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Abstract
This study aimed to identify differences in management and cost–benefit characteristics of 
striped catfish (Pangasianodon hypophthalmus) nursery and grow-out farms in freshwater 
and brackish water areas in the Mekong River Delta (MRD) of Vietnam. One hundred ten 
striped catfish farms in both areas (50 nursery and 60 grow-out farms) were stratified and 
sampled for an interview to determine their management and cost–benefit characteristics. 
The results indicated that the survival rate and yield of fish nursed in brackishwater farms 
were higher than those in freshwater farms. Fingerling yields and production costs are 
positively and negatively correlated (p < 0.05) to the period-of-salinity effect, respectively. 
The net incomes of freshwater and brackishwater nursery farms do not differ significantly 
(p > 0.05). The fish yield of brackishwater grow-out farms was significantly lower than that 
of freshwater farms (p < 0.05). Management and cost–benefit parameters of grow-out farms 
in freshwater and brackishwater areas, if stocking fingerlings reared in the same areas, were 
not significantly different (p > 0.05). Water salinity strongly affected disease occurrence in 
the ponds, especially in nursery farms. In the MRD, to improve the climate-resilient farm-
ing of striped catfish, a salinity-tolerant strain is essential for nursery and grow-out farming 
in areas affected by salinity intrusion.
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Introduction

Striped catfish (Pangasianodon hypophthalmus) culture of the Mekong River Delta 
(MRD) distributed along the Mekong River from upstream (freshwater areas) to down-
stream (brackishwater areas) (Son et al. 2021). In 2021, striped catfish export turnover 
was US$ 1.62 billion, accounting for more than 18% of Vietnam’s US$ 8.89 billion 
total seafood export value (Vietnam Association of Seafood Exporters and Producers 
(VASEP) (2022)). In the period from 2008 to 2021, four up- and middle-stream ter-
ritories (An Giang, Dong Thap and Vinh Long provinces, as well as Can Tho City) 
accounted for 77.6% of farming area and production, whereas the downstream prov-
inces (Tien Giang, Ben Tre, Tra Vinh and Soc Trang), which were frequently affected 
by saline water intrusion, accounted for the remaining 22.4% (Compiled from Annual 
Reports of the Department of Agriculture and Rural Development in the MRD, Viet-
nam in 2021). With this distribution, striped catfish culture is sensitive to changes in 
the Mekong River’s flow regime and salinity intrusion. In the years 2016 to 2020, the 
MRD experienced saline water intrusion around 45–105 km from the coastline, causing 
losses in agriculture production and other economic activities (Hai et al. 2020; SIWRR 
2020). The MRD is lowland with a maximum elevation of 4.0 m above mean sea level 
(IPCC 2007; Trieu and Phong 2015). In the future, water salinity in the coastal areas of 
the MRD has been projected to increase by tides and sea level rise, which could increase 
0.33 m and 1.00 m by 2050 and 2100, respectively (USEPA 2012; UNFCCC 2003). 
Saline water intrusion can result in the expansion of brackishwater aquaculture areas, 
but it harms freshwater aquaculture systems, especially the striped catfish farming. The 
increased salinity of the water supply for freshwater fish farming reduces the scale of 
the farm, increases production costs, requires a salinity-tolerant seed and prolongs the 
culture period (Anh et  al. 2018), which also harms striped catfish farming (Sebesvari 
et al. 2011). The vulnerability of aquaculture between inland and coastal areas varies, 
depending on the susceptibility and adaptability of the cultural systems (Islam et  al. 
2019). In addition, the development of hydro-electric dam systems in upstream areas 
has also changed the water flow regime of the Mekong River according to the seasons. 
These upstream hydro-electric dam systems can also contribute to slightly increased 
water flow during the dry season when discharging water for electric production and 
emergency releases that could contribute toward reducing saline water intrusion in the 
MRD. When there are no emergency water discharges, the water flow is lower than it 
was before the dam’s construction. Meanwhile, in the rainy season, the need for water 
storage for electricity production causes less water flow downstream (MRC 2022).

Striped catfish farming, especially on farms located in brackishwater areas, is highly 
dependent on freshwater resources (Phuong and Oanh 2010). Under the impact of cli-
mate change and the construction of hydro-electric dam systems, the farming of this 
species has faced challenges. To accommodate the above-mentioned negative effects 
and to suggest releasing innovation and adaption activities for striped catfish culture in 
the near future, this study aimed to determine differences in management and economic 
characteristics of striped catfish nursery and grow-out in the freshwater and brackishwa-
ter areas of the MRD in Vietnam.
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Methodology

Data collection The study was carried out from January 2019 to December 2021 in seven 
territories of the MRD, Vietnam: An Giang, Dong Thap, Vinh Long, Tien Giang, Ben 
Tre and Soc Trang provinces, as well as Can Tho City. Sites and samples for interviews 
of farm operators were selected using a stratified sampling method based on two culture 
areas with different salinity conditions (Fig.  1). In areas without saline water intrusion 
(called ‘freshwater area’), the water supply was freshwater (or salinity of < 0.5 parts per 
thousand, or ppt) throughout the year. Meanwhile, the areas with saline water intrusion 
(called ‘brackishwater area’) experienced it yearly from August to October with low salin-
ity. At each selected site, the farms were randomly selected; the sample consisted of 50 
nursery farms (comprising 20 farms in brackishwater and 30 farms in freshwater) and 60 
grow-out farms (comprising 30 in freshwater and 30 in brackishwater). Face-to-face inter-
views were conducted using a semi-structured questionnaire (Table 1). The questionnaire 
includes information such as the characteristics of the farm (e.g. farm age and size, set-
tlement pond, nursery/grow-out pond, number of ponds, water depth); salinity condition 
(water salinity and number of months with salinity effect from water supply rivers/canals); 
disease syndromes; management parameters (larvae/fingerling sizes and sources, stocking 
density, culture period, feed and feeding, water exchange, economic feed conversion ratio 
(eFCR = total weight of feed fed per total weight of harvested fish), survival rate, harvested 
fish size, total yield and water use); and cost–benefit (key variables of total fixed cost, total 
variable cost, total cost, production cost, farm gate price, gross income, net income (NI) 
and net income per total cost (TC) ratio (NI/TC) of nursery/and grow-out farms).

Fig. 1  The study sites of nursery and grow-out farms in the Mekong River Delta, Vietnam
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Data analysis Data collected were analysed using descriptive statistics (mean, standard 
deviation and frequency). Parametric correlation between parameters was analysed using 
bivariate and partial correlation (p < 0.05); meanwhile, a non-parametric correlation was 
determined using crosstab with chi-square (when ≥ 80% of cells (categories) had expected 
count ≥ 5) or likelihood ratio (when > 20% of cells (categories) had expected count < 5; 
p < 0.05). General description and discriminant analysis were also used to separate groups 
of farms with numbers of the month with salinity effects (p < 0.05). Differences in man-
agement and cost–benefit characteristics between freshwater and brackishwater groups of 
farms were analysed via independent t-test and covariance analysis (p < 0.05). Data were 
analysed using SPSS version 16.

Results

Salinity, water exchange, seed sources and diseases

Salinity and water exchange

In the brackishwater areas, farmers often measure salinity with a salinity metre before tak-
ing water into the pond, especially in dry-season months. If the salinity of the water supply 
(from rivers and canals) was greater than 5 ppt, pondwater exchange was not applied to 
control salinity as low as possible. If the salinity was greater than 5 ppt for longer a week, 
the amount of feed fed was reduced to maintain pondwater quality. Additionally, farmers 
evaluate poor water quality by simple observation such as bad smell, black colour or abnor-
mal swimming behaviour of fish. In both nursery and grow-out farms, the amount of water 
exchange depends on the water quality of ponds, the availability of water in the rivers and 
canals and the tidal level. In months when the water source was saline, farms in brackish-
water areas had exchanged water during low tide to obtain water with the lowest possible 
salinity instead of exchanging water during high tide.

Nursery farms Farmers operated their farms year-round whenever fingerling demand for 
grow-out is needed. In brackishwater areas, the average duration of saline water intru-
sion was 7.7 months with an average salinity of 4.6 ± 1.7 ppt in the water supply (riv-
ers and canals). Fish farmers followed one of three water-exchange schedules: once per 

Table 1  The sample size of salinity-stratified nursery and grow-out farms

Provinces/city Nursery farms Grow-out farms

Brackishwater Freshwater Brackishwater Freshwater

Soc Trang 20 8
Can Tho 30
Dong Thap 13
Vinh Long 17
Ben Tre 6
Tra Vinh 16
Total 20 30 30 30
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day, once per week and as needed (i.e. when pondwater quality has deteriorated). These 
water-exchange schedules correlated in the nursery areas of freshwater and brackishwa-
ter (p < 0.05), which showed that with 12% water volume exchanged each time, the brack-
ishwater nursery farms applied water exchange once per week and once per day rather 
than as needed (i.e. when pondwater quality had deteriorated). Farmers normally cannot 
predict the salinity of the water supply for the next water exchange. Meanwhile, nursery 
ponds in freshwater areas exchanged water once per day or whenever low water quality was 
observed or measured in the pond. As such, the freshwater nursery farms have high avail-
ability of suitable water sources when compared to that of brackishwater farms, and the 
freshwater nursery farm operators are more active in managing water exchange. The fresh-
water farms exchanged about 14% of the total pondwater each time, which was slightly 
higher than the rate for brackishwater farms.

Grow‑out farms The results showed that the farms in the brackishwater area were affected 
by saline water intrusion for 2–5 months with an average supply water salinity of 2.3 ± 2.7 
ppt. The saline water occurred from December to April of the following year and tended to 
peak in March with an average of 2.5 ± 3.5 ppt. There are two nursing areas at sites Nos. 2 
and 5 (Fig. 1). The nursing area at site No. 2 connects to the sea via the My Thanh River 
with high salinity, where limited freshwater flows from upstream, especially in the dry sea-
son. Site No. 5 has both nursing and grow-out areas; it is an islet that has low salinity 
because of freshwater flows from upstream (Fig. 2).

The once- or twice-daily frequency of water exchange for striped catfish ponds in fresh-
water and brackishwater areas did not show a significant correlation (p > 0.05). The per-
centages of farms with once-daily water exchange were 57% and 63% in freshwater and 
brackishwater areas, respectively. In the brackishwater area, farms with twice-daily water 
exchange accounted for 37% of total farms, whereas the percentage of farms with twice-
daily water exchange was 43% in the freshwater area. Due to the limited volume of water 
for exchange in brackishwater areas, the volume of exchanged water averaged 29% of total 
pondwater volume each time, which was slightly lower than that of freshwater areas (33%) 
(Fig. 3).

Fig. 2  Salinity fluctuation (by month) in the water supply system (rivers or canals) in nursery and grow-out 
farms of brackishwater areas
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Sources of larvae and fingerlings

Nursery farms used 2–3 days’ post-hatching larvae, whereas the grow-out used 20–30 g 
fingerlings. Larval sources were hatcheries in Dong Thap Province, which is a freshwater 
area. Dong Thap Province is also the main striped catfish larval production site in the MRD. 
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Fingerlings for the grow-out farms were purchased from two sources: one nursed fingerlings 
in brackishwater (i.e. brackishwater fingerlings) and the other in freshwater (i.e. freshwater 
fingerlings). In brackishwater areas, grow-out farms used 66.7% brackishwater fingerlings 
and 33.3% freshwater fingerlings. By contrast, grow-out farms in the freshwater areas used 
only freshwater fingerlings (100%). It was found that grow-out farms in brackishwater used 
more fingerlings nursed in brackishwater conditions.

Diseases

Nursery farms Bacillary necrosis of Pangasius (BNP, caused by Edwardsiella ictaluri) 
was found in both freshwater and brackishwater nursery farms. However, other diseases 
such as white liver and white gill (WLG, caused by ectoparasites and endoparasites) and 
red spot disease (RSD, a haemorrhagic disease caused by Aeromonas hydrophila, A. sobria 
and A. caviae) were reported in freshwater farms only. There is a relationship between the 
frequency of these disease occurrences and different areas of nursery farms (freshwater and 
brackishwater) (p < 0.05; Table 2).

Grow‑out farms BNP was the most common disease in all freshwater and brackishwater 
grow-out farms. RSD and WLG accounted for 97% and 60% of grow-out farms, respec-
tively. The three above-mentioned diseases occurred in ponds with no significant corre-
lation (p > 0.05) to the difference between freshwater and brackishwater farms. The inci-
dence of swim bladder disease (SBD, a fungal disease caused by Fusarium sp.) was only 
17% in freshwater areas, and this occurrence was significantly related to freshwater and 
brackishwater farms (p < 0.05; Table 2).

Diseases often break out in striped catfish farming when weather changes, especially 
during season changes (which tend to bring fluctuations in rainfall and temperature). With 
the exception of SBD (which has no specific treatment), all other mentioned diseases are 
treated with antibiotics (BNP, RSD) and antiparasitic drugs (SBD).

Table 2  Clinical signs of 
diseases appearing in the nursing 
ponds of brackishwater and 
freshwater areas

Chi-square (p < 0.05)
* Likelihood ratio (p < 0.05)

Diseases Areas (count [%]) Total

Brackishwater Freshwater

Nursing farms
  BNP only 20 [100] 0 [0] 20 [100]
  BNP + WLG + RSD 0 [0] 30 [100] 30 [100]

Grow-out farms
  BNP 30 [100] 30 [100] 60 [100]
  RSD 30 [100] 28 [93] 58 [97]
  WLG 19 [63] 17 [57] 36 [60]
  SBD 0  [0](*) 5  [17](*) 5 [8]
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Management and cost–benefit analysis

Nursery farm

Discriminant analysis The multivariate differences of nursery farm groups, based on 
the number of months with salinity effect, were extracted into two discriminant functions 
(namely functions 1 and 2). In discriminant analysis, two linear regression functions (1 
and 2) are calculated based on management and cost–benefit parameters. Each farm (case) 
had score values of functions 1 and 2 (as coordinates in functions 1 and 2), which were 
estimated using coefficient values that participated in the function as well as standard-
ised values of management and cost–benefit parameters. Parameters with large coefficient 
values that participated in functions 1 and 2 had a strong impact on the score values of 
farms. Next, the different functional score values of each farm were used to determine 
the corresponding coordinate axes of the farm’s distribution map (functions 1 and 2). In 
addition, any management and cost–benefit parameters have great absolute values of cor-
relation coefficients with point values of functions that create discriminant between farm 
groups. Function 1 shared 86.4% of the variance explained and can significantly discrimi-
nate groups of nursery farms (p < 0.05). In this function, the management parameters have 
high loading of coefficients such as fingerling yield (− 1.25), farm gate price (− 1.45), total 
nursery area (− 0.67), eFCR (− 0.53), salinity (− 0.52), production cost (1.44), net income 
(1.22), larvae cost (0.77), age of pond (0.75), nursing period (0.70) and survival rate (0.53). 
Of these parameters, salinity and nursing period had the greatest coefficient correlation 
with function 1 (0.41 and 0.24, respectively); therefore, salinity and nursing period are 
important parameters in distinguishing among nursery farm groups in function 1 (Table 3).

Figure 4 indicates that salinity and nursing period are the main contributors to the vari-
ation of multivariates of nursery farms from different nursery areas and also shows that 
the nursery farm groups affected by salinity area tend to have higher values of variables 
with negative coefficients (and total values of function 1 below − 2 for each farm), whereas 
freshwater farms have total values for function 1 above 2. In the brackishwater area, the 
farm groups with different numbers of months with salinity effect did not differ signifi-
cantly based on the value of function 1. Meanwhile, salinity and nursing period have a high 
correlation with function 1, indicating that the brackishwater groups have high salinity and 
shorter nursing periods compared to farms in freshwater areas. Function 2 explained 7.6% 
of the variance, but this function does not significantly discriminate the groups of nursing 
farms (p > 0.05; Table 3; Fig. 4); therefore, this function cannot be used to analyse multi-
variable differences among farm groups.

Farm construction characteristics Because nursery farms nurse fish only from larvae to 
fingerling sizes, no ponds are used for grow-out. Farm size is the land area including nurs-
ery ponds, houses and other auxiliary items such as warehouses, internal canals and pond 
banks (used as vegetable gardens for family consumption). The ratio of the nursery and 
total farm is less than 50% in freshwater, whereas it is more than 70% in brackishwater 
(Table  4). The smaller ratio in the freshwater nursery farms is attributable to the larger 
space being used for vegetation. Nursery farms operated 2–4 crops per year; the number of 
crops depended on the fingerling demand of grow-out farms.

The average age of ponds in brackishwater areas (5.8 years) was significantly lower than 
in freshwater areas (9.4 years, p < 0.05). Nursery farms for striped catfish were first started 
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in upstream provinces in the MRD (such as An Giang and Dong Thap) that are near to 
grow-out areas. There, farms in brackishwater areas are significantly larger, and with more 
ponds, than those in freshwater areas (p < 0.05).

Characteristics of techniques, cost and profit In the nursery, larvae were fed twice 
daily with commercial pellets containing 28–42% crude protein in brackishwater farms 
and 30–41% in freshwater farms. The protein content of feeds used in the nursery farms 
depended on the availability of feed at the distribution agencies and farmers’ behaviour, 
rather than on the fingerlings’ protein requirements. The fingerlings nursed in brackishwa-
ter farms were fed at a rate of 5.5% body mass, which was significantly lower than that of 
freshwater farms (6.6%, p < 0.05). Although feeding rates were low, the nursing period in 
brackishwater was 2.3 months per crop, which was significantly shorter than that of fresh-
water areas (3.2 months per crop, p < 0.05). Management efficiency of nursery farms in 
brackishwater, as measured by indicators such as survival rate (%), fingerling yield (ton 

Table 3  Standardised canonical discriminant function coefficients and correlations between discriminating 
parameters and standardised canonical discriminant functions of nursing farms

US$ 1 = VND 23,200 (exchange rate on May 12, 2022)
* The average values calculated based on the number of months affected by salinity

Parameters Coefficient value (N = 50) Correlation between param-
eters and functions

Function 1 Function 2 Function 1 Function 2

Age of pond (years) 0.75  − 0.39 0.13 0.19
Salinity (ppt*)  − 0.52 0.74  − 0.41 0.51
Number of nursing ponds (no.  farm−1) 0.20  − 0.20  − 0.18  − 0.57
Nursing density (larvae  m−2) 0.25 0.50  − 0.06  − 0.07
Total nursing area  (m2)  − 0.67  − 0.26  − 0.16  − 0.53
Pond size  (m2) 0.33 0.00  − 0.02 0.00
Feeding rate (% of body weight  day−1) 0.45  − 0.15 0.14  − 0.10
Nursing period (month  crop−1) 0.70 0.49 0.24 0.19
eFCR  − 0.53  − 0.02  − 0.01 0.26
Survival rate (%) 0.53 1.17  − 0.05  − 0.03
Fingerling yield (1000 ind.  ha−1  crop−1)  − 1.25  − 1.51  − 0.16  − 0.13
Fingerling size (no. of ind.  kg−1 of fish) 0.49 0.28  − 0.03  − 0.06
Larvae cost (US$  ha−1  crop−1) 0.77  − 0.09 0.02  − 0.02
Feed cost (US$  ha−1  crop−1)  − 0.44 0.26  − 0.18  − 0.03
Lime cost (US$  ha−1  crop−1) 0.48  − 0.02 0.16 0.03
Drug/chemical cost (US$  ha−1  crop−1)  − 0.06  − 0.05  − 0.02 0.04
Energy cost (US$  ha−1  crop−1) 0.04  − 0.20 0.04 0.10
Hired labour cost (US$  ha−1  crop−1) 0.26 0.07 0.11 0.03
Interest (US$  ha−1  crop−1)  − 0.28  − 0.21  − 0.08  − 0.12
Pond construction cost (US$  ha−1  crop−1)  − 0.42  − 0.30  − 0.03  − 0.14
Equipment cost (US$  ha−1  crop−1)  − 0.24  − 0.26  − 0.18  − 0.05
Warehouse cost (US$  ha−1  crop−1) 0.14  − 0.07 0.01  − 0.05
Production cost (US$ 1000  fingerlings−1) 1.44  − 0.15 0.09 0.06
Farm gate price (US$ 1000  fingerlings−1)  − 1.45 0.30 0.09 0.09
Net income (NI) (US$  ha−1  crop−1) 1.22 0.28  − 0.04 0.03
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Fig. 4  Distribution of nursery farms with management and cost–benefit parameters based on discriminant 
analysis

Table 4  Major nursery farm construction and management characteristics

* Calculation is based on the number of months with salinity intrusion. Values are presented as 
mean ± standard deviation; different subscript letters (a, b) in the same row indicate significant differences 
(p < 0.05)

Description Farm areas (N = 50)

Brackishwater (n = 20) Freshwater (n = 30)

Age of pond (year) 5.80 ± 3.70a 9.40 ± 2.80b

Duration of salinity effect > 0 ppt (month) 7.7 ± 1.3 0.0
Salinity (ppt*) 4.5 ± 2.6 0.0
Farm size  (m2) 28,500 ± 42,532b 8333 ±  5073a

Nursing area  (m2) 20,750 ± 20,794b 3837 ±  2310a

Number of ponds used for nursing (No.  farm−1) 5.5 ± 5.1b 1.0 ± 0.0a

Pond size  (m2) 4179 ± 1155 3837 ± 2310
Settlement pond area  (m2) 550 ± 2235 Not applicable
Water depth (m) 1.7 ± 0.3 1.6 ± 0.3
Nursing density (larvae  m−2) 934 ± 314 794 ± 249
Feeding rate (% of body weight  day−1) 5.5 ± 0.1a 6.6 ± 1.0b

eFCR 0.95 ± 0.09 0.94 ± 0.10
Nursing period (months) 2.30 ± 0.30a 3.20 ± 0.50b

Survival rate (%) 10.2 ± 2.6b 8.7 ± 1.6a

Fingerling yield (ton  ha−1  crop−1) 30.1 ± 6.8b 16.8 ± 10.3a

Fingerling size (ind.  kg−1) 30.0 ± 3.0b 28.0 ± 10.0a
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 ha−1  crop−1) and fingerling sizes (ind. −1  kg−1), was significantly (p < 0.05) greater than 
that of freshwater nursery farms — especially fingerling yield, which averaged 30.1 ton 
 ha−1  crop−1 for brackishwater farms, compared to 16.8 ton  ha−1  crop−1 for freshwater farms 
(Table 4).

The feeding rate was adjusted based on health status and pondwater quality. However, 
the main purpose of a fish nursery is to achieve the highest survival rate at an acceptable 
growth rate, high fingerling quality and the highest production. Results showed that feed 
quality, feeding rate and nursing time were lower and shorter at brackishwater farms than at 
freshwater farms. However, key management efficiency (survival rate and fingerling yield) 
in brackishwater nursery farms was better than that of freshwater nursery farms. These 
findings indicate that management practices at brackishwater nursery farms are superior, 
leading to higher fingerling productivity.

Total variable cost (TVC), total cost (TC) and gross income of nursery farms in brack-
ishwater were significantly greater than those of freshwater farms (p < 0.05). TVC, feed 
and interest costs of nursery farms in brackishwater were significantly higher than those 
of freshwater farms (p < 0.05). By contrast, lime and hired labour costs were significantly 
higher for freshwater farms than for brackishwater farms (p < 0.05). Farm gate price of 
fingerlings depended on many criteria, including fingerling quality, size and survival rate 
post-stocking in grow-out farms. The farm gate price of fingerlings nursed in brackishwater 
farms was lower than that of freshwater farms. The fingerling production cost and farm 
gate price of brackishwater farms were significantly lower (p < 0.05) than those of freshwa-
ter farms. No significant difference in net income was found between the two nursery farm 
groups (p > 0.05; Table 5). The insignificant difference in net income between freshwater 
and brackishwater nursery farms, despite differences in production costs, underscores the 
adaptability of nursery farmers in adjusting their techniques based on salinity conditions.

Salinity associated with fingerling yield and production cost The results of bivariate 
and partial correlation analysis show the significant correlations (p < 0.05) between man-
agement parameters (input/cause variables) such as fingerling yield, months with salinity 
effect (‘period-of-salinity effect’), age of pond, nursing period, eFCR, fingerling size, sur-
vival rate, nursing area, nursing density and production cost, which are mapped in Fig. 5. 
The correlations are illustrated by connecting lines with coefficient value of bivariate and 
partial correlations in the first and second lines, respectively. Bivariate correlation provides 
a correlation between these variables, whereas partial correlation allows determining the 
salinity effect on the correlation among remaining variables, especially production cost and 
fingerling yield. This means that, if the coefficient values of two correlation types are not 
much different, the salinity effect has a negligible impact on the correlation between those 
variables (and vice versa).

Figure  5 indicates that the period-of-salinity effect variable is negatively correlated 
with production cost, but positively correlated with fingerling yield, meaning that with 
increased period-of-salinity effect, fingerling yield was increased whereas production cost 
was reduced. The results indicate that fingerling yield is negatively correlated with produc-
tion cost (− 0.60); the correlation coefficient was slightly decreased (− 0.59) in the case of 
the salinity effect. This shows that under the conditions of salinity effect, production costs 
will decrease if fingerling yield increases.

Bivariate correlation versus partial correlation indicates that only three variables (eFCR, 
fingerling size and survival rate) are significantly correlated with fingerling yield and pro-
duction cost, if the salinity effect is rejected. Results showed that fingerling yield is posi-
tively correlated with fingerling size and survival rate, but negatively correlated with the 
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Table 5  Cost–benefit characteristics of nursery farms

Values are presented as mean ± standard deviation

Costs (US$  ha−1  crop−1) Locations of farm (N = 50)

Brackishwater (n = 20) Freshwater (n = 30)

Total variable cost (TVC) 24,617 ±  5602b 15,479 ±  6836a

Larvae 653 ± 518 751 ± 546
Feed 22,108 ±  5606b 11,875 ±  6593a

Lime 28.0 ± 33.0a 158 ±  111b

Drug/chemical 1267 ± 1184 1165 ± 563
Energy 171 ± 130 221 ± 146
Hired labour 87.0 ± 64.0a 1258 ±  1476b

Interest 302 ±  478b 50 ±  227a

Total fixed cost (TFC) − depreciation costs 912 ± 338 691 ± 453
Pond construction 553 ± 236 472 ± 217
Equipment 223 ±  121b 54 ±  83a

Warehouse 135 ± 132 166 ± 358
Total cost (TC = TVC + TFC) 25,529 ±  5720b 16,170 ±  6831a

Production cost
  US$  kg−1 of fingerling 0.85 ± 0.08a 1.07 ± 0.26b

  US$ 1000  fingerling−1 28.3 ± 3.46a 45.6 ± 27.5b

Farm gate price
  US$  kg−1 of fingerling 1.74 ± 0.54a 2.16 ± 0.52b

  US$ 1000  fingerling−1 57.9 ± 18.9a 89.4 ± 45.6b

  Gross income (GI) 52,119 ± 18,182b 36,660 ± 26,550a

  Net income (NI) 26,590 ± 14,675 20,490 ± 20,889
  NI/TC ratio 1.03 ± 0.54 1.11 ± 0.70

Fig. 5  Bivariate correlation versus partial correlation (by months with salinity effect) between management 
variables and production cost
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nursing period. Meanwhile, the increase in fingerling size (number of fingerlings per kg) 
and survival rate resulted in the reduction of production cost; and the increase of eFCR led 
to the increase of production cost. Thus, the salinity effect did not change the strength of 
correlation between these variables.

Conversely, when excluding salinity effect, nursery area, stocking density, nursing 
period and age of ponds, there was no significant correlation between fingerling yield and 
production cost (p > 0.05). This shows that the strength of the correlation between these 
variables and fingerling yield and production cost is greatly influenced by the salinity 
effect. Under the salinity effect, the increases in nursery area and stocking density contrib-
ute to the increase in fingerling yield (p < 0.05). The increase in the nursing period leads 
to decreased fingerling yield and increased production cost (p < 0.05; Fig. 5). The positive 
correlation between the period-of-salinity effect and fingerling yield suggests that under-
standing the timing of saline water intrusion is key to optimising nursery practices.

Grow‑out farm

Discriminant of farm groups based on months of salinity effect The discriminant pro-
cedure extracts two functions. Function 1 explained 91.2% of variance and significantly 
(p < 0.05) discriminated groups of grow-out farms. Function 1 has a high positive coef-
ficient of average salinity (3.52), culture period (1.02), harvested fish size (0.89) and num-
ber of grow-out ponds (0.66) and a negative coefficient of farm size (− 2.09), warehouse 
cost (− 1.81), water consumption (− 1.09), source of fingerling (− 0.80), feed cost (− 1.18), 
energy cost (− 0.72), yield (− 0.64) and interest cost (− 0.59). These are key variables 
for distinguishing farm groups with different periods (months) of saline water intrusion. 
Through these coefficients, it is shown that causal variables such as salinity and farm size 
participate in the large discriminant function, followed by operational or management effi-
ciency parameters (culture period and water consumption) and expenses (warehouse cost). 
Based on the standardised value of function 1 for each variable of each farm, Fig. 6 indi-
cates that function 1 can significantly (p < 0.05) discriminate in five groups of farms (0, 2, 
3, 4 and 5 months with salinity effect). However, the correlation of each variable with the 
value of function 1 was low (0.00–0.23), which means that the value variation of each vari-
able was not strongly correlated with the value of function 1, except the salinity variable 
(correlation coefficient of 0.23) and source of fingerling used; that is, farmers in brackish-
water areas tend to use fingerlings nursed in brackishwater areas (0.14; Table 6).

As a result of a low correlation coefficient, the farming groups are distributed separately 
along the function 1 axes, the farms with 0 months of salinity effect are located below − 5, 
due to the low value of variables with positive loading coefficient mentioned as salinity and 
management variables. Meanwhile, the variables with high negative loading (such as the 
variable of farm size, water consumption and costs) dominated in function 1; the remaining 
variables of the grow-out farms have low loading to function 1, indicating that fish farmers 
have adjusted their farming methods to achieve the best production efficiency that harmo-
nises technology and net income. Figure 6 also shows that the groups in the brackishwater 
area did not differ in terms of farm characteristics, farming techniques and variable costs 
(these farms were distributed from 10 to 15 along function 1). In particular, the farms with 
2, 3 and 4 months of salinity effect were distributed closely together (horizontal axes); 
these three groups comprise the grow-out farms of Cu Lao Dung (Soc Trang province, 
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site 5) and Tieu Can (Tra Vinh province, site 4; Fig. 1). Function 2 explains 4.4% of the 
variance, despite strong contributions of gross income (− 3.08), yield (2.69), consumed 
water (− 1.57), culture period (1.36) and production cost (1.24) into the value of canonical 
function 2. However, function 2 does not significantly discriminate the groups of grow-out 
farms (p > 0.05); consequently, function 2 cannot be used to analyse multivariable differ-
ences between farm groups divided by the number of months with salinity effect, because 
the centroid variation of each group fluctuates slightly around zero (0) value of vertical 
axes (function 2).

Grow‑out pond characteristics Average pond age was 12 ± 5  years in freshwater areas 
and 11 ± 5 years in brackishwater areas, which shows that freshwater farms began grow-
out activities before brackishwater farms did. Average farm size is larger in brackishwater 
areas, but the size of grow-out ponds was smaller compared to those of freshwater farms. 
However, grow-out pond parameters did not differ significantly (p > 0.05) between fresh-
water and brackishwater areas (Table 7).

Management and cost–benefit parameters In Tables 8 and 9, the greater difference in 
the value of means presented in column [2] from the value of estimated means presented 
in column [3] indicates the stronger effect of fingerling sources compared to management 
parameters. If there is significant covariance (presented in column [4]) of fingerling sources 
to a certain management or cost–benefit parameter (in bold text), its estimated mean will 
be considered.

Fig. 6  Distribution of grow-out farms with management and cost–benefit parameters based on discriminant 
analysis
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Management parameters Fingerling size, stocking density and productivity were signifi-
cantly lower for farms in brackishwater areas than those in freshwater areas (p < 0.05). This 
shows that in brackishwater areas with limited water resources for exchange due to salin-
ity, the grow-out farms had lower stocking density and smaller fingerling size compared to 
farms in the freshwater areas. Commercial pellets for grow-out ponds in brackishwater and 

Table 6  Standardised canonical discriminant function coefficients of grow-out farm groups based on the 
number of months with salinity effect

* Values calculated no. of months with salinity effect
** From brackishwater (coded as 1) and freshwater areas (coded as 2)

Parameters Coefficient values (N = 60) Correlations between vari-
ables and functions

Function 1 Function 2 Function 1 Function 2

Age of pond (year)  − 0.03  − 0.32  − 0.03  − 0.21
Salinity (ppt*) 3.52 0.51 0.23  − 0.25
Farm area  (m2)  − 2.09 0.46 0.01  − 0.08*

Number of grow-out pond 0.66  − 0.09  − 0.01  − 0.01
Water depth (m) 0.43 0.43  − 0.03  − 0.06
Pond size  (m2) 0.31  − 0.60  − 0.03  − 0.02
Total grow-out area  (m2) 0.04 0.05  − 0.03  − 0.15
Settlement pond  (m2) 0.31 0.46 0.00 0.06
Source of fingerling**  − 0.80  − 0.25  − 0.14 0.03
Fingerling size (no. of ind.  kg−1 of fish) 0.02 0.00 0.03  − 0.18
Stock density (ind.  m−2) 0.21 0.40  − 0.08 0.02
Feeding time (time  day−1) 0.11  − 0.47 0.13  − 0.45
eFCR  − 0.39  − 0.61 0.00 0.11
Culture period (month) 1.02 1.36 0.03 0.16
Survival rate (%)  − 0.05  − 0.18 0.05 0.03
Yield (ton  ha−1  crop−1)  − 0.64 2.69  − 0.09*  − 0.01
Harvested size (ind.  kg−1) 0.89 0.36 0.04 0.19
Water consumption (1.000  m3  ton−1 of fish)  − 1.09  − 1.57 0.05 0.04
Fingerling cost (US$  ha−1  crop−1) 0.37  − 0.15  − 0.06 0.06
Feed cost (US$  ha−1  crop−1)  − 1.18  − 0.48  − 0.08 0.03
Lime cost (US$  ha−1  crop−1) 0.15 0.40  − 0.09 0.14
Drug cost (US$  ha−1  crop−1) 0.20 0.46  − 0.08 0.10
Energy cost (US$  ha−1  crop−1)  − 0.72  − 0.30 0.05  − 0.26
Hired labour (US$  ha−1  crop−1) 0.48 0.39  − 0.04 0.09
Interest cost (US$  ha−1  crop−1)  − 0.59  − 0.28  − 0.06 0.13
Pond cost (US$  ha−1  crop−1) 0.38 0.83  − 0.04 0.44
Equipment (US$  ha−1  crop−1)  − 0.24 0.18 0.00  − 0.04
Warehouse (US$  ha−1  crop−1)  − 1.81  − 0.86  − 0.03  − 0.04
Production cost (US$  kg−1) 0.29 1.24 0.00 0.25
Farm gate price (US$  kg−1) 0.40 0.05 0.03 0.10
Gross income (US$  ha−1  crop−1) 0.36  − 3.08  − 0.08 0.00
Net income per total cost (NI/TC) 0.05 0.70 0.01  − 0.16
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freshwater farms ranged from 26 to 28% crude protein. In general, fish were fed one to two 
times per day. Fish farmed in freshwater had a feeding frequency of 1.1 times/day, which 
was significantly lower than that of brackishwater (1.7 times/day, p < 0.05). If the covari-
ance of fingerling source is not considered, the lower stocking density of brackishwater 
farms resulted in a significantly higher survival rate than in freshwater farms (p < 0.05). 
Consequently, in productivity terms, fish farmed in brackishwater areas showed a lower 
yield than in freshwater areas. Feeding rate, culture period, harvest fish size, eFCR and 
water consumption were not significantly different between the two groups (p > 0.05).

Covariance‑based of freshwater and brackishwater fingerlings The fingerling sources 
covariates significantly (p < 0.05) with management parameters of the two grow-out groups 
(freshwater and brackishwater) such as stocking density, fingerling size, survival rate, yield 
and eFCR. Table 8 indicates that there is a significant covariance (p < 0.05) between finger-
ling sources and the stocking density of two grow-out groups. Estimated stocking density 
was increased in brackishwater and decreased in the freshwater farms based on covariance 
between fingerling source and stocking density. Therefore, the covariance of fingerling 
sources and stocking density was decreased in the freshwater and increased in the brackish-
water farms. If both farm groups used the same sources of fingerling, the stocking density 
of freshwater and brackishwater farms was not significantly different (p > 0.05). It was also 
demonstrated that in the brackishwater areas, the stocking densities of fingerling sourced 
from the brackishwater areas were 30.4 ± 13.5 ind.  m−2, whereas it was 66.9 ± 23.4 ind. 
 m−2 for fingerlings from the freshwater areas. Meanwhile, the grow-out farms in freshwater 
areas did not use fingerlings nursed in the brackishwater area, likely due to the long trans-
port distance from the brackishwater area to the freshwater areas, as well as the high avail-
ability of fingerlings nursed in the freshwater area.

The fingerling size, survival rate, yield and eFCR of fish cultured in the two grow-out 
groups were also significantly covaried by fingerling sources (p < 0.05). If the covariance of 
fingerling sources are taken into account, the estimated means of these parameters for the 
freshwater and brackishwater grow-out groups were not significantly different (p > 0.05). In 
other words, if the same fingerling source is used, these parameters did not show a signifi-
cant difference (Table 8). Results indicate that the variation between freshwater and brack-
ishwater grow-out farms’ management characteristics (e.g. stocking density, fingerling size, 
survival rate, yield) is an important consideration for farmers when selecting the appro-
priate conditions for their farm operations. The importance of matching fingerlings to the 
target environment is highlighted by the finding that management-parameter efficiency not 

Table 7  Characteristics of grow-
out ponds

Independent t-test (p > 0.05). Values are presented as mean ± standard 
deviation

Description Locations of farm (N = 60)

Brackishwater 
farms (n = 30)

Freshwater 
farms (n = 30)

Farm size (ha) 23.9 ± 68.6 15.7 ± 22.4
Number of ponds (no.  farm−1) 2.30 ± 4.10 3.60 ± 9.00
Water depth (m) 3.80 ± 0.60 4.00 ± 0.70
Pond size  (m2) 3467 ± 4657 4953 ± 4267
Total grow-out area (ha) 9.8 ± 26.3 15.1 ± 21.8
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significantly different when fingerlings are sourced from the same salinity conditions as the 
grow-out farm.

Cost–benefit parameters Generally, the TC of farms in the brackishwater area was signif-
icantly lower than that of farms in the freshwater area (p < 0.05). In terms of expense, feed 
and fingerling costs are respectively ranked as the first and second most expensive in total 
costs for both farm groups. The remaining costs of brackishwater farms were significantly 
lower than those of freshwater farms (p < 0.05), except for equipment and warehouse costs; 
this may be attributable to lower stocking density in brackishwater farms. For farms in the 
brackishwater area, only the energy cost was higher than that of farms in the freshwater 
area (p < 0.05). However, the efficiency of expenses and return, production cost, farm gate 
price and net income of farms in brackishwater and freshwater areas were not significantly 
different (p > 0.05).

There were covariances of fingerling sources to gross and net income, as well as to 
expenses such as fingerling, feed, energy and warehouse costs (p < 0.05). However, this 
covariance did not lead to a significant difference (p > 0.05) in these variables between 
the groups of brackishwater and freshwater farms. This means that the averages of such 
parameters for brackishwater and freshwater grow-out groups are not significantly dif-
ferent, regardless of the covariance of fingerling sources (Table 9). The estimation of net 
income, considering fingerling source covariance, is a valuable approach for assessing the 
economic performance of grow-out farms in different salinity conditions.

Discussion

Effects of salinity on the growth of striped catfish

Nursery Larvae nursed in brackishwater have a shorter duration and higher survival rate, 
resulting in higher fingerling productivity compared to that of fish nursed in freshwater; 
this may be due to the advantages of management practices. Brackishwater nursery farms 
have low production costs and farm gate prices compared to freshwater nursery farms, and 
no significant difference was found between these two nursery groups’ net incomes. The 
effect of the period-of-salinity effect was positively correlated with fingerling yield and 
negatively correlated with production costs. This result is due to the eFCR, stocking den-
sity, nursery site, pond age and the effect of time with saline water intrusion affecting the 
nursing period. There was a slight difference in the stocking density between freshwater 
and brackishwater nursery farms. Larvae survival rates were higher in the brackishwater 
farms than in the freshwater farms.

Salinity is one of the important factors affecting the growth rate, survival rate and 
metabolism of fish (Amornsakun et al. 2017). In freshwater fishes, growth rates are faster 
in slightly brackishwater conditions due to isostatic energy savings (Gilles and Patrick 
2001). In striped catfish, ion exchange (Na + ,  K+ and  Cl−) of cell membranes tends to 
decrease at salinities close to the iso-osmotic point (9 ppt; Phuong et al. 2023). Freshwater 
fish with iso-osmotic salinities typically range from 10 to 12 ppt (Varsamos et al. 2005), 
whereby the fish saves considerable energy for growth (Gilles and Patrick 2001). Hai 
et al. (2022) reported that the best growth performance for striped catfish, from larvae to 
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fingerling stages, occurs at salinities of 5–10 ppt; performance began to diminish at higher 
salinities. In the 0–20-ppt salinity range, alterations in gut genes involved in ion exchange 
and stress response occur that help fish adapt to water salinity (Hieu et al. 2022). In the 
0–9-ppt salinity range, striped catfish larvae had the highest survival rate; digestive enzyme 
activities and plasma osmolality were not affected at 6 ppt salinity (Ha et al. 2021).

Grow‑out Brackishwater farms have limited availability of water for daily exchange. 
With high stocking density applied in the grow-out stage, the volume of water exchange 
is immense, thus resulting in lower stocking density in brackishwater farms than in fresh-
water farms. The survival rate of fish in brackishwater farms is higher than in freshwater 
farms. At 6 ppt salinity and 35 °C conditions, striped catfish had fast growth; salinity and 
temperature did not affect growth hormone at 0–12 ppt salinity (Phuc et al. 2015). Striped 
catfish had a growth rate of 0.5 g  day−1 at 9 ppt salinity, which was higher than at the 
other salinities, ranging from 0 to 15 ppt, and the lowest FCR was found (Lam et al. 2011). 
According to Thao et al. (2013), the survival rate of striped catfish was highest in condi-
tions of 2–10 ppt salinity; in particular, fish reared at 6 ppt salinity had especially high 
rates of growth performance and survival and low FCR. If the water salinity in the MRD 
does not exceed 10 ppt, striped catfish farming is not affected (Phuc et al. 2014). Salinity in 
excess of 10 ppt will reduce suitability for striped catfish farming in the Soc Trang and Ben 
Tre provinces of these study areas, as well as in other coastal areas of the MRD. Therefore, 
one of the sustainable solutions is to develop salinity-tolerant striped catfish strains (Anh 
et al. 2014).

The survey results showed that farms with water supply had an average salinity of 
4.5 ± 2.6 ppt (< 9 ppt) and a maximum salinity period of 5 months per year, which also 
showed that there is evidence-based scientific and practical farming for the development 
of striped catfish in the brackishwater areas. With the same fingerling source, it would 
be expected that there is no difference in the management and cost–benefit characteris-
tics between brackishwater and freshwater farming. The advantages of fingerlings nursed 
in areas close to grow-out farms are higher than those of fingerlings nursed in areas with 
different ecological conditions, such as freshwater areas. This shows that striped catfish 
fingerlings nursed in brackishwater areas are better for stocking in brackishwater grow-out 
farms. Research on the salinity tolerance of striped catfish fingerlings, which has been ini-
tially successful, shows a strong potential for fingerling nurseries in low-salinity areas to 
meet the fingerling demand for grow-out in the MRD area under salinity intrusion caused 
by climate change (Hai et al. 2022).

Diseases Only BNP was reported in the nursing period of brackishwater farms, whereas 
various diseases (including BNP, WLG and RSD) were reported in freshwater farms. For 
the grow-out stage, fish from brackishwater farms were not infected by SBD, whereas 
BNP, RSD, WLG and SBD diseases were all detected in fish from freshwater farms. As 
Edwardsiella ictaluri is a causative agent of BNP, after 14 days of salinity increase, fish 
nursed in 11–14 ppt salinity were more sensitive to E. ictalurid, with significantly higher 
cumulative mortality than those nursed at lower salinities; mortality was not significantly 
different among groups of fish reared in salinities of 0, 2, 5 and 8 ppt (Tu et al. 2020). Fish 
gut responds to changes in different osmotic pressure conditions, and it plays a role in ionic 
balance in saline water (Takei and Hwang 2016), which leads to a 10- to 50-fold increase in 
water intake to compensate for water loss (Grosell 2006, 2010). Among striped catfish cul-
tured in freshwater, the intestinal tract was dominated by phyla Bacteroidetes, Firmicutes, 
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Proteobacteria and Verrucomicrobia; meanwhile, among those cultured in brackishwater 
(0–20 ppt; Hieu et  al. 2022), Sulfurospirillum and Vibrio were the most abundant. Hieu 
et  al. (2022) also reported that salinity gradients up to 10 ppt did not negatively affect 
immune responses. In general, the diversity of disease pathogens in striped catfish reared in 
brackishwater is lower than in freshwater conditions; this is due to changes in the ecologi-
cal environment at different salinity levels, especially changes in osmotic pressure, which 
have affected the occurrence of disease in striped catfish farming.

Management and cost–benefit issues

Nursery farm Nursery farms in freshwater and brackishwater areas have different char-
acteristics in terms of age, farm size and feeding rate, which result in higher survival rates 
and fingerling yields for brackishwater farms compared to freshwater farms. However, 
brackishwater farms have higher total costs, but lower farm gate prices, compared to fresh-
water farms. Therefore, the net incomes and NI/TC ratios of the two farm groups were 
not significantly different (p > 0.05). These findings show that the nursery farmers in both 
freshwater and brackishwater areas have adjusted their techniques based on natural condi-
tions (especially salinity) to improve their economic efficiency.

Grow‑out farm The result indicated that the management characteristics of grow-out 
farms in freshwater and brackishwater areas are significantly different (p < 0.05) in terms 
of stocking density, fingerling size, survival rate and yield. The advantages of freshwater 
farms are higher stocking density, larger fingerling size and higher yield, whereas brackish-
water farms have smaller fingerling size and higher survival rate.

However, calibrating these parameters with the fingerling sources (freshwater and 
brackishwater), the efficiency of the management parameters of the two farm groups is not 
significantly different (p > 0.05). In other words, if grow-out farms in brackishwater areas 
are stocked with brackishwater fingerling, management efficiency is higher than that of 
freshwater fingerling. Fingerlings nursed in brackishwater are better adapted to brackish-
water conditions. Similar to the above-mentioned issues, the total costs of brackishwater 
and freshwater farms are significantly different (p < 0.05) without considering the covari-
ance of fingerling sources. If the total cost is estimated using the covariance of fingerling 
sources, the total cost and net income of the grow-out farms in the two farming areas are 
not significantly different (p > 0.05).

Estimated yields (with fingerling source covariance) ranged from 280 to 314 ton  ha−1 
 crop−1; thus, the estimated net incomes of brackishwater and freshwater farms are US$ 
79,600 and US$ 69,200  ha−1  crop−1, respectively. According to Hien et al. (2020), striped 
catfish yields and net income were 406 to 517 ton  ha−1  crop−1 and US$ 59,483 to US$ 
82,328  ha−1  crop−1 for brackishwater and freshwater farms, respectively. There is no sig-
nificant difference in economic parameters between the two farming areas. Fish yield var-
ies between brackishwater and freshwater farms, but the net incomes of these farming areas 
are only slightly different in absolute values. The comparison of yields and net income with 
a previous study by Hien et al. (2020), as well as the observation that fish yields in Hien’s 
study are lower than those in An Giang and Dong Thap provinces as measured by this 
study, provide useful context for the economic performance of the farms in the study areas.
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Conclusions

The survival rate and productivity of fingerlings  (10.2%, 30.1 ton  ha-1  crop-1) nursed in 
brackishwater areas are higher than those nursed in freshwater areas (8.7%, 16.8 ton ha-1 
crop-1). The period-of-salinity effect has positive (0.56) and negative (-0.36) correlations 
with fingerling yield and production cost, respectively, leaving no significant difference 
in net income between brackishwater and freshwater nursery farms. During the grow-out 
stage, low stocking density leads to lower fish yields  (42.5 ind.  m-2, 229 ton  ha-1  crop-1)  
in brackishwater farms compared to freshwater farms (67.5 ind.  m-2, 366 ton  ha-1  crop-1). 
However, with the same fingerling sources, these two farming areas show no significant 
difference in management and cost–benefit characteristics. Brackishwater grow-out farms 
stocked with fingerlings nursed in brackishwater areas have better management efficiency 
compared to brackishwater farms stocked with fingerlings nursed in freshwater areas. 
There is no significant difference in economic parameters between the two farming areas, 
which is important for understanding the overall economic viability of striped catfish farm-
ing in both freshwater and brackishwater regions. Only a clinical sign of BNP disease is 
reported in brackishwater farms; no clinical sign of SBD was reported in brackishwater 
ponds. To support the adaptability of nursery and grow-out practices in response to salinity 
conditions, and the importance of matching fingerling sources to the target environment, a 
programme of selective breeding for salinity-tolerant strains of striped catfish is necessary 
to improve climate change adaptivity of this farming system in the MRD.
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