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Abstract. The study aimed to evaluate the effect of low pH water from acid sulfate soil on growth
parameters and digestive enzyme activities of striped catfish (Pangasianodon hypophthalmus) fingerling
stage (11.1+0.12 g). The fish was exposed to six levels of water pH including 4.5, 5.0, 5.5, 6.0, 6.5, and
7.2 (tap water as control). The treatments were randomly arranged and triplicated in 500-L fiberglass
tanks with a density of 40 fish per tank for 60 days. The results showed that the average fish weights at
the pH 6.0, 6.5, and 7.2 (control) treatments were significantly higher than those at the pH 4.5, 5.0, and
5.5 treatment (p < 0.05), and the highest was in the pH 6.5 treatment (40.1+0.22 g). The longest body
length was found in the pH 6.5 treatment (17.2+0.12 cm), statistically significant in comparison with fish
at the pH 4.5 treatment (14.1+0.47 cm) (p < 0.05). The daily weight gain (DWG) and specific growth
rate (SGR) were highest at the pH 6.5 treatment compared to the other treatments. The feed conversion
ratio (FCR) was highest at the pH of 6.5 (1.08) while the lowest was at the pH 4.5 (1.64). The survival
rates fluctuated between 92.5 and 96.6%, but they were insignificantly different among treatments. The
activities of trypsin and chymotrypsin enzymes were significantly decreased in the fish reared in the pH
lower than 6.0 while pepsin and amylase enzyme activities showed no effect by the pH levels. The results
suggest that the acid sulfate soil areas with slightly low pH (about 6.5) could be considered for striped
catfish aquaculture.
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Introduction. Acid sulfate soils have been described as the nastiest soils in the world
because they contain a high amount of sulphuric acid, resulting in an acid environment
with a pH reaching about 2 (Dent & Pons 1995). Aquatic organisms living in this acidic
environment could be rendered stunted, sickly, or even died at lethal doses of aluminum
and other toxic elements (Dent & Pons 1995). In Vietnam, it was reported that the area
of acid sulfate soils was 1.8 million hectares accounting for 5.5% of the country's total
area. About 1.6 million hectares of this land were situated in the Mekong delta region
with pH as low as 3.5 (Khang et al 1998; MARD 2017). In the acid sulfate soil regions,
the decrease in soil and water pH interferes with its aquaculture production because low
pH impacts the growth of aquatic life in either direct or indirect ways. Impacts on aquatic
life can be seen after rain events, especially following a period of drier conditions,
flushing a large amount of sulfuric acid and toxic, heavy metals into water associated
with acid sulfate soil, resulting in fish kills (White et al 1997), diseases as an outbreak of
epizootic ulcerative syndrome, reproduction, recruitment, and growth problems for
cultured species (Sammut et al 1995). Teleost fish showed a higher growth rate at the
pH between 6.5 and 9.0, and fish growth interfered as pH was below 6.0 (Zweig et al
1999). Some studies proved that low water pH influences the growth performance and
feed consumption of some cultured species (Abbink et al 2012; Kennedy & Picard 2012).
Most of the fish species are able to tolerate both rather low pH (4.0-5.0) and very high
pH (9.0-10.0); the mortalities, however, have been found in a few hours when fish
exposed to pH out of this range (Parra & Baldisserotto 2007). The larval weight and
length of silver catfish (Rhamdia quelen) was rapidly decreased when being nursed at pH
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6.0 and 7.0 compared to higher pH levels and larvae being died at pH 5.5 after 21 days
of exposure (Lopes et al 2001). Another trial on R. quelen grown at pH 5.2-6.5 presents
lower growth compared to fish cultured at pH 7.5 (Copatti et al 2005). Atlantic salmon
cultured at pH 4.2-5.0 showed lower growth than those grown at pH 5.2-6.5 (Norrgren &
Degerman 1992). Most recently study by Darmawan et al (2021) indicated that catfish
(Pangasius sp.) could not survive at pH less than 3.0 with a decreased survival rate at pH
4.0. In addition, it was also found that reduced pH increased the plasma cortisol
concentration causing non-specific immunity of fish (Brown et al 1990).

Pangasianodon hypophthalmus was considered as the important cultured species
in Vietnam, particularly the Mekong delta accounting for the largest aquaculture area and
highest production with 5.700 hectares and 1.56 million tons in 2020 (VASEP 2020).
Previous studies in P. hypophthalmus mostly focused on environmental effects such as
salinity (Lam et al 2011; Huong & Quyen 2012; Phuc et al 2014; Ha et al 2021),
temperature (Phuc 2015; Huong et al 2020), dissolved oxygen (Phuong et al 2017) or
nitrite (Lefevre et al 2011) on fish physiology as well as growth performance. The effects
of pH, especially low water pH caused by drainage from acid sulfate soils on P.
hypophthalmus have not attracted much attention from scientists although the areas of
acid sulfate soils have been increasing year by year by reclamation, especially to grow
rice (Minh & Vu 2015). Therefore, the purpose of this study is to elucidate the influences
of low water pH formed by acid sulfate soils on growth performance, survival rate, and
enzymatic activities of P. hypophthalmus. The gained results could contribute to the
extension of P. hypophthalmus aquaculture in the acid sulfate soil region, such as in the
Mekong delta of Vietnam.

Material and Method

Experimental material. The study was conducted at the College of Aquaculture and
Fisheries, Can Tho University from April 2021 to June 2021. Seven hundred twenty P.
hypophthalmus fingerlings (11.1+0.12 g) were artificially produced at the College of
Aquaculture and Fisheries, Can Tho University. Acid sulfate soils were obtained from Hoa
An village, Phung Hiep district, Hau Giang province, Vietnam. The soils (wet form) were
then mixed with tap water (pH 7.21) with the portion of 50% water : 50% soil (v/v) for 3
days, resulting in highly acidic water with a pH of around 2.5-3.0. This low pH water was
then diluted with tap water to obtain different experimental pH levels.

Experimental design. There were six pH levels representing different experimental
treatments including 4.5, 5.0, 5.5, 6.0, 6.5, and 7.21 (using tap water as control) with
three replicates for each. P. hypophthalmus fingerlings were randomly distributed into 18
fiberglass tanks (500-L) (containing 300-L of water) with a density of 40 individuals per
tank. After three days, water pH in the tanks was decreased in a stepwise fashion by
0.25 units every 2 hours, monitored by a pH meter (Hanna model HI98128). Treatments
with lower pH levels were adjusted before the higher pH treatments in order to get all the
treatments to reach the target pH levels at the same time. The experimental period was
60 days.

The water in the culture tanks was continuously supplied with oxygen by aeration
throughout the experimental period. Besides, pH was controlled according to the target
levels by frequently checking pH values in every single tank (three times/day). Highly
acidic water or tap water was added into the tanks as pH moved out of the experimental
levels. Fish were fed to satisfaction twice a day with commercial pellets (7434 - Cargill, 2
mm-35% protein), and uneaten pellets were removed about 30 minutes post-feeding.
Water exchange of 50% was conducted weekly. The number of dead fish was recorded
for determining the survival rate.

Water quality parameters. The water quality parameters such as pH, temperature,
and dissolved oxygen (DO) were checked twice a day. NO,", total ammonia nitrogen
(TAN), and SO,*> were measured once a week. Total iron (Fe) and aluminum (Al) were
measured at the beginning and the end of the experiment. Concentrations of NO,™ and
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TAN were measured using the methods of Griess llosvay and Diazonium and Indophenol
blue, respectively. The concentration of SO,?" was analyzed using a method described by
APHA (2012). Total Fe and Al were measured using the method of APHA (1995).

Growth parameters. The initial weight and length of fish were measured at the
beginning of the experiment. On day 30" and 60", the number of fish in each tank was
counted and fish weight and length were determined by measuring all the fish in each
tank.

Number of fish at the end of the experiment
Number of fish at the beginning of the experiment

Survival rate (SR, %) = x 100

Daily weight gain (DWG, g day™) = M
Ln(Wt) - Ln(WO)
t

Specific growth rate (SGR, % day™) = X 100

Daily length gain (DLG, cm day™) = Lt;tl_o
Feed intake
Fish weight gain

Feed conversion ratio (FCR) =

where: Wy, Lo: initial weight (g) and initial total length (cm) respectively; Wt, Lt: final
weight (g) and final total length (cm) respectively; t: experimental time (day).

Digestive enzymatic activities. At the end of the experiment, feeding was ceased for
one day before sampling the stomach and anterior part of the fish gut to analyze
digestive enzymatic activities (pepsin in the stomach; amylase, trypsin, and
chymotrypsin in the gut). The samples of stomach and gut were homogenated with the
buffer KH,PO, 20 mM and NaCl 6 mM, pH 6.9. The mixture was then centrifuged at 4,200
x g for 30 minutes at 4°C. The supernatant was collected and stored at -80°C for further
analyses. Chymotrypsin and pepsin activities were measured by the method described by
Worthington (1982); trypsin was measured by the method of Tseng et al (1982);
amylase was measured by the method of Bernfeld (1951). Specific activities were
analyzed using the method of Bradford (1976) and expressed as U mg protein™ min™.

Statistical analysis. All the data were subjected to statistical treatment involving
standard deviation (SD) and mean (M) using Excel 2016. One-way analysis of variance
(ANOVA) together with DUNCAN’s post-hoc tests were used to test for significant
differences among treatments (at a significant level of p < 0.05) by using SPSS 18.0.

Results

Water parameters. Throughout the experimental period, water pH in different
treatments was maintained around the set levels with values of 4.54+0.09; 5.03%+0.11;
5.524+0.09; 6.01+0.08; 6.46+0.09; 7.21+0.20 at the treatments of 4.5, 5.0, 5.5, 6.0,
6.5, and 7.2, respectively. The temperature ranged between 28.4 and 28.6°C, while DO
remained at high concentrations of 6.71-7.03 mg L™ (Table 1). NO, concentrations
ranging between 0.008 and 0.186 mg L™ reveal increases with the pH levels. TAN and
S0,% concentrations increased in low pH treatment compared to the higher pH
treatments, which fluctuated from 0.16 to 2.14 and from 1.09 to 13.5 mg L™,
respectively. The concentrations of Al and Fe were decreased as the pH levels increased,
with values ranging from 0.318 to 0.023 mg L™ for Al and from 0.094 to 0.021 mg L™ for
Fe (Table 2).
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Table 1

The values of pH, temperature, DO, TAN and NO,™ in experimental tanks during the experiment

pH H Temperature DO TAN NO,"
treatments P (°C) (mg L™ (mg L™ (mg L™
4.5 4.54+0.09 28.4+1.34 7.03+0.02 2.1440.12 0.008+0.019
5.0 5.03+0.11 28.4+1.36 6.98+0.02 2.19+0.09 0.034+0.058
5.5 5.52+0.09 28.6+1.31 7.00+0.03 2.20+0.05 0.027+0.022
6.0 6.01+0.08 28.5+1.30 6.80+0.06 2.20+0.08 0.067+0.060
6.5 6.46+0.09 28.4+1.44 6.71+0.01 0.51+0.19 0.186+0.143
Control 7.21+0.20 28.5+1.28 6.95+0.00 0.16+0.10 0.154+0.070
Values are presented as mean=+SD.
Table 2
The concentration of SO,%, Al and Fe in experimental tanks during the experiment
pH treatments S0, (mg L™h Al (mg L™ Fe (mg L™
4.5 13.5+0.67 0.318+0.186 0.094+0.079
5.0 9.13+2.83 0.193+0.033 0.083+0.026
5.5 7.97+0.63 0.117+0.040 0.062+0.033
6.0 7.99+0.06 0.032+0.007 0.051+0.022
6.5 2.24+0.24 0.031+0.005 0.026+0.004
Control 1.09+0.37 0.023+0.002 0.021+0.015

Values are presented as mean=+SD.

Survival rate. The results showed high tolerance of P. hypophthalmus to a low pH
environment, which is not a significant difference among the treatments. The survival
rates of fish were also somewhat high, ranging between 92.5 and 96.7%. The lowest
survival rates were at the pH 5.0 and 5.5 treatments (92.5%) and the highest was at pH
4.5 treatment (96.6%).

Growth performance. After 30 days of culture, the average fish weight at the pH 6.5
treatment presented the highest increase (23.7+0.19 g), which was rapidly higher than
the other treatments (p < 0.05). The growth performance of fish decreases with a
decrease of the pH treatments from 6.5 to 4.5, with only one exception visible for the pH
6.0 treatment. The lowest average body weight (14.8+1.43 g) was found in the pH 4.5
treatment. On day 60", the average body weight of fish in different treatments followed
the same pattern as seen on the day 30"; fish in the pH 6.5 treatment showed the
highest weight (40.1+0.22 g) and lowest at the pH 4.5 treatment with values of 20.3+
1.90 g (p < 0.05) (Figure 1).

—&— pH4.5
—C— pH 5.0 d
—¥— pH5.5
—&— pH 6.0
—&— pH®6.5
—+— Control

40 -

Body weight (g)

5 T T 1
0 30 60
Day
Figure 1. The average body weight of P. hypophthalmus cultured in different pH levels. Lines with
different letters (a, b, c, d) signify a significant difference (p < 0.05) at the same sampling time.
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On the other hand, the increase in fish length followed the same trend as seen in
the growth in fish weight. The lengths of fish in the pH 6.0 and 6.5 treatments after 30
days were significantly higher than the other treatments (p < 0.05). On day 60", the
highest body length was likely observed for the pH 6.5 treatment (17.2+0.12 cm), being
rapidly higher than those in the other treatments (p < 0.05) (Figure 2).
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Figure 2. The average body length of P. hypophthalmus cultured in different pH levels. Lines with
different letters (a, b, c, d) signify a significant difference (p < 0.05) at the same sampling time.

Daily weight gain and specific growth rate. The same trend as seen in the results of
body weight and length was repeated in DWG and SGR. After 60 days, DWG and SGR
were highest at pH 6.5 with values of 0.482+0.004 g day ™’ and 6.047+0.009% day*,
respectively, and these growth indicators decreased with the decrease in pH. The lower
the pH was, the lower the DWG and SGR recorded with the exception being visible in the
control treatment. It is also noted that DWG and SGR in different pH treatments were
significantly different (p < 0.05). Similarly, DLG was likewise highest at pH 6.5 (0.096+
0.002 cm day™), which was significantly higher than those in the other treatments (Table
3).

Table 3
Daily weight gain, specific growth rate and daily length gain of P. hypophthalmus cultured
in different pH levels for 60 days

pH DWG SGR DLG
treatments (g day™) (% day™) (cm day™)
4.5 0.154+0.0322 4.790+0.183% 0.045+0.008?
5.0 0.260+0.007" 5.309+0.035"° 0.068+0.003"
5.5 0.281+0.013° 5.403+0.050° 0.073+0.003"
6.0 0.333+0.013° 5.592+0.044° 0.079+0.003°
6.5 0.482+0.004¢ 6.047+0.010¢ 0.096+0.002°
Control 0.351+0.007° 5.662+0.024° 0.079+0.001°

Values are presented as mean=SE; different subscript letters (a, b, ¢) in the same column indicate significant
differences (p < 0.05).

Feed conversion ratio. The result indicated that low pH conditions affected the FCR of
fish in different pH treatments. The highest value was noted at the pH 4.5 treatment
(1.64) which was significantly higher than other treatments, while the lowest FCR was
found at the pH 6.5 treatment (1.08), not being dramatically different from the pH
treatments of 5.0, 5.5, 6.0, and control (Figure 3).
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Figure 3. The FCR of P. hypophthalmus cultured in different pH levels. The bars with
different letters (a, b) signify a significant difference (p < 0.05).

Digestive enzyme activities. After 60 days of culture in different pH conditions, the
results of the enzymatic analysis showed an increase in trypsin and chymotrypsin
activities when pH increases from 4.5 to 6.5 followed by a decrease in the control
treatment. The highest activities of trypsin and chymotrypsin were found at the pH 6.5
treatment (0.0075+0.00094 and 294+30.8 U min?* mg protein?), which were
significantly higher (p < 0.05) than those at the pH 4.5 and 5.0 treatments with values of
0.0049+0.00041; 0.0056+0.00039 and 173+24.5; 178%x18.9 U min® mg protein™,
respectively. It also revealed that the enzymatic activities from pH 5.5 to 6.5 and control
treatments were not significantly different. On the contrary, the other two types of
enzymes were not impacted by different pH levels (p > 0.05) (Table 4).

Table 4
Digestive enzyme activities of P. hypophthalmus cultured in different pH levels

pH Enzymes (U min™* mg protein™)
treatment Trypsin Chymotrypsin Amylase Pepsin

4.5 0.0049+0.00041% 173+24.5° 0.69+0.10% 0.32+0.02%
5.0 0.00562-0.00039%" 178+18.9° 0.64+0.02% 0.42+0.10%
5.5 0.0060+0.00061%" 254+421.2% 0.63+0.02? 0.42+0.01?
6.0 0.00600.00006%° 284+38.3" 0.64+0.01% 0.40+0.03%
6.5 0.0075+0.00094° 294+30.8° 0.71+0.04% 0.40+0.08%

Control 0.0071+0.00022"° 234+14.6%" 0.64+0.03% 0.38+0.07°

Values are presented as mean=SE; different subscript letters (a, b, c) in the same column indicate significant
differences (p < 0.05).

Discussion

Water parameters. The variations in water temperature and DO during the experiment
were within a normal range for fish (Boyd 1998). Changing pH values could change the
toxic level of chemical compounds in water. The addition of sulfate water to maintain the
target pH levels impacted the TAN and SO, concentrations. Specifically, TAN and SO,*
concentrations increased in low pH treatments compared to the higher pH treatments.
This could be explained that the initial concentrations of TAN and SO,* were high and
decreased when being dissolved with tap water. This explains the high TAN and SO,*
concentrations in low pH treatments where the dilution ratio with tap water is lower than
those in high pH treatments. This can be most prominently seen in the control (tap
water) treatment with no acidic sulfate water being used. NO,™ concentrations increased
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with the pH levels during the experiment. Al and Fe concentrations follow the same
pattern as seen in the result of SO,®" concentration analysis, and the same reason could
be used to explain the decreasing trend of Al and Fe concentrations when pH levels
increase. Boyd (1998) suggested the suitable limits of SO,*" and Fe for aquatic organisms
which are 5-100 mg L and 0.05-0.5 mg L™, respectively. The negative effects on
aquatic biota and particularly the high toxic concentrations of dissolved Al (also partly
complexed with sulfate) can be expected to have acute effects on fish and other
organisms (Nystrand & Osterholm 2013). It has been stated that a dissolved Al
concentration of around 0.5 mg L™ will generally eliminate most aquatic species in acidic
waters (Earle & Callaghan 1998). Additionally, Gostomski (1990) said that the average
concentration of Al does not exceed 0.75 mg L™ when the ambient pH is between 6.5 and
9.0 to protect from acute toxicity. On the contrary, Morone saxatilis and Salvelinus
fontinalis exposed to an Al concentration of 87 mg L™ neither cause mortality nor
significant weight loss. In the current study, Al concentrations at the 4.5 and 5.5
treatments exceeded the suitable range for aquatic organisms, which may be toxic to
fish. Generally, these water quality parameters (except Al) during the experiment are
within the acceptable limits for aquatic species.

Survival rate. The resistance of fish to unfavorable environments, particularly in low pH
conditions is species-specific. The present study reveals high survival rates being from
92.5 to 96.6%, implying that P. hypophthalmus is capable to survive in acidic sulfate soil
drainage affected water conditions with pH reaching as low as 4.5 for a long period. Daily
observation noted some fish with slow swimming, loss of appetite, and decreases in fish
weight compared to the initial weight. These fish died either a few days after exposure or
after day 30", explaining the decreased survival rates of fish in the experiment. The
tolerance of the P. hypophthalmus to low pH conditions was previously highlighted by Yen
(2003), where larvae (0.74-0.77 g) can survive at a pH value of 3.79%0.1. As stated by
Darmawan et al (2021), who investigated the effects of decreasing pH (using HCI) by
both direct and gradual pH reduction methods on the survival rate of Pangasius sp., fish
were not able to survive at pH 3.0 in the direct pH reduction method, and the survival
rates of 61.9+29.7% and 90.5%+8.25% were recorded at pH levels of 4.0 and 5.0,
respectively. At pH of 6.0 and 7.0, no mortality was recorded after 240 minutes of
exposure. Oppositely, the survival rates were higher when using the gradual pH reduction
method, being 95.2+8.25% at the pH 4.0 and 100% at pH higher than 5.0. In this study,
pH was reduced by 0.25 units every 2 hours and the fish survival rate was highest at the
pH 4.5 which showed the pH reduction method did not affect the survival of fish.

Growth performance. P. hypophthalmus fingerlings reared in low pH water for a long
period show great influences on their growth performance. The results, as
aforementioned, indicate that fish weight decreased as pH was reduced lower than 6.0.
There is only a limited number of published papers about the effects of acidic sulfate soil
drainage on the striped fish as well as other aquatic species. The studies of the effect of
acid revealed that the low pH condition has impacts on the physiology and growth of
cultured fish. As stated by Wood (2001), high H* concentrations in acidic water disrupt
the tight junctions of gill epithelia, increasing ion loss via paracellular routes. This results
in changes in plasma ion levels, subsequently requiring more energy to maintain
ionoregulatory balance. This explains the lower growth observed in P. hypophthalmus
reared at low pH (4.5-6.0) in this study. The loss of plasma ions (Na") was also found in
R. quelen fingerlings exposed to pH 5.0 and 6.0 compared to 7.5 (Bolner & Baldisserotto
2007). A decrease in ion Na* concentration was also observed in Perca flavescens (Freda
& McDonald 1988). Ha et al (2017) also demonstrated that Pangasius bocourti exposed
to pH 6.39+0.05 (high CO, level) showed decreases in ion Na® and CI° concentrations,
and plasma osmolality and growth performance. Previous research on R. quelen showed
that larvae exposed to pH 5.5 and 6.0 had lower length and weight than larvae exposed
to higher pH (Lopes et al 2001). Besides, some studied species presented a better growth
in slightly acidic water (Alabaster & Lloyd 1982). The explanation given by the authors is
due to the reduced competition for food. In a study to investigate the influences of acetic
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acid and sodium carbonate on Trichogaster lalius, Sahu & Datta (2018) reported lower
weight gain and specific growth rate at pH levels of 5.0, 6.0, and 9.0 compared to either
pH 7.0 or 8.0. Another similar result was published by Menendez (1976) on S. fontinalis
fingerlings where the fish growth at water pH 5.5, 6.0, and 6.5 was lower than those in
pH 7.1. This finding was supported by Ndubuisi et al (2015), where pH 7.0 was proven to
have a better growth of Clarias gariepinus fry when they were exposed to at 11 pH levels
2, 3,4,5,6, 7, 8,9, 10, 11 and 12) for 14 days. A decrease in length and weight of
Lepomis macrochirus was also recorded at pH 5.5 compared to pH 6.5 and 7.5
(Brogowski et al 2005).

Digestive enzymatic activities. Acidic sulfate water does not only directly affect the
growth of P. hypophthalmus, but also its digestive enzymatic activities. In the present
study, trypsin and chymotrypsin activities decreased in fish cultured at low pH conditions.
Trypsin and chymotrypsin play an important digestive enzyme in fish, hydrolyzing
peptide bonds of various amino acids including lysine, arginine, and aromatic amino acids
(Huong & Tu 2010). Additionally, trypsin is considered a key proteolytic and self-
activated enzyme influencing the activity of other pancreatic zymogens; it potentially
limits the growth rate of Gadus morhua (Lemieux et al 1999). The decrease in trypsin
and chymotrypsin enzyme activities is likely to result in decreases in the absorption of
protein in consumed food and the growth performance of fish. In addition, the disruption
in the intestinal morphology was found by Ibrahim et al (2020) who reared Cyprinus
carpio in different acidic conditions with pH of 6.6, 5.8, and 5.0. The authors also noted
the formation of necrosis and atrophy of intestinal villi, submucosal edema, and mucosal
necrosis and the massive destruction of the mucosal epithelium in fish under various
acidic stress. This disruption possibly reduces the amount of secreted enzymes and
consequently impairment of digestive and absorptive processes and their physiological
efficiencies. The deficiencies in digestion and absorption of food influence the FCR of P.
hypophthalmus. In highly acidic sulfate water (pH 4.5), the FCR was significantly higher
than other pH levels. On the other hand, low pH condition stresses the Pangasius sp.,
leading to increase in blood glucose concentration and damage of gills (Darmawan et al
2021). Fish use more energy to prevent the negative impacts of low pH rather than
growth, resulting in a decrease in growth and an increase in FCR. The effects such as
reduction in growth, appetite and feed conversion efficiency, and disruption to
physiological homeostasis of low pH were reported to be more severe than at higher pH
(Abbink et al 2012).

Conclusions. P. hypophthalmus can survive under highly acidic sulfate water with pH
reaching as low as 4.5, but their growth is under the great influence. The pH lower than
6.0 causes a decrease in fish growth and digestive enzyme activities, with an increase in
FCR. Generally, slightly acidic sulfate water with a pH of 6.5 could be considered for P.
hypophthalmus aquaculture. In addition, it is interesting that fish growth indicators are
greater in the pH 6.5 if compared to those of control pH 7.2 so further investigation on
this would be necessary.
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