- key findings from a project funded by the
CGIAR Challenge Program on Water and Food
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A. Historical background

FG{t;.F per cent of the world population is settled in coastal zones, where much of industrial needs and world's
food are produced. The influence of the sea on the environment and human livelihood is not restricted to the
coastline-and mangrove belt. Indeed, its influence can be found up to 50 km further inland. Brackish water
creates an environment in which continuous and dynamic flux impinges upon the stability of agricultural
preduction systems and concomitant livelihood strategies. Most common management interventions fail to
recui_:jnize the diversity of rural livelihoods in the coastal zones, and the environmental consequences for water
guality and aquatic biodiversity. To address the diverse stakeholder interests and complex multi-scale upstream-
downstream interactions, the Challenge Program on Water and Food Number 10 (CPWF #10) project started in
2004 with the aim of developing appropriate rice-aquaculture production systems to increase land and water
productivity for improved food security and livelihoods suited to the different environments across the land water
interface of two deltaic plains; the Mekong River Delta (Vietnam) and Indus-Gangetic Delta (Bangladesh).

B. Project goals and ﬁartners

To achieve the specific objectives, the project approach included a close relationship and collaboration between
several international research centers, including: International Rice Research Institute (IRR), International Water
Management Institute (IWMI) and the WorldFish Center, and a diverse group of local partners both in
Bangladesh and Vietnam involved in various fields of research, policy development, public administration and
deveiopment agencies. The B

key implementing agencies F

were Bangladesh Fisheries
Research Institute (BFRI) in
Bangladesh, Can Tho
University  (CTU)  and
Research  Institute  of
Aguaculture n"2 (RIA2) in
Vietnam. Within this
institutional research
framework, the  project
implemented a series of on-
farm experiments over a three
year period (2004-2007) to
achieve two specifics goals:
to develop ecologically
friendly  and socially .
acceptable technigues for rice and rice-aquaculture production systems” and "fo enhance human resource
capacity and develap recommendations for resource management at the farm and regional level".

C. Study sites: similarities and differences between Mekong and Ganges deltas

The Ganges and the Mekong deltas show similar development patterns in terms of land use. However, the deltas
do differ in some areas of water management infrastructure and agro-ecological environment.




Bac Lieu Province-Mekong Delta-Vietnam

' Tre Mekong Delta has a long history of water

infrastructure development, with & complex canal
¢ network developed during the 18th and 20th
centuries to colonize the area and later improve
irigated rice culture. The study area is located in
Bac Lieu Province, on the Ca Mau Peninsula
(figure n'1). Since 2002, a network of sluice gates
algng the coast and further inland regulate salinity
intrusion in Bac Lieu to promote different farming
systems in the province. This specific characteristic
allows a wide diversity of water salinity within the
oravince and throughout the year. The duration and
range of salinity during the year directly influences
farmers' strategies and the evolution of farming
systems.
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Figure i 1: Bac Lieu province (Mekang Delta, Vietnam)

In recent years, with the improvement in water
quality and the control of saline intrusion, farmers
have been able to grow two rice crops per year in the eastern part of the province: The fresh water period
gradually decreases towards the western part of the province and farmers have adopled a rice shrimp farming
system in areas where fresh water is available during the rainy season. In the western part of the province, nce
cultivation may be further constrained by acid sulfate soils and therefore farmers adopt only shrimp culiure.
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In consideration of these specific hydrological characteristics, we chose seven study sites (inside and outside the
4 protected area) with various levels of saline water influence (from fresh waler all year round to saline water
5 influence all year) to test different models of aguaculture and integrated rice-aquaculture systems.
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Paikgacha Upazila-Khulna District-Bangladesh

In -Bangladesh (figure n°2), such canal networks to control salinity intrusion are not found, Polders
(embankments) have been developed in the late 20th century to increase rice production, but most of these have
since been converted into shrimp ponds. The duration of the fresh water pericd does not vary within the study
area occurring annually from July to December/January.

Both rice and shrimp culture is constrained by the absence of a dense canal netwerk which prevents easy access
to and discharge of water. Compared to the Mekong Delta, shallow acid sulfate soils are absent in this area and
do not constrain agriculture production, The main farming systems in this area are extensive shrimp monoculture
and rice/shrimp rotational culture.
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D. Evolution of farming systems in the Mekong and Ganges deltas

At about the same time as the experimental trials, surveys weré implemented in 2005 and 2006 to investigate
the evolution pattern of the farming systems in both coastal areas in Bangladesh and Vietnam so that
researchers may gain a greater understanding of the temporal interdependencies between farmers and the
environment, the factors that influence decisions, and the cause-effect relationships in the area.

From a rice-based agriculture system, deltas gradually evolved towards an agro-economy based on shrimp
aquaculture, rendering these lowland coastal areas lucrative for enterprise and export generation, Initially, a
constraint for livelihood improvement through agriculture, saline intrusion became an opportunity for the
economic development of these regions. The canal network developed in the aim to improve rice culture
allowed saline water to be conveyed further inland and facilitate the spread of shrimp farming in the deltas. After
several years of profit, in the late 80's and the beginning of 80's, shrimp production was affected by the spread
of virus (White Spot Shrimp Virus, WSSV) and in many cases crop failure. Faced with this threat, resourceful
farmers began to adapt their farming systems to maintain profitability and reduce their exposure to risk of total
loss (figure n"3).
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Figure n"3: Evolutionary stages of coastal aquaculture in the Mekong and Ganges deltas

The results of informal surveys conducted during the project period show a number of differences between the
two study areas due to several environmental factors and socjo-econamic factors. Due fo the development of
salinity intrusion control tools (sluice gates) in the Mekong Delta, Bac Lieu Province has evolved with a wide
range of agro-ecological areas characterized by the duration of the fresh water period. The development of
salinity control tools protected some areas from saline intrusion and allowed farmers in these areas to develop
two rice crops per year. The next evolutionary stage was the adoption by some farmers of integrated rice-fish
farming.

The fresh water period is the main determinant for rice culture and areas with less than 6 months of fresh water
cannot develop a rice based production system without a high risk of crop failure. The rice-shrimp rotational
system gradually improved by a few innovative farmers, adopting an integrated rice-fish culture in the rainy
season with the culture of climbing perch, common carp or tilapia instead of relying on wild fish trapped in the
pond. These two systems were also found in areas with a shorter period of fresh water; however, due to the
dependence of the rice crop on rainfall occurrence, most farmers modified their production systems through
diversification into brackish water polyculture, or through specialization and intensification of shrimp culture with
semi-intensive or intensive shrimp culture. The same evolution pattern was found outside the protected area,
where brackish water is present all year long. The main characteristics of the evolution of farming systems in the
Mekong Delta are as follows:



< Diversification of production is driven by market forces, with the development of high value species
production, such as mud crab (for the international market) and high value fish (for the national market), to
cope with the risks associated with shrimp farming due to virus outbreaks. This evolution was allowed by
the diversity of knowledge sources for farmers and the development of a competitive and reactive value
“*chain for aguaculture production and input

| ++ The intensification of production in some areas was permitted not only through available access to credit,
but also by the presence of a well-established private sector which provides farmers with knowledge and
. technology

Evolution of farming systems in the Ganges Delta followed the same steps, beginning with a traditional shrimp
culture based on wild species trapped in ponds, with or without a rotational rice crop in the rainy season
depending on drainage capacity of the field. After the widespread adoption of Panaeus monodon farming, the
next evolutionary step was driven by the spread of virus along the south-western coastal belt in the nineties.

~Fish harvest in shrimp-mud carb fish culture Vietnam

Farmers developed four main coping strategies, all related to an overall "risk reduction” strategy, in the aim to
maintain the economic sustainability of the farm, specifically through:

+ Diversification of aguaculture production with fish, prawn concurrently with rice or a mixed combination with
rice or shrimp and mud crab fattening;

<+ Return to rice culture in the rainy season for household food security instead of shrimp monoculture all
year,

< Different stocking patterns, with multiple stocking and har;.fesﬁng of shrimps to reduce the economic risk
related to virus outbreak; and

++ Intensification of production toward a semi-intensive shrimp production system

Although the strategies are evident they are not widespread across the Ganges and the Mekong deltas. Only one
third of 21-farm survey in the Ganges delta were diversifying or intensifying their aquaculture production system
and these farmers were located near the city within the influence area of the extension services. From a previous
survey in 2004, (sample size: 60 farms), a typology based on multivariate statistics distinguish four farm types in
Paikgacha Upazila based on a rice-shrimp rotational system or on shrimp monoculture within a sample of 60
farms.

<+ The two first types are small land owners (1-1.4 ha) who practice rice shrimp rotation using inorganic
inputs {lime and fertilizer) for the shrimp crop. Type 1 represents farmers who prioritize their investment
toward shrimp culture, using higher shrimp stocking density and improving the pond water quality with
lime and fertilizer. Type 2 farms, on the other hand, use lower stocking density and inorganic inputs




+ Farm types 3 and 4 lease the land on which they operate. Type 3 farms practice extensive shrimp
monaculture, operate over a large area (6 ha), and do not use inorganic inputs or grow rice in
conjunction. Type 4 farms are large-medium sized leased farms (3 ha), which use a low rate of inorganic
input for the shrimp cuiture and prioritize their investment toward HYV rice culture

i These surveys carried out in both deltas highlight the similarities and differences between the two study areas.
' Far example, in- Bangladesh, water management infrastructures such as irrigation canal or sluice gates to
prevent saline intrusion are not well developed, and the agro-ecological situation is less diverse, with
hamogenous duration of fresh water and no strong soil constraint. Compared to the Mekong Delta, evolution of
farming systems in Bangladesh, whether through improved extensive shrimp culture or integrated rice-fish
culture, largely depends on land tenure. Only the farmers who own the land have the possibility to transform their
fields and ponds to enhance water management, such as the addition of discharge canals or strengthening dikes.
j We found that small land owners achieve higher shrimp production (268 kglfha) than farmers who rent land
(between 73-142 kg'ha over 3.4 fo 6.7 ha of land) due to higher investment in water quality management (such
as lime and fertilizers) and more easily managed smaller and deeper ponds.

| Additionally, it was found that the level of diversification and innovation of
new technical patterns is less developed in the Ganges Delta compared to
the Mekong Delta. This is due to a lower involvement of extension services
and lower diversity of knowledge sources such as radio, television and
privaie companies selling shrimp inputs (feeding pellets, pro-biatics, etfc.).

We found that even with a less favorable environment, with acid sulfate soil
and a large variation in fresh and saline water periods, aquaculture in the
Mekong Delta is much more innovative and dynamic than in Bangladesh,
where socio-economic factors (land tenure, less developed value chain,
limited information and knowledge) do not enable the development of
diversified farming systems.

o E.Improving existing diversified farming systems

New aguaculture technologies were tested using two different approaches.
In Vietnam, we tested three different models in seven farms, according to
the duration of the fresh water period in the canals. In Bangladesh, on farm
experiments were conducted in the same area with different treatments of
integrated rice-aguaculture and different shrimp stocking patterns.
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Table n’t: On-farm experiments in the Mekong and Ganges deltas from 2004 to 2006

e i

Bangladesh - Ganges Delta

2004 wet season-3 replicates of each treatmeant

Genetically Improved Farmed Tilapia (GIFT) + Hice (1 ﬂ|n|:|.u'rr‘| )]
Hica+GIF T+Micrebrachium rosenbergn (U.5+0.5 mnd/m”)
Rice+M. resenbergii (1 lncﬁ-‘mg]

Vietnam - Mekong Delta

2004 wet season

1- Rice-Rice + fish polyculture (GIFT+climbing
perch+common carpl-1 farm (Fresh water area)
2- Rice+fish (GIFT)-3 farms

3- Fish (GIFT)-3 farms

éOGE-B replicates of each freatment

Shrimp Rice + GIFT (0.5 ind/m®)
Single stocking (8 PL/m”) s | Rice + GIFT & M. r{:lbenh-ergii
Double stocking (3+2 PL/m :I (0.25+0,25 indim®)

Double stocking (2+3 PL'M°) | Rice + M. rosenbergii (0.5 ind/m®)

2005

1- Rice - Rice + fish polyculture - 1 farm

2- Rice + fish polyculture (GIFT + climbing perch +
commoaon carp) and shrimp - 3 farms

3- Shrimp + mud crab and fish (slongated goby)

in rainy season -3 farms

2006-4 replicates of each treatmeant

Rice + GIFT + M. rosenbergi
(0.25+0.25 Ind/m")

7 months grow out

Same as above-6 months grow out
Same as above-5 months grow oul

Shrimp same as above

e

Same as above
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E:A. Mekong Delta

In the Mekong delta, the diversity of salinity
throughout the year gives the opportunity to
testdifferent production systems (Table n*1)

= In the fresh-water area protected from
- saline intrusion, the model tested was
- based on the introduction of fish

polyculture during the second rice crop

<+ The second model, based on rice and
-fish polyculture in the rainy season ol e N e LY
- .followed by a shrimp crop during the BT gz, cuﬂu,r_gﬁlsll'nﬁil_-muﬂ'@rb_ﬁsh model i Visfnam

-

dry season was tested in two different agro-ecological areas,
one with a fresh water duration exceeding 6 months and one
with a fresh water duration shorter than 6 months

< The third and last model tested relied on a brackish water
polyculture with a shrimp and mud crab concurrent culture in the
dry season, followed by a high value fish crop in the rainy
season. This model was experimented inside the protected area,
where fresh water duration is shorter than 6 months and outside
the protected area

The technologies tested in on-farm experiments were designed to
improve land and water productivity from currently practicad production
system. The level of technology used in these models was chosen to
be accessible to farmers, with a low investment required and to
promote a diversification of the farm incomes. Three models were
tested during 3 years, with diverse results, reflecting the complexity of
the situation. In each experimental site, we compared production and
economic results with the most common production systems.

E.1.2. Double rice cropping and fish culture model

In the fresh water area, protected from saline intrusion, the model tested with concurrent rice and freshwater fish
polyculture (GIFT+Anabas testudineus-climbing perch+Cyprinus carpio-common carp) was successful,
diversifying the farm production and increasing the farm revenue compared to double rice cropping (Table n°2).

Table n"2: Results of double rice cropping and fish culture model (Mynd: Millian Vietnam Dong)

Farming system Net return (Mvnd/halyear) | Aquaculture Yield (Kg/ha) Rice Yield (ton/ha) | Water quality conditions

Rice - Rice + fish model 239 343 - 553 119112
Rice - Rice

Survey farms (n=7)

1943 i) ) 1% 151 12 months fresh water

“ The fish yield recorded was between 343 kg/ha and 553 kg/ha depending on the stocking density (0.30 to
(.69 indim2) and the rice yield was higher than in the surveyed farms in the same areas

< The farm net return improved by 21% compared to the double rice culture system

< However there are a number of important constraints to consider:
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i, The investment (1.5 to 3.3 Mvndj/ha) and the

aliocation of 10 to 15 per cent of the paddy field for
the trench neaded for fish culture;

ii. Fish production in rice field faces security problems
(theft) and the labor costs for watching the rice-fish

field will constrain fish production for most of the =555

farmers whc_: own land far from their home;

widasprea

E.1:3. Rice + fish culture followed by a shrimp crop

The model of rice-fish culture followed by a shrimp crop was
found to be successful when the duration of fresh water

exceeded 6 months |

iil. The current very low market value of fish species
available for polyculture system discourages

d uptake

Table n"3).

Table n°3: Result of Rice+fish culture followed by a shrimp crop model (Fresh water period longer than 6 months)

Farming system

| Net return (Mynd/halyear)

Agquaculture Yield (Ka'ha)

Rice Yield (tonfha)

Water quality conditions

Shrimp:324 £ 80

Rice-wild fish-shrimp Shrimp: 127 £ 74
14748 Wild Fish: 75 + 54 381

Survey farms (n=25)

& months of fresh waler
and good water flow

% The use of HY rice varieties saline tolerant increased rice yield compared to

local variety

< The fish production was also successful, with a GIFT yield of 500 kg/ha
(stocking density of 0.19 indim2) or 250-345 kg/ha with a GIFT+Climbing
perch+Common carp polyculture (stocking density of 0.14-0.26 ind/m2)
compared to local practice based on wild fish trapped in the field

« During the dry season, the shrimp culture model using improved extensive
techniques (2.55 post larvae/m2) can achieve a yield of 3244£80kg/ha with
no outbreak of disease during the two years, compared to 23 per cent of
disease outbreak recorded in the survey farms

<+ The total farm net return was improved by 165 per cent

Areas with a fresh water period shorter than 6 months saw unsatisfactory results due fo the dependency of rice
culture on climate, and several crop failures occurred due to saling water intrusion (Table n'4).

Table n°4: Result of Rice+fish culture followed by a shrimp crop model (Fresh water period shorter than 6 months)

Water quality conditions

Less than 6 months of fresh

Farming system et return (Mvndihalyear) | Aquaculture Yield (Kgiha) | Rice Yield (ton/ha)
i : Shrimp: 302 + 220 .
Rice+fish-shrimp model 14 £10 Fish: 150 £ 117 Failed
5 i 2 a | : i
Rice - wild fish-shrimp 1118 Shrimp: 301+ 380 16412

Survey farms (n=27)

|

Wild Fish: 111 224

water and low water fiow
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+» Rice culture failed due to saline water intrusion and the shorter growing period for the fish, September to
December instead of July to December in the previous agro-ecological area resulted in a reduced yield
(94 to 187 kg/ha of GIFT or GIFT+Climbing perch)

++ Shrimp production was found to be variable (94 -576 kg/ha) and dependant on the water quality of the
area, which presented high level of salinity (=35 ppt), limiting shrimp growth

«+ Compared to local farming system, the farm net return improved by 27 percent

= '.

This model was found dependant on the duration of fresh water to enable the
integrated rice + fish culture. The alternate system (rice+fish-shrimp) can be expanded
in areas with more than 6 months of fresh water to increase and diversify farm income.

The same model, applied in areas where the fresh water period was less than 6
months does not provide & stable shrimp and fish production, and rice crops failed
within the two years period. In addition, the low market value of the targeted species
for integrating with rice also discourages farmers although some were pleased with
high value wild fish returns (e.g. snakehead fish Channus striatus).

E.1.4. Brackish water polyculture (shrimp, mud crab and fish)

This model, based on polyculture of shrimp (P monodon) and mud crab (Scylla
paramamosain) in the dry season and a high value fish (elongated goby-
Pseudoapocryptes elongates) in the rainy season was found successful outside the
protected area and presented mixed results inside the protected area (Table n°5).

Table n’5: Result of brackish water polyculture model

Farming system

Inside protected area
Shrimp+mud crab-fish

Shrimp+mud crab+wild fish
Survey farms (n=15)

Net return (Mvndihalyear) Aguaculture Yield [Kgtha) Water guality conditions
_' Shrimp: 11563
12.3%5 Mud crab: 62 + 36
Fish : 117 £ 102 . High salinity (over 30 ppt) in
Shrimp: 141 £ 136 dry season and low water flow
10£15 Mud crab: 34 435

Wild Fish - 168 + 172

Qutside protected area
Shrimp+rmud crab-fish

Shnmp+mud crab+wikd fish
Survey famms (n=19)

Shrimp; 322+ 21

22.7+1 Mud crab: 92 & 31
Fish: 158 £ 94 8 G_.Isuje lhe p'culcctfr:j aneg
Shrimp: 95 + &1 mﬂi jﬂa{ﬁe:r ﬂr:-r.l_and .53'"“[3' iower
78217 Mud C.!'Etl: 19 4 4} nan 30 pptin dry season

Wild Fish 92 + 119
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I the protected area, the water quality in the canals, with high salinity (>35 ppt) and alkalinity (>150 mg/l) in the
dry season, did not allow a suitable environment for shrimp production (59-206 kg/ha), while fish praductmn
fluctuated widely between years (12 to 250 kg/ha). Shrimp and fish production were found lower than in the
currently practiced farming system but the farm net return improved by 23 per cent compared to the local farming
systems, due to lower operational cost.

QOutside the protected area where salinity is between 8 ppt and 30 ppt, the model was successful. Shrimp yield
was over 300 kg/halyr, with no outbreak of disease during the three years, compared to 66 per cent of disease
outbreak recorded in the survey farms. Fish production was found satisfactory (73-180 kg/ha), as for mud crab
production (92 kg/ha). The farm net return improved by 191 per cent and mud crab and fish production
contributed to 40 percent of the farm income.

This .mode! presents a significant improvement of the farm income and a diversified production outside the
protected area when the natural water flow was not constrained by sluice gates. The results of this model show
its dependency to water quality, with fluctuation of fish and shrimp production in the farms located within the
protected area.

The stary of Mr. Ben s a clear demonstration of the benafits generated by this kind of brackish waler polycufiure
{ehrimp with mud crab then fizh). Mr. Ben, living in the outside the protected ares; joined the CPWF 10 project in
2004. Before 2004, he slocked shrimp every month and faced several disease outbreaks. Restocking post fanae
after each crop fallure, he enterad & cycle of slocking, failure and restocking. Side the profect starfed. Mr. Ben

reduced the frequency and densily of stocking and started to stock fish in the rainy season and mud crabin the
dry season. In addition, he: received Iraining on waler quality manitoring and managemert, allowing him fo
understand betfer the imporiance of pond water quafity: Over the last three years he has not failed & shiimp crop.
He afso improved the household income with & diversified production. After lhree vears of posilive economi
rasufs, the resulls are clearfy evident from Mr Ben's investmant in & new houss.

E.2. Ganges Delta - Bangladesh coastal area

In Bangladesh, the experimental sites were all located in
the same area (Paikgacha Upazila). With a brackish
water period from January to June/July, shrimp are
raised in the ponds during the dry season and rice is
cultivated during the wet season from August to
December.

E.21. Wet season - Integrated rice-
aquaculture system

Between 2004 and 2007, on-farm experiments on rice-
fish and shrimp culture were conducted in Paikgacha
Upazila to find suitable high yielding rice varieties (HYV)
acclimatized to the brackish water environment and to
investigate the economic and technical suitability of various mtegrated aguaculture production to be farmed
cancomitantly with rice.

Three HYV rice varieties, BR23, BR40 and BR41, responded positively with significantly higher yield (p<0.05)
compared to the local variety and also provide a higher yield than HYV cultivated in monoculture. However low
rice yield recorded in 2005 reflects the need for discharge and drainage infrastructure after abundant rainfall
resulting in water logging. GIFT production was satisfactory at a tatal density of 0.5 ind/m2 (258 kg/ha). The low
production level for M. rosenbergii in 2005 was due to the short growth periods during the rainy season and the
absence of feeding. It appears that stocking juvenile fresh water prawn concurrently with rice is not an
economically suitable solution for farmers in this area. However, M. rosenbergii culture in association with rice
and GIFT was found to be highly profitable when post larvae are stocked earlier in the season, in June (7 months
grow period) instead of August, when the salinity in the pond is still high (10-15 ppt). The yield was found to be
significantly higher {p<0.05) in this case, compared to a shorter grow out period (5 and & months compared o 7
months in the first year) and the net return of this production system in the rainy season was found to be more
profitable compared to other systems {ested. In this case aquaculture production represents more than 50 per
cent of the farm net return during the rainy season.

_,..._._




Table n°6: Aquaculture yield (kg/ha), rice yields (kg/ha) of BR23, BR40 and BR41 HYV and net return (000 Tk/ha:
Thousand Taka per hectare) of the entire system (rice and aguaculture) in 2005 and 2006.

. Species Stocking Density| Grow period | Agquaculture Yield Rice Yield Rice-aquaculture net return
combination (ind/m®) (month) (kg/ha) (tons/ha) (000 Tkiha)
© 2005
T GIFT 0.5 5 258 + 65.39 2464 + 14 (43%)
J2- | GIFT 0.25 5 211127 T 22.30 3.29 (37%)
M.r 0.25 5 28.83 £ 10.36
T3 | Mr 0.5 5 7091+ 1647 13.29 + 4.61 (0%)
2006
T | GIFT 0.25 5 19357 £ 285 64.19 +8.4 (59%)
; M.r 0.25 7 72.53 £4.70
T2 | GIFT 0.25 5 19211+ 2619 50.70 £ 6.6 (37%)
T 025 6 w24 | hezAH
73 | BT 0.25 5 17960+2382 51.90 + 5.8 (25%)
'''' T M.r | 0.25 5 2788153

Mumbers in parenthesis reprasent the propanion of aqiscillurs i the nel refim of the enfire sysfem,

E.2.2. Shrimp production and stocking patterns

During the dry season, three different shrimp stocking pattemns were tested in 2005 and 2006: single stocking (5
PL/m2), and two different double stocking methods (3+2 PL/m2 and 2+3 PL/m2) with 30 to 35 day intervals
between stockings.

The results of the experiment show that that the stocking pattern does not have any effect on shrimp production,
survival rate, or water quality. At this stocking density, the average yield over the two years was 300 kg/ha. In
2005, a correlation was found between the water depth of the pond and the shrimp yield, regardless of stocking
pattern (r=0.855; p<0.01), with a higher yield corresponding to a deeper water depth. This result highlights that
shallow water depth (30-50 cm) is one of the key causal factors limiting shrimp preduction in Bangladesh.

F. Lessons learned and recommendations

F.1.1 Mekong Delta

The models tested were successful in areas where the duration of fresh water and brackish water was stable and
when the water flow was not constrained by sluice gate management. In these areas, the tested models revealed
improved land and water productivity, higher economic returns, lower variability and a more diversified income
than typical production systems. Diversification of production, with rice-integrated aquaculture or with brackish
water polyculture (shrimp, mud crab and high value fish) can improve land and water efficiency compared to
typical farming systems,

Aquaculture production in Bac Lieu Province can be improved with some minor changes to local farming
practices. We have already seen the dynamic nature of aguaculture in the Mekong Delta where new techniques
spreading quickly through self-replication by farmers. The successful technical patterns developed by the project
can be widely adopted by farmers according to their agro-ecological area. However, the main canstraints for
aquaculture improvement include water salinity and water management at the provincial level:

++ Water management needs to be improved at the regional level to allow a stable fresh water period in areas
where farmer follow a rice-shrimp system;

++ Sluice gate management has to be adjusted to improve water quality inside the protected area during the
dry season to allow a more sustainable shrimp production

F.1.2. Ganges delta

The comparison of the different farm types described in the surveys and the production systems tested in 2006
during our experiments show that it is possible to enhance aguaculture and rice production and diversify farm




income through fish and fresh water prawn production. The tested systems, which utilize a more diversified
production including rice, shrimp, fish and freshwater prawn, can provide farm net returns 30 to 811 per cent
higher than four farming systems currently practiced (Table n°7).

rosenbergil followed by a shrimp crop) compare with the main farming system obsenved in the area.

Table n'7° Rice and aquactiture productivity and economic results of the one production system fested (Rice-GIFT and Macrobrachium

Rice GIFT M. rosenbergii and Shrimp

Farm Type 1' {Rice - shimp system)

Farm Type 2 (Rice - shnmp system)

Farm Type 3 (Shrimp moneculture)

Farm Type 4 [Rice - shrimp system)

Shrimp Fresh water aquaculture | Rice Total Farm Net
(kalhalyr) {kglhalyr) {tons/halyr) return ("000Tk/halyr)
300 GIFT: 193 M.r: 72 h 422454 B4.1(59%)
268 i 1.83 49.0 (82%)
161 - 2.59 43.4 (66%)
142 = 0 7.9 (100%)
7367 - i 26.9{31%)

‘The farm types are hased on 60 on-farm interviews, description of these farm types is presented in section D. Numbers in parenthesis

reprasent the proportion of aquacwuiture in the net return of the enlire system.

The synthesis of three years of on-farm experiments and surveys provides some important findings and

recommendations for the improvement of these types of farming systems:

<% Shrimp yield can be enhanced with higher stocking density {5 PLim* compared to 1 to 2.5 PL/Im’} and
additional feeding. The stocking pattern does not have any significant effect on the shrimp production;
single or multiple stocking patterns could be recommended, according to the household economy. Trench
construction around ponds to improve water depth, which increases shrimp yield, should be promoted

among local farmers

« Rice production can be increased using high yield rice saline tolerant varieties, and farm income can be

improved with integrated aquaculture production during the rice crop




## The natural physiological requirements of M. rosenbergii post-larvae and juveniles to grow in brackish
water and later in their life cycle as adults in fresh water can be an opportunity for farmers to harness such
variable environmenis. Fresh water prawn culture in tandem with rice and fish was found economically
profitable when the growth period was longer than & months and when post larvag instead of juveniles

~ were stocked to reduce the cost of the initial stock

++ The development of rice-integrated aquaculture requires the transformation of the rice field, which can be a
constraint for farmers who lease their land or cannot afford the invesiment to build a trench, However, after
- three years of observing the successful implementation of rice-integrated aquaculture in the project sites,
neighboring farmers independently started to improve their water management infrastructure with higher
- dikes and trenches to develop such integrated production systems of their own

*+ |n addition, farmer training is required to improve water management technigues for rice-aquaculture and
© ricz pest management

F.1.3 - Interactions between the research sites

Three years of on-farm research and surveys in the Mekong and Ganges deltas has provided a number of
lessons with regard 1o aquaculture and its development in these areas.

We have seen that the water management issues are different in each delta. We highlighted that in Bangladesh,
farmers should improve water management infrastructure at the pond level, whereas Vietnam requires more
effort in water management at the provincial level to improve water quality.

Interactions between the two research sites have increased our knowledge on the types of rice-integrated
aquaculiure currently practiced in each delta and opened new avenues of research. Further experiments on the
potential of rice with freshwater prawn have to be tested in the Mekong delta. Brackish water polyculture with
shrimp and mud crab could also be further tested in Bangladesh, and Vietnamese techniques for water
management at the pond level can be a source of knowledge for improving farming techniques in Bangladesh.

The commonly held belief that coastal areas are lagging behind inland areas is no longer true. The example of
the Mekong Delta demonstrates the potential for farmers to react positively and proactively, with innovation and
development of new production systems, to national and international markets. Farmers here have changed their
point of view; brackish water and seasonal salinity fluctuations is no longer perceived as a constraint but as an
opportunity to enhance annual returns by adapting fo local environmental conditions through innovative
approaches to diversified farming systems.

Experimental Site at
Paikgacha Upa;zﬂa in Rice Aquaculture and Shrimp production Seasons
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