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Abstract

Consecutive failure of the improved extensive shrimp
farming system has deterred the economy of some
coastal areas inVietnam. To investigate pond physico-
chemical characteristics, a monitoring scheme was
performed in the Cai Nuoc district of Southern
Vietnam. Results show that the system was not opti-
mal for shrimps.While ponds were not contaminated
by organic loadings or major nutrients (N, P) and sali-
nity and pH were most optimal for shrimp, more than
37% of dissolved oxygen (DO) measurements were
lower than recommended. In the early morning
hours, DO measurements were even much lower
(0.84^2.20mg L�1). Sulphate (SO4

2� ) concentrations
were most within the acceptable range. Total sus-
pended solids (TSS) were above the acceptable limit
(o50mg L�1). Iron, alkalinityand hydrogen sulphide
were also higher than recommended. Pond sediment
was anaerobic (redox potential �422 to �105mV)
and contained high amounts of organic matter (9.84^
21.96%). Lethal DO levels, high TSS and anoxic sedi-
ment are the drawbacks in this system. Suggested
measures to improve pond conditions are (1) allowing
sedimentation before ¢lling culture ponds, (2) cover-
ing dikes, (3) including no-culture breaks between
shrimp crops, (4) drying pond bottom, (5) removing
sediment and (6) controlling pond’s vegetation.

Keywords: improved extensive shrimp farming,
Mekong Delta, physico-chemical characteristics, se-
diment characteristics, water quality

Introduction

Shrimp farming is one of the fastest growing eco-
nomic activities in theAsia^Paci¢c region (Wolanski,
Spagnol, Thomas, Moore, Alongi, Trott & Davidson
2000; Raux & Bailly 2002; EJF 2004) and experi-
enced spectacular growth over recent decades
(Thornton, Shanahan & Williams 2003; EJF 2004).
In Vietnam, extensive farming of shrimp started
about100 years ago (Nhuong, Luu,Tu,Tam & Nguyet
2002) and was characterized by low shrimp yields
(100^400 kg ha�1year�1) (Binh & Lin 1995). In the
Mekong Delta of Vietnam, extensive shrimp farming
systems started soonafter the end of theVietnamwar
(ADB/MoFi 1996). Modern shrimp farming, however,
started only after the 1980s when the country
launched the economic reform and the government
encouraged shrimp farming (Nhuong et al. 2002). In
2000, the government released the resolution 09/
NQ-CP, which allowed conversion of saline and low
productivity rice ¢elds into shrimp farms. As a result,
shrimp farming boomed in the area (Vuong & Lin
2001; Nhuong et al. 2002; Binh,Vromant, Hung, Hens
& Boon 2005).
The improved extensive shrimp farming system is

the most predominant in the Mekong Delta of Viet-
nam (Nhuong et al. 2002; Binh et al. 2005). Currently,
black tiger shrimp (Penaeus monodon) is widely
farmed in the area. Although the criteria for shrimp
farming system classi¢cations may di¡er (R˛nnb�ck
2001; EJF 2003), shrimp farming in the area can be
categorized as ‘extensive’, ‘improved extensive’ and
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‘intensive’ systems. In the ¢rst system, shrimps are
usually cultured in mangrove forests, relying mostly
on natural seedstocks, sometimes with supplemen-
tary stocking (1^1.5 postlarvaem�2). The improved
extensive shrimp farming system can be character-
ized by (1) shrimp reared in a monoculture system in
earthen ponds, (2) stocking of 1^7 indm�2, (3) sedi-
ment dredging and subsequent pond liming and (4)
low survival rate (3^20%). The intensive shrimp
farming systemwitnesses the highest level of intensi-
¢cation (mechanical pond preparation, stocking den-
sity of 15^45 postlarvaem�2, use of industrial feed
and chemicals) (Phuong, Minh & Tuan 2004).
Despite great innovations in shrimp farming, farmers
have operated their farms based on their own experi-
ences and the knowledge transferred by their neigh-
bours (Vuong & Lin 2001; Sels 2004). This system
is subject to low and unstable shrimp yields (Hens,
Vromant, Tho & Hung 2009). While other shrimp
farming systems in the Mekong Delta are well docu-
mented (Alongi, Tirendi & Trott 1999; Vuong & Lin
2001; Brennan, Preston, Clayton & Be 2002; Clough,
Johnston, Xuan, Phillips, Pednekar, Thien, Dan &
Thong 2002; Preston & Clayton 2003), little is known
about the improved extensive shrimp farming
system.While the physico-chemical condition of the
cultured ponds plays a vital role in the growth of
shrimps (Haws & Boyd 2001; Hena Abu, Sharifuzza-
man, Hishamuddin, Misri & Abdullah 2008), whether
pond water and sediment in this system is optimal for
shrimps remains unanswered. An overall assessment
of the ponds’ physico-chemical characteristics is
not available.
The survival and growth of black tiger shrimp

are a¡ected by a wide variety of physico-chemical
parameters. Salinities between 5 and 35 g L�1 are
most suitable for shrimp (Haws & Boyd 2001) and
low salinities are linked to shrimp diseases (Joseph
& Philip 2007).Water temperatures above 32 1C for
prolonged periods can stress shrimp and reduce
growth as it a¡ects shrimp metabolism and feeding
rates (Lazur 2007). Dissolved oxygen (DO) should be
higher than 4mg L�1 (Chien 1992; Lazur 2007) as
lower values can a¡ect shrimp respiration and reduce
shrimp resistance to diseases. Total suspended solid
(TSS), which can deter the penetration of solar radia-
tion into the water column and reduce primary
production, is recommended from 2 to 14mg L�1 for
black tiger shrimp (Jayasinghe, Corea &Wijegunawar-
dana1994) oro50mg L�1for aquaculture in general
(Vietnamese Standard 5943-1995). Recommended
range for alkalinity, a measure of carbonate bases and

which can a¡ect primary production, is from 50 to
100mg L�1. Extremely low pH can stress shrimp and
cause soft shell and poor survival. High shrimp
mortality is observed at pH below 6 (Chien 1992).
Nitrate (NO3-N) is generally not toxic in pond environ-
ment (Lazur 2007). At high pH values, total ammo-
nium nitrogen (TAN) can have an impact on shrimp,
as the toxic gas NH3 increases relative to NH4-N
(Haws &Boyd 2001). NH3 candamage gills and reduce
growth or cause mortality of shrimp, even at low con-
centrations (Lazur 2007). Nitrite (NO2-N), an inter-
mediate product of nitri¢cation and nitrate reduction,
is less toxic to shrimp (Chien1992). At high concentra-
tions, nitrite combines with haemocyanin in shrimp
blood and reduces the ability of the blood to transport
oxygen (Haws & Boyd 2001). Toxicity levels of hydro-
gen sulphide (H2S) to shrimp is controversial, ranging
from non-detectable to o0.25mg L�1 (Jayasinghe
et al.1994; Haws & Boyd 2001; Lazur 2007). Biochem-
ical oxygen demand (BOD) ^ an indicator of organic
pollution ^ is allowed in shrimp ponds at concentra-
tions of o10mg L�1 (Jayasinghe et al. 1994). When
BOD exceeds 20mg L�1, oxygen depletion is a danger
in ponds without mechanical aeration (Haws &
Boyd 2001). High concentrations of Fe21 can cause
slow growth of shrimp (Poernomo 1989). Impacts of
sediment to shrimparemainly stemmed fromelevated
organic matter (OM) accumulated on pond bottom.
The degradationof sediment OMcauses lowDO condi-
tion, resulting in the reduced toxic substances, like
nitrite, NH3, Fe

21, Mn21, H2S and CH4 (Haws & Boyd
2001), which cana¡ect the growth of cultured shrimp.
Links of sediment parameters to shrimp can be found
in Boyd (1995).
This paper investigates the main physico-chemical

characteristics of the improved extensive shrimp
farming system in the coastal areas of the Mekong
Delta (Southern Vietnam). It was conducted in the
Cai Nuoc district, where shrimp pond areas
expanded rapidly from the year 2000 on (Binh et al.
2005). In the district, shrimp expansion, basic pond
characteristics and pollution caused by shrimp farm-
ing have partly been discussed (Binh et al. 2005;Tho,
Vromant, Hung & Hens 2006,2008; Hens et al. 2009).
At the end of 2008, many improved extensive shrimp
farmerswere in debt as a result of shrimp losses (Field
data 2008). The study is the ¢rst of its kinds combin-
ing water and sediment parameters in assessing the
physico-chemical characteristics of the improved
extensive shrimp farming system in the Mekong
Delta of Vietnam. Accordingly, it provides important
information to the limited literature in this system
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uponwhich the majority of local people rely for their
livelihood. It lays a sound background for further re-
search, aiming at a more sustainable shrimp farming
practice in the area.

Materials and methods

Description of the study site and the improved
extensive shrimp ponds

The Cai Nuoc district coastal lowlands (39514 km2) is
situated in the south-west of the Ca Mau province in
the Mekong Delta of Vietnam (Fig. 1). This area at 81
north of the equator has twomain seasons: (1) a rainy
season (May^October) with an average rainfall of
2100mm, and (2) a dry season (November^April)
with an average rainfall of 200mm (SIG 2001). A
dense network of rivers and canals connects the area
from the South China Sea to the Gulf of Thailand.The
area experiences a complex tidal regime. In 2008, the
improved extensive shrimp farming system (includ-
ing small ponds in garden areas) occupied 470% of
the district’s total land area and 88% of all shrimp-
related areas (data from the Agriculture and Rural
Development Division of Cai Nuoc district). The
rice^shrimp farming system (one rice crop in the
rainy season, one shrimp crop in the dry season)
is also practised in a village north of the district
where a salt prevention sluice gate has still been
operated. The local government would like to expand

the rice^shrimp areawestwards. However, not much
success has been achieved due to salinity problem.
Farmers construct the improved extensive shrimp

ponds by digging a deep trench (2^2.5m width,
0.6^0.8m depth) around the traditional rice ¢elds.
The central platform of the ¢eld, which accounts for
most of the pond surface area, remains undisturbed
(Fig. 2). Each pond has a concrete gate near the cor-
ner closest to the river. The pond is connected to the
river through a settlement channel, which opens to
the river also via a concrete gate. Farmers collect riv-
er water into the settlement channel by direct pump-
ing or just opening the channel gate at high tides (in
areas of higher tidal amplitude). Before entering the
settlement channel, river water has to pass a screen

Figure 1 Location of the Cai Nuoc district and the sampling sites.

Figure 2 A typical improved extensive shrimp pond in
the Cai Nuoc district.
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for the exclusion of undesirable objects. Some farmers
store river water for some time in the settlement chan-
nel before ¢lling their ponds. Stockingdensity is low (1^
3 seedsm�2) and most farmers stock supplementary
shrimp larvae (amounting to 50^100% of the original
amount stocked) over the followingmonths. No feeding
of the shrimps is applied. Pond water is not exchanged
unless farmers observe shrimp mortality or too much
turbidity. Sediment is removed from the trench, usually
once or twice ayear. In some cases, due to ¢nancial dif-
¢culty, farmers leave the pond sediment behind for 2
years or even more. Generally, shrimps are cultured all
year round. Market-sized shrimps are harvested daily
using a large-sized net placed in the trench, usually
after 5 months of culture. Major production inputs are
costs of (1) seed stocks (16000^35000 VND per 1000
postlarvae), (2) lime (CaO, CaCO3) and fertilizers (NPK,
Urea) and (3) labour, mostly for sediment dredging and
disposal.While the ¢rst one can be roughly estimated,
the last two itemsarehard to quantifyas farmers donot
keep records of pond inputs.While in principle consid-
ered as ‘monoculture’, the ponds are usually stocked
with shrimps and several other aquaculture species,
such as ¢sh or crabs, mainly for an increased economic
output (Field data 2008). This system requires little in-
vestment and knowledge, and is widely adopted by the
low- and middle-income households. The system was
slightly a¡ected by the 2008 world economic crisis.
During ¢eldwork in 2008, most improved extensive
shrimp farmers argued that they could not a¡ord ap-
propriate sediment dredging and disposal due to in-
creased labour cost.

Sampling

Pond water and sediment were sampled ¢ve times for
physico-chemical characteristics in seven shrimp
ponds (Fig. 1). On a 2-month basis, pond water was
sampled in the trenchwith the hypothesis that water
quality in the trenchand the platform do not di¡er for
most of the parameters. Pond sediment was sampled
in both the trench and the platform at 0^5 and 5^
10 cm depths, taking into account that the quality of
the top sediment may di¡er between the locations,
and that these di¡erences can have an impact on
shrimp health. Sampling was conducted while farm-
ers followed their own practices of farming.

Sampling of pond water

Temperature, pH, DO, turbidity and salinity were
measured in situ using a TOA instrument (WQC-

22A, DKK-TOA Corporation,Tokyo, Japan). Sampling
of H2S was conducted at the water^sediment inter-
face using125mL dark glass bottles. The other para-
meters were sampled in mid-depth of the trench at
three locations in the ponds and mixed to form a
composite sample for analysis. A 2 L plastic bottle
was ¢lled up for TSS, NO2-N, NO3-N, TAN, total N,
PO4-P, total P, Cl

�, SO4
2� and alkalinity. Samples for

BOD were collected in 1L plastic bottles and kept in
the dark. Samples for total Fe were collected in
125mL dark glass bottles and ¢xed by concentrated
HNO3, while those for Fe21 were collected and stored
in 125mL dark glass bottles. COD samples were
collected in 125mL bright glass bottles and ¢xed by
H2SO4 4M. All samples were stored at approximately
4 1C and transported to the lab the same day for
analysis.

Sampling of pond sediment

The pHw (pH of fresh sediment) and Eh (redox poten-
tial) were measured in situ using a combined Eh/pH
meter (pH 62K, APEL Co Ltd, Saitama, Japan). A glass
electrode was used for pHw while an EMC130 Meins-
berg electrode (Sensortechnik Meinsberg GmbH,
Ziegra-Knobelsdorf, Germany) was used for Eh mea-
surement. Pond sediment was sampled (0^5 and
5^10 cm) using a stainless steel hand borer. Samples
were stored in plastic boxes and placed in the ice box.
Bulk density (BD) sampling was conducted once by
pressing a PVC tube of 6 cm diameter into the sedi-
ment to a depth of about 20 cm. After the tube was
pulled out, sediment column from 1 to 4 cm depth
(representative for the 0^5 cm layer) and from 6 to
9 cm depth (representative for the 5^10 cm layer)
was cut.The ¢nal sample for eachdepth had avolume
of 84.82 cm3. On a 2-month basis, the parameters Eh,
pHw, pH1/2.5 and EC1/5 were measured ¢ve times
while total N, total P and OM were measured four
times. On a 4-month basis, the parameters NO2-N,
NO3-N and NH4-N were measured three times while
PO4-P, soluble SO4, total SO4, Fe

21 and Fe31 were
measured twice (Table1).

Twenty-four-hour monitoring experiment of
selected parameters

To understand daily pond £uctuations, the para-
meters pH, DO, turbidity and temperature were mea-
sured in situ over a 24-hour period in three adjacent
improved extensive shrimp ponds. These ponds are
owned by the same farmer and completely isolated.
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Pond 1 was located in an open area of a former rice
¢eld and had no shade. Pond 2 was also constructed
in a former rice ¢eld but had some shade from coco-
nut palms and other trees on the dikes. Pond 3 was
located inside a fruit garden and was almost comple-
tely shaded by large trees. Aquatic vegetation was
found in all of the ponds.Water in these ponds had
been ¢lled in at di¡erent times from the same supply
channel connecting to the main river. Water ex-
change had not been applied for at least more than1
year before the monitoring experiment. The stocking
density in these ponds was not recorded by the own-
er, but it was estimated around 1^3 indm�2 (Field
data 2008). The parameters were measured at a
depth of about 20 cm under the water surface in the
trench using a TOA instrument (WQC-22A). Mea-
surement was taken every hour from 12:00 hours
(27 December 2008) to11:00 hours the next day.

Analysis of pond water

Analysis was performed using the standard methods
described by theAmerican Public HealthAssociation
(APHA1995): (1) alkalinity: titration method, methyl
orange 0.1% indicator; (2) H2S: methylene bluemeth-
od; (3) BOD: 5-day BOD test; (4) COD: oxidation by
KMnO4, titration method; (5) total Fe and Fe21: phe-
nanthroline method, colorimetric method, 510 nm;
(6) TSS: weight method, dried at 105 1C; (7) NO2-N:
diazo method; (8) NO3-N: salicylate method; (9) TAN:
indophenol blue method; (10) total N: digested by
Kjeldahl digestion system, indophenol blue method;
(11) PO4-P and total P: ascorbic acid method; (12)
Cl�: argentometric method; and (13) dissolved
SO4

2�: turbidimetric method,420 nm.

Analysis of pond sediment

To minimize sample oxidation, freshly collected sedi-
ment samples were analysed for total Fe, Fe21, NO2-N,

NO3-N and NH4-N within 2 days after sampling. The
remaining samples were air-dried, ground ina plastic
mortar and passed through a 0.25mm sieve for the
analysis of pH1/2.5, EC1/5, sulphate (soluble/total),
OM, total N, PO4-P and total P. The methods were
summarized as follows: (1) total Fe: extracted by
H2SO4 0.1N, colorimetric method, 1,10-phenanthro-
line, l5510 nm; (2) Fe21: used the same extraction
method as total Fe but no Fe31 reduction step; (3)
NO2-N: extracted by distilled water, Griss method,
l5543 nm; (4) NO3-N: extracted by distilled water,
exclusion of Cl�, colorimetric method, phenoldisun-
phonic acid, l5410 nm; (5) NH4-N: extracted by KCl
2M, Kjeldahl method (Rowell 1994); (6) PO4-P: ex-
tracted by NaHCO30.5M, colorimetric method using
ascorbic acid, l5660 nm (Olsen’s method) (Rowell
1994); (7) pH1/2.5: pH meter, soil:water ratio51:2.5
(w/v) (Rowell 1994); (8) EC1/5: EC meter, soil:water
ratio51:5 (w/v) (Rowell 1994); (9) soluble sulphate:
extracted by distilled water, turbidimetric method
(BaCl2, l5420 nm); (10) OM: loss-on-ignition
method (550 1C, 4 h); (11) total P: residues after OM
determination were dissolved in HCl 1M, colori-
metric method, ammonium molybdate, l5660 nm;
(12) total sulphate: used the same extraction method
as total P, turbidimetric method (BaCl2, l5420 nm);
(13) total N: extracted by heating with concentrated
H2SO4, catalysed by a CuSO4:K2SO4 mixture of 1:10
ratio, Kjeldahl method (Rump & Krist 1992); and (14)
BD: core method (Boyd1995).

Statistical analysis

Descriptive statistics were applied to get an overview
of ponds’ physico-chemical characteristics. Analysis
of variance (ANOVA) was used to clarify the e¡ects of
the categorical variables on the dependent variables
(physico-chemical parameters). For water para-
meters, the categorical variable included the ‘sam-
pling time’, which had ¢ve levels (i.e. the ¢ve

Table 1 Sampling times and the sediment parameters of the improved extensive shrimp system in the Cai Nuoc district, Me-
kong Delta, SouthernVietnam (2008)

Parameter April June August October December N

Eh, pHw, pH1/2.5, EC1/5 1 1 1 1 1 140

Total N, Total P, OM 1 1 1 1 112

NO2-N, NO3-N, NH4-N 1 1 1 84

PO4-P, soluble SO4, total SO4, Fe21, Fe31 1 1 56

Bulk density (BD) 1 28

N, total number of samples; OM, organic matter.
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sampling times). The dependent variables included
all physico-chemical parameters analysed. For sedi-
ment, the categorical variables included ‘depth’, ‘sam-
pling position’ and ‘sampling time’. The ¢rst two
variables had two levels (depth: 0^5 and 5^10 cm,
sampling position: trench and platform). Signi¢cant
di¡erences between the levels of the categorical vari-
ables were further analysed with the Tukey Honest
Signi¢cant Di¡erence test for post hocmean’s compar-
ison. All signi¢cance testing was conducted at the
0.05 level. Correlations among the parameters of in-
terest were conducted using correlation matrices.

Results and discussion

Physico-chemical parameters of pond water

Table 2 shows thewater physico-chemical character-
istics of the improved extensive shrimp ponds. Tem-
perature and pH were most optimal for shrimp
farming (Jayasinghe et al. 1994; Haws & Boyd 2001;
Lazur 2007). Most TSS measurements exceeded the

limit. Salinity showed a slightly wider range than re-
commended (Haws & Boyd 2001; Lazur 2007). COD,
BOD and nutrients (N, P) were low. NO3-N values
were about seven times higher than those in the for-
mer Cai Nuoc district (including the current Cai
Nuoc and Phu Tan just to its west, see Fig. 1) in
2002^2004 (Tho et al. 2006), implying a recent in-
crease in nutrients in the ponds. NO2-N, PO4-P and
BODwere lower than intensive shrimp farms in East-
ern Thailand (Tookwinas & Songsangjinda1999). Up
to 37.14% of DO measurements were lower than the
recommendation by Lazur (2007), and the minimum
DO value was similar to that in extensive shrimp
farming system in Bac Lieu province (Bao 2009). To-
tal iron was much higher than recommended (Haws
& Boyd 2001), although being lower than the 2002^
2004 ¢gure in the former Cai Nuoc district (Tho et al.
2006). This was mostly because of the lesser impact
of acid sulphate soils in the study area (further in-
land, previously rice-dominated) as compared with
the former Cai Nuoc district (Phu Tan district con-
nects to the sea and has been occupied by man-

Table 2 Water characteristics of the improved extensive shrimp system in the Cai Nuoc district, Mekong Delta, Southern
Vietnam (2008) in comparisonwith criteria for shrimp farming

Parameter
(n5 35) Unit Range/mean

Standard
deviation

Acceptable
range

Percentage out
of acceptable range

Percentage of out-of-rangemeasurements�

April
(%)

June
(%)

August
(%)

October
(%)

December
(%)

pH – 6.25–8.95/7.59 – 7–9w 6.67 � 3.33 � 3.33

Temperature 1C 27.6–35.4/30.6 2.437 26–33z 20 18.00 14.00 18.00

DO mg L� 1 2.38–6.68/4.46 1.129 44‰ 37.14 �8.57 �8.57 � 2.86 � 5.71 � 11.43

Turbidity NTU 4–66/27.21 14.139

Salinity g L� 1 3–39/14.56 12.069 5–35w 37.14 114.29 � 5.71 � 11.43 � 5.71

Alkalinity mg L� 1 80–260/148.77 37.131 50–100‰ 94.29 120.00 117.14 120.00 117.14 120.00

COD mg L� 1 2.80–22/8.66 3.445

TAN mg L� 1 0.042–0.37/0.148 0.080 NH4
1 0.2–2w

NH3 o0.1w

NO2-N mg L� 1 0–0.05/0.013 0.011 o0.23w

NO3-N mg L� 1 0.02–2.31/0.755 0.571 0.2–10w

PO4-P mg L� 1 0.015–0.033/0.029 0.003

TSS mg L� 1 17.5–309/123.21 81.095 50z 85.71 114.29 117.14 114.29 120.00 120.00

TP mg L� 1 0.04–0.67/0.223 0.166

TKN mg L� 1 0.526–7.42/2.498 1.326

Fe21 mg L� 1 0.009–0.25/0.077 0.051 0w 100 120 120 120 120 120

Fe31 mg L� 1 0.236–2.01/0.700 0.419 Tracew 100 120 120 120 120 120

Total Fe mg L� 1 0.29–2.25/0.78 0.44 0.05–0.5w 77.14 114.29 120.00 111.43 114.29 117.14

BOD mg L� 1 0.32–5.68/2.86 1.693 o10z,z
H2S mg L� 1 0–0.02/0.007 0.005 NDw 85.71 120.00 120.00 120.00 111.43 114.29

Cl� g L� 1 1.66–20.42/7.38 6.109 2–20w 17.14 15.71 � 2.86 � 5.71 � 2.86

SO4
2� g L� 1 0.15–3.73/1.18 1.117 0.5–3w 57.14 114.29 � 17.14 � 14.29 � 11.43

�Percentage of out-of-range measurements: 1, % above the range; �, % below the range.
wHaws and Boyd (2001).
zJayasinghe et al. (1994).
‰Lazur (2007).
zVietnamese standard 5943-1995 for aquatic cultivation.
ND, not detectable.
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groves, acid sulphate soils dominated) (Fig. 1). H2S
concentrations were higher than the threshold set
by Haws and Boyd (2001), but lower than those by
Jayasinghe et al. (1994) and Lazur (2007). The pre-
sence of H2S in the ponds was not necessarily linked
to a sulphide reservoir in the soil pro¢les, but simply
produced under anoxic pond sediment caused by a
long-term accumulation of organic materials. Alkali-
nity, which can a¡ect primary productivity, was
higher than recommended (Lazur 2007). It was also
slightly higher than that in the extensive shrimp
farming system in Bac Lieu province, most probably
because salinity in Cai Nuoc shrimp ponds was high-
er. Several key parameters (DO, TSS, alkalinity and
H2S) showed values beyond the acceptable range for
shrimp farming all year round (Table 2). Indicators of

organic loadings in the ponds (COD, BOD, N and P)
were low due to low inputs (low stocking density, lit-
tle or no fertilizers and no feeding) in this shrimp
farming system.
Dissolved oxygen values below the levels at which

shrimp can grow normally (Haws & Boyd 2001; La-
zur 2007) were found at all sampling times (Table 2).
The situationwas evenworse during the early morn-
ing (06:00^08:00 hours) as revealed by the 24-hour
monitoring experiment (Table 3, Fig. 3). The peak va-
lues of DO were found around 11:00^12:00 hours.
The values then gradually decreased to a minimum
around 06:00^08:00 hours, after which they in-
creased again. In Pond 1, a DO range between 2
and 3mg L�1 lasted for about 10 h. In the other
two ponds, DO values were even lower. This was not

Table 3 Minimum and maximum values of the parameters under the 24-hour monitoring experiment in the improved ex-
tensive shrimp system in the Cai Nuoc district, Mekong Delta, SouthernVietnam (2008)

Pond

DO (mg L� 1) pH Turbidity (NTU) Temperature ( 1C)

Min Max Min Max Min Max Min Max

1 2.20 5.40 7.56 8.15 21.7 37.0 27.2 30.2

2 1.05 4.43 7.28 7.83 11.4 24.0 26.6 28.9

3 0.84 2.59 7.04 7.46 4.0 6.0 25.7 28.2

Figure 3 Variation of dissolved oxygen, temperature, pH and turbidity in pond water in the 24-hour monitoring experi-
ment.
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because of organic/nutrient pollution, but simply on
account of diurnal £uctuations of photosynthesis
and respiration intensity.
Di¡erences in DO among the ponds are most likely

caused by the di¡erent degrees of shading, rather than
by the stockingdensities or the qualityof inputwater. It
should be noted that DO levels aremuch lower near the
water^sediment interface (where shrimps stay) than
near the water surface (Flegel 1998). The maximum
DO values at noon in all three ponds were attributed
to elevated solar radiation, which led toa higher photo-
synthesis intensity by which a larger amount of DO
was released. Elevated DO values during daytime were
the result of the dominance of photosynthesis over re-
spiration. Lowest pH in the early morning was attribu-
ted to accumulation of carbon dioxide during the night
(Lazur 2007). When no solar radiation reached the
water, the photosynthesis stoppedwhile the respiration
still continued in the ponds, which consumed oxygen
and released carbon dioxide into the water column.
Correlation matrix using data from the 24-hour

monitoring experiment revealed that both DO and
pHwere positively correlated (both at Po0.001) with
temperature (i.e. solar radiation). In fact, tempera-
ture, pH and DO in the ponds showed similar pat-
terns (Fig.3) and had linear correlations (Fig. 4).
In pond water, NO3-N concentrations were about

¢ve times higher thanTANand 58 times higher than
NO2-N on average (Table 2). This, together with the
positive correlation between NO3-N and TKN
(Po0.01), indicated that NO3-N accounted for the
majority of the inorganic nitrogen. Positive correla-
tions between salinity and TKN (Po0.01) and NO3-N
(Po0.001) were most likely the result of the e¡ect of
concentration. Total ammonium nitrogen was posi-
tively correlated with COD (Po0.05) but negatively

correlated with DO, pH and temperature (all at
Po0.01).This suggests that TANwas largely involved
in the photosynthesis process though it accounted
for a small percentage among the nitrogen species.
While Vinatea, GaŁ lvez, Browdy, Stokes,Venero, Have-
man, Lewis, Lawson, Shuler and Le¥er (2010) found
no relationship between TAN and photosynthesis,
Burford and Glibert (1999) demonstrated that phyto-
plankton plays a key role in controlling TAN in
shrimp ponds. According toMcCarthy (1980), ammo-
nium is the preferred nitrogenous nutrient of many
species of marine phytoplankton. During periods of
high photosynthesis intensity when a vast amount
of solar radiation reaches the water surface, the ma-
jority of TAN was taken up by the phytoplankton
community, resulting in low TAN concentrations.
During the nights (no photosynthesis) and the early
mornings (little photosynthesis), TAN may be accu-
mulated in pond water. Salinity and BOD was nega-
tively correlated (Po0.001), suggesting that ponds
might have had higher biodegradable matter during
the rainy season despite the dilution impact (Tho
et al. 2006). The situation can only be explained by
the contribution of OM from runo¡ water. Alkalinity
was negatively correlated with PO4-P (Po0.01) but
positivelycorrelatedwith NO3-N (Po0.01). Alkalinity
was positively correlated with salinity (Po0.01), sug-
gesting that alkalinity often increased at correspond-
ing high salt concentrations. Fe31 was much higher
than Fe21 (Table 2) and of higher positive correlation
with total Fe (Po0.01 vs. Po0.05), indicating pond
water in an oxidized state. Total suspended solid was
positively correlated with turbidity (Po0.05), sug-
gesting that suspended solids were the main compo-
nent of water turbidity. Besides, TSS was positively
correlated with BOD (Po0.05) and NO2-N (Po0.01),

Figure 4 Linear correlations between (a) dissolved oxygen (DO) and temperature and between (b) DO and pH in the 24-
hour monitoring experiment.
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suggesting that OM was largely made up by sus-
pended solids.
Total suspended solid showed thehighest values in

October (rainy season) while salinity, Cl�, SO4
2� and

NO3-N showed their highest values in April (end of
the dry season) (Table 4). This was not necessarily a
build-up of salt/OM but simply the concentration ef-
fect in the dry season. A similar situation was re-
ported in the former Cai Nuoc district (Tho et al.
2006). Other indicators of organic pollution (BOD,
TKN and TAN) also tended to show higher values in
December or April (dry season). The highest TSS va-
lues were due to the e¡ect of runo¡ water.

Physico-chemical parameters of pond
sediment

The sediment quality of the shrimp ponds is repre-
sented by the 0^5 cm layer (Table 5). This is because

this layer in shrimp ponds is more reactive with the
water column than the deeper layers (Masuda & Boyd
1994; Munsiri, Boyd & Hajek1995).While pHw ranged
from slightly acidic to neutral (5.16^7.67), pH1/2.5

showed a wider range (3.97^7.91). This is similar to
shrimp farms in Ecuador where pH1/1 showed a
wider range than pHw at both ends (Sonnenholzner
& Boyd 2000). In semi-intensive shrimp farms in
Honduras and Bangladesh, and extensive shrimp
farms in theMekong Delta of Vietnam, neutral pH va-
lues of the sediment were reported (Munsiri, Boyd,
Teichert-Coddington & Hajek 1996; Alongi et al.
1999; Islam, Sarker, Yamamoto, Wahab & Tanaka
2004). In Thailand, pH values of shrimp farm sedi-
ment were higher (8.14^8.29) (Towatana, Voradaj &
Panapitukkul 2002). The pH of the Cai Nuoc shrimp
pond sediment was lower than the optimal range
for shrimp farming (7^8) (Haws & Boyd 2001). This
was because of the limited investment of the Mekong
Delta improved extensive shrimp farmers in chemical

Table 4 ANOVA testing of the water parameters in the Cai Nuoc improved extensive shrimp system, Mekong Delta, Southern
Vietnam (2008)

Parameter Unit

Significance level Means comparisons

Sampling
time Aprilw Junez Augustz Octoberz Decemberw

pH – NS – – – – –

Temperature 1C) NS – – – – –

DO mg L�1 NS – – – – –

Turbidity NTU NS – – – – –

Salinity g L� 1 NS 36.57c 15.14b 5.71a 6.14a 9.22a

Alkalinity mg L�1 �� 191.43b 140.50a 131.43a 146.07ab 134.43a

COD mg L�1 NS – – – – –

TAN mg L�1 ��� 0.109ab 0.179bc 0.135ab 0.069a 0.249c

NO2-N mg L�1 NS – – – – –

NO3-N mg L�1 ��� 1.523d 0.174a 0.353ab 0.712bc 1.014c

PO4-P mg L�1 NS – – – – –

TSS mg L�1 ��� 86.21a 112.13a 101.87a 234.14b 81.71a

TP mg L�1 �� 0.146ab 0.090a 0.352b 0.313b 0.217ab

TKN mg L�1 �� 3.70b 2.76ab 1.22a 2.51ab 2.30ab

Fe21 mg L�1 NS – – – – –

Fe31 mg L�1 �� 0.52a 1.15b 0.43a 0.70ab 0.71ab

BOD mg L�1 ��� 1.17a 1.04a 2.73b 4.67c 4.69c

H2S mg L�1 �� 0.005a 0.010b 0.009b 0.002a 0.008ab

Cl� g L� 1 ��� 18.36c 7.92b 2.89a 3.09a 4.63a

SO4
2� g L� 1 ��� 3.19c 1.18b 0.40a 0.43a 0.71ab

Indices with di¡erent superscript are signi¢cantly di¡erent at the 0.05 level.
ANOVA signi¢cance level.
��Po0.01; ���Po0.001.
wDry season.
zRainy season.
NS, not signi¢cant.
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inputs to bu¡er pH in their shrimp ponds (Field
data 2008).
The sediment was anaerobic (Eh �304mV),

which can be blamed for the production and subse-
quent release of toxic substances (e.g. H2S) into pond
water (Physico-chemical parameters of pond water).
Anaerobic condition of pond bottom was attributed
to elevated OM loadings (OM 9.84^21.96%, mean
12.91%), resulting from accumulation over extended
periods (42 years in some cases). Organic matter in
Cai Nuoc shrimp pond sediment was much higher
than those (1.06^1.42%) in Southern Thailand (To-
watana et al. 2002) and Bangladesh (2.14^3.28%) (Is-
lam, Alam, Rheman, Ahmed & Mazid 2004).While
the £occulent layer of recently deposited sediment
may have an OM content of 50%, the upper 2 cm se-
diment layer in shrimp ponds seldom has 410% of
OM (Haws & Boyd 2001). Following Mitsch and Gos-
selink (2000), the content of organic C of the shrimp
pond sediment can be estimated at 6.46%. According
to Boyd (2003), however, organic C content of shrimp
pond sediment should be between 1.5% and 2.5%.
High OM in the shrimp pond sediment did not relate
to daily £uctuations of DO in the water column.
While the former remained unchanged, the latter
exhibited critical £uctuations within 1 day. The
decomposition rate of OM in Cai Nuoc shrimp pond
sediment was low due to suboptimal sediment pH
(5.16^7.67). The best pH range for this process should
be between 7.5 and 8.5 (Boyd1992).

The anaerobic condition of the ponds was further
evidenced byhigher NH4-Nas compared with NO3-N
and higher Fe21 as compared with Fe31 (Table 5).To-
tal Fe (7340.54mg kg�1) was much higher than that
in shrimp farms in Ecuador (661mg kg�1) (Sonnen-
holzner & Boyd 2000).Total P (0.013%)was similar to
that in Southern Thai shrimp ponds (Towatana et al.
2002) but lower than that in intensive shrimp farms
in Australia (0.069%) (Smith 1996) and Ecuador
(0.09%) (Sonnenholzner & Boyd 2000). On average,
total N (0.192%) was similar to that in semi-intensive
shrimp farms in Honduras (0.17^0.28%) (Munsiri
et al. 1996), Bangladesh (0.11^0.18%) (Islam, Alam
et al. 2004) and Ecuador (0.02^0.52%) (Sonnenholz-
ner & Boyd 2000), but lower than that in intensive
shrimp farms in Australia (0.23%) (Smith 1996). In
the shrimp ponds of the former Cai Nuoc district,
top sediment showed an elevated exchangeable so-
dium percentage (35.89^58.66%) in the 2002^2004
period (Tho et al. 2008). Exchangeable form of major
cations (Ca, Mg, Naand K) (Tho et al.2008) were simi-
lar to those inThailand (Towatana et al. 2002). Anae-
robic pond bottom and high OM loadings provided
disadvantages for shrimp growth in these ponds, par-
ticularly the toxic reduced substances and the im-
pacted benthic community.
Di¡erences between sampling positions, between

depths and between sampling times were found
(Table 6). Trench sediment had higher values of
NH4-N, PO4-P, total P and Fe21 than the platform.

Table 5 Descriptive statistics of sediment parameters (0^5 cm) in the improved extensive shrimp system in the Cai Nuoc
district, Mekong Delta, SouthernVietnam (2008)

Parameter Unit N Mean Min Max Standard deviation

Eh mV 70 � 304 � 422 � 105 54.00

pHw – 70 6.68 5.16 7.67 –

pH1/2.5 – 70 6.86 3.97 7.91 –

EC1/5 dS m�1 70 6.31 1.32 15.67 3.65

BD g cm� 3 14 0.48 0.35 0.73 0.106

NO2-N mg kg� 1 42 0.103 0.035 0.304 0.061

NO3-N mg kg� 1 42 1.188 0.337 3.723 0.687

NH4-N mg kg� 1 42 22.024 2.687 61.239 14.700

Total N % 56 0.192 0.106 0.421 0.061

OM % 56 12.91 9.84 21.96 2.14

PO4-P mg kg� 1 28 21.97 4.42 41.70 8.44

Total P % 56 0.013 0.006 0.022 0.003

Soluble SO4 mg kg� 1 28 3212.52 916.80 4726.80 1086.76

Total SO4 % 28 1.04 0.30 1.83 0.39

Fe21 mg kg� 1 28 6566.26 1165.10 10 891.04 2750.60

Fe31 mg kg� 1 28 774.28 128.53 2132.93 492.17

Total Fe mg kg� 1 28 7340.54 1528.43 12 081.52 2908.53

N, number of observations.
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This was probably because (i) the trench is much dee-
per (thus subject to a larger amount of TSS and can
attract suspended matter from the platform after re-
suspension), and (ii) the trench is directly a¡ected by
the runo¡ water. Total N and NO3-N, however, re-
mained higher on the platform. Higher total N and
total P and lower BD in the top layer (Table 6) sug-
gested that the ¢rst few centimetres of sediment sur-
face still remained active. This layer was enriched by
organic materials, derived mainly from intake water,
shrimp excretions or dead materials from the vegeta-
tive cover. Increases in values of several parameters
(Fe31, total Fe, PO4-P, total Pand OM) at times during
the rainy season were explained by the contribution
of eroded material from the dikes.
The top layer showed higher EC1/5 and soluble SO4

values than the second layer. Sediment salinity (EC1/
5) was low at the end of the rainy season but increas-
ing during the dry season (Table 6). For the period
2002^2004, salinity values of 3.16 and 8.88 dSm�1

for, respectively, the rainy and dry season in the for-
mer Cai Nuoc district were reported (Tho et al. 2008).
Salinity in the shrimp pond sediment was similar to
that in SouthernThailand (Towatana et al. 2002).

Suitability of ponds’ physico-chemical
characteristics for shrimp (P. monodon)
farming

The improved extensive ponds did not provide appro-
priate conditions for shrimp. Many water parameters
show values beyond the acceptable limit for shrimp
farming (Table 2).Very low DO levels can lead to direct
shrimp mortality or reduce shrimp resistance to dis-
eases (Haws & Boyd 2001; Lazur 2007). In fact, shrimp
mortality in early mornings has been observed (Field
data 2008). In the rainy season, highTSSmight cause
a reduction of the photosynthesis intensity, while low
salinity may lead to acute stress, causing increased
susceptibility of shrimp to white spot virus infection
(Joseph & Philip 2007). Large salinity variations may
reduce shrimp immunocompetence toPhotobacterium
damselae (Wang & Chen 2006). Alkalinity and total Fe
were much higher than recommended, suggesting
unfavourable conditions for shrimp.
Poor pond sediment quality can adversely a¡ect

cultured shrimp (Smith 1999; Avnimelech & Ritvo
2003; Lemonnier, Bernard, Boglio, Goarant & Co-
chard 2004). It is possible that toxic products are
being produced under the anaerobic conditions of
the shrimp pond bottom. Indeed, H2S values beyond

the accepted level were found, pointing to a negative
impact to shrimp growth and survival (Ritvo,
Samocha, Lawrence & Neill 1998). Increased shrimp
osmotic pressure caused by low sediment pH (such as
6.5^7.4) (Lemonnier et al. 2004) was likely to occur.
Elevated OM in the sediment may also pose impacts
to shrimp by favouring greater microbial activities
(Masuda & Boyd1994).

Conclusion

The unfavourable physico-chemical characteristics
of the improved extensive shrimp ponds are not opti-
mal for shrimp farming. Poor water and sediment
quality can stress the cultured shrimp and increase
their susceptibility to diseases. Appropriate planning
andmodi¢cations of farming techniques are strongly
recommended for a better shrimp production in the
coastal parts of the Mekong Delta of Vietnam. To im-
prove the pond’s physico-chemical condition, the fol-
lowing measures should be taken (1) allowing
sedimentation before ¢lling shrimp culture ponds;
(2) covering dikes using endemic vegetation to reduce
the e¡ect from runo¡ water; (3) including no-culture
breaks between shrimp crops; (4) drying and expos-
ing pond bottom to sunlight fora reasonable period of
time after every production cycle; (5) removing all se-
diment produced after two production cycles; and (6)
controlling the pond’s vegetation to mitigate the con-
dition of oxygen shortage.
Future research in the area should focus on (1) plan-

ning of a synchronous irrigation system for a better
water management within the dense river/canal sys-
tem; (2) optimal pond construction and management
(e.g. stocking density, management of pond water and
sediment); (3) study of native organisms (such as oy-
sters, crabs, ¢sh and vegetation) that can be incorpo-
rated into shrimp ponds for both economic and
environmental values; (4) building up a common and
most appropriate cropping calendar for the whole dis-
trict; and (5) wise use of small land plots and the de-
posited sediment for the diversi¢cation of income
sources for shrimp farmers.
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