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I -
ABSTRACT

The burning issves thal currently surround the countries in South Asia arc food security
and ecosystem securily. While food security is of paramount importance, protein
requirement is also an imporlant issue, since many of the rural children and oldcr people
suffer from scvere protein malnutrition. In Bangladesh, fish is the only source of free
animal protein for the poorer section of the community. One of the potential scopes for
improving fish produciion in Bangladesh is to integratc aquaculture with rice farming,
and considerable scopes are there (0 excrcise such practice in inundated rice fields during

the monsoon season through local community based water management.

In this study, the potential of integrated rice-fish farming was explored in inundated areas
of a small weter management project, namely, Balajtala-Kalmadange Subproject in
Gopalganj district of the Southwest region of Bangladesh. The study followed an
interdisciplinary approach through technical assessments as weill as application of
participatoty tools to address different dimensions of integraled rice-fish farming in the
study area, including physical, socio-economic, institutional and environmental aspects.
Using a set of criteria and indicators, the system was evaluated from a suslainability point
of view; for example, whether the existing physical sysiems are suitable for integraled
farming practice, whether the ncw system is able or have the polential 10 have a positive
impact on the socio-economic condition, whether the sysiem will be environmentally
sound, and what kind of management infrastructure and water management system arc

requircd for the integraled farming system to be sustainable over long periods.

The water managewment infrastructures in the project arca were found Lo be conducive to
the adoption of the new farming system. Desired water levels required for minimization
of rice yield reduction and increasing favorable condition for fish culture were analyzed,
which can be met from the available waler in the study arca. Results indicate that
standing water depth up to 50% of plant height is recommended during the diflerent
growing siages of rice that maximizes yield and increascs the favorable condition for fish
culture. Benefits obtamed by the community were morc then that they obtained in
previous years from rice monoculture. Howcver, potential of further enhancement of
benefils are there in the study area, Sincc introduction of fish culture is still in an

AV



cxperiment stage in the study area, ihe existing fish yield is relatively on the lower side at
0.10 ton/ha. However, therc are immensc potenlials to incrense the yield many folds by
increasing the stocking of fish fingerlings feasible for the study area, With increased
siocking of fish fingerlings, the simulated fish yield was 6.20 ton/ha, which is much
higher than the present yield. Full implementation of the project by Local Government
Engincering Department (LGED) will allow more area o be brought under cultivation
during Kharif-ll season. The existing benefit-cost ratio (BCR) for rice-only is 1.61
compared to 1.78 in the projected posi-project condilion. Inlégl-atinn of fish with rice will
increase the BCR manifolds; the simulated BCR for rice pius fish cultivation system is

5.11 compared to the existing ratio of 2,18.

The integrated farming system was found to be socially acceptable, The quality of soils
was enhanced with the introduction of fish in inundated rice field, which is favorable for
Boro crops to be followed in the ficld in the dry scason. Organic carbon, organic matter
and nitrogen content in soil after fish cultivation in rice field recorded about 2, 3and 19
times higher, respectively than that of enly ricc cultivation system. Howcever, no
remarkable impacts on soil quality were found in P", phosphorous and potassium content
between with and without rice-fish cultivalion system. The integrated farming system
jmproved pest management and weed control, and did not negatively impact water

quality, indigenous capture lisheries and biodiversity.

Therc are some shorlcomings in the managecment process with the integrated system,
including community-based fish farming through Water Management Co-operative
Association with fair distribution of shares and benefits among landowner, landless,
wraditional fishet men and women. The sludy suggests some management processes, and
anticipates that these will pave the way for more motivation and social aceeptability

among the community members with disparale socio-economic slatus, which in tum will

help sustain the system.

The results conclude that community-based fish culture approach in the study area has
the potential of being technically feasible, economically profitable, environmentally

sound, and socially acceptable.
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Chapter One
INTRODUCTION

1.1  Background

The buming issues that surround the countrics in South Asia are food security and
ccosystem security. These two can not be isolated from another; rather they are closely
related. While food security in general refers to security with cereals, protein requirement

is also an important issue, sincc many of the rural children and older people suffer from

severe protein malnntrition.

In Bangladesh, fish is second only to ricc as a source of food, representing 50% of caleric
jntake and 80% of protcin intake (ISPAN, 1993). Fish is virually the only sourcc of [ree
animal protein for the poorer section of (he community, who catches fish from open
water bodies including inundated foodplafn, rivers and swamps.  Fisherics sector

provides fuli-time jobs to 1.2 million pcopie and part-time and other jobs to another 12

million people {DOF, 2001).

In Bangladesh, the conflicts between agriculture and fisheries are well-known; many of
the flood management projects have led to subslantial decreasc in inland capture fisheries
produciion and fish biodiversity (summarized in Chowdhury et al., 1997}. Although not
able to match the fish bio<diversity and richer dietary nutrients of capture [isherics,
cilture fisheries are increasingly compensating the production loss of capture fisheries;
the production from capture and culture (ponds, baors, coaslal shrimp and lish) lisheries
were 0.71 and 0.86 million metric lons, respectively, in 2002-03 compared to 0.57 and
0.26 millien metric tons in 1993-94 (BBS, 2004). The demand for fish has increased due
(o the increase in the population of the country. Annuaily 18 kg fish is necded per capita,
while the availability is only 8.81 kg (DOF, 1995). For the poor people who live in the
rural areas, the intake is even loss than 8.81kg. This has had a negative impact on the
health condition of the people. So care should be taken for the best use of the [isherics
sector of the counlry. Therc are further scopes for improving the situation Lhrough
improved integration between the ﬁgri-:ulmn: sector and the fisheries sector. This can be

1



potentially achieved by integrated rice-fish cultivation in seasonal inundated paddy ftelds

ot flood-prone arcas.

Rice-fish farming is practiced in many countries in the world, particularly in Asia. While
each country has evolved its own unique approach and procedures, there are also
similarities, common practices and common problems. Global recognition of, and interest
in, the potential of rice-fish farming in helpmg combat malnulrition and poverty has been
well known for a long time. The FAQ Rice Committee recognized Lhe importance of flish
culture in rice field back in 1948 (FAO, 1957). Subscquently it has been the subject of
discussions by the Indo-Pacific Fisherics Council {IPFC), the General Fisheries Coungil
of the Mediterrancan (GFCM), the FAO Rice Meeting and the International Rice
Commission {IRC). IPFC and the JRC tock a joint program for promoting investigations

lo evaluate the utility of fish culture in rice fields.

Integrated fish farming is generally considered particularly relevant to benefit the rural
small holder farmers (FAQ/IPT, 1992). A major sociocconomic bencfit of inlegrated
farming is thal inputs to the various subsystems that comprisc the farming systems lend Lo
be intra-farm, with a diminished reliance on inter-farm or agro-industrial inputs.
Intcgrated farming systems lead o a more balanced diet for the tarming lamily that
chooses to eat some of its own produce {Edwards et al., 1988). Apart from the additional
production of fish and the resulting enhanced nutrition level and income {Gupla et al.,
1998}, other benefits of such practice include improved yield of rice (Halwart, 1993),
increased nutrient concentration in rice and straw (Uddin et al., 2000), an incentive to
implement inlegrated pest management ([PM) (as fish reduces pest populations and hence
provides opportunities lo reduce misuse and overuse of pesticides, a common problem in
developing countries {Hatwart, 1998; Gupta ct al., 1998, 1999), and lower rice production
cost (Sarker et al., 2000).

Halwart (1998} described that from the point of view of IPM, fish culture and rice
farming are complementary activities because it has been shown that fish reduce pest
~ populations. In Indonesia, evidence from the inter- counlry program for integrated

Pest Control in Rice in South and Southeast Asia shows that the number of pesticide

2



applications in rice-fields can be drastically reduced through TPM. Such a reduction not
only lowers costs but also eliminates an imporant constraint to the adoption of fish
farming. With savings on pesticides and additional earnings from fish sales, increases in
net income on rice-fish farms arc reported to be significantly higher than on riec

monoculture farms by widely varying margins of 7 10 65 percent.

1.2  Rice-fish larming practices
Rice with capture (wild) fish farming
Farming practices in the flood-prone ecosystem are govemed by a number of interacting
physical facmlrs, of which the chief ones are the flooding regime {onset, depth, recession,
and variability), topography, rainfall pattern, soil texture, and the water management
regime. Traditionally, farmers used to grow decpwaler rice and capture fish during the

flood season and subsequently cultivate a wide range of crops, such as pulses, oil seeds,

and vegelables, during the post-llood dry season (Fig. 1.12).

(hver the last few decades, the flood-prone ecosystems in Asia have undergone some
dramatic changes duc to the establishment of deep wells {for example, in Bangladesh and
eastern India) and construction of the Flood Control, Drainage and Irrigation {FCDI}
systems (Dey and Prein, 2006). With the availability of imigation facilitics, farmers grow
high vielding varicties (HYV) of rice in the dry season under irrigated conditions. In the
Gangetic floodplains, the dominant farming pattern in shallow flooded areas is irrigated
HYYV rice during the dry season, followed by transplanted despwater rice varietics during
the rainy scasons (Fig. 1.1b); while the dominant pattern in deep flooded areas is single
crop irigated HYV rice (Fig. L.lc). Late harvest of HYVY dry season (winler) rice does
nol usually allow limely establishment of a deepwater rice crop in the deep-flooded arcas

during the rainy season.



Ben Jradtionyt Sytem [oerd {9700

floodnd Laa;
Y - Green Revolton’ fllowsd by faow {19904 - 1I0V)

Fig. |.1 Farming systems with rice and wild lish
[Source: Dey and Prein, 2006]



Integrated vice-fish (wild plus culiure) farming

An opportunity for further increasing production in the flood-prone ecosysiem is in the
integration of fish culture with rice farming. The flood-prone areas are seasonaily flooded
during the monsoon and remain submerged lrom four to six months. In these Mood-prone
ereas, Jand ownership is fixed according to tenure arrangements during the dry scason.
However, during monsoon season, individual land holdings are not visible and waters are
community property granting all members access to fish in all arcas of the community.
Consequently, as it is essenlial that the rice-fish culture adlivity in the flood-prone
ccosystem is undertaken by the rural community under a group approach. The group
should include the landless, who have traditionaily accessed the flooded areas for fishing,

but would lose Lhis key resource if they were denied access to areas stocked with fish.

Generaily three types of rice-fish culture systems can be established in [lood-pronc arcas:
(i) concurrent culture of deepwaler rice {with submergence tolerance) with stocked fish
during the flood seasom followed by dry season rice in shallow [ooded areas; {ii)
concument culture of deepwaler rice (wilh elongation ability) with stocked fish during the
flood scason, followed by dry season none-rice crops in deep fooded arcas; and (iii)
atternating cuiture of dry season rice followed by stocked fish only during the lood
season (that is, without rice} in the enclosed area (for cxample, in a fish pen) in deep
fooded arcas. The World Fist Center and ils national parmners recently tested the
concurrent rice-fish culfure given as in oplion (1) above (Fig. 1.2a) in shallower flooded
areas, and Lhe altermating rice and Osh culture option (ili) (Fig. 1.2b) in deep-flooded
areas of Bangladesh and Viet Nam through a community-based management system.
These (Fig.].2) and other potential technical options nced to be tested and validated in
various Moodplains of Asia and Africa under varying institutional arrangements suitable

for locally prevailing socio-cultural economic and political conditions.
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Fig. 1.2 Farming systems with rice and wild fish
[Source: Dey und Prein, 2006]

13  Why integrated ree-lish farming?

Imegreted rice-fish farming approach helps to mitigate the trend of declining production
from inland capture fisheries accompanied by increasing price of fish (which makes it
less afTordable o the poor). For example, Dey and Prein (2005) reporied that there are 3
million ha of medium and deep flooded areas, out of which about 1.5 million ha arc
eslimated to be suitnble for community-based fish culture in Bangtadesh. If this approach
is adopted in only 50 per cent of these areas, annual fish production will increase by
450,000 1ons (additional to the presently produced 60.000 10ns of wild fish cought in
these greas) with an approximate value of U$$340 million, ard will be of benefit to an
cstimated 6.7 million people (2.7 million of which are landless and/or lunctionally
tandless). Similar opporiunitics arc scen for floodplain and dehwic systems in other
countries in Asie and Africa. [n the Meckong river basin, there are 0.8 million ha of
medium and deep flooded areas that could be utilized by the local communitics for joint
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fish culture octivities during the flood season, which is otherwise a fatlow season with
very low economic and agricultural activity. Of the 5.2 million ha of medium and deep
flooded areas in the Indo-Gangetic basin, 3 million ha are in Bangladesh, wherein an
estimated 27 million patential direct beneficiaries live, 1f only 25 per cent of these adopt

the approach, 6.7 million would benefit, of which 2.7 million perscns are landless

The combination of rice and [ish is a good and reasonable option for both the
agronomists and aquaculturists meeting the challenge to feed the increasing human
population and ecologists trying to keep habilats in balance (Halwart, 1993}, Integration
of lish with crops is the most efficient way of increasing production per unit arca of land.
Inlegration within the farm has been a practical necessity, where farmed [ish have been
economically and nutrilionally most important. Integrated aquaculture compliments and
improves the overall yield in terms of labour input and efficiency in terms of resource use
(Little and Muir, 1987). The ccological bencfit of fish growing in the rice fields could
make integrated rice-fish farming a type of ecological farming (Eco-farming) that leads to
sustainability of rice ficlds {Cagauan et al., 1993),

1.4  Rationale of the study

In Bangladesh, integrated freshwaler rice cum prawn and fish farming is practiced by
more than 106,000 households, especially in the southwest region, i modilficd rice fields
locally known as ghers (Williams and Khan, 2001). A sudy of 256 farms integrating
aguaculture with agriculture reported increased rice yiclds and decreascd infestations of
both pests and weeds {Gupta et al., 1999, 1998). Farming systems and LEnvironmental
Studies (FSES) of Bangladesh Agricultural University (BAL) Mymensingh, Bangladesh
Fisheries Research lnstitule (BFRI), Co-operative of American Relief Everywhere
(CARE) and some other local Non-Government Organization (NGOs) have currenlly
been promoling the rice-fish culturc lechnology through massive exlension and

condugcting on station and field based trial for the last ten years.

In Bangladesh, the potential for inlegrated rice-fish cultivation in inundaled deepwater
rice fields has been mostly unexplored. There have been a few studies which investigated

the usefulness of this technology on experimental basis. Dey and Prein (2003, 2004)
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demonsirated the usefulness of integrated rice-fish farming in shallow fHooded areas in
three upazilas {Kunpara, Sadhukhali, Maizpara). Ali et al. {1998) examined increase of
farm income by introducing [ish culture in deepwater rice environment using net pen and
polder systems. A number of rice-fish culture experiments were undertaken by BRRI,
ome example ot which is fish culmure in mansplanted aman fields in Mymensingh district

by Haroon et al. {1992).

The otal area of nce  helds in Bangladesh is about 10,14 million hectares of which
2.83 million heetares are scasonal paddy ficld where water stands for 4-6 months, and
hence can play an imporamt mole in  increasing fish production (DOF, 2002 and
Rahman, 1995). There exists considerable scope for increasing fish production by
integrating aquaculture in those types of inundated rice fields. In floodplain ecosystem,
opporunity exisis 1o fence- in larpe areas by ereating enclosed water bodies and stocking
these with [ish, and community management groups can play a signilicant roie in jointly
deciding on management and share of benefits besed on agreed rules (Dupan et al.,
2005). However, sustainability of such project is a question, which will largely depend on
a good understanding of the feasibility of such practice in the comiext of physical
suitability and socio-cconomic and environmental impacts and water management

requirements including a sound institutional arrangement,

This study is an attempt to investigate different aspects of a recently staded integrated
rice-fish farming prectice in rice fields inundated during the monsoon which is managed
by local water management association in a small water management project, namely,
Balajtala-Kalmedanga Subproject in Gopalganj district of the southwest region of
Bangladesh. The central research question of the study is: *what are the polentials of the
intepraied rice-fish farming system and what would be the waler management
requirement in the study area?’ This question is interdisciplinery in nature, as it touches
upon several imponani aspects of waler management from the sustainability point of
view, for example, whether the existing physical systems are suitable for such practice or
whai they should be, whether the new system is able or have the potential to have a

positive impuct on the socio-economic condition, whether the system will be



environmentally sound, and what kind of management infrastructure and system is

required for the integrated farming system to be sustainable over long pericds.

1.5  Objectives of the study
Specific objeclives of the study were as follows:
(i) To zssess the physical suitability, including water requirements, of integrated
rice-fish farming in the study ares;
(i}  To analyze the favorable institutional amangement required for sustainable
rice-fish farming;
(iii)  To analyze the socio-economic and environmental impact of inlegrated rice-
{ish farming; and
{iv)  To sugpest water management practices.
The study was expected to provide significant insight on how to translate the cxisting

tice-fish farming syslem into a sustainable practicc.

1.6  Organization of the thesis

Chapter two provides a review of literature on integrated rice-{ish cultivation system. It
includes a description of the (raditional rice-fish cultivation practices in Bangiadesh, and
a rather thorough review of results of both field level and on-station experiments with
integrated farming with concurrend, rotational, rice and fish mono- and polyculture within
Bangladesh and ahroed. Chapter three presents the methodology followed in the thesis.
it outlines the criteda and indicators used for cvaluating different aspects of the
integrated farming practice in the study area and the paricipatory methedology and
primary sampling of data used in the study, The study area is introduced in Chapler four.
The description include$ the physical waler management infrastructures, land 1ype and
topography, and (he existing socio-economic conditions in the project arca. Results are
prescnted in Chapter Five. Results include examination and discussion ol physical,
socip-economical, environmental and institutional aspects of the new farming system.

Conclusions are presented in Chapler six along with some recommendations.



Chapter Two
LITERATURE REVIEW

2.1 Introdaction

The Asian countries like China, Bangladesh, India, Malaysia, Indonesia, Thailand and
Vielnam have & long history of integrated agro- aquacullure systems, but the extent of the
traditional practices have not been wide. Lately, this farming sysiem is becoming a
favorite oplion among the resource-poor fish farmers in the developing world, mainly
because of ils ability to remove many risks associated with the stand-alone pond
aquaculture of both intensive and extensive scale (Prein and Dey, 2002). Polential,
existing areas and yield data of intcgrated rice-fish farming from a number of studies arc
summarized in Table 2.1, To maximize the output from the rice field, a lot of on siation
and on farm research works have been dope in many countries, specially in the rice
growing countries in Asia, such as China, Indonesia, Thailand, Phitippines, India,
Malaysia etc. Rice and [fish prodnctivity in integrated systems in some countries are
summarized in Table 2.2, In Bangladesh farming fish in the inundated rice field is a

rccent innovation compared (o other countries.

There is an cstimated &1 millien ha of imigaled rice worldwide, with an additional ii
million ha of Mood-prone land under rice cultivation (Halwart, 1988), rice-fish
production is possible in both of these systems under either caplure systems where wild
fish enter, reproduce and are harvested (rom the flooded fields, or culture systems where
the rice lields are stocked with fish either simultancously or aiternately with the rice crop.

One and somctimes both of ihesc systems are practiced in many counteics.

Table 2.1 Polential and existing areas of rice-cum-tish farming in different countries

Couniry Rice field arga (*000 ha) Potential ~ arca | Bxisting area
Trripated Rainfcd Total {*000 ha) {000 ha)
BRanpladesh 1227 002 16228 415 Unknown
China 302 2296 32798 5000 985.5 {1986)
India 14345 260644 40991 2000 Unknown
Indonesia 6230 3654 G830 1570 4.3 (1985}
Malaysia 427 220 647 120 Unknown
Thailand 313 8065 9378 254 Unknowr

Source: Lighfoot et al. {1992); cited in Uddin (2002}
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Table 2.2 Rice and [ish productivity in integrated systems as reported from various
Asian countries

Country ‘[ype af study Itice  yield | Fish yield | Fish species Bclerences
{Lans tha) {kgha)
Vigmam rField 1873 291474 C carpio Rothuis ef of , 1998
cxpetiment A goniononis Wramant ef @i, 2002
O, nitaticus
Wicknam Socio-economic | .25 26459 . carpin Borg, 2002
B. ponignotus
£ nloicus
Bangladesh | Field 1.5-3.7 226271 B gonicrofus Haron snd Pitrnan,
EXpETimel O milotives 1997
Bangladesh | Socie-economic | 3.5-5.0 HEH16 L carie Ciupta of gl f9846
2 granous
L3 peitertivnes
[ndnnesia Socip-econorme | 7.8 05623 O, cerpe Furba, 1998
3 miloticus
Thatland Fevicw n.d. TO-363 C carpiv Liltle et al., f #34
. poriameis
L nilircus
India Field 36 Q061282 . catia Mohanly ef of 2004
experiment O carpio
O mripata
L rofuia
China Revicw n.d. 2252250 . carpic Li, 1983
O nrfatcus
B, gonioneius

Source: Frei and Becker {2005)

A thorough review is made in the following sections of both field level studies and on
station experiments on integraled rice-fish farming systems conducted in Bangladesh and

abroad.

2.2 Rice-lish culture in Bangladesh

Dewan (1992) describes the traditional nice-fish culture practices in Bangladesh. Farmers
in Bangladesh have been harvesting fish from their rice [lields for a very long time.
Farmers construct ponds of difTerent sizes in low-lying areas of the feld and when the
ponds and rice fields are full of water during the monsoon, carp fry are rcleased,
foliowing no specilic stocking density. The small ponds can be provided with brush
shelters, but no fertilizers or feed arc applied. The [ish are harvested over a period

extending from (he time the rice is harvesied in November-December up to March. In the
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coaslal areas, marine shrimps such as the various penaeids including P. monodon may
also be cultured. The traditional ‘bheri’ system is uscd wherein the rice fields are
enclosed by smail embankmenis complete with inlet channels and sluice gates. Ficlds
vary in size from 3 lo 50 ha. Both rolational and concurrent systems afe practiced.
Occasionally, the freshwater prawn (M. rosenberpii) may also be cultured. Prawn fry

gathered from nearby rivers are stocked atier the monsoon rains have washed out the

salinity from the rice fields.

Agre-ecological conditions are particularly favorable for the cultivation of integrated
rice-ficld in many parts of Bangladesh and more than 100,000 households now praclice
integrated freshwater rice cum prawn and {ish farming, mainly in southwest Bangladesh.
Farmers grow prawn wilh rice {in-fish and vegetables in modified rice- fields known
locally as Ghers. Gher-farming provides land management alternative well adapted to the
conditions of southwest Bangladesh. It uses scarce land and abundant labour in the
proportions (hat cxists locally and has crealed economic opportunity for smallbelder
households that would otherwise be very poor (Finan, 2001). Gher farming generales an
average income thal is four times higher than any other typical agriculture practice in

Bangladesh {Abedin and Kabir, 1999).

Field level studies

NGOs in Bangladesh are showing increasing interest in rice-fish farming. Among the
more successful NGO efforts was the Noakhali Rural Development Program in 198%
whicl used the rotational system to produce from 223 to 700 kg/ha of mixed species of
fish in 50 fields planted with local rice varicties (Haroon et al., 1992). Dey and Prein
(2003, 2004) reported that the World Fish Center and its national pariners tested the
concurrent rice-fish culture in the shallower Mooded areas and the alternating rice and
fish culture in the decp flooded arcas of Bangladesh (Kuripara, Sadhukhali, Maizpara
thena)} through a communily based management system over (hrec years {1998-2000).
Under this approach, fish was cultured communally during the Nood season while the
same land was cultivated with rice during the dry season by individual farmers in their
separately owned plols, The average rice yield was about, 7 tonha’/ycar. The rcsnlts
show that the adoption of Community Based Fish Cullure (CBFC) can subsiantially
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increase fish production by about 600 kg/hafyear in shailow flooded arcas and up to 1.5
tonc/halyear in deep-flooded areas, without reduction in rice yiekd and wild [ish catch.
For the overall system, an additional income ranging from US$ 135 per hectare in
southern Vietnam to US$ 437 per heclare in Bangladesh was achieved, which is an
increase of 20-85% over lbe previous profitability. The arangements invelved
landholders and landless, who received shares of the returns based on their conlributions
to management and upkeep. The landless which were seasonal [lishers in the area, had
income gains from their labor and additionally were able to conduct fishing for
indigenous non-stocked fish and thereby mect their family nutritional and income

requirements during this period,

Gupta (1999) underiook studies to assess the impacl of the integration of aquaculture
with rice-fish farming in medium high land during the irrigated and rainfed seasons and
the introduction of low-input pond aquaculture in flood-prone ccosystems in
Bangladesh. Baselinc surveys were underiaken in the project areas prior to the
introduction of new lechnologies as well as two years afler the completion of the
projects to assess the adoption of technologies by the farmers and impact if any, on
household income and nutrition. These studies indicated that in beth cases the farmers
had adopted the technologies and some had even improved/intensified the technologies in
the case of integrated rice-fish farming. Farm income increased by 65 percent, while
there was & tripling of household consumplion of fish in the case of farmers adopting
low-input aquaculture practices introduced n the [lood prone ccosystem, In both cases,
the studies revealed that relatively well-off farmers look advantage of the new
lechnologies, indicating the need for institutional support for poor farmers Lo benefit from
the technologies. Gupta et al. {1996) studied the economics of more than 250 rice and
rice-fish farms in Bangladesh. The studies concluded that the adoption of integrated
culture had brought about an increase in net benefits by more than 60% in irvigated areas
and by more than 80% in rainfed arcas. In the same example, (he inerease in production

costs by 14 to 18% was more than compensated for by the increase in revenues.

Many of the on field experiments showed increase in rice yicld when integrated with fish

cultivation. For example, Ali et al. (1998) conducted a study on fish culture in deep
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water tice (DWR) environment using net, pen and polder system. A 35 species
combination (rohu, mrigal, and common carp, grass carp and Thai silver bard) were
cultured with BR 3 rice variety and DWR. Boro rich-fish production sysicm produced 2.8
tonsha of fish and 7.33 ton/ha of rice in polder system with 5 species combinations.
Mazid et al. (1993} studied fifly farmers’ plots under rice fish cullure system from four
thanas of Mymensingh districl during Aman scason. P. genionotus and C. carpio were
stocked al the rate of 3000/ha end the average yield of fish recorded were 76 kg/ha tor P,
gonionotus and 157 kg/a lor C. carpio and rice yields recorded were 4.4 ton/ha with fish

and 4.2 ton'ha without fish.

Intensive studies and surveys underiaken from 1992 to 1995 in Bangladesh showed
improvement in income and food availability for most of the respondents to the cxtent
that 89% of the farmers involved planned to continue with the practice. The net returns
from rice-fish were over 50% greater than that from rice monoculture. The higher net
returns were probably due to the lower mean costs of rice cultivation and higher rice

vields in addition to the (ish yicld from integrated farms {Gul:;ta et al.,, 1998).

Significanl improvements in yields werc also found by Kohinoor ct al. {1993} in their
experiments with two rice-fish culture systems, one conducted in 1988 and another in
1989 during the Aman season, in six plois with the size of 1360-2880 m® in Mymensingh
district. Each plot was provided with ditch covering 3% of Lhe plot arca. . gonienofus
was slocked at a density of 2000/ha in 3 plots each year. The experimental plots were
fertilized with nitropen-phosphorus-potassium and gypsum at the rale ol 150, 225, 75 and
75 kg/ha, respectively as per normal practice followed in transplanted Aman in the area.
Rice seedlings of variety BR-11 werc transplanied in the plots. The fish culture period
continued for 85-90 days in 1988 and 70-75 days in 1989. The yield of fish recorded was
98.4 kg/ha and 73.6 kg/ha in 1988 and 1989, respectively and rice vicld varied between
4.8-5 ton'ha.

Fisheries Research Jnstitute {FRI) underiook studies on rice-fish culture in 68 [armers’
plots during the boro season in collaboration with Depariment of Agricultural Exlension

(DAE) and Intemational Center for Living Aquatic Resources Management (ICLARM)
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in 1992 (Gupta and Mazid, 1993). The experimental plots were selected from 12 thanas
of Mymensingh and Jamalpur district. The rice plots were stocked with P. gonionotus
and C. Carpio at a stocking density of 3000/ha. These two specics of fishes were stocked
in the plots either singly or in combination in the ratio of 1:1. Some farmers used rice-
bran and oil cake while others used duck weeds as supplementary feeds for fish. Average
lish production obtained was 229.4 kg/ha and rice vields were recorded as 4.4 ton/ha with
fish and 4.2 ton/ha without fish. Similar results were found from a study by the FRI
(Rahman ct al., 1995) in 85 imigated boro rice fields, with size varying from 0.08 ha to
1.2 ha during the year 1994, The study also found that [ish pelyculture integrated with
rice produccd more yields than fish monoculture integrated with rice. The rice fields were
provided with ditch covering about 2.8% of the total area. The farmers were sugpested to
stock fish at a density of 3000/ha. The fish species viz. C. carpio, P. gonionofus and .
niloticus were stocked either singly or in combination, with a stocking period of 71 days.
The average [lish production recorded under different species combinalion stood at 145-
577 kg/ha with the highest yield in multi species piots. Higher yield of rice (6.4% by
average) was recorded in 88% rice felds with fish compared Io those without fish.
Average fish recovery recorded was 52.4% for C. carpio, 65.6% for P. goniontus and
68.4% for O. niloticus.

A somewhat lower yield of ricc was found in the rice-[ish culture experiment undertaken
by Bangladesh Rice Research Institute (BRRI} in collaboration with Department of
Agricultural Extension (DAE) in & transplanted Aman fields of the villuge Kismat at
Mymensingh district {Haroon et al., 1992). Fish fingerlings of O. niloticus were stocked
in the field at the rate of 6250/ha afler onc month of teansplanting BR11 seedlings. The
rice Mields were fentilized with nitrogen-phosphorus-potassivm (N-P;05-K;O} at the rale
of 60-40-40 kg/ha. Low cost supplemental feed and insecticide were used during the
gullure period, Average yield of fish was 416.7 kg/ha and thal of the rice was 3.97 ton/ha
with fish and 4.0 ton/ha without fish.

CARE Bangliadesh (CARE, 1992) initiated sindics for evaluating the use of ricc lields as
nurseries. The stocking rales used for hatchlings and fry were 313,000-600,000 and
50,060-100,000/ha, respectively, Fingerlings were harvesled two months afller stocking.
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The rate for hatchings was 3-5% and in the case of fry it was 31-45%. Under both
stocking regimes, more than 75% of the farmers were able to make a profit. Net benefit
averaged 8,038 Tk./ha and 11,689 Tk./ha at high stocking densities of sperm and fry,
respectively.

Whition et al. (1988) worked in deep watcr rice fields in Bangladesh. They reported
physical, chemical and biological features of Bungladesh deep-water rice [ields.
Temperature showed a narrow range with valucs for the upper part of the water column
during July-October seldom outside the range 29-35%C, Mecasurement of conductivily
ranged from 60.7-288 pS/cm, NH;-N ranged from 0.006-0.05 and pH 6.53-7.08.

O station experimenty

Mondal (2001) conducted an experiment on the culiare of Roktee cotic in combination
with mola {Amblypharyngodon moia) and common carp {Cyprinis earpioj in rice fields
and he found that the yield of rice grain and straw were found to increase by 9.02-17.29%
and 9.30-18.85%, respectively in treatments with fish than without fish. Das {2002)
conducted two sets of experiments, in the ficld of Bangladcsh Agricultgral University. A,
molu in different stocking densities and R cofio in combination with silver burb
{Barbodes gonivnotus) and C. carpio were used. He stated that yield of rice grain and
straw increased by about 5.90-13.24% and 5.61-14.05%, respectively rice fish culture
over rice cylture alone. Haque ct al. (1998) conducled a study in Mymensingh 1o examine
the relative profitability of rice fish culture and rice monocrop production. The results of
the study showed that the rice lish farming was economically more rewarding than the
rice monocrop farming, although both the farming activities were found (o be profilable
over cash as well as full costs. In addition to extra-earning, there was very minimum

cxira cost for fish.

Ahmed et al, (1995) suggesied P. goniontus, C. carpio and O. niloticus es suilable fish
species for simuilaneous method of rice-fish culture. The stocking densities
recommended by them were 2500-3000/ha in monoculture and 5000/ha in mix culture
and the suggested species ratios were 1:1 for two species combination and 2:2.1 for 3

species combination. The fertilizers such as urea, TSP, MP and gypsum were suggested
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to be applied at the rate of 200, 153, 77 and 128 kg/ha respectively. The suggested

stocking density for monoculture was found to be low especially for P. gonionotus anid

(+. milaticus.

An experiment carricd out in Bangladesh (Haroon and Pitiman, 1937) demonstrated
maximum fish yields (silver barb) of 271 kg/ha in each rice growing season without
ferilizer or extra fecd. In contrast, Mohanty et al. (2004) observed fish yields {advanced
fingerlings) of up to 1,245 kg/ha with the application of mineral fertilizer and manure

{cow dung), at a stocking density of 35,000 fingerlings per ha.

Das and Dewan (1982) conducted experiments on fsh growth in rice-fish concurrent
syslems. Rui (Labeo rokita), mrigal {Cirrhinus mrigafe), common carp (. earpic) and
tilapia (O. niloticus) were stocked both in monoculture and polyculture. All the species
showed better growth in monecuiture than in polyculture. Tilapia pertormed highest
average growth, closely followed by common carp. Mrigal had the lowest growth rate.
Similar resulls were found by Haroon et al. (1992), who conducted experiments with P.
gonionotus and O. riloticus polyculture and monoculture. With a constant stocking rale

of 7000/haz, the highest yield was observed from £, gonionotus monoculture (508 kg/haj.

Chowdhury et al. (2001} condncted an expetiment on rich [ish culture by stocking 4.
mola alone {T,} and in combination with B. gorierotus (T2) and C. carpio (Ts). He
recorded total fish production 125.0 ke/ha, 175.21 kg/ha and 261.88 kg/ha, respectively
in T, Tz and Ts. Rice yield was increased by about 12.10% in T, 13.308% in T; and
16.33% in Ty in context to Tq, rice alone culture. Uddin et al. (2001) obtained higher fish
production (244.9 kg/ha) and income (Tk. 6,399/ha} by stocking . gonionotus than that
of 2. niloticus (142.8 kg/ha and Tk. 2137/ha} in rice fish cuiture. They also obtained
significant differences (p<0.01) in the yield of rice grain and straw bctween the

treatments with fish and without lish.

Trials corried out by GOLDA project implecmented by CARE in southwest region of
Bangladesh found that yields of fish were 18% higher in rice-prawn plots compared with
prawn only piols (Nabi et al., 1999). Overall, house incomes increased by 46-104%
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following these intcrventions in southwest Bangladesh (Finan et al., 2001). The GOLDA
praject also promoted Intcgrated Pest Management {IPM} of rice and vegetable crops.
Introduction of IPM in southwest Bangladesh significantly increased productivity by
reducing the use of pesticides and chemicals as well as enabling farmers to select good
rice varieties and controlling pests with non-chemnical measures. Not only were the
annual costs of cultivation using IPM much cheaper than conventional practices (14,964
Tk/ha compared to 20,490 Tivha}, but tice yields were also higher, 5.4 ton‘ha in IV
plots cornpared (o 4.7 lon/ha in non-TPM plots (Sarker et al., 2000)

Enrichment of quality (nutrients) of rice and soil were found in a number of studies. The
hipher concentration and uptake of nutrients by grain and straw in rice {ields with [ish
mighi be asscciated with the accumulation of fish feces and increased bioperturbation of
the soit by [ish movements which resulted in nutrients being more available for plant use
and eccumnulation of fish excreta leading lo higher organic load in the soil. For example,
nutrients uptake by rice und straw in rice field cnlture sysiem was reporied by Uddin et
al. (2000). They obtained signilicantly higher concentrations (p<0.03} of N, P, K, Na and
Mg in rice prain and straw in treatments with fish (han without {ish. And such differences
were also recorded in the amount of Ca and Fe between the treatments with and without
fish in the case of straw only. Soil quality was also reported to have improved with the
intraduction of integrated farming system by Chowdhury (1999). While no significant
difTerences in initial vaiues of pH, organic matter, N, P and K were obscrved among the
different treatments, (here were significant differences in the final values (afler harvest of
rice and fish) of these nutrients between the treatments with fish and without tish in most

of the cases.

A number of studies revealed the stale of water quality in integrated rice-fish farming
systemn. Das (2002) studied the water quality parameters in rice lields. The values of
lemperature, dissolved oxygen, pH, nitrate-nitrogen, phosphate-phosphorous  and
chlorophyll-a that he recorded were found to range from 25.40-32.46° C, 3.29-4.53 mg/1,
6.57-8.45, 1.60-2.77 mg/1, 0.38-1.23 mg/1 and 26.21-33.31 pg/1, respectively, Uddin et
al. (2001) reporied that in rice fields, the water temperature, dissolved oxygen, pH and
chlorophtl-a concenlration ranged from 21.9 to 33.60° C, 3.7 10 6.6 mg/1, 6.7 lo 7.8 and
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147 10 55.1 ug/l, respectively. Islam et al. {1998} studied the physico-chemical
parameters of water m the rice fields and the wvalucs of water depth, lemperture,
dissolved oxygen, p", salinity, nitrate and phosphate werc found to range from 14.4-14.6
em, 29.3-29.5° C, 5.3-5.6 mg/1, 7.7-7.8, 0.83-0.90 ppm, 0.12-0.20 mg/l and 1.0-1.0
mg/1, respectively, Witton et al. (1987) recorded a pH value range of 6.53-7.08 in decp
walter rice fields in Bangladesh. Rahman (1990} conducted an experiment on rich fish

culture and the average pH recorded was 7.6.

2.3  Rice-lish culture practice abroad

fndia

An efficient rice-[ish system adapted (o rainfed conditions has been developed at the
Centra] Rice Research Institute {CRRD) in India (Sinhababu and Das, 2004). During the
mensoon season, when water is sbundant, rice and fish are produced concurrently.
During the dry season, when the rice fickds run dry, the fish remain in a refuge nond,
which relains water until the next lood season. Afier the rice harvest, the now dry fields
can be used to prow vegelables under irrigation, using (he water remaining in the refuge
ponds. Shortly before the following monsoeon season, rice is planied and fish are again

allowed to enter the rice felds as water levels rise.

A good number of experiments were conducted by scientists to study a varicty of aspects
associated with integrated rice-fish farming, including production rate. The production of
fish (common carp) was found (o have ranged [rom 17.5-152.5 kg/ha with the morality
ratc varying from 15-60% in the experiment by Muddan et al. {1970). Sinhababu el al.
(1983) observed an increase in rice yield in the range of four to six percent in the
presence of fish (common carp), while Panda et al. (1987) found significantly enhanced
uplake of nitrogen by tice plants in the presence of nalive carp specics. Baruah et al.
(1999) conducted rice cum [ish culture trial and found the yield of rice to increase by
15% as compared to 1ice grown in nearby areas. Fish culture in rice ficlds stimulates the
activities of micro-organisms, increases availability of organjc matters, have positive
impact on mineralization as a consequence of lower P of waler and increases the release

of nutrients for better rice prowth.
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Victor et al. (1994) observed that composile culiure of edible tishes (common carp, silver
carp, grass carp, catla, rohu, and mrigal) in rice felds in the Cauvery delta of Tamil
Nadu, India, resulted in 81% reduction in the immature mosquito population of

anophelines and 83.5% of cultivines.

Spacing of rice plants was also found to have an impact on yields of rce and fish, Singh
et al. (1980) conducted an experiment in which planting pattern of paddy was found to
affect the growth and yield of rice and fish. Rice was grown in single ows 20 cm apart,
paired triple or quadnuple rows 10 cm apart with an interspaces of 30 em. The authors

rccorded the highest yields, in triple rows 20 cm aparl with interspaces of 30 cm.

Ghosh (1992) observed that physico-chemical condition in rice plot is favered for lish
culture. In this experiments, water temperature ranged from 27.2° C t0 29.0° C, p" ranged

from 7.1-8.0, dissolved oxygen ranged from 3.2-4.3 ppm andeonductivity ranged from
220-489 psfom.

Indoneysia

Rice-fish farming is believed to have been practiced in the Clamis arca of West Java,
Indonesia, even before 1860 although its popularization apparently started only in the
1870s. By the 19505 some 50,000 ha of rice land were alrcady producing fish. The
development of irrigation systems also contribuled Lo the expansion of the area used for
rice-fish farming. Recent reports indicale that rice-fish farming is on the upswing. The
1995 figurcs from the Direclorate General of Fisheries indicale a total area of over
138,000 ha (World Fish Center, 2004).

An empirical survey of 42 farms in Sumatra, Indonesia, conducted by Purba (1998)
demonstrated that the average gross margin was $1,052 per year in rice fish farms, while
it was merely $618 in farms prowing only rice. Enhanced liquidity and efMicicnt
allocation of excess family labour were found Lo be additional advantages ol the adoption
of concurrent rice-fish culture. He concluded that the rice-fish system Is a prolitable

technology and that its adoption is likely to increase farm houschold income, labor

absorption, and liquidity.
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Philippines

In the Philippines, fish are traditionally allowed to enter the rice ficlds with the irrigation
water and are later harvested with (he rice. In addition, it has been demonstrated that it is
possible to achieve a three-fold increase in profitability of rice farming by culturing fish
as well as dce (Fermin, 1992; 1srael et al., 1994). Israel and Sevilleja (1994) found that

rice-fish culture leads to a higher rice production compared to rice monoculture.

Apart from economic benefits, Horstkotic-Wesseler (1999) observed improved household
food supply in rice-fish farms in the Philippines. A positive ecological sidc-effect is that
the economic (hreshold level for pesticides application is shilted to a higher level
(Waibet, 1992; Waibel ef @/, 1993). [n other words, less or no pesticides are applied if
the potential income from fish and the potential loss of [ish duc to pesticide application

are considered.

Sollows (1992) in his swdy stressed that having a satisfactory water situation in the field
is a key factor in the lechnology. This can not be achicved if the plot preparation is poor.
In field preparation, therc are four main things to consider: (i) field size and shape, (ii)

dikes (iti) refuge and (iv) drains.

Vigtram
A recent work in Vietnam has shown that community-based fish ¢ulture (CBFC) in flocd

- prone rice [ields is technically feasible, geonowically profitable, environmentally non-
destructive and socially acceptable (Dey and Prein, 2003, 2004). The resulis show that
the adoption of CBFC in floeded rice fickds increase water productivity per ha per
year substantially; it can increase fish production by about 600 kg/ ha/ year in shallow
flooded areas and up to 1.5 ton/hasyear in deeply [looded arcas, without reduction in
rice yield and wild fish catch. For the overall system, an additional income of LS $135

per hectare in southern Vietnam was achieved, which is an increase of 20-85% over the

previous profitability.

A survey of 76 farms in the Mekong Delta of Vietnam (Rothuis et al., 1998a) showed a

16% lower rice vield and a 20% lower overell net retum in farms that allocated part of
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their area to rice-fish culture. Mai et al. {1992} reported that from three farms in the
Mekong Delta, the net returns from Lhe rice fields with unfed shrimps was 52% higher

than (hat of rice monoculture and ] 76% higher in the rice fields where shrimps were fed

with tice bran and decomposing animals.

Long et al. (2002) conducted an experiment on integrated rice (ish polyculture system at
two stocking densities (1 and 2 fish/m?). The waler quality such as temperature (29.1-
29,0° C), pH (6.6-6.7), Lransparency (18.0-20.8 cm) and dissoived O, (4.6-4.7 ppm) were
similac at both densities and acceplable for the 6 tropical (ish specics. The fish yield (808
kg/ha) with 2 fish/m’ slocking density was higher than that obtained with 1 fish/m’
stocking density (482 kg/ha). The benefit cost ratio (1.84) for farm houscholds at 1
fish/m” were lower than that st 2 fish/m* (2.1).

Fish polycnlturc appeared to stimulate increased yields of fish, due to the complemcntary
utilization of trophic niches in the rice Gcld. A successful combination is, for instance,
Nile tilapia, a micro-herbivorous column feeder, coupled with common carp, an
omnivorous bottom feeder (Frei and Becker, 2005). Rothuis et al. (1998b) also found the
highest [ish yicld (474.1 kg/ha) in a polyenlture including stlver barb, nile tilapia and
common carp. The ‘polyculture cffect’ may be somewhat allennated when natural feed is
scarce and no supplementary feed is provided. This was demonstrated by Chapman and
Fernando {1994}, who found that the diets of nile tilapia and commeon carp in rice ficlds
werc largely similar. Vromant et al. (2002b) similarly reporied competition over feed

belween common carp and silver barb in a ficld experiment tn Victnam.

A socio-economic study covering aronnd 120 farms in Victnam (Berg, 2002) found that
Farmers who atlained increased income through rice- fish farming also bad a high ievel of
education. In farms combining rice-fish production and integrated pest management, the

average net income was roughly 20% higher than in rice monoculture farms.

China
In China the rice-fish system today is practiced over almost 4% of tolal rice cultivating

arca, and this proportion has been on the increase since the 1980s. Chinese [ish
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production in rice fields was estimated at 377,000 tons in 1996 {Halwart, 1998) and rose
w 849,055 tons in 2001 {Xiuzhen, 2003). Growing fish was almost three times more
profitable (han rice alone (Yan et al, 1995). Lin et al. {1995) related the economic
benefiis of rice-fish farming to an increzse in rice yields and savings in labor and material
inputs. Rice yields in ricefish culture werc 8% higher, labor inputs were 19% lower, and
material costs were 7% lower (savings in the cost of conirolling diseases and pesls}).

Addilionally, fish production increased the net income.

Thailand

Thailand, in contrast (o previously mentioned countries, showed lower net retums in the
rce fish fields than in the ricc-only fields. The Thai figures indicate that profitability in
the rice-[ish in rice lields was only 80% that of rice monoculture. Thongpan et al. (1992)

attributed this o the high initial investment in rice-fish culture.

However, rice-fish farming did not completely vanish and in recent years it has
recovered, particularly in the Central Plains, North and Nertheast Regions (Little et al.,
1996). The high expectations of farming communities is thought to be a major constraint
to the wider adoplion of rice-fish systems where ofl-farm employment was the norm as
the major means of livelihood unlil the economic crisis in mid-1997. The increasing
frequency of directly broadcasting rice seeds and using machines for field preparation are
signs of the growing lahor shortage. The shorlage may favor the development of more

easily managed pond culture rather thon the more laborious rice-fish system.

Malaysia

Ali (1990) conducled a study in Kerian, North Perak in Malaysia for three growing
seasons Seplember 1985 to January. He studied water quality parameters aflecting
fertility and productivity of rich fish farming system. Parameters were studied in both
sump (ditch) ponds and rice field. Dissolved oxygen were higher 5.5£0.3 mg/T in the
more exposed rice field than in the sump ponds (1.70+ 0.2 mg/1) and both environment
had slightly acidic p™ (6.3£0.2 and 6.0+ 0.2 respectively).
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2.4 Discussion

The [literature teview Ievealed comparison of yleld and productivity betwcen rice
monoculture and integrated system, compatison of concurrent systems with rolational
systems, and comparison of fish monoculture (ie. single fish stocking) with fish
polyculture (more than one type fish stocking). The review also revealed the status of

environment (e.g. pest control, weed control, soil quality and watcr quality parameters)

associated with integrated rice-fish farming system.

Most of the studies showed increase in rice yield and productivity with integrated
syslems. Majority of the studics showed positive results with multiple fish stocking,
while a few showed belter results with single fish stocking. Reviews of a number of
studies also cmphasized the need for proper institutional structure to suslain Lhe system

and to ensure equitable distribution of benefits of the system.
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Chapter 3
METHODOLOGY

31  Introduction
The study followed an interdisciplinary approach; it addressed different aspects of the

integrated rice-lish farming system, including technical (physical suitability), socio-
economic, institutional and environmental aspects in an intcgrated way. The study was
1echno-social in nature, as it involved some technical assessments of the physical system
logether with application of participatory tools (FRA) to address some fairly diverse
aspects. This chapter provides a description of the methodology used in the study, which
includes seleciion of criteria andfor indicators for evaluating the eaisting system of
inlegrated rice-fish farming and ils future potential, collection of both primary and

secondary data, and primary soil sampling for quality analysis.

3.2  Selection of the study area

To show the polential for integrated rice-fish cultivation in seasonally inundated deep
water rice ficld, a small water managemeni project, namely, Balajlala-kalmadanga
subproject in Gopalgonj district of (he southwest region was chosen as the study area.
This area falls within the South-West Arca Intepratcd Water Resources Plan Project
(SWAIWRP) of Bangladesh Water Development Board (B WDB) and Local Government
Engineering Department {LGED) (ADB, BWDB and WARPO, 2004), which is the study
area selected for the Crossing Roundaries {CB) project of IWFM, BUET. The districis of
Narail, Gopalgonj and Faridpur of SWATWRP primatily constitute the study area of the
CB project.

Recently the local people in Balajtala-Kalmadanga subproject have started an integrated
rice-lish farming practice in inundated floodplains through a community initiative. In
{loodplain ecosystem of this project, opportunity exists to fence a larger area (i.e.
enclosed by natural elevated lands, raised homesieads, embankment and dams for roads

etc) by crealing enclosed water bodies and stocking these with [ish, and community
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groups can play a significant role in jomtly deciding on management and share of

benelits based on agreed rule.

33  Indicators for evaluating integrated system

As stated in chapter one, the objcctive of the study was to asscss the physical system (i.e.
whether the physical system is conducive to such practice), analyze favorable
institulional arrangement, and socio-economic and environmental impact of the system.

A number of criteria or indicators were selected for analyzing the above mentioned

aspects, as presented in Table 3.1.

Table 3.1 Impact indicators/criteria for integrated rice-fish farming system

Type of impact Criteria/ Indicators

Physical suitability » Water retention and drainage system
» Seasonal availability of waler

Socio-economic | Efficiencics « Crop yicld (t'ha)

+ [ish yield {t’"ha)

» Total production (tons)
» Bencfit-cost ratio (BCR)

Social acceptability » Resource endowment

Environmental = Soil quality
v Pest management
»  Weed control

s  Water quality

» Risk to indigenous species

» Biodiversity

Institutional » Instituhonal structure

» Distribution of shares and benefits

Physical suitebility were assessed in the context of water conveyance, retention and
drainage systems, functions of water canirol structures, and seasonal availability of water
in the tidal environment. Socio-cconomic asscssment was based on analyzing the
efficiency (yield, production) and social acceplability of the syslem. The institutional
arrangement was analyzed in the context of water management decision making in the

rice-fish culture system, and distribution of shares and benefits. Environmental impacts
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were assessed in the context of sail quality, pest management, weed control. risk to
indigenous capturc fisheries and waler quality. Conduciveness of the system (o
inteprated rice-fish culture was analyzed by sampling soils (following standard protocols)
in the Field at different times (before and after rice-fish cultivation) and analyzing them
for different parameters, ¢.g. soil type, pH, organic carbon, organic matier, 1o1al nitrogen,
phosphorous ctc. Other environmental parameters, €.g. water quality was analyzed

qualitatively from people’s perceplions.

3.4  Data collection

3.4.1 Primary data collection

Primary data collection was done mainly through the appl ication of Participatory Rural
Appraisal (PRA) tools end technique. Participatory Rural Appraisal is an intcnsive,
systematic but semi-structured learning experiences carried out in a community by a
multi-disciplinary team, which includes community members. The PRA has different
types of tools such as resource mapping, social mapping, focus group discussion (I'GD);
key informants, (ransect walk, timelinc and seasonality. The PRA is relatively a now
method, fast becoming a very popular one because of its participatory, rapid, flexible,
iterative, cost-eflective and interdisciplinary nature. PRA tools arc cxtensively used in
socio-cconomic survey studies. Their application in bic- resource assessment is emerging
in recent limes. One example is the study by Metillo et al. (2004) who uscd PRA
approach to address the crucial global issue of cnvironmental degradation and loss of

biodiversity in Mindanao, Philippines.

The primary data collections were conducled during the period from September 2007 to
April 2008. Use of PRA lools in the study included Focus Group Discussion (FGD) and
key informants’ interview. Besides, a number of’ semi-structured intervicws were also
conducled. The focus groups comprised of members of the Water Management Co-
operative association (WMCA), fishermen, agricultural fammers with land and landless,
and women. In tulél, five FGDs were conducted wilh the personnel of WMCA (12
persans), fishcrmen (12 persons), agricultural farmers with land (10 personsj, landless
agricultyral farmers (10 persons) and women (10 iJersuns). A semi-structured

questionnaire was preparcd to collect the primary dala like fish and rice yield dala from
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within the members of the focus group, and the person who took lease of the inundated

rice ficld for fish culwre. Photographs of FGD and samples of questionnaires are attached

in Appendix-A and B

The primary data included:

Fish production: datn on weight, size and number ot stocked fingerlings

and harvested fish according to fish types in rice [ield, cost and return,

" were collected from personnel of WMCA and the person who took lease

of the flooded rice field for [ish culture.

Rice production: data on cropping pattern, cultivation system, rice yields,
and plant height during growing stages werc collecled through FGD with
farmers.

Waler management: Data on water depths and rice plant hetghts on the
different lend types during monsoon season.

Tnstitutional arrangement: Data on structure and activity of the WMCA,
levcls of sike holder involvement and beneliciaries group in the
community based integrated rice-fish cultivation were collected through
FGD with personnel of WMCA, fishcrmen, agricultural farmers with {and
and land less, and women,

Envitonmenial parameter: Data on environment including soil quelity,
weed control, pesi control, elTect of pesticide, any loss of capture fisheries
and biodiversity, degradation of water quality and public health werc
collected through ficld observations and FGD with differcnt groups.

34.2 Soil qualicy
Soil qualitics were analyzed by direct sampling of soil in the study arca, Soil samples

were collected from 0.5 ha of land within study area. Soil samples werc also collccted

from 0.25 ha of land of another nearby project area (Kaikubunia-Chinguri subproject),

where only rice cultivation is practiced. This area would serve as a control area in that the

comparison between the soil qualities in the study area and the control area would help

isolate the effect of integrating fish with rice cultivation.
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Soil samples were collected in two installments: afler rice-lish harvest in the monih of
December and before broadcasting of rice seeds in the month of April. It is noted here
that soil sampling should have ideally followed the reverse sequence, ie., the [irst
sampling after Lhe harvest of Boro and before broadcasting of rice seeds followed by the
second sampling after the rice-fish harvest. This could not be done because of time
constraint. However, the teverse sequence of soil sampling and analysis is not expected
(o cause any signilicant deviation in the interpretation of the results, as the temporal
changes in soil properties likely to repeat a similar paticrn with the cxisting farming

systcm.

Collection and preparation and of soil samples

Soil samplcs were collected at a depth of 0-15 em from the surface, A number of 50 soil
samples were collected from 10 differcnt locations (3 samples in each) of the study area.
Composite samples were prepared from each location. Similarly, & number of 25 soil
samples were collected from § different locations (5 samples in each) in the control sile,

and composite samples were subsequently prepared following the same procedure.

Afer removing weeds, plant roots, stubbles cte, all the samples were air dried and ground
to puss through a 2 mm mesh sizc sieve. These ground samples were stored in a clean

plastic container for subsequent chemical analysis.

Chemical analysis of soil
The soil samples were analyzed in BRAC Soil Analytical Lab, Joydebpur to determine
pH, organic matier, organic catbon, total nitrogen, available phosphorus, available

potassiam, and sulpher, following the methods recommended by SRDI (2005).

3.4.3 Secondary data collection

Secondary daln on the location and area of Lhe study arca, household size, number and
occupation, distribution of farmers’ calegorics, hydro-mcteorology (such as mver waler
level, rainfall etc.) land types, water conveyance and drainage system, and agricultural
and fisheries practices were coliected from the appraisal reports of the project (LGED,
2004a,b), but were cross checked during ficld survey and FGD. Other imporiant
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secondary information were also collected from dilfercnt published and unpublished

reporis from the LGED, BWDB, FRI, BBS, BUET, BRRI, BARI, BAU, SRDI and other

government non-govemnment organizations.

There is no water gauge station within and around the sub-project. The water level data
from 1981 1o 2002 were collected of the dver Gorai-Madhumati at station SW105 (ol
{ake at Athrabanka) and SW 107A (Nazirpur). Waler level at the project was estimaled
from interpolation of the water levels at the two available stations using the water surface
slope. Rainfall data of 1980 1o 2002 were coliecied from nearby station at Mollahat

{station 511). The hydro-meteorological stations are shown in lig. 3.1.
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Chapter Four
OVERVIEW OF STUDY AREA

4.1  Introduction

The study area named Balajtala-Kalmadanga subject is a Flood Management, Drainage
and Water Conservation (FMDWC) subproject of the ADB-funded LGED Sccond Small-
Scalc Waler Resources Development Sector Project-2 (SSWRDSP-2) (LGED, 2004a).
The early flooding, drainage congestion at the end of monsoon and shortage of irmigalion
water in dry season are the predominant features of the subproject area. Local people
used to construct sarhen cross-dams at different locations of khals {namely Swanirvar
khal, Hazir khal and Balajtala khal) to conserve water for irrigation of Boro crop and to
protcet young B. Amen {and HY Y Boro occasionally} from carly flood. People could not
continue the practice due to fund constraint. As such local people demanded construclion
of wo regulators over Swanirvar khal and Balajtala khai along with re-sectioning of the
embankment (hat crosses thesc khals in order to prolect young B. Aman from early flood.
Local people also demanded construction of one water retention struciure over Hazir khal

to conserve water by allowing tidal Fow for irrigation of Boro.

The feasibilily study of the project observed that while agricultural production will be
increased with the implementation of the project, there may be snmé adverse impact on
natural fish production. The embankment (re-sectioning) and the regulators will obstruct
the ways of naiural movement of fishes, thus reducing the nalural fish; but at the same
time culture-based Fisheries will be increased if it is organized by the Water Management
Co-operative Association (WMCA). WMCA 15 fonned with villagers to participate in or
to maintzin the subproject. The project is meant for parlis]l flood management (ie. to
protect B. Aman from early floods); during the peak monsoon, the whole subproject area
will be under water that can be a suitable place for fish culture, as envisioned in the
feasibility study. The expected impacts of the subproject are summarized below (LGED,
2004a):

(1) Improvement of imgation.
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{iiy  Contol of monsoon flood.

(iiiy  Increase of cropping intensity {double to triple)

(iv)  Increase of cultivable land.

(v}  Improvement of communication facility.

(vi) lmprovement of facilitics for women so that they can do their houschold
works ezsily.

(vii)  Enhancement of fish production if planned fish cullure is done.

(viii} Create green environmentL

4.2  Physical ¢nvironment
The study area named Balajlala-Kalmadanga subproject is locited on the west bank of

the Singair river in Barmni Union of Tungipara upazila under Gopalgon] district in berwecn
latitudes 22° 54 30° N and 22° 56" 26" N and the longitudes 89° 51° 38" E and §9° 52’
48" E. It is situated at aboul 4 km north-west of Tungipara upazila Head Quarter and
spread over (Gimadanga and Uttara Basuria mojuas of Barnai union. Detail map of the
study arca showing subproject boundaries, structural works, hydrologic nerwork and

relevant hydrometric stations are provided in Figs. 4.1-4.2.

The sub-project is bounded by rural road and embankment (fixed at 4.10 mPWD and
length 2.34 km) on the north and north-east along the Singair river and Hazir Khal
respectively, and south-east by Hazir Khal and east by the Gimadaga khal. On the south
{he study erea is bounded by Gopalgang-Patgali-Pirojpur Regional Highway. The western
side of the sludy arca is bounded by metal road that connects the Gopalganj-Patgati

Highway on the south.
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43  Watecr retention and drainage systems

There is one main khal namely Swanirvar khal within the study arca, which originates m
two branches from Bamni Baor located at the west side of the study arca and passes
through ihe study area, linally falling into the Singair river Lo the east of the SubprojecL
There are two other khais, namely Hazir khal and Balajtala khal within the Subproject,
which are connected to Lhe Gagalia khal, which linally falls into Singair river. The branch
of Hazir Khal, along the south side of Sardar road is almost blocked and silted upto the
existing bridge near the Gimadanga khal. Local people use water from this khal for
immigation of boro/rabi crops, and also in Kharil-] scason. The beneficiarics irrigale mainly
local and HYY boro and B. Aus by lifiing water from Singair river and the khals within
the study area by low Iift pump (LLP) during high lide.

The tidal water [rom Singair River on the cast of study area enters into study area through
Swanirver khal and Balajtala khal. Tidal water from the Singair River also enlers into the
subproject through Gimadunga khal and Gazalia khal on the gast of study area, which arc
connected to the Hazir Khal. The matn problem in the area, thus, is early floods [rom the
Singair River, which damages mainly young B. Aman, standing vegetables and malured

boro crops occasionally. Drainage congestion at the end of monsoon alse occurs.

Waler management in the project area has so far been managed by construcling earthen
cross dams in the three khals as and when nccessary. Regulators have recently been
completed in the three canals, which will hopefully climinate the need for yearly
construction of rather coslly earthen dams. Construction of regulalor on Swanirvar khal
will protect cropping land from pre-monsoon llood thal causes damage to tender Aman
on the norther part of the subproject ( Basurea & Senerchar Yillage). Construction of pipe
sluice on Balajitala khal will protect tender D.Aman from pre-monsoon Mood. These help
proper drainage of rainfall-tcunofl as and when needed. Construclion ol” waler relention
structure over Hazir khal by remedetling of existing culvert will protect B.Aman and Aus
Frorn monsoon ood. These structures will also conserve watcr in Lhe khals during boro
season to supply irigation waler to fields by gravity flow or LLPs. The banks of these re-

excavated khals are raised by spoil earth o protect the land from damage at normal flood

and high tide. Details of the khals are summarived in Table 4.1
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Tablc 4.1 Description of khals in the study area

Name of khal Length, Catchment’s | Drainage rate, | Discharge,
Km area, ha mm/day cumec
Balajtala khal .25 75 121 209
Hazir khal 2.00 184 121 5.13
Swanirvar | Main 0.90
khal Eranch 1 .63 201 121 5.61
Branch 2 1.20

Sowree; LGED (2004b)

4.4

Settlement

The seitlements of the study area are described in Tables 4.2 and 4.3. Total population of

the subproject is 7110 of which household number and sizc are 1165 and six,

respectively. Out of the lotsl population, the landless farmers arc about 37.43% followed

by marginal farmers (25.13%), small farmers (21%}, medium farmers (] 1.84%%) and large
farmers (4.60%).

Table 4.2: Inventlory of study area

Sl. Name of village inside | No. of Household Population | Household Size
Wo. | sub-project
1 | Munshir char 225 1350 6.0
2 | Shingi para 250 1700 6.8
3 | Uttar bashuria 250 1500 6.0
4 | Ghimadanga 170 940 5.5
5 | Gajali 200 1200 6.0
6 | Mittika Bari 70 420 6.0
Total 1165 7110 6.0
Outside village
1 | Mittika bari 95 570 &
2 Shriram kandi R0 480 6
Total 175 1050 &

Source: LGED (2004h)

The survey data shows that about 61.25% arable lands are operated by the landless, small

and marginal farmers. About 11% farmers lcase full and 19.4% some of their lands from

the large and medium farmers for their livelihood.
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Table 4.3: Distribution of larmer’s category {(According fo farmers)

Farmer Categories Numbet %o

Landless <0-0.2 ha 335 37.43
Marginal 0.21-0.61 ha 225 25.13
Small $.62-1.0 ha 138 21,00
Medium 1.01-2.0 ha 106 11.84
Large= 2.01 41 4,60
Total: BY95 160

Source' LGED (2004b)

The survey (Table 4.4) shows hat agriculture is the main sources of mcome of (he
houschold. About 34% depend on agriculture, followed by agriculture labour 23.9%.
Traditional fisher and others are 2.90% and 37.2%, respectively.

Table 4.4; Primary occupation of the houscholds {according to farmers)

Type of occupation Numbers %o
Agricultural farming 305 34
Daily paid agri. labour 232 259
Traditional fishermen 26 2.9
Other pccupations 332 372
Total 895 140

Source; 1010 (2004b)

45  Land and soil

Land types and soil types within the study area arc described in Table 4.5. The study arca
is divided into highland, medium high land, medium low land and lowland. Medium high
land 2nd medium low land occupy major porlion of the study area. Non-cultivated high
land, high land, medivm high land, medium low iand and low land occupy 8.26%, 6.25%,
27.9%, 48.44% and, 8.48% of total area respectively in the project area. Non-cultivated
jowland and permanent water bodies constitute a very small percentage {0.67%) of the
total area. Gross area is 488 ha of which net benefited area is 355 ha. Soil texture of these
lands varies from silty clay loam to silty clay. Average elcvation of the area varies from
240 m PWD to 0.91 mPWD.
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Tablc 4.5: Land and soil types in the study area

Land types Nature of Covered | Soil yype | Elevation, mPWI
flooding area (ha) {(average)

MNon-cultivated highland Not flooded 37 Sandy Loam

F0 {d=<0.3 m) Highland Imlermittent 28 240

F1 (0.3-2d<0.% m) Medium Scasonal 12% Clay Loam 1.98

high land

F2 (0.9=d=1.8 m) Medium Seasonal 217 1.52

low land

F3 {d=>1.& m) Lowland Seasonal <Smonths 38 Silky Clay 0.9]

Non-cultivated lowland Perennial 3 =091

andpermanent water bodies

Net benefiled area 408

Gross Ared 448

Sowrce; LGED (2004b)

4.6  Topography

The Jand clevation varies from 0.91 m PWD to 2.96 m PWD within Lhe study area.
Details of topography are described in Table 4.3. A topographic map is provided in Fig.

44,

Table 4.6 Arca —elevation in Lthe study area.

Elevation mPWD | Area(ha) | Cum. Area (ha) [ Cum. Storage volume (ha-m

0.91 41,48 41.43 {1.00

1,22 62.22 103.70 43.56

1.52 70.52 174.22 126.93

1.83 7.1l 261.33 257.60

2.13 45.63 306.96 428.09

244 78.82 385.78 635.9]

2.74 49.78 435.56 882.31

2.96 12.44 448.00 114738

Source; LGED (04bY
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Fig. 4.3 T'opography of the study orea

4.7  Cropping pattern

DifTerent crops cuhivated under Kharif-[, Kharif-[1, and Rabi seasons are summarized in
Table 4.7. Cropping intensity is 150%. Most of 1he lands are sinple cropped and some are
double cropped, The majar crops of the area are rice (B. Aus, B. Aman, T, Aman end

Boro), rabi crops and vegetnbles, There arc huge lands in the erea that remain fallow due
to flood and drought.
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Table 4.7 Existing cropping pattcrn

Mame of cultivated crops Perccnt of total cultivated area in each
land types
Khearif-l Kharit-11 Rabi Fd K1 F2 I3
{March/April- {July-Cetober) MNov.- March) {2Bhay | (025ka} | (217 bay | (35
Junej
Tute Fallow Wheat 20
Jutg T.Aman (HYY) Mustard 24
B.Auzs T.Aman (HY'V) Pulses, Vepetables | 40
Fallow T.Aman (HY V) Pulscs, Vegetables | 20
B.Aus [LV) +  B.Aman (LY) Boro {HY V) KLt
B.Aus (LV) + B.Aman (LY} | Fallow 50
Fallow Fallow Fallow 20+
Fallow Fallow Boro (11YY) o i
Fallow Fallow Fallow (€0
Fallow Fallow Goro (HY'V) J ek
Total 100 {u1] T H) 100

Source, LGED (200403

*Fallow land in Rabs season will be brought under Boro (HY ) cultivation on posi-peaject condition

*# Fallow land in Kharif-} and Ehanfdf seusons will be broughl under coltivauos with B Aus and B Aman n post projest eomdiluon
o+ Egllgw lundds will be bronght under cultivacon in Khen[ seson in post-project conditiorn having creppng, panem of B Amun-

B IV}
wenk full e lands will be brought under enlivalnn in Boro scason o post-progcct gnndilion
+tea 1% of land will be bronght under B_Aman cultvaton in Klarif scasmn i post-projs condinon

All lands under FO category are under cultivation; however the cropping patlem is not the
samc everywhere. Major parl of the area {40%) has a cropping pattern of B.Aus-T-
Aman-Pulses/Vegetables. In §0% of the FO land, T.Aman is cultivated in the Kharifl-I1
season.  About 80% of F1 land is under cultivation, while 20% rcmains fallow. A
combination of local variety B.Aus and B. Aman is broadcast, with the B.Aus being
harvested at the end of Kharif-] season. Most of the land (50%) remains fallow during
the rabi season, while 30% of land is Boro cultivaled. All the lands under F2 category
remain fallow, except Boro cultivation in 90% of land in the Boro scason. All the lands

under F3 calegory are Boro cultivaled.

As indicated in Table 4.7, the implementation of the project by LGED aims a1 incrcasing
the agricultural production to almost its maximum potential, by bringing mosl of the
lands under cultivetion in different growing seasons. Ounly 20% of FO land, 10%0 of F2

land and 20% of F3 land will remain fallow in Kharif seasons as per the project objective.
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4.8  Natural capturc fisheries

Natural fish migration process from river Lo khal or rice ficld are partially hampered by
construction of carthen cross dams in khals during the flood seasen. Total natural

captures fisheries production in 2004 werc 15 tons from the rice field. Details are

summarized in Table 4.8.

Table 4.8 Natural isheries production from dilferent types of water body.

Type of water bady Fish species (local namc) Production, ton (2004}
Seasonal flood land Rut, Katla, Mrigel, Koi, Shing, 17.75
Perennial water body Magur, Shol, Boal, Taki, Puti, 0.66

Mola

Source' LGED [ 2004u)
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Chapter Five
RESULTS AND DISCUSSION

5.1 Introduction

Data and information gathered from the application of participatory toofs and secondary
sources are summarized to elucidale the cxisting inteprated rice-fish cultivation system,
including rice cultivation, and fish stocks and fishing pattern, water management
practiced by the farmers and existing institutional arrangement. This is followed by the
avaluation of the system for physical suilability, socio-economic impact, environmental
impact and institutional arrangement. Along with the evaluation of the sysiem that exists
now, the Muturc polential of the system Is also analyzald, and some futurc water

management practices are suggested.

52  Integrated cultivation system in Balajtala-Kalmadanga subproject

5.2.1 Rice cultivation system

Existing system

Local deep water B, Aman (such as Jabra, Kalamona, Digha) which has {ast clongation
ability and submergence tolerance to 1-2 wecks with floating capacity, and local B. Aus
varieties (such as Nunsaratu), Gararshor) which has moderate elongation ability wilh
gradual incrcasing depth of water up to certain plant height {i.e. about 100 cm) are
broadcast together in equal ratio ar a rate of 100 kg/ha in moist or saturated soil usually in
the 2™ week of April in medium high land. In 1% and 2™ week of May, only local Aus is
troadcast in high land. Afer establishment of seedlings the flood water or rainfall storage
in the ficld are allowed by the construction of (temporary) carthen cross dams on the
three khals. Only urca fertilizer is used, and it was applied at a rate of’ 120 kg/ha in the
field before stocking of fish fingerlings. No pesticides were applicd in rice field. Also no

pesticides were applied in rice ficld during the previous ycars.

B. Aus rice {only panicles} is normally harvcsted during ™ and 4" week of August. Afler
harvesting of B. Aus, T. Aman (HY V) such as BR33 or BRIl is transplanted in high land

and B. Aman remains in medium high land. Flood water is again allowed in the field and
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stored up to end of November. As the decp water B. Aman has fast elongation ability, it
can tolerate greater depths of waler, which is essentially needed for fish cultivation.
Draining of waler from the field is allowed to the last week of November up to the top
level of khals. Aman is harvested at the month of December when most of the water

came in khals. Rice cultivation practices during monsoon are summarized in Table 3.1.

Table 5.1 Existing rice cultivation during monsoon season.

Rice Sowing/Tra | Harvesting Land Covered (ha) | Yicld, Kg/ha
varietics | nsplanting FO | '] F2 173

B. Aus 1“2 2% 37 Weck, 11 2400

{LY) week, May August

T. Aman | 3° 4" 1 2% week, 22 4000

(HY' V) Week, August | December

B.AU{LY} | 27 -3¢ Aus: 2™ -3 Week, 100 [- |- [ *2050
+ week, April August

B.Aman Aman: 132" week,

(LV, DW) December

% 00 Kg/0 5 bt (D Aus) + 1150 K03 ha (B, Aman) = 2050 kgMa

Suitabifity of the system

(i) Varietals seleclion:

Rice, the only crop grown in low lying areas during wet season, oflen sufTers due to water
Jogging or fooding in rainfed lowland and flood prone arca. It is estublished in previous
literatures (hat the extent of damage generally depends upon varieties grown and the
slages at which the plants are subjected to different depths and duration of submergence
(e.g. Alim et al., 1982; Palada, 1970; Chowdhury and Zaman, 1970; Ghosh, 1979 Reddy,
1982). In order to overcome Lhe losses and to get signiticant return, varictals selection is
an important issue. A plant type for these ecosysiems should possess good seedliing vigor,
submergence lolerance, knceing and elongation ability, and photopericd sensitivity
should assure flowering when plants are least vulnerabie to submergence. In this context,
the types of rice varietics selected in the project ares are suitable. As the deep water
Aman has fast elongation ability, it can lolerate greater depth of water which is

essentially needed for fish cultivation.
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(i) Planting: Unlike some other Noodplain ecosystem where transplanted varietics are
used, in the Balajlala-Kolmadanga sub-project, local Aman and Aus are broadcast
together in moist or saturated soil and after establishment of seedlings the Mood waler or
rainfall storage in the field is allowed. This has been possible by the farmers so far by
controlling the water environment through the construction of earthen dams in the three
khals. This will be better achicved afier (he full implementation of the project with all

regutators and water retention slructures in place.

(i)  Fertilizalion: As mentioned earlier, only urea ferlilizer was sprayed in the field at
a rate of 120kg/ha in the early vegctalive stage of rice. However, the efficiency of
chemical fertilizer in general and nitrogen in particular is very poor in watcr logged, low
land situation because they arc subjected to various types of losses (because of high
volatilizing rate and washout}, Such losses in the project arca can be minimized by
application of N fertilizer through deeper placement of modified urea materials like Urea
Super Grunules, Sulphur Coated Urea, Lac Coaled Ures, and Neem Coated Urea, etc.

52.2 Fish cultivation system

Existing practice

(i) Fish species: Fish species like thai sarputi (Puntius gomionotus }, rohu (Labeo
rohita ), catla (Catla cotla ), common carp/mirror carp (Cyprinus carpio) were selecled
for swcking by the farmers. Other species being considered by farmers werea silver barb
(Barbodes gomionotus) , grass caup (Ctenopharyngodon tdella), and mrigal {Cirrhing
mripaia).

{iiy  Fingerling supply and stocking

Fingerlings were collected from hatcheries in Jessore district. Alter the flood water
entered into the rice feld, fish fingerlings of thai sarputi, rohu, catla, and common carp
were preliminary stocked in the khals duting the 4" week of June, and later on reared in
the inundated rice [icid up to December. Delails of stocking fingerlings arc summarized

in Table 5.2
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Table 5.2 Existing fish cultivation practices in rice ficld during monsoon season.

Fish Fingeriings | Fingerting | Fingerling | *Stocking | Stocking | **Loss of | Harvest
species stocking stocking stocked, arca, ha density, Fingerling | time
titme size(ave), | kg kg/ha . kg
gm
Thai hmne  ({4th 25 120
sarputi week) :
Rui G5 200 350 ilG 12 December
Kalla &l 160
common 50 720
carp
Todal 1200

*Fish s stofed 1n e seasonal Avoded land of 380 ha (F1+F24T3)  ** Loss of Fingeclings w 1% of total stocked fingerlings

{iii}y  Feeding and harvesting

Fish can feed on natural food and by-product available in rice field. So no supplementary
feeding was supplied in the field for fingerlings. Draining of waler from the rice field was
allowed from the last week of November up to he top level of khals. When maximum
water came i khals, fishes were harvested gradually from the khals as well as in the low

lands of rice field during December.

Suitability af the fish cultivation

{1} Fish species: In related lilerature, fast growth of fish species is mentioned as a
desirable characteristic so that (ish can attain marketable size when the rice is ready for
harvest. The species used in the study arca arc comparalively fast growing, Il compared
with previous practices of integrated farming syslem in Bangladesh and abroad (as
described in Chapter Two), it is seen thal the species selected arc expected to give better
yields. Commonly used species have been common carp/mirrar carp, nile lilapia, silver
barb, thai sarputi, rohu, catia, mrigal and grass carp (Gunza_l, 2001; Haroon and Pitman,
1997: Little, 1996; Halwart, 1994; Ali, 1990}

(i)  Fingerling supply and slocking:

The availability of fingerlings to stock the rice fields is a determining factor for the
choice of culture species in many areas. It is also a critical part of any type of aquaculture -
development. Hatchery and nursery technologies for most, il not all, of the freshwaler
fish species that are currently being cultured in rice-fish systems are well cslablished.

However, gelting the required number of fingerlings of Lhe desired species at a particular
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time remains a problem in many areas. [owever, this was not found to be a problem in

the study area.

Stocking density of fingerling was very low in the study arca because Lhe integrated rice-
fish farming in that area is still in an experimental state and the full potential has yet Lo be
realized. On the one hand, lower stocking density would mean a lower fish yield
compared to polenlial; on the other hand, a very high stocking rate may negatively allect
the survival rate of [ingerlings {c.g. grays carp) and average body weight. Literature
shows that [ish stocking density may range from population of 2000 to 35600 individuals
per ha depending on the size of fingerlings. Ditferent suggested stocking pattemn and
densities are presented in Table 5.3, which could be helpful in future in sclecting the
appropriate density in accordance with the fish species sclected and the type of stocking

system (e.g. concurrent or rolational).

Table 5.3 Stocking densities for rearing fish in rice ields

Stecking pattern Slocking density(fish'ha)
Concurcent Rotational

dMonocullute reachrontic nilotcis 3 156 10 3 OG0 1 (EHAD

Cyprinus carpio 3000 1o 3 400

Barbodes gomfohoius 3m7?
Polycuiture ). ntloticus + C. carpia 3000 + 2 D00 (6 O o 10 000) +

{3070 wruld (4 500 to 5 000

L. carpier | B gonionoius 4 66T wial

Multispecics (earp+ barb 9313 total

tilapin)

¢ carpio + C. quratus+ C (150010 2 2507 + (750 o 1 200 +

fedelier (300 to 450)

3 mitotics + O, carpio + C (6-100 e & 000 o 9 000 or 3 cm: 12

wfedler QOO 10 1% 0009 +

(300 g HO0) + (150 to 300}

B gowmonoing + M rosenbergii | 26 000 +(5 000 o 200003
Fingerling 13 vm 7, cavpro {30 davs} 700 000 — 100 QCHE
produciion 3-5 cm . carpdo (56 dars) 10 000 — 15 000

5-8 cm (. _ecarpee (50 days) & 000 — 10000

5-8 cm C carpio (0N doys) 1 500-30000

8-11 em L. carpin (30 Juys) 1 0o =2 000

Source. World tish Center (2064}
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(iii)  Feeding and harvesting

No supplemenlary feeding was supplicd for the fingerlinggs in the project. This is feasible
in the context of physical system of the project. Deep water rice (D'WR) ecosystem is
highly fertile due to silt deposition and decomposition of organic maiter which favors the
growlh of flora (phytoplankton) and fauna (zoopiankion). The phytoplankton provides
fish feed which is enough for fish rearing for a period of 4-5 months (Ali et al., 1993; Das

et al., 1990).

5.2.3 Water Management

Fristing practice

Water management including the standing water depths thal werc maintained by the
farmers in order to culture rice-fish in the field through existing embankment and
{seasonal) construction of earthen cross dam in the khals during the llood season arc
described in Table 5.4, Opcration schedule of earthen cross dams roughly maintained by
the farmers are presented in Table 5.5, Farmers maintained dillerent standing water
depths corresponding to the plant heights during differcnt slages of rice growing season
in the high land and medium high land.
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Table 5.4 Water depths and plant heighi maintained in the farmers’ rice ficid

Rice variety { Rice growing stage Dration Average plant height | Standing  water depth
{months) icm ) [om (approximately)
B. Aus + B,
Aman, and o -
T. Aman = k| E R
=5 E == E
—_ : —
a TEE : 2
4 & Broadcasting to | April 2™ 15 30 Saturation | Saturation
seedling  establishment | weaek ) - May
stage
Scedling establishment | June 35 50 Saturation | Saturation
to tillering stage T~ week) | 45 60 Saturation 30
B.Aus | Tillering to flowering | Tuly(3™ week) 60 85 3 45
slage
August 63 o0 15 53
{17 week)
Flowering o grain | August 70 1440 20 ol
formationstage {3™ week)
Grain  formation  to | August *10 #4700 24 G
ripening &nd harvesting | (4™ week}
slaee
Y [Vegchative stage on | September 55 110 26 66
poing
Vegetative to flowering | October 70 15 22 62
B.Aman alage
Flowering to  prain | November 73 1E5 15 55
formation and tipening
. Stage.
T.Anjan - ’ , .
Harvesting stap December (1 Harvesting starts Water starts to drain
¥ week} aul

B Aus was burvested and T, Amun was Uansplanted

A was harvested and B Anedn remained

Table 5.5 Operaticnal schedule of earthen cross dam constructed on khals.

Month Status of carthen dam Reasoms

December-fanvary Open Dirain out water from the ficld foi rice-
fish harvest

February-May Closed To prevent saltwatcr

June — July Generally open {and closed as Storage of rain or tidal water

required) {prevention of fivoding)

Auvgust- November Closed Storage of water for rice-fish

cultivation
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Constructing earthen dams and removing the dams in the three khals has been a practice
by the local people to manage water in the project area round the year. The khals are
closed during February-May to prevent crop damage in the low land by carly floods and
(o prevent salt waler fron entering the study arca. The salinity of water is usually at the
highest from towards the last week of March o end of April. Rainfall is the najor source
of waler for cultivation during April and May in the medium high land. From Juve, tidal
water is allowed to enter the khals ic meet the water requitement for the rice plants
(towards the end of June). When there is enough water for the Moodplain lands, the khals
arc closed by carthen dams again, usually in July. During this time, the source of watcr
for cultivation is both rainfall and tidal water from river. From August to November, the
khals are closed to store the required water for rice {and the recent practice of [ish
cultivation) and prevent the rice field from excessive Nooding. The dams are cut in lale

November or December to drain out water from the rice field, and harvest rice (and fish).

The khals rcmain open till January.

Evaluation of water management practice

Rice being a semi-aquatic plant, its height increases with increasing depth of water, but
tillering is affected adversely. Further, culm sirength and lodging resistance decrease as
plant height increascs. For lodging resistant, semni-dwarf varieties, high water level poses
problem during and immediately afler transplanling. They also have limited capacity to
elongate. S¢ to avoid the adverse effect on rice erop under Nood prone watcr logged

lands, waler mmdgem-:nt practice should be considered as one of the imporiant measures.

From the farmer’s practice as illustrated in Table 5.4, it is observed that standing water
depths which were maintained in the rice field were more or less 25% and roughly 20%
o 50% of plant height during B. Aus and T, Aman season, respectively in high land (FO)
and roughly 50% Lo 65% of plant height in medium high land during dillerent growth
stages of B. Aus and B. Aman season. Higher rice yield (for B. Aus) was obtained in Lhe
high land than that from the medium high land (Table 5.1). Similar type of observation
was found by Swain et al, (2005) and he rcported that under flood-prone ecosystem the
minimum rice yield reductions were obtained from submergence up Lo 23%, 5% and

50% of plant height at secdling establishmeni to tillering stage, tillering to MNowering
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stage and flowering to maturity stage, respectively. Also Pande et al. (1978) indicated
that high stagnalion of water at early tillering stages is considered to be more deirimental
than al other growth stages of rice and submergence less than 30% plant height at any

growth stage resulted minimum yield reduction.

From the above discussion, the favorable standing water depth up to the maximum
tolerant level by rice without affecting it's production (considering minimum yield
reduction) is recommended which will also increasc the favorable condition for fish
culiure. Rice yield reduction for B. Aus was observed in medium high land for high water
depth (about 50% - 65% of plant height) compared to B. Aus of high land, So standing
waler depth up to roughly 25% of plant height al tillering stage and 50% ot plant height
from tillering to ripening stage of B. Aus should be maintained in medium high tand for
vield maximization. Also, efter harvest of B. Aus, standing water depth up o 30% of
plant height of B. Aman should be maintained in medium high land. This waler depth in
medium high land will also minimize the water depth in high land with increase of yicld
because ideal water depth condition for rice is continuous Nooding starting at 3 cm depth
sradually increasing to a maximum of 20 ¢m as reporled by Singh et al. {1980), and DAE
and FAQ (1990). Again, as high stagnation of water at early tillering stages i5 congidered
o be more delrimental than at other growth stages of rice, the water depth should remain

not more than 25% of plant during tillering stage for yield maximization.

As mentioned before (Table 5.1), the medium low land and low land remain fallow in the
monsoon season. Water management in medium low land and low land which will be
under sultivation by decp water B. Aman during flood season are not cssential. Because
deep waler Amen has quick growing (fast culm elongation) ability with increasing
Aoodwater and flosling or complete submergence capacity for few weeks at dilferent
growih stages. Besides water management in medium low land and low land will be

partially fullilled if waler management in high and medium high land is done.

Tn principle, as long as there is enough waler in & rice Tield, it can serve as a fish culturing
system. Pillay (1950) reported that suitable standing walcr depth for fish culture in rice
field was 0.4-1.5 m for nursery and 0.8-3.0 m for grow-out. Gupta (1998) observed in his
study that fish culture can be suitable in deepwater rice field where food waters over 50

cm might persist for four months or longer. So, water depth for mainiaining maximum
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submergence up to 50 % of plant height at seedling establishment to tiflering slage,
tilicring to flowering stage, and llowering to maturity stage available in the field are

sufficient or suitable for fish culture.

Recommended water depths
In view of the above discussions, the waler depths that should be maintained in the field

through exisling waler management infrastructure for rice-fish cultivalion during flood
season are summarized in the Table 5.6. The depths in F2 and F3 land comresponding to
the depth suggested for F1 land will be genemlly suitable for fish culture because of
sufficient water depth available. During the flowering and ripening stage of B. Aman in
the month of October and November, however, because of less availability of water
(Table 5.4) lrom inadequale minfall and low Lidal water level, the standing waler depth
may be maintained below 50% of plant height.

Table 5.6 Recommended maximum standing water depth with respect to rice plant

height in the field.

Duration Average  plant | Maximum standing water | Standing water depth in other land

. .| depth in medium high | types comesponding te maximum water
(month) height ™ Jand (F1) depth in medium high land (F1), em

medium high
% of plant CIm High land | Medium Low land
land (F1), em height (FO) lowland (F2) | (F3}
April (2™ week) 30 - Safuration | Seturation | Saturationte | Satmration
- May 10 030
June 30 - Saturalion | Satoration 46 107
July (1" weeld) 60 23 15 Saturation 6l 122
July (3™ week) 83 50 43 1 89 150
Augusi(}" week) S0 50 45 3 5] 152
August{3™ week} 100 50 50 [ 96 157
ﬁugust[‘dm week) 104 S0 30 8 o6 157
September 110 50 55 13 101 162
October 115 40 46 153
4 27
MNovember 115 n 31 138
- 77

December Harvesting staris Water staris 1o drain out
{* week)
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53
5.3.1 Water availability
Desired water fevels

Physical suitability of the integrated farming system

Water levels arc fixed during different growing stages of rice on the basis of
corresponding water depths estimated for differcnt growing stages in medium high land
(F1) with the help of water level vs water depth refationship in the ficld, which are
described in Table 5.7. It is to be mentioned here that water depth required in the Medium
High Land in May is met through rainfall, and MNooding does not take place during this
time. From June, the water depths required in different land types are met through both
rainfall and tidal watet allowed in the study area. The desited waler Jevels required for
different time periods are summarized in Table 5.7. The levels are considered as critical
levels for rice cultivation as well as fish cultivation in the diferent types of land in the
study area. As explained earlier, this is due 10 minimization of vield reduction for rice
and maximization of water depth for fish. Some illustrative examples of the extent of
fiooding and inundation depths in different parts of the sludy arca are given in Figs. 5.1-
5.4. These figurcs were oblained by digitizing Lhe elevation contours of the arca followed

by GIS analysis.

Table 5.7 Estimated desired waler levels in the field during monsoon season.

Months water level !Average (monthly} Average flooding depth {(cm)
(m PWD}  |[water level
(m PWD} High land |Medium Medium Low land
(F highland  |low land (F3)
(1) {F2)
April (2 week - - - Saturation| Saturation | Saturation | Saturation
May to 10 to 30
June 1.98 1.98 Saturation| Saturation 45 107
Tuly {1¥ weck) 213 Saturation 15 61 122
227
July (3™ week) 241 1 A3 39 L50
August { 1™ week) 2.43 3 45 o1 152
August {37 week) 248 2.46 8 50 56 157
|August (47 week) 2.48 ] 50 96 157
Scplember 253 2.53 13 55 101 L&2
Otober 244 .44 4 46 o2 153
ovember 2.29 29 - k]| 77 138
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Source of water to meei requirement

Water requirement for 3. Aus and B. Aman in medium highland in May is met from
rainfall. The required water depths trom June to November can be maintained from a
sombination of rainfall and fidal water allowed through the khals. Figure 5.5 shows the
average monthly High Water Level (HWL) and Low Water Level (LWL) (22-year
average), and Table 5.8 shows desired water levels to be maintained along with amount
of total monthly rainfalls (22-year average), and monthly average HWL in the river. It
can be achieved through the combination of storing the tidal waler by opening the waler
comtrol structure and rainfall. The maximum water level that can be maintained in June
oy allowing entry of tidal water level is equal to the HWL {(1.94 m PWD). The remaining
water depth required Lo elevate Lhe level to the desired 2.03 m PWD could be met by
rainfall. Additional water awvailable from rainfall afier deducting an approximete
seepage/percolation and evapolranspiralion loss of 7 mm/day (considered reasonable for
the existing cropping patlern and clay soil texture in the study area) contribute a slorage
volume of 52 ha-m (calculated from elevation-storage volume rclationship). This is
equivalent to more than 10 om of water depth, enovgh to maintain the desired water
depth. For the months from July to September, the desined water levels can be mainwined
from the tdal water levels. In October and November, the water level retained in
previous months, afler accounting tor rainfall and losses will help maintaining the desired
levels. 5o, the regulators and waler retention structures would generally be closed from
Iuly to November.
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Fig. 5.5 Average monthly high and low water levels in the study area (data: 1981-2002)
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Tahle 5.8 Source of water to maintain desired water levels

High water level

Month Desired water lzvel Rainfall (mm)
(m PWD} (HWL), m PWD

June 1.98 337 1.94
July 2.27 315 2.30
Auvgust 2.46 321 2.62
Scptember 2.53 279 2.72
October 2.4 124 2.26
November 2.29 44 1.72

5.3.2 Functions of water retention and drainage system

Several physical environment or modifications {if required environment is not there} are

needed in the inundated floodplains in order to make the rice fields better suiled for fish

culture. All physical modifications have the basic goals of providing enclosed deeper area

for the fish to grow with provision of passage of flood waler in or out. Halwarl and Gupta

(2004) suggesied in their studies about physical environment or modifications of rice

fields to culture of fish in that fields. Generally, there arc four physical environments that

are commonly needed for [ish culture in ricc field:

= The [irst is the making of enclosed area to allow decper water inside the ficld

and/or to minimize the risk of it being looded. This is achieved either by making

there provision embunkment, dike, and/or bund wilthin the area or by using natural

elevated lands, raised homesieads and rural roads as a barricr.

» The second is the provision of water control structure or gate (such as sluice gate.
regulator, pipe sluice cic) with fish net to manage llood waler end to precvent the

fish from ecscaping as well as keeping predatory fish from coming in with the

Mood water.

= The third is the provision of proper drains or canals within the area for the

passage of flood water in ot out.

= The fourth is the provision of deeper arcas (such as small pond, trench, pit etc) as

a rcfuge for the fish within area
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Provision of enclosed arew

Embankments, rural’highway roads, raised homesteads, bamboo fence etc may be used as
barriers to make the enclosed area for growing fish in rice field in inundated Nood plains.
The sub-preject is bounded by rural road and embankment on the north and north-east
along the Singair river and Hazir khal, respectively. On the south the swdy area is
bounded by Gopalgang-Paigati-Pirojpur regional highway. The western sidc of the study
area is bounded by metalled rced that connects the Gopalganj-Patpati highway on the
south. The embankment and rural road elevation is fixed about 4.10 m PWD. Details are
shown in Fig 5.6
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Fig. 5.6 Physical environment of project

50 the study area is considered as an enclosed arca. From the river water Jevel analysis it
is observed that average peak flood level {2.71 mPWD) is less than the level of the
embankment and rural road level (4.10 mPWD) which are used as barriers. The top of
embankment and rural road are fixed with sufficient level to minimize the risk of being
flooded or to prevent most fish from jumping over. As the study area is enclosed with

barrier without over fooding, the rice-fish culture in that area is suilable or preferable.
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Provision of water control structures/gates with fish net
Water control structures/gates are needed (0 waintain proper water depth within the
enclosed areas of inundated flood plains in ordet to maximixe the rice-fish yicld. Fish net

is also important to preven fish from escaping with the water, regardless of whether it is

[owing in ot out.

In the sub-project there are two regulators one at the outfali of Swanirvar kkal, one at the
outfall of Balajiala khal and onc water retention structure over Hazir khal, Construction
ol structures will be completed soon, Three fish nets are also aftached with three
structures. Details are shown in Fig. 5.6, These inlerventions will facilitte storage of
flood water with sufficient or proper depih for rice-fish culture and to remove etra
runolt water from the field. These interventions will also be helpful to remove water from

the field at the lime fish harvesting.

So managing flood waler level and preventing [ish from escaping as well as keeping wild
fish from coming in with the flood water within the study area are possible through gate

operation. Thus rice-fish culture may be considered as suilable in that Acid.

Provision of canuls

Provision of drains or canals in the area is important as a passage or route through which
entry and draining of flood water will allowed. Canals are also uscd to drain out excess
rainfall runoff from the rice field. These may be used for stocking Gsh [ingerlings at early
stage of scedlings when the water depth in rice field is not sufficient. Harvesting of [ish is
convenient from the canals. The presence of the three khals {Swanirvar khal, Hazir khal

and Balajtala khal) in the study area make all these operations possible.

Provision of deeper areas as fish refuges

A [ish refuge is a deeper area provided for the [ish within a rice ficid. This can be in the
form of a pond or a pit in inundated flood plains. The purpose off the refuge is Lo provide
a place for the fish in case waler in the field dries up ot is not deep cnough. It also serves
to facilitate fish harvest at the end of the rice season, or to contain fish for further culture
whilst the rice is harvested. Halwart (1998) suggested in his study to provide [ish refuges
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within rice field for creating deeper arcas to safely accommodate all fish during weeding
and harvesting. In conjunction with the refuge, provisions arc cften made to provide the

[ish with better access to the rice field for feeding.

In Balajtala-Koimadanga sub-project, therc are about 38 ha of lowlands (seasonal
Nooding >9 months) and about 3 ha ol permanent percnnial water bodies within the study
areas. These lowlands and permanent perennial water bodies as shown in Fig. 5.6 can be
used as tefuge for the fish in the rice field. In sum, the fish culture in rice feld in the
study area is also feasible in the conlext of presence of fish refuge. However, it may bc
noted that fish refuges are not mandatory within decp flooded environment for fish

culture in the rice Oeld.

54  Socio-economic impact apalysis

5.4.1 Rice and fish yield

Existing potential yield of rice and fish

From Table 5.9, it is found that 11 ha and 22 ha land werce cultivated under B, Ausand T.
Aman, respectively in high land (F0) and 100 ha in thc medium high land {F1) were
cultivated under B. Aus + B. Amun during the monsoon season. Rice yields were 2.4
ton/ha for B. Aus (LV), 4 wn/ha for T. Aman (HY'V) and 2.05 ton/ha for B. Aus {LY)
+B. Aman (DW) varities. The average ticc yield was 2.4 ton/ha, On the other hand, total
rice production was 320 tons. Medium low land {F2) and low land (F3} land will be
under cultivation during monsoon season through waler management in post project

condition in the sudy area.

Table 5.9 Existing yield of rice during flocd scason within study area.

Crops Land Covered (ha) Yield (tontha) | Total rice production
(tom)
F0 Fl k2 F3

E. Aus {LY) 11 24 264
T. Aman (HY V) 22 4.0 38
B.Auz (LY}

+ 100 - - 205 205
B. Aman (DW)
Total *2.4 (averape.) 31940 =320

* Averge yvield 15 ealoulated for the ot culllvated area
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The rice yield in the project is compared wilh rice yields reporied in other studies in
integrated rice-fish system. For example, Haroon and Pitman (1997), Gupta {1996}, Dey
and Prein (2003, 2004), and Ali (1998} reported for Bangladesh that rice yiclds under
rice-fish cultivation system are 1.5-3.7 ton/ha, 3.8-5.0 ton/ha, 7 ten/ha (in single and
double cropped system) and 7.33 ton/ha (BR3-Fish production in polder system)

respectiveiy.

From Table 5.10, it is seen that iotal 1200 kg fingerlings were stocked in about 380 ha of
seasonal flooded land and slocking density was about 3,16 kg/ha. The harvested [ish size
was about 888 gm/fish, and yield and total production were 0.10 ten/ha, and 27.35 ton
respectively. Yield of fish depends on the stocking density as well as the size of
fingerlings. While the sizc of stocking was comparatively large (about 50 gm), the

stocking density was very low that caused the low yield.

Dala on fish yield vary widely and comparisons are difficult in view of varialions in
environment, species of fish, fingerlings size, stocking density, duration of culture period,
inputs provided, rice spacing, and productive objective- whether marketable, full size lish
is intended, or (ingerlings for aquacuiture. Some examples are provided herc, however to
show the importance of fingerling size and stocking density in regards lo [ish yield.
Diflerent fish yields have been reported in previous studies. Mohanty (2004) tound
relatively high fish yield of 1245 kg/ha at a stocking density of 3000 no/ha, but using
advanced (bigger size) fingerlings, Ali (1998) also found high yield (2800 kg/ha) with
small size of fingerlings (average 8.92 gm), but at a high stocking density of 10,000
no/ha. Uddin (1998), on the other hand, found relatively small yield with fingerling size
{averape 5.65 gm) ot a 6250 notha stocking density. Haroon and Pitman (1997), Gupta
{1996), and Dey and Prein (2003, 2004) reported that [ish yields under rice-fish
cultivation system were 226-221 kgha, 118-616 kg/ha, 1500 kg/ha respectively with
stocking of small sized tingerlings (called fry). Fish yields under tice-fish system for

diffcrent couniry are also summarized in Chapter 2 (Table 2.2)
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Table 5.10 Extisting yield of different varictics of fish cultured in rice ficld

Fizh Fingerling | Stocking | Harvested | Harvested | Loss of Total fish | Fish
species stocked, arca, ha fish size, fish fish due to | production | yield,
kg am {ave.) production | unconlrofl |, ton tonvha
( ton} ed
flooding,
tom
Thai 124 380 350 1.08 027 1.35
sarputi
Rui 200 AL 215 Q.50 2.65
Katla 160 00 1.76 Q.44 2.20 0.10
Common | 720 1500 16.95 4,20 2113
carp
Total 1200 - B8E (ave.) 21.94 540 2735

Projected potential yield of rice and fish
Projected rice yield as well as production is shown m Table 5.11. Projected production of

rice and [ish were calculated considering the whole potential land in the study area under

cultivation through food watcr imanagemcnt after post project. Also, projected

production was estimated using existing rice yield, and considering that additional 25 ha

of medium high land, and 195 ha of medium low land and 30 ha of iow land within the
study area will be cullivated under B. Aus {LV) plus B. Aman (DW), and deep water B.

Aman {with yield of 1.9 ion/ha), respectively through water management. Exisling rice

yield which may be increased duc to proper water managemcnt was tgnored in the

calculation.

Table 5.11 Projected yield of rice during monsoon season within study area.

Rice varieties Land Covered (ha) Yield (torfha) | Total rice production
(ton)
FO Fl F2 F3

B. Aus (LV) i 24 26,40
T. Aman (HY V) 22 4.0 88.00
B.Aus (LV)

+ 123 205 256.25
B. Aman (D'W)
B. Aman (DW} 195 | 30 1.9 427.5
Total 798,15 =798
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From Table 5.11, it is observed that the projected total rice production is 798 tons which
is much higher than the existing iotal rice production of 320 tons (Table 5.9). This is due
to inclusion of additicnal 250 ha of land considered under cultivation through watcr
management practice. Comparison between existing and projected rice production is also

shown in Fig, 5.7 and Fig. 5.8.

It can be noted here that existing average rice yield is 2.4 ton‘ha (from FO and Fi). In the
projection for post-project situation, F2 and F3 lands will also be brought under
cullivation, and since yield (from DW Aman) for thewt land types are comparatively
lower (sec Table 5.11) the average yleld for the entire cultivated arca will be less.
However, in the post project situation, some more Fi land (23 ha) will also be brought
under cultivation, and the yields of rice from F( and Fl land arc expected to incrcase
substantially {20% - 50%) with proper water management, which was also anticipaled in
appraisal report (LGED, 2004). Considering an average 30% increase in yield for B.
Aus and B. Aman, the average vield for the entire cultivated area in post-project
condition becomes 2.42 ton/ha. In view of this, the yield of rice from the cultivated area
has kept as the same {2.4 Lon/ha) in economic analysis of projected return in subsequence

section.

Projected yicld as well as production of fish was calculated on the basis of maximum
stocking densily of | fingerling/m® and fish recovery rate of 54%, 74%, 74% and 63% for
common carp, rohu, katla and thai sarputi, respectively that were reporied by Ali (1998)
for deep water rice environment in Bangladesh, Secondary rccovery rate of fingeriings
are uscd because data regarding fish recovery rate was not found from the farmers of
study area. From Table 5.6, it is observed that high land {FO) and medium high land (F1)
arc not suitable for fish cultivation due to lower water deplh compared to the required
depths as suggested by Pillay (1990) and Gupta (1998). So the stocked arca of fish is
considered to be 255 ha land comprising of F2 and F3 land categories within the project

2rea.

Data on existing fsh species, fingerlings size and harvested (ish weight were used in the
calculation of projected fish yield that arc presented in Tabic 5.2 and Table 5.10. Fish
species such as common carp, rohy, thai sarputi and katla was considered (o be stocked at
the ratio of 2:1:1:1. Common carps arc stocked at higher rate than the other species
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because these species are fast growing compared to rohu, thai sarputi, and katia.
Projection of fish yield is presented in Table 5.12 and comparison between the existing

and the projected fish production is shown in Fig. 5.7 and Fig, 5.8

Tablc 5.12 Projected yields of different varieties of fish cullured i rice fietd

Fish Noof Fingerlings' (No of survived|Harvested fish [Total {ish  |Total fish  [Fish yield

species  |fimgerting  |recovery fingerlings  [weight (ave.}, [production, |production, [tonsha
stocked rate, Yo egmyfish Kg tom

Thai 310,000 63% 321,300 350 112,435 112

sarputi

Rui 310,000 Td% 377,400 B0 339,650 340 6.20

Kaila 510,000 Td% 377,400 800 302,920 302

Common | 1,020,000 5494 550,300 1 500 826,200 20

carp

Total 2,550,000 1580

Stocking erer=255 ha (2,550,000 m7), Stockmg density = fingertmg/m®
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Rice Fieh Floa Fish
Flg. 5.7 Companaon babwesn wxlsting and Fig. 5.8 Comparizon bebween exlsing
priojacted producton. and projected yald

I'rom Table 3.12, it is shown that the projected talal fish production are 1380 tons (6.20
ton'ha) which are very much higher than the existing total fish production of 27.35 tons
{0.10 ton/ha).

34.2 Economic anatysis

Ecomomic aralysis of existing rice-fish production,

Different items of cost and retumn of rice-fish cullivation are summarized in Table 5.13
and Table 5.14. Values of costs and returns which are used in this analysis were collecled
from the study area. Cost jtems which are used for rice-only cultivation were land

preparation, labour for broadcasting, weeding, harvesting and threshing, making earihen
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cross dam on khals (existing condition), lerilizes, pesticides elc whercas income iterns
were selling of rice grain and straw. On the other hand, cost and return items for rice
cullivation when fish is cultured in rice lield were the same as rice-only cultivation
without spplication of fertilizer (TSP and MP} und pesiicide, since fertilizers (except
urea) and pesticides applications are not needed for rice cultivation with fish. Besides,
labour requirement for weeding was less with rice+fish cultivation system compared {0
only rice cultivation system. Because fishes used weed biomass and by-products
available in rice felds as their feed. Cost items for fish cuiture included fingerlings,
salary of guards, making of bamboo fence, fish harvesting, transport cost for selling fish

and sale commission, whereas return item was only fish selling.

From the cconomic analysis {Table 5.15), il is seen that costs of rice-only cultivation,
cost of rice cultivation when fish is cultured in rice field, cost of fish cuitivation and cost
of rice+fish cultivation are 23,570 Tlk'ha, 18,410 Tk/ha, 780 Tk/ha, and 19,190 Th'he,
respectively. On the other hand, the net return from rice-only cullivation is 14,430 Tk/ha
while the net retun from rice cultivation when fish is cultured in rice held is 19,590
Tk'ha, which is 5160 Thk/ha higher. Again, the net returmn [tom fish cultivation is 3,050
Tk/ha, whﬂe'thc net return from rice +fish cultivation is 22,640 Tk/ha. The higher net

return from rice-fish production system is mainly derived by the contribution of fish

yield.

Beneht cost ratic {BCR) for rice only cultivation is 1.61 where as for rice+fish cultivation
is 2.18, which is about two times that for rice-only cuitivation. BCR for [ish cultivalion is
490, where as for rice+fish cultivation is 2.18 which is smaller than fish cultivation.
BCR for ricet+fish is comparatively less in this study area because very low amount of
tingerlings are stocked in a large area {about 380 ha) of tlooded land as an experiment by
thc farmers. As BCR for only fish cultivation are aboul three times of ricetfish
cultivation, farmers are inclined towards only fish cultivation. Bul this is not suggested

due w national food security.
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Table 5.13 Existing unit cost and return for rice cultivation during monsoon

1 2 3 4
Items Rice-only Rice cultivation when
cultivation(Tk/ha) | fish is cultured in rice
ficld (Tk/ha)
Cost ltems | Land prepanation by power tiller, 2800 2800
Tktha
Seed for broad casting, 100 kg /ha 2200 2200
@) 22 T/Kg.
Labour for broadeasting, 2 person 200 200
/ha @ 100Tk/person
Labour for weeding, 50 persen/ha 5000 2000
for column3 and 30 person/ha for
columnd & 100Tk/persan
Fertilizes:
~Urea-120 kg/ha @ 8 Tkike, TSP -
S0kg/ha @ 30 Tk/kg, MP-10kg/ha
@ 30 Tkg for column 3 2760 960
-Only Urea-120 kg/ha @ & Tk/kg,
is used for column. ¢
Pesticides: |} | e
-Basudin 2.5 kyha @ 90 Thkikg, 360
sabicron 1.5 kg/ha @ 90 Ti'kg for
column 3
“No pesticides is used for column 4
Labour for harvesting and 3000 3000
threshing, Tk/ha (If ¢ unit rice
graing are harvested and threshed, 1
unit is taken by labour as a charge.)
Labour for making earthen cross 2250 2250
dam on Khals, 15 person /3 dam
@ 150Tk/person
Total cost 23570 18410
Return lncome from average rice yield, 36,000 36,000
Ilems 2400 kgha @ 15 Th/ Kg
Income from rice siaw  yield, 2000 2000
500kgtha (@ 4Tk kg
(ross
return 38,000 38,000
Met retumn Total Cost - Gross return 14,434 19,590
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Table 5.14 Lxisting cost and return for fish cullivation in rice field during monsoon

Cosl Total Ningerling  cost  (with | Thai sarputi - 120 kg (8 135Th'kg 16,200
Irems teanspor), Tk Rui - 200kg @ 110 T kg 22,000
Katla - 160 kg @ 110 Thikg 17.600
Commen carp - 720 kg @ 135 Tk/ kg 97,200
Salary of guard/security man (during | & persor/month & 1500Tk /person/manth 36,000
4 month), Tk
Making of bamboo fence on J khals | 66 no bamboo and 10 po labour @ 80 67,80
ta pratect fish from floeding, Tk Thk/bamboo and 150 Tk / labor
Fish harvest cost (during 30 | 12labour'day@ 60Tk/person/day 21,600
days), Tk
Transpott cost for sclling, Total 21,940 kg - G00TRS 300 Kg capacity 16,455
Vchicle
Sule commission (3% of total scll), | About 3% of total sell of fish 58,000
Tk
Tolal 206,530
cost
(Tk)
Rciutn | Totad Fish selling, Tk Thai sarputi- 1080 kg (@ 80 Tk/ kg 86,400
ltems Rui- 2150 ke, (@ 90 Tk/ ks 153,500
Katla- 1760 ka @@ 90 Tk/ kg 158,400
Common carp - 16.950 kg &) 60 Tk' kg 1,017,000
{Giross
return |, 455,300
(Tk)
Met (Gross retum -Tolal Cost ) i, 158,770
Retum
(Tk)
Table 5.15 Existing cost and retern analysis for rice-fish production
Items Rice-only cultivation | Rice when fish | Culiured fish | Rice +fish
in rice ficld
Total cost 23570 18,410 780 19,190
{Tk'ha)
Gross returmn 38,000 38,000 3,830 41,830
(Tk/ha)
et return 14,430 19,590 3,050 22,040
{Tk/ha)
Bencfit/Cost 1.61 2.10 4480 2.18
ratio (BCR)

Economic analysis of projecied rice-fisk production.

Projected cconomic performance of rice production during the monsoon season is

analyzed on the basis ol projected yield and considering that the whale polential land arc

brought under cultivation as per project objective by flood waler management. Cost of

construction of carthen cross dams on threc khals are excluded from this analysis because
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of the new water control structures that would scrve the purpose of earthen dams.

Diflerent items of cost and return, and analysis of rice production are summarized in

Table 5.16 and Tabie 5.18. Comparison between the existing and the projected cconomic

performance for rice-fish is shown in Fig 5.9.

Tabie 5.16 Projected unit cost and retam for rice cultivation during monsoon

]

2

3

4

Coat
Ttemns

Tatal
cost

[icms

Rice-only
cultivation {Tk/ha)

Rice cultivation when fish is
cultivated in rice ficld (Tk/ha)

Land preparation by power
tiler, Ti/ha

2800

2800

Seed for broad casling or
planting, 100 kg /ha @ 22
TKEE

2200

2200

Labour for broadcasting, 2
person /ha (@ 100Tk/person

200

200

Labour {or weeding, 50
person/ha for column 3 and
30 persontha for column 4 (3
1 0 Tk/person

5000

2000

Berlilizes

Urea-120 kg/ha @ 8
Tk'kg, TSP -30kgha @
30 Thikg, MP-10kg/ha @ 30
Thk/kg for column 3

-Only Urea-120 kp/ha @ 8
Tkikp, is used for column. 4

2760

260

Pesticides

-Basudin 2.5 kgha @ %0
Tkfyp, sabicron 1.5 kgfha 6@
90 Thikg for column 3

Mo pesticides i5 wsed for
column 4

360

Labour for harvesting and
threshing, Tk /haf If & wnit
tice grains are harvested and
threshed, | imit is taken by
labour as & charge.)

8000

E00H)

21320

16160

Return
[tems

Gross
relurn

Income from average rice
yield, 2400 kg/ha (@ 15 TR
 Kg

36,000

36,000

Income from rice siraw
yield, 500kg/ha (@ 4 Tki kg

2006

2000

38,000

38,000

Net
Teturm

{Gross return -Total Cost }

16,680

21,840
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Projected economic performance for fish cultivated in nee field is analyzed on the basis
of projected fish yield and considering that unit value ol cost and return items are same 25

the existing unit value, This analysis is summarized in Table 5.17

Table 5.17 Projected cost and return for fish cultivation in rice ficld during monsoon

Cost ¥Total finpetling cost (with | Thaisarpuii~ 12.75 ton @ 135Thk/ kg 1,721,250
Itemns transpor), TK Rui-33.15ton &0 110 Thikg 3,646,500
Fatla -30.60 ton @& 110Tkikg 3,366,000
Comman carp=51 ton @ 135 Thikg a,855,000
Salary of puard/security man | 20persun/month @@ 1500Tk 120,000
{during 4 month}, Tk iperson/month
Fish harvest cost (during 30 | 50 labor/day{@ 60Tk/person/day 90,000
days), Tk
Transport cost for fish selling Total 1330 wn @ 600TR' 800 Kg 1,185,000
capacity Vehicle
Sale commission (3% of total | About 330 of total scll of fish 3,489,000
sell of fish}, Tk
Total 20,502,750
cosl
(Tk)
Retumn | Total Fish selling, Tk Thai sarputi - 112 ton (@ 80 Tk kg 8,960,000
Iems Rui- 340 ton (@ 20 Thikg 30,600,000
Katla - 302 tom @ 0 TR kg 27,130,000
Comman carp- 526 ton @ 60 Tk kg 49,560,000
(iross ;
retum 116,300,000
(Tk3
™eL
Returi, (Gross relurn -Total Cost ) 95,797,250
Tk}

* Fingerlngs, novhu 15 conversod to fingecling, ton M

Table 5.18 Projected cost and returns analysis for rice-fish production

Iterns Rice-only Rice when fish in | Cultured fish | Rice + fish
cultivaticn rice field

Total cost 21,320 16,160 20,473 96,633

{Tk/ha)

Gross return 38,000 38,000 456,078 494 078

(Tk/ha)

Net return 16,680 21,840 375,675 397,515

(Tivha)

Benefit/Cost 1.78 235 5.66 5.11

ratio (BCR}

Fingerlings are cansidered to be stocked in 235 ha of flouded rice field m post-project condition.
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From Table 5.16, it is observed that costs of rice-only cultivation and rice cultivation
when fish iz in rice field are 21320 Tk/ha, 16160 Tk/ha respectively where as the net
returns are 16,680 Tk/a, 21.840 Tk/a respectively. From Table 5.18, it is shown that
projected cost and net teturn of fish cultivation are 80,473 Tk/ha and 375,675 Tk/ha,
respectively. From Table 5.18, it is also shown that benefit cost ratio (BCR) for rice-only
cultivation is 1.78 where as henefit cost ratio for rice cullivation when fish is in field and
ricetfish are 2.35 and 5.11, respectively and both of these are higher than that of rice-

only cultivation.

5.4.3 Social acceptability

[t seems far-fetched that stocking fish in rice fields has a significant impact on the society
as 8 whole, particularly so with isolated cases of lechnology adoption by one or a few
farmers widely dispersed. However, when there is a large scale adoption involving an
entire community the social impact is quite profound. In the study area, the integrated
farming system has been a larpe scale practice in the sense that the entire community area
has been brought under the ncw cultivation system. However, it is still too early see a
profound socio-economic impact, since [fsh stocking bhas been far below the full
potential, and Lthe exiting institutional arrangement lacks approprigte structure for which
satisfaction of the local community has not reached its fullest extent. Nevertheless, from
the perceptions ol the local people, it was clear that the new system is in peneral
acceplable o them because of ils huge potentials, and social acceptability wall not be at

all an issue if the full potentials of the system zre achieved, both in terms of
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improvements of production and distribution of sharcs and benefits to be ensured through

a proper instilutienal amrangement.

There have already becn evidences (from people’s perceptions) of increased farm income
and job opportunity {such as making fish culture accessories, guarding, harvesting, and
sorting, packing and transport of fingeriings), and household’s nutrition level. Regarding
social acceptability Halwart (1999) reported that nutritional benefits and lowered risk of
production may provide strong motivation for rice farmers to diversify and that rice+fish
farming can be “profitable” in many ways including from social, environmental, or
ecological point of views. Improvements of a farming household's nutrition as a result
of culiuring fish in the rice fields may just be an incidental and perhaps even indircct
efTect, such as being sble to buy meat or chicken as a result of the extra cash earned {rom
fish. Wilh greater availability of fish, the local population of a rice farming community
will have easy access to fish at affordable prices. Gupta et al. (1998) found that in
Bangladesh, extra income was the most appreciated benefit from growing fish (70%)
followed by “increased food for the family” (59%).

tnstead of the leasing system that was used before, the communily expressed their
willingness (o undertake a group approach within landowncrs, fishers of the community
and landless laborers {with cuslomary access rights for fishing in the flood season), and
determine for themselves the management criteria and institutional arrangements which
they consider suitable to their iocal conditions and social context, with shares allowed to
everybody, and mnei rcturns distributed among Lhe shareholders depending on their

contributions.

Women in the study arca find the new farming system attractive, Being members {(1/3cd
of the otal) of the WMCA, they will have the opportunity of buying shares, and this will
directly add to their economic capital. Also they do not sce the conflict regarding feeds

between fish and ducks (reared by thec women).

Overall, the results show that the community-based fish culture approach in scasonally

flooded rice ecosystemns will benefit landowners as well as landless participants, women,

and hence will be socially acceplable.
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55  Envircomental impact
5.5.1 Soil quality

The nutrients status of the soi} before and after rice-fish cultivation were measured to
invesligate if there have been any variations in the availability of nutrients in soil. Soil
quality was also investigated in a nearby project {Kaikubunia-Chinguri) area where only
rice is cultivaied. This would help to understand the impacts coming from only the rice-

fish farming systemn. The resulis arc presented in Table 5.19.

Table 5.19  Availability of nutrients in soil of rice ficld with and without fish

Location | Soil sampling time Concentration of differcnt nutrients in soil (average)
ptl | Organic Organic ™ {%%5) P K 5
C (%} Matter (%) {ppro) | {ppm) | {ppm)
Initial {Belore rice-
fish cultivation) .54 1.15 245 o082 | 10.34 491 7.57
Study
arca Final (After nee-
fish cultivation) 6,53 1.41 2.78 o101 11.56 51.1 7.61
Average increase/
decrease -0.01 0.26 {r.32 0.019 072 2 0.04
Initial (Before rice
Anolher | cultivation) 661 1.19 210 0.073 0493 44 6.43
praject
{conirol) | Tnitial (After rice 6.39 1.31 2.23 G074 | EHLIZ 436 | 626
cultivation) ¢
Average increased ' | -0.02 012 g3 0.0 0.19 0.4 -0.19
decrense
PH

From Fig.5.10, Fig.5.11 and Table 5.19, it is obscrved that the initial values of soil pH
obtained were 6.54 and 6.61 in rice-fish and rice-only cultivation system, respectively
and the final values obtained were 6.53 and 6.59 in rice-fish and rice-only cultivation
system, resp:;ctiwl}f. The average initial and final P" valucs both in rce-fish and rice-
only cultivation systern were more or less similar and did not show any remarkable
difference between them. While pH values obtained in the study area before and afier

cultivation followed 2 similar pattern, it was sort of erratic for the control site.
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From Fig.5.12, Fig.5.13 and Table 5.19, it is observed that the initial values of organic

carbon (C) in soil obtained were 1 15% end 1.19% in rice-fish amd rice-only cultivetion
sysiem, respectively end the {inal vaolues ohtained were 1.41% and 1.31% in rice-lish and
ricc-only cultivetion system, respectively. While the organic carbon increased in both
rice-[ish and rice-only {control) svstemn, the increase in the former system was mare than
twice than that in the latter system. While the increase in organic earbon was consistent

spatially in the study area, it did not follow the same pattern in the contral size.
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Stmilar results were found for organic matter. 1t is seen thm the initial values of organic
matter in soil abtained were 2,45 % and 2.10 %% in rice-fish and rice-only cultivation
sysiem, respectively and the [inal values obinined were 2.78 % and 2.23 % in rice-lish
and rice-only cultivation system, respeciively. The final values of organic matter were
higher (han initis] valees both in nice-fish and only rice cultivation system. But the

avernge incrense of organic matter in rice-fish system was about 3 times higher than the
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of organic metier in rice-only cultivation system. The increase in organic metier also

showed a more consistent pateern than thet in the control site.
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Toeal nitrogen %)

There was improvement in total nitrogen because of integrating farming. [t is observed
from Fig. 5.16, Fig. 5.17 and Tablc 5.19 that the initial values of nitrogen in soil obtained
were 0.082 %% and 0.073 % in rice-Mish and only rice cultivirion sysiem, respectively and
the final values obtnined were 0.101% and 0.074 % in rice-fish and nce-only cuhivation
svstem, respectively, The final value of nitrogen was higher than that of inittal value in
rice-fish system, whereas no remarkable difference was found between initial and final
values of nitrogen ir: only rice culiivation sysiem. On the other hand, the average increase
of nitrogen in rice-fish systen was about 19 times higher than that of nitrogen in rice-
only cullivation sysiem, The spatinl pattern of increase in 1otel nitrogen wes consistent in

the study area and erratic in the control site,
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Change in phospharus in soil followed a similar pattem; however, the chenge {or
increase) is not gs sirong as in the other cases mentioned above, From Fig.5.18, Fig.5.19

74



end Table 5.19, it is seen that the inittal values of phosphorus in soil obtined were 10.84
ppm ord 9.93 ppm in rice-fish end rice-only cultivation system, respectively and the final
values obinined were 11.56 ppm and 10.13 ppm in rice-fish ond rice-anly culiivaiion
system, respectively. The initial ond final values of phasphorus both in rice-fish and rice-
only cultivation sysiem were more or less similar and did not show any remarkable

difTerence between them,
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From Fig. 5.20, Fig. 521 ond Teble 5.19, it is observed that the initial values of
phosphorus in soil obtained were 49.1 ppm and 44 ppm in rice-fish and c;nly rice
cultivation sysiem, respectively, end that of the final valves obtaired were 51,1 ppm and
43.6 ppm in rice-fish and only rice cultivation system, respectively. The initial and firal
values of phosphorus both in rice-fish and rice-only cultivation system were more or less

similar and did not show any remarkable difTerence between them.
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From Fig. 5.22, Fig. 5.23 ond Table 5.19, it is shown that the initial values of sulpher in
soil oboined were 7.57 ppm end 6.45 ppm in rice-fish and only rice cultivation system,
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respeciively and that of the final values oknined were 7.61 and 6.26 ppm in rice-fish and
rice-only cultivotion system. respectively. The initiel and firal valuves of phosphorus both
in eice-fish and only rice cultivation system were more or less similar and did not show

any remarkuble difference between them.
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Fram the sbove findings, il is seen that there has been an increase in a number of soil
quality parameters (¢.g. organic earbon, organic marter and nitrogen). This increase may
be arributed to the enrichment of these nutrients by the culture fish as well as the capture
{wild} fish existing in 1the systern. Similar findings were also reported by Lipton {1983),
Middendrop (1983). Xu and Guo (1992}, and Gauni et al, {1993) and they siated that fish
culture in rice ficlds slimulates the aetivities of micro-orgontsms., increases availability of
organic matters, have positive impact on minerulization as a consequence of lower PY of

water and increases the celease of nutrients for better nce growth,

Similarly, Panda et al. (1957) recorded that 1he higher concentrution and uptake of
nutrients by grmin and straw in rice fields with fish might be associsted with the
accumulation of fish feces and increased bioperturbmion of the soil by fish movements
which resulted in outrients being more avaitakle for plant use and reccumulation of fish
excreln leading to higher organic load in the soil favouring the uptake of iron by rice. On
the other hand, Cegauan et al. (1983) stated that fish growing with rice could influence
the nirogen flows in low land irrigated rice fields, Bioperturbation of the soil by fish
increases the thickness of eerobic zone that make nutrients more available for plant use.
Also Roger (1988) reported that fish grazing on the aguatic biomass contributes 10

nitrogen accumulotion ot the soil surfece through their foces and the reductiom algal
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bipmass by fish prazing on them helps keep the P" near neutral which in tum reduces

ammonia losses by volatilization.

However, the increase in these nutrients could have manifolds, which was not possible
because of low amount of fish fingerlings stocked by the farmer in the rice field as a trial.
For cxample, the increase in concentration of organic matter (0.32%) after ricetfish
farming recorded in the soil of the present study is much lower than that (0.86% -0.90%)
ohtained by Uddin (1998).

5.5.2 Pest control

From the Focus Group Discussion (FGD) in the different groups of people, there was 3
clear indicalion that integrated rice-fish farming in the study area had a positive impact
on pest control. Pest (such as lady beetle, leaf-hoppors, stem-borers, aphids, spider,
damsel Iy etc} population or insect population was lower during the season in rice-fsh
system compared to rice-only system without pesticides in the previous year. It may be
mentioned that no pesticides were used in the previous year. Since many fish species feed
partly on (he aquatic fauna, they can act as biological control agent in rice fields, The pest
controlling capacity of lish may allow the application of chemical plant protecting agents
to be reduced, Literature {¥romant et al., 2002a, b; Halwan, 1994; Tchinose et al., 2002)
shows that inducing common carp, being an omnivorous feeder, is the most promising
species in controlling pest, insects and snails in the tice field. This was one major fish

species used by the farmers in the study area.

Stocking fish in rice fields was not only cffective in protecting rice plant from pests, it
has alse reduced propagation of mosquito in the study arca, because Mishes feed mosquito
larva as their feeding. Such an effect was also rcported by Lee and Lee {2003) from a
field study involving muddy loach (Misgurnus mizolepsis), a small freshwater fish, in
Korea. Neng et al. (1995} stated similar cxperiences with the iniroduction ol different

carp species in a rice growing arca in Chima.

Pest control is a very important issue in Bangladesh. Aquatic organisms like [rogs,

sheimp, crabs, snails, mnssels, and even some inseots arc potentially more imponant
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sources of animal protein for rural populations than tish. They too can be enhanced
through the elimination of pesticides. However, very little is known aboul the effects of
pesticides on various aquatic organisms. Snails and mussels are known o build up a
concentrstion of pesticides in them. All water organisms are subjected to granular
pesticides when they are applied. In most South East Asian countries, thesc Organisms arc
caten by farmers. In Bangladesh, they are usually fed to poultry. Ducks, imponant in
Bangladesh, normally feed in the rice paddies on snails and other aquatic plants and
animals themselves. Pesticide residucs could potentially afect the health and egg-laying

ability of the ducks.

553 Woeed control
Rice-fish farming has had e positive cffect in weed control in the stody area. Labour

requirement for weed (such chocha, jolshechi, abali, joldurba, jai gass, colbon, baspaia,
bagjhar etc) control in previous years was roughly 30 personstha with only rice
cultivation comparcd 20 petsons’ha in the integrated rice-fish cultivation system. F ishes
use woed biomass and by-products available in rice ficlds as their feed. So the pariial
control of weeds by [ish is possible in rice field. Reduction of weed biomass can hclp
reduce competition for nutricnts and raisc availability o the ricc plants. Thesc are
cxplained in details in Chapter Two drawing references of previous studies and

experiments.

The contro} of aquatic weeds by fish has been demonstrated in a number of studies.
Reduction of weed biomass can help reduce competition for nutrients and thereby raise
availability 10 the rice plants (Lightfeol et al,, 1992). A reduction of the weed biomass by
39% due to the presence of common carp fry was confirmed by a field trial by Patra and
Sinhababu (1995) in India. Rothuis et al. (1999) reported a reduction of submerged and
floating weeds, which are readily available as fish feed by up to 100%. Frei and Becker
(2005) noted a complete climination of filamentous algae in rice plots due to the feeding
by Nile tilapia and common carp. At low stocking densilies, the weed controlling etfect
of fish may be less, as reported from a ficld experiment by Piepho and Alkimper (1991).
In that study, however, only 60 to 200 fish per ha were present.
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The weed controliing effect appears lo depend on the feeding characteristics of the
specilic species of lish stocked. A study on the feeding ecology of fish in rice-fields
{Chapman and Femando, 19%4) detected the sceds of gragsy weeds in the diets of Nile
tilapia and common carp. Macrohcrbivorous fish species, such as silver barb, may cause
damage to rice plants, as this fish feeds not only on grassy weeds, but also on the leaty

parts of the rice plant (Rothuis et al., 1998b). This type of detrimenial effect is more
likely to occur under high fish densities.

5.5.4 Water quality

Dircct measurement of water qualily parameters was not done. However, indircct
qualitative information was obtained from the local people related Lo water quality. The
villagers use water from khals for their domestic purposes. Any odd Ravour, bad colour
and Laste were not observed by them comparcd Lo previous years with rice only system.
As no pesticide was used for rice-fish cultivation system, there was less possibility for the
water to be polluted in the field or khals. With fish removing the weeds and reducing the
insect pest popuation to tolerant level, the possibility of the water quality degradation is

further reduced.

5.5.5 Risk to indigenous specics

Fish is cultivated in the rice field under controlled envircnmeni. So, natwral fish
migration process from river to khul or rice field are partially hampered during {loed the
season. The published data of 2004 were compared with the data obtained from FGD in
3007, The ficld level data summarized in Table 5.20 indicate the reduction of natural

{isheries.

Table 5.20 Natural fisheries production

Type of water body | Fish species (local name) Production (ton), | *Production

2004 (ton), 2007
Seasonal flood land | Rui, Katla, Mrigel, Koi, | 17.75
Perennial water | Shing, Magur, Shel, Boal, 0.66 18.41 12
body Taki, Puti, Mola

Source LUEL, 2004w *Frodugtion about 2/ of previeus production which wes eatinated through FGLL
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However, reduced pesticide use will have positive effecls on the natural stocks of wild
fish which are considered a critical resource for populating the flood plains at the
beginning of the monsoon season. The immediate cffects of reduced pesticides on capture
fisheries as well as its possible efTects on the reproductive potential of these stocks, while

difficult to measure may be significant.

5.5.6 DBiodiversity
The extent of vegelables such as Kolmi, Malancha, Salck, Sapla which are grown in rice

ficld were the same as previous years, as observed by the local people. So, fish did not

have any significant negative impaci on them.

The farmers also informed that movement of lish in rice fleld is helpful for pollination of
tice. A rice feld is known to be the habital of a diverse asscmblage of specics (ITeckman,
1979; Balzer et al., 2002). Intensification of rice cultivalion with an associaled increase in
chemical pesticide use is reducing this diversity (Femando et al., 1979). Since rice-fish
Farming often reduces the need to use chemicals for pest control, this assists in preserving
a diverse rice field biota. Ulilizing the existing native species for rice-fish culture serves

to actively preserve the biodiversity.

5.0 Institutional set up for rice- fish eultivation

5.6.1 Existing urrangement

Institutional arrangement for rice-fish

The Nood-prone areas are seasonally Nooded during the monsoon and remain submerged
from four to six months. Land ownership is fixed accordimg to tenure arrangements
during the dry season, However, during wet season floods, individual land holdings are
nol visible and waters are community property granting all members access te fish in all
areas of the communily. Consequently, it is seen that the rice-fish cullure activily in the
Nood-pronc ecosystem is undertaken by the rural community under a group approach.
The villagers of the study area are practicing integrated rice-fish cultivalion in seasonally

fiooded land through Water Management Co-operative Association (WMCA).
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The authority of the WMCA gave lease of the seasonally flooded Land for a year {from
May to December, 2007) to a person for fish cultivation in rice field. The person
invested all liis money for fish cultivation in the rice field and provided 3% of lotal
profit to the WMCA. WMCA did not supervise and monilor the Fsh cultivation in the
rice field. Profits that were obtained from the leasing system were not cqually and fairly
distributed among the members of the WMCA; members were pattially benefited. All
landowners of the flooded rice Tield were not included as members of the WMCA, Alsp,
landowners who are not members of the WMCA did not get any profit due to fish
cultivation in the rice field, But they have a righi o get & share of the bencfit due to
landownership in that flooded land. So conllicts did arise among the members of WMCA

and the non-members, and non-members tried to catch or poach fish in their rice field

during [lood season.

A minimum of 10% faccording to constitutions of WMCA) of total general members will
be always constiuted by landless including waditional fishermen. Landless and
traditional fishermen whe are not members of the WMCA are also deprived from the
benelits of fish culture and natural fish catch. So conflict arises belwecn landless
(inchuding Lraditional fishermen) and WMCA. These kinds of conflicts arc polential

threats to the sustainability of integration of fish in rice field in the looded areas.

Arrangement of Water Management Co-operative Association

In the study arca, the name of water mansgement association is Balajtala-Xalmadanga
Water Management Co-operalive Association and it's registration number and the total
general members are 00011705 (registered with Co-operative Department) and 454 (300

men and 154 women), respectively. Conslitutions and structures of the WMCA include:

e Minimum numbers of gencral members of WMCA must be 200 of which 2/3
and1/3 will be men and women respectively. All tandowners within the subproject

may or may not be included as member of WMCA and there is no restriction for

membership.
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There are four committees, viz. executive committee, agricultural sub commiltec,
fsherics sub committee, ward sub commitiee, and operation and maintenance sub

Comumittes in the WMCA. An organogram of WMCA is given in Figurc 5.24

All commifttee and sub- committee consist of 12 members (such as Chaimman,

vice-chairman, Secretary, accountant, member4 men & ¢ women) and 1/3

member will aiways be women.

Cxecutive committee is formed within members of the WMCA through election
in the present of local government administration and other Committees formed

by the Executive Commitiee.

Chairman of the Executive Commitiee is also the chairman of the Operation and

Maintenance Commitiee,

1/3rd and 10% of total general members will be always women and landless as

well as traditional [ishermen, respectively.

Sup-project arca is divided into 9 Ward {not govemnment ward) by the WMCA

and 9 ward committecs are formed.

There is monthly {ees system and all cash from any income and fees are deposited

in a joint account of Chairmman and secretary of the execulive commitiee.
Shares may be olfered due to fund cotlection for special activity.

All members are collecled within the study area, but there is a provision of

membership {20%) outside of the study area.
33% of any prolils are deposited a5 a fund of the WMCA.

The WMCA provides loen facility (Tk 500- 50,000 Tk} with 10% interest among

the members.

Fund of deposits is used for small scale repair and maintenance work, and loan

purposes.
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+ Yearly audit are conducted by government autherity {Depariment of Co-

operative)

Function of Committecs:

(1}  Execulive Committee: All types of decisions arc made through mectings, and
financial maters arc maintained by this committce. This committee is also responsible
for arrangement of meeting, (rainings (sbout agricultural lechnology, [lishcries

technology, problems and solution related 1o rice and fish culturc) elc.

{(2)  Operation and Mainlenance sub Committee: Responsible for operation and

small scale maintenance of sluice gate, regulator, embankment ete. Fund is used for such

type of work from deposit inoney of WMCA.

(3) Agticultural sub Committce- Responsible for advising the members about modem

apricultural practices and solution of probles.

{4)  Tisheries sub Commitiee: Responsible for advising the members about fsherics

related lechnology and problem solution.

(5)  Ward sub Committee: Respensible for collection of monthly fees, forccasting of
decisions of Executive Committes lo the members, making awareness among villagers Lo
he members of the WMCA. Accountant of ward sub committce collects monthly fees and
finally all money is deposited in a joint account of chairman and secretary of the

Executive Committes.

Excculive Committes

: , ] ]

Operation and Maintenance Apricultural Sub Fisheries Sub Ward Sub
sub Committee Committee Committee Committee
Fig.5.24 Organogram of WMCA
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5.6.2 Required arrangement

Institutional arrangement for rice-fish

Arrangements between stakcholders are necessary because of ipdividual land heldings
are nol visible during flood season foods, and waiers are communily property granting
all members access Lo fish in al! areas of the community, This approach is needed to
exploit the resource. The foilowing rccommendations that are identified from Lhe

villagers are needed for sustainable fish eulture in rice field:

e TFish culture in the rice field should be arranged directly by the WMCA, not by

any lcasing system.

e The WMCA shqtld collect fund for fish culture in rice field by offering shares.
Amount of each share should be flixed by the meeting of the Executive
Commitiee. One-third of met profit of fish cultivation should be deposited as a
fund of the WMCA. This can be helpful 1o increase the deposit. Rest of the nct
profit with share money should be disiribuled among the share holders

e  Share should be made open to both the members of the WMCA and landowmners
who are not member of WMCA. Many landewners are not members of WMCA
although there is no restriction for membership. If a member is not capable to lake
a share, then anothcr member can lake that share. The WMCA should try to
motivate them to take share or (o be included as members of the WMCA. If those
landowners do not want to take share, they should be subsidized with cerain
amount of money to use their rice fields for cultivation of [ish during the flood
season. So these systems climinate conflicls between landowners (who are not

members of WMCA) and the members of the WMCA,

e The landless and traditiona! {ishermen are important groups since thesc people
huve generally been using such areas either for fishing or other activilies to derive
their livelihood. The inclusion of these people to meet the labour requirement of
the activity in fish cultivation Jike guarding, harvesting and other related activities
can helped them in gelting a share of the profit or a job opportunity. One benclit
from the inclusion of such people is the elimination of poaching and group
conflicts. Likewise, it will increase community bondage.
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« In some instances, natural fish should be given o traditional fishermen to sefl and
mauke a living. They should also be allowed o catch natural fish that are not
cultivated by the WMCA using special type of fishing gears during the flood

eason. It is also helpful for reduction of predator type natural fish which atlack

fish fingerlings.

Function of Water Management Co-operative Association

Required organogram of WMCA should be same as the existing organogram of WMCA
but rice-fish cultivation system through this organogram should be different. The
following additional activity should be done by different commitiees of the WMCA for
sustainable inlegrated rice-fish farming:

(1) Executive Commitiee; This committee should be responsible for overall
monitoring and supervision, and coordination among different sub committces. This

committee should also be responsible for positive ewareness growing of rice-fish

cultivation.

(2} Operation and maintenance sub commitiee: This committce also be
responsible for operation and maintaining of sluice gate, regulator, embankment,
sarthen cross dam, fish net (bamboo fence) which are essential for water management

in rice field for culturing of fish,

(3) Agricultural sub committec: This snb committee should be responsibie for

monitoring of any problem related to rice culiivation due to fish cultivation in that

field.

4 Fisheries Sub Committee: This commitee should be directly responsible
for the fish cultivation activ_ity in the rice field such as fingerlings collection,

stocking, rearing, harvesting and marketing clc.

(5 Ward sub commiriee: This sub commiltee should bc responsible for
guarding fish from poaching within their respective areas without any payment,
although there must be provision to provide guards with salary for guarding fish.
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5.7 Impact on SATWRPMP

This thesis work has been conducted under the acgis of the South Asian Water
Fellowship (SAWA) program of the Crossing Boundaries (CB} Project of I'WFM, BUET.
The research program of the CB project is being carried out in collaboration with an on-
going project of BWDB and LGED so that the research findings have uscful
contributions to Lhe project, and help enhance suslainable water management in Lhe area.
The project is the “Southwest Area Integrated Waler Resources Planning and
Management Project” (SAIWRPMP), which is co-funded by the Asian Development
Bank, the Government of the Nethetlands, and the Govemment of Bangladesh, and
implemented by BWDB and LGED (ADB, BWDB and WARFO, 2004). The selected
districts in Lhe southwest areas for the project arc Faridpur, Gopalgunj, Jessore, Magura,
Naorail, and Rajbari. The selected study region for the research program of the CB project
covers (he districts of Narail, Gopalganj and Faridpur,

SATWRPMP

The overall goal of the project is to enhunce economic growth and reduce poverty in the
project area (ADB, BWDB and WARPO, 2004). It aims at enhancing the livelihood of
(he rural population by improving the productivily and sustainability of the existing flood
control and drainagefirrigation (FCD/I) schemes. This will be achieved through holistic
and participatory planning, development, and management of waler and strengthening Lhe
institutions for delivering the agricultural and fishery services (to the poor population) Lo
address locally identified constraints on agriculture, fishery, and livelihood development.
The scope of the project comprises & number of components: (A) preparing participatory
integrated water management plans AWMPY; (B) establishing productive and snstainable
water management systems through IWMP implementation comprising WMA formation
and sirengthening wilh pariicipatory preparation of program implementation plans, water
management infrastruclure, support services for developing aprienlture, fishery, and
livelihood enhancement of the poor, and support for establishing sustainable O&M
mechanisms; (C) strenpthening institutions (including policy and institutional framework
and organizetional capacities) for elfective pmvisiun of services to achieve this ends and

project tnanagcment.
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Contribution of current research to SAIWRPMP

This (hesis work is related to the component B of the SAIWRPMP objectives as outlined
above. One potential area identified is the enhancement of livelihood for the poor through
integraled rice-fish farming in subprojects backed by proper waler management
infrastructures and stronyg and proper waler management associations in place. The
project acknowlcdges that fishery yields per heclare in the south west area are relatively
low. Capture fishing communities are in decline and families are slipping into cver-
increasing poverty. The project emphasizes that that there is considerablc scope for
improving fishery production as both as economic growth and poverty reduction strategy.
To provide benefit Lo fisheries househalds, and for development of fisheries in the
southwest project area, a lisheries development plan is 1o be prepared to inciude a
community-based floodplain stocking in the sub-project area. The objective of this
component would be to promote improved fisherics management in floodplains by
supporting stocking interventions which are managed by and affordable by local people.
One of the key means of increasing culture fisheries has been envisioned to be through
the adoption of paddy cum fish culture where feasible. The project recognizes (hat during
rainy season, sufficient waler is available in all paddy ficlds for 4-6 months, when fish
can be released in inundaied paddy figlds, which will grow naturally and can be harvested

alter 4-6 months in the post MmonsooN.

The thesis work analyzed a recently started integrated rice-fish farming system in the
Balajtsla-Kalmadanga Sub-project. Using a set of eriteria and indicators, the system was
evaluated from a sustainability point of view; for example, whether the existing physical
syslems arc suilable for integraled farming practice, whether the new syslem is able or
have the potentizi to have a posilive impact on the socio-economic condition, whether the
system will be environmentally sound, and what kind of management infrastructure and
water management system arc required for the intcgrated farming system (o be
suslainable over long periods. The study provides significant insight into the required
waler management infr;suuctun: (e.g. Tcgulators, water retention structure) and their
functions, and how the water flows and levels are to be controlied to provide a favorable
condition for integrated rice-fish farming. The study also analyzed the SOCIC-ECONOMIC

benefits thai can be achieved through the implementation of the new farming system at its
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full potential. At presenl, there are some shortcomings in the management process with
the integraled system, including fair disiribution of shares and benelits, The benefils arc
distributed among the members of the WMCA, while the non-members incloding a large
number of Jand owners, landless poor, traditional fishermen and women do nol receive
any benefits. This leads to conflicts and discontent among different groups of the
community. The study suggests a community based rice-fish farming management
system through the WMCA, which would be socially acceptable, and will ensure a fair
distribution of shares and benefits among the community members with disparate socio-
cconomic conditions. In sum, the study provides ample information that would help (he
SAJWRPMP planners to replicate this integrated rice-lish farming and waler
management systems at other places of the project area, which is one of the key

objectives of the project.
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6.1

Chapter Six
CONCLUSIONS AND RECOMMEMDATIONS

Conclusions

The conclusions of Lthe study are as follows:

The waler management infrastructures in the project area arc conducive Lo the
adoption of the new farming system; hence the integrated rice-fish technology in
inundated rice field is technically feasible.

Crifical water levels required for minimization of rice yield reduction and
increasing favorable condition for fish cuture can be met from the available water
in the study area, Standing water depth up to 50% of plant height is recommended
during the dilferent growing stages of rice that maximizes yield and increases the
favorable condition for fish culturc.

Economic benefits oblained by the community from rice-fish cultivation wcre
more than that they obtained in previous years from rice monoculture. Existing
and simulaled benclit cost ratio (BCR) for rice +[ish cultivation system were 2.18
and 5.11, respectively which was higher than that of ratio (1.78) of only rice
cultivation system.

However, (here are immense potentials to increase the yield and production many
folds by increasing the stocking of fish fingerlings that is feasible in the study
area. The simulated fish yield is 6.20 ton/ha which are very much higher than the
existing fish yield, 0.10 ton/ha.

The integrated farming system is socially acceptable.

The quality of soils (e.g. organic carbon, organic matter and nitrogen) was
enhanced with the introduction of fish in inundated rice ticld, which is favorable
for Boro crops 10 be followed in the field in the dry season. With increased

stocking of fish in future, it is anticipated that soil quality would be enhanced
further.
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= The integrated farming system improved pest management and weed control, and
did not seem to have negalively impacted water quality, indigenous capture
fisheries and biodiversity.

» There are some shoricomings in the management process with the integrated
syslem, inchuding community-based fish farming through Waler Management Co-
operative Association with fair distribution of shares and benelits among land
owner, land less, iraditional fisher men and women, and if thc management
processes suggesited in the thesis are followed, it will pave the way for morc
motivation and social acceptability among the community members with

disparate socio-economic status, which in turn will help sustain the system.

6.2 Recommendations

Although ntegrated rice-fish farming is found to be a considerably prolitable activity for
the farmers, adoption of the technology to date remnains far off from the full potential.
Further expansion of rice-fish culture is hampered by 4 number of constraints. Some

recommendations are listed below:

« The study was undertaken in an arez wherc integrated rice-lish fanming
has been only & recent practice, with fish farming being far less than the
full potential. Future studies can be undertaken to see diffcrent impacts,

~ including that on environmental, in details in a fully developed system.

s Low cducational level of the farmers and lack of extension services i5 a
constraint. This is crucial since rice-fish furming requires skills in both

rice cultivation and lsh-culture management.

s Increased labour and capital requirement, as well as farmers’ reluctance lo
adopt unfamiliar and risky innovations is a constraint. External financial

supports are thus needed. NGOs can play a significant role in this regards.

& Technological and infrastructural constraints, such as Jack of water conlrol

facilities, waler retention capacity, loss of fish due o escape, invasion of
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predatory fish, and unavailability of fingerlings are some of the deterrents
in expansion of the firming practice. These constraints can only be
overcome if policy makers actively support the integrated rice-fish
farming, e.g., through education and extension programmes, or by

providing the requircd infrastructure,

To ensure availability of quality fish fingerlings/fry in the locality, small
pond/khals in the project arca can be used as nursery ponds. The

fishcrmen, particularly the women, can earn extra money by rearing fish

fry/fingerlings in ponds.

Locally adapted methodologics need to be developed for specific
conditions, such as inundated, inigated or rainfed environments, as well as
for the rolational mode of rice-fish systems. depending on the local
economic and environmental seiting. 1f these conditions arc met, rice-fish

culture can indeed help to save resources, especially water and land, in

Bangladcsh.
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A sample of questionnaire (for the leasee):

1. Identification of respondent:

Name of the respondent.

Occupalion
Age

Education

village

3. How long experience do you have in [ish culture in rice eld?

3. Have you laken Lhe inundaled rice field for fish cultivation through what system?

4. Who is the leasing authority?

5. What is the condition for leasing system?

6. What are the fish cultivation systems that you follow?

Fish Fingerlings | Fingerling Fingerling Loss of Harvest lime
species stocking stocking size | stocked Fingerling
time

7. What is the source of fingetlings?
8. Da you feel any problem to collect fingerlings?

1f yes then problems and suggestions

9. What are the sources ol feed for fishes in the rice Feld?
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10. What are the yields of fish?

Fish species Harvested fish size Harvesied fish production

11. What is (he harvesied fish marketing system?

12. What are different cost items and costs for fish cultivation?

13. What are ihe different retumn items ond returns {or fish cultivation?

14. Do you observe any changes/benefits for fish cultivation in the rice feld?
It yes, then what are the changes?

15. What arc the overal! problems that you tound during fish culiivation?

16. Do you face any problem during flood season for fish cultivation”?
[f yes, Lhen what are the problems?

17. Do you Lhink leasing system is good for such type of fish cultivation?
18. Do you have any suggestion to lng term sustainability of this type of fish
cultivation? '

If yes then what are your suggestions?

Dale: Signature of the enumerator
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A sample of questionnaire (for the agricultural farmers):

1. Jdentification of respondent:

Narne of the respondent:
Occupalion

Age

Edugation

village

2. How long experience do you have in agriculture?

3. What kind of cropping patiern does you practicing in the project area?

Name of cultivated crops
Kharif-1 Kharif-1I Rabi
(March/April- June) {July-October) (Nov.- March) ]

4. What are the land categories in the project area?

5 What kind of rice varielies are you practicing in diffcrent land dvring monsocn season?

Rice varieties | Sowing/Transplanting Harvesting Land categories

6. What sre Lhe inputs/cost items and costs for rice cultivation?

Inpuls/cost items Cost (Tk/ha)

7. What are the yields of different varietics of rice?
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8. How do you maintain the water in the rice field during monsoon season?

9. Whar are he operational schedule for earthen dam on khals to manage the water in the

field?

Month

Statns of earthen dam Reasons
{ open or close)

10. ‘What are the water depths that you maintained in your rice feld during different

growing stages during monsoon season?
Rice Rice growing | Duration Plani height, Standing water
variety stage {months) depth
2 |58 £ 8 |5E
= dg-- T R
2T i8% g% [32%

in rice field?
If yes, then what are he benelils/changes?

11, Do you observe any bepeli/changes occured in the nice field when lish was cultivated

12. Do you think what should be the inslitutional arrangemenlt/ cullivation system {(cxcept

leasing systemn) for fish cultivation in inundated rice field?

14. Why should be such institutional amrangement/ cultivation system?

Date:

Signature of the enumerator
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A sample of questionnaire (for the fishermen):

1. Identification of respondent:

Name of the respondent:

QOccupation

Ape

Education

village

2. How long expericnee do you have in fisheries?

3. What are the types and sources of natural fish in the project area?

Types Sources
4, What is (he natura) fish production during this year?
Type of water body |  Fish species (local name) Production

5. Do you observe the amount of natural fish is decreasing day by day in your area?

If yes, then what are the reason/factors ?

6. Do you know (hat the inundated rice fields have given lease to someone for fish

culbare?

6. Why did you not practice rice-[ish culture before?

ill




7. Do you satisfied wilh this system {leasing system)?
1f no/yes, then what arc the reasons?

8. Do you agree (o culture fish in rice field in future?

9, What should be Lhe fish species for culturing in rice field?

10. What should be functions of waoter retention structures and regulators regarding fish
culture?

9. What should be the institutional arrangement/ cultivation system for fish cultivation in
inundated rice field?

10. Why should be such instilutional arrangement/ cultivation system?

11. Do you observe any benefit/changes occurred in the rice field when fish was
cultivated in rice [ieid?
If yes, then what are Lhe benelits/changes?

Daie: Signature of the enumerator
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