea:h plot. (rice+fish)-fish "about 19.5 t/ha/year). Eco-

For raising fish in between wet and nomic analysis of the data presented in 
dry season rice crops, C. carpio finger- Fig. 4 confirms the survey data for 1988/ 
lings (5-8 cm) were stocked in the plots 89 (Table 10). Rice-fish farming systems
after the wet season rice harveit (straw were more profitable than rice 
was cut and removed). Rice Iran was monoculture. 
given at 100 kg/ha every two days. The The inclusion of ducks in (rice+fish)
fish farming practices after dry season (fish)-(rice+fish)-(fish) increased farm in
rice were similar to those for fish in be- come by only US$83. However, the other 
tween crops except for stocking density advantage with duck integration is that 
(3,000/ha) and feeding schedule. income from ducks was almost evenly dis-

The (rice+fish)-fish-(rice+fish)-(fish+ tributed throughout the year (except in 
duck) pattern had 25 ducks/ha. A bamboo August) since farmers harvest eggs every 
fence was constructed around the riceiield. day (Fig. 5).
Ducks were allowed to enter the ricefield Pesticide residues in fish samples 
two weeks after rice transplanting. Addi- taken from on-station and on-farm re
tional feed in the form of rice grains was search were below the permissible toxicity
given at 0.2 kg/duck every day. level according to the Food and Agricul-

Results showed that the highest pro- ture Organization standards, confirming a 
ductivity with equivalent rice yields of previous repo-t (Sudarmadji 1985). 
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Egg yield equivalent in rice 
Wet season rice 

Dry season rice 
LJ Fish yield equivalent in rice 

20

18 

16 :
 

a) 14 / 
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-6 
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4 

2-%ii~.... ..... 
R-R R-R-F RF-RF-F RFF-RF-F RFD-F-RF-F 

Production system 

Fig. 4. Total rice yields in rice monoculture and rice-fish systems at 
Nangerang Village, Binang Subdistrict, 1988/89 wet and 1989 dry 
seasons. 
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Production system 

Fig. 5. Farm income distribution in rice monocuiL.ie Qnd rice-fish farming systems at 
Nangerang Village, Binong Subdietrict, 1988/89 wet and 1989 dry seasons. 

http:monocuiL.ie


Table 10. Comparative economics (US$/ha) of rice monoculture and rice-fish cropping patterns based on 
data from farmer-cooperators and from a socioeconomic survey at Nangerang Village, Binong Subdistrict, 
Subang, West Java, 1988/89. 

Input Value of 
costs 

Farmer-
Production system cooperators 

Itice- rice-fallow 051.13 
Rice-rice-fish 089.36 
(lice+fish)(rice+ fish)-fish 920.48 
(Rice+flsh)-fish-(rice* f s:..i1h 952.36 
(rice+ Rsh-duck)-(fish..-. K).(rice+fi sh.duck)-(fih-duck) 824.09 

aValues in Indonesian rupiahs were converted to US dollarp at US$1 
bNew introduction, t!,us no survey results. 

Conclusions 

Rice-fish farming systems offer good 
prospects in the agricultural developr pnt
program of Indonesia. Research conductd 

at the Sukamandi Experimental Farm 
suggests that fish (C. carpio) in a rice-fish 
system increase lowland productivity and 
farm income. Higher fish production in 
the dry season compensates for the lower 
dry season rice yield. Moreover, fish in-
crease the efficiency of phosphorus use 
and suppress weed populations. This im-
plies reduced rice production costs when 
fish is grown with rice.

Appropriate component technologies of 

rice-fish systems were also reported, such 
as optimum stocking density, trench sizes 
and arrangements and suitable rice 
varieties in rice-fish systems during the 
wet and dry seasons. 

Water management techniques of the 
rice-fish systems depend on the objective 
of the culture and water availability. In-
termittent and stagnant (5 to 10- and 10 
to 15- cm water levels, respectively) irri-
gation techniques save water and give 
high rice yields. Oi the other hand, con-
tinuous-flow irrigation increases fish pro-
duction but reduces rice yield. For large-
scale adoption of rice-fish systems, the 
first two methods are recommended for 

having high total equivalent rice yields. 
On-farm experiments showed that 

farm income is higher in rice-fish farming 
systems compared with rice monoculture.Among the rice-fish cropping patterns, theAoumongSeminar, 

integration with ducks was more profit-

able.
 

output 


Farmer. 
Survey cooperators Survey 

841.13 
894.24 

914.50 
1,012.19 

*b 

1,G57.65 
1,885.99 
2,306.65 
2,36G.78 
2,340.14 

1,850.85 
2,130.17 
2,314.19 
2,442.33 

.b 

- Rp,770 as or 1988. 

Net 
returns 

Farmer
cooperators Survey 

1.006.54 
1,196.63 
1,386.17 
1,414.42 
1,498.05 

1,009.-2 
1,235.93 
1,399.63 
1,430.14 

b 
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Abstract 

Rice-fish culture systems have been practised by Javanese rice farmers for centuries. Despite good prospects
in terms of efficient utilization of natural resources, increased farm income, providing job opportunities, and 
improved production, studies on rice-fish systems are very limited. Fish production from traditional rice-fish cul
ture is generally low (120-150 kg/ha/year). Yet consumption of irrigation water in rice-fish culture is three times 
as much is rice monoculture. 

Preliminary studies conducted at the Sukamandi Experimental Station, Subang, West Java, showed that 
improved management of rice-fish culture doubled fish production over traditional techniques. When compared
with rice monoculture, concurrent rice-fish or minapadigave higher rice yields of 1." t/ha. Duck raising is also 
practised by Javance rice farmers. The integration of rice, fish and ducks gave a net profit of US$2,060/year, 
while the rice-rice monoculture sequence gave only US$950/year. 

Future research programs will focus on improvement of rice-fish agroecosystems to determine the comple
mentary interrelationships between the two commodities. 

Introduction 1987). The palawija ikan system converts 
the ricefield to fishpond after harvesting

InLegrating aquaculture into rice the dry season rice. Fingerlings (5-8 cm)
farming systems makes efficient utiliza- are cultured as an alternative to the sec
tion of natural resources in irrigated ar- ondary crops for two to three months. 
eas. One of such systerr ; is the rice-fish The ikan penyelang system stocks larger
culture which has been practised by rice fingerlings than those in palawija ikan 
farmers in Java, Indonesia for centuries and cultured between the wet and dry
(Ardiwinata 1957). season rice crops for one month. The 

There are three traditional rice-fish minapadi or the concurrent rice-fish 
culture systems practised in Indonesia system cultures fish together with rice for 
(Ruddle 1980; Tasli;a and Syamsiah about 40 days cr more. Fingerlings (20
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30/kg) are cultured from transplanting to 
first weeding or up to second weeding. 

In general, the common Larp is the 
most popular species used in rice-fish cul-
ture. Its production in the traditional 
minapadi system is quite low (120-150 
kg/ha). 

Early studies showed that fish excre-
tion increased the availability of nitrogen, 
phosphorus, calcium and magnesium in 
ricefield waters which results to increased 
rice yields (Satari 1962). Thus, rice-fish 
culture systems - as a help to sustain rice 
production, increase farmer's income and 
improve food availability for rural people 
- are compatible to the agricultural pro-
grams of Indonesia. 

Preliminary Research Results 

For the past few years, areas used for 
rice-fish culture in the Subang District, 
West Java, have expanded steadily. In 
Binong Subdistrict alone, rice-fish culture 
covers approximately 3,000 ha. The aver-
age fish production is less than 100 kg/ha, 
while consumption of irrigation water 
sometimes reaches three times as that 
used for rice monoculture. 

The Sukamandi Research Institute for 
Food Crops (SURIF) has established 
ricefields of similar size as those in 
Binong Subdistrict. Four hectares of 
ricefields were divided into 16 blocks of 
equal size. Sixteen SURIF staff interested 
in rice farming were allocated one block 
of 0.25 ha each. Ten persons practised 
minapadi intensively, while the others 
grew rice twice a year. 

The irrigation water used by each 
staff-collaborator was recorded by using 
re'tangular weirs. Other data collected 
were inputs-ouLputs, effects of insecticides, 
etc. The research results are summarized 
below. 

rfiini3pad v8. Rice Monocu'ture 

Among the 10 collaborators following 
minapadi, only six were successful. These 

six were diligent, always present in the 
fields day and right, particularly at the 
critical stages of fish growth. 

Table 1 shows a simple economic 
analysis of the minapadi system. Rice 
yields ranged from 800 to 1,500 kg/0.2 ha 
or 4,000 to 7,500 kg/ha, while fish yields 
ranged from 56 to 80 kg/0.05 ha or 1,120 
to 1,600 kg/ha. 

Fish mortalities ranged from 20 to 
40%, and was attributed to bird and 
snake predators. Flamingos preyed on fish 
at the early stages of growth, i.e., when 
fish were 1-8 cm. The high temperatures 
of standing water in ricefields also con
tributed to fingerling mortality. 

Evaluation was continued in the 1985 
dry season. Rice and fish production were 
averaged and expressed per hectare (Ta
ble 2). The total equivalent rice produc
tion was higher in the minapadi block by 
1.3 t/ha, and minapadi was more profit
able than rice monoculture. The total wa
ter consumption for minapadi was 1.5 
times higher than rice monoculture, con
firming the information gathered from 
fhrmers in Binong. 

Effect of Palawija Ikan 
on the Succeeding Rice Production 

Four collaborators were involved in 
palawija ikan, instead of growing 
palawija crops such as mungbean, 
soybean or vegetables. Fish losses were 
high, ranging from 22 to 51% and the 
causes were unknown (Table 3). 

Although profits from palawija ikan 
were relatively low (US$1.39/day), positive 
effects on the subsequent rice production 
were obtained. Palawija ikan reduced 
land preparation cost and use of urea for 
the succeeding rice crop, and rice produc
tion was increased (Table 4). Continuous 
flooding after the dry season rice for fish 
culture made the soil soft and easy to till. 
Fish excretion and flooding it-elf might 
have enriched soil nitrogen, thus minimiz
ing urea appl.,ation needed for high rice 
production. 
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Table 1. Economics of miaapadi at the Sukamandi Experiment Station, 1984/85 wet season. 
(Farm size = 0.25 ha: 0.2 ha was planted to rice and 0.05 ha was stocked with C. cnrpio). 

Yield Production Net 
costs returns Total returns 

Rice Fish for rice from fish Rice+fishl) 
Farm (kg) (kg) (US$) (US$) (US$) 

A 1,500 80 60.34 66.82 170.11 
B 1,200 57 69.09 47.7 3 109.54 
C 1,200 158 46.18 58.98 143.70 
I) 1,300 69 53.41 63.41 151.82 
E 800 56 60.91 55.45 81.82 
F 1,000 62 39.18 40.00 109.91 

aOriginal Values in Indonesian Rupiah were converted to US$ at the rate of US$1 = lpl,100 as 
of 1985. 
hilice price=$0.1 1/kg; fish price = $1.3 6 /kg. 

Table 2. Comparative land productivity and water consumption between 
minapadi and rice monoculture at the Sukamandi Experiment Station, 1985 
dry season.
 

Rice Rice-fish 
Parameter monoculture culture 

Total area (ha)
 
rice 
 1.0 0.78 
fish 
 0.22 

Yield 	(kg) 
rice 6,619 5,503 
fish - 178 

Total equivalent 
rice yield (kg)' 6,619 7,929 

Irrigation water 
consumption (m3) 1,812 5,440 

Total water consumption 
+ rainfall (m.) 1) 	 7,432 11,060 

Fish yield, kg x fish price, Rp
aFish yield in rice equivalent, kg 

]lice price, Rp 
bllainifall = 5,620 m 

3. 

Table 3. Economics of palavija ikan and fish losses per hectare at the Sukamandi 
Experiment Station, after the 1986 rice crop. Fish species: C. carpio; culture period: 2 
monthq; stocking density: 5,000 fingerlings (3-5 cm)/ha; harvest size: 75-100 g. (Source: 
Syamsiah eL a]. 1988) 

Fish Value of Production 
production output costs Net returns Losses 

Farm (kg) (US$) (US$) (US$) (%) 

A 235 235 176 59 44 
B 275 275 176 W 5 
C 259 259 176 F13 22 
D 269 269 176 93 35 

aOriginal values in Indonesian Rupiah 7c converLed to US$ at the rate of US$1 = 

Rpl,100 as of 1985.
 
bFish price = US$1 'kg; firgerling price US$1.OZpiece.
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Table 4. Comparative analysis of production inputs 
and rice yields before and after palaw-ija ikan, 1986/ 
87 (n = 4). (Source: Syamsiah et al. 1987). 

Before Afte, 
palawija ikan palauija ikan 

Item (198,M86 WS) (198M/87) 

Operation (USS) 
Land preparation 55.45 26.91 
Seedbed 14.54 14.5A 
Transplanting 27.27 27.27 

Hand weeding 18.18 18.18 
Spraying 5.45 5.45 

Fertilizer application 3.64 3.64 

Fertilizer (kg/ha) 
Urea 205 175 

TSP 100 100 
KCI 50 M 

Pesticide 
Furadan (kg/ha) 16 16 
Ilaycarb (/ha) I 1 

Rice yield (kg/ha) 4,435 6,284 

aOriginal values in Indonesian Rupiah were converted to 

US$ at the rate of US$1 = llpl,10o as of 1985. 

Effect of Insecticides 

The effect of in',ecticides applied to 
rice in minapadi on the quality of fish 
flesh was studied in 1985 (Table 5). 
Furadan 3G, CLFG-45 and diazinon were 
applied to rice at recommended dosages 
and times of application. Residues of 
carbofuran and diazinon were analyzed at 
SURIF's laboratory. Results showed that 
insecticide residues in the fish flesh were 
only 0.07 ppm, which is lower than the 
Food and Agriculture Organization's al-
lowable standard, indicating the fish is 
safe for human consumption. 

Rice-Fish-Duck 
Farming Systems 

A 1-ha section of irrigated rice-fish 
field was tried with duc: integration in 
the system. Ducks are commonly raised 
by Javvnese farmers to increase their in-

come. The field was modified as shown in 
Fig. 1. The small shed can accommodate 
100 ducks. Banana trees were planted as 

shade for ducks during daytime and as a 
place for laying eggs. 

Results of a one year operation (1986
87) are presented in Table 6. The net re
turns from the rice-fish-duck system was 
US$2,060/year, while rice monoculture 
earned US$950/year. Ducks produced 

17,031 eggs/year and this contributed con
siderable income to the farmer. Fish pro
duction of 180 kg/ha was much higher 
than in the traditional systems. 

Future Research Program 

Unsettled Problems 

Not all rice-fish production systems 
are suitable to farm conditions. Water 
availability, rice growing season, seed fish 
production systems and markets are the 
factors that affect the feasibility of 
palawija ikan, ikan penyelang or 
minapadi systems. 

Fish mortality rates are high. These 
are caused by predation, disease, water 
quality, food quality and availability, and 
adaptability of the species. The tolerance 
of fish to pesticides differs according to its 
age. 

The irrigation water requirement for 
rice-fish culture, particularly for 
nzinapadi, is very high. Continuous flow 
of water is the cause of inefficient water 
use in oiinapadi.Although it is favorable 
for fish growth, methods of regulating its 
use without impairing fish production 
should be developed to save water. Be
sides, rice does not need flowing water 
because it has aerenchyma which pro
vides movement of oxygen from the air to 
the rice root systems. 

An intensive farm survey addressing 
the above concerns will be carried out in 
major areas of rice-fish rulture. Based on 
the results of the survey, on-farm experi
meats will be conducted. 
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Table 5. Residue of rice insecticides in fish flesh Proposed Research Areas 
in minapadi system at the Sukamandi 
Experiment Station, 1985. (Source: Sudarmadji 
1986). ON-FAI RESEARCH 

Residue (ppm) This research will be conducted jointly 
Days after by the technical team from SURIF andTreatment application DS 
 WS the Research Institute for Freshwater 

Carbofuran 60 0.028 0.049 Fisheries (RIFF) in the villages of Binong
0.6 kg a.i.ha (Subang, West Java). Binong hi-s 10,234
(Furadan 3G) ha of irrigated ricefields. Its topogr-aphy is 

Carbofuran 60 0.039 0.026 generally flat with some undulating 
0.6 kg a,iAa 	 areas. In 1985, farmers in this area prac
(CIlG-45' 	 tised a rice-rice-fish cropping pattern in 

1,578 ha; (rice+fish)-(rice+fish)-fish in 197 
nda nda
l)iazinon 30 	 ha and rice-rice-fallow in the rest of the 

1.2 I a.J./ha area. Binong is located alout 30 km from 
Control 60 0.015 0.027 SURIF, with elevation of 20-30 m above mean sea level. 
and undetected. 

Table 6. Comparative economics between a rice-fish-duck system and rice monoculture per
hectare for a one year operation at the Sukamandi Experiment Station, 1986-87.' (Source: 
Suriapermana et al. 1988). 

Production 

Production Value of NetCropping Rice Duck Fish costs output returns 
system (kg) (no. of egg) (kg) (US$) (US$) (US$) 

lRice-rice-falow 11,268 812.50 1,762.25 949.75 

(Rice+fish.duck)
(rice-duck+ 
fish)-duck 11,708 17,031 185 1,632.56 3,692.29 2,059.73 

"Original values in Indonesian Rupiah were converted to US$ at the rate of US$1 = Rpl,100 
as of 1985. 

COk ee, 

'4/ 

F.Sh o'c 

Pig. 1.F'eld arrangement in a rice-fish duck systems, Sukamandi Experiment 
Station, W.,t Java. 

http:2,059.73
http:3,692.29
http:1,632.56
http:1,762.25
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A survey will be conducted by the 
technical team to: 1) study the socioeco-
nomic conditions in the area, the physical 
and chemical conditions (,' tile soil and 
irrigation water, and its ecosystems; 2) 
deterr-iine tile existing production sys-
tems; 3) identify the constraints to produc-
tion and increase of farm income; and 4) 
determine the available farm resources. 

The evaluation of diff rent production 
systems in rice-fish fiarming. Based on the 
results of the survey, replicated experi
ments in farmers' fields will be conducted 
on the different production systems/pat
terns involving improved technologies for 
rice and fish. Six potential production sys-
tens will be tested in this preliminary 
evaluation which were chosen based on 
discussions with extension officials and 
farmers. These patterns are: rice-rice-fal-
low; rice-rice-fish; (rice+fish)-(rice+fish)-fal-
low; (rice+fish')-(rice+fish)-fish; (rice+fish)-
fish-in between-(rice+fish)-fish; and 
(rice+fish)-(rice+fish)-soybean. 

In the first year, evaluation of rice-
fish production systems using technologies 
based on the survey results and earlier 
research will be clone. In the second and 
third years, testing of improved rice-fish 
technology components obtained from on-
station research will >;e conducted. Infor-
mation on: inputs for each production pat-
tern, total production of rice and fish; and 
economic analyses and evaluation of the 
most profitable production pattern will be 
obtail ed. 

Evaluation of fish culture in small 
backyard ponds as an integral part of a 
rice farm. The performance of several spe-
cies in monoculture and polyculture sys-
temns will be evaluated. The species are 
the common carp (Cyprinus carpio), Java 
carp (Puntius gonionotus), Nile tilapia 
(Oreochromis niloticus), Sepat siam 
(Trichogaster pectoralis), catfish (Clarias 
batrachus), gourami (Osphronemus 
gourainy) and nilein carp (Osteochilus 
hasselti). Yields from these production 
systems will be comparea with traditional 
cultivation methods practised by the 
farmers. 

Agroeconoinic evaluation of rice-fish 
culture systemrs as practised by rice farm
ers. A number of farmers engaged in dif
ferent production systems will be moni
tored for three years. Fifteen farmers will 
be selected to represent each production 
pattern or system. Socioeconomic compari
sons will be lone between these 15 farm
ers and farmers that will be involved in 
the introduced production systems de
scribed above. 

ON-STATION RIESEARICH 

This research will be conducted at the 
experimental farms of SURIF at 
Sukamandi and RIFF at Bogor. Studies 
on rice agronomy, water management and 
rice pests control will be carried out at 
SURIF, while studies on fisheries and en
vironmental aspects of rice-fish farming 
system will be (lone at RIFF. 

Control of rice pests in rice-fish cul
ture. The effects of fish on rice pest infes
tations as well as the effects of insecti
cides on fish survival in rice-fish culture, 
will be determined. Experiments will use 
three species and two different flooding 
depths. Five groups of insecticides (group 
to be represented by two different com
pounds), will be evaluated for their effects 
on fish growth and mortality, rice para
sites and predators of rice pests and other 
living organisms. Residues in soil, irriga
tion water and fish will also be deter
mined. 

Effects of fish size, stocking density 
and feeding on fish growth. This study 
will evaluate the effects of fish stocking 
size, stocking density and feeding on the 
fish growth rate of different species and 
their growth rates in difftrent rice-fish 
culture patterns. 

Water quality and productivity in rice
fish farming systems. The.,e will d(er
mine the water quality and the coijes
ponding productivity of the ricefield under 
different rice-fish farming systems pat
terns. 

Effects of rice maturity on fish growth 
and yield. These will be tested using early 
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rice varieties (100 days), medium rice va- cal analyses before and after the experi
rieties (120 days) and late rice varieties ment, rice production, fish growth and 
(135-150 days). The data to be collected fish yields.
 
are fish growth rate, rish size at harvest,
 
fish yield and rice production.
 

Effects of water management tech- References
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Abstract 

Hesults of three-season on* farm experiments and one-season pilot production program in rice-fish in Guimba, 
Nueva Ecija, Philippines, an presented. On-farm experimenots focused on evaluation of alternative systems for 

Fce-fish rice-fish. The pilot production program wa.s implemented to verifyproduction and organic fertilization in 
the results of these experime nts. Pond refuge were found to produce more fish than trench refuge systems. 
Addition of Lirm manure had only slight positive effects on fish production. In all experiments, rice yields were 
ntither positivvly nr.r negativly afh-ctcd by the presence of fish. Pilot production programs highlight the risks 
farmer,; lace when adopting nce-fi-hJ systenm. 

Among these were fingerling supply, pes-
Introduction ticide contamination, water control, short 

growth period and credit. 
A concerted effort to extend rice-fish The I)A's Regonal Integrated Agricul

to farmers was initiated through the tural Research System (RIARS) in Regio, 
national rice-fish culture pilot testing pro- III has been conducting on-farm research 
gram of' the Department of Agriculture on rice-fish culture since 1986. The work 
(DA) in 1979 (Arevalo 1987). The program has benefitted from collaboration with the 
attained some initial success when in ICLARM/IIRRI/CLSU Rice-Fish Farming 

rice-fish adoption covered 1,397 ha. Systcms Research Project. On-farm trials 
I ,ce then, areas have declined and the under this collaboration are focused on 
program was (lis, ontintied in 1986. This the development and evaluation of alter
program, however, identified the major native systems of rice-fish farming and 
constraints to widespread adoption. organic fertilization in rice-fish culture. 
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Methodology for weed control - Machete EC sprayed after 

On-Farm Trials transplanting at the rate of 0.6 kg a.i./ha; 
for insect control - Furadan 3G applied 

from basally (luring the last harrowing at theA total of 36 farmer-cooperators 
two rate of one bag (16.7 	 kg)Aha, and l)arapest

four municipalities in provinces of 
Central Luzon were involved in the on- or Cymbush EC sprayed at the rate of 0.4frm trials oabe i).nowever, only the kg a.i./ha and 500 mil/ha, respectively. 

results from Guimba are reporte(l here. 

Fish Culture 

Table 1. Number of Iarmn'r.cooperators 
involved in the rice-fish on-farm trials 1,y Fingerlings of tilapia (Oreochromis 
municipality and province. niloticus) were stocked at 5,000/ha in the 

trench refuge and 7,500/ha in the pondNo. oJf 

Municipality Province cooperators 	 refuge. Stocking was done 10--1,4 days 
after rice transplanting. Feeds such as 

Guimba Nueva Fcija 12 rice bran and soybean by products were 
.Jaen Nueva Ecija 10 given when available. Fish were larvested 
l,icab Nueva FEcija , 1c 
Arayat 10 	 f'ampangafromi trencli refuges about one week 

before rice ha,'vesting. The fish culture
Total 	 period was extended ofter rice harvesting 

in pond refuges. 

Experimental Plots 	 Results and Discussion 

Experimental plots of 300 ni2 were 
prepared for concurrent rice-fish culture Study 1. Alternative Systems 
using trench or pond refuges. Peripheral for Rice-Fish Fairming 
trench refuges were dug with a width of 
1.0 m and a depth of 0.3- 0.A ni. )ond As rice-fish culture is (hepend,,nt upon 
refuges had about 10( of the ricefield tile culture period of rice and water avail
excavated at one end to a deptlh of 0.75 ability, there is a need to develop systems 
1.0 in. 	 for overcoming these limitations. In this 

Each cooperator had thiree or four study, aII experiment was conducted to 
300-M2 rice-fish plots depe'nding oni the compare pon(l an( trench refuge systenis 
number of treatments. Replications were with rice monoculture. ])on refuges allow 
across farms. Six farnmers cooperated in tlie fishi culture periodl to be extended 
each of the two studies. l)eyond rice harvesting. 

Total fish production was higher in 
Rice Agronomy pon( refuge system at 73.3 kg/li i corn

pare(l to the 53.3 kgiha for the trench 
Rlicefields were prepared with one refuge svste ni lo 'vielIds were (1lue to 

plowing and three harrowings. Rice was small size of fingerlings stocv d and short 
transplanted at randoni spacing 25-30 culture period. Average weight at harvest 
(lays after plowing. Inorga,nic fertilizers and survival rate were also higher in tie 
were applied (luring the Ia .,t harrowing pond refuge system (Table 2). It, is inter
and five (lays before panicle initiotion. esting to note that the, presence of" fish 
The following chemicals were applied: for did not significantly affect rice yields. 
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Table 2. Summary production data in rice-fish on-farm trial 
stocked with mixed sex Oreochromis niloticus using pond and 
trench refuge systems, January-May 1989. 

Trench Fond Rice 
Production parameter refuge refuge monoculture 

Stocking density (fish/ha) 5,000 5,000 
Mean stocking weight (g) 2.15 2.56 
Mean harvest weight (g) 14.57 18.42 
Mean weight gain (g) 12.42 15.86 
Survival (%) 75.00 8i.00 
Culture period (days) 60-70 80-90 
Fish yield (kg/ha) 53.3 73.30 
Rice yield (t/ha) 6.3 6.1 6.2 

Study 2. Organic Fertilization Similarly, treatment effects were insignifi
in Rice-Fish Culture cant. If anything, rice yields tended to be 

slightly lower in manured plots. 
In this study, three similar experi

ments were conducted. Fertilization treat
ments ..nsisted of inorganic fertilizers Rice-Fish Pilot
 
oniv (treatments I and 1I) and combina- Production Program 
tion nf inorganic fertilizers and animal 
manure (treatmentscoductdIII and IV)dringtheAwarenessfor the A and interest in rice-fishtwo xpermens 

two experiments conducted during the generated by on-farm experiments was 
wet season. An additional 50 kg/ha of sufficient to start a pilot production pro
urea was applied as top dressing in all gram in three barangays (Caballero, 
the treatments in the dry season (Table Maturanoc and Triala) of Guimba, Nueva 
3). Culture period of 0. niloticus for allexperiments were 60-70 days. The main Ecija. Work started during the wet season 
dxierene ws 
 60hate dpe sTe an 2 of 1988. Farmer-cooperators were selected 

on their willingness to try out the rice
used a trench refuge and a stocking den
sity of 5,000/ha, while experiment 3 had a ai ly O g i teriandsacces 
pond refuge and stocking density of availability of irrigation water and acces

6,000/ha. sibility, were also taken into considera-

Fish yields were low over the three tion. 
experiments and lowest in the dry season All farm activities, like land prepara

because only 2-g-fingerlings were stocked, tion, transplanting, plant care and provi

survival was slightly lower and adequate sion of farm inputs were the cooperators' 
water level was difficult to maintain responsibility. Only fingerlings of
(Table 4). Treatment effects on fish yields 0. niloticus were provided by the Bureau(rfbl 4) Teaten o ieds Fisheries Aquatic Resourcesefecs fsh of and 

were only marked in the third experi- of fou Resolving 
ment. Here, farm manure increased yields (BFAR).A total of four hectares involving 

by about 50 kg. 17 cooperators was covered by the pro-

Rice yields varied only between 5.4 gram. 
During the first year of operation, noand 6.8 t/ha across experiments (Table 4). significant results were achieved due to a 



Table 3. Experimental treatments of thc 3tudice on organic fertilization in rice-fish on-farm"rials.to 

Experiment 1 Experiment 2 Experiment 3 0o 

Jun-Oct Jan-May Jun-Oct 
1988 	 1989 1989
 

Kind of Method of Wet season Dry season Wet season 
Treatment fertilizer application trench trench pond 

I Control 	 16-20-0 basal 200 200 200 
45-0-0 basal 50 50 50 
45-0-0 top dress 50 100 50 

II 	 16-20-0 basal 300 300 300 
45-0-0 basal 50 50 50 
45-0-0 top dress 50 100 50 

III 	 16-20-0 basal 200 200 200 
45-0-0 basal 50 50 50 
45-0-0 top dress 50 100 50 
+ animal 

manure basal 5,000 5,000 5,000 
IV 16-20-0 basal 200 200 200 

45-0-0 basal 50 50 50 
45-0-0 top dress 50 100 50 
" animal 

manure 50% basal 3,750 3,750 3,750 
+ 	animal 

manure 50% topdress 3,750 3,750 3,750 

Table 4. Summary production data in rice-i;h on-farm trials on organic fertilization using trench and pond refuge systems (1988-89). 

Experiment 1 Experiment 2 Experiment 3
 
1988 Wet seasGu 1989 Dry season 1989 Wet season
 

trench trench pond
 
n=5 n=6 n=3
 

Production parameter I II III IV I 11 III IV I II III IV 

Mean stocking weight (g) 16.4 16.1 14.8 15.1 2.3 2.4 2.3 2.4 10.5 10.2 10.9 11.8 
Mean harvest weight (g) 32.6 32.7 32.4 31.4 13.0 13.1 11.9 14.2 34.6 38.5 40.5 41.2 
Mean weight gain (g) 16.2 16.6 17.6 16.3 11.7 10.7 9.6 11.8 24.1 22 3 29.6 29.4 
Survival (%) 80.0 78.0 82.0 83.0 67.0 67.0 78.0 81.0 74.0 77.0 78.0 82.0 
Fish yield (kg/ha) 130.3 127.0 132.7 129.7 43.7 44.0 46.3 59.7 147.7 169.0 180.0 200.0 
Rice yield (t/ha) 6.5 6.6 6.1 6.1 6.6 6.8 5.8 6.2 5.9 6.0 6.0 5.1 

http:rials.to


299 

destructive typhoon that hit the province. these inputs and the associated risks of 
Flooding of the ricefields resulted in fish crop loss from poaching and natural 
escape. Neverthless, farmers remained calamities, especially typhoons. 
convinced of the potential benefits of rice
fish. They continued to participate in the 
pilot production program. Acknowledgements 

The research team of the projectConclusions 	 wishes to extend their sincere apprecia
tion to Dr. C.R. dela Cruz of ICLARM 

Our on-farm experiments suggest that and Prof. R.C. Sevilleja of CLSU-FAC for 
the pond refuge system appears to be unselfishly sharing their scientific exper
more productive than the trench refuge tise in the design and implementation of 
system. Ponds are more productive be- th on-farm experiments, and for their 
cause fish culture can be extended almost comments and suggestions in the prepara
independently of r'ce culture, and more tion of this report, The continued support
fish can be stocked. Simply allowing fish of IRRI is likewise acknowledged. Lastly, 
to grow longer increases fish production. the team recognizes the wholehearted and 
Farmers also prefer lhis design because it unrelenting cooperation manifested by the 
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Rice production did not appear to be deavor would iiot have been possible. 
negatively or positively affected by fish. 
One disadvantage, however, is that fish 
can get trapped when pond refuges are Reference 
far away. 

During tie pilot testing of the pro- Arevalo, T.Z. 1987. The rice-fi~h culture program. 
gram, it was frequently observed that Paper presented ;luring the Fisheries Fo
farmers did not exactly follow the recom- rum on the Development of Integrated 
mendations. Usually, farmers applied less 	 Agri-Aquaculture Farming Systems, 27 
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The reason given was the high costs of 
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Abstract 

On-farm rice-fish farming triahl began in Ubonratchathani in June 1984 at two sites, one irrigated and one 
rainfed. Research thrusts during the first three years included the economics of rice-fish culture and rice 
monoculture, effects of rice-fish culture on rice yields, and appropriate fish stocking densities and species compo
sition. From 1987 onwards, the project conducted more extensive multilocation testing of rice-fish culture at three 
other iainfed sites. 

The practice appears to give appreciable benefits to farmers. Net benefits per hectare and per man-day are 
higher for rice-fish culture than for rice monoculture. Rice yields per hectare in fields stocked with fish are gen
erally higher than lields without fish. The effects of stocking density and species composition on production and 
growth were less clear. There was no single best stocking density nor species composition. Common carp
(Cyprinus carpio) grew larger than the Nile tilapia (Oreochromis niloticus) and silver barb (Puntius gonionotus). 
Small seed fish (2-3 cm), particularly common carp, are much more vulnerable to loss than larger seed fish 
under on-farm conditions. 'rests on the interrelaticnships between the effects of chemical fertilizer and fish stock
ing densities on rice yield:i were not conclusive. 

Multilocaional trials using on-farm research techniques can be an effective way to determine the socioeco
nomic and environmental appropriateness of rice-fish technologies. Between 1987 and 1989, two technologies 
were studied on three diflerent topographies in the same ecological zone in Ubonratchathani Province. The first 
year's stu:ly showed that direct release of 5-7-cm fingerlings to riceficlds gave positive econormic results in all 

*Present address: ICIARM Bangladesh Office, House No. 20, Road No. 9/.A, (New) Dhanmondi R/A, Dhaka 1209, 
Bangladesh. 
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trials, despite the high costs. Rice yields were consistently higher in fields grown with fish. In the second ,ear, 
the establishment of nursery ponds for raising 2-3-cm fingerlings for later release to ricefields showed a general 
improvement of returns on investment than the previous technology (fixed costs of pond digging not included). 
Both technologies produced the best yields on flat topography with a gentle slope. 

Introduction 

Rice farmers in Northeast Thailand 
make up an important proportion of the 
country's agricultural producers. They 
face many problems including poor soil, 
uncertain rainfall, severely limited fi-
nances, unstable market prices and fluctu-
ating availability of protein for their own 
consumption. A major source of protein 
for these people has been naturally occur-
ring fish, many of which come from 
ricefields. Growing population, environ-
mental degradation and a virulent 
epizootic disease have decimated some of 
these wild species in many areas. This 
has adversely affected the income, as well 
as the nutrition of farmers and their 
families, since the species most affected 
were those with the highest market price, 

Rice-fish culture, then, seemed to be a 
technology worth trying by Northeast 
Thai rice farmers. It is technologically 
similar to traditional ricefield fisheries. 
Pesticides are used very sparingly by 
most of these farmers. The practice places 
a modest demand on scarce resources, 
particularly money. Important adverse 
effects on existing systems were not 
expected. All these factors implies that 
rice-fish culture is a low-risk technology, 

The fish species introduced are 
resistant to environmental stress, feed low 
on the trophic pyramid and grow to reason-
ably large sizes. They were expected to 
achieve high productivity per hectare at 
modest feeding costs, and command a rea-
sonably high market price. They were 
made further attractive by their greater 
resistance to the disease which had seri-
ously affected some important wild species. 

As defined here, rice-fish farming is 
the rearing of fish in flooded fields sea-
sonally planted with rice. Generally, fish 
and rice are grown concurrently, but rota-
tional systems are practised on some irri-

gated farms in the dry season. Our defini
tion covers systems in which fish are both 
fed and unfed. 

This paper reports the results from 
two rice-fish farming research projects in 
Ubonratchathani Province. The first 
project which ran from 1984 to 1987 were 
at the Lam Don Noi irrigated area at 
Pibulmangsaharn District and at Ban 
Khoo Khad, a rainfed village in Kheuang 
Nai District. After an initial year of work
ing with six farmers at Dom Noi and 
seven at Khoo Khad, the number of par
ticipating farmers was increased to 12 
and 13, respectively. The main research 
was to determine the relative economics 
of rice-fish culture and rice monoculture. 
The effects of rice-fish culture on rice 
yields, appropriate fish stocking densities 
and species composition and the interrela
tionships between the effects of chemical 
fertilizer and rice-fish culture on rice 
yields were also investigated. 

Under the second project which began 
in 1987, multilocational testing has been 
used to study the flexibility of rice-fish 
technologies under three topographic con
ditions in Det Udom, Kheuang Nai and 
Amnart Charoen Districts. The topo
graphies represent most of the range 
found in the Northeast. All areas were in 
the zame agroecological zone, and had in 
common low-grade soils with poor water 
retention, low fertility and erratic rainfall 
(Fig. 1). During the first year of the sec
ond project, the studies investigated the 
feasibility of the direct release of 5-7-cm 
fingerlings to ricefields and the effects of 
the practice on rice yields. In the second 
year, the research focused on the feasibil
ity of r"ursing 2-3-cm fry prior to their 
release in ricefields. 

On-farm research techniques were 
used in both projects. This approach pro
duces a wide range of apparently discon
nected data. It is therefore necessary to 
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Fig. 1. Monthly rainfall and activities in Uboaratchat.hani. (Source of rainfall data: Ubonratchathani Agricultural
Weather Station 1987 and 1988). 

maintain frequent and informal contact rice-fish culture on rice yields

with the farmer to understand the rela- (1986-87).

tionships of the farming system. Such 5. 
 The growth rates of different sizes 
constant interactions are the real value of of fingerlings in specific time 
on-farm research, since they reflect the frames in nursery ponds (1988
real concerns and needs of the farmer. 	 89). 

6. 	 The suitability of technology pack
ages under three different topo-

Objectives graphical conditions in Northeast 
Thailand (1987-89). 

The specific objectives of the two 
projects were to compare or investigateMaealadMth s 
the following: 19th and M9r7 

1. 	 Economics of rice-fish culture ver
sus rice monoculture (1984-87). Economics of Rice-Fish Culture 

2. 	 Appropriate fish stocking densities and Rice Monoculture 
and species composition for con
current rice-fish system (1984-86). On each farm, two plots or series of 

3. 	 Effects of rice-fish culture on rice plots were examined. One of these was 
yields (1984-88). stocked with fish and the other without. 

4. 	 Interrelationship between the All comparisons were made on-farm over 
effects of chemial fertilizer and a number of farms. For comparisons 
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involving rice, plots planted with the 
same variety or combination of varieties 
were compared. Most data were gathered 
from interviews with participating farm-
ers, each of whom were visited about 
once a week. 

Experimental plot areas were esti-
mated by measuring the sides of the plot 
with a tapc measure, making a scaled 
drawing and breaking this drawing into a 
series of triangles and rectangles, whose 
individual areas could be summed. 

Time, money and manpower con-
sumed by each component activity were 
recorded during the weekly interviews, 
Species, size, number and weight of fish 
caught were similarly recorded. Farmers' 
units of inputs (such as buckets of dung) 
and samples of fish caught when the re-
searcher was present were weighed with 
spring balances of 5- and 20-kg capacity, 
as appropriate. 

Rice yields were either calculated 
based on the farmer's total plot estimates 
or by samples taken on all farms. A 
farmer-specific estimation error applies in 
the former procedure as many farmers 
could not provide such estimates. For the 
latter procedure, within each experimen-
tal plot, 25 samples of 8 m2/t'.r each were 
marked with normally not less than two 
samples per plot. Within each sample, the 
number of hills was counted, plant 
heights and number of tillers for 10 hills 
recorded, and 10 panicles were collected. 
Each panicle was measured, the number 
of full and empty seeds per panicle 
counted and the total number of the full 
seeds from the 10 panicles weighed. Fi-
nally, after the entire sample was har. 
vested, threshed and winnowed, the mois-
ture content of the harvested rice was re-
corded. 

For the economic assessments, a time 
and/or money value was placed on every 
input. While those paid for by the farmer 
could be assigned money values directly, 
the time demands of nonfinancial invest-
ments were not easily equated to money. 
Some activities demand large, uninter-
rupted chunks of time and can compete 

with other activities. Others, such as fish 
feeding, involved frequent, short visits 
and competed with no other activity, but 
could occupy a respectable number of 
man-days per year. Rather than equating 
man-days with money, assessing net re
turn per man-day seemed a better way of' 
accounting for these inputs. 

Mcney values were placed on fish and 
rice production, using appropriate sales 
data. When possible, prices were specific 
for farmer, variety and month (in the case 
of fish). Overall averaging and more 
rarely, the informed judgement of the 
researcher sometimes had to be used to 
estimate appropriate unit price. For each 
farmer, net returns were calculated by 
subtracting money inputs from the appro
priate production value. Net returns per 
hectare and per man-day could then be 
calculated. 

The basic comparison made was be
tween treatments or each farm, over a 
number of farms. The data could then be 
summed among farms, by location. When 
annual results for Dom Noi were corn
pared with those for Khoo Khad, those 
from Dom Noi were combined for two sea
sons, starting with the rainy season. 

Fish Stocking Density and 
Species Composition 

In 1984, three irrigated farms re
ceived 2,500 fish/ha and three others re
ceived 5,000 fish/ha. The stock consisted 
of 20% common carp (Cyprinus carpio), 
and 40% each of Nile tilapia (Oreochronis 
niloticus) and silver barb (Puntius 
gonionotus). 

During the second year at each site, 
four farmers each tried stocking densities 
of 2,500, 3,750 and 5,000 fish/ha. Fifty 
per cent of the fish were common carp, 
25% silver barb, 20% tilapia and 5% big
head carp (Aristichthys nobilis). 

The treatment dsign was modified 
during the second year for these reasons. 
First, wide interfarm variation completely 
obscured any effects of density among the 
small sample of farmers participating 
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during the first year. Second, common Multilocation Testing: Farmerand
 
carp grew better than the other two spe- Site Selection
 
cies in the first year, but were stocked at
 
lower densities. Thus, its performance at Three topographical areas were cho
higher densities seemed worth studying. sen for the trials. The first site was at 
Third, some farmers were interested in Det Udom. Its area is undulating with 
trying Chinese carp, and bighead carp steep slopes and many small, natural wa
was easily available. The stocking density terways. Ricefields are restricted in size, 
was based on how much money the occur at many elevations and occupy
farmers are willing to invest for testing about 36% of the available area. Water 
the species. retention is best at lower elevations. The 

Most of the relevant data were gath- second site was at Kheuang Nai. This 
ered as described in the first experiment, area is flat, with a very gentle slope lead-
Periodic sampling from ricefields to check ing to natural waterways. Water retention 
growth was impractical. Preplanned stock- is poor and there are scattered patches of 
ing densities were often modified by cir- saline soil. Ricefields can be large and 
cumstances, so that trials were actually occupy about 46% of the available area. 
conducted over a range of densities, The area is prone to both flooding and 
which is to some degr,. tre controlled by drought. The third site, Amnart Charoen, 
the researcher. The r, dting data could has a low, undulating slope with large
be plotted on scattergraws to possibly in- areas of lowland. Up to 70% of the area
 
dicate trends. Statistical analyses were are ricefields.
 
not attempted. General meetings were held, regard

ing the project, with fisheries officials, 
extension workers, village and Tambon

Effects of Rice-Fish Culture leaders and farnmers, in February .987. 
on .ice Yields Meetings were held in Det Udom, 

Kheuang Nai and Amnart Charoen Dis-
Data were gathered and compared as tricts. Farmers were invited to participate

described in the first experiment on rice- in the project. All volunteer farmers were 
fish economics. visited at their farms. The final farmer 

selection was based on the degree to 
which the farm represented topographic, 

InterrelationshipBetween the Effects socioeconomic and environmental criteria. 
of Chemical Fertilizerand Rice-Fish The number of participants increased from 
Culture on Rice Yields the first year to the second year: 7 to 17 

in Det Udom, 9 to 17 in Kheuang Nai 
On each farm, four plots were and 12 to 18 in Amnart Charoen. 

selected. These were as near one another Topographic data from some partici
and as similar in all respects as possible. pants were incomplete for both years
Two plots received fish and two were because of a change in research staff and 
unstocked. The two plots stocked with some farmers stopped certain activities. 
fish received one level of chemical ferti- Data presented in Tables 1 and 2 come 
lizer and the other two, a much lower from situations where activities were com
level or none. pleted. 

Production data were gathered using Meetings were held each year to brief 
the rice sampling procedure described in farmers, extension workers and fisheries 
the first experiment. An analysis of officials on new, cooperative-designed re
covariance was used to assess the search objectives. All research was con
response to fertilizer under stocked and ducted on-farm and was farmer-managed. 
unstocked conditions. 
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Table 1. Average fish yields and returns from rice-fish farming, 1987-88. 

location; no. Area No. or Yield Investment Income Return on 
of farmers (ha) days (kg/ha) (US$) (US$) investment 

1987 

Amnart Charoen; 3 0.24 (t0.07) 139 (22.07) 1463 (±71.79) 41.9 (i5.00) 104.4 (t16.90) 2.3 (!-1.40) 
Kheuang Nai; 8 0.34 (-*0.11) 134 (20.48) 363.3 (±275.31) 100.9 (68.73) 235.4 (217.57) 2.4 (1.41) 
I)et Udom; 4 0.26 (i0.24) 126 (22.46) 219.6 (t92.16) 106.9 (i33.70) 112.7 (67.75) 1.0 t10.52) 

1988 

Amnart Charoen; 9 0.39 (±0.17) 100 (!16.38) 87.7 (t42.85) 26.8 (±I.601 60.8 (t42.59) 2.3 (-1.5) 
Kheua.g Nai; 6 0.48 (±0.22) 110 (t12.291 263.6 (163.27) 67.7 (±29.16) 206.0 (! 149.76) 3.9 (3.26) 
Det Udom; 7 0.31 (±0.1 129 (20.49) 181.7 (±1)1.55) 53.7 (±3.03) 128.3 (t±108.97) 2.3 (t1.81) 

'Fish price - US$1/kg.
 

Figures in parentheses are standard deviations.
 

Table 2. Comparative economics of rice-fish farming and rice monoculture in Lam Dom Noi irrigated area, 1984
85. (Source: Sollows and Thongpan 1986). 

Item 

Area (ha) 
Value of 

production (US$) 
Production costs (US$) 
Net returns (US$) 
Net returns per 

hcctarc (US$) 
Labor inputs 

(man-day) 
Net returns per 

man-day (US$) 

")ata from three farms. 
bl)ata from six farms. 
CNA = not applicable. 

Rice-fish 

Rainy 
1984

a 
Dry 

1985h 

0.825 1.64 

207.00 
240.96 
-33.96 

300.28 
82.44 

217.84 

-41.16 133.20 

134.00 124.00 

-0.25 1.76 

Feasibility of Direct Stocking of 
Large Fingerlings to Ricefields 

Fingerlings (5-7 cm) were purchased 
from private hatcheries and released 
directly to the ricefields. Nile tilapia, corn-
mon carp and silver barb were stocked at 
3,750/ha with a ratio of 1:2:2, respectively, 
Culture period is around 133 days. Feeds 
included rice bran, broken rice, termites 
and manure. Some farmers had previously 
dug ponds in their ricefields, but fish 
viere released only after the ricefield was 
flooded. The trials were replicated at all 
three topographies. 

Rice monoculture 

Both 
seasons 

Rainy 
1984a 

Dry 
1985b 

Both 
seasons 

NAC 1.746 2.21 NA 

426.76 215.24 161.48 344.36 
289.84 38.60 93.16 103.92 
137.72 176.64 68.32 240.44 

120.80 101.16 30.96 159.88 

222.00 99.00 113.00 154.00 

0.62 1.78 0.60 1.56 

Effects on Rice Yields 
on Three Topographies 

Rice was grown with and without 
fish. Rice was transplanted at all test 
sites. The varieties grown were selected 
by the farmers, which included native and 
developed varieties: RD 6, RD 8, KDML 
105, San Pa Tong and a local variety. 
Fingerlings were released to the ricefields 
about 15 days after transplanting when 
the water was no longer turbid. Water 
level was increased from 15 to 30 cm as 
the rice grew. By harvest time, 60% of 
the ricefield areas had become dry from 

http:t�108.97
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natural causes. In late October, yield sam- 1. 	 The efficiency of the farmer-coopples of rice were taken as described in erators was expected to increase
the 	first experiment. Trials took place a!. with experience.all 	the three topographies. 2. 	 Three of the six participants had 

paid for labor to help in dike and 
trench construction. SubsequentFeasibility of Nursing Small Fry in experience suggests that such hir-Rice-Fish Systems (1988) ing would not have occurred un
der normal circumstances.Nursery ponds were established in Fingerlings costs a3. were considerfields to rear small fingerlings before able investment, which individualallowing them access to the ricefield. self-sufficiency could greatly

Some farmers had previously dug ponds, reduce.while others dug ponds for the first time. 4. 	 A couple of farmers used signifi-Seed fish were contained in these ponds cant amounts of rice bran as fishsurrounded with a nylon net. To stanu- feeds. If the ,'armer must pay forardize the investment criteria of the rep- the 	bran, the use of bran in largeresentative farmers, pond construction quantities becomes questionable.
costs were excluded in the economic Data from Dom Noi in the 1985 dryanalysis. season and for a couple of new partici-Fry (2-3 cm) of Nile tilapia, common pants in the 1985 rainy season gave the carp and silver barb, purchased from a most credible picture of the relative ecoprivate hatchery, were stocked at 3,750/ha nomics of the two practices. In a!l cases,with a ratio of 1:2:2, respectively. Data on rice yields were based on farmers' total
the size and weight of fingerlings were plot estimates.
collected from middle of June through The close of the 1985 dry seasonJuly and August 1988 in five periods: 15- marked the 	end of one year of rice-fish30 	days, 31--45 days, 46-60 days, 61-75 farming for the original six Dom Noidays and over 75 days. The fish stayed in farmers. Data are summarized in Table 2.ricefields for 85-172 days (Table 1). Feed During the dry season, net returns pergiven in the nurseries included rice bran, hectare and per man-day are higher forbroken rice, animal manure and termites, rice-fish culture than for rice monocultureAfter release from the pond, the fish were even if the costs of fingerlings and riceraised in the ricefield until harvest. Trials bran and the value of the remaining fish were replicated at all three topographies. in the ricefield were not yet accounted. 

However, for the entre year, net returns 
from rice-fish cultur was lower than rice 
monoculture which was caused by the

Results and Discussicn large initial investments in rice-fish cul
ture.

Economics of Rice-Fish Culture Similar data were generated from two 
and Rice Monoculture other farms in the 1985 rainy season. 

While this is an extremely small sample,By 	 the end of 1984, initial invest- it is worth noting that net returns in rice
ments in rice-fish culture had not yet fish culture were higher than in rice
been recovered by most irrigated farmers, monoculture on both farms.
who had been practising for only six Economic comparisons involving all 25
months. While it was too early to con.. farms must incorporate data which is less
clude on the relative profitabilities of rice- empirical than desired. Only five of thesefish culture and rice monoculture, the fol- farmers reported lower net returns perlowing observations were pertinent: hectare from rice-fish culture than from 
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rice monoculture. In three of these cases, 
initial investment costs depressed net re-
turns; one farmer had severe fish 
poststocking mortalities; and the other 
had low rice yields and modest fish har-
vest. Lower net returns per man-day were 
observed in three cases where the farmer 
spent considerable time feeding and trans-
ferring fish and where there were severe 
poststocking fish mortalities, 

Considering only the fish component 
of the system for the 25 farms, the pat-
tern of variation in net returns differs lit-
tle from that found in earlier work (Table 
3). Net returns per man-day invested in 
fish culture tend to be much higher than 
local wage rates for hired farm labor, par-
ticulariy in Khoo Khad, where systems 
were more extensive and fish capture 
techniques less time-consuming. 

Over a three-year period, there was a 
steady increase in area devoted to fish 
culture on a per farm basis in Dom Noi, 
where previous experience in the practice 
was limited. Production values per farmer 
also rose from 1984 to 1987, despite a 
drop in fish prices over this period. Fi-
nancial investments over the same period 

declined, with occasional exceptions for 
major seed fish purchases or pond 
construction costs. The trend for time in
vestments is less clear. Improvements to 
and expansion of fish culture areas are 
time-consuming activities which different 
Farmers do at different times. If only one 
or two farmers carry out pond construc
tion in the course of a season, these in
vestments will have a strong effect on the 
overall average. Average net returns per 
hectare and per man-day all have upward 
trends over three years. 

To compare results from Dom Noi 
with those from Khoo Khad, totals by sea
son from Dom Noi had to be combined to 
give annual figures. In most cases, this 
could be done by simple addition, except 
in the cases of annual area (not calcu
lated) and annual net benefits per man
day, where annual net benefits were di
vided by time invested over the year. 

Strong trends were not expected in 
Khoo Khad, where farmers had been cul
turing fish in ricefields long before the 
advent of the project. Overall net returns 
per family were similar in both areas. 
This may be an artefact of the stock;ng 

Table 3. Three-yeor trends in rice-fish economic parameters (US$), by farm site and season. 

Labor Net Net 

Area Value of Production inputs Net returns returns 

Season' Site (ha) production clsts (man.day)b returns (p,r hectare) (per man-day) 

Rainy 1984 l)om Noi 0.248 8.12 53.08 31.38 .44.96 -181.29 -1.43 
0.272 35.88 8.38 24.38 27.50 101.10 1.13Dry 1985 lDom Noi 

44.00 61.48 55.75 -17.48 -80.25 -0.31All 1984 Dom No -

All 1984 Kh(xi Khad 0.832 46.60 11.48 n.d.c 35.12 42.21 

Rainy 1985 l)om Nui 0.624 48.88 21.92 7.62 26.56 42.50 3.46 

Dry 1986 l)om Noi 0.693 54.16 18.92 13.62 35.24 50.85 2.59 

All 1985 Dom Noi 103.04 40.84 21.25 61.80 73.35 2.91 

All 1985 Kho, Khad 0.946 52.28 20.12 2.68 32.16 3,1.00 12.02 

Rainy 1986 l)om Noi 0.792 50.16 11.08 8.12 :19.08 49.34 4.81 

Dry 1987 )om Noi 0.536 35.80 0.72 6.75 35.08 65.44 6.10 

All 1986 I)om Noi - 79.88 11.68 12.88 68.04 114.5 5.28 

All 1986 (hoo Khad 0.854 69.24 15.60 6.62 5:1.60 62.71; 8.09 

"Dry season I19h7 data are for three months only, not six, and for ive armers only, not six. Similarly, "All 1986 Dom Noi" data 

or five fairmers only and nine months. Otherwise, Dom Noi sample consists of origrinal six fitrmera and Khoo Khad sample, 

original seven fatrmers. All years begin in June of the year named. 
b'One man-day = 8 man-hours. 
Cn.d. = no data. 

are 
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program, since fish were stocked on a than the other two species, although
similar per hectare basis in both areas, stocked at higher densities. Fish caught
Since Khoo Khad fields are larger than at Khoo Khad were larger than those
those in Dom Noi, they got more fish. In from Dom Noi, possibly because fields atDom Noi, fish can be cultured through Khoo Khad had better water retention.the dry season, so returns from the prac- Thus, these findings show that theretice accrue over a greater portion of the is no single optimal stocking density.
year. Net returns per hectare were higher What is best depends upon the farmer's
for Dom Noi than for Khoo Khad, while constraints, needs, preferences and
net returns per man-day were higher in resources. However, a stocking density of'Kioo Khad. 3,000/ha with common carp, silver barb 

and tilapia stocked at a 5:3:2 ratio is a
reasonable starting point. If very small

Fish Stocking Density, Size seed fish are stocked, the farmer should
and Species Composition stock to compensatemore losses. 

Fairly precise data were kept on theInitial results from the 1984 trial number and size of fish stocked, bywere highly inconclusive; the sample of farmer and species. In the weekly inter
farmers was too small and interfarm vari- views, it was not difficult to monitor theation was too great to give any indication number of each species caught by each
of a density effect on growth or produc- farmer. Data for common carp and silver
tion. Common carp reached a larger size barb were available, but figures for stockthan the other two species stocked, but ing sizes above 5 cm were sparse.had been stocked at lower densities. Risk of low recovery was greater for

In 1985, the number of participants small stocking sizes. Small common carpwas doubled, and the proportion of com- were more vulnerable to loss than small 
mon carp was increased from 20 to 50%. silver barb.' It is meaningless to recom-While results did not show effects clearly, mend farmers to stock larger seed fish asthey indicated the range of responses pos- these are not available. At times of peak
sible under on-farm conditions. Densities demand, this normally means small seedranged from 637 to 10,375/ha and yields fish. Under such circumstances, establish
from 7.5 kg to 238 kg/ha and 38-214 in ing nurseries especially for common carp

Dom Noi and Khoo Khad, respectively, seed looks attractive.
 
While stocking density may have affected
 
yields in a few cases, other factors more
 
often limited fish catch. Effects of Rice-Fish Culture


As opposed to other factors, fish pro- on Rice Yields
 
duction is most likely to be limited by
density. The highest productions were In 1984, there was consistent evidencereported for higher densities. However, as for higher rice yields from fields stocked
these maxima rise with density, the with fish than nonstocked fields in Domincrease is dampened as densities increase Noi. These differences were especially
above 3 ,000/ha. Low production is also high in fields stocked with higher densivery possible at high densities, which im- ties of fish. In Khoo Khad in 1984, rice
ply higher investments. Hence, higher yield differences between the two treat
densities can imply higher risks. ments were slight and inconsistent. Fish 

When average individual weight at 
harvest was plotted against stocking den
sity by species, no clear evidence of den- IFor C. carpio stocked under 2 g, only in three outsity effect on growth was indicated. Coin- of 15 cases did recovery rates exceed 10%. For P. 
mon gonionotus stocked under 2 g, only in one out of 13carp tended to reach a larger size cases was the recovery rate below 10%. 
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culture systems in Doam Noi were more 
intensive in terms of density and feeding. 
This may have favored rice yields to a 
greater extent. 

Two Dom Noi farmers were able to 
give yield estimates for several 
nonstocked and stocked plots in the 1984 
rainy season. These nonstocked plots 
received fish for the first time in the 1985 
dry season, at the end of %hich plot yield 
estimates were again forthcoming. 

If rice-fish farming has no effect on 
rice yields, seasonal changes in yield 
should not differ consistently between 
stocked and nonstocked conditions. Hence, 
on each farm, the percentage change in 
yield for the plot(s) stocked in both sea-
sons was used as a predictor for the per-
centage change in yield in the newly 
stocked plots. On this basis, rice yields 
were higher than expected in all newly 
stocked fields. When the data were sub-
jected to two-way analysis of variance, 
these differences were found to be barely 
nonsignificant (0.05<P<0.1). 

Using total plot yield data from the 
1984 rainy season and the 1985 dry sea
son in Dom Noi, ratios of yields per hec
tare from stocked fields to yields per hec-
tare from nonstocked fields were calcu-
lated on a plot by plot basis, within each 
farm. These ratios were then plotted 
against probable fish stocking density. 
The regression based on this plot indi-
cated a significant positive effect of fish 
stocking density on rice yields (Table 4). 
It is not possible to indicatt the extent to 

which the observed relation is due to fish 
stocking density per se, as opposed to 
other influences. Some of the heavily
stocked plots, for instance, received more 
feeds, which undoubtedly contributed to 
enhanced rice yields. 

After sample yield data had been 
gathered for the 1985 rainy season, aver
age sample yields were calculated for 
stocked and nonstocked fields, by farmer 
and variety of rice. The ratio of average 
rice yield from stocked fields to average 
rice yield from nonstocked fields was then 
calculated for each farmer/variety combi
nation. When a farmer grew more than 
one variety, the lowest ratio was used to 
represent his farm. 

On this basis, eight farmers at each 
site had higher rice yields from their fish 
fields, or 64% of the total sample of 25 
farmers. Yields per unit area averaged 
9.08% higher in Dom Noi (with a range 
of -29% to +98%). Similarly, in Khoo 
Khad, yields from fish fields averaged 
9.54% higher, with a range of -26% to 
+36% (Table 5). 

Interrelationship Between the Effects 
of Chemical Fertilizerand Rice-Fish 
Culture on Rice Yields 

Levels of fertilizer ,pplication were 
very low in all but one farm. When this 
farm was not included, neither the main 
effects nor the interaction effect was sig
nificant on yields or net returns, on a site 

Table 4. Probable fish stocking density per hectare versus ratio of rice production 
for each field to rice production for comparable unstocked fields.a (Source: Ubon 
Project Report 1985). 

Stocking Stocking Stocking 

Density Ratio Density Ratio Density Ratio 

9,375 2.02 4,850 1.88 2,706 1.17 
9,375 1.85 4,850 1.37 2,500 1.48 
9,375 1.79 4,000 1.14 2,387 0.81 
7,569 2.46 2,750 0.62 1,700 1.04 

7,569 1.79 2,706 1.62 431 0.97 
5,000 1.47 

alf It = ratio and D = density, then R = 0.658 + 0.0105 (D/10); student's t-test = 

2.28; '<0.05. 
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Table 5. Rice yields in fish fields and unstocked fields, 1985 rainy season. 

Dom Noi Khoo Khad 

Farmer 
Fish 
field 
t/ha) 

Un-
stocked 

field 
(L/ha) 

Differ-
ence 
(%) 

Farmer 
Fish 
field 

(L/ha) 

Un
stocked 

field 
(t/ha) 

Differ
ence 
(%) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1.35 
1.93 
2.08 
2.22 
1.93 
1.78 
1.51 
1.33 
1.33 
2.22 
2.68 
2.32 

1.32 
0.78 
2.33 
2.26 
1.74 
1.83 
1.41 
1.87 
0.91 
2.05 
2.58 
2.22 

3 
98 

-11 
-1 

10 
-3 
8 

-29 
17 
8 
4 
5 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1.85 
1.59 
1.66 
1.43 
1.61 
1.31 
2.11 
2.07 
1.77 
1.19 
1.36 
1.60 

1.75 
1.20 
1.73 
1.82 
1.79 
1.35 
1.55 
1.82 
1.95 
0.97 
1.32 
1.26 

6 
33 
-4 

-26 
-18 
-3 

3i 
13 
-9 

22 
3 

27 
25 1.60 1.15 35 

Average 1.89 1.79 9.08 Average 1.63 1.51 9.54 

by site basis. When the data are com- from Kheuang Nai and the lowest atbined, fertilizer and fertilizer-stocking in- Amnart Charoen (146.3 kg/ha).teraction have significant effects on yields, The average return on investmentbut not on net returns. Rice yields appear (ROD for all fields was 1.9 (Table 1). Themore positively responsive to fertilizer ap- highest ROI was 2.4 in Kheuang Nai andplication in stocked fields, but this is a the lowest was at Det Udom (1.0). Twovery tentative inference, farmers in Kheuang Nai had ROls of 4.6Further analyses confirmed the impor- and 4.7. They had previously establishedtance of interfarm variation. Variation large, deep nursery ponds, and each hadamong plots within-farm, while more con- only one stocked field. Water levels weretrollable, also affected the results. Under stable all year because of a high wateron-farm conditions, it is probably not rea- table. All locations were able to maintainlistic to expect an experiment of this corn- water in their fields while fish were being
plexity to yield conclusive results, particu- cultured.larly in the absence of replicates within- Direct stocking of large fingerlings infarm. The frequent nonsignificance of the terfered with rice planting. Farmers hadeffect of fertilizer on net returns suggests to travel to purchase fingerlings whenthat recommendations on fertilizer applica- they were busy planting rice. Costs weretions should be flexible. The original ex- considered high, but all the participatingperimental question remains an open one. farmers made profits. Interest in reducing 

costs was shown. 

Feasibility of Direct Stocking of
Large Fingerlings in Ricefields Effects on Rice Yields at 

Three Topographies
The average yield from all the three

topographies was 234.1 kg/ha. The Yields of rice from all fields with fishhighest average yield (336.3 kg/ha) was were better than from fields without fish. 
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Yields were 26% higher in Amnart Feasibility of Nursing Small 
Charoen where topography consisted of Fry in Rice-Fish Systems 
slow undulating slope. The highly undu
lating land in Det Udom showed the sec
ond greatest response, while the flat to- The averag fhie foma ll sies 
pography at Kheuang Nai showed the was 178 kg/ha, while the maximum yield 
lowest. The rice variety which responded obtained at Kheuang Naiwas 264 kg/ha 
best to rice-fish culture was KDML 105, (Table 1). The average ROT at Kheuang 
with average yields higher by 14.8%; RD Nait was 3.9, he highest of the three 

US$25 o 62/ha. The grea est growth rate6 lPad the second highest yield (Table 6). U$5L 2h.Tegets rwhrtThere were no problems maintaining wa-
Thern wee mantaiingwa- of fingerlings before 45prolem days was :-eported 

ter in levelsinwhile fishal te loatins.frownwere fields (Table 7').45 days allallin the oingerlingsDet Udombefore By 45 days, 
Under all topographic conditions, rice species have achieved lengths of at least 5 

yields were higher in stocked felds. 'These cm.
 
data were conclusive enough, thus,researchit was Nurs ing a di d ontrerconstrucnot necessary to do a foflow-up with the planting of ryrice. Pond 

tion and fingerling purchases were done 
on rice yields the next year. before rice transplanting. The fry are 

Table 6. Rice yields in fish fields and unstocked fields, 1987. 

Amnart Char.n Kheuang Nat Iet Udom 

Fish Unstoclod Yield Fish Unstockod Yield Fish Unstocked Yield 

Variety field fieldR increase field fields increase field fields increa se 

(kg/ha) (kg/ha) (%) (kg/ha) (kg/ha) (%) (kg/hu) (kg/ha) (%) 

R(D 6 2,347.5 2,141.3 9.6 2,971.9 2,731.3 8.1 2.301.9 1,980.0 16.3 

RD8 2,825.0 2,812.5 0.4 

SfT 2,418.8 1,937.5 24.8 1,812.5 1,812.5 
KDML 105 2,963.8 2,126.3 22.2 2,93G.3 2,571.3 14.2 2.930.0 2,716.3 7.9 

2,720.0 2,585.0 5.2
Native 2,125.0 750.0 183.3 

2,573.G 2,311.7 8.5 2,650.6 2,427.1 9.2
Average 2,536 9 2,013.8 26.0 

Table 7. Growth (cm) of 2-3-cm fingerlings at different topographies, 
1988. 

Amnart Charoen Kheuang Nai 
Time 
frame Common Silver Common Silver 

,days) Tilopia carp barb Average Tilapia carp barb Average 

15-30 7.1 5.1 6.7 6.3 5.2 5.2 

31-45 5.4 8.0 6.7 9.9 9.6 5.4 8.3 

46-60 10.3 8.2 6.9 8.5 129 7.1 8.4 9.3 

61-75 8.1 6.9 5.6 6.9 11.2 8.0 9.6
 

> 75 9.3 7.5 8.8 8.5
 

Det Udom Average (3 sites) 

Time 
frame Common Siher Common Silver 

Average(days) Tilapla carp barb Average Tilapia carp barb 

15-30 10.0 10.0 7.1 7.6 6.0 6.9 

31-45 12.0 6.6 6.6 8.4 10.9 7.2 6.7 8.3 
7.6 11.2 7.5 7.9 8.546-60 6.8 8.4 

8.1 9.1 6.8 8.2
 

> 75 8.5 11.3 7.9 9.3 8.9 9.4 8.4 8.9
 
61-75 9.2 7.2 8.2 
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released to the field about 15 days after mental conditions differ between sites.
transplanting. Fingerlings should not be Data must always be considered approxiheld longer in nursery than 45 days. This mate. Second, high rainfall and prolonged
technology provided security for the fish - drought affected fish growth in ricefields.if rainfall was poor, fish could retreat to Lastly, changes in project staff andthe pond. reduced numbers of participating farmers 

affected the collection of data, perspective 
and continuity.

Conclusions However, the results of the research 
in 1987 and 1988 suggest that rice-fishThe research suggests that fish nurs- culture technologies studied are suitable

eries are best established in areas where to extend in other areas of northeast
the topography is undolating with steep Thailand with similar physical, biological,slopes, large ponds can be constructed and and socioeconomic conditions ashigher volume of water implies that fin- Ubonratchathani Province. The systemgerlings may have less competition for appears viable under harsh environment 
space and food. Where topography re- without further degrading natural re
stricts nursery pond digging, 5-7 cm fin- sources. 
gerlings can be released directly to fields. 

The nursing of fry before releasing
them to the ricefields had better returns References 
on investment than direct release of large
fingerlings. Although the data do not re- Sollows, J.D. and N. Thongpan. 1986. Comparative
flect the cost of pond construction, the economicsmonocultureof rice-fish culture and ricein Ubon Province, Northeast
ponds are a fixed cost which will decrease Thailand, p. 149-152. In J.L. Maclean, L.B.in succeeding years. Farmers who had al- Dizon mid L.V. Hosillos (eds.) The First
ready dug ponds had already successfully Asian Fisheries Fcrum. Asian Fisheries So
absorbed their pond investment. Both c;ety, Manila. 727 p.

technologies generated the best fish yields Ubonratchathani Agricultural Weather Station. 1987

in areas with a gentle, flat slope. and 1988. Monthly rainfall data.
Ubonratchathari, Thailand.

There were some constraints encoun- Ubon Project Report. 198*. Farming systems research
tered during the trials. First, on-farm institute investigations on rice-Fish culture.research is always subject to limited Ubon Province June 1984-June 1985 Project
control of the variables. Pond sizes vary. Report, Ubonratchathani, Thailand. 
Farmer management changes. Environ
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Abstract 

The history, development and potential of rice-fish culture in China are reviewed. Rice-fish farming systems
research was strengthened in the 1980s as it became a key program of the National Rice Farming SystemsProject supported by the International Rice Research Institute (IRRI) and International Development Research
Centre (IDRC) of Canada. Various rice-fish systems such as field pool, ridged field, rice-azolla-fish and rice-fish
rotations have been adopted. Component technology research in Hunan Province indicated a fish species proportion of 30% grass carp (Ctenopharyngodon idella), 20% common carp (Cyprinus carpio) and 50% crucian carp
(Carassius carassius) gave the highest rice yield (8.98 t/ha); and a 50% grass carp, 30% common carp and 20%
crucian carp combination gave the highest fish yield (1,896 kg/ha) and net returns (US$1,582/ha). 

Introduction has been considered important to increase 
the freshwater fish supply in China.China has a long history of fish cul- Rice-fish farming systems research 

ture in ricefields which can be traced has been conducted based on surveys and
back to the Eastern Han Dynasty (25-220 farmers' experiences of fish culture inAD) (Guo 1986). It was popular in the ricefields. In recent years, traditional tech
provinces of southeastern and southwest- niques for rice-fish farming system were 
ern part of China, particularly in the hilly improved, related engineering facilities 
areas. Rice-fish area declined during the were built in r-cefields and the symbiosis
1950s as a result of improved agricultural between rice aid fish enhanced. Further
technologies and the application of insecti- more, various rice-fish farming sv,tenis
cides and chemical fertilizers. Since the suitable to local agroecological environ
late seventies, fish culture in ricefields ments were generated. 
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Fish culture in ricefields has been in-
cluded in the National Agricultural Tech-
nique Extension Program of the Ministry 
of Agriculture, Animal Husbandry and 
Fisheries (MAAHF). Since 1984, the tar-
get area covered 18 provinces including 
Sichuan, Hunan, Guizhou, Anhui and 
Fujian. From 1984 to 1986, new area 
approximately 67,000 ha were brought 
into rice-fish culture, with fish prcduction 
of 20,000 t and an average yield of 300 
kg/ha. Through extension, rice-fish pro-
duction in these provinces expanded rap-
idly, with the area in the 18 provinces 
reaching 985,500 ha in 1986, 175% of the 
area in 1983 (Li, this vol.). Sichuan and 
Hunan had the largest ricefield areas un
der fish culture with 333,300 and 227,000 
ha, respectively, in 1986. 

Research on fish culture in ricefields 
is being carried out separately by aqua-
culture, agriculture and biology research 
institutions such as the Institute of 
Hydrobiology, the Chinese Academy of 
Sciences, an institution affiliated with the 
Chinese Academy of Agricultural Sciences 
(CAAS) and the Chinese Academy o.' Fish-
eries Sciences (CAFS). The China Na-
tional Rice Cropping Systems Network 
has included rice-animal and rice-fish 
farming in their research programs and 
receives technical and fincncial support 
from the International Development Re
search Centre (IDRC) of Canada and In-
ternational Rice Research Institute (IRRI). 

Methodology 

The basic working groups for agricul-
tural research in China are the labora-
tory, experimental farm; on-farm 
research; and scientists, cadres and farm-
ers. The same also applies to on-farm 

con-rice-fish research. The main steps in 
ducting the research are outlined below. 

Survey 

A survey in the target areas is under-
taken to assess the local natural environ-

ments; major crops cultivated; cropping 
systems; current production levels; 
farmer's economic situation; main con
straints on agriculture production and 
their solutions; and to identify the re
search priorities and procedures to be fol
lowed. 

Site Selection 

Research sitbs are selected by taking 
the village or towns as the basic unit 
based on survey results, requirements laid 
by the national and local key construction 
projects, local research forces, and the 
goals of the experiments and research. 

Designing and Testing 

Designing and testing are focused on 
the main constraints to agricultural devel
opment and utilizes previous research re
sults and experiences with the puipose of 
inc-easing crop yields, returns and ben
efits to farmers. Scientists discuss with 
local cadres and farmers, to collect ideas 
and suggestions. For research where no 
appropriate or valid research findings are 
available, testing is conducted first on-sta
tion before testing on farmer' field,;. 

Demonstration 

If satisfactory results are obtained, 
activities move to an on-farm research 
demonstration phase consisting of 
multilocational testing in areas having 
similar environments. Testing involves 
two to three treatments and is designed 
with the help of scientists and techni
cians. However, there is no replication, 
plots are larger in size and are managed 
by farmers. 

E.xtension 

Extension workers organize farmers in 

the target areas to participate in meetings 
and discussions to exchange experiences to 
di.--seminate research results produci 
high yields and good economic benefits. 
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Research Programs, rice-fish farming patterns and technolo-
Objectives and Projects gies for different ecological environments:
 
to get bumper crops of rice and fish or.
 
large-scale cultivation; to raise the living
At present, China can supply her peo- standards of rice farmers; and to satisfy

pie with the required grains and clothing,However, the agr~iculture the demands of national economic devesector is facing lopment. Research projects and their 

new challenges. Farmers tend to divert short-term objectives are outlined below.
 
their interests to seek more income. On
 
the other hand, cities need more diversi
fied agricultural products, animal and Evaluation and Utilization 
aquatic products for national economic of the Existing Pafterns and Modes 
development and improvement of urban of theEiig Farn 
people's lives apart from the increasing of Rie-Fish Farming
need for food grains. Fish culture in The purpose of this research is to
ricefields can help meet the above needs. evaluate the advantages and disadvan-

China has more than 20 million ha of tages of different rice-fish patterns and 
ricefields. Although in recent years fish idensif d iren t biity ttculture in ricefields has developed rapidly, identify ern ttheir adaptability to different
cltre werenl1.3millohas usled r , agroecological environments in order tothere were only 1.3 million ha used for 
 extend research results suitable to localfish culture in1986, or 6% of the total 
 conditions. The major rice-fish patternsarea for rice cultivation. During this are the rice-fish rotations and mixed riceperiod, fish production per unit area are fish culture.
 
low. Based on statistics of six provinces In rice-fish rotations, fish are raised
 
and one municipality in southeast China, separately before or after rice. The crop
the average fish yield was only 187 kg/ha ping patterns are a single rice crop fol
in 1985, the highest yield obtained was lowed by single fish crop (rice-fish); two
 
286 kg/ha in Anhui Province (Table 1). rice crops and one fish crop in between

However, a farmer at Xindu County, rice, (rice-fish-rice); and two crops of rice
 
Sichuan Province harvested 865 and 460 and two crops of fish (rice-rice-,sh-fish).

kg of rice and fish, respectively, from a Mixed rice-fish culture in 
 double 
1,333in2 ricefield equivalent to 6.48 (rice) cropped ricefields is one of the major rice
and 3.45 (fish) Lfha. fish farming models in China. The fish

The long-term targets for the rice-fish raised inthe field of first rice crop are
farming program are to conduct inter- transferred immediately and raised con
and multidisciplinary research to develop tinuously in the field of second rice crop. 

Table 1. Yields of fish in ricefields of sclec-d provinces in East China (Source: 
Fishery Bureau 1985). 

1984 1985 

Province 
Area 
(ha) 

Production 
(t) 

Yield 
(kg/ha) 

Area 
(ha) 

Production 
(t) 

Yield 
(kg/ha) 

Jiangxi 37,100 5,655 152 61,300 12,880 210 
Fujian 24,700 2,4% 97 36,000 4,860 135 
Anhui 
Zhejiang 
Jiangsu 

10,000 
17,700 
3,100 

2,150 
1,310 

470 

275 
74 

152 

22,700 
24,300 
13,300 

6,500 
2,750 
2,500 

286 
113 
188 

Shanghai 22 2 77 80 6 79 
Shandong 66 6 93 40 3 75 
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Rice-based mixed culture involving single 
rice crops is mainly practised in wheat-rice, 
rapeseed-rice patterns. Most of these fields 
have year-round water sources. Yields are 
stable during drought and waterlogged con-
ditions. Mixed rice-fish culture is also done 
under a rice-fallow pattern, followed by 
raising fish after rice harvest. The pattern 
becomes (rice+fish)-fish. 

Component Technology Research 
on Fish Culture in Ricefields 

This research aims at enhancing both 
the agronomic practices for rice and for 
fish in ricefields to increase total produc-
tion and income. The specific objectives of 
this research are 1) to improve ecological 
conditions in ricefields and resolve the 
incompatibilities between rice and fish; 2) 
to find appropriate fish species composi-
tion; stocking sizes, rates and time; 
proper amount of fodder; fish disease con-
trol; water management and fertilizing 
techniques; 3) to study the symbiotic rela-
tionships between rice and fish in rice-
fish farming systems; to identify the 
beneficial effects of fish on increasing rice 
yields, improving socioeconomic efficien-
cies and ecological conditions; and 4) to 
evaluate the economic efficiencies of fish 
culture in ricefields and determine the 
effects of increased yields and improved 
socioeconomic and ecological conditions in 
increasing farmers' income, 

Major Research Achievements 

Evaluation of Different Model 
of Rice-Fish Farming 

Before 1981, the traditional model 
which was just plain ricefields without 
any ridges or ditches was mostly prac
tised. In 1981, the rice-fish field-sump 
combination (or field-sump model) was in-
troduced which later developed to fish cul
ture in ridged ricefields (ridged field 
model), combined rice-fish and rice-azolla, 
and rice-azolla-fish systems. 

FIELD-SUMP MODEL 

There are a number of 
incompatibilities in the requirements of 
rice and fish. The fish culture practices 
contradict with the rice's needs for field 
drainage, application of fertilizers, insecti
cides and other chemicals particularly in 
the double rice-double fish pLtern. With 
this cropping pattern, farmers need to 
catch fingerlings, hai vest early rice, har
row fields, transplant seedlings of a sec
ond rice crop, reopen ditches and restock 
fingerlings. During the season for double 
transplanting and harvesting, days are 
usually sunny which sometimes results in 
extremely high temperatures which affect 
fish. Combination of ricefields and sumps 
have resolved the incompatibilities in 
double rice cropping regions. 

The fundamental ciaracteristic of this 
model is a sump within or adjacent to Lhe 
field. The depth of the sump/pond is 1 -n 
and its area takes up 5--7% of the field. 
This can be used as a breeding pond for 
fingerling production. After transplanting 
early rice, ditches are dug to connect the 
sump with the field, and fish are driven 
into the ricefield where they remain until 
harvesting of early rice. Fish are concen
trated and collected in the pond, followed 
by harvests of early rice. Afterwards, the 
field is prepared again and transplanted 
with the late rice; ditches are reopened 
and fish are driven into the ricefield 
again.

A farmer in Guangji County, Hubei 
Province, raised fish for 384 days in a 
170-m2 field connected to an existing 
200-m2 pond. Rice and fish were grownfor 117 days (61 days for early rice and 
56 days for late rice). Per hectare yields 
were 9.5 t rice and 1,119 kg fish, with a 
net income of US$582.7/ha (Table 2). 

FISH CULTURE IN 
RIDGED RICEFIELDS 

Alternate ridges and ditches are cons
tructed in ricefields. Rice are grown on 
the ridges and fish kept in the ditches. 
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This method was developed for water- wastes are used for fertilizing the soil. 
logged areas and was initiated by Hou This pattern is also done in fields with 
Guangjiong, a famous soil scientist in and without ridges/ditches. The Fujian
China. It was done to improve yieldr in Academy of Agricultural Sciences (FAAS) 
swamps with low water temperatures and extepded the rice-azolla-fish system with
deep muds. It increases the soil surface in out ridges/ditches at Jian Ning County, 
contact with the atmosphere and im- Fujian Province. More than 6,500 ha or 
proves the relationship among water, air 45.5% of the total ricefield area in the 
and heat flow. Deep ditches increase the province adopted this system after three 
water storage area for the ricefield and years (1983-86) of testing.
expand the space for fish. A research team from the Hunan 

A farmer in Hanshou County, Academy of Agricultural Sciences (HAAS)
Sichunan Province, has a low-lying 0.147- has undertaken research on rice-azolla
ha ricefield. Ile had been growing rice fish farming in ridged fields using double 
alone until 1984 obtaining an average and single rice croppings from 1984 to 
yield of 7,500 kg/ha and US$608 income 1987. Survey in 15 counties in 1986 
for double cropping of rice. In 1986, this showed that the double cropping of rice 
pattern was changed into a ridged-ditch yielded 11.4 tlha and 760 kg/ha of fish. 
ricefield with fish culture. Widths of with a net return of US$528 from fish. 
ridges and ditches are 20 and 80 cm, re- Single rice cropping yielded 8 t/ha of rice 
spectively. The depth of ditches is 50 cm. and 730.5 kg/ha of fish, with a net return 
Rice seedlings were transplanted on of US$507 from fish (Table 2).
ridges on 4 July at a spacing of 50-60 cm 
(19 hills per m2), while fingerlings were 
stocked on 20 May. On 11 October, 7.8 t/ ROTATION OF RICE AND FISH 
ha of rice and 1,572 kg/ha of fish were IN LOW-LYING RICEFIELI)S 
harvested, generating a net income of 
US$732 (Table 2). Fish culture is undertaken after the 

harvest of a single rice crop in the low
lying fields. The research on rotation of 

RICE-AZOLIA-FISH rice and fish was initiated in a 1.32-ha 
low-lying ricefield at Guangji County,

Rice is grown in the soil, azolla on the Hubei Province from 1982 to 1983. A 
water surface and fish in the water, ditch measuring 50 cm in width and 27 
Azolla are used as fish feed and fish cm in depth was dug on 2 July 1982. The 

'able 2. Performance of different patterns of rice-fish culture. 

Gross 
returns Net 

Patteli 
Cropping 
pattern 

Rice yield 
(t/ha) 

Fish yield 
(kg/ha) 

from fish 
(US$/ha) 

returns 
(US$/ha) Province Source 

li, ld-pond Double rice 9.5 1,119 906 582.7 Hubci Nie 1986 

'ish culture (ridged) Single rice 7.8 1,572 1,274 731.5 Sichuan Deng 1985 

ice-azolla.fish 
(non-ridged) 

Double rice 
Single rice 

11.4 
8.0 

760 
731 

616 
592 

528.2 
507.4 

Hunan Hunan Research 
Team 1987 

ice-fish rotation in 
swampland Single rice 4.3 1,312 1,064 529.0 Hubei Nie 1986 
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next day, rice seedlings were transplanted 
and fry were stocked on 16-21 October. 
After 11 months of culture period, the 
average rice yield obtained was 4.3 t/ha 
from the late rice and 1,312 kg/ha of fish. 
A net return of US$529/ha was realized 
from fish (Table 2). 

Research on Component Technology 
of Rice-Fish Farming Systems 

PROPER WIDTH OF DITCHES FOR 
FISH CULTURE IN RIDGED FIELDS 

Rice-fish farming in ridged ricefield 

deepens the cultivated layer of soil, raises 

soil temperatures and oxidation-reduction
 
potentials which consequently increases 

rice yields. For fish, the ridged field pat-

tern enlarges the water body and in
creases the water-retaining capacity of the 

soil. In 1986, a research was conducted by 

the HAAS on ditch width using rice-

azolla-fish combination in ridged ricefields 

(Table 3). Research indicated that the rice 

and fish yields in ridged fields were 

higher than the traditional models with-

out ridges/ditches. A width of 39.6 cm 

gave the highest rice (4.96 t) and fish 

(200.3 kg) yields per hectare. Total gross 

returns of the ditches with 39.6-cm width 

was $1,269/ha, 122% higher than non-

ridged fields. The rice yield increase was 


Table 3. Effects of different ditch and ridge width on 

Research Team 1987). 

Rice 

Full or 
plump 

Ditch width No. of No. of grains grains 
(cm) paniclea/m 2 /panicle (%) 

39.6 283 162.4 83 

46.2 237 167.9 86 

52.8 248 160.7 86 

No ditch (control) 273 154.6 82 

due to greater number of panicles in the 
39.6-cm treatment than the 46.2- and 
52.8-cm ditch width and the nonridged 
fields. 

The width of the ditch varies from re
gion to region dae to differences in cli
mates and ecological conditions. Narrow 
ditches are used in Sichuan Province. 
Zhang (1985) reports results from the 
Chengdu Agrometeorological Station that 
a ridge width of 30 cm and a ditch width 
of 50 cm produced 9.25 t of rice/ha. The 
nonridged fields gave 9.14 t of rice/ha not 
significantly different from ridged fields. 
However, fish yield in ridged fields was 
480 kg/ha or two times greater than 
nonridged fields. 

FISH SPECIES COMPOSITIONS 
AND STOCKING DENSIrY 

Yields from rice-fish culture are 
affected by fish species composition. The 
Soil and Fertilizer Institute of the HAAS 
showed that rice yields increased as the 
proportion of grass carp (Ctenopha
ryngodon idella) in the total stock de
creased. A proportion of 30% grass carp, 
20% common carp (Cyprinus carpio), and 
50% crucian carp (Carassiuscarassius) 
gave the highest rice yields (8.98 t/ha). 
This result suggested that grass carp 
damage rice tillers as their number in
creases. Excessive irrigation water may 

rice and fish yields in Hunan Province. (Source: Hunan 

Total 
Weight of gross returns 

1,000 grains Yield Fish yield 
(g) (t/ha) (kg/ha) (US$/ha) (%) 

29.2 4.96 200.3 1,269 122 

29.2 4.94 187.5 1,197 115 

29.2 4.88 177.8 1,168 112 

28.7 4.82 117.0 1,039 100 
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also be another factor causing reduction 
in rice yields in rice-fish culture, 
Decreases in rice yield are caused by a 
reduction in the number of panicles. The 
highest fish yield (1,896 kg/ha) was 
obtained using 50% grass carp, 30% com-
mon carp and 29% crucian carp (Table 4). 
This species composition of 50% grass 
carp, 30% common carp and 20% crucian 

lings should be stocked in ricefields be
cause of the short culture period. 

FISH FEEDING RATE 

Supplementary feeding increases fish 
yields in ricefields. At Fan Yu County, 
Guangdong Province, it was shown that 
fish yields reached 1,500-2,000 kg/ha 

Table 4. Effects of species composition on fish and rice yields and net returns in Hunan Province. (Source: 
Hunan Research 'ream 1987). 

Species Fish yield (kg/h) Rice 
Composition (%) 

(G-C-Cr) 
a 

G C Cr Total 
yield 
(t/ha) 

30 50-20 918.8 420.0 243.8 1,582.5 8.85 
50-30.20 1,320.0 322.5 253.5 1,896.0 8.33 
30-20-50 967.5 343.8 498.8 1,740.0 8.98 

aG - Grass carp; C - Common carp; Cr - Crucian carp. 

carp also gave the highest net return of 
US$i,582/ha which was 1.5% and 12.3% 
higher than other treatments. 

FISH STOCKING RATES AND SIZES 

Fingerling stocking rates were closely 
related to the yields of rice and fish. The 
HAAS indicated that 22,500 fingerlings/ha 
gave the highest rice yield (12.3 t) wh'ch 
was 7.8 and 6.6% greater than other 
treatments. Stocking rates had direct rela-
tionships with fish yields. A rate of 
30,000 fingerlings/ha produced the highest 
fish yield (747 kg/ha) which were 38.7 
and 14.0% higher than other treatments 
(Table 5). 

Sources of natural fish feeds, variety 
of fish feeds applied, depth and quality of 
irrigation water in ricefields should be 
carefully considered in determining fish 
stocking rates. Increasing stocking rates is 
one approach to increase fish yields where 
abundant manure, feeds and good water 
quality are available, 

Stocking size is closely linked with 

Fish Rice 

Gross Material Gros Material Total Net 
returns coots returns costs returns returns 

(US$/ha) (US$/ha) (USS/ha) (1)$/ha) (US$/ha) (US$/ha) 

742.9 219.2 1,203.1 322.8 1,946 1,404 
699.6 219.2 1,459.9 358.4 2,160 1,582 
754.4 219.2 1,297.4 274.4 2,052 1,-558 

Table 5. Effect of stocking rates of fish on 
rice and fish yields in Hunan Province. 
(Source: Hunan Research Team 1987). 

Stocking rate Rice yield Fish yield 
(noiha) (tlha) (kg/ha) 

15,000 11.4 588.5 
22,500 12.3 655.5 

30,000 11.6 747.0 

when feeding rates exceeded 7,500 kg/ha. 
If less than 7,500 kg/ha of feeds are 
given, fish yields would be less than 1,000 
kg/ha. 

Symbiotic Relationships 
Between Rice and Fish 

Bumper harvests of rice end fish can 
be obtained by selecting the appropriate 
composition of fish species and stocking 
rates. Research on fertility improvement 
and weed and disease control by fish in 
ricefields was conducted by the HAAS 

fish yield. Generally, large-sized finger- and FAAS. 
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THE EFFECT ON SOIL FERTILITY 

Results of nutrient determinations af-
ter a late rice harvest (Table 6), shows 
that N content for rice-fish culture with-
out ridges was 6.9 ppm higher than rice 
monoculture; while the content in fields 
with ridges was 7.2 ppm higher than 
without ridges. The available P20, content 
for rice-fish culture under no ridges was 
2.5 ppm higher than rice monoculture; 
while the content with ridges was 3.4 
ppm higher than no ridge. The available 
K1(O content under no ridges was 1.9 ppm 
higher than rice monoculture; with ridges, 
it was 10.3 ppm higher than no ridges. 
Organic matter also increased. These re
sults suggest that fish culture in ricefields 
stimulates the activities of microorganisms 
and the availability of organic matter, and 
increases release of nutrients for better 
rice growth. 

EFFECTS ON CONTROLLING RICE WEEDS,hihrtarce 

PESTS AND DISEASES 

Results obtained by the FAAS show 
that less weed were found in rice-fish and 

rice-azolla-fish ricefields (Table 7). Weed
ing the field once may be enough, or no 
weeding at all. The incidence of pests and 
diseases in rice-azolla-fish culture is usu
ally lower than that in rice monoculture 
fields, especially in controll:ng rice striped 
disease and plant leafhoppers (Table 8). It 
has been noted that, besides the plant 
leafhopper being eaten by fish, the envi
ronment of rice-azolla-fish culture en
hance the survival of natural enemies of 
the leafhopper. It has been observed that 
populations of natural enemies such as 
spiders and black ants are greatly in
creased by this cropping system (Liu 
Haoguang, pers. comm.). 

Economic Benefits of 
Rice.fish Culture 

The HAAS indicated that the eco

nomic benefits of' rice-fish culture areonutrefrhed
higher than rice monoculture for the dou
ble and single rice croppings (Table 9). 
Comparing rice-fish systems, the rice
azolla-fish (ridged) treatment generated 

Table 6. Effects of rice-fish culture on soil nutrients in Hunan Province. (Source: Hunan 
Research Team 1987). 

Treatment 

Rice-fish culture, ridged 

Rice-fish culture, non-ridged 

Rice monoculture (control) 

Table 7. Effects of rice-fish culture 
1987). 

No. of 
Treatment weeds 

Rice monoculture 48 
(control) 

Rice-fish 9 

Rice.azolla-fish 2 

Available Available Organic 
Alkali N P2O K20 matter 

(ppm) (ppm) (ppm) (%) 

154.0 34.2 70.0 2.8 

146.8 30.8 59.7 2.6 

139.9 28.3 57.8 2.6 

on weed control in Fujian Province. (Source: Liu 

Fresh Composition 
weight (g) Weed type (%) 

455 duckweeds 80 
waterweeds 20 

64 duckweeds 50 
waterweeds 25 
other weeds 25 

9 
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Table 8. Effects of rice-fish culture on pest and disease control in Fujian Province. 
(Source: Liu 1987). 

Insect population Rice striped disease 

Plant Incident Control 
Treatment leafhoppers Spiders index effect (%) 

Rice-fish 1,407.5 74.7 4.398 -66 

Rice monoculture 11,413.5 25.1 12.780 -

Table 9. Economic benefits of rice-fish culture in Hunan Province. (Source: Hunan Research Team 1987). 

Difference from rice
Gross returns (US$/ha) monoculture 

Treatment Rice Fish Total US$/ha % 

Double cropping systems
Rice-azolla-fish (ridged) 
Rice-fish (non-ridged) 
Rice inonoculture (non-ridged) 

960.6 
954.5 
971.6 

527.7 
329.8 

1,488.3 
1,284.3 

971.6 

506.7 
312.7 

53 
32 

Single rice cropping
Rice-azolla-fish (ridged) 
Rice-fish (non-ridged) 
Rice monoculture (control) 

720.5 
682.5 
675.1 

361.2 
203.3 

1,081.7 
885.8 
675.1 

406.6 
209.7 

60 
31 

greater gross returns due to higher fish ery Bureau, Ministry of Agriculture, Animal
yields than the rice-fish (non-ridged) Husbandry and Fishery, China. (In Chi
model. Rice yields in all treatments and nese). 
rice croppings were not significantly dif- Guo Q. 1986. Lao Dao Si Han Dynasty Tomb inMian County, Shaanxi Province. Agricul
ferent from each other. tural Archaeology, Vol 1. 

Hunan Research Team. 1987. The summary report 
on research on rice-azolla-fish farming sys
tems in ridged fields. Rice-Azolla-FishReferences Farming Research Team of Hunan Prov
ince, China. (Unpublished, in Chinese).

Deng, Z. 1985. A new way of rural economics devel-opment, p. 159-164. In MAAHF. A selection Liu, Z. 1987. The "rice-azolla-fish" systems. RAPABull. (1988)4.
of rice-fish farming experiences in China. Nie, D. 1986. The advancements of Rice-Fish FarmingFishery Bureau, Ministry of Agriculture, Systems in China. In Proceedings of theAnimal Husbandry and Fishery, China. (In National Meeting on Rice-Fish FarmingChinese). Systems in China, 10-13 October 1988. 

Fishery Bureau. 1985. A brief report on the Fifth Wuxi, Jiangsu Province. (In Chinese).
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Abstract 

China's fish culture in ricefields has reached I million ha. The methodologies used to develop rice-fish farm.
ing in China are: traditional methods; strengthening research such as using grass carp (Ctenopharyngodonidella)
in ricefields; advising local leaders; disseminating the successful examples of rice-fish culture; coordinating prod
ucts, supplies and marketing needs; and findii,g suitable methods to culture fish in ricefields. 

Introduction 

With a 2 ,000-year history of rice-fish 
culture, China is the first country in the 
world to culture fish in ricefields. Before 
1949, fish culture in ricefields was limited 
to the mountainous areas where there 
were fish shortages. In 1958, the great 
demand for fingerlings for the extensive 
development of pond fish culture led to 
the use of ricefields to rear fingerlings. 
Rice-fish culture area reached 700,000 ha. 
In the 1970s, due to changes in the rice 
farming system, fish culture in ricefields 
was almost totally abandoned. In 1979, 
experiments on rearing grass carp 
(Ctenopharyngodonidella) fingerlings as a 
means to reduce labor in eradicating 

weeds in ricefields, and to increase rice 
production, were done (Nie and Yang
1976). By 1986, rice-fish culture in Chiha 
spread quickly to almost one million ha 
(Table 1). There are no reports on how 
China's fish culture in ricefields expanded 
to this level. The extension methodology 
followed in the development of rice-fish 
farming is presented in this article. 

Investigations in 
Rice-Fish Culture 

Professor Nie Dashu has compiled tra-
Ponesorie Das h cule in 

ditional experiences of fish culture in 
ricefields. In the 1950s, he toured rice-fish 
farming areas in various counties to 
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Table 1. Ricefield area ('000 ha) with fish culture by province, China, 1981-86. (Source: Nic and Wang 
1988). 

Province/District 1981 1982 

Bcijiang 
Hebei 
Shanghai 
Jiangsu 
Anhui 
Zhejiang 
Jiangxi 
Fujian 
Henan 
Hubei 
Hunan 
Guangdong 
Guangxi 
Shanxi 
Sichuan 
Guizhou 

3.33 

1.00 

20.00 

94.67 

2.33 
79.67 
4.33 

35.33 

156.67 
100.67 

Yunnan 

China 119.00 379.00 

investigate how rice-fish culture practices 
can be improved. He wrote a paper enti-
tled "Fish Culture in the Paddy Fields" in 
the book FreshwaterFish Aquaculture in 
China (CFFC 1973). 

In August 1981, Professor Nie peti
tioned the General Secretary of the Cen-
tral Party Committee, suggesting that 
twofold increases in freshwater fish and 
rice production in China is possible, if 
they will expand and intensify fish cul-
ture in ricefields. Several days later, the 
Chinese National Aquatic General Bureau 
issued a document to all concerned units 
asking them to take note of Professor 
Nie's suggestion, support it, experiment 
with it and take part in the reform of rice 
production. 

In 1983, Professor Nie conducted 
studies on the culture of grass carp fin-
gerlings in ricefields and their ecological 
functions. He recognized five merits of 
fish culture in ricefields and developed 
practical techniques and operating rules. 
This achievement was approved by the 
Chinese Academy of Sciences, and won 
the second prize for Important Scientific 

1983 1984 1985 1986 

0.00147 0.02066 0.00667 0.00733 
0.01533 0.01467 0.10 

0.001 0.02666 0.08333 0.023 
0.026 3.13 10.89 14.00 

2.67 10.00 22.67 34.00 
13.35 17.73 20.49 18.73 
18.67 37.80 52.00 47.00 
14.05 19.11 22.35 28.43 

0.02086 8.77 6.67 
3.33 13.33 28.13 21.65 

112.61 167.10 188.75 221.00 
4.00 5.30 8.12 13.33 

31.85 34.55 45.52 54.20 
0.14 0.73 1.51 5.70 

246.47 314.06 360.19 413.33 
106.67 100.00 66.92 87.33 

8.54 11.56 10.58 14.00 

731.48 730.49 846.98 985.52 

Achievements by the Chinese Academy of 
Sciences. 

Dissemination of Rice-Fish Culture 
to Chinese Organizations 

In China, scientific achievements have 
to be accepted by the government before 
it can bear economic benefits. But once 
endorsed, it can bring great amounts of 
economic benefit (Nie 1983; Nie and Wang 
1983). 

On 11-15 August 1983, the Chinese 
Agricultural Ministry held a national 
meeting to exchange rice-fish culture ex
periences in Sichuan. It was an unprec
edented meeting wherein scientists from 
16 provinces and districts attended, and 
representatives from 11 provinces and dis
tricts reported their experimental results 
in rice-fish culture (Fig. 1) (Li 1988). Re
ports were compiled. On 14 September 
1983, the Chinese Agricultural Ministry 
issued a special document calling on lead
ers at all levels in rice producing areas 
throughout the country 'o note the impor
tance of fish culture in ricefields. 



327 

xjnjong 
Inner Mongo , 

SGansu "',• (ee 

"Ong-? Na i" Tianjing 

Sion 

Rice as secondu~ry rrop U Taiwan 

Fig. 1. Area under rice in China. (Source: adapted from Geography Research Institute 
1983). 

The document clearly pointed out that These results won first prize in the Agririce-fish culture is a very promising sys- cultural Ministry for Technological
tem. Rice-fish culture does not only in- Achievement and second prize in the Nacrease rice production but ai.'o freshwater tional Technological Achievement Board.
fish production. It enriches riceland areas 
and is a means to diversify the economy.
The Chinese Agricultural Ministry or- Dissemination of Rice-Fish Tech
dered all agricultural and aquaculture niques to Local Levels 
units to cooperate and organize to im
prove and develop rice-fish production. As In 1981, the Chinese Aquatic Acad
a result, China's lice-fish culture entered emy compiled 2,600,000 copies of scientific 
a new era. In 1984, the Chinese Aquatic materials on rice-fish culture, which wereBureau organized 17 provinces and dis- distributcd nationwide to provinces, cities
tricts (Li, this vol.) to disseminate rice-fish and cou ities. All provinces and cities heldculture. Special ]eading groups were set special meetings and training classes on up, scientists were organized and new rice-fish culture techniques. People were
funds provided. Rice-fish culture increased sent to learn from the advanced units, affrom 26,000 ha in 1982 to 140,000 ha in ter which they tried it in their own fields.
1986 in the eastern region. By 1984, rice- When people were convinced of the ecofish culture in China was practised in nomic benefits from rice-fish culture, they
more than 730,000 ha and reached about tried their best to adopt it. In some coun
1 million ha in 1986 (Fig. 2). ties such as Dayi and Chongqing in

Rice-fish culture has shown its eco- Sichuan Province, every family culturednomic, social and ecological benefits. fish in ricefields. 
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whoever cultures fish in the ricefields, 
owns the fish; income from fish sales is 
not taxed; and severe punishment is given 
to whoever ruins or steals fish. Many lo-
cal insurance cnmpanies support rice-fish 
cult~ure. They compensate peasants' losses 
due W natural disasters such as flood or 
drought. Leaders at all levels also help 
farmers to solve their problems. All these 
contribute- to the rapid development of 
rice-fish culture. 

Coordinationof Supplies 
and Marketing 

Summer fingerlings are especially im-
portant to rice-fish culture. Rice-fish 
farrers get their summer fingerlings ireom 
nursery farms. Cities and farms are 
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sent either to large ponds or rivers for 
further rearing. 

Rice-Fish Culture Techniques 

Guided by the principles of rice and 
fish mutualism and rotational croppings 
of rice and fish, seven fish culture sys
terns ia rir-efields have evolved in China. 

FINGERING PRODUCTION IN IICEPIELIS 

Farmers stock grass carp fry at 
45,000/ha in ricefield3 planted with early 
rice. Feeding is not necessary because 
there are enough zooplankton, thus, farm
ers save both labor and money. After
planting middle rice eedlings, the field is 
stocked with approximately one-third of 
these summer fingerlings (3.5-5.5 cm) 
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taken from the early rice-fish fields, with average of 10%. From 1982 tu 1984, thethe remainder left in the original fields, rice-fish area engaged with fingerling pro-This metbod, used in Hunan, Hubei, duction in Sanming City, Fujian ProvinceJiangxi, Anhui, Jiangsu and Zhejiang increased from 60,000 to 150,000 ha;Provinces, is simple and economical. Early fingerling production from 2,000,000 torice planting season in these provinces over 8,000,000 pieces, and rice yields from
coincides with the fish production season, 6.4 to 17.1%. 
i.e., in late April. After planting rice seed
lings, digging ditches and building fences, PLANTING RICE ON RIDGES AND

fry can be strcked. Plankton, which are CULTURING FISH IN DITCHES
 
growing very rapidly at this time, become

rich food for the fry. The practice of growing rice on ridgesThe following details the breeding of and culturing fish in ditches improvesfry in ricefields. Before stocking fry, raise low-producing ricefields. Production isand compact the dike to 50-70 cm. Con- enhanced through better contact of ricetrol destructive organisms and adjust the roots between soil and the air - harmonizpH by applying 5,625 kg/ha of iick lime. ing the water, air and heat mixture toAfter six to eight days, apply manure, keep microclimate stable which is neededplow, irrigate and level the field, then to accelerate the growth of rice roots.transplant the rice seedlings, dig ditches When fish are cultured in wide ditches,and sumps. Small plots can be shaped as their movements mix surface and bottom"H]" figure, and large fields as waters. This hastens the decomposition ofir [orf". The ditch is about 30 nutrients and maintainscm or increases soilwide and 30 cm deep. At the intersec- fertility. Deep ditches increase the amounttion of two ditches, a fish sump is dug at of water stored in ricefields and also give1 m long, 70 cm wide and 80-100 cm more living space for fish. Puttingdeep. Rice seedlings that were dug from manure in the ditches increases water ferthe ditches and sump must be tility which asserves nutrients to the fishretransplanted thickiy as a hedge along and rice crop.


the outer margin of the field just below 
 Ridges are made in low-producingthe dike. This helps prevent fingerlings areas, rice are planted on the ridges andfrom escaping when it rains. Screen the fish are cultured in the ditches. Thewater inlets and outlets of the ricefields 
sur

face and bottom widths o' ditches are 50with bamboo strips or other materials, and 30 cm, respectively; depth is 50 cm.which should be 100 cm wide and 80-90 The surface width of the ridge is 30 cm cm high. The diameter of the fence holes and is planted with two rows of rice seedshould be 0.2 cm and the fence be arched. lings on 
each ridge. Each row is locatedAfter all these have been done, the fry in a favorable position and rice yieldscan be stocked. Before draining the field from these compensate the lost space defor harvesting, the ditches are dredged voted to ditches. Mud from the ditches isand the water is drawn off slowly at night put onto the ridges and rice seedlings areto let the fish move into the sump. In the transplanted without plowing. Fingerlingsmorning, fish can be easily caught from of 16-17 cm iong are stocked intothe sump using a long-handle scoop net ricefields at 4,500/ha. With this area, 100(Nie et al. 1984). grass carp, 75 silver carp (Hypophthal-
Grass carp fingerlings easily acquire michthys molitrix), 50 bighead (Aristichdiseases when raised in ponds, with sur- thys nobilis), 75 common carp (Cyprinusvival rates of about 20 to 30%. Culturing carpio) and crucian carp (Carassiusgrass carp fingerlings in ricefields solves auratus)can be added. While green grassthe problem of inadequate fingerling sup- are given to feed the grass carp, nothingply and even increases rice yields by an is required by the other fish species. 
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In 1986, the Dong and Miao Autono-
mous Regions of southeast Guizhou Prov-
ince practised the ridge and ditch tech-
niques in 87 sites in 16 counties with an 
aggregate area of 154,785 ha. For 4.47 ha 
of experimental land, yields obtained were 
10,350 kg/ha (rice) and 472 kg/ha (fish). 
In Chongqin City, Sichuan Province, 
yields ranged from 6,750 to 7,448 kg/ha 
(rice) and 705 to 765 kg/ha (fish). This 
method has also benefited economically 
and ecologically the provinces of Hunan, 
Hubei and Jiangxi. 

COMBINATIONS OF RICE, 
FISH AND AZOILA 

The Academy of Agricultural Science 
of Hunan and Fujian Provinces obtained 
good results using duckweeds (Azolla 
spp.). The techniques for constructing 
ridges and ditches are the same as de-
scribed above. Duckweeds are cultured 
first in the ditches before rice are planted 
and grass carp and tilapia (Oreochromis 
spp.) are stocked. The fish feed on 
duckweeds and fish droppings fertilize the 
rice. This triple combination has multiple 
benefits: 1) it helps improve to some ex-
tent the farming system; 2) it keeps the 
field aerated; and 3) it makes full use of 
light resulting to vigorous growth of rice 
in all rows. Therefore, it has high eco-
nomic, social and ecological advantages for 
the farmer and environment. Weeds on 
the ridges became scarce and plowing of 
the field was not needed. Less pesticides 
were used because disease and harmful 
insects have been already reduced. Ferti-
lizer rates also decreased. In Jiannin 
County, Fujian Province, 66,667 ha were 
devoted to duckweed-rice-fish culture in 
1986. Fish production was 1,150 t in 1985 
which increased te 1,500 t in 1986. 

CULTURE FISH INRICEFIELDS 
WITH WIDE DITCHES 

A ditch 1 rn in width and depth is 
constructed at the water entrance of the 
ricefield occupying about 10% of the area. 

The ditch's dike should be 25 cm higher 
than the ricefield surface. At every 2 m, a 
30-cm wide opening is provided for fish to 
move freely in and out from the ricefield 
and ditch. Before spring plowing, large 
fingerlings are temporarily stocked into 
the wide ditch and when the early rice 
seedlings turn green, fish are allowed to 
swim into the ricefield to graze on the 
weeds and other natural food. Before har
vesting, the fish are gathered to the wide 
ditch. In 1985 and 1986, Jiangxi Province 
had 6,667 to 9,333 ha under this system. 
On the average, rice production is in
creased by 20% but can reach up to 50%. 

CULTURE FISH IN SUMPS AND RICEFIELDS 

A wide ditch and a sump are situated 
outside the ricefield. The surnp may be 
large or small (10-30 m2 and 1.5 m deep). 
Before planting early rice, common carp 
fry or small grass carp fingerlings are 
reared in the sump. As in the wide ditch 
system, fish are allowed to enter the 
ricefield at the proper time. This system 
avoids harvesting early rice, plowing the 
ricefields and then transplanting late ricc, 
etc. - all of which must be done at the 
same time during 0he hot and busy sea
son. After the early rice seedlings had 
been transplanted, the dike connecting 
the ricefield and sump is opened to allow 
fish to enter the ricefield. When harvest
ing early rice, fish are herded into the 
sump. After the transplanted late rice 
turns green, the water level at the sump 
is increased and fish swim into the 
ricefield. 

In Guangji County, Hubei Province, a 
family that specialized in fish breeding 
tried this method in a 4.5-ha natural 
sump located near a 39-ha ricefield. Fish 
were stocked in the ricefield for 348 days 
and fish and rice grew together for 117 
days (61 days for early rice; 56 days for 
late rice). A total of 2,143 fish were 
stocked. Only 1,770 fish (216 kg) were 
harvested, representing a recovery rate of 
83%. Rice yields were 5,432 kg/ha (early 
rice) and 4,072 kg/ha (late rice), 6% 
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higher than yields from the ricefields 	 (Mylopharyngodonpiceus), 10% silver carp
without fish. In 1983, net income was and 1% bighead carp. 	No feeds were
US$643/ha. given during the 64-day culture period.

About 10,094 fish, weighing 229 kg, of dif-
FISH CULTURE IN WINTER-FREE 	 ferent sizes were harvested: under 10 cm 
OR WATER RESERVOIR FIELDS 	 (10%); 10.1-20 cm (70%); and over 20 cm 

(20%). Thirty days after fish harvest and
Winter-free fields (fields that are left after the ricefield was tilled, 15.6-cm

fallow during winter) are used to store grass carp fingerlings (10,787 pieces
water for the next spring rice and fish weighing 279 kg) were stocked into the
culture season. TPhese are common in fields at 8,385 fish/ha. The fingerlings
many parts of' Fujian Province. were injected twice with a hemorrhagic

In 1983 winter, the Fujian Institute of vaccine. The following inputs were given
Freshwater Fisheries conducted an experi- during the whole rotation period: 40 kgment in Jinjiang County. Some 58 kg of urea, 1,450 kg night-soil, 600 kg beanseed grass carp, common carp, silver carp and cake. 3,508 kg duckweed, 1,831 kg green
bighead carp fingerlings were stocked in grass and 5,500 kg rice straw. After 244 
a 0.25-ha winter-free field on 20 Novem- days since the previous fish harvest, the
ber. After 122 days, 85 kg of fish were gross fish yield obtained was 1,689 kg/1.3harvested. The fish net weight was 28 kg. ha, and net yield was 1,095 kg/ha.

Common carp gained weight at 0.2 g/day

and its survival rate was 89%.
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Abstract 

A 60-year old farmer, Mang Isko, of Cavite, Philippines, adapted rice-fish technology. He raised tilapia(OreochromLs niloticus) and common carp (Cyprinus carpio)along with rice on an experimental basis. In his rice
fish experimental area of 800 m, rice yields increased from 400 to 600 kg and produced 48.5 kg of fish. This
initial success prompted him to expand his rice-fish area to 2,200 m2 and make other adaptations to the technol
ogy. Economic analysis of the technology showed that net farm profits increased from US$26 to 86 (1987). His success has been shared with other fermem in the area, with the help of the International Institute of Rural Reconstruction (IIRR). This case demonstrates the vital role farmers can play in the adaptation and spread of rice
fish technology. 

Introduction the technology but also the extension ap

proaches.
Rice-fish technology can provide alter- In 1987, the International Institute of

native sources of income and at the same Rural Reconstruction (IIRR) began
time improve family nutrition. Rice-fish multilocational trials on rice-fish culture 
technologies were developed more than a in farmers' fields in Cavite. 
decade ago at the Freshwater Aquaculture Mang Isko, a 60-year old Filipino
Center of Central Luzon State University farmer, was approached by the IIRR
in Nueva Ecija, Philippines. The techno- team. He was trying to get help raising
logy developed was implemented nation- freshwater fish in his small pond. The 
wide in the latter part of the 1970s, how- IIRR technical specialist in aquaculture 
ever, up to now, there has been limited suggested that he try out the rice-fish
adoption of the rice-fish technology. This technology as it was simple, easily learned
implies a need to further adapt not only and offered many benefits. Mang Isko 
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seemed to be reluctant at first to try the 
rice-fish technology on his farm. He said, 
"This is the first time I heard about the 
technology. I can't believe that fish will 
grow in ricefields with very shallow wa-
ter." iewas encouraged to think it over. 
One week later, he informed the techni-al 
specialist that he had changed his plan 
for raising freshwater fish in his pond 
and wanted to try out rice-fish. He said 
he was willing to invest in the project 
and ready to face the risks. 

The adaptation trials were managed 
and implemented by the farmer with 
technical assistance from the IIRR team. 
The inputs were provided by the farmer, 
fish fry were acquired from Laguna de 
Bay at the farmer's own expense. 

The Rice-Fish 
Technology Adaptation 

Site Selection 

The area selected was fairly free from 

flood and water seepage. The sequence of 
operations in a rice-fish farm as shown in 
Fig. 1 are described below. 

Construction of Trench 

The trench was dug before the rainy 
season started. It was constructed in the 
lower portion of the ricefield along one of 
the dikes. The dimension of the trench 
was 1.0-1.5 m wide and 0.5-1.0 m deep. 
It occupied 8-10% of the ricefield area. 
The trench served many purposes. It pro-
vided a refuge for the fish during any 
drop in water level due to spraying or 
drought. It was the site for feeding the 
fish, where plankton bloomed and where 
fish were harvested. 

A small pond was dug near the irriga-
tion canal and stocked with a few fish to 
detect whether the water supply was free 
from toxic substances before allowing it to 
enter the ricefield. 

Dike Construction 

Dikes were approximately 50 cm to 1 
m wide at the base and 30-50 cm at the 
top. They varied from 70 to 80 cm in 
height. 

Installationof Outlet, Inlet Pipesi 
Water Gates 

Bamboo inlet and outlet pipes were 
installed and screened with 0.5-cm mesh 
wire cr net to prevent the fish from es
caping and predators from entering the 
ricefields. 

Fertilization 

The trench was fertilized with chicken 
manure before stocking fingerlings at the 
rate of 0.5 kg/m2. More chicken manure 

was applied to one corner when the color 
of the water was no longer greenish. Urea 
was applied at the rate of 2.5-3.0 bags/ha 
(50 kg/bag) at 2C days after transplanting. 

Stocking
 

The species stocked were Nile tilapia 

(Oreochromis niloticus) and common carp 
(Cyprinus carpio) at a rate of 8,000

10,000/ha with 85-90% tilapia and 10
15% carp. 

Supplemental Feeding 

The fish were fed with rice bran 
whenever this was available. The total 
applied over the growth period was ap
proximately 30 kg/season. 

Transplanting of the Rice Seedlings 

After the land was prepared and ferti
lized and the dikes constructed, the field 
was transplanted with IR 66. 
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1. 
• 

Trench construction 
This should be done before the onset of 
the rainy season. The trench Is 1.0-1.5 m 
wide and 0.5-1.0 m deep. 

2. 
* 

Fertilization 
When there Is enough water in the trench 
(from Initial rains or from irrigation canal), 
apply any of the following: chicken, hog or 
cow/carabao manure. 

3. 
, 

Stocking
Stork the trench with fingerlings 15 days
after the application of tre manure. 

4. 
* 

Land preparation
During the onset 
harrow the land. 

of rains, plow and 

L 

5. 
-

Transplanting
Transplant the seedlings after thorough 
preparation of the land. Maintain 2.5-cm 
water level. 

tr) /ricefield. 

'"<.,,i( 

7 

.... In4 

&' 

L 

."". 

.-, 
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6. 
0 

7. 
-

Opening the dike 
One month after transplanting, make three 
or more openings on the dike to allow the 
f,;sh from the trench to go into the 

Maintain the water level in the 
ricefield at 10-15 cm deep. Increase water 
depth to 20-30 cm after rice tillering. 

Harvesting
By the time the rice crop is ready for 
harvesting, so are some of the fish. 
Harvest only the big fish (50 g or more).
Extend the culture period of the smaller 
ones for the next rice crop. 

Fig. 1. Basic operations in rice-fish farming. 
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Opening the Dikes on the Trench 

One month after transplanting the 
rice seedlings, four openings on the dikes 
were made to allow the fish from the 
trench to pass into the ricefield. Water 
depth was maintained at 10-15 cm and 
increased to 25 cm after rice tillering. 

Maintenance and Management of 
Rice-Fish Field 

Regular maintenance of dikes in-
cluded trimming the plants on the dikes 
to prevent rodents from making holes in 
them, and regular checking of screens, 
inlet and outlet pipes, and water gates to 
reduce fish escape. Water depth was 
maintained between 15 and 25 cm. The 
trench was fertilized regularly with 
chicken, hog or cow/carabao manure to 
insure the growth of plankton. 

Harvesting 

Fish were harvested just before the 
rice by draining the ricefield to gather the 
fish into the trench. Fish of 50 g and 
above were caught by seining the trench, 
Smaller fish were left to grow through 
the next rice crop. Fish were sold live in
the town market. 

Benefits and Opportunities 
from Rice-Fish 

Culture Technology 

The direct benefits to Mang Isko from 
the introduction of rice-fish technology 

to prieisyear'syasriecompecomparedtoth the previous rice 
monoculture were: supply of fish for con-
sumption and sale, and higher rice yields 
(Table 1). Some 48.5 kg of fish worth 
US$47 were harvested. Rice yields rose 
from 400 to 600 kg. On a per hectare 

basis, rice-fish technology gave a profit
equivalent to US$1,074/season which 

greatly exceeded that of rice monoculture 
at US$322. Direct benefits of this magni
tude prompted him to expand his rice-fish 
enterprise to 2,200 m2 the following year. 
Again, benefits in yield and profit com
pared to the previous year were dramati
cally increased. 

Indirect benefits from rice-fish 
included the reduction in the use of 
chemical fertilizers, weedicides and insec
ticides. He believed that fish droppings 
served as fertilizer for the rice :rop, and 
that fish eat aoustic weeds aid insect 
pests of rice. 

Farmers and Technology

Transfer
 

Mang Isko is considered an outstand
ing farmer-cooperator in rice-fish farming 
and is now often requested by the IIRR to 
be a training resource person. A lot of
farmers and rural development officers 
both at the national and international lev

-els visit Mang Isko' farm to observe and 
learn from him the various techniques of 
rice-fish technology. 

Officers of people's organizations con
tinue to promote and recruit farmer-coop
erators in their respective villages for 
training in rice-fish technology. Trainees,
not only put into practice what theylearn, but also share the technology with 

other farmers. More experienced farmers 
serve as resource persons during farmer 
to farmer trainings. Moreover, they help 
other farmers resolve technical problems. 
The farmer resource persons are taught 
not only about rice-fish technology but 
also skills on how to become effective 
trainors. 

Toindate,the there are 12 farmer-coopera-laboratorytors IIRR social in 
Cavithe engagedcin re-fis 
Cavite who are engaged in rice-fish cul
ture and a total of 35 farmers have been 
trained. The number of farmer-coopera
tors permits regular follow-up on techni
cal difficulties and assistance to trainees.

Promotion and demonstration of rice
fish technology is being carried out in 
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Table 1. Operating costs and returns from rice monoculture (RM) and rice-fish culture (RF) in Mang Isko's farm, San 
Jose, Dasmariflas, Cavite, Philippines, 1986-88 a . 

Original area Expansion area 

Jul-Oct 1986 Jul-Oct 1987 Jul-Oct 1987 Jul-Oct 1987 
1M IF RM RF 

(US$) (US$) (US$) (US$) 

A. Per ricefield area (m 2 ) 800 800 2,200 2,200 

Yield (kg)
 
rice 
 400.00 600.00 1,000.00 1,475.00
fish 48.50 140.00 

Gross income 58.45 133.17 168.27 375.39 
" cash 58.45 130.77 168.27 344.93 

rice c 
58 .4 5 b 8 6 .54 b 1 6 8 .2 7 c 241.89 

fish 
4 4 .2 3 d 103.04c 

" non-cash 2.40 30.46 
fish (consumed at home; given away) 2.40 - 30.46 

Expenses 32.36 47.23 85.79 124.08
" cash 27.49 34.26 72.56 76.29 

inorganic fertilizer (urea) 3.51 1.68 9.42 3.26 
land preparation 4.87 4.81 13.46 13.12 
transplanting 7.31 7.21 19.23 18.74 
harvesting and threshing 3.65 4.90 10.34 17.43 
weedicide 0.97 - 2.64
 
insecticide 
 1.07 - 2.74
 
land rcnt 
 4.26 4.21 11.54 11.25 
irrigation The 1.85 1.83 3.20 3.12 
fingerlings (Cyprinus carpio) 9.62 9.37 

" non-cash 4.87 12.97 13.22 47.79 
seeds 1.46 1.44 4.09 3.98 
weeding 3.41 - 9.13 -
trench and dike construction - 6.73 18.74 
organic fertilizer (chicken manure) 1.92 5.62 
fingerlings (Oreochromis niloticus) 11.95 
feeds (rice bran) 2.88 - 7.50 

Income 
Net cash farm income (cash income minus cash expenses) 30.96 96.51 95.70 268.64 
Net return to own inputs of labor and capital 30.96 98.91 95.70 299.10 

(gross income minus cash expenses)
 
Pure economic profit (gross income minas 
 26.09 85.94 82.48 251.31 

total expenses) 

B. Per hectare (extrapolated from A) 

Yield (kg) 
rice 5,000.00 7,500.00 4,500.00 6,700.00
fish - 606.25 - 636.40 

Gross income 730.64 1,664.66 757.21 1,705.76
rice 730.64 1,081.73 757.21 1,098.88
fish - 582.93 606.88 

Total expenses 404.59 590.44 390.32 564.04 
lice 404.59 326.02 390.32 322.29 
fish - 264.42 - 241.75 

Pure economic profit 326.05 1,074.22 366.89 1,141.72 

aOriginal values in Philippine Pesos were converted to US$ at the rate of US$1 = P20.53 (1986), P20.80 (1987) and 
P21.34 (1988). 
bUnhusked rice price = P3.00/kg. 
cUnhusked rice price = 113.50/kg. 
dFish price = P'20.00/kg. 

http:1,141.72
http:1,074.22
http:1,098.88
http:1,081.73
http:1,705.76
http:1,664.66
http:6,700.00
http:4,500.00
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http:5,000.00
http:1,475.00
http:1,000.00


338 

other provinces of the Philippines, such as 
Albay, Quirino and Negros Occidental. 

Conclusions 

Raising fish with rice appears to in-
craisingfishawithmriceeappearsitnin-

crease income and improve nutrition for 
the farmer's family. However, the contri-
bution fish makes to rice pest control and 
fertility remains unclear. Moreover, the 
technology could be further improved to 

overcome the problem of small fish at 
harvest. One idea is to extend the fish 
culture period by constructing the trench 
prior to land preparation, and stock fin
gerlings when it is filled with water. An
other idea is to establish a nursery/breed
ing pond in the ricefield so that larger fin
gerlings would be available for stocking.

Perhaps the most important con
clusion that can be drawn from Mang 
Isko's experience is the potential within 
the farmers themselves to adapt and 
transfer technologies. 
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Abstract 

Rice-fish farming is expanding rapidly in Thailand, particularly in the Northeast, where local ecological, eco
nomic and social circumstances have become highly conducive to its spread. A number of government and non
government agencies are becoming increasingly involved in promoting rice-fish through different approaches. The 
example elaborated here is from the Northeast Fishery Project of the Thai Department of Fisheries. This project 
stresses the farmer's perspective. The approach involves two-way communication between the Department and 
farmer target groups. Within the "Fish in the Ricefield" program, the main extension mechanism is training and 
demonstration complemented by follow-up. 

Introduction 	 port extension began in 1955, mainly at 
the Chiang Mai Fisheries Station. Rice
fish farming received a further boost in

Thailand's rice-fish development began 1959, when loans were made available to
during the 1930s with the Department of Central Plains farmers. The area culti

in the vated with rice-fish peaked at an esti-Fisheries (DOF) extension program 
mated 3,000 ha. Species cultured includedCentral Plains. 	Activities subsequently ex-

m on ca Cpis car inkepanded to the 	northern and northeastern
regins o th Resarc up- common carp (Cyprinus carpio), snakeskincoutry to 

regions of the 	country. Research to sup- gourami (Trichogaster pectoralis), Java 

*Present address: ICLARM Bangladesh Office, House No. 20, Road No. 9/A, (New) Dhanmondi I/A, Dhaka 1209, 
Bangladesh. 
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tilapia (O'eochromis mossambicus) and 
walking catfish (Clariasbatrachus). 

Over the past 15 years, however, the 
intensification of agriculture had con-
flicted with fish culture. Increased use of 
pesticides in rice farming has made fish 
culture impractical in many areas. Many 
farmers have quit. In addition, the rela-
tive abundance of fish in the Central 
Plains has further dampened fish culture 
(C. Martin, pers. comm.). Nevertheless, in 
a few low-lying, infertile areas, the cul-
ture of fish in ricefields prevails. In many 
cases, farmers have stopped growing rice 
and culture snakeskin gourami or walking 
catfish. 

The picture is quite different in North 
and Northeast Thailand. Pesticides are 
used sparingly, if at all, in rice crops. 
Many captured wild fish species are 
decreasing. A rapidly spreading disease 
has decimated wild stocks. Demand for 
fish is rising and where investments re-
quired to dig ponds are prohibitive, rice-
fish farming is becoming a popular alter-
native. Expansion is most rapid in the 
Northeast because farmers use few chemi-
cals, ricefield fisheries are traditionally
important, and income sources are few. 
Major species cultivated include Thai sil-
ver barb (Puntiusgonionotus), commoi, 
carp and Nile tilapia (0. niloticus). 

Agencies Involved in the 
Rice-Fish Extension 

The government has supported the 
development and extension of rice-fish 
farming for over 40 years. In the last few 
years, non-government organizations 
(NGOs) have become involved as well. A 
review of their activities follows, 

Government Agencies 

DEPARTMENT OF FISHERIES (DOF) 

Since the early days, the DOF has 
had direct responsibility for research and 

extension in rice-fish farming. In the 
North, the Chiang Mai Fisheries Station 
has been involved with rice-fish research 
and extension since 1955. From 1967 to 
1977, its special unit in Chainat, Central 
Plains, extended rice-fish technology. Over 
the same per;od, experiments were con
ducted at two fisheries stations--
Udonthani and Surin, and at the North
east Agriculture Centre, near Khon Kaen. 

Research in the northeast investigated 
trench configuration, feed quantity and 
quality, fertilizers, stocking rates, stocking 
sizes, fish species mix, rice varieties, and 
effects of different factors on survival, 
growth and production. After 1977, 
research efforts were cut back in favor of 
extension. 

Under the DOF's Freshwater Fishery 
Development Project, rice-fish farming has 
received support for 40 fisheries stations 
and 65 provincial fisheries extension of
fices. In the northeast, a number of area
specific projects associated with the DOF 
have put considerable efforts into rice-fish 
farming research and extension. These 
include the US Agency for International 
Development-assisted Northeast Rainfed 
Agriculture Development Project 
(NERAD), the Thai-Australia Thung Kula 
Ronghai Project, the DOF's Accelerated 
Aquaculture in Irrigated Areas Develop
ment Project, and the Canadian Interna
tional Development Agency-aided North
east Fishery Project (NFP). 

DEPARTMENT OF AGRICULTURE EXTENSION 
(DOAE) 

The extension of crops and cropping 
systems dominates the DOAE's work. In 
1988, the DOAE decided to extend rice
fish technologies in all 17 northeastern 
provinces in recognition of their potential.
Farmer-operated demonstration plots are 
the chief extension tools used; progress is 
closely followed by subdistrict extension 
officers. 

The large number of DOAE officers 
working at subdistrict levels complements
the extension efforts of the DOF, which 
lacks this resource. Information cooperation 
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between the two departments was consider- rice-fish farming. Their work in villages
able throughout 1989. Cooperation on an of Khon Kaen Province has been utilized 
official level, with a budget to support rice- by various agencies including the DOF. 
fish extension in North and Northeast Moreover, its rice-fish extension booklet 
Thailand, will begin in 1991. and view are increasingly being used, as 

described by Siriphat (this vol.).
DEPARTMENT OF AGRICULTURE (DOA) 

ASIAN INSTITUTE OF TECHNOLOGY (AlT)The DOA conducts agricultural 

research. A number of rice experimental The AIT, with assistance from the 
stations have conducted rice-fish trials on British Overseas Development Administra
rice varieties and pesticide applications. tion, has begun the Aquaculture Outreach 
Since 1984, the Farming Systems Project in cooperation with the DOF. The 
Research Institute (FSRI) has conducted aim of this project is to develop appropri
rice-fish on-farm research at sites in the ate and practical techniques for raising
Northeast, North and Central Plains. fish in areas of Asia where rice is the 
Research topics included system descrip- major agricultural crop. The project is 
tions in various environments, economics, finding rice-fish farming to be an impor
effects on rice yields, appropriate rice tant activity in many circumstances. 
planting methods, effects on rice pests
and diseases, and fish feeding habits. CANADIAN UNIVERSITY OF SERVICES OVER-

SEAS (CUSO) 
1(ION KAEN UNIVERSITY (KKU) CUSO supports the efforts of many 

KKU's Farming Systems Research Thai NGOs involved in rice-fish farming.
Project began conducting on-farm experi- Over the last 10 years, it has stimulated 
ments in 1985. Fish culture was found to the development of rice-fish, particularly
be one activity which fits in many circum- in the northeast, aroong various govern
stances, with rice-fish farming as one im- ment and non-government agencies. From 
portant component of the farm system. 1984 to 1988, CUSO volunteers worked 
Since 1988, research results have been with the DOA's FSRI in the northeast,
widely tested through multilocation trials, north and central plains. 

Non-Government Organizations 
(NG Os) 

The Northeast Fishery Project
Many national and international (NFP) Approach 

NGOs in Thailand include rice-fish farm
ing development and extension as one of 
their activities. Most NGOs concent 2 Te p a t incs the 
their work within specific, eircumscri-.u farmers' perspective and efficiency of the 
areas, which ensures success but offers DOF's extension efforts. The DOF has 
little impact on a wide scale. Cooperation limited manpower, with its officers 
with government agencies could increase responsible for a number of projects over 
the benefits generated by NGO efforts. At a wide geographic area. The NFP comple
least, the results of and lessons from their ments traditional person-to-person ap
work deserve to be communicated. proaches in which a one-way fivw of 

information from an officer to a client 
APIPROPRIATE TECHNOLOGY ASSOCIATION predominates. To reach more clients, the 
(ATA) project uses farmers as paraprofessionals

and a diversity of media like leaflets,
ATA, a Thai NGO, has had a number booklets, flip charts, display boards, slides, 

of very successful extension activities in videos and radios. These are put to use in 
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a variety of extension activities, examples 
of which follow: 
* 	 A radio broadcast of five-minute anec-

dotes and technical passages, sup-
ported by other materials and village 
visits, 
A farmer's newsletter, sent out to se
lected farmers who have indicated 
their commitment to culturing fish; 
which includes anecdotes, technical 
information, letters from farmers and 
responses to these letters. 

" 	 A farmer's conference and "External 
Extension Manpower" training where 
farmers are trained by one another 
and by the DOF to promote aquacul-
ture among other farmers in their lo-
calities, provide feedback to DOF per-
sonnel and act as community contacts 
for DOF extension officers. 

* 	 A recent university graduate is em-
ployed as a temporary extension 
worker to conduct extension activities 
within the DOF workplan in a limited 
geographic area. 

Fish in the Ricefields Program 

The Fish in the Ricefields program in-
corporates to vLrying degreer of the ac-
tivities discussed, but focuses its efforts 
through demonstration, training and fol-
low-up. 

DEMONSTRATIONS 

Since 1986, 150 rice-fish demonstra
tion plo~s have been dug in farmers' fields 
in four provinces. The project tractor dug
peripheral trenches a meter wide and ameter deep on two to four sides of ah 

metr ndepto t for sdesofeach 
plot; the excavated earth was used to
raise the enclosing dikes above flood level. 

Trenches were set about lm from the 
!i.es in order to stop dike soil from erod 
ing into the trenches. A square pond 

M2about 25 was dug in The lowest corner 

The progress of' each farmer was fol-
lowed closely in the first year of opera-

tion. Demonstrations of the effects of vari
ous 	factors on fish growth and production 
were conducted with the help of tempo
rary technicians. Demonstrations included 
stocking size, stocking density, levels of 
manure and rice bran, and water depth. 

TRAINING 

During the past year, farmers in each 
of the six provinces where NFP is concen
trating have received training. A target of 
40 farmers was set for each province. 

Each training took two days in one 
village and involved 20 to 60 farmers. On 
the first day, rice-fish farming was intro
duced through lecture, videos and discus
sion. Slides, handouts and display boards 
were used to varying degrees. Farmers 
were taken on a field trip to rice-fish sites 
on the second day. Management problems 
and benefits wcre discussed with the 
owner-operator. 

FOLLOW-UP 

Follow-up with the farmers involved 
in the training and demonstrations are 
undertaken to assess their effects, explore 
ways of improving their effectiveness and 
increase understanding of the factors 
influencing farmers' decisions. The ex
change of ideas emerging from this activ
ity enhance the extension effort as well. 

Lessons from the NFP 

Many lessons, both positive and nega
tive, were learned by the NFP. The fol
tiewrelandbthNP.Tef
lowing paragraphs discuss those related to 
selecting sites and farmers, and reactions s 	 e t rss ogite s and on-farsde m
of farmers to trainings and on-farm dem-

A number of criteria is important in 
selecting sites and farmers. Biophysical 
potential of a site is usually given priority 
but the degree of farmer interest and 
need should be given similar weight, as 

the g 	 g
shouldsorb and manageabilitiestheoftechnology.individuals to ab-Officers 
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selecting sites and farmers must reiy cumstance differeu greatly 7rom theirs,on 
intuition to identify those w'illing Rainfed farmers irrigatedto help when taken to 
themselves and take initiative, sites commonly found that much of what

Farmers prefer trainings to be in they saw could not be applied.
their own village. Reasons given were A realistic, applicable demonstration is
that: interested villagcrs of limited mobil- usually effective and sometimes an essen
itv could still attend; trainers could better tial component of extension. The project
und¢]erstand and take into account the cir- demonstration plots have consistently at
cumstanes peculiar to the village; and tracted attention and interest, and in
fields of interested farmers could be vis- some cases, stimulated other villagers to 
ited easily. try the practice. Interest, however, does 

Farmers with little prior experience not always lead to action. 
felt that longer training sessions would be One "model" demonstration cannot fit 
more effective. A "motivational" session every situation. Efforts were made to fit 
one week to one month before the main each demonstration to iocal circumstances 
training overcame this problem. These but the tractor imposed limits to adapt
half.day sessions typically involved slides ability to farmer- and site-specific condi
and guest farmer-speakers. The benefits tions. This limitation is exacerbated when
from such sessions were many. Since ba several demonstrations are placed in one 
sic concepts had already been introduced, locality. Adjacent plots share similar risks 
subsequent training was better under- and advantages - if one fails, all tend to 
stood. Farmers could better decide fail. Moreover, when all succeed, the re
whether or not they wanted to invest two sults are less convincing to farmers whose 
days attending the main training session. s:tiation differed from those of the dem-
More farmers could learn about the main onstration.
 
training and make time for it.
 

lost-training follow-up was considered 
helpful because it consolidated what indi- Conclusions 
viduals had learned, allowed officers to 
respond to the unique circumstances of Project activities are still in progress,
each farmer, and allowed timely responses and it is too early to make definite recoi
to problems. Many farmers said that such mendations. However, one can say that
visits boosted morale among practitioners the "right" way to extend a technology 
as w e l l . t h e ci r c u tan a h
 

The structuring of the two
and videos days, with depends the circumstances of thelecture on the first day, fol- onplace, the people and the resources of the
lowed by a field trip on the second, was extension agency.positively received. Videos We know that close,that provided personal follow-up on individualvisuale practil e e sha poide tioners, especially beginners, can be veryviulexamples established points mor.e effective. Howe~er, agencies with limitedeffectively than lectures. Field trips added effeces we r, in cies h Avariety to the training which was wvel- resources will run into ,lifficultier here. Acored by all. Indeed, field trips received subsample of individuals seLctedcomed bymall. Indeedtingeh tripseeged forcloser attention might help intop marks for getting home the some cases.message. In others, the agency's effectiveness might
The fact that farmers could study exam- be enhanced by using in-village trainingples of rice-fish systems at their own pace an n-ar e mostrtins. tway
and discuss management problems and and on-farm demonstrations. Two-day
 
benefits with the operator helped. Farm- training sessions were well-received by
 
ers recognized the value of the first day's villagers in the NFP. A motivational ses
work to a full understanding of the field sior, held well beforehand makes training
 
trip. Field trips did not work well where more effective.
 
trainees were taken to sites whose cir- NFP on-farm demonstrations worked
when farmers' interests, needs and ability 
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to manage were considered along with 
biophysical potential of the site. There is 
no doubt that demonstrations of a technol-
ogy, whether developed by the farmers 
themselves or introduced by an outside 
agency, can be a highly effective exten-sion tool. Care should he taken that dem-

tol tke 

onstrations are applicable to the circun-
stances of the target farmers. Thus, in-
vestments made in any demonstration 
should reflect farm reality, as should their 
locations. 

Whatever extension approach an 
agency selects, maintaining a continuous 
two-way communication with its farmer 
clients will enhance effectiveness and effi
ciency. 

osaion are shoulicabe thdeum-
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Abstract 

Farmers in Northeast Thailand have adopted rice-fish culture more readily than any other fish production 
systems. The fisheries development approach of the Thai-Australian Tung Kula Ronghai Project Phase IV was 
found to be consistent with the rationale behind the farmers' decision to adopt rice-fish farming. This paper dis
cusses the approach of the project, the rationale for rice-fish farming, and the socioeconomic and physical envi
ronments in which it operates. It offers recommendations for future development of rice-fish farming in the 
region. 

Introduction 
supporting components: agricultural re-

The Thai-Australian Tung Kula search and extension, community develop-
Ronghai Project Phase IV (TATKRP) is a ment and water resources study. The 
resource area development project in TATKRP's overall goal was to provide an 
Northeast Thailand. This project has its equitable improvement in the standard of 
roots in the Poverty Area Program of the living of the rural people through im-
National Economics and Social Develop- pro' 'd net income, food supply and com
ment Bureau's (NESDB) Five-Year Plan. munity participation (MGI 1983a).
Phase IV or the project implementat on The fisheries development component
phase began in 1984 after three research aimed to improve the nutrition of the peo
and exploration phases. The fisheries de- ple living in the project area through cost 
velopment component was one of the four effective fish production. Development of 
production components; others being land culture fisheries was found to be the only
remodelling, ground water and upland re- viable course of action, as the potential for 
habilitation. In addition. there were three an improvement of the capture fisheries 

Present address: Bribie Island Aquacultu-e Research Centre, Bribie Island 4507, Queensland, Australia. 
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from restocking and rehabilitation of the 
natural environment was considered very 
limited (Lee 1989). A fisheries develop-
ment program which focused on resource-
based aquaculture, training and extension 
was implemented by the Department of 
Fisheries (DOF) in collaboration with the 
TATKRP. Several fish production systems, 
wvhich used available resources, were tried 
and promoted in the project area. These 
programs included the village fishpond, 
school fishpond, backyard pond, cage cul
ture and rice-fish farming. Farmers in 
Tung Kula Ronghai have adopted rice-fish 
culture more readily than the other fish 
production systems. The development ap-
proach of the culture fisheries component 
of this project is found to be totally con-
sistent with the rationale behind the 
farmers' decision to accept and adopt rice-
fish farming. 

This paper discusses the philosophy of 
the fisheries development component, the 
rationale behind the farmers' decision to 
adopt rice-f-ish farming and the physical, 
social and economic environments in 
which it operates. It also offers recommen
dations for the future development and 
extension of rice-fish farming program for 
Northeast Thailand. 

General Background 

Tung Kula Ronghai or the Plain of 
the Weeping Kulas is a 3,400-km2 
floodplain. The Kulas were ancient no-
madic people who are renowned for their 
stoic and resilient nature. Tung Kula 
Ronghai therefore is a singularly inhospi-
table region in Northeast Thailand (Fig. 
1). The Poverty Area Program identified 
Tung Kula Ronghai as one of the five 
special areas in Thailand for accelerated 
rural development. 

The dominant characteristic of Tung 
Kula Ronghai is its extreme climate, flat 
topography and infertile soil. The average 
annual rainfall is 1,400 mm and is un-
evenly distributed over the year where 
80% of it occurs from May to October. 
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Fig. 1. Location of TATKRIP area. 

The average rainfall distribution shown in 

Fig. 2, however, does not give a true indi
cation of the situation experienced by the 
farmers. The five to six months rainy sea
son is often interrupted by a short 
drought lasting from six to ten weeks. 
This dry period is both unpredictable and 
variable in severity and duration. A pro
longed dry spell can significantly reduce 
rice yields and in extreme cases, can 
destroy the entire season's crop. The bulk 
of the monsoon rain comes in August and 
September and frequently causes flooding 
in the plains. Since the land is extremely 
flat, the flood water inundating the fields 
drains slowly and this adversely affects 
rice production. The dry season starts in 
November and continues for six to seven 
months. 
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C 

come of the farmers corn-
TUNG KULA RONGHAI pares favorably with otherANNUALRAINFALL400 	 farmers in the Northeast. 

This is partly attributed to 
300 -the larger (5.7 ha/household)

E- land holdings in Tung Kula 
200 - theRonghai compared to02 Northeast (4.5 ha/house-

S00o .. hold). Crop failures due toflood and drought also occur 

..................t 1 Lilt i . more frequently in this plain 
Mar May Nov inJan Feb Apr Jun Jul Aug S.p Oct Dec than other parts of the 

Month region. As a conseqaence, 
- Mean 1981-86 [] 986 the life of Tung KulaRonghai farmers is more dif

ficult than other Northeast
Fig. 2. Average annual monthly rainfall inTung Kula Ronghai, 1981-86. farmers whose gross per 

capita product was estimated
The ricefields have 10-20 cm layer of to be 40% of the national average in 

top soil overlaying several meters of clay 1980. The socioeconomic characteristics of
subsoil. The infertile silty top soil has a the Tung Kula Ronghai farmer have been
pH of <5, and is poor in organic matter, described in greater detail in various
It is estimated that only 6% of the soil in studies (CTJSRI 1981; Prapertchob et al. 
Tung Kula Ronghai are totally free of 1986).
salt (MGI 1983b). Rice and fish are dietary staples ofTung Kula Ronghai is the home of the region. The peonle of the Northeast 
400,000 Esarn people whose ancestors are consume four times as much fish as what
either Laotian or Cambodian. The average they are producing (Biwater House 1987).
household is five to six members Even the average animal proteinso,
(Prapertchob et al. 1986). In the past, the 	

in
take in the region is still <9 kg/capita/

Lao-Esarn farmers were found predomi- year compared with the national average
nantly in the northern part, while the of 20 kg/capita/year (Envirocon 1986). But,
Cambodian or Khmer Esarn communities in general, Tung Kula Ronghai farmers
lived in the southern part of the plain, better off in termsare of health and nu-
This has changed due to the rapid im- trition considering their poor resource 
provement of the highway and transport base. Malnutrition among the preschool

systems. Although there are language and children, for example, is lower than the

subtle cultural differences between these average in the Northeast, 
being only
two ethnic groups, the relationships be- 28.9% for degree one, 5.6% fcr degree two 
tween them are good and intermarriage is and 0.3% for degree three malnutrition
not uncommon. (Prapertchob et al. 1986). In Tung Kula

The rural economy is to a large extent Ronghai as elsewhere in the Northeast,
semisubsistence. Rice growing and fishing the people have developed food culture 
are the main occupation and preoccupa- and food gathering 	 toskills in response
tion in Northeast Thailand. Only one rice the low agricultural productivity. 
crop is grown in a year. Tung Kula Most people catch fish for their family
Ronghai's average production per hectare from the ditches and ricefields during the
is lower (1,200 kg) compared to the rainy season. In recent years, the catch of
Northeast (1,350 kg) and the national wild fish has declined considerably as a(2,000 kg) levels (MGI 1989). Despite the result of the combined pressures of in
lower productivity of their fields, the in- creasing population, increasing use of 
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agricultural chemicals and increasing wa-
ter control measures and roads (Kvam 
1988; Lee 1989). Water control infrastruc
tures and flood-free roads and highways 
interfere with the natural dispersal of 
wild fish which has caused an irreversible 
declinearea. of the capture fisheries in thisIn the past, farmers have exclusive 
accea. In theirast,fishingegros, cusive 
access to their fishing grounds, but with 
thecome-generating 
proved transport system, these local re-
sourcesmore have become topeople. readily accessibleBetween 1981 and 1986, 
over 700 km of highways and roads were 
coveructedkmcof unghwysa rogawphysical environment is not conducive to
constructed across Tung Kula Ronghai 
(MGI 1989). Modernization of the rural 
areas will continue as long as the overall 
outcome of progress is seen as beneficial 
and desirable for the people. 

Restocking programs are being carried 
out in many areas, but as long as the pri-
mary causes remain, the decline in natural 
fish population will continue. A solution to 
this problem is to convince the farmers to 
change from their traditional role as fish-

tmain 
In Tung Kula Ronghai, community 

fish farming activities consist of village 
and school fishpond projects. The privatefish farming activities comprise of hatch-
ery, backyard fish culture, river-based 
erculture and rice-fish farming. The 
cage call 
species cultured are Nile tilapia(Oreochromis niloticus), common carp
(Cyprinus carpio), Indian carp (Labeo

raChinese carp (Aristichthys nobilis) 
rohita), Cieecr Aitcty ols
and Thai carp or silver barb (Puntius
gonionotus).Kul RngaifamesThe majority of the Tungreertoculture 
Kula Ronghai farmers prefer to clue 
silver barb because it is better adapted to
the local pond environment. Moreover, it 
is a traditional food fish of the region and 
farmers find it more delicious than other 
species. However, farmers also stocki other 
species into their ponds when fingerlingsare available. They do this more for culi-

nary reasons, than for economic o- any 
other considerations. All species men
tioned are relatiely fast-growing and re-
quire little investments, 'Lutdo not com-
mand high prices (US$1.00-1.20/kg). 

Problems of 
Aquaculture Development 

Fish production technology per se is 
not a problem, since there already exists 
within the DOF adequate fish production 
thn h can be dir ct iedtechnology which can be directly applied 

in Tung Kula Ronghai. Fish farming is arelatively new food production and in
activity in the area. In 

the past, there was no need to culture 
th as the as o n tovltrfish, as the vast floodplains provided 
adequate supply of wild fish. Besides, the 

fish farming. Consequently, there is no 
real fish farming tradition in the area 
and most farmers have little appreciation 
for the potentials of fish farming. The 
lack of basic fish farming skills and poor 
pond management practices are responsi
ble for low pond productivity in Tung 
Kula Ronghaoi. Rice farming, on the other 
hand, is a traditional and a stable occupa
tion of most farmers. Despite the low pro
ductivity of the soil, most people will re

as rice farmers in the probably u
ture. 

For most of their life, rice farmers live 
For ost oftertlie rie reshivwith constant uncertainties. The drought, 

flood, pest infestations, government poli
cies, and prices of fertilizers and rice are 

beyond their control. This rationalizestheir cautious approach to a new invest

ment such as fish farming and until they 
are fully confident of it, they will be 
reluctant to risk capital and labor (Heim
eta 1983). 

e a1983).sA baseline study conducted for 
TATKRP in 1986 (Prapertchob et al.

1986 (Praetcarly av
1986) shows that the average yearly sav
the debt per household is around US$315. 
Most of the loans were obtained for agri
cultural purposes. Therefore, pond culture 
cu t r e re for cupturecompetes with rice growing for capital,
labor and other farm inputs. Farmers inthis area lack capital and thus, cannot 

cerrylevel ofouinteisityis arias practisedi intheother 
parts of the world. 
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The potential income from fish produc- Although a number of village commu
tion in the dry season cannot compete nities and individuals sell their surplus
with wages from off-farm employment products to farmers and middlemen from 
which accounts for 43% of the total family outside the village, true commercial pro
yearly income. About 58% of the farmers duction is limited to a handful of private
leave the village for off-farm employment hatchery operators. Production of fish on 
(Prapertchob et a]. 1986). Labor migration a commercial scale is severely limited by 
to the urban centers increases dramati- the lack of water. The combination of un
cally after a poor rice-growing season. reliable rainfall and poor water quality 
Social considerations, like the opportunity means that the dominant characteristics 
to travel, experience a new way of life, of fish farming in Tung Kula Ronghai are 
and or have fun (particularly among the low production and highly variable yields. 
teenagers and young adults), also play a 
part. 

Thai rice farmers are strong and Development Approach:

independent; preferring to work as indi- The Tao of Development
 
viduals or in small family units rather
 
than in large formal groups (Heim et al. Lee (1989) and Suttanuruk (1989)
1983). Although there are successful com- adopted the ancient Chinese principle of 
munity fish farming projects in the north- Tao philosophy in their approach to fish
east (with the exception of the school fish- eries development. This philosophy be
pond programs), private fish farms are lieves that any phenomenon arises as a 
significantly more successful in the long result of a dynamic interplay of two pri
term. The lack of social cohesion of Tung mal forces: the yielding force (Yin) and 
Kula Ronghai farmers is regarded as a the unyielding force (Yang) (Fig. 3). When 
social constraint to development (CUSRI they coexist in a state of balanced har
1981; MG I 1984). moy c e n cnt t e ule h e 

In Tung Kula Ronghai, water for fish mony, peace and contentment rule the 
culture is available only for five months 
in one year. To maintain adequate water 
throughout the year since 1 m of water 
can be lost through evaporation, the pond 
must be constructed at least 2 m deep.
During August and September, floods fre
quently inundate fishponds, allowing the YIN 
fish to escape into the surrounding 
ricefields. Rainwater washes the silt from 
the top soil into the ponds, causing high 
and persistent turbidity. Visibility depth 
of <5 cm caused by turbidity is common 
and this condition can persist in Lhe 
ponds for several years if corrective meas- YANG 
ures are not done. Only herbivorous and 
planktivorous fish are suitable for small
scale farming. Turbid water prevents ad
equate photosynthesis for algae and 
plankton production. High turbidity, low 
pH, stagnant pond condition and short Fig. 3. The dynamic interplay between the yielding
growing period are responsible for poor force (Yin) and the unyielding force (Yang). The dot 
fish production in Tung Kula Ronghai. in each half or the circle represents the seed from 
Stillwater culture system also causes large which an opposite force will grow when a situation 

reaches its climax.variation in fish sizes. 
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day. The underlying concept of Taoism is 
the idea of cyclical changes of all natural 
systems: everything exists in a constant 
state of change and returning unto itself 
(Wilhelm 1968). 

This dynamic equilibrium of nature is 
easily upset. Men can and often do dis-
turb this fragile balance, often with cata-
strophic consequences. But just as the 
human race is responsible for many of 
the world's problems, they also have the 
capacity to restore the natural order of 
the world. Development is, therefore, seen 
as a way of restor'ng this imbalance. 

Although every situation is in a con-
tinuoils process of changing and becom-
ing, in the short life of a project, situa-
tions can be conveniently regarded as be-
ing either relatively unchangeable, 
changeable or in a process of changing. 
Lee (1989) defines the changeable barriers 
to progress as constraints to development, 
and the unchangeable problems as the 
prevailing environment within which the 
project must operate. The cost to change 
any situation is inversely proportional to 
its changeability (Fig. 4). Here, the cost in 
terms of effort, time and money refers to 
farmers' cost as well as the project's deve-

FISHERIES DEVELOPMENT 

0 

COST EFFECTIVE 

UNCHANGEABLE CHANGEABLE CHANGING 

CHANGEABILIT 

Fig. 4. The cost of development is inversely proportional 
to the changeability of the situation. Cost effective 
development can only come from changing what is 
changeable. 

lopment cost. To be cost effective, a deve
lopment project must confine itself to 
changing only what is changeable, and to 
bring the situation forward to a stage 
where change becomes inevitable, irre
versible and self-generating (Fig. 5a). In 
the present context, the low and highly 
variable pond production are the real and 
unchangeable characteristic of the area 
because the lack and unpredictability of 
water supply, poor soil quality and lack of 
capital duiring the course of this project 
will remain unchangeable. 

Grandstaff (1988) regarded indivi
dualism as a survival mechanism of the 
Esarn people. Labor and migration are 
also unchangeable, for as long as the in
come derived from the dry season off-farm 
employment is significantly higher than 
that from on-farm activities, people will 
continue to migrate annually from the vil
lages to cities. Therefore, the first step in 
designing a project is to identify the 
changeable and unchangeable components 
of the situation. For a sustained develop
nient to occur, progress or change must 
be built on a stable or unchangeable foun
dation. A summary of the changeable and 
unchangeable components of the situation 
found in Tung Kula Ronghai is presented 
in Table 1 and Fig. 5b. 

Tully (1966) defines extension as the 
communication of appropriate solutions to 
farmers' problems which is relevant to 
their resources, goals and situations. This 
ideal applies equally to development 
where the primary objective is to remove 
or reduce the constraints to progress. 

Thus, extension and development depend
heavily on a thorough and sympathetic 
understanding of the farmers' resources, 
aspirations and situations. These are 
closely interrelated to one another but dif
fer from farmer to farmer and from vil
lage to village. Since these also change 
with time, extension and development 
must also be constantly reviewed and re
vised. To gain a real understanding of the 
dynamic interrelationships among the 
farmers' situations, goals and resources, 
development workers must become 
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P 

/
Changeabl 

Fig. 5a. Within a brier project life, the situation can be conveniently regarded as 
being either unchangeable, changeable and in a process of changing. The aim of a 
development project is to trqnsform a changeable situation into a stage where change 
becomes inevitable. 

involved in day to day village life. Devel-

FN 
LACK OF 

N 
opment workers must, like the farmers,
become an integral part of the develop-

INE~rrcIfi ,!D [ISE ment process rather than mere spectators.
IOFAWAENES!SE POCHThe Tao approach to development is sum-LACK OF AWARF-J[SS( POO marized in Fig. 6.~~~~IGRAETIOIL 

LACK OF:SKILL MIRTO 

INADEQUATE RISK AVERSION 

WATER SHORTAGEN Fisheries Development 
IoIvIDALS,., Implications

RlCEt_FARMlERl 

Although many farmers are now able 
to improve their income through fish 
farming in Tung Kula Ronghai, it will beFig. 5b. The changeable is essential for unrealistic to expect that aquaculture will 

progress; the unchangeable is necessary to significantly increase the income of the 
sustain it. Strong extension and accessibility of majoi ty ine seple F o m e farm e 
fingerlings are essential for rapid fisheries majority of the people. For most farmers,development in Northeast Thailand. fish farming is only a means of 
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Table 1. Changeable and unchangeable components of fisheries development in 
Tung Kula Honghai. 

Changeable Unchangeable 

Lack or animal protein resource Declining natural fish 
Underutilization of land resource Lack of reliable water 
Underemployment Poor water quality 
Lack of awareness and basic fish farming skills Lack of capital 
Lack of confidence Aversion to risks 
Poor accessibility to good quality fingerlings Strongly individualistic 

Dry season migration 
Traditional rice farmers 

Officers - Communication I- F rs 

Problem 

0 

76 Resource/-I 
SituationwU 

Goal 

Appropriate solution 

Fig. 6. The underlying concept of Tao is change and returning; thus, 
appropriate solutions will come from constant review and revision of the 
farmers' situations, resources and goals. 

supplementing their income and providing evaluate and adapt to their changing 
their families with adequate protein, environment. Their response to any new 

Northeast farmers are highly efficient situation develops carefully and gradually 
users of their land. To cope with their over a period of time; and given adequate 
harsh environment, they adapt and diver- time, the people of Tung Kula Ronghai 
sify the use of their land to buffer the will respond appropriately to most 
poor return of any one activity changes. But capture fisheries is now de
(Grandstaff 1988). Therefore, if aouacul- clining faster than the rate with which 
ture is to be accepted by the people, it the farmers can effectively respond. 
must be presented to them as a more ra- Therefore, the primary objective of 
tional way of utilizing and diversifying the fisheries development project should 
available resources. be to provide timely encouragement and 

In order to survive in this harsh envi- guidance so that they will be able to come 
ronment, farmers must constantly assess, up quickly with solutions. Analysis of the 
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resources and the situation (Table 1; Fig. 4. Aquaculture development should be 
5b) indicates that extension and training based on low capital and low risk 
are the key to rapid fisheries develop- fish farming systems. 
ment. 5. Fish farming should complement 

Most farmers do not have permanent rather than compete with off-farm 
water on their land for keeping working opportunities. 
broodstocks, thus, fingerlings are bought 6. Fish farming should complement 
from the DOF or private hatcheries from rather than compete with rice
their villages at the beginning of every growing in terms of labor, time 
rainy season. To overcome this problem, and capital. 
the DOF must actively promote the devel- 7. Training and extension are the key 
opment of small-scale fish hatcheries. Pri- to fisheries development. 
vate small-scale farms are collectively less 8. Fisheries extension and training 
risky than large community undertakings. programs should involve and en-
This is not to say that community fisher- courage women participation. 
ies programs should not be developed. On 9. The availability of good quality fin
the contrary, successful community fish- gerlings is crucial for accelerated 
ponds play an important role in fisheries aquaculture development. 
extension in the region. However, because 
unsuccessful community ponds can dis
courage prospective fish farmers, the se- Rice-Fish Farming in 
lection process of community fisheries de- Tung Kula Ronghai 
velopment projects must ensure higher 
chances of success. Assessment should be Rice-fish farming is the most widely 
more rigorously based on the previous accepted fish production system in Tung 
history of cohesiveness of the communi- Kula Ronghai. The average size of a rice
ties. Older and well-established villages fish farm is 0.8-1.0 ha. The most common 
are generally more likely to be successful cultured species are the common carp, 
in implementing community activities tilapia and silver barb, with strong prefer
than younger villages. M atrilocality in the t ward tesilver barb . Fctr s thatnorteas, ~verenew oveand ence toward the silver barb. Factors thatusbnds 
northeast, where new husbands move and influence farmer preference are taste,live with the wives' families, suggests fingerling availability and fish yield. 
that within a village community, women's Farmers observe that common carp and 
groups will be more stable than the men's tilapia do not thrive and grow as well as 
(Kvam 1988). the silver barb in the ricefields. Pond con-

In summary, the factors that should struction is usually done by men but 
be considered in fisheries development in women frequently participate. 
the region are: The basic design of rice-fish farms in 

1. 	 Small-scale private fishfarm devel- Tung Kula Ronghai is shown in Fig. 7. It 
opment is the most viable solution has a 1 x 1 m deep trench excavated 
to the lack of animal protein along the inside perimeter of the ricefield. 
caused by the decline of capture This trench may be constructed along one, 
fisheries. 
 two, three, or all four sides of 	the field.2. 	 The introduction of fish farming The soil from the trench is used to in
technology must consider the over- crease the width and the height of the 
riding influences of climatic factors bund around the field. Ideally, a deeper 
especially the inadequate and refuge pond should also be provided at thehighlyponvariableasowaterovisupply.h
 
highly variable water supplyr 
 lowest part of the field. Many ricefields in3. 	 The low and variable fish produc- Tung Kula Ronghai already have trap
tion are the key issues that need ponds which can be readily converted into 
attention. refuge ponds. Trap ponds are traditional 
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ricefield is dry. The refuge 
pond can be used as a nurs
ery pond at the beginning of 
the rainy season and a fish 
collecting sump at the end 
of the rainy season. As 
farmers gain experience and 

Fish trench 	 confidence, they modify and 
enlarge their rice-fish farms 
to snit tiieir particular 
needs. It is interesting to 
note that many of the suc
cessful rice-fish farms in 

Rice gr o...ig ar 	 Tung Kula Ronghai bear lit
tle resemblance to their 
original designs. 

The recommended stock
ing rate for rice-fish farming 
is 3,000-5,000 fingerlings/ha. 

Pond The size of the fingerlings 
varies between 2.5 and 5.0 

sO,, cm depending on their avail
ability. The cost of finger
lings is about US$4 per 
thousand. Higher stocking 

Fig. 7. The design of rice-fish farms in Northeast Thailand. 	 rates are used to compen
sate for the greatly variable 
survival rates. The poor con

ponds found in many ricefields in the dition of the fingerlings, the major cause 
floodplains of Northeast Thailand. Wild of mortality during the initial period, re
fish enter the fields and are trapped as sults from stress during transport. Farm
water recedes. Farmers do not provide ers often do not take the necessary steps 
any management input into the pond to prevent the water from becoming over
other than tree branches and sticks to heated during transport. The absence of 
discourage thieves from using their cast local fingerling suppliers means longer 
nets. Branches and sticks also act as shel- time to bring the fingerlings to the fields. 
ters for the wild fish during the day. Af- It is not uncommon for farmers to spend 
ter the rice has been harvested, the trap an entire day buying and transporting 
pond is drained and the fish collected. fingerlings. To some extent, predatory fish 
The yields of trap ponds are highly vari- (snakehead, catfish and climbing perch) 
able and the dominant species are catfish also contribute to fingerling mortality de
(Clariasbatrachus), snakehead (Channa spite the precautions taken. 
striata) and climbing perch (Anabas Supplementary food consists mainly of 
testudineus). These trap ponds usually rice bran which is given only when avail
measure 6 x 3 x 2 m. 'The trap ponds can able. Generally, very little fertilizer is ap
be easily modified into a refuge trench by plied. The most popular chemical fertilizer 
connecting it to the trench, used in the ricefield is 16-16-8. Fertilizer 

The advantage of this rice-fish field application rates per hectare vary greatly 
design is that the trench and refuge pond from one village to another, ranging from 
provide a large volume of water with as high as 179 kg to a low 13 kg. Only 
adequate depth for the fish when the 20% of the farmers in Tung Kula Ronghai 

Refuge
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use insecticides, although 75% use crab gency water storage for their rice nursery
poison and 45% use rat poison during the intervening dry period; and
(Prapertchob et al. 1986). that the higher bund can, in most cases,

Most farmers found that growing fish prevent flood water from inundating their
in the ricefield increases rice yields be- fields and damaging their crops. 
cause fish reduce insect pest population.
Farmers tend to spend more time ar.d care Rice-Fish Development
tending their ricefields with fish. and Extension
Leelanonda et al. (1988) found that 100% 
of the rice-fish farmers went to their fields is aThere growing awreness of the 
more often, and 81% of them increased benefits derived from rice-fish culture for
fertilizer rates. Many farmers do not use the rural economy of the Northeast. Alinsecticides in their rice-fish farms and though this region represents only 47% of
those who do have stopped whA.I they Thailand's total riceland area, about 80%
adopted rice-fish farming. Daily fish farm- of the rice-fish farnis in the country in
ing operations and harvesting are shared 1982 are located in the northeast 
among the members of the family. (Fedoruk and Leeiapatra 1985). 

Fish production from the ricefield Rice-fish farming was easily promotedvaries from farmer to farmer and from in the northeast because it does not unyear to year. As expected, experience in duly disrupt the normal routine of the
fish farming has a great influence on pro- farmers, and the added economic and so
ductivity; but climate is, without doubt, cial costs are small. It does not compete
the single greatest source of the variabil- with off-farm or on-farm activities inity in fish production. A survey conducted 
showsihst ha theiavfish production.A ductnthat the average fishv production terms of time, labor and capital. Rice-fishculture does not require an occupational 
for a first year operation of a new entrant cultue doe not rie amoccupato
in Tung Kula Ronghai change from traditional rice farming intowas 94 kg/ha fish farming, but allows rice farmers to 
(OAE 1987). This low yield was attributed grow fish simultaneously in the sameto muddy water, inadequate feeding, and field. It gives rice farmers the opportunity
the pond was relatively new. Surveys con- to further diversify, so that inputs are
ducted by the Department of Fisheries shaed and the isks are minimized. All
(Thiancharoen 1987; Leelanonda et al. the attributes of rice-fish farming is con
1988) showed that the average fish pro- sistent with the fisheries development ap
duction in 1987 was 120 kg/ha, but could proach of TATKRP.
reach 450 kg/ha. These surveys also The number of rice-fish farmers in 
showed that most farmers did not sell Northeast Thailand is still very small and 
their fish, but used them for their own there exists a considerable scope for expanconsumption. This implies that a farmer sion and acceleration. Tung Kula Ronghai's
operating on the average 0.8-ha rice-fish experience can serve as valuable guidelines
farm can provide at least 17 kg of fish for future fisheries development in the per family member. Despite low fish pro- region. The lesson clearly indicates that 
duction, farmers in Tung Kula Ronghaiwere satisfied and continued rice-fish strong extension and training prograin

and the availability of good quality andfarming (OAE 1987). Since it brings food low-cost fingerlings are crucial to the rapid
directly to the table without the need of development of rice-fish farming in the re
much additional inputs, it is not surpris- gion. Women's participation in fisheries ex
ing that it has attracted considerable in- tion an ta inrogram s sbteretarridamngwoen.tension and training programis must beterest among married women. 

Farmers indicated the added advan- encouraged bL cause they play an important 
tages of rice-fish farming are: the trench role in improving family nutrition.

The issues identified in the "Development Approach" of this paper are critical 
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and should form the framework for rice-
fish extension and development programs 
in general. Since the passion for beauty, 
good food, enjoyment and fun or sanuk 
are dominant characteristics of the Thais, 
these extra-rational values can be used to 
promote rice-fish farming. In the north-
east, where uncertainties are facts, the 
primary thrust of extension riust be to 
reduce the perceived and real risks by 
building farmers' skills and confidence. 
Confidence can be developed through di-
rect and constant interaction- of extension 
officers with farmiers. Therefore, an exten-
sion program especially during the initial 
stage of development should allow fre-
quent communication between the exten-
sion officers and the farmers. 

Many basic aspects of rice-fish culture 
such as the relationships between stock-
ing rates to various species and the ratio 
of surface to volume of water, polycuiture 
versus monoculture and the pond dynam-
ics of rice-fish fields, are still not fully 
understood. Research on these are needed, 
anu should be done within the context of 
the economic and physical resource base 
of the area. The need for further research 
must not in any way irterfere with the 
rice-fish promotion. Withl regard to exten-
sion, thic, ,,"riter fully grees with Gabriel 
Ardart, who .ays that "coverage must 
come befiere perfection" (Schumacher 
1973). Fisheries development should aim 
to facilitate -,lasting change in the atti-
tude of the farmers, make them aware of 
the possibilities and potentials of their 
own resources which could increase their 
confidence to achieve new goals. There-
fore, the relevant question at the conclu-
sion of a development project is not what 
the return on project investment is, but 
rather how close was the project able to 
bring the situation toward a stage where 
the farmers can continue to develop by 
themselves, 

Some readers may say that this is 

just another case of reinventing the wheel 
and that the findings and the approach 
outlined in this paper are nothing more 
than common sense. This paper does not 

claim any new discovery of development 
or extension methodology since the origin 
of the principle of Tao is perhaps as an
cient as the discovery of the whesl itself. 
What it tries to do is to bring to atten
tion the indispensability of the void at the 
center of the hub or the nonwheel in tle 
overall utility of the cart. It is a plea to 
consider the importance of extra-rational 
values in development, and to examine 
development constraints and process from 
a more realistic and humane point of 
view. 

The chance of success of development 
projects is high if there is a genuine con
cern for the people whose well being we 
are endeavoring to improve. Care and 
concern are not blind emotions but as 
King Bhumibol of Thailand once ex
plained: 

"...the Thai spirit of metta is always 
based on a well reasoned judg
ment and is constantly reviewed 
and revised against the back
ground of changing circum
stances." 
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Abstract 

Rice-fish farming in Northeast Thailand has rapidly expanded in the past five years, after an epidemic that 
began in 1983 which affected the fish all over the country. Farmers in the Northeast found it easy to raise fish 
in ricefields Rice-ish culture was compatible with traditional production techniques and it used lucally available 
resources. Farmers have benefitted from the practice. The effectiveness of horizontal transfer of rice-fish technol
ogy using innovati%,". farmers based on the experiences 

Introduction 

Northeast Thailand (Fig. 1) is the 
large.3t region of the country, representing 
approximately one-third of the total 16.8 
million ha with 17 million people. Most 
agricultural lands (53%) are used for rice 
production; over 90% are rainfed and 
6.3% are irrigated. Even with sufficient 
rainfall (approximately 1,300 mm/year), 
there may be long dry periods. Average 
rice yield (1,560 kg/ha) is the lowest in 
the country due to irregular rainfall and 
poor soils (sandy, acidic or saline, low or-
ganic content). Thus, no theast farmers 

from Khon Kaen and Buri Rum Provinces are presented. 

are the poorest in the country with an 
average annual per caplta income of 
US$107. 

The basic diet of the people from the 
northeast is glutinous rice, fish and veg
etables. Rice and vegetables are obtained 
from farming. Traditionally, almost all 
fish are obtained from natural waters. 
People have been accustomed to its taste 
and are familiar with fish preparation 
methods for food. Attempts, to change to 
other sources of protein such a,. soybean 
have not been successful. 

Population increases and depletion of 
natural resources (forests, soil, water 
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Fig. 1. Map of Northeast Thailand and its 17 provinces. 

sources, etc.) in the Northeast have re- by farmers in Northeast Thailand, based 
duced fish stocks. The fish epidemic in on the experiences of the Appropriate
1987 compounded this shortage. The lack Technology Association (ATA) in promot
of fish from natural waters has a great ing rice-fish farming in the region from 
impact since fish is the most important 1984 to 1987. 
and cheapest source of protein. Child mal
nutrition in the region is increasing due 
to protein deficiency which is partly at- Compatibility with Existing 
tributed to the lack of fish. 

Government (Village Fisheries Project) Production Methods 
and non-government organizations (NGOs)
promoting fish culture in ponds in the Most farmers in Northeast Thailand 
Northeast have not been successful due to are in rainfed areas. Rice is grown by 
many constraints. However, acceptance of flooding fields with rainwater from June 
rice-fish culture by northeast farmers was to October. Transplanting seedlings is 
better. The basic goal of raising fish in done in July to early September. The 
ricefields is to provide fish for family con- level of water in the ricefields must be 
sumption, substituting catches from natu- constantly maintained until harvest. Fish 
ral waters. Since 1984, rice-fish culture are grown in ricefields by digging ditches, 
has expanded in both rainfed and irri- raising bunds, or building refuge ponds to 
gated areas. Fish production from ponds keep more water for raising fish. Farmers 
and rice-fish culture in the region are pre- use very little chemical fertilizers and pes
sented in Table 1. ticides (against insects, disease and 

This paper outlines the reasons why weeds), so that there is little danger to 
rice-fish culture has been easily accepted fish in ricefields. Fish culture in ricefields 
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Table 1. Fish production (t) in ponds and ricefields, by species, Northeast Thailand, 1985. (Source: DOF statistics 
for 1980-87). 

Province 

Zone 1 
Khon Kaen 
Udon Thani 
Nong Kai 
Nakhon Ratchasima 
Mahasarakham 

Zone 2 
Loci 
Chaiyaphum 
Sakon Nakhon 
Nakhon Phanom 
Ubon Ratchathani 

Zone 3 
Kalasin 
Mukdahan 
Roi Et 
Yasothon 
Bur Rum 
Surin 
Sisaket 

Total 

Pondsa Ricefields 

Oreochromis Cyprinus Puntius Oreochromis Cyprinus Punlius 
app. carpio gonionotus app. carpio gonionotus 

269.48 343.99 418.65 69.88 119.42 180.76 
535.40 204.10 283.97 33.32 4.79 7.66 
159.40 109.47 224.62 0 0.16 7.06 
84.35 45.37 190.05 12.32 1.06 6.2 5 

7.45 9.54 48.10 2.85 8.81 48.92 

82.54 113.33 101.08 4.39 5.76 0.45 
43.25 21.19 80.06 2.95 0 15.86 
48.95 9.76 20.81 0.21 0.18 0 
18.69 7.31 7.15 7.28 2.14 4.20 
13.63 28.14 11.96 0.05 19.88 18.74 

32.13 47.67 22.77 5.67 39.09 34.88 
27.79 10.93 26.00 0.6 0 0 
8.03 2.88 32.70 3.11 0 11.44 

19.07 11.06 5.42 0.66 4.46 4.26 
42.48 10.82 11.18 0.35 0.17 0.91 
20.57 40.27 19.65 3.35 10.72 3.16 
4.90 11.86 39.52 0.18 0 0 

1418.11 998.23 1533.69 147J7 216.64 345.15 

'Pond culture areas: Zone 1, >200 ha; Zone 2, >100-200 ha; Zone 3, <100 ha. 

does not restrict traditional rice farming 
practices even with the introduction of 
improved rice varieties, 

Effective Use 

of Local Resources 


and Multiple Benefits 


Raising fish in ricefields largely uses 
locally available resources such as family 
labor, land, water and plants. Fingerlings 
are the only purchased inputs, and almost 
no other extra expenses. However, 

farmers receive many benefits. Apart from 
the fish, they report higher rice yields 
even with the use of less chemical fertiliz
ers and pesticides. Fish help control in
sects and worms, reduce the incidence of 
rice diseases and control weeds. More
over, its feces acts as a fertilizer for rice.

Rice-fish farming also allows the 
growing of vegetables around ricefields, 
planting of trees on the (likes, raising of 
a imals (pigs, chickens and ducks), and 
storing water in the ditches and refuge 
pond, which can be used for vegetable
growing and animal-raising after rice har
vest. Farmers gain grqeater benefits from 
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integrating their existing land, water re-
sources and labor. 

Farmers take more interest in manag-
ing their ricefields when they engage in 
ricce-fish farming. For example, water is 
carefully controlled at appropriate levels 
for fish. There is an increased use of ani-
mal and green manures as fish feed so 
that the rice, indirectly, receives more fer-
tilizer. Field maintenance is more man-
aged through regular visits, or through 
construction of shelters in the ricefields. 

Farmers perceive that raising fish in 
ricefields give the following benefits: there 
is available fish for family consumption; it 
solves the problem of malnutrition; and 
there is increased possibilities for agricul-
ttoral acLivities such as vegetable growing, 
tree planting and animal raising. The ex-
tension of water resou.ces during the dry 
season reduces the rate of labor migration 
during the dry season. Moreover, rice-fish 
farming helps to maintain better ecologi-
cal conditions on the farm, i.e., by in
creasing organic matter and maintaining 
moisture levels in the soil. Growing 
annual plants, raising animals and plant-
ing of perennial trees also create an envi-
ronmental balance. 

Horizontal Transfer 
of Technology Using 

Innovative Farmers 

Fish culture in ricefields was intro-
duced and promoted in the Northeast be-
fore 1984, but did not expand because of 
many constraints. There were, however, 
some farmers who improved and locally 
adapted methods and production systems 
on their own. These farmers became suc-
cessful and served as models for new en-
trants to rice-fish farming. This group of 
model farmers is an important force that 
had a role in expanding rice-fish culture 
over wide areas of the Northeast in the 
past five years. Farmers are encouraged 
to visit model farms to learn techniques 
used by successful farmers. 

The role of the government and NGOs 
in introducing and promoting rice-fish 
farming in the Northeast has largely been 
to create links between model and pro
spective farmers. The mechanism for this 
are through farm visits and direct obser
vations of practices in rice-fish culture. 
This horizontal transfer of technology 
among farmers is considered a highly 
effective and appropriate method. The 
initial group of model farmers will encour
age more groups, with methods and tech
niques being refined in the process to suit 
the local socioeconomic, cultural and envi
ronmental conditions. 

The process and effectiveness of hori
zontal transfer of rice-fish technology are 
best illustrated by the two case experi
ences in Khon Kaen and Buri Rum Prov
inces. 

Case 1: The Kion Kaen Experience 

Redd Barna, an NGO, began a devel
opment program aimed to reduce poverty 
in several rural villages of Khon Kaen in 
1984. Its activities were directed to im
prove health, education, food production, 
etc., which was carried out through a de
velopment worker assigned in the village. 
The integration of farming systems which 
included rice-fish culture to Redd Barna'sprogram was proposed by the ATA. Porn

sa-wan Village, where the adoption of 

rice-fish culture is very high, was selected 
as the rice-fish project site. Although 
drought was a serious problem, farmers 
succeeded in the cultivation of fish in 
ricefields. 

Towards the end of 1984, Redd Barna 
workers organized a field trip to inte
grated farms in Surin. Two farmers from 
Porn-sa-wan Village were very interested 
in rice-fish culture. One of them, Mr. 
Songka, persuaded six other neighbors to 
modify their ricefields in early 1985. Fam
ily and exchange labor were used, thus, 
no cash cost was incurred. They worked 
very hard despite being ridiculed by 
neighbors. 
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ATA assistance included providing 
technical advice to the Redd Barna pro-
gram on how to modify the ricefield, on 
fish stocking densities, nursery manage-
ment and feeding tfechniques. Technical 
information was disseminated through the 
key leader and the farmer-to-farmer ap-
proach. By 1986 to 1988, there were spon-
taneous adopters of rice-fish culture. The 
practice expanded bath within and to 
neighboring villages (Fig. 2). 

Informal discussions, trainings, field 
trips and seminars were organized every 
year. The trainings and field trips mostly 
promoted the local techniques of experi-
enced farmers in Surin, Ubon and Si Sa 
Ket. The trainings also included other 
farming activities. Local experts were con-
sidered very important in transferring 
technologies. 

In 1987, a large number of interested 
farmers from various areas of the North-

Experienced 
farmers 
inSurin 

1985 Poir-sa-wan 
village 

0 000 00 

1986 
other 
villages 

-

0 0 0 0 0 0 0 

east visited Porn-sa-wan Village to learn 
about the success of low-cost integrated 
farming systems. Farmers not only raised 
fish in their ricefields, but also grew fruit 
trees and vegetables on the bunds. The 
availability of adequate food for the farm 
family was the main concern, rather than 
the added income from integrated farming. 

The visits by outsiders, at least once a 
month, had two great effects on villagers. 
First, this boosted the self-confidence of 
the farmers, reaffirming that development 
using their own resources was possible. 
Second, farmers who had not tried rice
fish farming were encouraged to try the 
technology. At present, only eight farmers 
have not yet adopted rice-fish either 
because they had no riceland or their par
ents had not yet divided the family land. 
It should be noted, however, that some 
farmers felt the visits interrupted work 
schedules. 

- - - - ATA 

-

Redd 
Barna 

Experienced
farmers in 

000000300 Surin, Ubon, 

1987SiSaKe 

other 
villages 

4M 0 00 0a0 0 
ooooooooo oeo* 

a00
other0 
llages 00000000 

Fig. 2. Redd Barna's rice-fish farming extension process in Khon Kaen, 
Northeast Thailand, 1985-88. 
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Case 2: The Buri Rum Experience season of 1987 (without any promotion), 
141 farmers spontaneously started modify-

Mr. Pai, headman of Sa-coon Village, ing their ricefields for rice-fish culture. In 
was well known among various NGOs in 1988, 12 farmers joined and the extension 
the Northeast for his success in process is outlined in Fig. 3. Only 24 peo
developing his village through the suppurt pie cont'inued growing rice without fish 
of his people. Mr. Pai was elected a mem- for nontechnical reasons: they had no 
ber of the TICD board in 1934. This gave land; the land was not yet legally divided; 
him an opportunity to visit integrated or their land was very far from the 
farms in Surin. The idea to promote rice- village.
fish production was developad from these The extension process developed natu
visits, rally from farmer to farmer. Although the 

TICO ~-' Expen.enced farmer~sinSurin 

1985 Sa coon 
village F1 

a 0 o 0 0 

So o 0 000 

0000 

1987 1 

0000 

Si.. .0*0004,0060000000 m0* see**O o o00Cor so000 osg 0
04000000000 ees Ges.. qoCCOCCO 

1 ~ F1 0000 

other villages 4 eooo eeeo eCeee oeeooee ooo other vlages 

ee a000090064*0*0094#6090*000410 ............ eeeeeeeeeo eeeeee .e..
 

Fig. 3. Farmers' rice.fish farming extension process in Buri Rum, Northeast 
Thailand, 1985-88. 

Upon returning home, Mr. Pai imme- most influential person behind this 
diately persuaded seven of his neighbors process could not be identified clearly, Mr. 
to start integrated farming. To minimize Pai had been recognized as the key leader 
production costs, family labor was used of rice-fish development in the village. 
for modifying the ricefields. "Start small- The process expanded rapidly both within 
scale and simple," was what he learned the village and to neighboring villages
from experienced farmers in Surin. even without funds or hired workers to 

In the following year, only four people organize trainings, field trips or seminars. 
practised rice-fish culture. But in the dry Eleven villages in the same subdistrict 
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Village in 1987-88. Groups from other Thanks are due to C.R. dela Cruz for 
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culture. Farmers" from materials provided by the 
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Abstract 
Women comprise 26% of the labor force in agriculture and contribute 69% of the total household income inrural India. Women play a pivotal role in five of the eight types of rice-fish farming systems. It is argued thatpromotion and training of women on fish culture in ricefields are more culturally acceptable and economicallybeneficial than any introduction of labor-saving technologies in the rice agroecosystem. 

Introduction Women in Rice Farming
and Fisheries

In the chain of human relationships,
women are a stable link. She is a pivot Agriculture still remains the largestaround which families and societies re- employer of women in India (Anon. 1979).volve. The woman is the custodian of the Women constitute 26% of the labor forcefamily, its welfare, perpetuation and its in agriculture, including livestock, forstatus. She is often meticulous and easily estry, plantations, orchards, fisheries,understands the intricacies of nature in- Their contribution in the total household

etc. 

stinctively be they associated with land, rural income through agriculture is 69%forest, animals, agriculture, home, chil- (Table 1). Nevertheless. discrimination in
dren or even man. In the process of 
adopting skills, sheTh eis capableare of demand-is wagesingon.p er ect w el of o me form ed by both similar functionslackeven formen and women, per-ofing perfection. The welfare of women is security, fluctuating periods of unemployessentially the welfare of farm families ment, malnutrition from poverty and hardwhich are the economic units of rural labor characterize women's lives. Women's 
communities. 

367 
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Table 1. Contribution of women to total 
household rural income through agricultural 
labor. (Source: Bahauddin 1976). 

Contribution of women in 
total agricultural income 

States M 

84.4 
Madhya 80.5 

Karnataka 78.8 


Bihar 

73.2 

Andhra Pradesh 70.9 

Punjab 70.9 

Gujarat 70.8 

Uttar Pradesh 65.7
 
Tamil Nadu 


Orissa 

64.1 


Haryana 02.4 

Rajasthan 63.3 

Maharashtra 59.5 

Kerala 54.6 


India 68.6 

problems are hardly quantitative, how-
ever. Their predicament is the classifica-
tion of their work as of low or of little 
social or economic value. 

Management of a rural family is so 
complicated thaL one wonders how women 
manage their family's demands, especially 
when their knowledge and resources are 
limited. Money is one of the least avail-
able resources in the average farm family. 
However, with recent efforts in creating 
additional avenues of income through 
dairy, poultry, fisheries, etc., the women 
have been contributing increasing 
amounts of income to the family. But in 
this process, their quantum of work is in-
creased more than it should, in addition 
to their regular responsibilities in the 
family. 

The versatility of women from poor 
communities is, however, evident from 
their dominant involvement in a variety 
of agricultural sectors and allied fields, 
For example, a large number of women 
are being recruited in the fish processing 
industry in India. In manual shrimp 
processing, skilled or semiskilled labor is 
required. In a sector exporting about 
65,000-75,000 t of shrimp, at least 

100,000-120,000 t of raw materials are 
handled. This industry is estimated to 
have provided employment to at least 

125,000 women in India. Nevertheless, 
their wages are far below the wages of 
male workers employed in similar jobs in 

the same sector. 
In India, the retail fish trade is heav

ily dominated by women as a tradition 
and because women have the essential 
skills in handling fresh fish preferred by 
retail consumers. For example, the 
Andheri retail fresh fish market that ca

ters to the urban population of Bombay is 
handled largely by women. Traditional 
involvement of women in the retail fish 
trade has made them indispensable in the 
sector. The etail fish trade involves as

pects of fish handling, preservation, 
processing, marketing, pricing, credit, bor
rowing, accounting and savings. Women 
have shown their capabilities and adapt
ability to all aspects of the skilled profes
sion. In the process, their knowledge and 
interest are being passed on from genera
tion to generation in a natural manner as 
if it is a genetically acquired trait. 

Rural women in the Pur District of 
Orissa in India are expanding their activi
ties to nontraditional livelihoods and are 
undertaking new opportunities, including 
fish culture. Rural women in the area 
comprise 53% of a surveyed population 
consisting of 229 farm families in 
Bhubaneshwar/Pipili. The literacy rate in 
the survey population was 8% for women 
and 19% for men. Women in the area un
der Krishi Vigyan Kendra of the training 
program organized by the Indian Council 
of Agricultural Research, are improving 
their livelihoods by developing entrepre
neurial skills that will enable them to 
improve their socioeconomic conditions. 
The fisheries-related activities are net 
weaving and mending, fish breeding and 
commercial aquaculture. All these activi
ties promise higher returns for their la
bor. 

In Asia, the participation of women in 
rice production is dominant, as indicated 
by a daily time utilization pattern in rice 
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farming (Table 2). However, recent stud- production, employment and nutrition,
ies indicate that the introduction of labor- particularly for the poorer communities.
saving technologies in rice cultivation in India is predominantly a rice-produc-
Asia has already decreased the demand ing country with large scope for integrat
for women labor. Generating a new kind ing fish culture into many of its 39-million
of employment would enormousrequire 	 ha ricefields grown only for the low-yieldinvestments. It may be more sensible to ing, deepwater or monocropped (kharif)
preserve existing employment options and rice. The ricefields have sufficient water
add to them certain compatible compo- resulting from either heavy rainfall or thenents capable of enhancing their scope for low-lying nature or other topographical
income generation. Rice-fish farming is features of the lad. There are opportuni
one such avenue, wherein the integration ties to utilize more than 2 million ha ofof fish as a familiar and naturally com- such ricefields in the states of West Ben
patible component could be introduced in gal, Assam, Tripura, Meghalaya, Orissa,the rice agroecosystem without disturbing Manipur, Bihar and Uttar Pradesh. Tradi
the usual operational calendar or social tionally, wild fish harvest from these nexus of Indian rural areas. ricefields reaches around 3 kg/ha/year 

(Hora 1951). As technologies in aquacul
ture in ricefields have ovolved for theTable 2. Per capita daily time utilization patterns of past two decades, fish yields have inrural1975). women in farm activities. (Source: Bahauddin cr-eased to as high as 1,200 1,g/ha/year
(Ghosh et al. 1985) without any substan-

Average time spent tial loss in rice yields. Rice-fish farming
by rural women would support the participation of more 

Form activity (hour/day) (, ) people in the rice agroecosystem includingwomen. 

Nursery practices 0.75 3A13 The vastness of India has produced aTransplanting rice 0.154 diversity0.13 	 in agroclimatic conditions and
Land preparation 	 0.46 1.92Weeding and gap-filling 0.56 2.33 topography 	of the various states, so thatFertilizer applicatiorn. many different kinds of rice-fish cultureand plant protetion 0.17 0.71 systems are possible (Jhingran 1983).Harvesting 1.78 7.42 Some of the major types of rice-fish sys-Drying, clearing and storage 0.56 2.33
Supervision of servants on farm 3.49 14.54 	 tems with their area, productivity and

roles of women are presented in Table 3.Total 7.90 32.92 Although an empirical understanding 
of the art of rice-fish farming is prevalent
in most countries, there is a need to im-Rice-Fish Farming part a scientific basis to the entire opera
tion to formulate specific technology pack-Culture of fish in ricefields has been ages. Specific aspects of standardization


practised from time immemorial in China, and improvement of rice-fish culture prac-
Indonesia, India and many other South- tices using a multidisciplinary approach
east Asian countries. With 	 the advent of are currently under investigation in India.

modern agriculture and the use of high- These are:

input technologies involving heavy fertili-
 1. Identification, characterization andzation and repeated pesticide application cataloging of rice cultivation prac
for high-yielding rice varieties, the fishery tices in terms 5f rice varieties,
component has suffered. Iowever, with cropping duration, water levelthe existing productive resources such as requirements, fertilizer/,esticide
waterlogged ricefields, there is consider- application packages and compaable potential for increasing rice and fish tibility of various fish species. 



Table 3. Rice-fish farming systems and women's involvement in India. 

Systems Location 
Area 

('000 ha) 
Rice 

variety 

Rice 
production 

(kg/ha/crop) 
Fish 

species 

Fish 
production 
(kg/ha/crop) Remarks 

Pokkali Kerala 16 salt-resistant 
local 

700-1,000 tiger prawn 
Etroplus suratensis 
mullets 

885-2,135 80% shrimp; alternate cropping 
of rice and shrimp; women 
involved 

Khazan Goa 18 salt-resistant 
local 

500-1,500 shrimps 
perches 

500-2,000 mixed cropping of fish and rice; 
women involved 

Bhasabhada 
(Wetlands) 

West Bengal 800 salt-resistant 
modern varieties 

3,000 . Nrimps 
mullets 
carps 

900-1,200 mixed cropping of fish and rice; 
women involved 

Irrigated/ 
rainfed 

Andhra Pradesh 
West Bengal 
Tamil Nadu 
Karnataka 
Utter Pradesh 
Manipur 
Orissa 
Madhya Pradesh 

1,000 modern varieties 2,700 murrels 
catfish 
carps 

500-700 raised dike, cross trenches, 
peripheral canals; alternate 
or mixed crops; women not 
organized 

Deepwater Assam 
Bihar 
Manipur 
Orissa 
Tripura 
Utter Pradesh 
West Bengal 
South India 

2,300 deepwater 
rice 

2,000-5,000 Indian major 
and Chinese 
carps, catfish 

1,100 mixed cropping; women not 
organized 

Terrace 
cultivation 

Arunachal 
Meghalaya 

traditional 
local 

277 C. carp.o 28-186 experimental data; women 
involved 

Valley 
fields 

North 
Eastern 
India 

deepwater 
rice 

1,000-2,000 Indian major 
carps 

500-800 women not organized 

Beels Assam 
Bihar 
Orissa 
Andhra Pradesh 
Madhya Pradesh 
Utter Pradesh 
West Bengal 

600 modern varieties 1,000-3,000 murrels 
catfish 
carps 

20-80 capture fisheries from dried 
river courses, canals and ox-bow 
lakes; rice in adjoining areas; 
women involved 
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2. 	 Tr'ials on various fish species such 10. Harvesting of fish during the sec
as common carp (Cyprinus carpio), ond rice crop, or after its harvest. 
Clarias,Heteropneustes, brackish- 11. Timing of pesticide applications
water and freshwater shrimp spe- and awareness of its effects on fish
cies, Etroplus suratensis, silver and humans. 
carp (Hypophthalmichthys moli- 12. Preparation of ricefields for spe
trix), Catla sp., Labeo sp., cific types of rice-fish farming.
Cirrhinus sp. etc., in different 13. Maintenance of broodstock during
combinations with different rice the 	third rice crop (anzan).
varieties under changing water 
availabilities, management systems
and cultivation practices. Advantages of Rice-Fish3. 	 Interrelationships of fish and rice Farming Systems for Women 
during concurrent culture. 

4. 	 Scope of intercropping rice and
 
fish/shrimp alternately, and the The integration
status of the soil/water regime in ture not likely ofcauserice and fish culis to any occuparelation to agroclimatic factors. tional disorientation5. 	 Adjustments of timing and dura-

or disruption in their 
5.iAdjustmentscoftiationg with du-

way of life since rice and fish farming aretraditional activities of the rural folks intion of rice cultivation with those India. Rice-fish farming should be pro
gration. moted because6. 	 of its many advantagesEffects of fertilizers and pesticides especiallyon 	 to women. It consolidates thefish metabolism/growth/sur- existing income-generatingonis, 	 activities with no 	 displacements of labor. It needs no7. 	 Harvesting strategies for 	rice and special adjustments of laborfish 	 with timeunder mixed an . alternate and period of employment..croppingsystems 	 The sex

related discrimination in favor of menr 	 in ostesmini-
, 

infarm labor selection is minimized. Rice-Integration of fisheries with min-	 isfish technology not sophisticated andwatersheds for additional crops of could easily be adopted by women. It is 
Women involved in rice-fish farming possible tocan 	be trained in the following aspects of 

teach the skills of fish culture
in the rice environment through differentthe 	technologies: stages of operations1. 	 so that women canFish seed production,

2. Larval reari 	
gradually learn the technology until theyg up to fry. become completely self-reliant. Rice-fish3. 	 Release of fry in ricefields. farming will ensure a solution to women4. 	 Feeding of fry up to fingerling employment, enhancing income instages. 	 terms
of cash or fish protein in diet.5. sarvesting of fingerlings during

rice culture. 	 On a general note, rice-fish culture 
6. 	 promotes self-sufficiency in essential com-Rearing of fingerings to table size modities such fish andfish. 	 as rice. It en
7. 	 Management and feeding of fish 

hances demand for local production. Finally, the technology uses local raw mate
stocked in peripheral canals or rials to preserve ecological balances. 
central waters of the ricefields 
during/after rice harvest. 

8. 	 Management and survival of fish Conclusions 
stocks during the second rice crop.

9. 	 Management of fish stocked dur- Although integration of rice with fishing the second rice crop. culture is gradually emerging as a 
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technology for extensive development, 
there are no socioeconomic data to help 
promote the technology. The present arti-
cle only raises some issues and possibili-
ties for women in rice-fish culture. 

Integration of fish culture with rice 
would be a labor-using technology through 
its several phases, from preparation of the 
ricefields with trenches, making embank-
ments, seed fish production to the man
agement of the fish stock and harvesting; 
in addition to the labor required for rice 
plonting, tending and harvesting.
Women's involvement in crop cultivation 


activities could identify them as an ideal 
target group for training in rice-fish cul-
ture. The fish harvest could be entrusted 
to women for marketing and postharvest 

Rice-fish culture 
handling operations. e-for wome
would, thus, raise the rdemanti for women 
labor as wyell as the productivity of the 
rice agroecosystem. 

The entire logistics of the projected 
new opportunities for women in rice-fish 

farming emanates largely from the known 
and well documented involvement of 
women in the management of rice in 
Asia. The positive impact of the added 
production of fish in the ricefields is 
hardly disputable. 
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Abstract 

This paper presents initial results front rice-fish research, including experiments on border rice planting, theuse of animal manure, and comparison of rice-fish trench refuge and pond refuge systems. Border planting andadding animal manures produced encouraging but inconclusive results. In all concurrent rice-fish systems stadied,Nile tilapia (Orcochromis niloficus' produced low yields attributed to th-.e small size of stocked fish, variable surrival rates and the short duration of fish culture. The trench refuge had less water stored and appeared risky insustaining fish growlh. It appeared that these constraints can be largely solved with a modified pond refuge forconcurrent rice-fish system. This system allows stocking of small fingerlings, a much longer fish culture periodand more water availability. Th trench refuge and pond refuge systems have increased water requirements vis(i-vis rice monoculture of about 23.3 and 26.3%, respectively. The common carp (Cyprinus carpio Majalayastrain) appears to be better suited to ricefield environments than Nile tilapia. The paper concludes with a discussion of these results, some suggestions for further work and a comment on the inadequacy of standard pondmonitoring methCL!s for rice-fish systems research.
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Introduction 

An Asian Development Bank (ADB) 
technical assistance (TA) for research on 
rice-fish farming systems was initiated in 
August 1987 under the joint collaboration 
of the Int- national Center for Living 
Aquatic Resources Management 
(ICLARM), International Rice Research 
Institute (IRRI) and the Central Luzon 
State University (CLSU). The on-station 
research component of the project is lo-
cated at the Freshwater Aquaculture 
Center (FAC) of CLSU. One of the major 
objectives is the evaluation of options for 
integrating rice and fish production. This 
paper presents the general research high-
lights and important findings of the com
pleted experiments unE r this project. 

Research Design 
and Procedures 

The immediate thrusts of the on-sta-
tion research program are to enhance the 
compatibility of rice agronomy and fish in 
concurrent culture; and to provide a solu-
tion to the problem of small-sized har-
vested tilapia in growout, concurrent rice-
fish culture. A list of the completed and 
ongoing studies conducted under the 
project is presented in Table 1. A total of 
10 experiments have been carried out and 
five studies are ongoing. 

Experimental Units 

All experiments were conductedi 
ricefields modified according to rice-fish 
culture specifications. Dikes have base 
widths of 0.5 m, top widths of 0.3-0.4 m 
and heights of 0.4 m. A longitudinal 
center trench with a dimension of 0.75-
1.0 m wide and 0.3-0.5 mndeep is pro-
vided for ricefields with areas of 100-400 

2m . A pond-type refuge consists of a small 
pond, about 10% of the area of the plot 
and 1.0 m deep, excavated and connected 
to one end of the ricefield (Fig. 1). The 
ricefields are provided with separate 
screened water inlets and outlets. Water 
is supplied by both the Pantabangan Res
ervoir, about 30 km away from the FAC, 
through gravity irrigation canals, and a 
shallow well located near the ricefields. 

The total area of experimental plots is 
4.08 ha. Table 2 shows the number of ex
perimental units by size. 

Land Preparation 
and Rice Agronomy 

Land is prepared by one plowing and 
four harrowings. In general, IR rice vari
eties are used in the experiments. Seed
lings grown under wet-bed method at a 

are transseeding rate of 100 kg/ha 

planted when 25-30 days old. Standard 
planting method is by straight-row plant
ing at 25 cm between rows and hills with 
3-4 seedlings/hill, unless specified other
wise in the detailed study proposals. The 
planting method may change as a result 
of the experiments in planting distances. 
Standard FAC practices for application of 
inorganic fertilizer involve one basal ap
plication one to two days before trans
planting, and one topdressing one month 
after transplanting. Organic fertilizers are 
applied by soil incorporation one to three 
days before transplanting and/or 

topdressed one month after transplanting 
or at regular intervals as per specific ex
perimental protocol. Whenever required 

and necessary, the following pesticides are 
applied according to recommended rates 
and practices: Furadan 3G for protection 
against insect infestation applied basally 
at the rate of 1-3 bags/ha (16.7 kg/bag); 
2-4 D or Machete EC for weed control at 
the rate of 17.4 and 0.4 kg a.i./ha, respec
tively; and Brestan for eradication of 
snails at the rate of 330 gfha. 



375 
Table 1. Completed and ongoing studies under the ICLARM/IRRI/CLsU Rice-Fish Farming Systems Project. 

Reflearch study/experiment 

Completed 
" Planting distances and methods of planting in rice-fish systems.

Fish production and border method synergism in rice-fish culture. 
Supplemental feeding in rice-fish culture with border method of planting and increased 

fish stocking density. 
" The use of animal manure in rice-fish culture.
 

Evaluation of pig and chicken manure.
 
Combined use of inorganic fertilizer and pig or chicken 
manure.

" Growth performance of Cyprinus carpio (Majalaya strain) in: Experiment 1 - concurrent system;
Experiment 2 - rotational system.


" Fish and biological control of weeds.
 
" Comparison of trench 
refuge and pond refuge systems in rice-fish culture.
 
" Water management aspects of rice-fish culture.
 

Ongoing 
" Production trials of border pattern of planting, organic fertilization and polyculture in
 

rice-fish culture.
 
" Preliminary growth performance 
 of different strains of Oreochromis niloticus in rice-fish culture.
" Food ecology in rice-fish culture. 
" Evaluation of the pond refuge systems. 
" Fish and biological control of weeds. 

o 
water inlet 

-c -,..... 

water outlet 

(A) 
E .
 Pond refuge 

- Temporary/ removable partition dike 

04-05 

B
 

Fig. 1. A rice-fish field with a pond refuge system. Top view (A) and longitudinal 
cx,;ss-section (B). (Not drawn to scale) 
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Table 2. Number of available experimental units for rice-
fish plots by type of refuge and by size. 

Type of Sizc/lot No. Total area 
refuge (m ) of plots (i1 

2 ) 

Longitudinal 
center trench 	 100 18 1,800 

200 21 4,200 
300 34 10,200 
400 24 9,600 

Pond refuge 1,000 7 000 

No refuge 
(for rice 
monoculture) 50 10 5,000 

1,000 3 3,000 

Total area 	 40,800 

"Except for the 100- and 200-m 2 plots, all other 

units were constructed at a newly
experimental 

developed site where scraping of topsoil was done. 


Fish Culture 

In general, fingerlings are stocked 7-
14 days after transplanting. Stocking 
weights and densities vary according to 
species and experimental objectives. For 
fish harvesting, ricefields with trench 
refuge are drained completely so that the 
fish can collect in the lowest part of the 
trench and be easiiy caught. Fish harvest-
ing is done five to seven days before the 
rice harvest. For ricefields with pond ref-
uge, the time of fish harvesting depends 
on experimental objectives. 

Design and Evaluation 
of Experiments 

In general, majority of the experi
ments are components of concurrent rice-
fish technology intended to answer the 
questions on how to improve the system 
and which are of primary interest to 
farmers. The priority research area is the 
development of methods and techniques 
for increasing productivity and optimizing 

resource utilization. 
Data and information collected from 

these experiments include biological, 
physical and economic measurements 
which are used in explaining differences 
and/or i-teractions among the different 

expenimental treatments. I' general de
scription of the data collection and ana
lytical procedures of experiments con

ducted at FAC 	is presented in Table 3. 
The experiments conducted have at 

least three replications per treatment. 
These are also replicated over time or 
season. There are studies which are dupli
cated exactly or with slight modifications 

during the succeeding season to substanti
ate and verify previous results.

Fish production data are expressed 

based on the gross yield (standing crop); 
net yield (net. production); gain in weight; 
and percentage recovery or survival. A 
detailed explanation of these measures are 
given by Shell (1983). Rice production is 
estimated based from total plot harvest at 
14% moisture content. 

Experimental designs and statistical 
evaluation of production data generally 
involve the standard analytical procedures 
such as student's t-test or the analysis of 
variance ("F" test). Other appropriate sta
tistical analysis such as correlation or re
gression techniques are applied depending 
on the nature of the data and the type of 
evaluation desired. For example, van Dam 
(1990) applied multiple regression tech
nique in analyzing the accumulated FAC 
rice-fish cxperimental data to detect fish 
growth limiting 	and promoting factors. 

Results 

Results of the completed studies are 
presented in general terms, with empha
sis on the important results and findings 
which are expected to affect and influence 
the refinement, modification and develop
ment of rice-fish culture technology. 
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Sampling timeParameter and frequency 

Water 

Disaolvd oxygen' 
Temperature nj 
pH ( 0600 hours, 1400 hours weeklyTotal ammonia 
Nitrite 
Orthophosphatc biweekly 

Depth daily 

Total solids triweekly

Phytoplanktan 


7Aiplankton biweekly 

ZoobenthoH 

Fish 

Stomach contents at inventory, at harvest 

Growth and survival at stocking, at inventory 

Rice 

Yield at larvest 

Weeds 35-40 days after transplanting 

Insect biweekly 

* 	Sail 

Organic matter 

Total N 
 before planting, after harvest 
Total 

Climate 

Evaporation
 
Humidity
 
Rainfall
 
Air tipe e ly 

Wind speed 


Wind direction
 
Daily sunshine
 

Economics 

Economic analysis after experiment 

Border Patternof Planting 

Results of the two completed experi-
ments are presented in Table 4. In both 
experiments, no significant treatment dif-

Method of analysis 

DO meter, Winklcr titration 
Thermometer
 
pH-meter
 
Phenat method with spectr,)photometer
 
Sulfanilic acid method with spectrophotometer 
N.ethod of Owen T. Lind 
Measuring device in plot 
Evaporation 
Secchi-diak reading in trench; 

identification knd count with microscope and 
Sedgewick-Rafter cell 

Identification and count with microscope andSedgewick-la fter cell 
Identification and count using Ekman grab 

Three fish per plot are killed and stomach 
contents identifiedLength and weight data, numbers are recorded 

Determine moisture percentage of sample; 
calculate harvested weight at 14% moisture 
total yield estimated based from total plot harvest

Identification and counting of sample; 

determination of week dry weight/area by
overdrying at 550C for 24 hours
 

Field sampling (using standard methods) of
 
counting and identification
 

Dry matter minus ash content
 
Macrokjeldahl method
 
Acid-NH4 -soluble phosphorous
 

Data are obtained from the CLSU/PAG-ASA
 
Agromet Station
 

Simple costs and returns analysis; partial
 
budgeting; marginal analysis; linear
 
programming
 

ferences were observed with respect to the 
different fish production parameters. Rice
production decreased significantly with 
two rows missing at constant planting dis
tances. Thus, even with higher stocking 
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Table 4. Summary data of fish and rice yields obtained from experiments on border pattern of planting. Fish species: 
Oreochromis niloticus; rice variety: IR 66; plot size; 200 m2; n = 3; fish culture pericd: 70-72 days. 

Fish 

Stocking Mean weight (g) Growth Yield (kgha) Rice 
density Planting Recovery rate yield 

Treatment (fish/ha) method Feeding Initial Final (%) (gday) Gross Net (t/ha) 

Experiment 1 
I5,00 standard planting yes 6.9 29.9 68 0.33 105.0 70.5 4.7 

(25 x 25 crn) 
II 6,500 1 row missing yes 9.2 30.8 60 0.31 111.5 51.7 4.2 

between.;i rows 
(25 x 25 cm) 

III 7.500 2 rows missing yes 8.7 37.1 50 0.41 139.5 74.3 3.5 
between 3 rows 
(25 x 25 cm) 

IV 5,000 standard planting no 6.1 35.2 79 0.42 138.6 108.1 5.1 
(25 x 25 cm) 

V 6,500 1 row missing no 5.9 28.1 61 0.32 105.6 67.2 3.6 
between 3 rows 
(25 x 25 cm) 

VI 7,500 2 rows missing no 11.3 38.2 68 0.38 195.2 110.4 3.5 
between 3 rows 
(25 x 25 cm) 

Experiment 2 
1 5,000 standard planting yes 7.5 45.4 63 0.54 143.0 105.5 2.7 

(25 a 25 cm) 
II 5,000 1 row missing yes 7.4 45.6 65 0.55 148.3 100.8 3.2 

between 3 rows 
(25 x 20 cm) 

I11 5.000 2 rows missing yes 8.8 45.7 70 0.53 160.4 94.4 2.7 
between 3 rows 
(25 x '7 cm) 

IV 5,000 standard planting no 9.1 45.8 67 0.51 152.6 104.6 2.8 
(25 x 25 cm) 

V 5.000 1 row missing no 6.7 41.2 55 0.48 113.1 69.5 2.5 
between 3 rows 
(25 x 20 cn) 

VI 5,000 2 rows missing no 6.7 37.0 80 0.42 147.8 98.3 2.5 
between 3 rows 
(25 a 17 cm) 
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densities (from 5,000 to 7,500/ha), the an- below 50%. Fish losses were caused by
ticipated increase in fish production did low water levels and bird (herons) preda
not compensate losses in rice yield (ex- tion. In the treatment with inorganic fer
periment 1). Fish production data wery3 tilizer, fish recovery rate decreased with 
also similar among the different treat- increased stocking density. Fish growth 
ments in experiment 2. Rice production rate, likewise, declined with increasing 
(which was lower compared to experiment stocking density. With inorganic fertilizer, 
1 due to a typhoon) was similar for all highest gross and net yields were ob
treatments because of the constant plant tained at 3,000 carp/ha, while with 
population despite the missing rows or chicken manure, 4,000 carp/ha gave the 
borders. In experiments 1 anJ 2, treat- highest yields. 
ment II (one row missing and with fish In the rotational culture system, fish 
feer'ing) had the second and highest rice recovery was excellent in both treatments. 
yields, respectively; an indication that Fish growth rate and gross and net yields 
treatment II might work well as a border were higher in plots fed with rice bran. 
pattern of planting, with some modifica- Average gross and net fish yields were 
tions. In both trials, feeding had no effect 326 and 189 kg/la for treatments with 
on fish production. feeding, and 278 and 116 kg/ha, respec

tively, for treatments using cattle manure. 
Compared to rice-fish experiments us-

Use of Animal Manure ing Nile tilapia and without animal ma
nure, common carp showed good growth

Fish and rice yields are shown in Ta- and survival. It seemed that the carp was 
ble 5 for experiment 1 (use of pig and much better suited to the rice-fish envi
chicken manure). Fish recovery ranged ronment than tilapia. Fish yields from the 
from 24 to 6i%. Fish growth rates ranged rotationa! experiments were very high,
from 0.27 to 0.54 g/day. On the average, considering that the culture period was 
the highest growth rates were achieved in only one month. Water availability was a 
treatment Iii with eight weekly pig ma- crucial factor here. 
nure applications. This treatment also The effect of manure on rice yields 
showed the highest gross and net fish was not clear, but combinations of inor
yields, and gave a considerable fingerling ganic fertilizer and animal manure might 
harvest. Rice yields were relatively low, be better for good rice and fish yields. 
probably caused by the newness of the 
experimental site and water shortage dur
ing the first week o2 growth. ComparisonBetween 

Trench Refuge and Pond 
Refuge Systems 

Growth Trials with Common Carp
(Cyprinus carpio, Majalaya strain) Resuirs showed that fish production 

indicators were all in favor of the pond 
Results of the experiment using con- refuge system. However, the yields from 

current culture systems showed that rice both systems were low due to low recov
yields were low (Table 6). This was ery rates. 27 and 134 kg/ha for the trench 
caused mainly by water shortage when refuge and pond refuge system, respec
the rice plants were newly transplanted, tively. Extending the fish culture period
planthopper infestation and the newness by 61 days in the pond refuge system, in
of the site. Fish recovery was satisfactory, creased gross fish yield to 396 kg/ha (Tu
with only two plots showing fish recovery ble 7). 
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Table 5. Summary data or fish and rice yields using animal manure (pig manure [PM], chicken manure [CMI). 
Rice variety: I1t64; fish species, Oreochronis niloticus; fish culture period: 72 days. 

Fish 

Fertilizer and Mean weight (g) Growth Yield (kgba) Rice 
Treat- method of - lReovery rate yield 
ment applicationn Initial Final (%) (g/day) (Gro.s Net Fingerling Total net (1/ha) 

IF 10.2 :10.4 56 0.28 87.0 :16.1 11.1 47.2 1.6 

II MI 9.3 :19.6 51 0.42 102.9 56.4 10.0 66.4 2.1 
I topdresw 

III I 10.9 50.2 61 0.54 152.3 97.8 44.4 142.2 1.9 
8 topdrem 

IV CM 10.1 29.3 42 0.27 61.5 11.0 16.7 27.7 2.1 
1 tApdress 

V CM 8.9 56.7 24 0.66 58A.3 13.6 31.1 44.7 1.5 
8 topdrems 

'IF = inorganic fertilizer (22.5 kg/ha of 45-0-0 and 375 kg/ha of 14-14-14), control; PM = pig manure (10.5 V/ha . 50% basal, 
50% top dressing); CM = chicken manure (3 t/ha- 50% basal, 50% top dresing). 

Table 6. Summary data of fish and rice yields on growth performance experiments of Cyprinus carpio (Majalaya 
strain). Rice variety: IR 64; n = 3. 

Fish 

Stocking Mean weight (g) Growth Yield (kg/ha) Rice 
Type of density Recovery rate yield 

Treatment fertilizer" (fish/ha) Initial Final (%) (g/day) Gross Net (t/ha) 

Experiment Ib 

I IF 2,000 7.1 59.4 71 .i 0.76 85.2 71.0 2.0 

1 IF 3,000 7.0 58.3 60.4 0.74 104.4 83.5 1.7 

III CM 4,000 6.1 47.0 50.0 0.59 88.9 64.4 1.6 

IV CM 2,000 5.6 79.2 69.4 1.07 109.3 98.2 1.8 

V CM 3,000 7.1 56.3 70.0 0.71 115.5 94.2 1.6 

VI CM 4,000 7.2 49.4 75.6 0.61 148.7 119.9 1.8 

Experiment 1c 

I RH 3,000 45.6 109.0 99.6 2.1 325.6 189.4 

II CaM 3,000 55.6 91.8 98.9 1.2 277.8 116.2 

"IF = inorganic fertilizer (44 kg/ha of -15-0-0 and 286 kg/ha of 14-14-14); CM = chicken manure (3 t/ha basal 
application); RB = rice bran (given at 5% of body weight: CaM: cattle manure (4 t/ha).
bConcurrent system; fish culture period, 69 days. 
cRotational system; fish culture period, 30 days. 
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Table 7. Summary data of fish and rice yields obtained from studies on trench refuge and pond refuge systems. Rice 
variety: IR 64; fish species: Orcochrornis niloticus. 

Fish 

Mean weight (g) Growth Yield (kg/ha) Rice 
- Recovery rate yield 

Treatment Initial Final (%) (g/day) Gross Tilapia Others 2 Total (t/ha) 
fingerling 

I 
(trench) 

3.9 12.8 30 0.14 19.2 7.8 0 27.03 1.6 

II 
(pond) 

3.3 24.0 
38.0 

44 0.24 
0.25 

52.8 
335.5 

59.5 
55.5 

21.2 
5.0 

133.53.5 
396.04,5 

2.3 

1Nile tilapia (0. niloticus) only stocked at 5,000/ha.
 
2prawns (Aacrohrachium sp.), Cnrassius earassius and leftover Cyprinus carpio (Majalaya strain).
 
31,ish culture period, 89 days.

4 Fish culture period, 150 days.
5Mean values from two replicatc only. 

Water Management Aspects mm/day; thus, resulting in an extra water 
requirement of 250 mm for rice-fish cul-

This study consisted of a theoretical ture. Assuming further that with rice 
comparison of the water requirements of monoculture, the soil is merely saturated 
rice monoculture and rice-fish culture; for 10 days during the growing season, 
and field measurements to estimate the the total water requirement becomes 11.7 
various terms of the water balance (espe- mm/day for 80 days antI 6.0 mm/day for 
cially percolation and seepage [P & S). 10 days, i.e., 996 mm for the whole sea-

For a rice monoculture field with a son. The final comparative total water re
continuous water layer of 5 cm, the total quirements become 1,662 mm for rice 
water requirement for a 90-day growing monoculture, 2,050 mm for the rice-fish 
period is 1,500 mm (,450 mm for trench refuge system and 2,100 mm for 
evapotranspiration ET! and 1,050 mm for the rice-fish pond refuge system. The wa
other losses) and 200 mm for land prepa- ter requirement for the rice-fish treitch 
ration (Kampen 1970; de Datta 1981). In and pond refuge systems is higher by 
rice-fish culture, an additional 50 and 100 about 23.3 and 26.3%, respectively, over 
mm is required during land preparation rice monoculture. 
for the trench refuge and pond refuge In field measurements using sloping 
systems, respectively. To get a water gauges, the water depth in 27 experimen
depth of 10 cm instead of 5 cm, an extra tal plots was recorded two times a day 
5 cm is required; thus, water required for (0800 and 1600 hours), during a 27-day 
land preparation is 300 mm for the culture period. Together with evaporation 
trench refuge system and 350 mm for the and rainfall data obtained from a nearby 
pond refuge system, weather station, the water depth meas-

P & S and leakage (L) increase with urements were used to calculate v.ater 
rice-fish culture. By interpolation, a water balances for all plots and to estimate P & 
layer of 10 cm results in a loss of 1,300 S. Water losses thirough holes or cracks 
mm or 14.5 mm/day, whereas a 5-cm wa- represented by L in the dikes was also 
ter layer gives a loss of 1,050 mm or 11.7 calculated. In Table 8, P & S, ET and L 
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Table 8. Water balance measurements on rice-fish experimental plots using trench 
refuge (TR) and pond refuge (PR) systems: average values of rainfall (Rn), irrigation 
(lrr), percolation and seepage (1 & S), evapotranspirtion (ET) and leakage (L) by plot 
size. 

Plot size (M
2

) 

Rice-fish Rice monoculture 

300 (TR) 1,000 (P11) 1,000 (TR) 500 

Values (mm/day) 

Rn 
Irr 
P & S 
ET 
L 

As percentage of 
(Rn + Irr) 

Rn 
Irr 

As percentage of 
(P & S + ET + L) 

P & S 
ET 
L 

1.4 1.5 
34.4 55.7 
24.8 36.7 

4.7 4.6 
7.3 14.0 

4 3 
96 97 

67 66 
13 8 
20 2.5 

are given as percentages of their sum. On 
the average, L accounted for 21%, ET 
12% and P & S 67%. In general, the ab-
solute value of the total water require
ment was quite high: amounting to about 
3,300 mm over the 88-day growing period. 
This is roughly three times as much as 
the requirement for a regular lowland 
rice crop (de Datta 1981). 

Losses from P & S take a big part of 
the water requirement but it is very diffi-
cult to reduce these. Perhaps, thorough 
puddling during land preparation may re-
duce them. The L loss could be lessened 
by good maintenance of the dikes and 
proper sealing of inlets and outlets. The 
high water requirements for rice monocul-
ture may be due to seepage losses to the 
adjoining fallow plots. This problem will 
gradually lessen when the soil recovers 
from scraping. For the pond plots, the ex-

1.5 1.5 
32.5 44.8 
22.0 28.7 

4.5 4.5 
8.8 6.8 

4 3
 
96 97
 

62 22
 
13 11
 
25 17
 

tra loss of 50% was probably caused by 
the removal of the topsoil and exposure of 
lower sandy soil during excavation. 

Discussions and Conclusions 

These experiments were mainly car
ried out in an area newly developed for 
concurrent rice-fish culture research, 
where the topsoil had been scraped 
during land furrowings and dike parti
tioning which probably caused low soil 
fertility. Water availability was limited by 
irregular and delayed irrigation water de
livery and frequent electric power inter
ruptions. Although stocking of large fin
gerlings (15-25 g) was desired, these were 
not available from hatcheries. All these 
factors contributed to the low fish yields. 
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In general, tilapia yields were very rate was 0.24 g/day. On the other hand,low. Some treatment werecomparisons fairly large amounts of fingerlings were

possibly negated by the small-sized harvested from the fields. Somehaw, thetilapias used for stocking. Under a concur- potential for the production is there, butrent rice-fish trench refuge system, where the ricefields do not produce market sizethe regular fish culture period is about 70 fish. A tentative conclusion from the exdays, stocking small-sized fingerlings (<10 periments may be that manure does notg) cannot produce the fish of 50 g or increase rice yields as effectively as inorabove required by Philippine markets. ganic fertilizers, at least not in the short-This problem is exacerbated by the lim- term. It may, however, increase fish yieldsited water availability prevalent in a as shown here. In the experiment on pigtrench refuge system. Larger-sized finger- manure, the application rate was verylings (15-25 g) must be stocked or the high (10.5 tlha) and probably not techni
culture period must be extended to pro- cally and economically feasible for farm
duce marketable fish. However, these ers.re- Animal manure should be viewed assults indicate that concurrent rice-fish an input to benefit the fish, in addition tosystems can be efficiently utilized as fish inorganic fertilizers used for the rice. Thenurseries. This is a promising area and amount and type of manure will depend
techniques for tilapia fingerling prodac- on availability and cost, and these shouldtion in ricefields should be further devel- be thoroughly assessed before any recom
oped and refined. mendations are made.

The pond refuge system also has The pond refuge has resolved agreat promise. The advantages of this sys- withnumber of constraints encountered 
tem are: the fish culture period can be the trench refuge system. However, theremade longer since fish can be stocked are also some problems associated with even before transplanting rice or the fish the former. If constructed in flat or low can be left to grow further after rice har- areas, drainage can be a problem espe
vest; there is also greater volume of wa- cially during fish harvest. Since the pond
ter; and small-sized fingerlings can be refuge area is large and holds a large volstocked. Results showed higher fish pro- ume of water, the fish tend to stay mostduction and larger-sized fish at harvest of the time in the refuge, thus grazing infrom the pond refuge system than the the ricefields will be limited. This defeatstrench refuge system. However, there is a the purpose of stocking fish to benefitneed to improve further and evaluate the rice. Moreover, the pond refuge will notproductivity and profitability potentials of be attractive to countries with strict policy
this system in 
terms of higher stocking on intensified rice production, i.e., whererates, fertilization and feeding, all ricefields must be planted to rice. 

The common carp (Majalaya strain) 
was found to be better suited to ricefield 
environments than the tilapias. Given a Acknowledgements
good market for carps, rice-carp culture inthe Philippines could stand a good chance The FAC-CLSU expresses its deep 
of success. gratitude toExpe,-iments on border planting and 

the ADB for its financial support for this project. Much of the accom
on the use of animal manure in rice-fish pishments achieved from this project are 
culture yielded rather inconclusive results of the team efforts byr,.sults. In the manure experiment, the numerousindividuals. Sincere appreciation dueare 
average recovery of 0. niloticus hardly to: the graduate research students (Liselot
exceeded 50% and the average growth 
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Abstract 

Common problems of on-station rice-fish research include growth and production assessment of fish
populations in the ricefield environment; effective design and analysis of experiments; interdisciplinarity of the
research; and applbcation of on-station results to fimers' fields. It is argvod that on-station research should takeadvantage of its controlled environment and its access to resources to test hypothesis for which the farm situa. 
tion is not suitable. 

Introduction Problems on Research 
Methodology and Management

On-station research on fish production

in rice-based farming systems is remark-
 Plot Size and Experimental Design
ably diverse and must draw on methods 
from agriculture and aquaculture. De- Rice-fish production trial plots must
tailed descriptions of standard methods be 200-400 m 2 because border effects be
are not given here because they have come too strong and the number of fish
been described adequately elsewhere; and stock!ed is very small in smaller plots.
their application varies with the system This is not necessarily true for more basic 
under study. Here we discuss problems research where plots can be smaller. 
we encountered ch eseatheset methodssh w terLargein r plotse need large experim entalour wwithn t e F r ar plots aa he smler. 
our own research at the Freshwater area thus driving up research costs. For a
Aquaculture Center of Central Luzon relatively simple 2-factorial design with 
State University in the Philippines. 

*ICIAINM Contribution No. 724.
 
*Present address: Thorbeckestraat 60, 6702 IIS Wageningen, The Netherlands.
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three levels of both factors and three rep-
lications, 27 plots are necessary, not 
counting the control. Using 200-M 2 plots, 
this is more than half a hectare, whereas 
in a rice experiment with plots of about 
20 M 2 , the area would be only 500 m 2. 
Moreover, variation in fish productio-i 
warrants more than three replications to 
enable differentiation between treatments 
with statistical significance. 

Ways to cut dowti the number of ex-
perimental plots must be found. Experi-
ments can be replicated in time if 
analyzed with multiple linear regression 
(van Dam 1990) or a multivariate statisl.i-
cal technique, using climate data as addi-
tional variables. Simulation models may 
become po%%efui tools for incorporating 
results from separate experiments into a 
larger framework for analysis (Cuenco 
1989). See Pauly and Hopkins (1983) for a 
proposed method for analysis of fish 
growth in ponds, and Gomez and Gomez 
(1984) for more on designing agricultural 
experiments, 

Fish Growth Studies, Fish Sampling 
and Harvesting 

Little is known about fish growth in 
different rice-fish environments. Similar to 
pond aquaculture research, regular 

all fish stocked by draining the water and 
netting the fish. This technique suffered 
because the fish hide in the mud. The 
number of fish caught during inventory 
was smaller than at harvest, obviously, 
not all were caught. Loss of water and 
nutrients is a further disadvantage of 
draining the field for sampling. Indone
sian farmers flush out the remaining 5
10% of the common carps (Cyprinus 
carpio)after draining by refilling the field 
and draining it again. Where the smallest 
or biggest fish may not have been caught, 
the modal class of a size-frequency distri
bution can be used to estimate average 
weight. 

Alternative methods for growth assess
ment need to be tested for use in rice-fish 
culture. The CIRC technique for tilapias 
(Doyle et al. 1987; Padilla 1989) or fish 
tagging may provide more information 
about the size distribution of fishes. 

Too often, experiments report only 
gross fish yield or standing stock which is 
misleading when the biomass stocked was 
large. Net fish production (biomass har
vested minus biomass stocked) should al
ways be reported. For tilapia, the yield of 
fingerlings can be considerable and should 

be reported separately. Other data worth 
collecting are Lven in Table 2. 

(e.g., biweekly) sampling of fish Table I. Numberof fish (Oreochroniis niloticus) caught on three 

should be done to establish growth sampling dalte uing different fish traps. Plot size: 300 M
2
;
 

curves (fish weight.'ength against stocking density: 150 fish/plot; n = 5).
 

time), detect fish growth patterns
 
and determine food preference No. of fish caught.
 

(stomach analysis). Similarly, regu- (percentage of population stocked) 

lar sampling should yield informa- Mtl 29 Aug 11 Sep 25Sep 
tion about fish survival which is I
especially important for tilapia Tubulartrap 
(Oreochromis spp.). Attempts to (bubo)" 2 (0.3) 0 (0) 0 (0o 
sample Nile tilapia (0. niloticus) 

(Coverpot 0 (0)from ricefields using different fish hsao okoh) h' 10 (1.3) 1 (0.1) 


traps (Fig. 1) yielded very few or
 
no fish (Table 1). Methods for sam- Scissor netC 12 (1.6) 8 (1.1) 3 (0.4)
 
pling tilapia in riceficids without
 
disturbing the ricefield need to be "Atraditional fish trap placed in the water inlet of the plot.

developed. )A type of basket that is placed over the fish, after which the fish 

One alternative to regular sam- is taken out by hand. This requires a lot of walking through the 

plot. 
pling is one midperiod inventory of cUsed after partially draining the field. 
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I0 - 20 CM. I 

a. Tubular trap or "bubo" 

b Cover pot 

c Scissor Ie, 

Fig. 1. Fish traps used in fish sampling. 

Water Quality and Aquatic Ecology 	 DiuTnal fluctuations can be captured by 
taking samples at two-hour intervals, 

Measuring water quality is important twice or thrice during the growing period.
because it affect.s fish growth and is Because water quality fluctuates 
strongly influenced by rice management. within the field, multiple samples should 
Some considerations in determining sam- be bulked into one composite sample. Fish 
pling procedures fo\ow. ref.,_ge (pond or trench) samples should 

Water quality fluctuates strongly both not be mixed with those from the f"eld. 
diurnally a: d seasonally. Phyto-!ankton More detailed ecolog4y experiments re
and macrophylte photosynthesis and respi- quire various biotic factors (phyto- and 
ration cause diurnal fluctuations. Weather zooplankt.-,, etc.), to be analyzed in a 
and growti. of both rice and fish cnuse labo,'atory. See Table 2 for suggested data 
seasonal fluctuations (Watanabe and collection requirements. 
Roger 1985; Roger 1989). Long-term -ari
ation can be handled by sampling water Water Depth
weekly or biweekly at the same time on 
every sampling (lay. Extreme values of "Water depth and renewal rate are 
dissolved "xygen and pH occur at sunrise among the main factors determining pro
(low) and during mid-afternoon (hgh). 	 ductivity in wetland ecosystems 
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Table 2. Suggested basic data collection requirements for rice-fish on-station research. 

Parameter Frequency Remarks 

Fish (general) Calculate: 
-number 
-bulk weight 
-average wcight 

At stocking 
At harvest 

-recovery percentage 
-standing crop 
-net production 

-length of cuIture period -specific growth rate 

Ti,.Via 
-fingerlings 
(bulk weight, average 
weight, number) At harvest 

See Bagenal (1978); Doyle et al. 
(1987); Ricker (1968); 
Shell (1983) 

-scales for CIRC
measurement ) 

hice See Gomez (1972) 
-grain yield and moisture 
-plant height 
-tiller number 

Water depth Daily 	 Use sloping gauge 
See Giron and Wickham (1976) 

Site dcscription
sOI (texture, pH, nutrients) " 

-water su ply (source comiposition) Ifvariable, more samples 
-clinr,tV rainfall, temperature, etc.) during culture period"elevr.tion 

Ecology Depending on purpose See Ar.on. (1989); APHA (1975); 
-water quality Take into account loyd (1979); Downing and 

(dissolved oxygen, temperature, pH, diurnal and seasonal Rigler (1984); Golterman et 
N-components, phosphorus, many fluctuations al. (1978); Heckman (1979);
others) 
 J Lind (1979); Roger (1989);

-biotic factors Rosenthal and Gershey (1989);
(phytoplankton, zocplankto,, benthic Vollenwcider (1969); Watanabe 
organisms, bacteria/detritus, weeds and Roger (1985) 
insect pests 

-s il 

(Gosselink 9nd Turr.er 1978). Continuous Maintaining water depth in large ex
fluctuations in wn',.r depth through sen- perimental areas is not easy, and lining 
age, drainage, irrigatio a and rainfall lead water suprily canals and constructing good
to loss of dissolved nutrients. In tilapia, control structures are mandatory. Where 
sich stress can stont growth .rough an big differences in water depth Lre ob
early switch from growth to reproduction served, water depth should be analyzed as 
(Lo,,e-McCojinell 1982). Moreover, a co-variable. 
phytoplankton do not develop when water 
movements are strong. Routine measure- Fish Behavior 
m(,rt of water depth provides useful back
grcund information. The sloping gauges Fish behavior is difficult to observe in 
shown in Fig 2. are simple to make and muddy ricefields, thus it is neither clear 
use (Giron vad Wickham 1976). how much time Nile tilapias forage in the 
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A B
 

r L --
R (..R
 

W1 W 

Fig. 2. Sloping gauge for water depth measurementi R=reading meter on stick, W=actual 
water depth; ct-angle between meter stick and water surface. 

When zero on the stick (1?=0) corresponds with W=O (see A), depth is calculated as: W = !,in 
a. It. Usually, sin (x= 1/5, or at = 11.5 degn'ees. If 11=0 corresponds with W=d (see 13), then 
in gencral, W = d + sin a* 11,where d can be positive or negative. Calculation ofd can be done 
if both R and W are measured at the same theme. 

ricefield nor what they eat. It may even 
be that the high temperatures (39-400 C) 
cause them to stop feeding altogether A 
few fish placed in glass aquaria partially
filled with puddled soil and planted with 
rice might throw some light on fish 
behavior. Experiments would allow the 
introduction of rice pests to s'ee whether 
fish actively feed on them. 

Data Management: 
Processing,Storing and Analyzing 

Computers have become indispensabi3
tools for prompt processing, sorting and 
analyzing data. Ideally, the person who 
gathers the data should enter it, if not, he 
or she should work closely with the com-
puter operator. Data should be entered 
every week to prevent data from accumu-
lating to undecipherable amounts; and 
forgetting the circumstances in which 
they were gathered. Fixed formats for 
data entry and regular backup copies of 
data-files on diskette and printouts all 
help. For more details see Gomez (1987),
Hopkins et al. (1988), and Prein and 
Milstein (1988). 

What Should On-Station
 
Research Do?
 

What determines whether an experi
ment should be conducted on-station, 
rather than on-farm? Who formulates the 
hypotheses to be tested in an on-station 
experiment? What is the practical transla
tion of the "consultancy and referral role" 
of scientists and research stations in a"farmer-first-and-lasL" approach (Chain
bers and Ghildyal 1985)? 

On-station experiments should not at
tempt to imitate farms. Rather, they
should exploit their advantage in control
led environment, access to all necessary 
resources, better assessment of influencing 
factors, etc., to obtain more insight into 
the process underlying production. Rice
fish ecosystems comprise many sub sys
tems - rice, fish, soil, water, each with its 
related disciplines - agronomy, soil sci
ence, aquatic ecology and zoology. Suc
cessful interdisciplinary research requires
that everybody supports the experimental
objectives and setup, regular meetings to 
monitor progress aPd problems are held, 
and agreement aboul. the output of the 
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research, e.g., about repcrts/papers are 
established early. With the right models 
and in collaboration with farmers and on-
farm researchers, on-station researchers 
must contribute tc the solution of re-
source-poor farmer problems. 
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Abstract 

On-farm research in Asia has evolved over the last 15 years. Today, methods that are being institutionalized 
in many countries and backed up with training and networking at national and international levels are relevant 
to rice-fish research. On-farm research is a more efficient process for doing research and helps break down bur
riers between farmers and researchers, resulting in more effective feedback. It can help assess real problems and 
determine farmers' priorities. One of the challenges of working on-farm is to learn from farmers' indigenous
practices and experiments. On-farm experiments also allow testing in a wide range of environments in the farm
ers' world. There are problems but most can be overcome through changes in attitude an.ong farmers, research
ers and administrators. 

Introduction mitted the growing of more than one crop 
per year. Through the work of scientists

Farming Systems Research '?SR) in in the Asian Rice Cropping Systems Net-
Asia owe much to the International Rice work, a methodology for testing and 
Research Institute (IRRI) in the Philip- adapting these technologies on farmers'
pines. Bradfield's early research on multi- fields e-iolved (Zandstra et al. 1981;
ple cropping showed the hig-b productivity Harwood 1986).
potential of tropical ecosy. tems (Brady Cropping systems re, earch has had
1977). The introduction of sliorter season, considerable success in introducing new
photoperiod insensitive rice varieties per- technologies to farmers in rice-based 

*Present address: International C"nter for Living Aquatic Resources Management, MCPO Box 2631, 0718 Makati, 
Metro Manila, Philippines. 
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systems. In Iloilo Province, Philippines, tern rarely get adopted. Is this the farm
crop intensification increased farm oroduc- ers' and fishers' faut,? Are they conserva
tion and income (Barlow et a]. 1983). In- tive and stubborn? Won't they modernize 
deed, the methods developed by the Asian Wid take risks? Now we know that the 
Rice Farming Systems Network (ARFSN) technology is often to blame - it is too 
of IRRI have now been institutionalized costly, requires too much labor and does 
in the Philippine Department of Agricul- not fit into existing systems. Rhoades 
ture's Regional Integrated Agricultural (1936) gives a classic description of the 
Research Systems (RIARS) (Quisumbing mistakes made by researchers at the In
1982). Experience in Indonesia shows ternational Potato Center while trying to 
similar contributions in both partially irri- promote potato storage. Only after re
gated and rainfed conditions (AARD searchers started asking farmers what 
1986). Methods have been particularly their problems were did they realize that 
successful in designing new cropping pat- storage of seed potatoes was the problem, 
terns for transmigration areas. and not storage of tubers for market. To-

More recently cropping systems meth- day, diffuse light stores have been 
ods have been expanded to consider the adopted and adapted by farmers around 
whole farm. Animals including fish are the world. 'rih non-adoption of station-de
incorporated into FSR. veloped fishpond aquaculture in Northeast 

FSR usually involves small Thailand versus the -apid spread of 
multidisciplinary teams in the following farmer-developed rice-fish is another ex
activities: ample. One of the lessons of FSR is that 

1. 	 Site selection and description, farmers very seldom adopt a whole pack
2. 	 Experimental design to test both age; they select parts and adapt these to 

system and component technolo- their system. Farmers need a basket of 
gies. options and not a package of technology 

3. 	 Researcher-managed or farmer- (Aran 1987).
 
managed on-farm trials.
 

4. 	 Preproduction multilocational trials Social Barriers 
of successful patterns or technolo
gies over wide areas. A large social distance separates re

5. 	 Pilot production programs involv- searchers fiom farmers. Differences in 
ing close cooperation with exten- education, income, culture, language or 
sion. dialect, means of transport and dress in

crease the gap. How do you think farmers 
This methodology is now used in the react to safari-suited, shoe-clad city dwell

14 Asian countries involved in the ers comp.ete with soft hands and long fin-
ARFSN. One of ARFSN's major impacts gernails who arrive in four-wheel-dive 
has been to institutionalize and popularize vehicles and proceed to tell them how to 
this on-farm methodology, grow rice or fish? Doing research on 

farms forces researchers to talk with 
farmers and learn their techniques in or-

Why On-Farm Research der to succeed. 

Efficiency 	 Research Priorities 

The main eason for doing on-farm 
research is that it is more efficient than of haveResearchers and farmers itn 

' conventional on-sta on work. Technolo- completely different research priorities. 
gies perfected and packaged on-station for An example from Northeast Thailand 
transfer to fa,'mers via the extension sys- compares the two priorities. 
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Researchers' priorities are pesticides, they have observed fish contributing tostocking rates and trench or pond designs the control of some pests. Such observa(FSRI 1986.'. Farmers find this list irrel- tions have prompted research the efon 

evant becau!t;e: a) while aware of problems offects fish on insects and weeds
of pesticides on fish, they cannot afford to (Chapman et al. 1987).
use them; b) stocking rates are not deter- Backya-d hatcheries make sense tomined by optimal production, rather by farmers not only because fingerling supthe number of fingerlings available from ply is unpredictable and transportationtheir own broodstock, nearby commercial difficult, but also because it is a majorhatcheries and carryover from the previ- cost. Breeding carp and tilapia is no probous season; and c) rice farmers are excel- lem but Puntius is an area of priority re
lent hydraulic engineers and use a con- search for them. 
siderable variety of trenches, sumps,

ponds, etc. depending on water security, Indigenous Technology

labor and costs (Chapman and

Bhasayayan 1985; MacKay et a]. 1986). Farm households manage complexThey also use natural depressions and systems with very limited resources. 
connect ricefields to enable fish to move Much of their decisionmaking on riskinto ponds as water level decreases, minimization, food and cash needs of the

Clearly in this case, researchers' pri- family is based on a large amount of inorities would not benefit many farmers. digenous technical knowledge. Indigenous
Rather, farmers want to know the effects knowledge provides the foundation onof fish culture on family income and nu- which researchers must mold new intertrition, labor use and pest control. They ventions. Rapid adoption of rice-fish inwant information about backyard hatcher- Northeast Thailand is a good example ofies. Closer specification of research needs this. Initially discovered in Surin Provincein these areas -follows. by non-government organizations (NGOs),Fish can increase farm income up to rice-fish spread by bringing farmers to see50% in some cases (MacKay et al. 1986) and learn for themselves. Only in the lastthrough increased yields and decreased few years has there been government refertilizer costs. Farmers also view fish in search and extension efforts. Farmer-toricefields or ponds as money in the bank farmer approaches have not only into be harvested when needed. Every size creased the efficiency of technology transhas a value. In fact, in Northeast Thai- fer but also suggested areas for research

land there is no such thing as market (Jintrawet et al. 1985).

size. No doubt, large sizes get better
 
prices, but home consumption accounts for Experimenters 
35% of production and even fingerlings 
are eaten or fermented for fish sauce. This Farmers are experimenters. Researchis certainly at variance with aquaculture in the Philippines has shown the value ofresearchers' concerns abeut market size. understanding and monitoring indigenous

Trench preparation and maintenance research (Lightfoot 1987). Farmers' ownrequire sufficient labor to constrain the experimentation with new varieties of uprice-fish area on any one farm. There are land rice and sweet potatoes distributed some advantages: having fish close to as disaster relief yielded new in"?rmation
home is less laborious than catching them on the performance of these varieties infrom the wild; and most labor demands of .*nvironmenLs researchers did not think tofish production integrate well with exist- test. It was only because researchers wereing activities. working wit.h farmers that they were able

Farmers in Northeast Thailand use to see and hear of this research. Whenfew pesticides on rainfed rice because allowed to experiment freely, farmers are 
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very good at identifying complex linkages learn that they are no longer the experts 
and unanticipated interactions in new and thpt they are not going to the farmer 
technologies (Lightfoot et al. 1987a, with the answers. Research priorities will 
1987b). change and researchers' ideas will be 

challenged. Researchers will have to work 
Range of Environments as part of a team. This is not an easy 

process because it requires humility and 

Each tropical farm covers a wide an open attitude. 
range of micro environments. Multilo
cational trials on farms are an effective FarmerKnowledge 
method for experimenting over this range. 
Moreover, if these trials are farmer-man- Farmers may have considerable indig
aged, they encourage farmer innovation. enous knowledge, but they do not know 
In addition to the variability in space, everything. Recent work on farmers' per
farms are dynamic and change over time. ception of pest control indicates that farm-
Weather and climate change as do mar- ers' knowledge on insects that are hard to 
kets and development projects. Faimers see or whose damage is not obvious, is 
constantly adjust to survive, which con- weak (Litsinger and Canapi 1987). Fur
flicts with the researchers' need to stand- thermore, they cannot be expected to 
ardize for comparison over time. Today in evaluate new crops without first experi-
Ubonratchatliani Province, Northern Thai- encing them. This does not mean their 
land, for example, there are more farmers perceptions should not be fairly evaluated. 
using pesticides on watermelon, and as a 
result others are not able to grow fish. 
Farmers who three years ago had no ani- Conclusion 
mals now have buffaloes, pigs and chick
ens from a government project and thus On-farm research offers an opportu
have manure to add to fishponds. An n -far f-osear offers a 

dramaticvllaesofchangenearby Roi Et nity 	 farmers,to do experieven morein omeranfe has occurred place toin learnthe farmers'from world it offers a 
in some rainfed villages nr ments, and it offers an excellent feedback 
and Sakon Nakorn Prnvinces. Normally, mechanism. However, it is not just a tool 
farmers live some distance from their but a process whereby farmers and re
farms, where they maintain only a tempo
rary home. Now families are staying 	 searchers can work closely together. The 

final outcome isthe kind of partnershiplonger on their farms to guard their fish. 
the farm has in- envisaged by the proponerts of farmerYear-round presencepreencefirst-farmer-laston 	 approaches (ChambersYearroun 

andGhla 1985; Chamberscreased food production. The dry season crps, and Ghildyal 1985; Chambers and Jigginspondproideswatr fo hicens 	 the developpond provides water for crops, chickens 1987). In a very real sense, 
and ducks. Researchers need to be aware 197.I9veyrasnetedelp 
an ducs. Rhanesarichs n tonbe ae 	 ment of rice-fish farming is a tribute to 
of these changes, which can only come 	 thtarc.

that approach. 
from close contact with farmers. 
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Abstract 

On-farm research must accommodate u variety of traditiotal disciplines and be flexible in approaching ques
tions it aims to answer. It exists in order to test hypothe.e. in, and raise questions on the farmers' world. Under 
such circumstances, researchers must work with, rather than against large, uncontrollable variation. Researcher. 
imposed control is best kept to a minimum, and experimental designs best kept. simple. Precise estimates of 
parameters nre difficult to obtain; so sample size must compensate for this. Research operations must also ac
commodate the farmers' timetable. Teams are ideally baaed within a day's travel so that weekly visits are easy.
Frequent communications are essential. Researchers and farmers should work as colleagues, reaching their de
cisions through equal consultations. 

Introduction project and set of circumstances. It will 

not review the considerable literature on 
Most information in this paper is on-farm research methods. Research at 

based on experience arising from a project this level is not clearly separable from 
which investigated rice-fish farming sys- extension. While a research program tests 
tems in Ubonratchathani Province, North- hypotheses and extension transfers tech
east Thailand, from 1984 to 1987. In the nologies, farmers invariably learn and 
cours,, of this project, it was found that modify new technologies. 
conventional research approaches and 
methods sometimes fail to respond to thc 
needs of the target farmers. On-farm re- Why Do Research 
search is often called upon to adopt in the Farmers' World? 
nontraditional methods. 

This paper assumes the risky task of On-farm research tests hypotheses 
trying to generalize from one particular under the circumstances and resource 

*Present address: ICLARNM Bangladesh Office, House No. 20, Road No. 9/A, Dhanmondi RA, Dhaka 1209, 

Bangladesh. 
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base of farmers. Methodological ramifica-
tions of this are considered later, here 
some examples of where this sort of re-
search may be appropriate are given, 

It is important to understand the pro-
cesses underlying a given farming system 
before interventions are tested. This can 
only be done with farmers on their farms. 

Before a new technology is considered 
for extension, its appropriateness must be 
assessed. The question of appropriateness 
cannot normally be answered satisfactorily 
unless the technology is tested with the 
cooperation of and in the circumstances of 
the target farmers. 

Unforeseen and long-term problems 
with a technology can be identified 
through on-farm research. On-farm 
research can investigate treatment 
responses under many different circum-
stances and subsequently identify where a 
technology is likely to be appropriate and 
where it is not. 

The following comments refer particu-
larly to this very important aspect of ap-
[ropriateness of modifications to a tech-
n Dlogy. 

On-Farm Research Methods 

Great and uncontrollable variation 
exists in the farmers' world. Researchers 

texstnghypoheses in th s world R besues. 
testing hypotheses in this world (1 best to 
acknowledge this variation and work with, 
not against it. Some specific suggestions 
in designing on-farm experiments to re-
duce or accommodate variations are (is-
cussed below. 

Variation makes conventional on-sta-
tion research methods difficult, especiaily 
as the on-farm researcher must exert con-
trol sparingly and cautiously. 

Control of parameters should be lim-
ited to those under investigation, for 
every factor under reserch control 
reduces farm realism. Comparisons with 
farmers' existing tech noogy are best 
made when included in the same experi-

ment. An experiment controlled mainly by 
researchers will not test the appropriate
ness of technology and will provide little 
about its behavior in the farmers' world. 

Sometimes, even the treatment levels 
are best kept under minimal control. 
Fixed "treatment" levels can easily be 
planned, but in practice, a continuum of 
"treatment" levels may have to be 
analyzed. This does not prevent research
ers from defining an acceptable range and 
distribution of "treatment" levels. H-ow
ever, letting farmers set the level on a 
given treatment reduces frustration. 

Experimental designs stiould normally 
be kept simple. Results from cu.nplex on
farm experiments may often be inconclu
sive because of uncontrolled background 
variation. Accommodating this variation 
can be prohibitively expensive or other
wise places excessive demands on the 
farmers' resources. 

Very precise estimates of experimental 
variables may not always be attainable 
on-farm. One must decide what range of 
"error" is acceptable and in doing so, 
judge if the degree of precision is 
adequate to test the hypothesis. 

Appropriate sampling procedures can 
reduce some of the problems of variation. 
In general, researchers should aim to 
work with the largest manageable sampleof farmers. Small samples run the risks of 

being unrepresentative of the target 
group, and of vulnerability to missing val-

A large sample is particularly imnpor
tant if different "treatments" on different 
farms are to be compared. Such compari
sons are risky because variation between 
farms tends to be so great that, treatment 
differences are easily obscured. 

Farmers selected to participate in a 
project should represent the target group 
reasonably well. Selection should take the 
farmers' attitude into consideration. If co
operative farmers are hard to find, the re
searcher should probably question the ba
sis of the trial and not the attitude of the 
farmers. Research operations must accom
modate the farmers' timetable not only 
because it helps assure realism, but also 
because it reduces frustration and encour
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ages cooperation. Experiments which use The Northeast Thailand Experience 
farmers' resources should be low-risk. New 
practices, which demand unaffordably high Researchers' attempts in Northeast 
inputs, will normally be accepted with dif- Thailand to control treatment levels serve 
ficulty anyway. Geographical proximity to here to exemplify some of the points 
research sites and adequate transport are made earlier. 
important because trials must be visited Treatments on fish stocking levels 
frequently to monitor progress and make were rarely achieved. They could not be 
on-the-spot management decisions. Moreo- approximated because residual stocks 
ver, visits improve communications, en- were present. The area occupied by fish 
hance mutual understanding and reduce changed with minor floods and rescricted 
the temptation to "fudge" data. water supply. Poststocking mortalities pre

sented problems because farmers added 
Relations with Farmers more fish. Monitoring what actually hap

pened and treating the data accordingly 
Relations with farmers should be such made more sense than following the pre

that they must considIer each other as col- set plan.
leagues. Right at the start, farmers can Initially, it was planned that all fish 
be an excellent source of relevant re- caught by the farmers would be counted 
search ideas. No matter who is the source and weighed by the researcher. Since 
of the research topic, subsequent consulta- farmers tend to harvest fish continuously
tion is highly advisable because farmers on as needl basis, the plan was droppecd. 
can normally indicate whether the pro- Instead, farmers were visited each week 
posed research is relevant and workable, and asked about catches since the last 

While the experiment is underway, visit. Production figures of acceptable 
management. decisions are best left to the accuracy were obtained. Had the initial 
farmers. Researchers obviously advise, but plan been adopted, either catch estimates 
the farmers should ha,,e veto power. After would have been undlerestimated, or the 
all they are probably the best assessors of farmers would have benefitted less. In 
risks incurred. Moreover, giving them either case, the potential benefits from 
veto power encourages them to respond rice-fish would have been underestimated 
immediately to emergencies which is more in a desire for precision, 
likely to occur if no restrictions are placed 
on them. A further consequence is that 
the test technology is more likely to be Conclusions 
adopted because the farmers have already 
had experience in managing it. The advice and suggestions given here 

Farmers should be encouraged to have worked. While they may need modi
recordence data aboutthattheirsuchresearch.records providleExperi- have woker.sWhileithey may need moduindicates fying in other situations, experience sug

t recors pre gests that they will, by and large, apply.useful supplements to records kept by re- While on-farm researchsearchers.Wheonfr reerhiunotdlis undoubtedly 
Relationships work best if researchers hard work, the load can be lightened byand farmers accept that neither has all bringing tile skills and talents of farmersandfarmers ando they cnlern fma into tile process. There is no escaping thethe : aneed for direct and frequent participation.eac. her. An important requirement for Even though statistical nonsignificance 

on-farm research is an open mind.compromise the 
Target farmers are likely to be poor so result, tise no, prie t 

researchers must avoidt fostering depend- relevance of tie research, nor prevent it 
encies which can create serious problems from indicating important questions. 
when they depart. 
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Abstract 

Research on rice-fish farming should be interdisciplinary. The right approach will depend on circumstances 
and research topic. Based on nn-farm experiences, Eclow are suggestions on how to collect and analyze data from 
rice-fish farms. 

The researcher must balance the need for high precision against the basic goals of the research program.
Credibility of farmers' estimates can be checked by frequent visits of r-asonqble length and by maintaining s 
sincere interest in their welfare. Participating farmers and field assistants should be involved in isnessing the 
results. This will usually increase insight for all concerned. Communication among senior re-search staff, field 
staff and farmers should be good. Both farmers antid field staff need enough autonomy to deal promptly with 
unexpected events. 

l)ata collection and analysis must be interactive. Problems in drta collection may force changes in planned
analyses, which can then improve data collection methods. Data should be analyzed promptly. When conflicts 
arise between timing of data collection and analyses, priorities must he set. l)ata collection, however, cannot be 
delayed if they are to be accurate. The researcher should be ready to make use of unforeseen information which 
arises in the course of the work. Its importance may be as geiat aq that from the planned, formal research pro
gram. 

Popular experimental design. and ,!tntistical analyses are often applied with difficult* in on-farm trials.
Statistical nonsignificance does not disprove the hypothesis being tested. The researcher must be prepared to be 
more qualitative when he interprets results. Experiments shiould be simple in design with few treatments. Oii
farm, complex experimental designs and related analyses will often lead to inconclusive results. 

Different treatments are best compared within each farm. Interfarm variation is likely to confound any
treatment effects, and is best considered a main effect on par with and independent of other treatmentr. Data 
representing averages or sums river forms have value, but the variation armong farms must be considered in the 
final interpretation. Computers can accelerate data processing. The person entering the data must be aware of 
any relevant qualification to make an informed decision on what action to take. Consultation with field personnel 
or participating firmers is advisable. 

*Present Address: ICLARM Bangladesh Office, House No. 20, Road No. 9/A, Ohanmondi R/A Dhaka 1209, 
Bangladesh. 
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Introduction 

Rice-fish farming systems research is 
of particular interest because it is inter-
disciplinary, and combines different rele-
vant aspects of more traditional fields of 
study. As a result, nontraditional ap-
proaches are sometimes needed. 

Often, research involves comparisons. 
In the course of such comparisons, the 
various phenomaena under study should be 
assessed by the same researcher in thr 
same way. In an interdisciplinary study, 
a researcher may not feel qualified to as-
sess some items of interest because o.' 
weaknesses in his background. Consulta-
tion with specialists in the appropriate 
field is normally the best way of coping 
with the situation. 

In this paper, specific suggestions re-
lated to the collection and analysis of rice-
fish farming data are described. These 
will have an on-farm bias because most 
are based on experiences gained from an 
oii-farm rice-fish farming systems re-
search project f'om 1984 to 1987 in Ubon-
iatchathani Province, Northeast Thailand. 
A brief history of this project is given, 

Project History 

The Ubonratchathani rice-fish farming 
project commenced research activities in 
June 1984. Work was concentrated on six 
farms in the Lam Dom Noi irrigated area, 
Pibulmansaharn District, and one farm at 
Ban Thung Kasem, Warinchamrab Dis-
trict. Monthly visits were also made to 
seven farmers at Ban Khoo Khad, a 
rainfed rice village in Khevang Nai Dis-
trict. 

The pioject's research topic was an 
economic corIparison of rice-fish farming 
and rice monoculture. Fish stocking densi-
ties and species compositions were investi-
gated as well as the possible effects of fish 
on rice yields. For the second year of the 
study, research topics were not substan-
tially changed, but the sampling setup 
was modified. For various reasons, activi-

ties were stopped at the single Ban 
Thung Kasem farm. Results from the first 
year's study on fish stocking densities 
were inconclusive, so the sample size of 
participating farmi-s was increased to 12 
in Dom Noi and 13 in Khoo Khad. Re
search activities wcre intensified at Khoo 
lKhad. 

No changes in farmer sample size 
were made in the third year of the 
project, but secondary research topics 
were changed. It was felt that little would 
be learned from continuing the fish stock
;ng densities and species compcsition 
studies. Earlier research results, expres
sions of interest from farmers and ease of 
incorporation into the economic study, led 
us to investigate the interrelationships 
between rice-fish farming and chemical 
fertilizers in their effects on rice produc
tion. 

Some of the important findings from 
this project were not a formal part of the 
research outline just described. The on
farm researcher is in a position to gain 
important insights which are not part of 
the planned research program. His/her 
eyes, ears and mind must therefore be al
ways open. 

Data Collection 

General Considerations 

Various data categories were collected 
during the project (Table 1). While not an 
exhaustive list, it may be of some use to 
the researcher in setting up rice-fish tri
als. Some observations on data collection 
are given below. 

The question of precision in data col
lection merits consideration, particularly 
in far'ner-managed on-farm research tri
als. The more precise the estimates are, 
the better. Precision can be accomplished 
through direct measurement by the re
searcher. However, when applied too 
strictly, this approach can lead to prob
lems especially in on-farm conditions. 
Such an approach can place excessive 
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Table 1. List of data collected in the flce-fish farming systems project.a 

Rice seedling 

Date 

Variety 

Weight 

Cost or value of rice seeds (farmer's estimate)
 
Fertilizer (formula; amount; cost and date 

applied) 

Number of persons and time spent for plowing/ 
harrowing/seeding 

Hiring costs/time (if applicable) 
Get information for whole farm and experimental 

plot3 

Rice transplanting 

Plowing 

Harrowing
 
Pulling 
Transplanting 
Number of persons (including hired) and time/costs 

in each operation 
Get information for whole farm by parcel and 
experimental plots 

Fertilizer (formula, amount, cost and date applied) 
Variety in experimental plots 

Weeding and other iictivities 
Number of persons, time/costs 
Get data for whole farm by parcel and variety and 

for experimental plots 

Rice harvest and postharvest operationa 
Harvesting 
Gathering 
Threshing 
Cleaning 
Number of persons (including hired) and timelcosts 

for each operation 
Record for whole farm by parcel and variety and 

for experimental plots 

Special preparations for rice-fish 
Digging trenches/ponds and raising dikes 

Number of persons and time spent 
Number of persons (including hired), time/costs 
Other costs 

Dimensions of trenches or ponds (if applicable) 
Installation of traps, filters or drains
 
Number of persons and time/costs
 
Other costs
 

Equipment used for fish 
Number of persons and time/costs (if applicable) 
Lifetime of equipment 
Other costs 

Field maintenance
 
Date and operation done
 
Number of persons and time/costs
 
Other costs
 

Fish stocking
 
Type of species (number; size/weight and cost)
 
Location/plot stocked
 
Date released to field (if applicable)
 

Fish feeding 
Type of feed, amount, date applied (if applicable) 
Location/pint applir"-
Time spent in buying, preparation and application 
Other costs 

Fish harvesting (stocked/wild species) 
Costs of equipmenthiring (if applicable) 
Number of persons end !ime/costs 
Date 
By species: number/weight (will usually have to 
depend on farmer's estimate) 

Rice yield 
Farmer's estimate by variety and plot 
Yield component data (in each plot)
 
Height of ten plants
 
Number of tillers in ten hills
 
From ten panicles
 

Length of each number of full and empty seeds 
in epch 

Weight of all full seeds in ten panicles 
Harvest -dateof sample 
Number of hlls per sample 
Weight of harvested and threshed sample 
Moisture content of threshed sample 

Sales 
Rice (date; variety; amount sold, unit price and 

income) 
Fish (dite; number; weight or size, unit price and 
income; utilization) 

Other costs 

Other relevant information 

'Most data listed here were recorded in the course of our project. Other relevant data may have been omitted 
from this list. The best rule of the thumb for !he research is: whee in doubt, recordl 



406 

demands on the resources of the research 
team. Performing all the required meas-
urements may become impossible. In 
other cases, the team may ignore impor-
tant, relevant information because they 
are spending too much effort to achieve 
unnecessary high precision. Such an atti-
tude can also interfere in the activities of 
the participating farmers. Results from 
such a study could then lead to erroneous 
conclusions or even jeopardize the basic 
aims of the research. 

An example will illustrate this. In our 
project, assessing fish production was an 
important par' of the data collection proc-
ess. Initially, we had hoped to count and 
weigh all fish caught by each participat-
"ng farmer. H3wever, farmers caught fish 
'vhencve: they felt the need. If we in-
sisted on the original plan, one of the two 
things would have happened: either 1) 
farmers would have cooperated, thereby 
eating protein less froquently and possibly 
missing opportunities to dispose of their 
fish profitably, and would have risked 
high fish mortalities or excessive standing 
stock at the end of the growing season; or 
2) mare likely, they would not have coop-
erated, and to preserve harmonious rela-
tions, would have led us to believe other-
wise! In either case, the value of the re-
search program would have been open to 
serious question. 

We decided to use farmer's estimates. 
These will be less precise than direct 
measurements and will tend to make 
comparisons of different phenomena 
among farn,s highly inadvisable. Error in 
farmer estimates can be reduced by visit-
ing farmers frequently and calibrating 
farmers' estimates by measuring samples 
when possible. 

Are farmers' estimates credible? Since 
they were the most important single 
source of data in our project, this ques-
tion can be addressed aL some length. The 
researcher can sometimes check these es-
timatec but it should be done cautiously 
for diplomatic reasons. The farmer him-
self will sometimes provide data for such 
checks. During our project, separate and 

independent estimates of the same quan
tity sometimes came from different mem
bers of the same family, or from the same 
individual at different times. These esti
mates were usually very similar and often 
coincided. When there was an important 
difference between estimates, the estimate 
from the individual most directly involved 
in the activity was used. In another ex
ample, farmers often estimated the size of 
fish caught by guessing the number per 
kilogram. If fish were caught when the 
researcher was present, this guess could 
be easily checked against the measured 
weight of the fish. Farmers' guesses were 
normally highly accurate. 

The accuracy of the farmers' estimates 
will depend on the amount of time the 
researcher spends with the farmers. Field 
workers should be strongly encouraged to 
spend their time in the field rather than 
in the office. If they can spend part of 
their ;,onworking time with farmer-coop
erators, so much the better. Visits must 
be frequent. People tend to recall recent 
events more accurately and in more detail 
than those of' the more distant past. In 
our project, farmers were visited roughly 
every week. This was not often enough. 
More visits would have resulted in better 
understanding of the farmers' situations, 
more conclusive research, and more effec
tive servicing of their needs. 

The researcher should spend a reason
able length of time per visit with each 
farmer. Time spent in casual conversation 
is rarely wasted. The farmer is in a much 
better position than the researcher to 
make relevant observations on his fa,'m. 
Spending more time with the farmers 
gives the researcher a better intuitive 
understancng of their situation and prob
lems, and a better feeling for the appro
priateness of possible solutions to their 
problems. As the farmer and researcher 
become better acquainted, the two-way 
flow of beneficial information is bound to 
increase. Finally, if the researcher is sin
cerely interested in the farmer's welfare, 
the farmer normally will not take long to 
recognize this and see that it is to his 
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advantage to keep the researcher well in- the researcher cannot spend adequate
formed, time in the field, field workers should 

In some cases, a farmer may deliber- have the freedom to ,hake necessary deci
ately obscure or distort information. When sions. They should also be involved in 
this happens, the causes are worth con- data analysis, as they have the best intui
sidering. If the farmer in question ap- tive understanding of the factors affecting 
pears to be a pathological case, it is prob- the results.
 
ably better not to work with him. On the
 
other hand, people are not likely to work Data Collection in the Project
 
against what they see to be helpful to 
them. In cases of deliberate noncoopera- The equipment needed to conduct rice
tion, the researcher should consider the fish research varies. Reliable transport is 
possible consequences of his work. Build- normally required, particularly in on-farm 
ing trust can take time. situations, although there are exceptions.

The problem which the experiment The absence of reliable transport can 
addresses must be of noticeable impor- sometimes lead to positive results. In 
tance for experimental results to have 1984 and 1985, our project delivered al
much meaning. Hence, research on the most all the seed fish raised by partici
effects of fish on a particular rice pest or pating farmers. Since there nowas truck 
disease should be conducted at a time based at Ubonrachathani, we normally
and place where the problem is impor- had to depend on the kindness of others. 
tant. Otherwise, as Chapman (pers. We encouraged farmers to get their own 
comm.) indicates, the results will not fish during the last year of Lhe project be
show much. On-station research is better cause of transport problems. Farmers who 
able to provide precise answers to specific followed this suggestion received their fish 
questions, more promptly and had fewer problems

Control of background variation and with poststocking mortalities than in pre
precision in estimation are more easily vious years. The benefits derived from 
achieved on-station. Such research, how- their fish culture systems were enhanced 
ever, is not likely to be a good predictor because we did not help.
of' how a new technology will perform When a research team is faced with 
onc2 extended to farmers. Researcher- limited resources, equipment must some
managed on-farm research allows the ex- times be shared. In our project, field 
periments of interest to be conducted over workers did not need a measuring tape at 
a wider range of agroecological conditions, all times and scheduling its use caused no 
Greater background variation and reduced problems. However, each field worker 
precision in estimating may apply, rela- should be equipped with spring balances 
tive to conventional on-station research. (5-and 20-kg capacity) ar all times.
However, unless a genuinely farmer-man- No matter what the research topic
aged trial is included in such research, was, estimating areas of experimental
the data collected cannot be said to apply plots was an important part of the data 
to genuine on-farm conditions. They are, collection. All sides of the field were first 
perhaps, better considered as on-substa- measured. Angles between adjacent sides 
tion trials, should also have been measured with a 

It is unwise to draw a distinct line compass, but this was not done. Instead,
between data collection and analysis in the shape of the field was sketched at the 
on-farm research. The two should be in- time of measuring. Next, a scaled drawing
teractive. More than in on-station re- of the field was made. If problems arose 
search, the senior researcher should be at this point, the field could be rechecked. 
regularly involved in field work. Surprises Given a satisfactory drawing and a field 
must be expected and accommodated. If of irregular shape, 1,he field could then be 
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divided into a number of triangles and 
rectangles whose areas could be summed 
to provide an estimate of the entire field. 
When the shape of a field approximated a 
triangle or a rectangle, this task was con-
siderably easier. 

Inputs were monitored by type, 
amount, time and/or money spent. Most 
data were based on farmers' estimates. 
When possible, the farmer's units of input 
were used. Hence, a farmer could say the 
number of buckets of manure he had ap-
plied to his system. By weighing one 
bucketful, the researcher could estimate 
the weight of manure applied. The 
number, size and cost of fingerlings by 
species were easily available. Farmers 
could remember the costs of purchased 
inputs with considerable precision. 

As previously described, fish produc-
tion estimates were based primarily on 
farmers' estimates, suppcrted by weighing 
samples caught when the researcher was 
present. The researcher normally should 
be interested in the number and average 
and total weights by species, in a catch. If 
the farmer can provide two of these quan-
tities, the researcher can calculate the 
third. When few fish are caught for a 
meal or sale, the number of fish and their 
sizes are usually given. When larger 
catches are made, total weight and aver-
age size by species are mo.'e commonly 
estimated empirically. Estimating the rela-
tive importance of each species in a large 
catch is more challenging but farmers can 
normally give a reasonable estimate of 
catch, percentage by species and by 
number or weight. This job is facilitated if 
the catch is sold, since the farmer usually 
remembers with fair precision how much 
he received for the fish, and fish price per 
kilogram or per hundred fish. 

It would be desirable to know the 
total rice yield from each experimental 
plot. In practice, this is not easily 
achieved in on-farm trials. Rice harvest-
ing season is of limited duration. Both 
farmers and researchers are very busy at 
this time. Neither side needs additional 
tasks. Despite this, few farmers could pro-

vide estimates of total plot yield. In ideal 
situations, the rice harvested from each 
plot was threshed separately and the 
number of buckets counted as it was 
stored. More often, farmers could count 
the number of bundles of rice harvested 
from a plot and estimated yield on this 
basis. In most cases, however, no such 
estimate was available. Therefore, in the 
experimental plots on each farm, project 
personnel took samples in order to com
pare overall rice yield and various yield 
components among treatments. Four 
stakes connected with rope were used to 
mark each rectangular 8-m2 (4 x 2 m) 
sample. Four samples were normally 
taken per 1,600-M2 plot, with a minimum 
of two samples taken unless the plot was 
extremely small. The sample yields were 
counted, measured or weighed, and the 
average multiplied by the plot size to ob
tain total yields. 

To place monetary values on fish and 
rice production, sales data were moni
tored. Data of interest for fish included: 
farmer, sale date, species, number, size, 
weight, price and utilization. Variety, sale 
date, weight, unit price and income were 
recorded for rice. When possible, time and 
money spent by the farmer in the course 
of the sale was noted. 

As part of the study on fish stocking 
densities, we attempted to monitor the 
growth of the fish through regular sam
pling. In practice, this did not work out. 
Catching an adequate sample of fish from 
a ricefield proved challenging beyond our 
resources. 

Data Analysis 

General Observations 

Rice-fish farming research will nor
mally be interdisciplinary. Scientists, tech
r;cians and farmers should work together 
co interpret the results. Here are general 
observations on data analysis. 

Data are best analyzed as soon as 
possible after they are collected, while 
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memories are fresh. This also allows only be mutually beneficial and is espe
everyone to benefit from the findings as cially important if the findings may have 
quickly as possible. When personnel are an immediate or great influence on the 
limited, conflicts can arise between data farmer's situation. 
collection and analysis. The researcher Interfarm variation is great and un
must decide, in such a case, which gets controllable. The on-farm researcher is 
the priority. He/she must remember that advised to take this as an axiom, and con
the data, once collected, can be analyzed duct all aspects of his research accord
later, while the collecting cannot be de- ingly. While variation may be great
layed if the research is to proceed. within a farm, it is normally more con

in on-farm research situations, trollable. Hence, unless the point of the 
nontraditional approaches will sometimes research is to compare different farms in 
be needed in analyzing and collecting the some way, the researcher is advised to 
data. The researcher should also take make research comparisons within a farm 
note of any other related phenomena en- and to repeat these over a number of 
countered in the course of the research farms. Comparing the effects of two differ
and apply these in interpreting results. ent treatments from two different farms 
Such peripheral information may be more will normally not show much. If such 
important than tile originally planned re- interfarm comparison must be made, the 
search questions. Researchers should be researcher will normally need a large
flexible to use additional, relevant data. sample of Farms in each treatment. If the 
Circumstances may render the researcher researcher considers the fhrms as simple
unable to address the original research treatment-by-treatment r, plicates, treat
question or may force analysis of the data ment differences will normally be ob
in a way other than planned. These possi- scured. While such pooling of farms can 
bilities should be anticipated, be done as an intermediate step in the 

While statistics can often be applied analysis, the researcher will be making a 
to on-farm research data, this should be serious mistake if he does not consider 
done with caution. Statistical nonsig- interfarm variation at par with treatment 
nificance can be expected to occur fre- effects as factors in the analyses. 
quently. This should not be taken as evi
dence that there aie no differences be
tween treatments being tested. The data Data Analysis in the Project 
can still be used or reworked to reduce 
uncertainty, suggest probable tendencies To assess the economics of rice-fish 
and pose questions which can be farming, the first step, once the data were 
addressed in subsequent research, collected and assembled, was to place time 
Nontraditional ways of answering some andlor money vatues, appropriate,as on 
research questions will be needed, all production inputs. Some may argue 

An increasingly popular way of assess- that all time inputs should be equated to 
ing the appropriateness of a new technol- money before proceeding further. This 
ogy is to quantify the level of adoption of could have been done but it seemed more 
the technology by the target group. The worthwhile to assess time-related factors 
researcher attempting to address such a in other ways. Some time inputs required
question will need to have a comprehen- considerable, uninterrupted blocks of time 
sive approach. Important insights can be and could have competed with other ac
missed if researchers insist on a tradi- tivities. Others, particularly fish fen.ding, 
tional means of assessment. required frequent, short time investments 

When results are being interpreted, which did not compete with other farm 
they should be discussed with the farmers activities but whose seasonal sum could 
who participated in the work. This can be very important. Assigning the same 



410 

opportunity cost to both types of invest-
ment was clearly inappropriate and guess-
ing the costs of itoncompeting inputs did 
not seem worth the effort, 

Assigning monetary values to pur-
chased inputs could be done directly. If 
only part of a purchase was used in the 
experimental plots, farmers' estimates 
were used to generate the required data. 
Once all inputs had been equated to units 
of time or money, total time and money 
inputs were summed by farmer and treat-
ment. 

Fish catch values depend on location, 
farmer, year, month, species, size and uti-
lization of the fish. While sales data could 
be used directly to estimate the value of 
many catches, no representative sales 
were made in manv cases. Formula based 
on overall averages could often be ap-
plied, but these data had to be balanced 
by common sense. Sometimes values had 
to be assigned somewhat arbitrarily, 

Assigning monetary values to rice 
yield was normally less complicated. Most 
farmers sold at least a little of every im-
portant rice variety grown. At times, a 
number of sales were made from the 
same crop Overall price per kilogram was 
then calculated by dividing total sales in-
come by total weight s,-l. This unit price 
was multiplied by plot yield to estimate 
the value of rice production. When possi-
ble, expenses incurred by the farmer in 
the course of sales were subtracted from 
sales income, before estimating the yield 
value. 

On each farm, the economics of each 
treatment could thereby be assessed, 
based on plot area, time inputs, monetary 
inputs, and values of fish and rice yields 
Net benefit was calculated by subtracting 
monetary inputs from yield values. Net 
benefit per unit area and per man-day 
invested were then calculated by dividing 
net benefit by the appropriate quantity. 

The economics of rice-fish farming and 
rice monoculture were compared. Net ben-
efit per man-day invested were also com-
pared with the prevailing daily wage rate 
at the project site. 

Farmer-by-farmer comparisons are 
important. These data should still be sum
marized for the entire sample of farmers 
by location. Such summary can also be 
done by grouping farmers in other %ays. 
Group totals for area, inputs, production 
values, and net benefit can be generated 
by simple addition. These sums cai be 
divided by the number of farmers in the 
group to get averages per farmer. To 
assess group tendencies for net benefit 
per unit area or per man-day, total group 
net benefit was divided by total group 
area or total time invested by the group, 
as appropriate. 

Our project operated at rainfed and 
irrigated sites. Farmers at rainfed sites 
had only one growing season to culture 
fish, but caught fish also in the dry sea
son. Farmers from irrigated farms raised 
fish all year, although this could Ie di
vided conveniently into two seasons, sepa
rated by predictable water shortages in 
December and May. The economic per
formance of the two sites had to be com
pared on an annual basis. Figures from 
the rainfed area could be used directly. 
The calculations for irrigated farmers had 
to be clone first by season. Figures for the 
rainy season and the subsequent dry sea
son are combined to compare with the 
rainfed situation for the same period. 
Annual values were the sum of both sea
sons, except in the case of net benefit per 
man-day, where annual net benefit was 
divided by annual time invested. 

Not all farmers in a given sample 
could supply the required data. For in
stance, while net benefit could be calcu
lated for the entire sample, estimating 
plot area for every farmer was not always 
possible. The sample of farmers used in 
assessing area-based figuies had to be re
duced accordingly. 

If two practices are being compared 
for each of a group of farmers, the cau
tion in using statistics applies. Interfarm 
variation will be; important. The difference 
in net benefit between two practices may 
be consistent from farm to farm and this 
will be the mean reflected in net benefit 



411 
per farmer for the two practices. Sample the size and number of fish stocked and
standard deviation, however, may well of the number of fish recovered by farmobscure this important variation. ers and species were kept. The resulting

With increased farmer sample sizes in data gave clear evidence of speciesthe second and third years of the project, dependent effects of stocking size on re
the economic performance of rice-fish covery rates. Farmers cart use suchfarming and rice monoculture became knowledge when they buy seed fish.
 
more difficult to 
assess. Fish inputs were The effect of rice-fish farming on rice
normally monitored with acceptable accu- production was assessed in different ways.racy, but those to unstocked plots were Comparisons were made between stocked
based on inputs of the entire farm and unstocked plots for the same variety
prorated to the area of the plot. This was of rice, on the same farm, and then re
a problem at the rainfed site, where the peated for other farm/variety combina
entire farm often consisted of two or tions.
three parcels of land which varied greatly At the close of the 1984 rainy season,
in nature and treatment. It became clear two farmers were able to give plot-by-plot
that more attention had to be paid to spe- estimates of rice yields from a number ofcific urstocked plots. Annther problem stocked and unstocked fields. In the fol
was that most farmers could not give esti- lowing dry season, the previously
mates of total plot yield. Sampling the unstocked fields received fish for the firstyield was of some help, but sampling er- time. When fish yield estimates were 
ror was considered too important for given at the end of the dry season, ex
much credence to be given to sample- pected rice yields for the newly stocked 
based yield estimates in the economic fields were calculated.
analysis. Hence, the main thrust of the For each field which had been stocked
research which is the comparative eco- in the previous rainy season, the ratio ofnomics of rice-fish culture and rice mono- dry season rice yield to rainy season rice
culture should be modified to an assess- yield was first calculated. If rice-fish
ment of the economics of fish farming in farming had no effect on rice yield, this
ricefields. In some cases, the planned com- ratio can be used to predict yields from
parisons can still be valid, but overall, other fields. Hence, it was multiplied by
they are better considered exercises, the rainy season yield for each unstocked

On-farm trials on fish stocking densi plot to estimate expected yield in the dryties with various species compositions season when the plots in question were were done. It came as no surprise, there- newly stocked with fish. In all of fivefore, that when growth and production cases, rice yields in the newly-stocked
estimates were plotted against stocking plots were higher than expected.
rate, the scatter of points was so great as It is inappropriate to use rice yield
to make conventional statistical analyses component sampling data to project abso
superfluous. Nonetheless, trends were lute plot yields. Comparisons between
suggested and could b- put to good use. treatments, however, could still be made.
The most important was he data showing This was done, because these were thethe range of responses t.'hieved under only data available for all 25 farms. Avergenuine on-farm circumstan:'es. From the age sample yieid could be calculated byfarmer's viewpoint, they were made treatment for each variety on ea-ch farm. 
aware of the potentials and the risks as- The ratio of fish yield to unstocked fieldsociared with different stocking practices, was then calculated for each farmer/vari-

In on-farm studies, data often lead to ety combination. If a farmer grew more
unplanned analyses which add to the than one rice variety with fish, the lowest
value of the research. Throughout our ratio was used in the analysis that folproject, for instance, fairly good records of lowed. A frequency distribution of these 
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ratios was then plotted, arid the mean ra-
tios for each site and for both sites to-
gether were calculated. 

The means for each of the two sites 
differed from the overall mean by less 
than a percentage point. Rice yields aver-
aged about 10% higher in rice-fish fields. 
In 64% of the farms (16 out of 25), yields 
from rice-fish fields were higher than 
from unstocked fields. Percentage differ-
ences in yield between rice-fish and 
unstocked fields ranged from -29% to 
+98%. Despite misgivings about yield com-
ponent sampling, these figures seem to 
reflect reasonably well the real conditions. 
The need to apply more sophisticated sta-
tistical analyses is questionable. 

Computers 

The computer is a very valuable tool 
which can hopefully be put to increasingly 
widespread use. Computers work well 
when afl the data in a given category are 
to be processed in the same way. They do 
not, however, accommodate qualifying 
footnotes to some of the data. The re-
searcher generating the data and the one 
entering them into the computer must be 
aware of the nature of the data and the 
importance of such qualifiers. Only then 
can they decide whether to enter the 
qualified data as is, modify them, or elimi-
nate them from the computer analysis. 

Data should be processed promptly. If 
there are delays or long distances be-
tween data generation and processing, 
some details may be forgotten despite the 
best intention and the most careful 
recordkeeping. 

By using a computer, the researcher 
will tend to spend less time thinking 
about his raw data and the circumstances 
under which they were generated. To 
compensate for this, the field worker who 
generated or collected the data should 
somehow be involved in processing the 
data and interpreting the results. 

Computers should be used with cau-
tion when there are isolated, 

nonsystematic instances of missing data. 
When such data are frequently missing, 
making the necessary corrections to the 
computer's results can be time consuming 
and confusing. 

Computer logic works well in applying 
a sample statistic to a population from 
which the sample was taken. How to esti
mate the parametric value for a popula
tion for which no sample is available is 
more challenging. At times, some sort of 
overall averaging can be used. However, 
as indicated earlier regarding fish catch 
values, the computer must sometimes be 
helped along by the judgment of the re
searcher. 

Role of Project Personnel 

Roles will depend upon the circum
stances surrounding the project, and must 
normally be defined by the senior re
searcher in charge of the project. While 
such roles can be nicely planned on pa
per, difficulties can arise when these 
plans are implemented. Often the senior 
researcher is prevented from adequately 
participating in the research by other re
sponsibilities. The important work of 
data-generating or data-collecting is then 
delegated to junior field assistants with 
limited responsibilities. By accepting these 
statements, we may be accepting that the 
value of the research may be compro
mised. If we are realistic, bowever, we 
must accept that the situation will not 
change overnight. 

One possible solution is to assign the 
senior researcher in charge of the project, 
to a location as near as possible to the 
research site. In this manner, the re
searcher could respond to circumstances 
reasonably and promptly, would not be 
excessively distracted by other responsi
bilities, and thus could spend more time 
in the field. Field assistants should be 
delegated adequate freedom and res
ponsibilities. While they may be lacking 
in background or experience, they are in 
the best position to respond immediately 
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to unexpected changes and to make on- written reports regularly, in order to al
the-spot decisions, low all concerned to evaluate the 

The senior researcher can provide the progress. The senior researcher should 
field staff with training and direction. The regularly meet and communicate with 
field staff should be expected to submit farmer-cooperators and field personnel. 
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Introduction taking the best available lowland, irri
gated concurrent rice-fish system from

Two working groups on on station re- Indonesia to India. 
search methodologies in rice-fish farming There is a danger that if on- tation 
systems were convened at Ubonrat- research exists in a vacuum, e.g., without 
chathani Province, Northeast Thailand routinely updated information from the 
(chaired by B.A. Costa-Pierce) and Nueva field (on-farm surveys), improper or irrel-
Ecija, Philippines (chaired by C.R. dela evant research topics could be chosen. 
Cruz). This report is a summary of the There is therefore a continuum of
findings, research efforts and dialogue needed 

Researchers working on-station should between workers on-farm and on station.
understand, monitor and continually up- Surveys collected from farmers should 
da ,e their knowledge of the rapidly be conducted over the long term (three to
changing dynamics of rice-fish farming five years) in a continuous monitoring
systems being operated by farmers. There program in order to capture the biological
is an abysmal lack of knowledge about and economic dynamics of existing produc
the transferability of existing rice-fish nottion systems in only seasonal, but
farming systems from one climatic, soil, yearly cycles. Too many studies of rice
or socioeconomic region to another. Adap- fish systems to date have been one-shot
tive research and the potentials of south- glimpses (static surveys) of the stocking,
south technology transfer have not been harvest and associated net technical mar
carefully considered. An example of this is gins from rice-fish systems. Long-term 
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socioeconomic and biological surveys of ex-
isting rice-fish systems are urgently 
needed to capture the variabilities in the 
bioeconomic production dynamics; and 
how these are influenced by technological, 
economic, social and political changes oc-
curring at regional and national levels 
and in the larger economies of nations 
where rice-fish culture is important. This 
dynamic information is essential to set a 
meaningful long-term research agenda for 
on-station work in rice-fish culture in Asia 
for the next twenty years. 

In the shorter term, regular and 
small-scale surveys of rice-fish farms can 
help researchers working on-station to 
define short-term research agenda impor-
tant to farmers in the region of the 
station which has similar climatic, soil 
and technical characteristics. Regular, in-
teractive sessions between researchers 
conducting these surveys and those on-
station conducting applied research should 
be made so that no major event in the 
production systems comes as a surprise to 
workers on-station. Researchers working 
on-station must always stay at the cut-
ting edge, e.g., their results must have 
realistic values to farmers. 

It was concluded by the working 
groups that on-station research should be 
a continuum with on-farm surveys. Care-
ful monitoring of the existing rice-fish 
farming systems and on-station research 
are essential interactive enterprises, 

The working group discussions 
defined constraints to rice-fish farming 
development, identified priority research 
areas to eliminate the constraints, and 
outlined possible on-station research 
methodologies. Identification of the role of 
the Asian Rice Farming Systems Network 
(ARFSN) in assisting on-station research 
in national programs was attempted. 

Constraints to 
Rice-Fish Farming 

Constraints to rice-fish culture devel-
opment were defined in order to allow 

more effective design of on-station re
search. Constraints were identified as 
general ones, those specific to a country 
or region; and those specific to a particu
lar type of system or researchable con
straints. General constraints were 
thought to be the very broad, system-wide 
or institutional constraints which limited 
widespread adoption of rice-fish culture in 
the nations represented. 

Surveys of the nations represented 
usually referred to the "thousands of hec
tares of ricefields available" for the "wide
spread adoption of rice-fish culture", as if 
fish culture was possible in every 
ricefield. In reality, each country has 
some general or system-wide constraints 
that greatly limit widespread adoption of 
rice-fish culture. It was felt that, while it 
was important to air these constraints as 
a matter of record, there was nothing 
that researchers working on-station could 
do to eliminate them, such as: 1) land 
ownership problems in the Philippines 
and Bangladesh; 2) seasonal flooding in 
India, Bangladesh and Thailand; and 3) 
the!/poaching in all countries. 

The working group felt it very impor
tant to state that a wide diversity of rice
fish systems exists; and these systems are 
extremely site- or region-specific. The di
versity of rice-fish culture systems and 
traditional management systems devel
oped was considered important and in 
need of preservation and improvement, 
rather than any massive inputs of new 
technology. In this regard, the working 
group undertook a country-by-country as
sessment of research needs to define 
more specifically the diverse regional 
needs that exist. Specific constraints to 
the improvement and further development 
of rice-fish culture were then reviewed, 
and the three most important constraints 
prioritized in each of the nations repre
sented (Table 1). The constraints identi
fled apply to shallow water rice-fish farm
ing environments. 

A review of the constraints posed by 

the working group shows, quite unexpect
edly, that pesticides and modern rice 
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Table 1. Constraints toirice-fish farming systems research in participating countries. 

Country 	 Constraints 

Bangladesh 	 Basic ecology of fish culture in ricefields not known; hick of knowledge of the best 
fish species and stocking rates; no knowledge of the size of seed fish to be stocked 
for highest production; natural cycle of flooding makes fish difficult to contain in 
r.cefield..; pesticides not considered a major constraint. 

India 	 Field engineering technology (trench design, land topography, gates, etc.); water 
managemcnt; lack of knowledge of the existing aquaculture pre-luction systems in 
rice-fish farming; availability of seed fish; no rice-fish technology for acidic and 
saline soils; jimited knowledge on economics and lack of hard data to provide to 
banks for credit; pesticides not cited as a major constraint. 

Indonesia 	 Low fish and rice production due to poor soils in many areas; optimal rice-fish 
system in terms of engineering (for both fish and rice) not known; water 
management; enhancing compatibility and management between rice and fish; 
genetically gooa quality of fry/fingerlings for rice-fish culture; fish predatcr; fish 
parasio.es and diseases; toxic insecticides still used in intensive rice production;
selection of fish species outside West ,Java which may not be optimal; pesticides not 
cited as a major constraint since 1980, but had a national impact from 1974 to 
1979. 

Philippines 	 Small tilapia at hp-vest and low recovery rate; availability of quality seed fish; 
water management; rice peFit r:lntrol in rice-fish farning; financing and economirs of 
rice-fish farming; profitability level; pesticide uae (although methods have been 
developed to identify pesticides that will not harm fish). 

Thailand 	 Fish culture in the ricefields not well developed or known, especially on stocking 
rates, fingerlings size, and the most suitable species as well as combinations;
economics of rice-fish farming still not known or is suboptimal; fish diseases; 
pesticide use was not considered a major constraint although pesticides were used 
in some lowland irrigated areas and not in upland rice-fish systems; 

technology (mainly the widespread adop- were also held on research needs in the 
tion of high-yielding varieties [HYVI of general field of rice-fish culture, e.g., top
rice) were not major constraints to the ics that were of interest to all countries 
adoption of rice-fish culture in all nations and transcended any specialized national 
represented except the Philippines. The or regional interests. 
rapid development and promising eco- During the second working group ses
notic results of rice-fish systems that can sion, participants identified three major
thrive within the short production periods research areas: ecology, culture systems
of HYV rice such as intensive rice.fish and rice-fish field engineering as priority 
nursery systems (Indonesia), use of research topics. This group also worked
 
ricefields as fish hatcheries (Indonesia, out two examples of research methodolo-

Thailand) and prawn nursery systems (In- gies.
 
dia) were cited as examples.
 

Bangladesh 

Priority Research Areas Methods to enhance and manage 
natural fish stocks that enter 

The working groups identified re- ricefields during floods. Studies of 
search topics that could be addressed on- interactions between cultured and 
station to help solve the three major con- wild fish stocks that enter 
straints identified earlier. Discussions ricefields during floods are needed. 

http:parasio.es
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" 	 Integration of fish into existing 
farming systems. Research on the 
amount of inputs available on-
farm and those entering the farm-
ing system are needed, including 
a calendar for all farming activi-
ties. 

" 	 Development of profitable rice-fish 
systems in rice-producing regions 
where irrigation systems exist, 
Research on economic yields 
rather than simply biology. It was 
felt that the development of rice-
fish farming in rainfcd regions be 
conducted on-farm rather than on-
station. 

" 	 Development of rice-fish culture as 
nursery systems that support and 
complemcnt the full development 
of inland aquaculture. 

" 	 Research into predatory/prey rela-
tionships in rice-fish culture, and 
methods to prevent the predation 
of cultured fish by wild predators. 

India 

* 	 Development of a model for rice-
fish culture within each of the 
country's major agroclimatic zones, 
focusing on the most economically 
optimum land use and plot site. 
The goal is to attain the highest 
rice and fish production within, 
and consistent with, prevailing so-
cial, economic and environmental 
conditions. Special attention must 
be given to water management 
and economics of water usage. 

* 	 Engineering and economics of har-
vesting fish from ricefields. This 
would include research on har-
vesting when rice is still in the 
field as well as hariest of fish af-
ter rice harvest. 

" 	 The effects of water management 
and fish on soil fertility and bio-
logical control. Comparisons of 
rice-fish and rice monoculture in 
terms of the effects on soil proper-
ties important for optimal rice pro-

duction under various environ
nients. Integrated approaches to 
enhance rice-fish system 
productivities without affecting 
rice production; studies on nutri
ent and energy flows. 
Ecology of wetland ricefields espe
cially aquatic ecology, detrital food 
webs and rice stem-associated fish
food organisms. Research on avail
able natural food niches that exist 
in the aquatic ecosystem that 
could be managed to ensure high 
fish production in ricefields. De
sign of profitable polyculture sys
tems based on analysis of these 
ecological results. 
Fish biology and stress factors 
with respect to the increasingly 
short fish production cycles dic
tated by the IIYV rice, and the 
contribution of these stress factors 
to fish yields with and without 
supplemental feeds. 

Indonesia 

0 	 Bioeconomics of supplemental 
feeds in the various and diverse 
rice-fish culture systems in the 
country. 

6 	 Ecological carrying capacity of Cish 
in ricefields to understand the op
timal stocking and harvesting 
times for fish. 

* 	 Economic optimization of the area 
of trenches and sunips in a 
ricefield to attain high fish and 
rice production. 

0 	 Optimization of water manage
ment for high economic yields of 
rice and fish under continuous 
and intenediate water flow condi
tions. 

0 	 Rice pest and disease control by 
fish. Integrated pest management 
versus chemical control on fish 
and rice. 

* 	 The effects of HYV rice on fish 
production. Effects of different fish 
species on rice production. 
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Thailand 

" 	 Proper stocking density, fish size 
and choice of fish species giving 
the most profitable system. 

* 	 Polyoulture of Puntius and tilapia 
(Oreochromis spp.) and stocking 
densities. 

* 	 Technology and economics of inte-
grated chicken-rice-fish systems. 

* 	 Effects of commonly used pesti-
cides on fish in ricefields. 

" 	 Use of grass carp (Ctenopha-
ryngodon idella) for weed and pest 
control in ricefields. 

" 	 Development of ricefield hatchery 
and nursery systems (rearing fry/ 
postfry to fingerlings). 

* 	 Lime requirement as buffer for al-
kalinity. 

* 	 Lifting fertile mud from ponds to 
fields, 

* 	 Harvesting and herding tech-
niques. 

" 	 Water management, storage and 
distribution. 

* 	 Fish control in seasonally flooded 
areas. 

Philippines 

On-station research in the Philippines 
was mentioned as somewhat of a special 
case since the ICLARM/IRRI/CLSU Rice-
Fish Culture Proiect funded by the Asian 
Development bank (ADB) and, having a 
regional emphasis, is based there. How-
ever, many of the regional goals of the 
rice-fish projrct are also the most impor-
tant resea'ch topics in rice-fish culture in 
the Philipulries. 

" Proper use of organic fertilizers 
a..d pesticides. 

* 	 Fisn as biological controls on 
weeds and pests using mono-cul-
ture and polyculture systems. 

" 	 Evaluation of different rice plant-
ing patterns in relation to fish 
production in ricefields. 

• 	Evaluation of water use and man-
agement in relation to fish and 
rice crops. 

* 	 Evaluation of new fish species and 
tilapia strains. 

0 	 Monosex culture (hormonal ma
nipulation). 

* 	 Supplemental feeding (farm wastes 
and by-products). 

* 	 Use of ricefields as nurseries for 
economically important fish species.

0 Nutrients cycle/energy flows. 
* 	 Feed ecology, food habits of fishes 

and growth assessment. 
0 Pond refuge for seed and growout 

systems. 
0 Fertilization method for rice-fish 

system. 
' 	 Fish sampling and harvesting 

techniques. 

Korea 

0 Selection of appropriate rice varie
ties. 

0 Spraying method and time. 
* 	 Polyculture of tilapias and catfish 

in ricefields. 
a 	 Planting pattern/market size and 

market analysis. 
* 	 Fertilizer levels.
 

Rice-fish models.
 
* 	 Stocking densities. 
* 	 Methods of preventing fish escape. 
0 	 Method of increasing water tem

perature and management. 
* 	 Food chain. 
* 	 Harvesting methods. 

Malaysia 

* Food web in rice-fish. 
0 Nutrient cycle, fish feeding habits 

and rice growth. 
0 	 Dynamics of primary and second

ary productivity. 
* 	 Weed ecology in ricefields (rainfed). 
* 	 Indicators of probable yield. 
* 	 Role of fish refuge (pond and 

trench) to increase productivity. 
* 	 Size of refuge in relation to rice

fish field. 
0 Dikes, feeder, trenches. 
0 Size and length of pond refuge. 
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Special Research Topics 

The working groups defined some spe-
cial topics that need concentrated, long-
term on-station research efforts. These 
special topics were identified as those that 
transcended regional or n,-tional interests, 
and have great importance in Asia. Unfor-
tunately, a representative from China was 
not present during the sessions to assist 
the working group in choosing relevant 
topics. 

The group noted the heavy bias to-
wards identifying important research 
topics concerning the fish subsystem of 
rice-fish culture. Some possible research 
areas mentioned to improve ar,d better 
understand the rice subsystem were: 

1. 	 Investigation of the best fish spe-
cies, stocking rates, cropping sys-
tems, etc., to improve rice yields 
and grain quality, 

2. 	 Development of new rice varieties 
for different rice-fish systems, e.g., 
develop a rice variety that would 
flourish in ricefiield: where in-
creased soluble organic nutrients 
rather than inorganic fertilizers 
are more concentrated due to fish 
bioturbation activities. 

3. 	 Development of a stumpy rice that 
will have more of its above-ground 
biomass under the water so that 
fish could get more habitat, and 
rice predators could be more effec-
tively controlled by fish. 

It was mentioned that a critical re-
view of the published literature on the 
biological aspects and reputed advantages 
of rice-fish farming would likely show lit-
tle sound scientific basis for many of the 
claims made. In particular, reports claim-
ing higher rice yields or higher rice yields 
per number of remaining rice plants in 
the ricefield (fewer rice plants are usually 
present in rice-fish culture) due to nutri-
ent mobilization by fish bioturbation of 
ricefield sediments; reduction of weed in-
festation; and rice pests and diseases need 
to be verified for future planning and sys-
tems design. 

Furthermore, other important biologi
cal research to be accomplished on-station 
were discussed as follows: 

1. 	 Efficient use and division of labor 
in different rice-fish systems. 

2. 	 In regions where labor is a prob
lem, research into the mechaniza
tion of rice-fish culture systems. 

3. 	 Low-cost diversification of rice-fish 
systems for greater economic ben
efits, e.g., including farm animals. 

4. 	 Full assessment of coastal environ
ments for their potentials for 
brackishwater rice-fish farming. 

5. 	 Rice varieties compatible with suf
ficiently long fish production cy
cles. 

6. 	 Culture of frogs in rice-fish sys
tems as a means of increasing 
profits and controlling insect pests. 
The use of frogs for insect pest 
control is, however, questionable 
because they also eat friendly in
sects such as spiders and can eat 
small fish. 

7. 	 Development of a rice-fish nursery 
system technology for tilapia, 
Puntius, Indian major carps and 
Chinese carps. 

8. 	 Development of technologies to in
crease the poor recovery rates of 
fish from rice-fish systems. 

An important general comment was 
made by the group. If the primary goal of 
rice-fish systems is to increase the nutri-. 
tion of rural people, then systems that 
provide the largest total biomass of fish in 
the shortest poss-ible culture period should 
be researched. In other words, research 
emphasis should be based upon produc
tion of "small fish" in short production cy
cles. The choice of fish species and sys
tems used could be greatly affected by 
policy decisions made by rural planners 
and officials promoting rice-fish culture. 
Researchers should be aware of this, and 
take a role in supporting national and re
gional goals. 

The priority research areas identified 
by the group were heavily weighted to
wards recommendations for lowland, 
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irrigated ricefields. The research needs 	of analysis systems as best possible soas 
rice-fish systems for deepwater (0.5-2.0 m that interregional biological and economic 
or deeper) and brackishwater environ- comparisons could be drawn and experi
ments, including the management of these ences shared. 
and other seascnally important ricefield The group addressed what type of 
fisheries, were riot discussed. No guide- specific biological and economic data 
lines have been developed for these poten- should be collected in the rice-fish sys
tially important systems and, in some tems set up the region. It feltacross was 

cases, no technologies exisu. Small, spe-
 that once the best available and accepted
cialized research stations located in areas systems were set up on-station, the types
where these systems are of potential im- and frequencies of biological and economic 
portance could make a great impact at a data collected should be standardized 
very low cost. throughout the region. However, when 

pressed by the chairman to provide spe
cific details, the group felt strongly thatResearch Methodology 	 specific research methods and protocols 
could not and should not be formulated in

Discussions on research methodology a few hours in a very broad-based ind 
were heid. It was stressed that in many pioneering workshop such as this. It was 
cases, successful research had been car- suggested that methodologies coul"' be the 
ried out but that development had riot subject of an entirely separate workshop
followed. At the experimental design which will review past as well as cur
stage, sufficient information (a database) rently operating methodologies in the re
must exist about current farming situa- girin, and formulated a plan of action. It 
tions and systems in order to design was also felt that the methodologies, goals
meaningful on-station research. Experi- of projects and their donors were so di
ments must be designed while considering verse, and likely applicable to a local level 
both the existing traditional knowledge only. Specific methodologies should be for
and management systems (ecological and mulated only at the time of funding and 
social). Research methods which preserve localized to each nation represented.

and enhance the existing diversity and An important concern was expressed

flexibility of rice-fish culture and ricefield that the current rice-fish systems will not

fisheries are recommended. It was men- last more than 10-20 years due 
to rapid
tioned that rice-fish research culture has technological changes. For sustainability
rarely (or never) been conducted as a and relevance, on-sta "n research should 
team effort but has been (often) dotam- be 'C7ocused on, stay in touch with, ahead
nated by biologists. An ideal research of, or accommodate changes in the exist
team in this regard would compose a fish- ing egroecosystem into the rice-fish sys
eries production biologist, a rice agrono- tems at all times. 
mist, a sociologist and -n economist. During the second working group ses-

It was suggested that rice-fish farming sion, the group worked on examples of 
systems that incorporate the best avail- two methodological outlines for two sam
able or most socially acceptable, most ple research topics.
profitable existing technology be replicated
on-station in each of the major climatic Example 1. Fish as biological control 
zones of the countries in the region. This, agent for pests (weeds) 
of course, requires knowledge about the 
existing, workable and highly profitable 1. Site description 
systems available in the region. Once set Information given are: the nature of 
up, however, researchers in the region ricefield environment (irrigated/
could standardize data collection and rainfed); water resource; andsoil 
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climate data; and other relevant 
information about the prevailing 
conditions at the site. 

2. Materials and methods 
The experimental site is described in 

terms of size of the development units, 
area and method of preparation. The 
fish and rice planting are related to 
each other, i.e., time indication of fish 
stocking, sampling and harvesting in 
relation to date of rice transplanting. 

Procedures on fertilizer application, 
frequency and amount as well as water 
management which includes depth and 
irrigation schedule should be described. 

3. Minimum data set 
Information needed for fish are the 

species or strain; initial and final sizes; 
and density, recovery and yields (gross 
and net). 

Rice data includes variety; planting 
di rtancas/population/spatial arrange-
ment; and final yield, yield components 
and weed impurities in grain. For 
weed and related information, data on 
weed population (initial and final spe-
cies and numbers); water depth (effects 
of fish/weeds); turbidity (tish cause this 
and affect the weeds); and fish stom-
ach contents should be recorded. 

4. Research approach 
Possible components of the actual 

research are literature reviews and ex-
perimentation. The objective of the lit-
erature review is to find out what re-
search has been done so far on the 
study area and what are the important 
variables. Three approaches for experi-
mentation are possible: observational 
studies; replicated, randomized physical 
experiments; and abstract experimenta-
tion. 

Observational studies consist of data 
collection on one or a few interesting/ 
representative experimental units. The 
result is a multivariate dataset consist-
ing of a time series of physical, chemi-
cal and biotic factors (e.g., water qual-
ity, weed population, plankton 
populations, etc.). Replicated, 
randomized physical experiments follow 

the conven-ional agricultural experi
ments setups, where hypotheses re
garding management options can be 
tested (e.g., the result of certain treat
ments compared to a control treat
ment). Well known samples are facto
rial designs, randomized complete 
block designs, etc. Abstract experimen
tation includes statistical analysis of 
datasets and theoretical modelling 
using every possible source of informa
tion (Cienco 1979, in van Dam and 
dela Cruz, this vol.). 

For these approaches, a variety of 
experimental units can be used, such 
as field plots, aquaria or tanks. As the 
traditional replicated design often does 
not lead to satisfactory analysis, more 
attention should be given to observa
tional studies that can be analyzed 
with multivariate statistics. 

5. Data analysis 
Replicated, randomized experiments 

are analyzed with well known statisti
cal methods such as analysis of vari
ance (ANOVA) and regression analysis. 
Standard texts describing these meth
ods are readily available (Gomez and 
Gomez 1984, in van Dam and dela 
Cruz, this vol.). For analysis of obser
vational studies, multivariate statistical 
methods can be used. Examples are 
principal component analysis and clus
ter analysis. Applications to rice-fish 
datasets using these methods are rare. 
A few application to aquaculture and 
aquatic ecology are known (Milstein 
and Hepher 1985, in van Dam and 
dela Cruz, this vol.). These techniques 
should also be used in ricu-fish re
search.
 

6. Reporting 
Reports should be written immedi

ately after each experiment/trial. This 
should consist of introduction, materials 
and methods, results and discussion, 
and conclusions/recommendations/plans. 

7. Funding 
Adequate funding must be made 

available before starting an experi
ment. It is probably better to delay the 
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implementation of an experiment with From the station, the designed system 
insufficient funds than to modify the has to be transferred to an on-farm sys
design or limit the scope just to suit tem. The transfer may lead to the design 
the available fund. of a modified system or subsystem as long 

as the principle behind the development 
Example 2. Rice-fish field engineering of the original system is known. Certain 

minimum information about the new site 
Engineering research method on rice- must be obtained by the extensionist. 

fish field system was also discussed. The 'This may lead further to examining rain
rationale behind rice-fish system design, fall data, evaluating the probability of get
construction and operation shall be known. ting water and other related factors. 
This information will lead to how a rice- A guide on how to approach it before 
fish field system developed on-station may starting and/or deciding how to start, 
find application in on-farm situations. needs seLting the background to the prob-

This situation applies to a farm prac- lem by followiitg a certain classification 
tising rice monoculture. At the station, system (Fig. 1). When thinking about a 
when fish is intioduced, changes have to new or an old system to be improved, one 
be made: physical changes on the land to must always think of flows in the system. 
suit the intended rice-fish system; techni- In this case, these are flows of water, 
cal changes to make rice and fish culture fish, labor, cash and information. 
compatible; and the operational changes. 

All farms 

I(atgoed!:aineoI
 

riceish icero nocuura 

introduce fish to 
Farmer c hasca rce production system

What can 
I do? 

Expand the 
system 'as 

Improve 
eixistingL 

it is' totake up more 
space oSdthe 

farm, i e., 
no technical 

Systeom,i C
whXproblem 
prevents rue 
from gettinc 
more from 

What 
physical 

(structural)
changes need 
lobe mmade? 

WhtWhat 
tehii 
hrlO 
e tneed 

b m 

piatissel 
cnanges 

to 
b ?made? 

change, only 
srudural. 

the system 
itis*; 

piiblem 
eilioied 

leads to new 

Pond refuge, 
dikes(for 

water harvesting, 
storage, distri

bution. "manage
research area ment" control). 

Fig. 1. An example of n classification system on how to integrate rice-fish culture in 
the farm. 
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The Role of the ARFSN 

The participants expressed their views 
on how the network can assist them in 
their research: 

1. 	Network scientists/resource per-
sons (e.g., from IRRI, ICLARM or 
other organizations) can help na-
tional program scientists in setting 
up their resea'h agenda. 

2. 	 The network can facilitate the ex-
change of information among na-
tional programs, especially between 
national scientists working on the 
same problem areas in different 
countries. Information would com-
prise research results and method- 
ologies. 

3. 	 The network can assist national 
scientists with data analysis. Visits 
to the research sites by network 
scientists/resource persons can be 
made. On the other hand, national 

scientists can also visit the head
quarters of international organiza
tions. They can bring their data 
and analyze them with the assist
ance of the headquarter staff. 
Moreover, small workshops or 
trainings on methods of analysis 
(e.g., multivariate techniques) can 
be organized. Here, national scien
tists could a;ialyze their data, pro
duce a technical paper and present 
to the group. 

4. 	 The network scientists can provide 
national programs with relevant 
information on their research ar
eas; help them determine research 
priorities based on recent develop
ments; and raise the profile of na
tional researchers to increase their 
credibility to national governments, 
which could result in additional 
national funds for researchP. 
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Introduction 

Areas of importance to the utility and 
success of on-farm research were dis-
cussed in both workshops. On-farm 
search experiences discussed by the work-

ing groups raised the following issues: 
Farm to farm variation highlights the fact 
that there are many different rice-fish 
systems, and yet no standardized frame-
work exists for characterizing and quanti
fying them. Ad hoe on-farm experimental 
techniques suggest the need for guidelines
for on-farm research. That farmers experi-
ment is well known and yet ways to uti-
lize indigenous experimentation and 

*ICLARM Contribution No. 726. 

Conf. Proc. 24, 457 p. 

knowledge go undeveloped. Inconclusive 
results from on-farm experiments prompt 
the examination of analytical techniques 
that provide greater explanatory power.
On-farm research often raises questionsthat cannot be answered through on-farm 
eprmns hsaln ihlbrtr 
experion ths is needed. 
on-station researchers is needed. 

Characterization of 

Rice-Fish Systms 

Many kinds of rice-fish systems are 
found in Asia. While on one hand such 
diversity provides researchers with new 

**Present Address: ICLARM Bangladesh Office, House No. 20, Road No., 9/A, (New) Dhanmondi lJA, Dhaka 
1209, Bangladesh. 
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ideas; on the other, it makes for confusion 
in the reporting of results. It is very diffi-
cult to compare fish growth rates when 
systems vary as much as they du. Quanti-
tative methods for clustering or grouping 
data could be used to characterize rice-
fish systems. These methods, however, 
require fairly comprehensive data sets. 
The kinds of data required for rict-fish 
systems are given in Table 1. 

Guidelines for 
On-Farm Research 

Guidelines for on-farm research 
should not be fixed. Circumstances should 
modify operations and their sequence. 

Table 1. Data needs for rice-fish system .haracterization. 

Physical environment 

Moreover, operations are interactive. The 
results from some later operations may 
lead to changes in, or repetitions of, ear
lier ones. 

Selection and Surveys of Target Area 

Once a target area can be defined and 
a target group is tentatively identified, 
secondary data and consultations with 
concerned officials and other workers can 
suffice for a research site to be selected. 

After site selection, secondary data 
may continue to be useful for giving 
benchmark information on the area. 
Often, "Rapid Rural Appraisal" (RRA) pro
vides the research team important 
intuitive understanding of the site and 

Water quality, dissolved oxygen (DO), temperature (air and water) 
Source of water, pH, salinity, alkalinity, acidity 
Turbidity, water hardness, water depth 
Water in trenches and on field - depth fluctuations and area of sump 
Climatic data - rainfall (amount and pattern), temperature, sun hours, length 
Landscape and physiography - relative position and slope 
Biotic (phytoplankton, zooplankton, predator population) 

Human environment 
Source of fry (buy, breeding, source of seed) 
Availability of hired labor 
Access to credit 
Distance to market, distance to fertilizer and pesticide supply, sale of fish/rice 
Theft 
Availability of extension service, farmer organization membership 

Farm resources 
Total (land, pond), status (owner, renting) 
Labor (number of labor, sex, age, education) 
Capital (cash, noncash) 

Production 
Rice yield 

of growing season 

Fish yield (total, distribution of size, percentage survival, farmgate price related to market prices) 
Yields of other crops, animals, distribution of farm products 

Inputs 
Rice seeds cultivated
 
Chemicals (fertilizers, pesticides, weedicides)
 
Fish species released, ratios, stocking rate
 
Fish feeds, rice bran, fertilizer (organic and inorganic)
 
Man-hour labor for fertilizer, insect/pest and weed control practices, and land preparation methods
 
Accessories (nets, screen, pipes)
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residents therein, and the perceived needs changes in farm systems and monitor 
of the target group. RRA also helps make progress. 
the ensuing formal survey more relevant 
and streamlined. Research Topic Formulation 

Formal surveys allow a more quanti
tative assessment of the local situation to In formulating a research topic, the 
be made. Data to be collected should be team must consider many elements. The 
decided in recognition of the findings of whole target area must be considered. 
the initial RRA. Examples of the type of Available technologies and the environ
information that might be included in a ment where it will be used should be 
survey are given in Table 2. This is not taken into account. Relevance of the tech
an exhaustive list. nology to the target group is imporan 

tant element in formulating research. 
Technical feasibility, economic viability

Site Description and social acceptability of the intervention 
must be assessed. Priority setting of tech-

Site description is always needed prior nology options requires consultation with 
to commencing research. The effort put the target group that encourages them to 
into this may vary, but the team must suggest suitable research topics. Their 
understand the biophysical and socioeco- opinion on proposed research, no matter 
nomic circumstances of the target group what the source, must be sought. Finally,
before proceeding further, agreement from each participating farmer 

Site descriptions can be compiled is necessary before trials can be started. 
using RRA as well as formal surveys. 
Agroecosystem analysis is one qualitative
method widely used for this purpose. Selection of Research Cooperators 

Using data froni both types of survey, 
a baseline reflecting the "undisturbed" Farmers' interests and attitudes are 
situation of the target group is con- important selection criteria. "Is the farmer 
structed. Subsequent surveys compare only interested in free handouts?" and "Is 

Table 2. Typical survey data. 

Physical Biological Socioeconomic 

Rainfall- amount and pattern 
Irrigation 
Water holding capacity of soil 

Rice varieties 
Weeds/importance 
Pests/importance 

Fish species and 
size preference 

Prices of rice 
Plot areas Other living commodities/ varieties/fish species 
Plot situations importance Availability at home and 
Depth, volume, flow rate Indigenous fish species/ at market 
Percentage/duration of importance Fanning/fishing/fish culture 

inundation 
Topography of whole 

covered 
Soil pH 

area 
Disease 
Trends 
Cultured fish species/ 

importance 

practices 
Land ownership patterns 
Income sources/importance 
Supply of seed fish 

CEC Management and inputs Security of fish price 
Organic matter against theft, pests, 
Soil nitrogen floods, droughts 
P0 4 Mechanism for marketing 
K+ 
Conductivity 

Compensation for loss 
Availability of credit 

Salinity Sources/availability of 
farm inputs 
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he/she capable, diligent and honest?" are 
important questions. Cooperators should 
closely represent the target group. One 
must avoid the situation where the sam-
ple does not represent the original target. 
At times, a bias towards more needy 
farmers may be acceptable, but such 
farmers normally assume additional risks 
with difficulty. Hence, including "progrms-
sive" farmers in the sample may provide a 
better test. In addition, since people's atti-
tudes and circumstances change with 
time, the group represented by the origi
nal sample is also likely to change with 
time. Farmer selection must, finally, be a 
flexible process. 

Farmer- and Researcher-
Managed Trials 

The line dividing farmer- and re-
searcher-managed trials is not a clear one. 
Who should manage and to what extent 
depend on circumstances. 

In farmer-managed trials, simple de-
signs are advised. Between-farm variation 
will be great and uncontrollable. This 
must be accepted and should be consid
ered a main effect like any treatment ef. 
fects. Within-farm variation is also impor-
tant but is somewhat more controllable. 
The number of treatments should be few, 
ideally, two: the farmer's existing practice 
and the new technology. Treatment levels 
should be flexible, but similar within each 
farm. The largest manageable sample of 
farmers should be used. Designs can 
sometimes be more complex, i.e., involve 
more treatments, but their results are 
likely to be less conclusive. If different 
treatment effects are being compared 
among farms, a large sample of farmers 
per treatment will be needed before the 
data will reveal significant treatment ef-
fects. 

Researcher-managed trials can accom-
modate more complex designs, but the re-
searcher must participate in the work fre-
quently. However, designs should not 

spread researchers' efforts too thinly. Not 
all questions can be answered at once. 

On-farm trials, especially farmer-man
aged ones, tend to give relatively impre
cise results. A large sample size of farm
ers can accommodate some of the error 
here. Conducting trials across a range of 
environments can also help. While preci
sion should be as high as prudently possi
ble, it should not interfere in the farmer's 
management. 

Research Inputs 

Researcher-managed trials should set 
production input levels to reflect what 
farmers can afford or will be willing to 
invest. Under farmer-managed situations, 
investments should be as low as possible 
to give the technology a chance to be 
adopted after the trial period.

Any financial risks associated with 
experimentation should be absorbed by 
the researcher. On-farm research should 
not inflict excessive risk on cooperating 
farmers. An intervention which threatens 
existing systems or which could entail 
heavy losses is better tested on-station. 

Farm Visits and 
Research Implementation 

Trials that are jointly undertaken 
must be visited frequently. It is best if 
the research team can be based at the 
site not more than one day's travel away. 
Long-distance, on-farm research is not 
worth conducting. 

Visits must accommodate the farmer's 
timetable. They can be short and direct
to-the-point if the farmer is very busy, 
but longer casual conversations make for 
more effective collaboration. Moreover, 
when visits are frequent, the farmers are 
less likely to forget information and data 
will be more precise and accurate. Good 
human relations are important. If re
searchers respect farmers, it will be recip
rocated. 
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Reporting and Results Analysis 4. Production from the systems and its 
utilization. 

Results should be assessed promptly. 5. Whole farm economic analysis, com-
Monthly or quarterly reports facilitate paring before and after scenarios. 
timely assessment. Computers can also Ideal conditions for economic analysis 
save time in data analysis. Better statisti- exist if comparisons are made within 
cal analyses, methods and techniques for farms, between treatment and control 
data recording are needed for rice-fish areas. If the farmer does not maintain 
data. a control, historical data can be used. 

Results from the first season's work Inputs, production and income are pa
should never be considered conclusive, no rameters commonly compared. 
matter how clear. Trends over a longer 6. Farmers' plans for future expansion
period and responses to annual fluctua- and other modifications to the tecbnol
tions must be checked to assess stability ogy. 
and sustainability. 

Field staff and farmers should be in
volved in assessing the results. To exclude Analytical Techniques for
 
their direct observation and experience On-Farm Data
 
can result in misleading or impractical

findings. On-farm research activities frequently 

generate results which are inconclusive 
Case Studies in when conventional statistical techniques 

are used on them. One reason for this isOn-Farm Research the enormous variations which occur 

among and within farms. In the interest 
Farmers normally adapt technologies of realism and applicability to subsequent 

to their own situation through their own extension programs, it is better to accept
informal experiments. Case studies are a this variability and try to measure it. 
useful tool for following up this indi- There are statistical tools for dealing with 
genous research. data sets of this sort - one of them is 

A format for documenting indigenous multivariate analysis. 
technical knowledge using case studies The first step is to identify which 
follows: variables are likely to affect the depend

ent variable of interest (e.g., production).
1. 	 Describe the area and situation of the Independent variables must be independ

case farm. Points of interest fall ent as any interrelationships will affect 
mainly under environmental and re- the analysis. Sophisticated and precise
source-based categories. Examples of measurements are not always necessary.
environmental parameters include wa- Weed infestation, which is often an impor
ter-source (rainfed or irrigated), de- tant variable, can be scored "low" and 
gree of slope, rainfall and soil. Exam- "high". Even in the absence of such meas
ples of resource-based parameters are urement some variables can be quantified
farm area, tenure status, cft-farm em- using the farmers' observations. 
ployment activities, livestock capital Finally, the data is arranged in a 
and labor capacity. matrix containing all estimated variables 

2. 	 Steps farmers use to adapt the techni- for each case. Each case would normally
cal model (e.g., dikes and trenches) to be one farmer. The matrix is then sub
his/her own circumstances. jected to multivariate analysis which indi

3. 	 Management and maintenance opera- cates the relative importance of each in
tions of the system. dependent variable. 
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Data collectors should be involved in 
the interpretation of results because expo-
sure to farm situation helps avoid errone-
ous interpretations. The participation of 
farmers in interpretation of results is 
highly desirable for similar reasons, 

On-Farm Research Topics 

Asian experience in on-farm testing of 
rice-fish technology permits the identifica-
tion of research topics of importance in 
the countries concerned. A list of topics 
for on-farm research in selected Asian 
countries follows: 

Bangladesh 

en-" 	 Ecology of deepwater ricefield 
vironment. 

* 	 Design of ricefield for rice-fish 
farming. 

* 	 Suitable species combinations and 
fish stocking rates for shallow i-rri-
gated and enclosed deepwater 
ricefield environments. 

* 	 Suitable rice variety for rice-fish 
farming in shallow and deepwater 
environments. 


" 	 Development of' rice-fish farming 
systems suitable for open 
deepwater ricefield and coastal 
water environments.wate envronmnts.or 

" Organizing cooperatives of rice-fish 
farmers. 

India 

Development of rice-fish system
suitale oence-dishsystemdeepwatersuitable for enclosed 

ricefield environment focused on
stocingsizeanddenstyandfertilization, supplemental feedingstocking size and density, and and trench/sump/pond design. 

combination of fish species.Testing of fish cage or pen culture 

in open deepwater ricefield envi-
ronment. 

* 	 The effect of fish on rice pests par-
tcularly for insect and weed con-ticularly 

trol. o 


* 	 Development of suitable fish sam-

pling devices for deepwater 
ricefield environment. 
Trials on growing suitable rice va
rieties in trenches/sumps to mini
mize unplanted space in rice-fish 
system. 

Indonesia 
O 	 Acceptance/rejection of rice-fish 

farming. 
Monitoring of indigenous rice-fish 
farming systems.* Evaluation of the different rice

d 
fish production systems (like fish 
nursery and growout under con
current and rotational systems). 

B Development of rice-fish farming 

Evalutions 	 stei e rish
 

systems in coastal and water
logged areas. gg 

Philippines
 

a 	 Use of organic and inorganic ferti
lizers in rice-fish farming. 

* 	 Socioeconomic evaluation of con
current and rotational rice-fish 

• 	farmingDevelopmentsystems.of alternative sys
tems of rice-fish farming such as 
ratooned rice-fish cropping.

0 Integrating fish in rice farming for
weed and insect pest control. 

0 New or improved strains (tilapia 
carp) in rice-fish farming. 

Thailand 

Development of fish culture prac

tices for rice-fish farming in rain
fed 	environments including stocking rate and species composition, 
feration, speentalmfeeding 

adtec/uppn 	 ein 
0 	 Use of organic fertilizers like 

farmyard and green manure in 
rainfed and irrigated rice-fish 
farming. 

• 	Water management in rainfed andirrigated rice-fish farming. 
Low-cost seed fish production in 
ricefields. 

http:envronmnts.or
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China 	 which are safe for fish and mini
mize losses from pests.

* 	 Large-scale research on rice-azolla- -Alternatives to insecticides especially 
fish pattern. in deepwater rice areas. 

* 	 Develop techniques to increase -Disease/treatment for seed fish prior 
yield of aquaculture products and to transport.
 
farmers' economic benefit with in
creased rice production. Fish feed
 

* 	 Develop rice-fish farming system -Stomach content studies to determine 
research methodology, identify diet compositions. 
data to be collected and investi- -Suitable plant species grown around 
gate methods to further improve dike for fish feed. 
research efficienicy. -Supplemental feeding through in

creasing natural forage production.
Malaysia 	 -Kind of feeds: pellets, manure, hulled 

rice. 
* 	 Develop baseline data research for 

various ecological aspects of rice- Socioeconomic 
fish farming systems. -Economic conditions for which credit 

* 	 Improvement of capture systems facilities should be extended to 
in rice-fish farming through in- farmers for buying seed fish. 
creasing natural fish yields. -Impact assessment on farmers' well

* 	 Monitoring negative effects of pes- being (nutrition, health, etc.) of 
ticides on fish growth and aquatic rice-fish technology.
ecology. -Socioeconomic causes of poaching.

* 	 Evaluation on the importance of -Economic analysis of various rice-fish 
rice-fish farming to the rural patterns. 
economy. -Economic feasibility of banning 

highly toxic pesticide. 

Seed fish 
Links with On-Station -Techniques to improve seed quality. 

Research -Fish species and stocking density.
-Techniques for mortality improve

ments in fish transport and stock
On-farm research often raises ques- ing. 

tions that cannot be answered through 
on-farm experiments. On-farm researchers Water 
need laboratory or station research to -Effect of water depth on fish growth 
support or back-up their work. A set of 	 and production.
relevant research topics for on-station -Effect of water quality on fish growth
work identified by on-farm experiences (pH, temperature, alkalinity, etc.).
follows. -Effect of sudden changes in water 

salinity on fish.Methods 
-Checking fish health. Rice breeding and agronomy
-Fish sampling techniques. -Percentage of trench used and design 

efficiencies.
Pest management -Interaction between rice variety and 

-Control of predators, mainly snakes, fish species. 
birds and cats. -Rice planting spatial arrangements to 

-Bioassay of pesticides to determine minimize area loss to rice. 
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Fish breeding and culture 
-Inbreeding and introduction of new 

broodlines. 
-Crosses between foreign and local 

stocks. 
-Techniques to increase growth of fry 

in nurseries, 
-Utilization of heterosis through hy-

bridization and monosex culture to 
increase growth rates. 

Links With Extension 

It is very difficult to draw a line 
between on-farm research and technology 
dissemination or extension. The two are 
on a continuum. Farmer-cooperators, re-
searchers and extensionists are part of 
this continuum. Nevertheless, some dis-
tinctions between on-farm research and 
extension can be made. Improved prac-

tices being applied in an on-farm trial 
cannot be regarded as recommendations. 
These technologies are always changed 
and improved during the testing process. 
Technologies must produce positive and 
repeatable results over a wide area before 
extension and development efforts may 
confidently begin. 

A smooth transition from on-farm re
search to extension is afforded by farmer
to-farmer training. New entrants are 
taken to visit research collaborators to see 
what they have done and learn the tech
nology. Frequent interactions between re

searchers, extensionists and farmers that 
involve mutual teaching and learning, are 
crucial to successful transition. Awareness 
of a new technology will often lead to in
terest in trying it out and subsequent 
adoption. Positive farmers' reactions 
among research cooperators to the new 
technology can also be used to forge links 
with extension. 
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Introduction 

Fish kills arising from pesticide appli-
cations to rice have discouraged Asian 
farmers from raising fish in ricefields. 
Moreover, pesticides applied upstream can 
affect fish in lower ricefields. While herbi-
cide usage in Asia is rising, insecticides, 
which are more toxic, are bing used less 
than before. The adoption of pest resistant 
varieties, the hign cost of insecticides 
relative to rice, the resurgence of pest 
pi'oblem- after application, and the decline 
of calendar spraying in favor of economic 
thresholds, are the main reasons for this 
decline, 

Pesticides can be used safely and the 
dual goals of controlling pests and raising 
fish can be met. China and Indonesia 
regularly use pesticides in rice-fish cul-
ture. Indeed, fish may act as agents in 
pest control. 

Pest Control by Fish 

That fish control pests in ricefields is 
frequently cited. They do eat weeds, but 
some may also eat rice plants. Grass carp 
(Ctenopharyngodon idella) are reported to 
feed on rice seedlings, while rice panicles 
are reported in Thailand to be eaten by 
silver barb (Puntiusgonionotus). Never
theless, grass carp successfully control 
weeds in China. Fish also catch and con
sume insects. Some farmers even drag a 
rope across the rice foliage to knock in
sects into the water for fish to feed on. 
Medically important pests such as mosqui
toes have been controlled by fish. 
W.bther pests are eaten in preference to 
their natural enemies is, however, un
known. Gut analysis of wild and cultured 
fish could determine this. Fish may re
duce snail population (vectors of schisto
somiasis) in ricefields because black carp 
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(Ifylopharyngodon piceus), for int.tance, 
are known to eat snails. Two reports indi-
cate that fish may eat the sclerotia of 
sheath blight. One negative consequence 
of rice-fish is that the necessary higher 
bunds shelte; more rodents. 

Effects of Pesticides on Fish 

Acute tex-Mity 

Pesticide companies regularly deter-
mine toxicity levels on fish. However, as 
susceptibility to pesticides differ between 
fish species and agu, some results may 
not apply. While mosquito-eating 
Gambusia is resistant to many pesticides, 
the adult fish are more so than the 
young, and newly hatched larvae and fry 
are most sensitive. With few exceptions, 
chemicals considered safe from laboratory 
acute toxicity evaluation will be safe in 
the field, and some of those considered 
toxic in the laboratory may be less toxic 
in the field as pesticides become bound to 
soil and plants. As many species of fish 
need to be considered, representative spe-
cies from different fish guilds (bottom de
tritus feeders or medium water filter feed-
ers) should be selected for tests. 

The tests themselves may have built-
in deficiencies. Acute toxicity is deter-
mined by measuring the concentration le-
thal to 50% of the population (LC60 ) or 
the tolerance level for 50% survival (TL.) 
in aquaria over 24, 48 and 96 hours after 
exposure (Table 1). Unfortunately, not 
only are some compounds more toxic if 
exposed to sunlight but also, toxicities in 
water differ with temperature, pH, hard-

Table 1. Pesticides ranking according to 
toxicity. (Modified after Koesoemadinata 1980) 

Class 48-hour TL60 (ppm a.i.) 

A 
B 
C 

Relatively safe 
Moderate 
Highly toxic 

>10 
0.5-10 
<0.5 

ness, salinity, turbidity and dissolved oxy
gen. Moreover, LC,0 rates are also lower 
if fish are stressed. Tests are more accu
rate when sprays are used, rather than 
active ingredients, since the emulsifiers 
and solvents used in their formulation aid 
the entry of pesticides into fish. 

Ideally, pesticides should first be 
screened in the laboratory and abnormal 
behavior of the fish noted. Those found 
safe should then be screened in the field 
where detaii,' studies on weight gains 
and delayed development ean be carried 
out. Determination of sublethal effects 
should be carried out by a flow-through 
system. 

Despite the shortcomings of laboratory 
tests, a safe level for rice-fish farming 
may be 0.10 times the LCo. FAO reports 
that a safe level of pesticide residue in 
the water may be 0.05-0.1 times the 96
hour LC50, depending on the persistence 
of the material in the environment. How
ever, others say a safe level in tropical 
condition may be higher at 0.3 times the 
96-hour LCo. 

SublethalEffects 

Sublethal .,ects manifest themselves 
after two weeks of exposure. They are di
vided into subchronic effects which occur 
within the first third of the organism's 
life cycle and chronic effects which occur 
much later. The effects pesticides have on 
fish include lower weight gains, delayed 
development, abnormalities in appearance, 
lower resistance to diseases and greater 
vulnerability to predators. 

Persistence 

Chemicals like organochlorines and 
organosphosphorous or carbamate insecti

cides persist in the environment because 
they break down slowly. These chemizals 
end up as residues in fish and in the 
aquatic food chain. Pesticides sprayed on 
vegetables that are grown near rice often 
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contaminate the ricefields. Organophos- lease of chemicals is slower.
phates like fenitrothion, fumadol and c. Electrostatic sprayers that charge
trichlorfon used in fish hatcheries and the spray droplets causing the innurseries to kill aquatic insect predators secticide to be attracted to plants
of young fry can also contaminate nearby and not the water surface would bericefields. Pesticides may also affect fish useful, particularly when the crop
indirectly by killing off or contaminating is young.
their food. Pesticides entering phyto- d. Insecticides should be applied inplankton and zooplankton are concen- the late afternoon when the water
trated in the fish that eat them. is cooler and the detrimental effect 

of sunlight is less. 
e. Confining the fish to trenches andPesticide Management draining the field or raising the 

water level to dilute the toxicity
Pesticides pose their greatest problems during spraying can help.

in irrigated ricefields. Rainfed rice farm- All management options require eduers cannot afford to buy pesticides, and cation of farmers on how pesticides can
the diluting capacity in deepwater areas be used safely, on how pesticide residuesnullifies the negative effects of pesticides. occur and how pesticides enter foodPesticides are not a major constraint in chains. Color paper reactions of fish blocdthese environments to the development of may be a novel way that farmers couldrice-fish farming. Indeed, enthusiasm for monitor pesticide levels in fish to decide
rice-fish farming might even force pesti- if another pe.icide application is safe or
cide usage down. Certainly, the negative not. Community management of the waeffects of pesticides can be minimized. tershed would also help to prevent pesti-

Governments could ban highly toxic cide abuses. In the future, if fish can beand persistent substances. The FAO-WHO shown to effectively control pests, farmers
Codex Alimentarius may regulate pesti- could use them to minimize pesticide u,
cide standards in aquaculture for export age in rice. 
items. Use of only the safest chemicals 
(Class A, TLSO>10 ppm), preferably as
wettable powders which are less soluble Recommendations 
and not as emulsifiable concentrates,
could be promoted along with special in- 1. Compile a list of safe pesticides from
secticide formulations that encapsulate the available literature.
the active components and are less toxic 2. Determine acute toxicities of commonto fish. Farmers should be encouraged to rice pesticides to key fish species andreplace cyanide and endrin with safe com- major groups cultured in ricefields.
pounds such as rotenone to clean up un- 3. Determine sublethal effects on fish ofwanted fish in ricefields. Lastly, chemicals pesticides that are least toxic.
which are easily detoxified by fish and 4. Determine the effect of pesticides in
break down quickly in the environment the aquatic food chain, particularlywith least effects on food chains, should the growth regulators or chitin inhibi
be chosen. tors which even at low dosages mayMethods of pesticidc application could be highly toxic to arthropods such as 
be improved in the following ways: shrimp.

a. Minimum effective dosage of pesti- 5. Evaluate the effectiveness and toxicity
cides should be used. of botanical pesticides on fish.

b. Insecticide granules should be in- 6. Develop economic threshold levels of
corporated into the soil rather than insect pests that account for the value 
broadcast into the water so that re- of fish. 
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7. 	Determine the mechanism by which 
wild and cultured fish control pests. 

8. 	 Develop easy methods to monitor pes-
ticide levels in fish as a management 
guide. 

9. 	 Develop management methods to re-
duce toxic levels of pesticides in rice
fish culture. 

10. 	Organize a network of people 
equipped to determine pesticide 
to-icities on fish in the region. 

11. 	 Educate farmers on effects of pesti-
cides on fish. 

12. 	Encourage governments to regulate 
pesticide companies to determine if 

their products are not highly toxic to 
fish and ban the most dangerous 
products. 

13. 	Encourage governments to monitor 
pesticide residue levels in marketed 
fish. 

Reference 
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Introduction 

The primary purpose of this group 
discussion was to initiate and stimulate 
exchanges of ideas and information 
among scientists and field workers on 
rice-fish farming extension approach and 
methodelogy. The approach and methodol-
ogy of extension were discussed in rela-
tion to the resources and constraints of 
individual countries. The specific objec-
tives of the discussion were: 

1. 	 To identify the basic types of rice-
fish farming systems which can be 
confidently extended to the farm
ers. 

2. 	 To identify the problems of each 
rice-fish production system and 
recommend research to overcome 
these problems, 

3. 	 To identify the constraints of rice-
fish extension and recommend 

ways and means to improve the 
situation. 

4. 	 To identify appropriate extension 
strategy and methodology for rice
fish farming. 

The participants of this discussion 
group came from Indonesia, the Philip
pines, Bangladesh and Thailand. The 
group discussed, in general terms, the ex
isting rice-fish farming systems in their 
countries. Therefore, the findings pre
sented here are intended only as a basis 
for future discussion. 

Rice-Fish FarmingSystems 

INDONESIA 
Rice-fish farming has a very long his

tory of practice in Indonesia. Many rice 
farmers have adopted this integrated 
farming system because it involves mini

*Present address: Bribie Island Aquaculture Research Centre, Bribie Island 4507, Queensland, Australia. 
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mal change to the existing rice cultivation 
practices and it requires little material 
and labor inputs. In concurrent rice-fish 
culture, rice production is increased by 
10% and total income, by 25-30%. 

Most of the rice-fish farms in Indone-
sia are in irrigated ricefields. Three rice-
fish farming systems are practised in In-
donesia: minapadi (concurrent), palawija 
ikan (rotational) and penyelang (interme
diate). In minapadi, fingerlings are cul-

tured concurrently with rice; while in 
palawija ikan, fish are grown alternately 
with rice. In the penyelang system, fish is 

he wetcultured between the harvest of 

season rice and before the planting of the 

dry season rice. 
In concurrent rice-fish culture, the 

level in the ricefield is maintainedwater 
between 5 to 10 cm above the soil. Shal-

low peripheral, cross or middle trenches 

or a combination of these are sometimes 

constructed to provide more space for the 

fish. These trenches occupy 4-6% of the 

ricefield area. 
High-yielding IR 64 and Cisadane rice 

varieties are cultivated in the wet and 

dry season., respectively. Chemical ferti-

lizer rates per hectare are 200 kg urea, 

100 kg triple superphosphate (TSP) and 

100 kg potassium chloride (KCI). 
The main species cultured in the 

ricefields is the common carp (Cyprinus 
carpio). Fingerlings are stocked at a rate 

of 2,500-3,000/ha. Fish are given a sup-

plementary feed of rice bran every five 

days. In the minapadi system, the finger-

lings are raised for 40-50 days. 
The rapid adoption of rice-fish farming 

in many parts of Indonesia is causing se-

rious concern for the irrigation authority, 

Most irrigation systems were designed for 

rice monoculture farming. The authority 

fears that the existing irrigation systems 

will not cope with the additional demand 

for water from rice-fish farming. There is 

also a g-rave concern that the rapid inter-

est in rice-fish farming may reduce na-

tional rice production. 

Lack of fingerlings, in terms of timely 
availability and good quality, is a major 
limitation for the expansion of rice-fish 
farming in many areas. Concern is also 
expressed on the use of pesticides in rice
fish culture. There are still no definitive 
findings on the effects of pesticide use in 
rice-fish farming on the health of the fish 
consumers. 

PHILIPPINES 

In the Philippines, rice-fish farming is 
carried out in irrigated ricefields. Fish is 
grown concurrently with rice. The size of 

rice-fish farms ranges from 2,000 to 
2
 is con10,000 m . A fish refuge pond 

at the endstructed either at the center or 

of the field to provide shelter for the fish 

during the day or when the water level 

drops below the field level. The refuge is 

also used to concentrate the fish at har

vest time and during insecticide applica

tion. The fish refuge occupies about 8

10% of the ricefield's total area. The 

depth of the fish refuge range from 0.5 to 

1.0 m. The construction of peripheral 

trenches are not well accepted by the 

farmers. 	Initially, water depth is main
ricetained at 10-15 cm. After the 

tillering stage, it can be increased to 20 

cm. 
High yielding R rice varieties are 

used in rice-fish farming. Fertilizer appli

cations consist of 100 kg/ha urea, 200 kg/ 

ha ammonium phosphate and farmyard 
manure. 

The main fish species cultured in the 

ricefields is the Nile tilapia (Oreochrornis 

niloticus). Fingerlings (10-15 g) are 

stocked at 5,000-7,000/ha. The fish cul

ture per-iod is from 60 to 70 days. Fish 

food consists mainly of rice bran and ap

plication rates vary for each farmer. Rice 

production increases by 10% when rice is 

grown concurrently with fish, while total 

income increases by 15%. 

The major constraint of rice-fish farm

ing in the Philippines is the lack of 
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irrigated ricefield areas. Poaching is also 
a serious problem of most rice-fish farm-
ers. Also, the spraying of toxic pesticides 
on neighboring irrigated rice farms often 
cause problems to those practising rice-
fish culture. 

THAIIAND 

For over 30 years, rice-fish farming
has been practised in irrigated and 
rainfed areas in Thailand. In both envi-
ronments, fish are raised concurrently 
with rice. In the rainfed area, only one 
crop of rice is grown in any one year.

In irrigated areas, the ricefield often 
dries up for a short period of time under
intermittent irrigation water supply. 
Therefore, trenches and a fish refuge
pond are essential parts of the rice-fish 
farm. Trenches are dug along one, two,
three or all sides of the field and a small 
refuge pond is constructed at the lower 
part of the field. The pond is connected to
the trenches. The size of the trenches and 
the refuge pond varies from farm to farm. 
In most cases, the trench is not less than 
40 cm wide and 30 cm deep. The refuge
ponds are about 1 deep. The totalm area 
of the trenches and the pond occupies 5-
10% of the ricefield. The size of a manage-
able rice-fish farm is estimated to range
from 3,200-8,000 M2 . 

Rice varieties cultivated in the irri-gated system are Sanpathong, KMLD 105,
RD 6 and RD 7. Both inorganic fertilizers 

and farmyard manure used.
are 


Common 
carp, tilapia (Oreochromis
niloticus), silver barb (Pulitiusgonionotus)
and rohu (Labeo rohita) are the main spe-
cies cultured in the ricefields. The number 
of fingerlings released into the ricefield is
5,000/ha. Both polyculture and 
monoculture systems are practised in 
Thailand, but the best species composition
is yet to be determined. In reality, how-
ever, the species composition and the 
stocking rates are largely determined by
the availability of fingerlings. Ideally, fin-

gerlings should be stocked at 5-7.5 cm or 
larger, but in most cases, they are stocked 
when 3-5 cm long. 

Fish production from irrigated
ricefields ranges from 300 to 600 kg/ha.
At the end of the rice-growing season, the 
fish sizes are: 100-200 cm for commoncarp; 80-200 cm for silver barb and 50
150 cm for tilapia. Rice production increases by about over10% rice 
monoculture production in irrigated areas. 

Rice-growing in northeast Thailand is
mostly in rainfed enviro ,..ent. Rice-fish 
farming in this area is subject to frequent
drought and flooding. Even in the rainy 
season, the fields are often without water 
fir a prolonged period of time. Conse
quently, both rice and fish production are 
low and unpredictable. 

The design of the rice-fish farm in the 
rainfed areas is similar to those in irri
gated areas, except that trenches and the 
refuge ponds are bigger and deeper. The 
interconnecting peripheral trenches are
generally 1 m wide and 1 m deep. The 
refuge pond is 1.5-2.0 m deep. The 
trenches and pond are used to store water 
at the beginning and at the end of the 
wet season. The size of the farm is gener
ally between 3,200 to 8,000 M 2. Although
larger fields are common, fish production 
ranges from 100 to 300 kg/ha.

Despite the successes enjoyed by 
many farmers, rice-fish farming is notuniversally accepted. Many farmers be
lieve that the outbreak of epizootic ulcera
tive syndirome (EUS) will affect fish pro
duction in ricefields. Poaching is also a
 
problem in some 
areas as farmers gener
ally live 
away from their field. In irri
gated areas, the use of pesticides in the
 
neighboring 
farms causes some concern 
among potential rice-fish farmers. Pesti
cides have not become a major problem in 
the rainfed areas, where there is rela
tively little usage of them. The demand 
for fingerlings is highly seasonal. Very lit
tIe additional inputs are given to the fish. 
Rice bran and agricultural wastes are 
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given only when available. The fish are 
harvested as required although the bulk 

is harvested at the end of the rice-grow-

ing season. The short growing period, lack 

of good quality and right sized finger-

lings, and inadequate feeding are the con-

straints in the development of rice-fish 

farming. 

BANG LADESH 

Concurrent rice-fish systems in both 
irrigated and rainfed environments are 
practised in Bangladesh. Although rice-
prawn farming is practised in Bangladesh, 
this discussion is limited to rice-fish farm-
ing only. 

Fundamentally, there is little differ-
ence between the two rice environments, 
High yielding rice varieties are used in 
both irrigated and rainfed areas. The reF-
uge pond occupies 5-10% of the ricefields. 

Fingerlings pf rohu, Nile tilapia and 
silver barb are stocked at 5,000/la at sizes 

between 5 to 7.5 cm. The fish are fed 

with rice bran. 
Most of the ricefields are subject to 

annual flooding, thus many farmers can
not culture fish in their ricefields. The 
average land holding is also small and 
farmers are reluctant to sacrifice theirricefields for fish trenches and ponds. 

Extension Strategy 

Extension Approaco 

PEOPLE- OR IPROI)UCT-ORIENTED APPIROACH 

Both people- and product-oriented ap-
rohs haepeir wnd rithed ap-pr 


proaches have their own merits. The ap-
proach used in extension should be 
largely dictated by the social, economic 

it op-and cultural environments in which 

as well as the available physicalerates, 
For example,human resources.and to farm

where credit or subsidy is given 

ers, the authority should be able to insist 

on certain methods of implementation. 
The community-oriented approach is 

appropriate and essential in a situation 
where the activities of the farmers can 

adversely affect the weil-being of their 

neighbors. This situation is more often 

found where farmers must share a com
mon resource such as irrigation water. On 

the other hand, if the farms are self-con
tained and do not have to rely on outside 
assistance, they mus. be able to decide 
thc meIiiod wLhich isi-,c,.t appropriate for 
their situation. Situations and resources 
change continually and extension should 
adapt quickly to these changes. The con
struction of an irrigation system in an 
area, for example, will necessitate a 
change in the extension approach from an 
individual approach into a more commu
niLy-oriented approach if benefits and op
po,tunities are to be equally shared by 
every farmer. 

SPECIALIST AND GENERALIST 
EXTENSION AGIENTS 

The discussion group could not reach 

an agreement as to whether specialist ex
tension agents are more effective than 
generalistspected becauseor vice versa. Thisof istheto be exmembers group 
came from diverse work, organizational 

and cultural backgrounds. It is agreed 
however, that both generalist and special

ist extension methods have their own 
merits and shortcomings. 

SUBSII)Y AND CREDIT 

Incentives are often appropriate and 

necessary to secure farmers' cooperation 
in establishing demonstrations in a new 
area. Only the necessary amount of subsi
dies or incentives should be provided to 
motivate the cooperators, otherwise it may 

thecreate a wrong expectation among 

rest of the community and be counter-pro
dutivet omnt 
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Credit is not recommended in situa- tion. Consequently, they lack cred
tions where rice or fish productions are ibility among farmers. 
variable, such as that found in the 4. Extension services are given at
rainfed areas of Northeast Thailand. It is the convenience of the officers,
appropriate in those areas where rice or rather than when it is most 
fish productions are more stable, such as needed by the farmers.
in the irrigated areas of Indonesia and Not everyone can become good exa 
the Philippines. Borrowers beshould tension officer. Better selection and
given incentive of a one year repayment screening procedures of officers being re
holiday. Group insurance should also be cruited will reduce the number of unsuit
promoted to safeguard against any unfore- able extension officers. Officers should de
seen calamity. velop a proper working attitude before 

they are allowed to come into direct con
tact with the farmers. They should first

OrHER NEEDS work closely with a good senior extension 
officer. Only until they have gained someRegardless of the approach used in experience and credibility of their own 

extension, it is Essential that appropriate that they can be effective with farmers. 
trainings are provided for extension and Intensive technical training can check
training officers. Field officers must know against giving inconsistent and incorrect 
the social and economic environment of advice. Adequate written materials must
their working area and of the technical also be made readily available. Field ex
fields. Extension officers must also under- tension must beofficers constantly en
stand the market environment and be couraged to discuss their works and prob
able to help farmers assess the profitabil- lems with specialists and experts.
ity of their farm operations. Infrequent visit is a common problem 

of extension in developing countries. The 
lack of manpower and financial resourcesExtension Constraints combined with the vast working area, are 
responsible for poor extension services. AThe problems in extension are closely more focused extension program through

interrelated. Farmers are reluctant to ac- bettera site selection procedure will en
cept advice from extension officers because able officers to concentrate their efforts. 
poor farmers are conservative and nonrisk Mass media should play an important ex
takers. Also, many farmers ho'd bad expe- tension role in remote areas. 
riences with the service and advice of ex
tension agents among which include: 

1. 	 Poor attitude of extension officers Extension Methodology
 
towards farmers. They are often
 
arrogant, impersonal, officious and FARMER PARTICIPATION
 
domineering. Extension officers of
ten fail to recognize and respect In many parts of Asia, 
women play an
farmers' wealth of experience and important role in decisionmaking concern
wisdom. ing 	financial investment and family farm

2. 	 Advice is often inconsistent, incor- activities. Therefore, extension and train
rect and contradictory. ing programs should be targeted equally

3. 	 Extension officers are often very towards women, as well as the men. Tim
young, inexperienced and have a ing and duration of the extension and 
very low status in the organiza- training must be such that it would allow 
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women to receive an equal opportunity to 
participate. In Indonesia and the Philip-
pines, special courses in economics are 
conducted for women; in Thailand, women 
are given postharvest trainings. 

MASS MEDIA 

Television and radio are important 
mass media for extension in Indonesia 
and Tlailand. In Thailand, many schools 
have integrated rice-fish farms, and 
schoolchildren play important roles in 
promoting the rice-fish culture to the com-
munity. In the Philippines, newspaper 
and radio are considered effective chan-
nels for extension. 

AUDIO VISUAL 	MATERIALS 

It was suggested that priority should 

be given to the development of video ex-
tension materials in Thailand and Indone-
sia; while flip charts were considered 
more appropriate in Bangladesh and the 
Philippines. A slide extension program 
was not considered by the group. 

OTHER EXTENSION MATERIAI19 

materials consideredOther extension 
leaflets and booklets.by the group were 

should be illustratedWritten material 
with numerous pictures and graphics. The 

use of local dialects was recommended for 

Indonesia and Thailand. 

FARMER TRAININGS AND WORKSHOPS 

The need for intensive farmer 
trainings was emphasized. Intensive 
farmer trainings are best conducted at the 
government stations where there are ad-
equate facilities. However, only very few 
government stations have adequate ac-

commodation and training facilities for 
farmers. There is also a need for less in
tensive, but more subject specific 
trainings which can be conducted in the 
villages. 

In some cases, farmer workshops can 
be used effectively to stimulate farmers to 
transfer their knowledge to one another. 
The number of participants must be kept 
small so that all farmers can participate 
in the discussion. Farmer workshops 
should be conducted in an atmosphere 
where there is minimal interference from 
the officers. Officers can take this oppor
tunity to learn from the farmers, there
fore the discussions that take place in the 
workshops must be recorded. 

Research Priority 

INDONESIA 

• 	 At present, Indonesia does not have 
major problems in promoting rice-fish 
culture. 

PHILIPPINES 

e Integrated pest management (IPM). 
e Optimum stocking rate of fingerlings. 
• 	 Mortality rate and the causes of mor

tality. 
Waty.r management. 

* 	 Food and feeding. 
attitude toward rice-fish* 	 Farmer's 

farming and what motivates farmers to 

adopt the system. 

THAILAND 

* 	 IPM. 
* 	 Preventive and curative methods for 

fish diseases. 
* 	 Water management in rainfed areas 

and other uses of water including sup
plementary irrigation for the rice 
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nursery and dry season crops. 
* 	 Documentation of successful practices 

and verification of their replicability. 
* 	 Effectiveness of mass media use in ex

tension. 
" Fine tuning ot existing technology. 

In general, adequate information is 
available to confidently promote rice-fish 
farming in Northeast Thailand. Individual 
farmers must develop the technology to 
suit his/her farm situation. 

BANGLADESH 


" iPM. f 
* 	 Chemical fertilizer doses needed for 

optimum production. 
" Suitability of various species of shrimps 

and fish under different environments, 
" 	 Supply, availability and the optimum 

size of fingerlings. 

Flood management for rice-fish farm
ing. 

Recommendations 

* 	 Future discussions on rice-fish exten
sion must be conducted in a more 
structured form. 

* 	 All countries should be equally repre
sented by experienced extension spe
cialists, as well as by rice-fish scien
tists and technologists. 

* 	 Whenever possible, women participants 
should be present for their views. 
Participants must be given adequate 
time to prepare and gather relevant 
information for the discussion. 

o 	 Participants should be encouraged to 
bring relevant extension materials 
from their countries. 
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Barbus 56 
bawal* 118 

calbasu, see Labeo calbasu, 260 
Carassiusauratus 18, 21, 157, 

159, 160, 161, 190, 329 
Carassius auratus var. 64 
Carassiuscarassius 159, 221, 222, 

224, 315, 320, 381 
Caridinagracilirostris5, 29 
carp 1, 3, 5, 12, 30, 31, 36, 38, 39, 

180, 181, 186, 188, 190, 256, 
260, 334, 370, 379, 383, 395, 
430 

black, see Mylopharyngwxodo 

piceus 433 


Chinese 5, 11, 101-103, 143, 157, 
305, 370, 420 
bighead, see Aristichthys 
nobilis 1 56, 305, 331 
grass, see Ctenopharyngodon 
idella 24, 156, 238, 320, 321, 
328, 330, 331 
silver, see Hypophthal. 

Fish Species Index 

michthys mnlitrix 156, 257, 
263, 331 

common, see Cyprinus carpia 24, 
41, 56, 59, 78, 81, 119, 121, 
125, 135, 136, 156, 202, 206, 
263, 288, 304, 308, 312, 330, 
340, 353, 379 

crucian, see also Carassius 
carassius 4, 237, 241, 321 

Indian major 4.6, 11, 167, 170, 
179, 370, 420 


Japanese 148 

,Java 6, 56, 59 

lotus 241 

nilem, see Osteochilus hasselti 

56 
red 239, 240 


catfish, see Clarias sp. 4, 5, 31, 

36, 71, 72, 195, 256, 354, 370 


catla see Calla sp. 260, 262 

Calla sp. 371 

Calla calla, see Indian major carp 


13, 14, 29, 32, 36, 165-169, 

257, 261, 262, 264 
Chanda spp. 256 
Chanda nama 267, 271 
Chanda ranga 267, 271 
Channa spp. 4, 12, 36, 256 
Channagachua 29, 30 
Channapunctatus 30, 267 
Channa striata 5, 7, 29-31, 36, 70, 

73-74, 97, 99, 101, 118, 194, 
198, 199, 354 

Chanos charos 53, 118, 186 
Chromi.-. caeruleus 29 
Chromis dirnidialus 29 
Chronmis ternalensis 29 
Cirrhinussp. 371 
Cirrhinusrnrigala 5, 12-14, 29, 

31, 32, 36, 40, 165-169, 257, 
261, 262, 264 

Cirrhinu.;reba 4, 14, 167 
Clariasspp. 12, 371 
Clariasfuscus 21 
Clarias batrachus 5, 21, 29-31, 36, 
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40, 97, 99, 118, 179, 223, 292, 
340, 354 

Clarias leather 21, 22, 160, 162 
Clarias macrocephalus 6, 21, 69, 

70, 73, 74, 174, 198, 199 
Colisa spp. 4, 12, 256 
Colisa peeforalis 267, 271 
Colisa fasciata 267, 271 
Corbicula manilensis 189,221,222 
Casfy 56 
crab see Paratelphusa 

hydreor!nus, Paratelphusa 
spinegera 15, 218, 263, 265, 
266, 271, 355 

crayfish, see Prscambarus sp., 
Orconectes nais 189, 190 

Cristariaplicata 162 
crustacean 118, 271 
Cenopharyngodon idella 4, 13, 

18, 21, 25, 153, 156.162, 167, 
173-175. 179, 187, 235-237, 
240, 315, 320, 325, 419, 433 

Ctenopharyngodonidella Val. 187 
Cybister spp. 158 
Cypridopsis vidua O.F. Muller 

189 
Cyprinus corpio 4-9, 11-14, 18, 19, 

21, 24. 29-31, 36, 40, 45, 50, 
53, 60, 63, 64, 66, 77-80, 82, 
98, 99, 101-103, 118, 120, 
122, 124, 126, 140, 141, 143, 
147, 148, 155, 157, 159-162, 
179, 186-189, 221, 222, 224, 
230, 236, 237, 239, 240, 241, 
260-262, 264, 273, 276, 278
284, 286, 289, 292, 301, 304, 
305, 315, 320, 329, 333, 334, 
337, 339, 348, 361, 370, 371, 
438 

Cyprinus carpi, L. 186 
Cyprinus carpio Majalaya strain 

373, 375, 3",9-381, 383 
Cyprinus carpio var. fian 162 
Cyprinus carpio var. specularis 

14, 64, 66, 67, 167 
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dojo* see Misgurnus Macrobrachium malcolmsonii 41 157, 159-162, 165, 167, 169,

anguillicaudatus81 Macrobrqehium mirabile 30 179, 181, 186-188, 221, 222, 
Macrobrachium nipponensis 162 224-227, 229, 230, 241, 262,eel, see Flula alba 4, 12 Macrobrachiumrosenbergii 4-6, 8, 264, 292, 296, 297, 301, 304,Eriocheirsinensis 162 9, 12, 29, 36, 41, 53, 109, 333, 334, 337, 340, 348, 373,

Etroplus maculatus 5, 29 111, 118, 162, 165-167, 170, 375, 380, 381, 383, 386, 438,
Etroplus suratensis 5, 29, 370, 257, 267, 271 439 

371 Afacrobrachium rude 5, 29, 30 Osphronemus goramy 292 
Macrognathus sp. 256 Osteochilus hasselli 56, 118, 292Fluta alba 64, 157, 158, 161 Macrognathusaculeatus 29 
Mastacembelus armalus 29 Palaemon stylifera 5, 29Gambuzia 434 Mastacembelus pancalus 29, 30 Palaemonetes kadiakensis


Garnmarusfascialus Say 189 Melapenaeus spp. 4, 5 
 Rathbun 189 
Glossogobiusgiuris 29 Metapenacus brevicornis 29 panispis*, see Misgurnus

gourami, see Osphronenzus Metapenarus dobsoni 29, 37 
 anguillicaudatus81 

goramy Melapenaeus ensis 8, 109 Parapenaeopsissculptilis 5, 29giant 56 Metapenaeus lysianasso 8, 109 Parasilurus asotus 6, 64, 66, 67
kissing, see Heloslonma Melapenaeus nonoceros 12, 29, Paratelphusa hydrodomus 263

temmincki 56 37, 170 Paratelphusa spinigera 263, 271
snakeskin, see Trichogasler mgiral*see Cirrhinus mrigala Penacus spp. 4, 5

pectoralis 1, 71, 33972, milkfish, see Chanos chanos 6 Penaeus indicus 8, 12, 29, 36, 37, 
minnows 4, 12 109, 170

Hampala macrolepidota 118 Misgurnus anguillicaudatus6, 7, Penaeus merguiensis 29
Haplochromis mellandi 180 21, 63-67, 158 Penaeus monodon 4, 5, 12, 29, 30,
Helostoma temmincki 118 mollusc 64, 268 35-38, 53, 141, 170
Heteropneustes 12, 371 Mugil sp. 4, 5, 170 Penaeus semisulcatus 12, 29, 170Heteropneustesfossilis 4, 5, 29-31, Mugil cephalus 5, 29 perch, climbing, see Anabas

36, 168, 169, 179 Mugil cephalus L. 64 tesludineus 5, 354, 370
Hypomesus olidus 64 Mugil corsula 4, 12 Polydaclylus sexfiis 4, 170
Hypophthalmichthys molitrix 4-6, Mugil dussumieri 5, 29 Procambarussp. 189


13, 14, 36, 64, 140, 155-157, mullet, see Mugil cephalus 5, 30, 
 prawn 1, 27, 30, 31, 34, 36, 38,160, 167, 170, 2t'7, 261, 262, 35, 38, 370 41, 256-258, 266, 267, 271,
264, 329, 371 murrel 5, 256, 370 440 

Hyriopsis camingii 162 mussel 5 brackishwater 28, 33 
Mylopharyngodon piceus 18, 157, freshwater, see Macrobrachium

Labeo sp. 371 331, 434 nipponensis, Macrobrachium 
Labeo bata 4, 12, 40, 261, 262, Mystus Fpp. 4, 12, 256 rosenbergii 267
 

264 
 Myatus gulio 5, 29 tiger 370
Labeo calbasu 261, 262, 264 Aystus vitatus 267 Pseudapocryteslanceolatus 8, 109LabeL rohita 5, 12-14, 29, 31, 32, Puntius sp. 30, 267, 395, 419, 420 

36, 40, 102, 103, 165-169, Nandus sp. 256 Puntius binontlus 118
 
257, 261, 262, 264, 348, 439 Nandus nandus 29 
 Puntius bramoides 118largemouth black bass 190 Notopterus notopterus 29 Puntiusgonionotus 3, 4, 6-8, 11,Lates calcarifer4, 5, 12, 29, 170 13, 14, 60, 98-103, 109, 140,


Lebistes reticulatus 190 Oncorhynchus keta W. 64 
 143, 165, 167, 169, 179, 186,
Lepomis macrochirus 190 Ophiocaraaporos Bleeker 189 301, 304, 309, 340, 348, 361,

Lepomis macrochirus R. 64 Ophiocephalusargus 64, 162 
 433, 439 
Lepomis macrochirusRafinesque Ophiocephalus striatus 118, 147 Puntiusjavanicus40, 45, 53, 118,


190 
 Orconectes nais Faxon 189 260-264 
Liza spp. 5 Oreochromisspp. 121, 122, 263, Puntius pulchelus 29 
Liza parsia -, 29, 36, 41 330, 361, 386 Puntius sarana 267, 271

Liza lade 29, 41 Oreochrornisaureus 21, 162 
 Puntius sophore 29, 267, 271

loach, see Afisgurnus Oreochromis macrochir 21 
 Puntius ticto 29, 267, 271
 

anguiliicaudatus22 
 Oreochromis mossambicus 5, 12, 

13, 21, 291-31, 36, 40, 41, 186, Rasbora sp. 256Macrobrachium sp. 5, 21, 189, 221, 223, 225, 229, 340 Rasbora argyrotaenia 118
221, 222, 381 Oreochromis niloticus 4, 6-8, 21, Rasbora daniconius 29, 267, 271

Macrobrachium dayanur 30, 381 63, 64, 66, 67, 77-80, 99, 101- rembang* 118 
Macrobrachiumlamarrei 30 103, 140, 141, 143, 145-147, Rhinomugil corsula 5, 29 
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rohu see Labeo rohita 260, 263, 
440 

Salmo gairdneri64, 162 
Salmo solar 239, 240 
salmonid 24 
Sarotherodon esculentus 21 
Sepal siam, see Trichogaster 

pecloralis56 
shrimp 3, 4, 11, 12, 28, 37, 108, 

110, 111-114, 165, 166-168, 
170, 368, 370, 443 

brackishwater 5, 36, 106, 107, 
165, 170, 371 

freshwater 38, 106, 107, il1, 
371 

marine, see Pnaeus monodon 6, 
12, 109 

snakehead, see Channa striata 71, 
72, 354 

squid 107 

tilapa, see Oreochromis spp. 1, 3-
5, 7, 30, 35, 36, 38, 41, 82, 
83, 87, 143, 145, 146, 148, 
149, 180, 187, 309, 312, 334, 
353, 379, 381, 383, 386, 388, 
395, 419, 420, 439 

tilapia, Java, see Oreochromis 
mossambicus 6, 11, 53, 56, 
118, 222 

tilapia, Nile, see Oreochromis 
niloticus 56, 78, 81, 83, 118, 
149, 306, 307, 373, 379, 388, 
440 

Tilapia melanopleura 180 
Tilapia rendalli 180 
Tilapia zillii 180 
Tribolodon keta W. 64 
Trichogastersp. 8, 100 

Trichogasterpectoralis 3. 7, 69, 
70, 73, 74, 118, 186, 194, 195, 
198, 199, 292 

Trichogasterpectoralis Regan 186 
Trichogaster trichoplerus 7, 69, 70 
Triopus sp. 185 
Triopus granariusLucas 188 
Triopus cancriformis Bose. 188 
Triopus longicaudatus Le Conte 

188 
trout 24, 240 

u-u*, see Misgurnus 
anguillicaudatus81 

yoyo*, see Misgurnus 
anguillicaudatus81 

*Local name. 
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