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Preface

 

In the coastal areas of the Mekong Delta the extensive tidal incursion of seawater during the dry
season increases the salinity in the lower reaches of the Delta. This saline intrusion means that
agricultural crops, including rice, cannot be grown during the dry season. Over the past 30 to
40 years many rice farmers in the saline affected areas have adapted to the natural conditions by
growing rice in the wet season, then using the rice fields for growing shrimp in the dry season.
This farming practice, known as the rice–shrimp system, has allowed farmers to generate a source
of income that was not previously possible in the dry season. 

The adoption of the rice–shrimp system in the Mekong Delta has increased substantially over
the past two decades with around 40,000 ha under production in 2000. By the mid 1990s
concerns were being raised about the environmental and economic sustainability of the
rice–shrimp system. These concerns included land loss through sedimentation, salinisation of rice
growing areas, shortages of shrimp postlarvae (seedstock), and the financial implications of
widespread crop mortalities. These issues, coupled with the poor environmental performance on
shrimp farming elsewhere in Asia, meant that the scale and speed of the adoption of the
rice–shrimp farming practice was of increasing interest to local policy makers and scientists. In
1997, after a request from the Vietnamese government, the Australian Centre for International
Agricultural Research commissioned an interdisciplinary research project to investigate these
sustainability concerns. The project was designed to address the biophysical and socioeconomic
issues surrounding rice–shrimp farming in the Mekong Delta. The research focused on developing
a better definition of the farming system and of the factors that impact on its sustainability. The
aim was to identify farm management and policy options for improving the sustainability of the
system. The multidisciplinary project included economic farm surveys, resource surveys,
bioeconomic analysis, analysis of the rice and shrimp production environments and controlled
field experiments.

The papers presented in this report are the proceedings of the project’s final review workshop,
held in December 2000 at Can Tho University, Vietnam. The twelve papers describe the results
of the various components of the project. The first two chapters provide an overview of the
research components and the socioeconomic characteristics of rice–shrimp farms in the study
region. Chapters 3 to 5 examine the key factors influencing the sustainability of the shrimp
production cycle; the growth and survival of shrimp in relation to physical conditions in the
rice–shrimp production ponds; shrimp diet and shrimp hatchery production. Chapters 6 to 9
focus on the rice production system including: the suitability of different rice varieties for use in
the rice–shrimp system; salinity dynamics and cropping; the response of rice to the timing of
salinity stress and the application of a simulation model to quantify the response of rice to salinity
stress and to quantify the yield variability in response to different sowing dates. 

In chapters 10 and 11 observations from a bioeconomic model of the rice–shrimp system are
examined in relation to factors affecting farm financial risk and the loss of rice–shrimp land due
to sedimentation. 

 

The final chapter (12) examines the suitability of land under different farming
practices, particularly rice–shrimp farming, and recommendations are made for land use planning
including zoning areas as suitable only for rice–shrimp farming. An appendix to the study summarises
the best management practices for the shrimp farming component and these practices have been
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incorporated into an extension video and CD-ROM that has been widely distributed to farmers and
extension officers in the region

 

. 
The results of this study have provided new insights into the key factors affecting the

sustainability of rice–shrimp farming in the Mekong Delta. The integration of dry season shrimp
farming into rice fields has raised incomes for many farmers in the region over several consecutive
seasons. However, a number of key constraints still need to be addressed in order improve the
environmental and economic sustainability of this system. The study revealed that the traditional
practice of recruiting native shrimp is not sustainable because of the loss of land from pond
sedimentation due to the high water exchange required for natural recruitment. The more
recently developed system of stocking with hatchery-reared postlarvae combined with low water
exchange is promising, but limited by the availability of healthy postlarvae and episodic
outbreaks of disease. The current lack of investment in technology for improved health screening
and domesticated postlarval production techniques are critical constraints to the sustainability
of all forms of shrimp farming, including rice–shrimp farming, in the Mekong Delta region.

The study showed that, even with current poor shrimp survival rates, many rice–shrimp
farmers are managing their financial risks well by maintaining a generally high level of income
diversification at the household level. This diversification of income means that farm households
have alternative sources of income in the event of high shrimp mortality. Moreover, the farming
system allows for the production of rice and other staple items for household consumption,
further insuring against the risks associated with shrimp production. The results of the study
indicate that rice yields are not adversely affected by using the same fields for shrimp production.
Heavy rains at the beginning of the wet season effectively leach salts in the rice–shrimp fields.
There was no evidence of a long term build up in salts or that soil salinisation from shrimp culture
adversely affects subsequent rice yields. However, the study has resulted in recommendations
about the most appropriate rice varieties to use and the timing of rice planting in the rice–shrimp
system.

An emerging sustainability issue is the trend towards intensification. As rice–shrimp farmers
are becoming more experienced they have tended to intensify their practices. Some farmers are
abandoning the rice crop cycle and transforming their rice–shrimp polders into conventional
shrimp ponds. Concern over the environmental implications and financial risks of more
intensive monoculture systems has induced local policy makers to try to regulate land practices.
In some areas land has been zoned as suitable only for integrated rice–shrimp farms. The results
of this study have indicated that the rice–shrimp system is a more ecologically and economically
sustainable approach than intensive shrimp monoculture, particularly in the low land areas of
the study region that are affected by daily tidal flooding in the later part of the year. As detailed
in the final chapter of this study, the implementation of zoning of land as suitable only for
rice–shrimp farms, together with the adoption of the recommended improvements of rice–shrimp
farming practices, should significantly improve the economic and environmental sustainability
of rice–shrimp farming in the Mekong Delta. 

Further details about the project research are provided at the following websites:
http://www.reap.com.au/RiceShrimp.htm
http://www.enaca.org/Shrimp/Consortium.htm##Case Studies - Asia-Pacific Region
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An overview of the project research
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 farming started in the Mekong Delta in Vietnam around 30 to 40 years ago. The
integration of a shrimp production cycle into the traditional rice monoculture farming system is
an innovation that has been driven by resource conditions in the Delta. Severe saline intrusion
occurs during the dry season in the waterways of the Delta, and rice-growing farms in coastal
regions are limited to a single rainy season rice crop. These saline areas are illustrated in Figure 1.

 

Figure 1.

 

 The incidence and severity of saline intrusion in the Mekong Delta, Vietnam.

 

By redesigning the rice field to include a deep wide trench around the periphery, farmers are
able to establish water-holding ditches suitable for shrimp culture in the dry season. By flooding
the field with brackish water from nearby canals at the commencement of the dry season, farmers
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are able to raise shrimp. Traditionally by practising frequent tidal water exchange, farmers have
been able to capture naturally abundant shrimp postlarvae (largely 

 

Penaeus merguiensis

 

, 

 

P. indicus

 

and 

 

Metapenaeus ensis)

 

 in the field and raise them to a harvestable size. At the start of the rainy
season, farmers rely on the heavy monsoon rains to flush the salts out of the system before planting
the wet season rice crop. The typical layout of a rice–shrimp system is shown in Figure 2. While
the redesign of the rice field into a rice–shrimp polder does involve sacrificing some rice-growing
area, the adoption of the dry season shrimp crop has generally raised farm household incomes.

 

Figure 2.

 

 Typical layout of the rice–shrimp polder.

 

Over time, farmers have adapted the rice–shrimp system and now two major types of practices
are evident. The traditional practice of recruiting natural shrimp has continued in some areas,
whereas in other regions farmers have now adopted a more capital-intensive style, based on the
purchase of hatchery-reared 

 

P. monodon

 

 species and the addition of purchased feed and other
pond inputs. 

The adoption of rice–shrimp farming in the Mekong Delta has increased substantially since
the 1980s. For example, in My Xuyen district the total area under rice–shrimp culture increased
from 500 ha in 1982 to 6635 ha in 1988. By the mid-1990s there was anecdotal evidence of a
number of sustainability issues surrounding the rice–shrimp system. These issues included land
loss through sedimentation, salinisation of rice-growing areas, shortages of shrimp seedstock and
the financial implications of widespread crop mortality. Coupled with the poor environmental
performance of shrimp farming elsewhere in Asia, these problems meant that the scale and speed
of the adoption of the rice–shrimp farming practice was of great concern to local policy makers
and scientists. In 1997, after a request from the Vietnamese government, the Australian Centre
for International Agricultural Research commissioned an interdisciplinary research project to
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investigate these sustainability concerns. The results of this research project are reported in this
volume.

 

The research project and study region

 

The research project was designed to cover the biophysical and socioeconomic issues surrounding
rice–shrimp farming, and to identify farm management and policy options for improving the
sustainability of the system. Four main sub-projects were undertaken: socioeconomic and physical
resources characterisation and analysis; investigation of the rice-growing phase of the system,
with particular emphasis on salinity issues; and investigation of the shrimp pond conditions, with
emphasis on the shrimp pond environment. Bioeconomic modelling tools were then used to
investigate the implications of various sustainability issues on farm household income.

Research was carried out with the cooperation and assistance of farmers and local government
agencies in the provinces of Soc Trang and Bac Lieu in the southern area of the Mekong Delta.
Within each of these two provinces, two districts (My Xuyen and Gia Rai) were chosen for the
major research activity. A regional map of Vietnam showing the Mekong Delta and the study
provinces is shown in Figure 3.

 

Figure 3.

 

 Regional map of Vietnam, indicating the Mekong Delta region and the ACIAR study provinces.

China

East Sea

Hue

Lao PDR

Mekong
River

Thailand

Cambodia

Tong Le Sap
Lake

Hanoi

Ho Chi Minh City

NORTH

200 km

The Mekong Delta

Soc Trang Province
Bac Lieu Province



 

10

 

Rice–shrimp farming in the Mekong Delta: biophysical and socioeconomic issues
edited by Nigel Preston and Helena Clayton

ACIAR Technical Reports No. 52e
(printed version published in 2003)

 

Sustainability concerns

 

Salinisation 

 

Saline intrusion is a naturally occurring phenomenon that affects land productivity even in the
absence of shrimp culture. In general, the saline intrusion problem means there is only sufficient
time to grow one rice crop per year, when farmers rely principally on wet season rainfall. Farmers
may also use fresh water from canals to provide supplementary irrigation where required,
although in years when saline water intrusion occurs early, this option is not possible. 

Two concerns regarding the potential effect of the rice–shrimp farming system on rice yields
were raised during the development of the project. These were that the inundation of brackish
water onto the rice fields during the dry season may lead to a build up of soil salinity over time;
and that the delay in planting the rice crop under the rice–shrimp system (because of the need
to flush salts from the system at the start of the rainy season) may reduce yields because of the
increased risk of end-of-season salinity damage resulting from saline intrusion. 

There is scant evidence on the effects of soil salinisation from shrimp culture on subsequent
rice yields. While Tran et al. (1999) concluded that salt leaching into neighbouring rice fields
caused significant damage to the rice fields, comparisons between rice yields in rice–shrimp and
rice monoculture fields can be confounded by spatial factors affecting the choice of farming
system. In a study of soil–water dynamics in rice monoculture and rice–shrimp fields, Phong et
al. (this Report)

 

 

 

observed that soil salinity was generally lower in rice–shrimp fields than in rice
monoculture fields. They explained this observation in terms of the relative position of rice
monoculture and rice–shrimp fields in the system. Rice–shrimp fields are generally located nearby
canals and are engineered to allow effective water exchange. Farmers can take advantage of this
to leach the salts from the system at the beginning of the rainy season. In contrast, the salinity
that builds up in some rice monoculture fields due to capillary rise during the dry season could
not be flushed away in areas that did not have good access to canal water. Phong et al. (this
Report) also concluded that the heavy rains that occurred at the beginning of the wet season
were effective in leaching salts in the rice–shrimp fields, and suggested that there was no long-
term build-up in salts from the practice. They did, however, make recommendations about
appropriate timing of rice planting for such systems, to ensure that the crop was not planted too
early.

Nguyen Ngoc De et al. (this Report) report on the promising performance of new rice varieties
that are short duration (115–120 day) and relatively salt tolerant. They recommended the use of
MTL119, which performed better in the field trials they conducted compared to the most
commonly used variety. They also noted that yields were relatively higher in the rice
monoculture system compared to the rice–shrimp system, which provides contrasting evidence
to the conclusions of Phong et al. about salt leaching. A possible explanation for this is the wide
spatial variation in soil salinity, as reported by Phong et al.

The rapid changes in pond salinity that occur during the transition between wet and dry
seasons (see Phong et al.

 

 

 

this Report) have implications for risk management of the brackish
water shrimp crops. The precise physiological tolerances to variations in salinity levels are not
well understood for the species of shrimp farmed in the rice–shrimp system. In common with
other 

 

Penaeus

 

 species, 

 

P. monodon, P. merguiensis 

 

and 

 

P. indicus 

 

are euyrhaline species capable of
actively osmoregulating their body fluids when exposed to a wide range of external salinities
(Dall et al. 1990). However, studies of osmoregulatory ability indicate that 

 

P. monodon

 

 has a
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limited ability to survive in very low salinities (Ferraris et al. 1987). Field studies of the growth
and survival of 

 

P. monodon

 

 in rice–shrimp ponds have recorded complete stock losses following
rapid falls in pond salinity (Truong Hoang Minh et al. this Report). However, field observations
also indicated that the 

 

P. monodon

 

 were infected with white spot syndrome virus, which was
subsequently confirmed by PCR analysis. Whilst the precise cause of the shrimp deaths could
not be determined, these observations are consistent with previous observations that rapid
changes in pond salinity increase the risk of mass mortalities in shrimp ponds (Chanratchakool
et al

 

.

 

1998).

 

Land degradation

 

The choice between tidal recruitment of wild shrimp postlarvae and ‘artificial’ stocking of
hatchery-purchased postlarvae is critical to the problem of sedimentation-related land
degradation. This is due to the differing water exchange practices between the two methods of
shrimp recruitment. The technology for hatchery-based systems involves low water exchange
rates, whereas tidal recruitment systems are characterised by a higher water exchange rate that
is necessary for shrimp postlarvae recruitment. The frequency of water exchange is a significant
factor in land loss — the exchange and inundation of turbid water throughout the shrimp-raising
season results in suspended sediment settling to the floor of the rice–shrimp polder. 

The build-up of sediment throughout the year in the already shallow rice–shrimp polder needs
to be removed at least once per year to maintain a pond depth necessary for a healthy pond
environment for culturing shrimp. Some farmers have been able to flush the sediment back into
the river or canal, but due to the potential environmental impacts and canal management
problems with this kind of disposal, local and provincial governments in many areas have policies
that prohibit flushing. In the absence of other options, farmers have been depositing the
sediment on top of existing border dikes and on non-productive land. However, as the capacity
of these areas is exhausted, new dikes have been constructed on productive land (inside the
polder) for the deposition of the sediment. In some areas where natural shrimp recruitment has
been practised over the long term, the land loss arising from sedimentation is a very pressing issue
and has important implications for the long-term productivity of land. 

The advantage of the natural shrimp-based rice–shrimp system is that very little cash risk is
imposed on the farmer; however, the loss of farmland draws the sustainability of the system into
question (Tran et al

 

.

 

 1999; Clayton this Report). Clayton shows that the high water exchange
natural shrimp system, which results in land degradation, may be privately optimal from the point
of view of the typical Gia Rai farmer. Further analysis of the land degradation in the rice–shrimp
system also demonstrated that as 

 

P. monodon

 

 survival improves so does the incentive for
preserving farmland (Clayton 2002). This analysis highlighted the importance of improving the
profitability, and reducing the risk, of low water exchange 

 

P. monodon 

 

farming practices in the
rice–shrimp system for achieving a farming system that is sustainable over the longer term. 

 

Poor farming practices

 

While farmers have been traditional rice growers, shrimp farming is a relatively new technology,
not only within the local region but more generally throughout the world. Most of the rice–
shrimp farming development occurred in the late 1980s and comprised natural shrimp culture;
the emergence of 

 

P. monodon

 

 culture within the rice–shrimp system has only occurred over the
last decade. Because 

 

P. monodon

 

 farming generally involves more ‘technology’ (i.e. man-made
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inputs) and because there is farming experience elsewhere in the world, there was potential for
achieving productivity gains simply by extending current best-practice technology to farmers in
the region. The farm survey conducted during the project (Tran Ngoc Hai et al. this Report)
documented current farming characteristics and helped to identify areas where extension of best
practice could improve productivity. 

The isotope analysis conducted by Burford et al

 

.

 

 (this Report) found that a large proportion
of the feed (low-quality homemade feeds) that is commonly used is likely to have very little
impact on shrimp yield. In contrast, there is evidence from the isotope that returns from high-
quality commercial feed inputs are high. These high quality feeds are mostly imported at
comparatively high costs, which is why farmers have been using cheaper, locally made or
homemade feed. Further analysis of the differences between locally made and imported feed could
provide an indication of the extent to which locally made feeds can replace imported feeds in
order to reduce input costs. 

 

Quantity and quality issues in seedstock supply

 

The extreme shortages in 

 

P. monodon

 

 seedstock supply (postlarvae) throughout the Mekong
Delta shrimp farming regions is discussed in Tran Ngoc Hai et al. (this Report). Most of the

 

P. monodon

 

 postlarvae used to stock shrimp farms in the Mekong Delta have to be transported
for several hours by road from hatcheries in central Vietnam. These postlarvae are usually in poor
condition when they arrive in the Delta, and efforts to acclimatise the postlarvae to the low
salinity conditions of the rice–shrimp ponds, while highly variable, are often unsuccessful. The
high levels of viral infection in postlarvae (see Walker et al. 2002) further exacerbate the
mortalities that occur when the shrimp experience physical stress. 

The extreme shortage of postlarvae in the peak stocking period is reflected in the price
premiums paid for seedstock in the early months of the dry season. Brennan et al. (1999) reported
a doubling of prices in the peak period. They also noted a significant premium in the price of
nursed stock compared to postlarvae that are sold directly from the trucks that import them from
Nha Trang. 

 

Financial sustainability

 

Farmers pay very high prices for seedstock and if losses occur, they can have serious financial
problems, especially if they have borrowed money to finance their operation. For example, the
cost of stocking a shrimp pond in My Xuyen in 1997

 

1

 

 was 3.6 million dong, which is three times
the net cash income earned from the rice crop. This implies that financial sustainability is a
major concern for rice–shrimp farmers.

While good survival is critical to the success of shrimp farming, Brennan et al. (1999) point
out that the relatively low input costs of the rice–shrimp system mean that survival does not have
to be very high to break even. For example, survival rates only need to be 8 per cent to recover
seedstock costs if no feeding is used; and 17 per cent to cover the typical costs of stocking with
higher quality seed and the typical feed costs observed on farms. Many farmers (50%) in the
project survey made very large profits (in excess of 10 million dong) through good survival, while
many others (16%) failed to achieve the break-even survival rate and lost significant cash from
shrimp farming.

 

1

 

Based on mean stocking rate of 1.8 postlarvae per square metre and a price of 200 dong per postlarvae (Brennan et al. 1999).
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Brennan (this Report) examined the consequences of risky shrimp yield on household income
and explored some of the strategies that can be employed to reduce the income risk. The role of
income diversification for risk spreading was investigated. The rice and other cropping activities
observed in the rice–shrimp farming system in combination with the significant level of off-farm
income were shown to provide the farm with both subsistence needs and cash for the household.
This diversification of farm income explains why, despite variable performance in survival,
farmers practising the rice–shrimp farming system have, in general, managed to achieve financial
sustainability. 

Another risk-spreading strategy that was explored in Brennan (2002) is to save (or invest) in
years of good production, to provide a source of cash in years of shrimp crop failure. The use of
savings, either in terms of cash, gold or household assets, was an observed strategy against risk
on shrimp farms in the Mekong Delta. This practice could be encouraged more widely through
extension. The strengthening of microcredit schemes could provide farmers with a good return
on savings, and if these funds were used to provide seasonal loans to other shrimp farmers, they
would provide a means of cross-sectional ‘risk pooling’. However, managers of credit services
need to be fully aware of the high risks associated with lending and should encourage farmers to
undertake sensible financial management, including income diversification and selecting
stocking rates that they can afford.

In coming years, as shrimp technology based on pathogen-free shrimp postlarvae becomes
available to farmers in the Mekong Delta, there will be choices to be made between investing in
high-input ‘quarantined’ systems and the current extensive diversified system. The investment
in pathogen-free postlarvae is likely to involve the removal of all potential sources of pathogens
such as crabs and naturally recruited shrimp species, the income from which is currently widely
used by rice–shrimp farmers as insurance against the risks of 

 

P. monodon

 

 stocking. Brennan (this
Report) raises a potential policy issue that may need to be addressed with the introduction of
high-quality disease-free 

 

P. monodon

 

. Farmers who are able to access pathogen-free stock are
likely to want to follow a ‘

 

monodon

 

 only’ stocking strategy. However, efforts by these farmers to
establish a disease-free production environment may be inhibited as their poorer neighbours, for
whom cultivation of mixed species systems may continue to provide important risk insurance,
would provide an unwanted potential viral source to neighbouring ponds. 

 

Emerging issues

 

Over the course of the project, concerns have been raised about the expansion and
intensification of shrimp farming in the Mekong Delta. These concerns, which have been raised
by policy makers as well as farmers at project workshops, relate in part to the on-going farm level
problems that have been discussed in this chapter, such as the shrimp disease, effects of salinity
on rice productivity, and problems with shrimp postlarvae quality and supply. The concerns are
also raised in the context of the uncontrolled shrimp monoculture development in areas of the
Mekong Delta where the local government is keen to encourage integrated rice–shrimp systems.
The local governments, in the study region, are investigating the role that land zoning can play
in planning and regulating the development of rice–shrimp and other farming systems in the
brackish-water areas. In Le Quang Tri et al. (this Report) results are presented of an evaluation
of land suitability in the Gia Rai District for the development of farming systems, particularly
rice–shrimp systems. The purpose of this study was to provide assistance to local governments in
developing sustainable land-use planning and infrastructure investment. 
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Throughout the project, local people have also emphasised the importance of disseminating
the research findings from the project to farmers. In response to this need, there has been on-
going work during a twelve-month project extension phase, which has detailed the best
management practices arising from the research findings presented in the appendix of this
Report. With assistance from DANIDA, the Mariculture Department at Can Tho University
have developed an extension video and CD-ROM that details best management practices —
from pond preparation and postlarvae selection through pond management during growout.
These products have been widely distributed to farmers and extension officers in the region. 
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Abstract

 

In this paper the results from the project’s farm household survey are drawn upon in a discussion
of the socioeconomic and production characteristics of farms in the study area. In this discussion
an overview is provided on the household characteristics, the farm cropping activities, farm
production practices and performance, and household income of the survey farms. The paper
places particular emphasis on the shrimp farming practices and performance on the survey farms.
Two types of shrimp farming practice were observed, one based on natural recruitment of shrimp
seedstock with few supplementary inputs, and the other based on relatively high cash
investments in 

 

Penaeus monodon

 

 seedstock and other inputs. The higher input systems were
observed to be more prevalent in My Xuyen district compared to Gia Rai. The households
practicing the higher input system made significantly more income, but faced high risk associated
with shrimp mortality. The results from the survey reported here, along with more detailed
information from the survey that have not been reported in this overview paper, have provided
useful insights into the sustainability issues in the rice-shrimp system in the study area. This
information has been used in the project either directly in developing extension material for
farmers or in modifying the planned experimental work during the project.

I

 

N

 

 

 

THE

 

 

 

FIRST

 

 year of the project, a cross-sectional farm household survey was undertaken with
farmers from four villages in the project districts of My Xuyen and Gia Rai. The purpose of the
survey was to document the main economic and social characteristics of the farm systems in
the region and to identify farm management practices used in the principle farming systems. The
results of this survey are reported in Brennan et al. (1999) and Brennan et al. (2000), and are
drawn on here to present an overview of the socioeconomic characteristics of farm households
and farming systems in the study region. The initial survey was followed up by a smaller survey
of a subset of the initial farmers, and observed trends in some of the major variables are also
reported in this chapter.

The four villages selected for the survey were chosen in consultation with provincial
government and local commune officials. The farms within the chosen villages were randomly
selected. In total, 425 farms were surveyed using a detailed questionnaire to gain an
understanding of farm management practices. The survey relied upon farmers’ recall of practices
used in the 1997 dry and wet seasons. A smaller group of farmers who were selected from the
original survey group participated in a logbook survey in the two years following the initial
survey. The number of farmers interviewed for each district and village over the three years from
1997 to 1999 is summarised in Table 1. 
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Table 1. 

 

Number of farm households surveyed 1997–99.

 

 *Households in 1998 and 1999 were chosen from the group in the 1997 survey 

 

This chapter outlines socioeconomic characteristics of the survey households; gives a summary
of cropping patterns of the survey farmers; describes the performance of rice and shrimp
production systems, and summarises farm and household incomes. 

 

Characteristics of farm survey households 

 

Household size, household labour and education

 

The average size of households in the survey was around six people. There was no significant
variation between the My Xuyen and Gia Rai districts or between the eight survey villages. In
the survey households, a high proportion of family members contributed to farm labour.
Two-thirds of both male and female family members in the survey aged between 12 and 60 years
and 80% between the ages of 21 and 60 contributed between 5% and 100% of their time working
on the farm. 

Most household members (90%) in the baseline survey (within the appropriate school-age
group) had a minimum of primary school education. The education levels of the household
members are summarised in Table 2. 

 

Table 2. 

 

Education levels in households surveyed.

 

1

 

 Variation between My Xuyen and Gia Rai was not significant and therefore only the aggregate data are shown.

 

District Village 1997 1998

 

*

 

1999

 

*

 

My Xuyen

 

Tham Don
Ngoc Dong
Hoa Tu 1
Hoa Tu 2

212
40
61
61
50

36
7

11
10
8

31
6

10
9
6

 

Gia Rai

 

Long Dien
Long Dien Dong
An Trach
An Phuc

213
51
60
72
30

27
3

13
11
0

24
3

11
10
0

 

Total 425 63 55

 

Education level Percentage of household

 

1

 

No education
Primary
Intermediate
High school
Tertiary

11
51
43
7
2
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Household expenditure

 

The average household expenditure across all categories and all households in the 1997 survey
was 12.3 million dong and the average per capita expenditure was 3 million dong. There was no
significant variation between the My Xuyen and Gia Rai districts. 

The expenditure levels of households participating in the logbook survey are summarised in
Table 3. In 1998 the mean expenditure of 23.3 million dong was significantly higher than the
mean expenditure of 13 million dong in 1997 and 10.2 million dong in 1999. 

 

Table 3. 

 

Household expenditure (’000 dong per household)

 

1 

 

1997 data was restricted to logbook subset. There was no significant difference in means between the full data set and the 
logbook subset for each expenditure item.

 

a, b

 

 significant difference at 10% level, a>b. 

 

Household cropping activities

 

The average farm size in each of the survey districts was 2.3 ha in My Xuyen and 2.6 ha in Gia
Rai (Gia Rai significantly higher at the 10% level). On most of the farms surveyed, the land area
was allocated between several cropping activities. The majority of farmers who were surveyed
practised some kind of shrimp culture and in My Xuyen district, most of the farms also grew rice.
Rice was grown in both rice monoculture plots and in the rice–shrimp system. Shrimp were
also grown in monoculture and in integrated rice–shrimp systems. It was common for the
area allocated to shrimp farming to also be used for raising crabs, fish or other crustaceans.
Some farmers also had plots of land that they allocated to upland agricultural cropping
activities. In Table 4, the number of farmers practising the principal cropping activities is
summarised. 

 

Variable
1997

 

1

 

1998 1999

Average Per cent Average Per cent Average Per cent

 

House
Food
Clothes
Education
Health
Social
Assets
Other

1 747
5 485

905
1 325

669
1 682

617
618

 

13
42
7

10
5

13
5
5

 

4 434
6 281

979
1 440
2 063
2 105
3 561

705

 

21
29
5
7

10
10
17
3

 

2 125
2 301

647
402
339

1 137
2 967

269

 

21
23
6
4
3

11
29
3

 

Total 13 048

 

b

 

21 567

 

a

 

10 187

 

b
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Table 4. 

 

Cropping activities on survey farms (1997).

 

Rice production in the rice–shrimp system 

 

Many of the rice–shrimp farmers in the 1997 baseline survey grew rice both in monoculture plots
and in their rice–shrimp polders. Most of the farmers in My Xuyen District grew rice, but in Gia
Rai there was a high percentage of farmers who did not grow rice in the 1997 season. In one of
the survey villages in Gia Rai (An Phuc) there was no rice planted. The rice varieties grown by
survey farmers included traditional and modern varieties. 

A survey in 1997 determined rice yields in rice–shrimp and rice monoculture plots. The
average yield in rice monoculture plots was generally higher compared to rice grown in the rice–
shrimp system. The mean difference was statistically significant in all survey villages in Gia Rai
and for Hoa Tu 2 village in My Xuyen District. 

While rice cropping was an important subsistence activity for farmers in the survey, there is
some indication that rice growing has been declining in the areas surveyed. The number of
farmers in the logbook survey who grew rice declined over the three years of the survey. This is
thought to be a result of the relatively high benefits possible from extending shrimp production
but also because of poor conditions for rice in the 1998–99 season because of high salinity from
an abnormally long dry season.

 

My Xuyen Gia Rai

 

Total number of farms 212 212

 

Per cent of farms that grew:

 

Rice
Shrimp
Other crops

98
97
92

61
97
95

 

Per cent of shrimp farms practising:

 

Monodon
Natural 
Both monodon and natural

19
17
63

2
46
51

 

Per cent of rice farms practising:

 

Rice monoculture
Rice–shrimp
Both systems

5
58
37

29
45
25
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Shrimp farming practices and trends

 

Shrimp stocking practices

 

The shrimp culture practices of farmers in the 1997 baseline survey are summarised in Table 5.
The majority (90%) of rice–shrimp farmers interviewed in the 1997 survey harvested natural
shrimp. In the table and in the analysis that follows, farms are categorised into those that grow

 

P. monodon

 

 and those that do not. The stocking of 

 

P. monodon

 

 requires a significant cash
investment and results in significantly different income per hectare. However, those farmers
practising monodon also tend to harvest some natural shrimp — some recruitment of natural
shrimp takes place as part of the water exchange process that occurs during the 

 

P. monodon

 

 cycle.
Results from the survey indicate that there is a wide range in the water exchange practices used
during the 

 

P. monodon

 

 stocking period, and as a result, there is a wide range in the yield of natural
shrimp in 

 

P. monodon

 

 systems, as shown in Table 5. In general, the practice of natural shrimp
recruitment by 

 

P. monodon

 

 farmers was found to be more common in Gia Rai than My Xuyen. 

 

Table 5. 

 

Shrimp systems among survey farmers

 

 The timing of stocking and harvesting of 

 

P. monodon

 

 varied widely amongst the survey farms.
In My Xuyen there is a peak stocking period for 

 

P. monodon

 

, which occurs in the dry season from
December to March; it is particularly high in January. In contrast, in Gia Rai there was very little
stocking of 

 

P. monodon

 

 during the peak stocking period. Our subsequent discussions with local
farmers and officials in the district revealed two economic explanations for this. First, farmers in
Gia Rai found that they couldn’t afford the price premiums that are present in the peak stocking
months. Second, they were unable to access formal credit during the dry season (because the land
was not zoned for ‘rice–shrimp’ culture) and this meant that they could only borrow money
during the wet season, supposedly for rice cropping, in order to finance the purchase of monodon
postlarvae. 

 

Farm group Number of farms

My Xuyen Gia Rai

 

Farms with monodon 

 

Monodon only
Natural shrimp in wet season only
Natural shrimp in dry season only
Natural shrimp in both wet and dry seasons
Total Farmers

35
34
16
84

169

4
2

23
90

119

 

Farms without monodon

 

Natural shrimp in wet season only
Natural shrimp in dry season only
Natural shrimp in both wet and dry seasons
Total Farmers

1
8

28
37

0
17
71
88



 

20

 

Rice–shrimp farming in the Mekong Delta: biophysical and socioeconomic issues
edited by Nigel Preston and Helena Clayton

ACIAR Technical Reports No. 52e
(printed version published in 2003)

 

The average stocking rates of 

 

P. monodon

 

 in 1997 across all crops for each survey village are
summarised in Table 6. There was a large variation in stocking rates observed across districts and
across farms within each district. The stocking rates in My Xuyen were higher compared to those
in Gia Rai. For example, in 1997 only 30% of the survey farmers stocked at less than 1 PL/m

 

−

 

2

 

,
whereas in Gia Rai 75% of farmers had a stocking rate of less than one PL/m

 

2

 

. 

 

Table 6.  

 

Average stocking rates in 1997 (PL/m

 

2

 

).

 

b significantly higher than a (at 5%).
*MX significantly higher than GR (at 0.1% level).

 

The stocking rates for the logbook farmers from 1997 to 1999 are shown in Table 7. The
results indicate a general increase in the stocking rates over the three years. The results in
Table 7 indicate that the increase in the stocking rates from around 1.4 PL m

 

−

 

2

 

 in 1997 to
1.9 PL m

 

−

 

2

 

 in 1999 (significantly different at 5% level) occurred primarily in My Xuyen where
the average stocking rate increased from around 1.7 PL m

 

−

 

2

 

 in 1997 to 2.6 PL m

 

−

 

2 

 

in 1999
(significant at the 1% level). In Gia Rai there was no significant increase in the average stocking
rate over the survey period. 

These data support broader anecdotal evidence of increased 

 

P. monodon

 

 stocking intensity
over the course of the project. For example, during annual project workshops local farmers and
representatives from district agricultural and fisheries departments were called on to lead the
discussion on developments in the region. One of the most significant concerns raised during
these discussions, particularly by My Xuyen representatives, was the progressive increase in
stocking density — they reported that stocking rates of 5–10 post larvae per square metre were
becoming the norm. 

 

District Village N Mean Min Max

 

My Xuyen

 

District level

 

Tham Dong
Ngoc Dong
Hoa Tu 1
Hoa Tu 2

14
55
55
45

169

1.22
1.72
1.46
2.18
1.72

 

(0.28)
(0.22)
(0.12)
(0.20)
(0.10)

 

a 
a
a
b
*

0.06
0.30
0.28
0.18

3.70
11.43
4.71
7.69

Gia Rai

 

District level

 

Long Dien Dong
Long Dien
An Trach
An Phuc

33
9

52
14

108

0.84
0.76
0.72
1.23
0.83

 

(0.10)
(0.24)
(0.05)
(0.23)
(0.05)

 

 

*

0.14
0.07
0.24
0.31

2.21
2.50
1.70
2.96
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Table 7. 

 

Average stocking rates for logbook survey farms 1997–1999 (PL m

 

−

 

2

 

).

 

1

 

Includes only data for the logbook sub-sample of farmers.
Across years: * significantly different at 5% level; n.s not significantly different from other years.
Between districts across years: a,b significantly different at 1% level; no significant difference for GR at 1% level.

 

Shrimp production costs

 

The cash inputs in the systems primarily based on natural recruitment of shrimp were very low.
In contrast, 

 

P. monodon

 

 farmers tend to spend large amounts of cash on stocking, feed and other
inputs. The cash outlay in the 

 

P. monodon

 

 systems is very high in proportion to the average
income earned from other farm and household activities, which poses significant risk to
households investing in 

 

P. monodon

 

 production. The cash input costs are summarised in Table 8.

 

Table 8. 

 

Components of shrimp production costs (dong/ha).

 

* Significantly higher at 1% level.

 

The main cost of polder preparation is the labour cost of removing sediment built up from the
previous season’s shrimp crop. These costs were significantly higher for the shrimp farms relying
on natural recruitment as the higher water exchange needed for recruitment of shrimp from the
river canal results in more significant sedimentation. 

The cost of shrimp seed varied depending on the time of stocking. For example, in the peak
stocking period (December to March) of the 1997 season, the average price paid for postlarvae
purchased from local nurseries was around 20 600 dong per hundred postlarvae, compared to
around 10 500 dong per hundred postlarvae in the off-peak period (significantly different at 1%

 

Year N Mean Min Max

 

1997

 

1

 

My Xuyen
Gia Rai

 

Year average

 

33
17

1.66
0.90
1.40

 

(0.20)
(0.15)
(0.15)

 

a

*

0.06
0.20

5.38
2.21

1998 My Xuyen
Gia Rai

 

Year average

 

27
30

1.49
1.45
1.47

 

(0.17)
(0.38)
(0.21)

 

a 

n.s

0.24
0.24

4.33
11.44

1999 My Xuyen
Gia Rai

 

Year average

 

28
20

2.58
1.00
1.92

 

(0.25)
(0.20)
(0.20)

b 

*

0.40
0.22

6.45
3.83

Monodon Natural

Stock
Feed
Polder
Other

2 719.2
1 970.4

435.6
342

(169.2)
(243.6)
(43.2)
(28.8)

*
*

*

0
9.6

841.2
144

(4.8)
(109.2)
(33.6)

*

Total 5 467.2 (370.8) * 994.8 (117.6)
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level). A significant price premium also applies to nursed stock versus seed stock purchased
directly from a truck. In the 1997 season, the premium paid for nursed stock was around 7 800
dong per hundred postlarvae in the peak season and 5 200 dong per hundred postlarvae in the
off peak season in My Xuyen. 

Feed and other input use
Feeding in natural shrimp systems is very low or zero. In P. monodon systems, feeding practices
were found generally to vary with the level of investment in P. monodon seedstock. For example,
many farmers stocking P. monodon at intensities of less than one postlarvae per square metre did
not practise supplementary feeding. The use of supplementary feeds on survey farms in 1997 is
summarised in Table 9. 

Table 9. Number of farms using supplementary feeds.

On the farms using feed, a combination of protein-based feeds — either fishmeal or
manufactured feed pellets — and rice-based feeds was used. Farms stocking P. monodon at higher
stocking rates (>2 PL/m−2) were more likely to use manufactured feed pellets. The price for
manufactured feed varied, reflecting different levels of feed quality. The most expensive feed was
imported (usually Charoen Pokphand [CP Group] feed) from Thailand at an average of 16 000
dong per kilo. The price of a locally manufactured feed was around 8 000–10 000 dong per kilo.
Other farmers were using pellets with an average price of around 5 000 dong per kilo and these
were found to be poultry or fish feed being marketed as shrimp feed. 

In terms of total biomass of feedstuff added to the pond, rice products (particularly broken rice,
rice bran and rice porridge) were the most commonly used feed, comprising 40% of the total
weight of feed. Regression analysis of shrimp yield as a function of feed inputs failed to find any
significant relationship between rice inputs and shrimp yield. The significant factors in the
regression equation, reported by Brennan et al. (2000) are demonstrated in Equation 1.

Equation 1
Yield = 64.2 StkRate*** − 6.2 (StkRate2) ** + 0.4867 FeedA*** + 0.3091 FeedB*** 

+ 0.1464 FeedC*** + 0.0971FishMeal*** + 0.22*Fertiliser* − 27*GR**

where:
Yield = monodon shrimp yield in kg/ha
StkRate = stocking density, number of postlarvae per square metre
FeedA = quantity of grade A manufactured feed pellets (imported) kg/ha
FeedB = quantity of grade B manufactured feed pellets (locally produced) kg/ha
FeedC = quantity of grade C manufactured feed pellets (general purpose) kg/ha
FishMeal = quantity of fishmeal kg/ha
Fertiliser = quantity of fertiliser kg nitrogen/ha

Farming System My Xuyen % Gia Rai %

Monodon Do feed
Do not feed

166
3

98
2

29
81

26
74

Natural shrimp only Do feed 
Do not feed

7
30

19
81

2
95

2
98
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GR = dummy variable representing shrimp ponds in Gia Rai district

Significance: *** 0.1% level, ** 5% level, * 10% level

Equation 2

R2 = 0.79, 159 observations

The lack of significance of rice inputs is supported by isotope analysis conducted on shrimp
selected from the project’s experimental ponds, reported in Burford et al. (this Report), which
found that rice feeds provide little or no nutritional value to shrimp. These results imply that
farmers are wasting resources by adding rice-based feeds to the pond, while also jeopardising water
quality by adding useless organic matter to the pond. 

Other commonly used inputs to production include derris, a natural piscicide which is used
on the majority of farms in all districts. Lime was widely used in My Xuyen (75% of farmers),
but in Gia Rai it was less common. Direct application of fertiliser in the shrimp pond is not
common on the farms, although fertiliser application during the rice crop may provide an indirect
source of fertiliser to the shrimp pond. 

Shrimp yields
The average shrimp yields in 1997 are summarised in Table 10. The natural shrimp yields are
higher in Gia Rai compared to My Xuyen, and there is little difference in natural shrimp yields
between farming systems. In contrast, in My Xuyen the natural shrimp yields obtained on
P. monodon-based farms are lower than the yields on farms without P. monodon. This is likely
to be a result of the lower water exchange strategy adopted by rice–shrimp farmers in My Xuyen
raising P. monodon shrimp. 

Table 10. Average shrimp yields in 1997 across survey farms.

The average yield for P. monodon observed in the study area was very poor relative to yields
reported for extensive farming systems in Bangladesh (212 t/ha) and the Philippines (260 t/ha),
where similar stocking rates are used (Shang et al. 1998). The low average yields in the study
area reflect the very low mean survival rates of P. monodon across farms surveyed. The average
survival rates for farmers in the 1997 survey are summarised in Table 11. 

My Xuyen Gia Rai

kilograms per hectare per year

Monodon yields (single harvest) 138.7 (12) 13.92 (2)

Natural shrimp yields
Monodon based
Natural only

99.7
181.2

(10)
(26)

239.4
245.2

(16)
(24)

Total shrimp yield
Monodon based
Natural only

251.3
181.3

(17)
(26)

260.5
245.2

(24)
(24)
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Table 11. Summary of data on survival rates in 1997 for My Xuyen and Gia Rai survey farms.

There was substantial variation in the survival rates on survey farms. Some farmers in the
survey experienced total crop loss (100% mortality) due to disease outbreaks. However, other
farmers were able to achieve reasonably high shrimp survival rates of 50% or more. In My Xuyen,
farmers experienced significantly higher shrimp survival compared to Gia Rai. The cumulative
frequency of survival (Fig. 1) illustrates this difference between the two districts and also shows
the variability in survival rates among farms within each district. 

Figure 1. Frequency distribution of P. monodon survival in 1997 survey.

The social and financial implications of the production instability arising from the poor
P. monodon survival rates raises important sustainability concerns for the rice–shrimp system in
the Mekong Delta. The implications for farm financial management arising from poor survival
are addressed in Brennan (this Report).

Summary of farm and household income
Apart from rice and shrimp production, other sources of farm income (in the survey sample)
included vegetable cash crops, poultry and livestock, and other types of aquaculture crops
including fish, crabs and freshwater prawn culture. Shrimp was the most important source of
income on the farms that raised shrimp. In Table 12, the total income from all farming activities
is compared between P. monodon-based farms, natural-shrimp-based farms and farms with no
shrimp. As shown in the table, farm households growing shrimp earned more per hectare than

District N
Mean
(%)

N (0 survival) N (>50%)

My Xuyen
Gia Rai

169
108

29.24
8.62

(1.40)
(1.04)

8
23

23
0

Gia Rai

My Xuyen

C
um

ul
at

iv
e 

fr
eq

ue
nc

y

Survival rate

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

1.0

0.8

0.6

0.4

0.2

0
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the rice-only farms in the sample. Monodon farming systems yielded significantly higher income
per hectare compared to natural-based systems in My Xuyen. Monodon attracts a much higher
price than natural shrimp and, on average, the revenues earned by P. monodon farmers in My
Xuyen more than recouped the cash investment made. In Gia Rai, the average income per
hectare was higher for P. monodon-based systems, but the difference in means was not significant
at the 10% confidence interval. The relatively poorer performance of P. monodon farming in Gia
Rai is due to the low survival rates, as discussed earlier. 

Many farm households were engaged in off-farm employment, which included labouring,
retailing and tailoring. These sources of income contributed about 20% of total household
income. The total income earned per household is also shown in Table 12.

Table 12. Comparison of farm and household income for different farming systems.

Summary
The survey conducted during the project revealed a wide variety of farming practices on the farms
in the region. Nearly all farmers grew shrimp, and the most significant difference between
farmers, in terms of potential income, was whether or not they practised P. monodon stocking.
The survey revealed a number of useful insights into farming practices that were either used
directly to provide input into extension material or used in modifying planned experimental work
during the project. For example:
• The information on the performance of shrimp feed inputs was followed up by experimental

work on shrimp nutrition, which included isotope analysis of sources of shrimp nutrition in
rice–shrimp ponds (Burford et al. this Report), and experimental trials conducted by the
Can Tho University Mariculture Department on various homemade feed formulations
(Nguyen Thanh Phuong, 1999, Personal communication). 

Farming 
system

N
Farm size 

(ha)
Farm cash income 

(dong per ha)
Household income 

(dong per household)

All Farms

Monodon
Natural 
No Shrimp

278
138

8

2.50
2.39
1.27

(1.32)
(1.38)
(0.95)

3 806.52
2 225.04

537.72

(321.96)
(272.16)
(678.96)

11 646.72
6 343.32
1 488.72

(948.36)
(627.24)

(1 472.04)

By District

My Xuyen
Monodon
Natural 
No Shrimp
Gia Rai
Monodon
Natural
No Shrimp

169
39
3

109
99
5

2.38
2.04
1.12

2.69
2.53
1.35

(1.23)
(1.23)
(0.79)

(1.43)
(1.42)
(1.11)

4 172.4
1 613.64

912.6

3 239.16
2 465.88

312.72

(452.16)
(357.36)
(530.64)

(424.44)
(50.4)

(1 082.76)

12 250.08
4 907.76

764.4

10 711.44
6 908.88
1 923.24

(1 339.2)
(736.44)
(269.16)

(1 242.72)
(819.96)

(2 433.12)
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• The very high water exchange rates being practised on some farms during monodon cycles
was considered to be poor practice by the scientific team, and experiments were subsequently
designed to demonstrate the effect of water exchange on pond water quality, as reported in
Tran Thi Tuyet Hoa et al. (this Report).

• The information on the very poor survival rates of P. monodon in the study area, and
particularly Gia Rai, helped to highlight the extent of the seedstock supply and health-
screening problems. Subsequently, extra emphasis was placed on the study of health and
survival issues and seedstock supply problems during project workshops. Bioeconomic analysis
of the implications of poor survival on farm income risk was also undertaken (Brennan this
Report).
Some of the results that were of direct use to the project included detailed information about

shrimp-farming practices that are not reported in this overview. For example, poor hygiene was
observed on a number of farms in the study (where farmers were restocking after shrimp disease
outbreaks without disinfecting the pond), and this indicated an urgency for extension material
on simple pond hygiene practices. Farmers’ lack of knowledge about how to identify good quality
postlarvae was identified and subsequently information on simple visual screening methods was
provided in extension leaflets.

The survey also provided the necessary background for much of the bioeconomic analysis that
was conducted during the project. For example, Clayton (this Report) explores the underlying
economic incentives that have driven the land degradation (land loss through sedimentation)
that was observed in Gia Rai. 
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Abstract

 

The growth and survival of 

 

Penaeus monodon

 

 and the variations in temperature, salinity,
dissolved oxygen, turbidity and pH were monitored in shallow rice–shrimp ponds in two study
areas in the Mekong Delta, Vietnam. In 1998, three farms (1 ha, 1 ha and 1.3 ha) were
monitored in My Xuyen from March to June. In 1999, three farms (0.4 ha, 0.5 ha and 0.5 ha)
were monitored in Gia Rai from February to May. At all locations the ponds had a shallow
central platform area (

 

≈ 

 

80% of the total pond area, 20 cm deep) and a trench (1 m deep) around
the perimeter of the platform. The platform area was used for wet season rice crops prior to the
dry season shrimp crops that we monitored. The ponds were stocked with hatchery-reared

 

P. monodon

 

 postlarvae at low densities, 1.65 m

 

−

 

2

 

 at My Xuyen and 3 m

 

−

 

2

 

 at Gia Rai. There was
pronounced diurnal variation in pond temperatures, dissolved oxygen and pH. In general, the
conditions on the platform were more extreme than in the adjacent ditch. Assuming the shrimp
were able to avoid the platform extremes, the physical conditions in the ditch of the My Xuyen
ponds were within acceptable tolerance limits for 

 

P. monodon

 

. This was reflected in the growth
rates (25.6 g in 110 days), survival (83–94%) and pond yields (344–436 kg/ha). At the Gia Rai
farms during 1999, the pond temperatures, dissolved oxygen and pH values were similar to those
recorded at My Xuyen the previous year. However, a period of heavy rain at the end of April
resulted in a very rapid drop in pond salinity, from 10 ppt to 1 ppt over three days. Prior to the
onset of the rains, the growth rate and survival of 

 

P. monodon 

 

were comparable to My Xuyen.
However, the onset of the heavy rains coincided with mass mortalities in all ponds. Initial
observations indicated that the 

 

P. monodon

 

 were probably infected with WSSV (white
spotsyndrome virus). This was subsequently confirmed by PCR analysis. The results of this study
emphasise the need to learn more about the prevalence of shrimp viral disease in Vietnam and
the sources of infection of postlarvae and farm stocks.

I

 

N

 

 

 

THE

 

 

 

RICE

 

–

 

SHRIMP

 

 cultivation system, the pond water depth (particularly in the central
platform area) is, of necessity, much shallower than in conventional shrimp monoculture, leading
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to more extreme physical conditions. It is possible that these extremes might, at times,
compromise shrimp survival. It was therefore of critical interest to farmers and environmental
managers to determine the key factors responsible for shrimp mortalities in this system. So far,
most of the quantitative information on the physical factors that affect the growth and survival
of farmed shrimp have come from studies of intensive shrimp-farming systems. For example,
studies of intensive systems have shown that survival and growth of 

 

Penaeus monodon

 

 are affected
by variations in key physical factors including pond temperature (Jackson and Wang 1998),
salinity and dissolved oxygen. 

However, the relationship between variations in these parameters on the growth and survival
of 

 

P. monodon

 

 in the rice–shrimp farming systems has not been determined. Accordingly, the
objective of this study was to determine quantitatively the physical conditions in the pond during
the shrimp production system and assess the influence of variations in these conditions on the
growth and survival of 

 

P. monodon

 

. 

 

Materials and methods

 

The study area was in My Xuyen District (Soc Trang Province) in 1998 and Gia Rai District
(Bac Lieu Province) in 1999 (see Figure 3, Chapter 1 this Report). The study sites were three
rice–shrimp farms (1 ha, 1 ha and 1.3 ha) in My Xuyen which were monitored from March to
June 1998, and three rice–shrimp farms in Gia Rai (0.4 ha, 0.5 ha and 0.5 ha) which were
monitored from February to May 1999. The farm ponds all had a central platform area (80% of
the total pond area, approximately 20 cm deep) where a wet season rice crop was grown prior to
the dry season shrimp crop. The platform was surrounded by a ditch approximately 1 m deep.
Prior to stocking, ponds were prepared by removal of sedimented material in the ditches, drying
the platform, liming the entire pond and killing predators with rotenone. 

 

Pond stocking management and monitoring

 

The ponds were stocked with 

 

P. monodon

 

 postlarvae (mean total length: 18 mm) that had been
transported by road from a hatchery in Nha Trang. The postlarvae were only selected for stocking
if they survived a stress test of ten minutes immersion in 150 ppm formalin. Postlarvae were
acclimated to ambient ditch conditions for about one hour before stocking. The mean stocking
density was 1.65 m

 

−

 

2

 

 at the My Xuyen farms and 3 m

 

−

 

2 

 

at the Gia Rai farms. The My Xuyen
farms were stocked in February 1998. The Gia Rai farms were stocked in March 1999 — this was
the second crop for that year.

At the My Xuyen farms the shrimp were fed a commercial pelleted feed for the first month.
The shrimp were then fed a home-made food including: rice (30%), rice bran (15%), fish meal
(50%), premix (2.5%), vitamin C (2.5%) and trash fish. At the Gia Rai farm, the shrimp were
fed with commercial pelleted feeds.

 

Sampling

 

During the experimental period, temperature, salinity, turbidity, dissolved oxygen and pH were
monitored daily at three sites on both the platform and the ditch in the early morning and late
afternoon using a datalogger (YEOKAL). Twice per month, on every spring tide, the same
parameters were monitored in the supply canal.
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Samples of shrimp were taken every two weeks using a cast net. The minimum number of
shrimp collected was 100 for small shrimp (<2 g) or 50 for larger shrimp (>2 g). The mean weight
was calculated as the total weight divided by the number of individuals. 

 

Results

 

Diurnal and spatial variability

 

There was pronounced diurnal variation in pond temperatures, dissolved oxygen (DO) and pH.
For example, at the ponds in My Xuyen province the mean daily difference in temperature was
5.5°C; in pH it was 0.75; and in DO it was 5.3 mg.l

 

−

 

1

 

 (Fig. 1). Occasionally, the diurnal
difference was much greater than these averages; for example, early in the season the daily pH
variation was 1 unit or more for several days. Afternoon surface temperature reached 37°C on
one occasion and was frequently above 34°C (Fig. 1).

 

Figure 1.

 

 Afternoon and morning temperatures, dissolved oxygen (DO) and pH at ditch surface at a rice–shrimp 
farm in My Xuyen. 

 

In Gia Rai during 1999, problems with the datalogger meant that the data were not as
comprehensive as the My Xuyen data. Dissolved oxygen was unreliable throughout, and pH was
inaccurate after late April, being measured only by pH indicator paper. However, the data suggest
that conditions were similar to the My Xuyen farms studied in the previous year. The average
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diurnal temperature range was 5.2°C and the average diurnal pH range during the period before
late April was 0.59 pH units (Fig. 2).

 

Figure 2.

 

 Afternoon and morning temperatures and pH at ditch surface, at a rice–shrimp farm in Gia Rai.

 

Conditions in the deeper water of the ditch were not as extreme as those on the platform.
Afternoon temperatures at the bottom of the ditch were, on average, about 1.6°C cooler than
on the platform (Fig. 3).

 

Figure 3.

 

 Afternoon temperatures on the platform and ditch (surface and bottom) at a rice–shrimp farm in My 
Xuyen.

 

Salinity

 

The pond salinity was quite different in the two years studied. In My Xuyen during 1998, the
salinity gradually increased from about 6 ppt at the beginning of February (when the ponds were
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first stocked) to about 16 ppt at harvest time in mid-May. There was some rainfall from mid-
April onward, but this only marginally affected the pond salinity (Fig. 4A). 

 

Figure 4.

 

 Salinity (ditch surface samples): A in My Xuyen, 1998; and B in Gia Rai, 1999.

 

In contrast, by the time the shrimp were stocked in Gia Rai the next year (late March), the
salinity had already reached 25 ppt and by the second week in April it was at 30 ppt. This was
followed by a period of heavy rain resulting in a rapid decline in salinity, which reached close to
zero at the beginning of May. The final drop, from 10 ppt to about 1 ppt, occurred over only a
3 day period (Fig. 4B).

 

Growth and survival

 

Production at My Xuyen in 1998 ranged from 344 to 436 kg, with a mean harvest of 392 kg ha

 

−

 

1

 

.
Survival at My Xuyen in 1998 ranged from 83 to 94% with a mean value of 89% (Table 1).

 

Table 1. 

 

Shrimp production and survival rate after 110 days at My Xuyen in 1998.

 

Over the 110 day crop, growth at each of the three My Xuyen farms was similar: the final
average weight of shrimp was 25.64 g (Fig. 5). Over the crop, the average growth rate was
0.23 g/d. 

In Gia Rai during 1999, initial growth was also good: the average growth rate over the first
41 days was 0.29 g/d, better than My Xuyen the previous year (Fig. 6). However, when the
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salinity began to drop quickly during April, symptoms of WSSV (white spot syndrome virus)
appeared and shrimp mortality was very high. 

 

Figure 5.

 

 Shrimp growth after 110 days in My Xuyen District.

 

Figure 6.

 

 Shrimp growth after 64 days in Gia Rai District in 1999.

 

Discussion

 

The daytime pond water temperatures in the shallow platform area of the rice–shrimp ponds
regularly reached more than 33°C. This is a higher temperature than the generally-accepted
maximum for good growth (Lester and Pante 1992; Chen 1984) and almost 10°C above preferred
temperature (Chen and Chen 1999). However, the effects of high temperatures on the growth
and survival of 

 

P. monodon

 

, or the capacity of this species to acclimatise to high temperatures,
are not well understood. Within the ditch area of the rice–shrimp ponds the temperature and
other physical parameters were more moderate. Although we did not monitor their distribution,
it is possible that the shrimp avoided the daytime extremes by moving to the deeper areas of the
pond. In general, during the dry season, the characteristics of the pond water in the deeper
sections of rice–shrimp farms at both My Xuyen and Gia Rai were within the water quality
conditions considered suitable for 

 

P. monodon

 

 growth. The growth and survival of 

 

P. monodon

 

 in
the ponds at My Xuyen are indicative of what can be achieved in the absence of disease and are
comparable to those obtained for 

 

P. monodon

 

 grown in intensive shrimp culture ponds in nearby
farms. 
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During the second year in Gia Rai, two factors combined to cause a drastic fall in production.
First, heavy rains caused pond salinity to drop rapidly and severely: in less than a month, the
salinity dropped from 30 ppt to 1 ppt. The severity and suddenness of the drop would have
stressed the shrimp, and under any circumstances probably caused loss of production. Second,
this effect was made worse by the presence of WSSV, which was probably in the postlarvae at
the time of stocking. It seems likely that the stress of sudden low salinity provided the trigger
necessary to cause WSSV disease and widespread mortality. 

The results of this study suggest that stocking ponds early in the dry season, as was done in
My Xuyen during 1998, reduces the risk of crop losses due to the onset of the wet season and
rapid decreases in pond salinity. In the absence of WSSV, a single summer crop grown to a large
size would bring greater returns than the two small crop strategy adopted by Gia Rai farmers.
However, because of the presence of WSSV, particularly if the postlarvae are infected to start
with, the farmers may have little choice but to try to spread their risks by harvesting as soon as
they can. Ultimately, the solution to this dilemma is to eliminate WSSV from the postlarvae.
This can only be done with certainty if the industry progresses from the current high level of
reliance on wild broodstock, particularly those that have not been screened for viral diseases, to
domesticated Specific Pathogen Free (SPF) stocks. In this respect we strongly endorse the
recommendations of Johnston et al. (2000) that a high priority be given to improving the quality
of hatchery-reared postlarvae. Their study examined the mixed shrimp and mangrove forestry
farms in southern Vietnam, but it is increasingly evident that the lack of sufficient supplies of
good quality postlarvae is a threat to the sustainability of all forms of shrimp farming in the
region. 

The results of this study of 

 

P. monodon

 

 in rice–shrimp ponds emphasise the need to learn more
about the prevalence of shrimp viral disease in Vietnam and the sources of infection of postlarvae
and farm stocks. This needs to be done in parallel with improving the quantity and quality of
locally available seedstock for stocking shrimp farms in the Mekong Delta. There is now strong
evidence that the major pathogens of farmed shrimp in Asia (yellow head virus and white spot
syndrome virus) are vertically transmitted and enter the production system via infected
broodstock or naturally recruited postlarvae (Lo et al. 1997; Walker et al. 2001). In the case of
white spot syndrome virus, PCR screening in hatcheries has proven to be effective in reducing
the risk of disease on farms (Withyachumnarnkul 1999; Hsu et al. 1999) and again points to the
use of domesticated SPF stock as a route to future sustainability of the industry.
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T

 

RADITIONALLY

 

, 

 

RICE

 

–

 

SHRIMP

 

 farmers have relied on capturing and retaining naturally
occurring shrimp postlarvae or juveniles that enter the ponds via water exchange during high
tides. The naturally occurring species include 

 

Penaeus merguiensis

 

, 

 

P. indicus

 

 and 

 

Metapenaeus
ensis

 

. More recently, the preferred option for most farmers has been to stock their ponds with
hatchery-reared 

 

P. monodon

 

. Many of the 

 

P. monodon farmers, particularly those in regions where
shrimp farming has been established for some time, continue the practice of tidal water exchange
in order to capture naturally occurring postlarvae. Although this practice can increase farm
income, it can also have significant negative consequences due to increased sedimentation and
increased risks of exposure to viral diseases. The negative consequences of increased
sedimentation due to frequent water exchange are described in Chapter 11 this Report. The level
of risk of the exposure of P. monodon to viral diseases carried by P. merguiensis, P. indicus and
M. ensis have yet to be determined.

One method of reducing the amount of sedimentation and possibly lowering the risks of
exposure to viral disease would be to reduce water exchange. To assess the effects of reduced
water exchange we conducted a preliminary trial in collaboration with rice–shrimp farmers from
the Gia Rai District. The objective of the study was to compare pond water quality and the
growth, survival and harvest of P. monodon from adjacent ponds with low and high water
exchange frequency. 

Materials and methods
Experimental design
In the initial experimental design there were five participating farms in the Gia Rai District, each
with rice–shrimp ponds of approximately 1 ha. The farms were monitored from December 1999
to March 2000. Three treatments were established: low water exchange (two farms), medium
water exchange (one farm) and high water exchange (two farms). In the low exchange ponds,
water was only introduced if necessary to maintain water levels. In the medium exchange pond,
water was exchanged on one day each month. In the high exchange ponds, there was daily water
exchange throughout the spring tides. However, the initial experimental design was compromised
by the loss of replicates and problems with disease. One of the low-exchange treatments was
abandoned because the farmer reverted to frequent water exchanges, and one of the high exchange
farms experienced high shrimp mortalities. The loss of these treatments means that this study
was restricted to preliminary observations of the effects of low, medium and high water exchange
in single ponds. We have included these observations in this report on the basis that they may
assist in the design of future, replicated studies on the effects of variations in water exchange. 
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Methods 
The low exchange pond (1.2 ha) and high exchange pond (1.5 ha) were adjacent to each other
on the same farm site (Farm A, Table 1). The medium exchange pond, Farm B, was at a second
farm approximately 1 km from Farm A.

Prior to filling, the pond platform had been dried, limed and fertilised as recommended in our
best management practices (Appendix, this Report). The ponds were filled from the adjacent
canal via a sluice. All the ponds were stocked with P. monodon postlarvae (mean total length
18 mm) from the same hatchery. The postlarvae were subjected to a stress test (150 ppm
formalin) and acclimated to ambient pond conditions for about one hour before stocking. Shrimp
in the low-exchange pond were fed twice a day with a commercial feed (KP-90) shrimp in the
medium and high exchange ponds were not fed. 

Table 1. Pond size and stocking rate in the low, medium and high water exchange ponds.

During the experimental period, water quality parameters (temperature, salinity, turbidity,
dissolved oxygen and pH) were monitored twice-daily (dawn and afternoon) using a datalogger.
Three sites on both the platform and the ditch were monitored. Both surface and bottom
measurements were taken in the ditch. 

Samples of water and sediment nutrients (TN, TP in water and sediment, TSS, chlorophyll a,
NOx, total ammonia and FRP) were taken every month and analysed using standard methods
(APHA 1995). Samples of plankton, shrimp (P. monodon and natural shrimp) were collected
from the low water exchange farm with a plankton trawl (200 µm mesh) and beam trawl (1 mm
mesh). These samples, together with the feed pellets, were analysed for stable isotopes of C and
N (Chapter 4 this Report). Approximately ten shrimp were individually weighed each month
using an electronic balance. 

Results 
The temperature in the ponds ranged from 23.3°C to 35°C and the salinity from 9 ppt to 29 ppt.
There were no significant differences in temperature, salinity, pH or the different forms of
nitrogen between the ponds (Table 2).

The pond surface water temperature increased as much as 5°C between dawn and the
afternoon. On most days, the water temperature in different pond locations and depths was
within one or two degrees. However, on one occasion the surface water of both the platform and
the ditch was 5°C warmer than the bottom water in the ditch. This contrasts with previous
records of rice–shrimp pond conditions, where it was common for the bottom ditch water to be
significantly cooler than the surface temperature for most of the grow-out season (Minh et al.

Farm Farm A Farm B Farm A

Pond size (ha) 1.2 1.4 1.5

Stocking density (PL/m2) 3.0 3.0 1.0

Water exchange Low Medium High
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Part A of this chapter). Water salinity increased from about 10 ppt at the beginning of January to
almost 30 ppt in early March. 

Table 2. Water quality parameters in the low, medium and high exchange ponds.

The concentration of total suspended solids in the pond water was highly variable and ranged
from 46 to 267 mgL−1 (Table 3). The percentage of inorganic matter varied from 62% to 82%
and chlorophyll a levels varied from 5.4 to 75.2 µgL−1. There were no significant differences in
the mean monthly TSS levels between the ponds. 

Table 3. Range in the total suspended solids (TSS), percentage inorganic and organic matter and 
chlorophyll a levels in low exchange, medium exchange and high exchange ponds.

During the first three months, the average growth rates of the shrimp in the medium exchange
pond were more rapid than in the low or high exchange ponds (Figure 1). However, after four
months the average weight of individual shrimp was about 23 g in all three ponds. The most
pronounced difference between the ponds was in overall yield (Table 4). The highest yield of
132.5 kg/ha was from the low exchange pond and the lowest yield of 10 kg/ha was from the high
exchange pond. 

Table 4. Variation in stocking density, stocking time, mean final harvest weight and yield of 
P. monodon grown in low, medium and high water exchange ponds. 

Parameter Low Medium High

Temperature °C
Salinity (ppt)
pH
N-NO3 (mg/l)
N-NO2 (mg/l)
N-NH4 (mg/l)

23.3–32.2
13.9–29.9
5.05–8.83
0.01–0.29
0.01–0.07
0.07–0.88

23.3–35.0
8.7–26.4

7.17–9.02
0.10–0.20
0.01–0.05
0.20–0.69

23.7–32.7
9.00–29.9
6.93–8.63
0.02–0.39
0.01–0.11
0.10–0.92

Character Low Medium High 

TSS (mgL−1)
Inorganic (%)
Organic (%)
Chlorophyll a 

64.7–249.5
65.4–81.7
15.4–34.6
5.4–33.4

45.9–266.9
62.2–71.4
24.4–39.6
9.3–75.2

64.9–235.6
67.2–79.1
15.9–34.8

4.1–57.6

Parameters Low Medium High

Stocking density (Shrimp/m2)
Stocking time (days)
Mean final wt (g)
Yield (kg/ha)

3.0
69.0
23.0

132.5

3.0
70.0
23.1

109.14

1.5
69.0
22.6
10.0
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Figure 1. Growth rates of P. monodon in low, medium and high water exchange ponds.

Discussion
This study has highlighted a number of challenges in attempting to assess the potential for rice–
shrimp farmers to reduce pond water exchange rates without reducing the pond yields of
P. monodon. In establishing the farm trials, we found that farmers were concerned about their
potential loss of income due to reduced recruitment of natural shrimp. One of the farmers
abandoned a low-exchange treatment because of this concern. The concerns about loss of income
from natural shrimp were exacerbated by the shortages in supplies of P. monodon postlarvae
(Chapter 5 this Report). 

During the study, one of the farmers encountered serious problems with disease resulting in
very high shrimp mortality. Analysis of moribund shrimp from the farm revealed the presence of
a known viral pathogen (white spot virus syndrome). Little is known about the extent of viral
infection of the farmed shrimp in this region, or the principal disease vectors. This lack of
knowledge is clearly a serious impediment to conducting meaningful experiments on farm
management options. An effective postlarval viral health screening strategy is required. This
would reduce the risks of field studies being compromised by the effects of diseases. The problems
with viral disease that were encountered in this study were one of the principal reasons for
establishing the shrimp viral screening facility at Can Tho University, facilitated with funding
support provided from ACIAR. 

Despite the problems that we encountered, our preliminary observations suggest that further
fully replicated studies of the effects of reducing water exchange on sediment accumulation in
the ponds and total shrimp yields would be of considerable value. 
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CHAPTER 4
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Abstract

 

Stable isotope analysis was used to determine the sources of dietary nitrogen and carbon for
shrimp in rice–shrimp farms in the My Xuyen and Gia Rai districts, Vietnam. Most of the carbon
input to the ponds in the My Xuyen District was in the form of homemade feed, comprising rice,
rice bran, cornmeal and fishmeal. The homemade feed had low nitrogen levels and contributed
little to the protein requirements of the shrimp at all three farms. In contrast, the commercial
feed (CF1) used at My Xuyen farms was more nutritionally balanced than the homemade feed,
but was only added to ponds in low quantities early in the growth season. Two of the three farms
in the Gia Rai District used commercial feed (CF2); the third relied solely on the natural biota
to supply the nutritional requirements of the shrimp. The commercial feed appeared to
contribute little to the nutritional needs of the shrimp. In contrast, the biota caught with beam
trawls in the second half of the season at My Xuyen farms and the seston at Gia Rai farms had
C:N ratios and 

 

δ

 

13

 

C values similar to the shrimp, and may have contributed to shrimp nutrition.
The C:N ratios of the sediment were high relative to the shrimp, and it is unlikely that biota in
the sediment contributed significantly to shrimp nutrition. In terms of management implications,
this study suggests that there is little nutritional value in feeding shrimp homemade feed with
the current formulations. The natural biota appeared to contribute significantly to shrimp
nutrition, and there is potential for a greater contribution by the addition of fertiliser high in
nitrogen to increase the microalgal biomass and subsequently natural feeds available for shrimp.
However, this would be more effective if the turbidity in the water column were decreased,
providing more light for phytoplankton, periphyton and benthic microalgal growth.

I

 

N

 

 

 

SALINE

 

-

 

AFFECTED

 

 areas of the Mekong Delta, the traditional wet season rice crop is often
supplemented with a dry season crop of farmed shrimp (Tran et al

 

. 

 

1999). The adoption of
shrimp as a second crop in the dry season has resulted in significant income gains for some
farmers (Tran et al

 

. 

 

1999; Brennan et al. 2000).
In the rice–shrimp system, the shrimp farmers use a variety of different feeding practices and

diets. These range from relying on the natural biota as the only food source, to feeding with
homemade formulations or feeding with expensive commercial feeds. A recent economic analysis
of representative rice–shrimp farms has indicated that the addition of homemade feeds,
particularly if the main ingredients are rice and rice bran, has little impact on production
(Brennan et al. 2000). One implication of these results is that the dietary requirements of the
shrimp may be met by natural pond biota rather than the homemade feeds. 
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Organic matter from different origins has distinct nitrogen and carbon isotopic compositions.
These compositions can be used to identify the food sources for shrimp and define the trophic
structure of aquatic food webs (Peterson and Fry 1987). In order to examine this issue we used
stable isotope analysis to determine the sources of dietary nitrogen and carbon for 

 

Penaeus
monodon

 

 grown in rice–shrimp ponds.

 

Methods

 

Three farms in My Xuyen District and three farms in Gia Rai District were studied in the years
1998 and 2000 respectively. The ponds were stocked with 

 

P. monodon

 

 at stocking densities
between one and three animals m

 

−

 

2

 

 (Table 1). Other shrimp species

 

 

 

were also present in some
ponds in lesser numbers, having been recruited from the river during pond flushing events. These
are referred to as ‘wild shrimp’. After a period of 9 to 16 weeks, 

 

P. monodon 

 

was harvested from
ponds, and individual shrimp weights and total weights were recorded (Table 1). In the case of
Gia Rai ponds, viral disease problems necessitated an early harvest, which is reflected in the low
harvest biomass.

There were two main types of feed added to the ponds: commercial feed and homemade feed
(Table 1). The homemade feed, made of fishmeal, ricebran, rice and cornmeal, was only used in
My Xuyen ponds.

 

Table 1. 

 

Design and management of farms in My Xuyen and Gia Rai districts.

 

Ponds were sampled on three occasions during the shrimp growth season in My Xuyen
District: one (early), two (mid) and three (late) months after stocking; and on two occasions in
Gia Rai District: one (early) and two (mid) months after stocking. Samples for 

 

δ

 

15

 

N, 

 

δ

 

13

 

C, C
and N analysis were taken of the natural biota, commercial and homemade feed, and shrimp in

 

My Xuyen Gia Rai

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6

 

P. monodon

 

Stocking density (m

 

−

 

2

 

)
Grow-out period (wk)
Harvest (kg)
Survival (%)
Pond size (ha)
Feed
Commercial feed (kg)

CF1
CF2

Homemade feed (kg)
Rice
Ricebran
Cornmeal
Fishmeal

1.6
16

340
83
1

67
—

400
125
50

600

1.6
16

440
87
1.3

67
—

400
125
50

600

1.6
16

400
94
1

75
—

300
150
27

400

3
9

19
10
1

—
102

—
—
—
—

3
9

160
23
1.2

—
206

—
—
—
—

1
9

130
57
1.4

—
—

—
—
—
—
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each pond during these times. The seston was sampled using a plankton net (mesh size 100 

 

µ

 

m)
towed 20 m in the ditch. Beam trawl samples were also taken by towing a trawl (mesh size
1000 

 

µ

 

m) across both the ditch and the platform. Sediment cores were taken in the ditch. 

 

Results and discussion

 

The carbon to nitrogen (C:N) ratios and 

 

δ

 

13

 

C values of shrimp were compared with the feed
sources in three ponds in both My Xuyen and Gia Rai districts. The C:N ratios and 

 

δ

 

13

 

C values
of the homemade feeds used in My Xuyen farms varied significantly between sampling occasions
(Fig. 1). In all cases, C:N ratios and 

 

δ

 

13

 

C values were substantially different from both

 

P. monodon

 

 and the wild shrimp. These results suggest that the homemade feed was providing
little nutrition for the shrimp. 

 

Figure 1.

 

 

 

δ

 

13

 

C (‰) and C:N ratios for shrimp and feed at three farms in My Xuyen District. 
P. mon. = 

 

Penaeus monodon

 

; CF1 = commercial feed; early, mid and late denote times in the shrimp growth 
season.

 

The commercial feed (CF1) used in My Xuyen District had an isotopic signature and C:N
ratio similar to that of the shrimp (Fig. 1). In contrast, the 

 

δ

 

13

 

C isotopic signature and C:N ratio
of commercial feed (CF2) used in Gia Rai farms was consistently different from that of shrimp
(Fig. 2). Commercial feeds can vary considerably in quality and ultimately in the nutritional
benefit to the shrimp. The greatest benefit is likely to come from using high-quality, high-cost
feeds. Despite this, previous studies have shown that only 20 to 35% of the nitrogen added to
shrimp ponds as commercial feed is retained by the animals at harvest (Briggs and Funge-Smith
1994; Páez-Osuna et al. 1997; Preston et al. 2000). Therefore, most of the high-cost nitrogen is
ultimately wasted.
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The isotopic signatures for the natural biota were compared with the shrimp to determine
which biota were contributing to shrimp nutrition in the ponds. The C:N ratios and 

 

δ

 

13

 

C values
of the biota caught in beam trawl, i.e. epibenthos, in My Xuyen farms were generally similar to
the shrimp (Fig. 3). In Gia Rai ponds, the C:N ratio and 

 

δ

 

13

 

C values of shrimp were similar to
seston and beam trawl samples (Fig. 2). The C:N ratio of the sediment samples were
much higher.

 

Figure 2.

 

 

 

δ

 

13

 

C (‰) and C:N ratios for shrimp, natural biota and feed at three farms in Gia Rai District.

 

Figure 3.

 

 

 

δ

 

13

 

C (‰) and C:N ratios for shrimp and natural biota at three farms in My Xuyen District. 
P. mon. = 

 

Penaeus monodon

 

; early, mid and late denote times in the shrimp growth season.
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The results suggest that the natural biota was playing a major nutritional role in shrimp
nutrition. This is further verified by the fact that the shrimp production was as high at the farm
with no feed addition as at the farms with feed addition. The significant contribution by the
natural biota could be further promoted by the addition of nitrogen fertiliser, since the biota had
a high C:N ratio early in the season. However, the high turbidity in these ponds, due to inorganic
particles in the water (Truong et al. this Report, Tran Thi Tuget Hoa et al. this Report), was
likely to be inhibiting the growth of algae and hence the natural biota. Therefore, the addition
of fertilisers to stimulate the growth of the algal community, and hence the higher trophic levels,
would be more effective if turbidity levels in the ponds were reduced. 

The use of homemade feeds to feed either shrimp or the natural biota does not appear to be
worthwhile unless the formulations are changed significantly. Even if this were done, the water
stability of these feeds is likely to be low compared with commercial feeds, resulting in the release
of significant amounts of nutrients. This is an inefficient use of resources and impacts on the
adjacent waterways.

In conclusion, the natural biota appeared to provide the bulk of the dietary nitrogen and
carbon requirements of 

 

P. monodon

 

 in rice–shrimp ponds. Commercial feeds also provided a
nutritional source; however, the benefits depended on the formulation used. Homemade feeds
were of limited value.
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CHAPTER 5

 

Shrimp hatchery production in two coastal provinces
of the Mekong Delta
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Abstract

 

The status of shrimp hatchery production in the coastal provinces of the Mekong Delta,
Vietnam, was investigated in late 1997. The survey showed that the three species of shrimp used
as broodstock were

 

 Penaeus monodon

 

, 

 

P. merguiensis

 

, and 

 

P. indicus

 

. The survey also revealed that
the number of hatcheries had increased very rapidly over the previous decade. In 1997, there
were 134 hatcheries that produced a total of 217.5 million postlarvae. A further 1.7 billion
postlarvae were imported from the central provinces to the region. The dominant source of
postlarvae was from wild 

 

P. monodon

 

 broodstock. Local wild-harvest 

 

P. monodon

 

, 

 

P. merguiensis

 

,
and 

 

P. indicus

 

 broodstock were a significant source of postlarvae. Local pond-reared 

 

P. monodon

 

,

 

P. merguiensis

 

, and 

 

P. indicus 

 

broodstock were a minor source, with lower reproductive output
than wild broodstock. The annual average production of postlarvae from local hatcheries ranged
from 2.6 million (in Bac Lieu) to 3.6 million (in Ca Mau) for 

 

P. monodon

 

; and from 7.6 million
(in Ca Mau) to 9.8 million (in Bac Lieu) for 

 

P. merguiensis

 

 and 

 

P. indicus

 

. Average net income
of 23.9 million dong and 130.2 million dong were obtained for each hatchery in Bac Lieu and
Ca Mau provinces respectively. The results of the survey revealed a critical shortage in supplies
of postlarvae for stocking shrimp farms in the Mekong Delta region. 

T

 

RADITIONALLY

 

, 

 

SHRIMP

 

 

 

FARMERS

 

 in the Mekong Delta have used extensive shrimp-farming
methods. However, over the past decade, there has been rapid expansion of shrimp farming
coupled with a diversification of farming systems. The farming systems now include
improved–extensive culture, semi-intensive culture, intensive culture, mangrove–shrimp,
rice–shrimp and artemia–shrimp systems. Improved–extensive shrimp culture is the most widely
practised, with average productivity of 200–600 kg/ha/year. In 1997, the total area of shrimp
ponds in the Mekong Delta was estimated to be 185 700 ha with a total production of 48 665
tonnes. Rice–shrimp farming comprised a significant component of this production. The nature
of the rice–shrimp system is described elsewhere in this report. 

The first shrimp reproduction and hatchery trials in Vietnam were conducted in the northern
provinces from 1971 to 1974. Commercial-scale hatchery production commenced in the central
provinces in 1985. The first reproduction and hatchery trials within the Mekong Delta were
conducted at Can Tho University in 1988. These trials facilitated the development of the
hatchery industry in the region. The objective of the current study was to quantify hatchery
production in the two principal shrimp-hatchery provinces in the Mekong Delta region and to
identify the key factors affecting the sustainability of postlarval supplies to the region. 
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Data and methods

 

This study was conducted in late 1997 in the provinces of Bac Lieu and Ca Mau where most of
the shrimp hatcheries in the Mekong Delta region were located. A survey of 18 hatcheries in
Bac Lieu and 16 hatcheries in Ca Mau was conducted. This involved direct interviews with the
hatcheries workers, technicians and managers. Additional information on shrimp hatcheries and
shrimp production in the Mekong Delta was also collected from annual reports of the provincial
Department of Fisheries. 

 

Results 

 

Shrimp culture and shrimp seed production in the Mekong Delta

 

The total annual shrimp production from the seven coastal provinces of the Mekong Delta was
47 095 tonnes from 167 824 ha in 1993; 38 795 tonnes from 212 689 ha in 1995 and
48 665 tonnes from 185 700 ha in 1997. Ca Mau (formerly known as Minh Hai) and Bac Lieu
provinces were the main production areas. 

In 1992, Ca Mau Province had 15 hatcheries producing 140 million postlarvae; by 1997 this
had increased to 110 hatcheries producing 200 million postlarvae, making postlarval production
an important industry in the region. Tien Giang, Ben Tre, Soc Trang and Kien Giang provinces
were minor production areas with only one to four hatcheries in each province in 1997. The
demand for postlarvae could not be met by local supplies and most postlarvae were imported from
the central provinces to local nursery stations. Most of the nursery stations were located in Ca
Mau, which collectively imported 1.4 million postlarvae in 1997. The central provinces of
Khanh Hoa, Binh Thuan, Ninh Thuan, Vung Tau, Da Nang, Phan Rang and Phan Thiet were
the main suppliers of postlarvae to the Mekong Delta.

 

Hatchery ownership and staffing

 

Almost all of the hatcheries surveyed belonged to private households or joint stockholders. All
the hatcheries were operated by those with either tertiary education or previous technical
experience. In Ca Mau and Bac Lieu survey hatcheries, 25% and 39% respectively, were operated
by those with tertiary training (BSc). The rest were run by technicians who had previously
worked with tertiary-trained hatchery managers or had attended short training courses in
hatchery techniques. The results also showed that the hatchery operators in Bac Lieu had worked
in hatcheries for an average of 6.5 years (ranging from 3 to 16 years), compared to an average of
3 years in Ca Mau (ranging from 1 to 10 years). This is probably a reflection of the fact that
many of the hatcheries surveyed in Bac Lieu had been there since the early 1990s, whereas the
hatcheries in Ca Mau started operating from 1994. 

 

Technical aspects

 

Hatchery location

 

The majority of hatcheries surveyed in Bac Lieu province were in Gan Hao town, on the bank
of the river mouth about 2 km from the sea. The advantages of this location included easy access
for broodstock delivery via river or road, electricity supply and telephones. The disadvantages
were the risks of water pollution, particularly from ships, boats and domestic sewage. In the rainy
season, very turbid water and low salinity (10–15 ppt) were a major impediment to hatchery
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production. Furthermore, the  juxtaposition of most hatcheries increased the risk of pollution and
disease transmission. 

Most of the hatcheries surveyed in Ca Mau Province were on the banks of a large river in
Nam Can area, about 20 km from the sea. Although nearly 100 hatcheries had been established
in the district, the density was much lower than in Ganh Hao in Bac Lieu. Some of the
hatcheries in Ca Mau Province (18.9% of those surveyed) had no access to electricity or
telephones. As in Bac Lieu, salinity in Ca Mau was low in the rainy season and the water was
very turbid. Details on hatchery distribution are presented in Table 1. 

 

Table 1. 

 

Sites of the survey hatcheries in the Bac Lieu and Ca Mau provinces.

 

Hatchery characteristics

 

The mean sizes of the Bac Lieu and Ca Mau hatcheries were similar, with an average area of
204 m

 

2

 

 and 214 m

 

2

 

 respectively. The largest of the survey hatcheries in Ca Mau had an area of
720 m

 

2

 

 and in Bac Lieu 480 m

 

2

 

. The hatcheries were usually separated from the houses, but
contained a small living room for workers. The hatcheries were constructed from a variety of
materials including concrete, brick, wood, thatch, nylon and tin. Very few of the hatcheries
surveyed had adjacent ponds for use as postlarval nurseries. 

In both Bac Lieu and Ca Mau, sediment/reservoir tanks were important for settlement of the
turbid river water and for storage during unfavourable phases of the tide. The total volume of
sediment/reservoir tanks was similar for hatcheries surveyed in Bac Lieu and Ca Mau (Table 2).
The reservoir tanks were usually half buried in the ground with a roof covering. Following
settlement and storage, hatchery water was usually filtered. The most common strategy was to
use a complex of one to two small tanks of 2–3 m

 

3

 

 containing layers of sand, rock, coral and
activated charcoal. 

The majority of the surveyed hatcheries (56% in Bac Lieu and 94% in Ca Mau) had separate
broodstock tanks with an average volume of 3.0 m

 

3

 

 (Table 2). Most of the hatcheries had
between one and three broodstock tanks. Most of the hatcheries also used larval-rearing tanks
as spawning tanks, because of lack of space. Two to three tanks of 3–4m

 

3

 

 were normally used for
this purpose. 

Larval–rearing tanks in the hatcheries of both provinces were similar. These consisted of 8–20
tanks (average 14 tanks) of 4 m

 

3

 

 in volume (size 2m 

 

×

 

 2m 

 

×

 

 1m). Generally, the rearing tanks
were small enough for easy management. The tanks were placed in two rows and all tanks were
indoors. 

Algal tanks were found in all the hatcheries that were surveyed in Bac Lieu (100%), but only
in 62% of the hatcheries in Ca Mau. These usually consisted of eight to ten tanks of 1 m

 

3

 

.

 

Province Area
No. of 

hatcheries 
(km

 

−

 

2

 

)

Distance to 
the nearest 

hatchery (m)

Distance to the 
sea (km)

Salinity 
(ppt)

 

Bac Lieu Ganh Hao 35
(5–60)

45
(3–200)

2
(1–3)

11–30

Ca Mau Nam Can 13
(6–20)

142
(1–500)

20
(12–30)

15–31
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However, many of the hatcheries in the survey are now using artificial feed and dried algae
instead of fresh algae. Only 44% of hatcheries had freshwater; this was generally stored in one to
two tanks of 2–3 m

 

3

 

. 

 

Table 2. 

 

Average number and volume of different tanks in the shrimp hatcheries surveyed.

 

Most hatcheries were equipped with air blowers, compressors, generators and water pumps.
However, other basic equipment such as salinometers, thermometers, water quality test kits,
microscopes and microbalances were lacking in many hatcheries (Table 3). 

 

Table 3. 

 

Percentage of different facilities in survey hatcheries in Bac Lieu and Ca Mau.

 

Tanks

Bac Lieu Ca Mau

Mean no.
Volume 
(m

 

3

 

)/ 
tank 

Total 
volume

Numbers 
(item)

Volume 
(m

 

3

 

)/ 
tank

Total 
volume

 

Sediment/reservoir 3.28 22.50 64.0 3.4 17.0 51.8

Filter 1.50 2.80 4.1 1.7 2.9 5.3

Broodstock 2.10 3.30 7.0 2.4 2.9 6.6

Spawning 2.60 4.40 10.8 2.5 3.2 7.5

Larval 14.00 4.10 58.1 14.6 4.0 59.0

Algal 9.00 0.99 8.7 8.6 1.0 8.4

Freshwater 1.25 2.40 2.9 1.0 2.6 2.6

 

Item Bac Lieu Ca Mau

 

Blower/compressor 100.00 100.00

Generator 100.00 88.89

Pump 100.00 100.00

Boat 0.00 50.00

Salinometer 88.89 87.50

Thermometer 55.56 77.78

Microscope 5.56 31.25

Microbalance 5.56 50.11
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Broodstock culture

 

In the past, the shrimp farming industry in the Mekong Delta relied mainly on locally captured,
mature 

 

P. merguiensis 

 

and

 

 P. indicus

 

 wild broodstock. However, at the time of this survey most
farmers had switched to 

 

P. monodon

 

,

 

 

 

principally because of the higher prices received for this
species.

 

 

 

The results of the survey in Ca Mau and Bac Lieu showed that 

 

P. monodon

 

 females reared in
production ponds had an average size of between 120 g and 150 g, whereas the average size of
wild broodstock was between 250 g and 300 g (Table 4). Banana shrimp (

 

P. merguiensis

 

) and
Indian shrimp (

 

P. indicus

 

) were mainly from local fishing grounds. The average size of females of
these species was between 30g and 100g.

Most hatcheries initially treated broodstock with formalin at a concentration of between
15 ppt and 20 ppt. The broodstock were usually maintained in cement tanks with an average
density of 4 m

 

−

 

2

 

, and with a ratio of one male to three to five females. In some cases, the operators
of the hatcheries surveyed maintained males and females separately. Where sexes were
maintained separately, artificial insemination was used. The spermatophores were transferred
from males to females when the female had just moulted. Various methods of eyestalk ablation
were applied in order to induce spawning. 

The broodstock were fed with squid, shrimp, blood cockle, hermit crab and pig liver. Feeding
frequency was every 3–4 hours. The daily feeding rate averaged of 9.8% of body weight in Ca
Mau hatcheries and 12.73% of body weight in Bac Lieu. After four to seven days of culture, the
broodstock are ready to spawn. The average survival rate of the broodstock was between 44%
and 55%. The spawning rate was between 52% and 57%. The average number of nauplii
produced per spawner ranged from over one million from wild-caught 

 

P. monodon

 

 broodstock to
200 000 from wild-caught 

 

P. merguiensis 

 

and 

 

P. indicus

 

. 
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Table 4. 

 

Characteristics of broodstock culture of shrimp in the Bac Lieu and Ca Mau survey hatcheries.

 

Characteristics Bac Lieu Ca Mau

 

Culture species

 

Penaeus monodon, 
P. merguiensis, P. indicus

P. monodon, P. merguiensis, 
P. indicus

 

Broodstock sources Local sea, local ponds, 
central province sea

Local sea, local ponds, 
central province sea

Broodstock size (g)

 

P. monodon

 

 (ponds)

 

P. monodon

 

 (sea)

 

P. merguiensis, P. indicus

 

135 

 

±

 

 28
271 

 

±

 

 54
67 

 

±

 

 28

126 

 

±

 

 16
248 

 

±

 

 66
60 

 

±

 

 17

Chemical treatment Formalin
 (15 ppm)

Formalin
 (20 ppm)

Eye ablation
Pinching
Slitting and crushing
Cauterizing
Tying 

80%
0%

20%
0%

31%
31%
0%

37%

Culture density (ind./m

 

2

 

) 4 4.5

Male:female ratio 1:3 1:5

Feed type Squid, shrimp, blood cockle, 
hermit crab, liver

Squid, shrimp, blood cockle, 
hermit crab, liver

Feeding rate (%BW) 13 10

Water depth (m) 0.42 0.3

Water exchange (frequency/day) 1 1

Exchange rate (%/time) 75 75

Tank cover Yes Yes

Culture duration (day) 5 6

Survival rate (%) 52 44

Spawning rate (%) 52.5 57.5

Number of spawning/spawner 4 3.3

Millions of nauplii/spawn 

 

P. monodon

 

 (ponds)

 

P. monodon

 

 (sea)

 

P. merguiensis, P. indicus

 

0.52 

 

± 

 

0.19
1.04

 

 ±

 

 0.34
0.20

 

 ± 

 

0.11

0.55 

 

± 

 

0.66
1.06

 

 ±

 

 0.50
0.22

 

 ±

 

 0.30
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Larval culture

 

In Bac Lieu, 76% of the hatcheries produced 

 

P. monodon

 

 and 59% produced

 

 P. merguiensis and
P. indicus. In Ca Mau, 100% of the hatcheries produced P. monodon and 20% produced
P. merguiensis and P. indicus.

Larval rearing densities were lower for P. monodon than for P. merguiensis and P. indicus
(Table 5). The survey revealed that the practice of using fresh algae for feeding larvae has largely
been replaced by the use of dried algae. This is because algal culture is a very labour-intensive
work and it is difficult to maintain cultures during the rainy season. Dried algae (Spirulina sp.)
combined with artificial feed (N-0, N-1, N-2, Lanxy, Lypac, ABS) were the main sources of
nutrition for the early feeding stages (zoea). Artemia was the dominant feed source for the mysis
stages. In all the hatcheries, artemia cysts were decapsulated with chlorine (100 ppm for 30 min.)
before incubation. Artemia were also fed to postlarvae, which were also fed ‘custard’ a mixture

Table 5. Characteristics of larval rearing in the hatcheries surveyed.

Characteristics Nauplii Zoea Mysis Postlarvae

Stocking density (ind./L)
P. monodon
P. indicus and P. merguiensis

161.5
223.0

Feeding regimes:
Fresh algae
Dry algae (g/m3/time)
Artificial feed 
(g/m3/time)
Artemia (ind/mL)

Custard (g/m3/time)
Frequency (time/day)

None
None
None

None

None

Supplement
0.4
0.5

Supplement 
from Z3

None
8–12

1.12

0.75

None
8–12

1.20

1.04

5.19
4–8

Water salinity (ppt)
P. monodon
P. indicus and merguiensis

27–32
22–30

27–32
22–30

27–32
22–30

27–32
22–30

Water exchange:
Frequency (day/time)
Exchange rate (%/time)

None
None

One time at Z3

23
2–3

26
1–3
37

Aeration (air stone/tank) 5 5 5 5

Cover Black or 
opaque plastic

Black or 
opaque plastic

Black or 
opaque plastic

None

Survival rate (%) 
P. monodon
P. indicus and P. merguiensis

32
42
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of ground shrimp and duck or chicken eggs. However, custard is often replaced by various brands
of artificial feed. Larvae were fed eight to twelve times per day, while postlarvae were fed four to
eight times per day.

Salinity for larval rearing of P. merguiensis and P. indicus ranged from 22 ppt to 30 ppt for the
survey hatcheries. Salinity levels for P. monodon were higher, ranging from 27 ppt to 32 ppt.
Water exchange practices varied among the hatcheries surveyed. Some of the hatcheries
commenced water exchange at the late protozeal stage (Z-3); others waited until the early
postlarval stages. The rearing tanks were usually covered with black plastic. 

The average duration of rearing larvae through to the first postlarval stage was 10–12 days.
All hatcheries encountered significant problems in larval rearing. The problems that were
commonly identified included bacteria, fungus, moulting entrapment and muscle necrosis. None
of the hatcheries had the capacity to determine the presence of viral pathogens. Overall the
average larval survival rates were 32% for P. monodon and 42% for P. merguiensis and P. indicus. 

Transportation
Broodstock were generally transported in Styrofoam containers with five to ten individuals per
container (Table 6). Ice was sometimes used to reduce the water temperature during
transportation. The broodstock may be kept in these conditions for three days before reaching
the hatchery. Broodstock survival rates were high (95%). 

Nauplii were usually transported from the central provinces by car, boat or plane. Nauplii were
transported at high density in large plastic bags (Table 6). Postlarvae were transported at a lower
density in smaller plastic bags. Normally, no ice was used during the transport of nauplii or
postlarave, but survival rates were high (95%).

Table 6. Characteristics of shrimp transportation for the survey hatcheries.

Economic aspects
On average across the survey hatcheries, five to six batches of larvae were reared each year
(Table 7). The hatcheries in Ca Mau produced more batches of P. monodon and fewer batches
of P. merguiensis and P. indicus compared with the hatcheries surveyed in Bac Lieu. Because of
the higher price obtained for P. monodon postlarvae, the hatcheries in Ca Mau were found to be
generally more profitable than those in Bac Lieu (Table 8). 

Characteristics Broodstock Nauplii Postlarvae

Duration (hrs) 18 13 7

Method car, boat Plane, car, boat car, boat

Bag/pack Styrofoam containers
(0.3m × 0.4m × 0.5m)

Plastic bags 
(8–10 L water)

Plastic bags
(2–5 L water)

Ice 22% None None

Density (ind/container)
(ind./liter)

7
6 518 570

Survival rate (%) 95% 95% 96%
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Table 7. Average production of postlarvae (millions per year) across survey hatcheries.

Table 8. Average hatchery shrimp-seed costs and income across survey hatcheries in million VND 
per year.

In both provinces, operating costs were much higher than the fixed costs. The dominant
average fixed costs were tanks (48%), hatchery house (14%) and land (14%). The dominant
average operating costs were feed (36%), broodstock (20%) and labour (18%). 

Conclusions and recommendations
The results of the 1997 survey revealed that the shrimp hatchery industry in the Mekong Delta
was a dynamic and generally profitable industry. Trained workers or technicians operated the
majority of the hatcheries in the survey. The results showed that the production of P. monodon
postlarvae was more profitable than production of P. merguiensis and P. indicus. The supply of
local broodstock was far too low to meet the demand for postlarvae, and broodstock, nauplii and
postlarvae had to be imported from the central provinces which are now the dominant sources
of supply. The results suggest that in order to meet the increasing demand for postlarvae, greater
investment in the development of increased local supplies of broodstock is required. Since the
supplies of wild broodstock from local waters or the central provinces is limited and
unpredictable, one potential area for advancement is to improve the reproductive output of
domesticated broodstock, especially for P. monodon which is the more profitable hatchery species.

Provinces No. batches/year P. monodon
P. merguiensis

P. indicus

Bac Lieu 5.1 ± 2.8 2.6 ± 2.0 9.8 ± 6.0

Ca Mau 5.5 ± 3.4 3.6 ± 3.0 7.6 ± 7.4

Bac Lieu Ca Mau

Operating cost 111 ± 37 139 ± 77

Fixed costs 14 ± 4 15 ± 4

Total cost 125 ± 40 154 ± 77

Total income 149 ± 103 284 ± 169

Net income 23 ± 88 130 ± 110
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Figure 2d. IR64: Average stem dry matter 1998 field trials.

Nitrogen content
In the rice monoculture systems, the nitrogen content in the leaves and stems of the two varieties
was higher compared to the rice–shrimp systems. And in Soc Trang, the level of nitrogen in
leaves was higher than levels for the same system in Bac Lieu. On average the IR64 variety had
higher nitrogen content in the leaf, stem and seed compared to levels for the MTL119 variety.
A different capacity for nitrogen absorption between varieties is a possible explanation for these
results. The nitrogen results from the 1998 field trials are outlined in Table 10. 

Table 10. Nitrogen content (%) in the leaf at flowering stage and in the stem and seed at harvest, 1998 trials.

** Significantly different at 1% level

Rice variety
Soc Trang Bac Lieu

Leaf Stem Seed Leaf Stem Seed

Monoculture
IR64
MTL119

2.21
2.03

1.05
0.95

1.82
1.53

2.02
1.66

0.76
0.66

1.47
1.33

Average 2.12 1.00 1.68 1.84 0.71 1.40
Rice–Shrimp
IR64
MTL119

2.03
2.09

0.87
0.79

1.50
1.54 Complete crop loss

Average 2.06 0.83 1.52
Diff (variety/system) 0.06 ns 0.09 0.13**

IR64 (avg)
MTL119 (avg)

2.12
1.83

0.94
0.82

1.63
1.49

Diff. (Variety)
CV (%)

0.29**

18.70
0.12**

13.00
0.14**

8.60
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Yield and yield components
The panicle number for MTL119 was higher compared to IR64, although the difference was not
statistically significant. The 1000-grain weight of MTL119 was significantly higher than IR64
and there was a significantly higher grain yield for MTL119 compared to IR64 across all trials.
In Soc Trang, the yield and yield components of both varieties in the monoculture system were
higher than those in the rice–shrimp system. Overall, the results from the 1998 field trials
(outlined in Table 11) reaffirmed the yield advantage of MTL119 compared to IR64 observed in
the 1997 field trials.

Table 11. Yield components and yield of two rice varieties between monoculture and rice–shrimp 
systems in 1998 wet season trials.

** Significant difference at the 1% level.
ns: No significant difference.

Pot experiment results: salinity tolerance of the rice varieties 
Plant height
The results from pot experiments showed that the plant height of rice decreased when salinity
increased. At 6% salinity, MTL119 and MTL195 were highest among the tested varieties. At
9% salinity, the plant height of all rice varieties decreased considerably, and at 12% salinity,
survival was zero for all rice varieties. The results on plant height are outlined in Table 12.

Rice variety 
/system

Soc Trang Bac Lieu

Panicle
/m2

1000-grain 
weight (g)

Yield
(t/ha)

Panicle
m2

1000-grain 
weight (g)

Yield 
(t/ha)

Monoculture
IR64
MTL119

294
317

26.0
30.3

2.01
4.47

308
411

26.5
29.3

3.81
4.40

Average 305 28.2 3.24 360 27.9 4.11

Rice–Shrimp
IR64
MTL119

354
386

26.1
29.1

1.78
3.02 Complete crop loss 

Average 370 27.6 2.40

Diff (variety/sys) −27 ns −3.6** −1.84 ns

IR64 (avg)
MTL119 (avg)

319
349

26.1
29.8

2.58
4.00

Diff (variety)
CV (%)

−30 ns
26.5

−3.7**
3.5

−1.42**
20.70
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Table 12. Plant height (cm) of rice plant under different salinity levels.

Means followed by a common letter are not significantly different at 5% level by DMRT.
* Significant difference at the 5% level.
** Significant difference at the 1% level.
ns: No significant difference.
x: All plants died.

Root length
Roots developed in most varieties in up to 6% salinity; however, only MTL119 and MTL205
could produce roots nearly normal in 9% salinity (Table 13).

Table 13. Root length (cm) of rice plant under different salinity levels.

Means followed by a common letter are not significantly different at 5% level by DMRT.
* Significant difference at the 5% level.
** Significant difference at the 1% level.
x: All plants died.
ns: No significant difference.

Rice variety
2 weeks after 

seeding
 (zero salinity)

2 weeks after testing (30 DAS)

Control
(0%) 3% 6% 9% 12%

MTL119
MTL167
MTL195
MTL205
IR64

14.5c

17.2a

16.6ab

15.1bc

15.3bc

31.8ab

26.3b

32.9ab

30.4ab

33.2a

26.2
23.5
25.4
24.9
26.2

22.6a

18.0ab

19.2ab

14.2b

x

11.5a

x
7.1ab

5.4bc

x

x

Mean
F-test
CV (%)

15.7
*
5.2

30.9
**

23.9

25.2
ns

18.5
*

7.3
*

Rice variety
2 weeks after 

seeding

2 weeks after testing (30 DAS)

Control 
(0%) 3% 6% 9% 12%

MTL119
MTL167
MTL195
MTL205
IR64

14.1a

15.5a

14.5a

11.3b

16.9a

14.9
13.4
14.2
17.3
13.7

15.3
11.9
14.4
16.1
13.6

15.3
11.0
13.6
14.6
x

15.2a

x
4.8cd

11.7ab

9.2bc

x

Mean
F test
CV(%)

14.5
*

10.6

14.7
ns

35.7

14.3
ns

13.6
ns

10.2
*
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Overall salinity tolerance
The MTL119 and MTL195 plants both grew well in salinity solution up to 6%. At 9% salinity
levels, these two rice varieties also displayed the most salinity tolerance among the five varieties
tested. Based on the results from the pot experiments outlined above, each of the rice varieties
tested was scored according to its salinity tolerance ability. A score of 1 is the best and a score
of 9 is the worst (Table 14). 

Table 14. Salinity tolerance ability (score) of rice varieties.

Means followed by a common letter are not significantly different at 5% level by DMRT.
* Significant difference at the 5% level.

Concluding points
Identification of suitable rice varieties
1. Under the experiment conditions, MTL119 showed the best performance. This variety
displayed good growth and high yield and had the maximum tillers, panicles, grain weight, grain
yield, LAI and biomass among the tested rice varieties, in both monoculture and rice–shrimp
farming systems in 1997 and 1998 trials. 
2. With a growth duration of 115–120 days, MTL119 is well suited to the rain-fed saline areas
both in monoculture and rice–shrimp farming systems. The short duration allowed the harvesting
of the crop in mid to late November, which helped to avoid damage from salinity intrusion and
drought at the onset of the dry season. With the short growth duration, farmers would also have
more opportunities to adjust the planting calendar in order to get better harvests of both shrimp
and rice.
3. MTL119 also has good salinity tolerance qualities, which provides more secure rice
production in the study area, where the start and end of the rainy season are uncertain and
unpredictable.
4. Farmers commonly use IR64 and TN128; however, the relatively poor performance of these
varieties in both farming systems suggests that there could be benefits gained by replacing of these
varieties with MTL119.

Rice variety
Salinity (%)

Mean
Control 3 6 9 12

MTL119
MTL167
MTL195
MTL205
IR64

1.0
1.0
1.0
1.0
1.0

1.0b

3.0a

1.0b

1.7b

1.0b

2.3c

5.0b

2.3c

5.0b

8.3a

6.3b

7.0ab

6.3b

7.7a

7.7a

9.0
9.0
9.0
9.0
9.0

3.9
5.0
3.9
4.9
5.4

Mean
F-test
CV (%)

1.0

12.7

1.5
*

4.6
*

7.0
*

9.0 4.6
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Comparison of growth and yield of rice between the two systems
5. The growth and yield components of the rice crop in the monoculture system were always
better compared to the rice–shrimp system. 
6. The LAI, biomass and nitrogen content of rice in the monoculture system were also higher
compared to the rice–shrimp system. The LAI of rice in the monoculture systems increased from
transplanting and reached maximum values at the panicle initiation stage, while in the
rice–shrimp system increases in the LAI were delayed until the flowering stage due to salinity
effects. The nitrogen content in rice leaves decreased gradually from transplanting to harvesting.
Nitrogen had a direct effect on growth of rice through the development of stems and leaves. Less
nitrogen stored in rice leaves might be the cause of poorer development of leaves (low LAI). Low
LAI at the panicle initiation stage of rice resulted in low photosynthesis and grain yields. 
7. There was a relationship between rice growth and yield and the content of phosphate,
potassium and sodium in the rice plant. Further research into these relationships in rain-fed
saline environments is suggested.
8. Overall, based on observations throughout the experimental period, water management was
found to be very important in rice–shrimp farming. Good field and land preparation was observed
to be important in developing appropriate water management for ensuring successful harvest of
rice and shrimp. In particular, the construction of dikes, trenches, water gates, the levelling of
land and timing of water exchange between the canal and the field were observed to be very
important. 


