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Organic Shrimp Models for Cleaner Products

Organic agriculture has developed rapidly and become a trend 
worldwide recently in the context of increasing demands for cleaner 
products [1,2]. In aquaculture sector, organic shrimp models are 
introduced in which shrimps and mangroves are raised in the same 
farms in a near-natural environment [3-5]. These models have been 
developed in the coastal areas of many countries in the tropics, such 
as Thailand, Bangladesh, Indonesia, India, Madagascar, and Vietnam 
[3,6-8]. In general, shrimps are raised in polyculture systems without 
using antibiotics and chemicals, and with special emphasis on the 
protection of mangrove forests and mangrove ecosystems [9]. Shrimps 
harvested from the models are examined and certified as ‘organic 
shrimp’ by several organizations such as the Ecocert (France), IMO 
- Institute of Market Ecology (Switzerland), National Programme 
for Organic Production (India), and Japanese Agricultural Organic 
Standard (Japan). With the rising health and environmental awareness 
of global consumers, these models are expected to grow faster in the 
near future [10,11].

Naturland is one of the world’s leading international associations 
for organic agriculture [9,12]. The principles of Naturland for organic 
aquaculture are composed of:

1. Careful selection of sites for aquaculture farms.

2. Protection of adjacent ecosystems

3. Active avoidance of conflicts with other users of the aquatic 
resources (e.g. fishermen)

4. Prohibition of chemicals (e.g. as anti-fouling agents in net 
pens)
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5. Natural remedies and treatments in the case of disease

6. Feedstuff from organic agriculture

7. Fishmeal and fish oil in feed derived from by-products of fish 
processed for human consumption (no dedicated feed fishery)

8. Prohibition of genetically modified organisms (GMOs), either 
in feedstuff or in the stock itself

9. Processing according to organic standards [9,13].

The First Organic Shrimp Model in the Mekong Delta of 
Vietnam

Introduction of the Model

The Mekong delta of Vietnam has a long coastline along which 
mangrove forests reside. In this coastal part, shrimp aquaculture has a 
long history and plays a key role in the coastal economy [13-15]. On 
the basis of the mixed shrimp-mangrove systems developed from the 
1980s, the first organic shrimp model was introduced to Tam Giang 
commune, Nam Can district, Camau province, Mekong delta of 
Vietnam in 1999 and certified in 2001 by Naturland [9,16] (Figure 1). 
By 2010, around 1,000 integrated shrimp-mangrove farms had been 
certified by the German organic certification scheme Naturland and 
audited by the certification body IMO [17,18] in this area. The shift 
from non-organic to organic farms in this province does not require 
large changes in farm’s infrastructure or management because these 
characteristics have been similar between the two [19].

In this model, most farms range from 4–5 ha in size. Mangroves 
in the farms are pure stands of replanted Rhizophora (Rhizophora 
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apiculata Blume) with an averaged density of 10,000 trees.ha-1, and 
the forest ratio must be of at least 50% of the whole pond area [16]. 
Black tiger shrimp (Penaeus monodon Fabricius, 1798) are cultured at 
low densities in mixed pattern with the mangroves (Figure 2), often 
with marine crab (Scylla serrata Forskal, 1775), blood cockle (Anadara 
granosa Linnaeus, 1758), and wild shrimps [3,4]. A typical organic 
shrimp model and its sluice gate are shown in Figure 3.

Black tiger shrimps harvested from the model are expected to 
meet the current international organic standards (e.g. EU organic 
regulations, Naturland standard, or Bio Suisse standard) and have 
been accepted in Swiss and EU markets [4,16]. After exporting to EU, 
the value of these shrimps will increase 20% from which the shrimp 
farmers, traders, and processing factories receive respectively 15%, 
2%, and 3% [20]. Wild shrimps from the model are sold in the local 
market [4].

Cropping Calendar, Stocking Density, and Farm Management

A new production cycle starts in September and ends in July 
the following year. Farm water is taken from the rivers at high tides 
with the use of a net (1 cm × 1 cm) to prevent undesired objects 
and aggressive fish. The 15-day postlarvae of black tiger shrimp are 

screened for subclinical levels of pathogens [21] before stocking. The 
stocking density at the start of the production cycle was from 3-5 
postlarvae.m-2 and about 50% more postlarvae were supplemented in 
the following months until February–March. Wild shrimps (Penaeus 
indicus H. Milne Edwards, 1837, Penaeus merguiensis de Man, 1888 [in 
de Man, 1887-1888], Metapenaeus ensis (De Haan, 1844 [in De Haan, 
1833-1850]) and Metapenaeus lysianassa (de Man, 1888 [in de Man, 
1887-1888])), estimated of less than 1 postlarvae.m-3 of water in 1996 
[15] are also introduced to the farms during water intake. Farmers 
release marine crabs (Scylla serrata Forskal, 1775) to the farms (0.1–
0.2 individual.m-2) after every 3 months. There is no regular water 
exchange, no chemical use, and shrimps rely completely on natural 
food. Four to five months after stocking, farmers harvest market-sized 
shrimps by draining out part of the farm water twice a month (3-4 
consecutive days each at the end/start and the middle of the lunar 
months). As a result of continuous stocking and partial-harvesting 
method, shrimps of different ages and sizes are present in the farms 
at a certain point of time during the production cycle. In August, 
accumulated sediment in the channel is dredged and deposited on 
the dikes, and quicklime (CaO) is usually used to disinfect the farm 
bottom after sediment removal [4,16].

Water Depth and Water Characteristics

The averaged water depth is 68.8±3.4 cm [22]. Pond water is alkaline 
(pH 7.59 ± 0.07) and highly buffered [4,11], similar to other shrimp-
mangrove systems in the Mekong delta [23,24]. The pH is high in the 
middle of the dry season (7.68 ± 0.07) but drops at the start of the wet 
season (7.40 ± 0.06) before stabilizes in the transition between the wet 
and the dry season (7.70 ± 0.18). In contrast, total iron is lowest in the 
middle of the dry season (0.41 mg/l) but increases sharply at the start of 
the wet season (1.06 mg/l) [11,22]. The pH drop at the start of the wet 
season was due to the reception of acidic components washed down 
from the dikes, a phenomenon commonly observed in aquaculture 

 

Figure 1: Mekong delta of Vietnam (left) and location of the first Naturland’s organic farm (right).

Figure 2: Layout of the first organic shrimp model in Tam Giang commune, Nam Can 
district.
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ponds on acid sulfate soils in the Mekong delta [25-27]. Although 
seasonal changes are observed, pH of farm water is still within the 
limits (7-9) for shrimp growth [28]. Because the seasonal pH drop is 
not serious, effects of toxic components (e.g. Al, Fe, Mn) on aquaculture 
species would still be low in the model [4,11].

Characteristics of Channel Sediment

Silt (0.063-0.002 mm) and clay (<0.002 mm) are dominant, 
suggesting that suspended matter from intake water is one of the 
main sources of the sediment. The annual sediment removal does not 
significantly influence the particle size distribution, revealing that this 
practice removes only part of the accumulated sediment during the 
production cycle [4,29]. As shown from Table 1 [29], the sediment 
is reduced with a high Fe2+/Fe3+ ratio and almost neutral, with low 
exchange acidity. Organic matter (OM) and total nitrogen (N) are 
high, and the C/N ratio varies largely, suggesting a high diversity of 
organic matter sources [30,31].

Characteristics of Mangrove Soils

Mangrove soils to 60 cm depth are heavily reduced with redox 
potential ranging from -321 mV to -52 mV [29]. According to [32], 
sulfate reduction (optimal at -100mV) and methanogenesis (optimal at 
-200mV) are dominant processes in this condition. The soils are acidic 
(pHH2O 5.63 ± 0.15, pHKCl 5.27 ± 0.18) as a result of pyrite oxidation 
when exposed to the open air (Eq. 1). The presence of pyritic material 
in the soils was confirmed by the sign of pyrite oxidation (Figure 4) 
and the high acidity of soils deposited on the dikes (Table 2). Pyrite 
oxidation forms precipitated Fe(OH)3, which is harmful to shrimps 
because it adheres to the gills and retards shrimp respiration [33]. The 
problem is, however, rather mild because the farms are inundated for 
most of the time during the production cycle.

4FeS2 + 15O2 + 14H2O → 4Fe(OH)3 + 8SO4
2- + 16H+           (1)

Soil organic carbon (SOC) (5.19 ± 0.59%) is high in the top 
sediment as a result of an abundant supply from mangrove debris but 
drops sharply from a 80 cm depth. High exchange acidity is found in 
mangrove soils rich in SOC [4,29].

Figure 3: A typical organic shrimp model (left) and its sluice gate (right).

Figure 4: Mangrove soils (with clear signs of pyrite oxidation) on the dikes of the model.

Parameter Min Max 95% Confidence interval

Redox potential (mV) -299.00 -1.00 -177.75 ± 14.75

pH of fresh sediment 6.05 7.64 7.20 ± 0.07

pHH2O
 6.63 7.78 7.20 ± 0.06

pHKCl
 6.35 7.43 6.92 ± 0.07

Exchange acidity (cmolc kg-1) 0.03 0.12 0.05 ± 0.00

Fe2+/Fe3+ 0.55 93.30 9.89 ± 3.35

OM (%) 2.41 9.30 4.20 ± 0.33

Total Nitrogen (%) 0.18 0.51 0.30 ± 0.02

C/N 3.90 12.16 8.12 ± 0.36 

Table 1: Basic parameters of channel sediment in the organic shrimp model [29].

Parameter pHH2O pHKCl Exchange acidity Exchangeable Al3+

cmolc kg-1 cmolc kg-1

Range 1.97-3.21 1.81-2.14 8.90-13.48 4.45-7.49

95% Confidence interval 2.51 ± 0.72 2.03 ± 0.21 11.56 ± 2.69 6.03 ± 1.72

Table 2: Acidity of mangrove soils deposited on the dikes [29].
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Shrimp Yields and Relationships with Physico-Chemical 
Properties

The total shrimp yield was low (355.4 kg ha-1 year-1). The 
wild shrimps (Penaeus indicus H. Milne Edwards, 1837, Penaeus 
merguiensis de Man, 1888 [in de Man, 1887-1888], Metapenaeus 
ensis (De Haan, 1844 [in De Haan, 1833-1850]) and Metapenaeus 
lysianassa (de Man, 1888 [in de Man, 1887-1888])) contributed 55% 
to the total shrimp yield [11]. Shrimp yield of this model is similar 
or even somewhat higher compared to those in integrated shrimp-
mangrove systems in the Mekong deta of Vietnam [15,17,34,35] and 
Indonesia [36]. The model is, however, no longer as productive as it 
was in a recent past (550–600 kg ha-1 year-1) [16]. As there was no 
marked difference in stocking densities between now and the past, the 
most probable reason for this could be a decline in water and sediment 
quality of the model.

There are positive correlations (p < 0.05) between total shrimp yield/
wild shrimp yield and water depths [11], in agreement with previous 
findings in similar systems in the Mekong delta where the water depths 
ranged between 50-80cm [15,37]. The finding suggests that the model 
should be made deeper, such as to a depth of about 80-90 cm [4]. 
Positive correlations between total shrimp yield with pHH2O (p < 0.05) 
and pHKCl (p < 0.001) suggest that shrimps grow well in neutral or near-
neutral pond bottom [11], similar to previous findings in aquaculture 
ponds [38,39]. Turbidity is positively correlated with wild shrimp yield 
[11], most probably due to the positive relationship between turbidity 
and organic matter content in pond water [40,41]. Inverse relationships 
between total shrimp yield/black tiger shrimp yield and Fe2+ [11] 
confirm the negative impacts of iron to shrimp growth as shown in 
previous research [33,42]. [5] found that forest ratios have a direct 
impact on the total shrimp yield, and that these ratios should be 50%, 
well in accordance with the guidelines for this model [16]. In the same 
model in Rach Goc commune, Ngoc Hien district, Camau province, 
farmers claimed that the best mangrove coverage on their farms should 
lie between 30-50% for the highest productivity [43].

Income from the Model

Shrimps provide short-term income while mangroves provide 
the long-term for the local shrimp farmers. Currently, data of benefits 
from shrimps is not available. Regarding the forest, farmers are allowed 
to exploit the mature mangroves (≥ 10 years old) by trimming (up 
to ≤50% forest area) or complete logging followed by reforestation. 
Farmers would receive all benefits from the mangroves if they invest 
and take care of the forests by themselves. In case farmers rent the 
land and receive supports (capital, techniques, etc.) from the Board of 
forest management for reforestation, they are to receive 30% benefits 
from the mangroves. According to the local shrimp farmers in Camau 
province, it was worth about 50,000 USD ha-1 of mangrove forest in 
the model (10,000 mature trees on average) in 2016 [4].

Can this Organic Shrimp Model be Expanded Further in the 
Mekong Delta of Vietnam?

Organic agriculture in Vietnam is still at an early stage and has not 
developed rapidly [44,45]. However, the Vietnamese government has 

issued new policies to encourage organic agriculture development in 
the Mekong Delta and the whole country [46-48]. Given the favorable 
physical and socio-economic conditions and as supported by FAO, the 
government has planned to expand organic certification to integrated 
shrimp-mangrove farming systems along the coast of the Mekong 
delta of Vietnam [19,49].

The physical conditions of the organic shrimp model are in general 
appropriate to shrimp growth, although several drawbacks (e.g. iron 
content and turbidity in the water, precipitated Fe(OH)3 from pyrite 
oxidation, water depth, and forest ratios) might affect shrimp yields 
[5,11,29]. While the model seems appropriate in physical terms, several 
managerial challenges still exist. For examples, according to the local 
shrimp farmers, there are still illogicalities in the regulations for the 
forest ratios (calculated for each household, not a group of households 
using the same water sources), total farm areas (not accepting farms 
of less than 3 ha), assessment methods for certification of the IMO, 
inappropriate mechanism of payment, benefit sharing, and the sharing 
of mangrove products (e.g. wood and other forest products) between 
shrimp farmers and the Board of forest management [4,20]. Accordingly, 
this model has been not very interesting to the local communities [4]. 
In Ngoc Hien district (Camau province), certified farms of this model 
do not show significant differences to non-certified farms in terms 
of social and environmental benefits [43]. The author suggests that 
rather than being a tool for improvement, ‘Naturland’ certification for 
integrated shrimp–mangrove systems in Camau province has become 
an end in itself. Although being strongly supported by the government, 
this model would be largely expanded in the coastal part in the Mekong 
delta of Vietnam if these issues are properly solved.
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