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Abstract
To identify ways to improve water quality and shrimp production in closed systems, two parallel

experiments (one in tanks and one in ponds) were conducted using Pacific white shrimp, Litopenaeus
vannamei , cultures. In both experiments, the effects of inorganic (Nutrilake®) and organic (molasses)
fertilization on physicochemical parameters, bacterial concentrations, and shrimp performance under
zero water exchange were evaluated. Fertilization with both molasses and Nutrilake enhanced the
feed conversion rate, as well as shrimp survival and production. In tanks, the shrimp survival and
production rates were highest in the molasses treatment, but this effect was not observed in ponds. In
ponds, fertilization with Nutrilake increased nitrogen and phosphorus concentrations more than did
the controls and molasses treatments toward the end of the experiment. In tanks, fertilization with
molasses reduced ammonia concentrations toward the end of the experiment, but the same effect was
not observed in ponds. In ponds, fertilization reduced the proportion of Vibrio spp. bacteria, which
most likely reduced the incidence of disease from these potentially pathogenic organisms. In both
culture systems, fertilization increased the proportion of Bacillus spp., which most likely enhanced
food availability.

Shrimp farming is a major industry in trop-
ical and subtropical areas around the world.

1 Corresponding author.

According to industry sources, the global pro-

duction of aquaculture shrimp was estimated at

2.3 million m.t. in 2011 (FAO-Globefish 2012).

However, pollution, environmental degradation,
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poor pond management, and other factors have
increased the occurrence of diseases, such as
white spot, in most shrimp-producing countries
over the last two decades (Moser et al. 2012;
Rowley and Pope 2012). Researchers are inter-
ested in identifying methods to improve water
quality, increase shrimp production (Rosen-
berry 1993; Hopkins et al. 1994), and improve
ecological sustainability.

During the 1980s and 1990s, studies of
shrimp culture were conducted (Aquacop 1985;
Wyban and Sweeney 1990; Sandifer and Hop-
kins 1996) with the goals of mitigating the
environmental impacts of effluent discharge
and reducing the risk of contaminant and
pathogen introduction into the water supply
(Esparza-Leal et al. 2010; Panjaitan 2010).
More recently, shrimp cultures have evolved
from open systems with frequent water dis-
charge to closed systems with limited water
discharge. The main problem with closed sys-
tems is rapid eutrophication, which increases
concentrations of nutrients (i.e., ammonia and
nitrite) and organic matter in the system during
the culture (Thakur and Lin 2003).

Some authors have reported that closed, zero
water-exchange culture systems have upper
limits of nutrient input and shrimp biomass,
beyond which shrimp growth and survival are
compromised (Tacon et al. 2002; Decamp et al.
2007; Panjaitan 2010). A balance between
waste production and assimilation in the pond
environment is critical to the success of closed
systems (Panjaitan 2010). A promising pro-
cedure for maintaining this balance in zero
water-exchange shrimp cultures involves pro-
moting the growth of heterotrophic bacteria.
Heterotrophic bacteria recycle metabolites and
are sensitive to increases in the total biomass
in the culture system (Panjaitan 2010). Het-
erotrophic bacteria in an aquaculture system
most likely use nitrogen from sources other than
the pond water, and the addition of monosac-
charides such as glucose and carbon com-
pounds to pond water can stimulate ammo-
nia uptake by heterotrophic bacteria in marine
waters (Wheeler and Kirchman 1986; Hoch
et al. 1994) and provide single-celled sources

of protein for shrimp (Avnimelech et al. 1989;
Avnimelech 1999).

Molasses is an economical source of car-
bon because it costs approximately $0.60/kg
(SoloStocks 2012). It has been widely used in
aquaculture as a carbon source for denitrifi-
cation and aerobic waste conversion (Burford
et al. 2003; Jimenez et al. 2004; Quan et al.
2005; Samocha et al. 2007). Additionally,
the low nitrogen, ash, and fiber contents of
molasses make it a valuable source of carbon
(Vega-Baudrit et al. 2008).

Natural food production can be increased by
inorganic fertilization (Boyd 1997), and more
than 50% of the diet of Litopenaeus vannamei
comes from natural food (Anderson et al. 1987;
Castille and Lawrence 1988). The application
of Nutrilake® or “Chilean saltpeter” (primarily
composed of sodium nitrate) to aquaculture
ponds has several environmental and eco-
nomical benefits. This fertilizer is a nitrogen
source that, unlike ammonium fertilizer, does
not produce acidity through nitrification, and it
can be used by bacteria to mineralize organic
matter, transforming it into CO2 and water
(Boyd 1997).

The objectives of this study were as follows:
(1) to determine whether providing additional
carbon via molasses applications promotes the
uptake of ammonia by heterotrophic bacteria
and reduce environmental ammonia concentra-
tions; (2) to determine whether adding Nutri-
lake stimulates natural food production; and
(3) to determine which strategy (unfertilized,
molasses, or Nutrilake) is most effective at
enhancing shrimp production in zero-discharge
tanks and ponds.

Materials and Methods

Study Site and Experimental Design

To investigate the effects of fertilization
with Nutrilake and molasses, two parallel
experiments using juvenile L. vannamei were
conducted outdoors under ambient conditions,
one in tanks and one in ponds. The tank
experiment was carried out at the Centro
de Diagnósticos Integrales de Laboratorio,
Guamúchil, Salvador Alvarado, Sinaloa,
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Table 1. Average values of the components of molasses
made from sugar cane (reported by Vega-Baudrit et al.
2008).

Component Composition (%)

Water 20.0
Saccharose 35.0
Glucose 7.0
Levulose 9.0
Other reducing substances 3.0
Other carbohydrates 4.0
Ash 12.0
Nitrogen compounds 4.5
Non-nitrogenous compounds 5.0
Waxes, steroids, and phospholipids 0.4

Mexico (25◦27′10′′N and 108◦04′56′′W); the
pond experiment was conducted at a com-
mercial shrimp farm in Angostura, Sinaloa,
Mexico (25◦20′33′′N and 108◦22′41′′W). The
fertilization treatments at both sites were (1)
0.5 g/m3/wk of an inorganic fertilizer, Nutrilake
(the fertilizer application rates are as follows:
0.073 mg N, 0.030 mg P2O5, 0.018 mg SiO2,
and 0.115 mg Na/L/wk; 14.5-6-0 inorganic fer-
tilizer with 3.5% SiO2 and 23% Na; Nutrilake,
SQM Nitratos de Mexico), (2) 1.25 g/m3/wk
of locally purchased molasses made from
sugar cane (Table 1; Vega-Baudrit et al. 2008),
and (3) control (unfertilized). The amount of
molasses added was based on our prior experi-
ence and the reports of Avnimelech (1999) and
Ebeling et al. (2006). For each treatment, three
tank replicates and two pond replicates were
randomly assigned. The experimental period
lasted 75 d from May to July 2010.

Tank Study

Each treatment (Nutrilake, molasses, and
control) was applied to three (2 × 1 × 1 m)
rectangular plastic tanks with bottom areas of
2 m2. All of the tanks contained a uniform
sediment layer (7-cm deep) obtained from
the original ponds where the farm experiment
was conducted. Juvenile shrimp (3.3 ± 0.5 g)
from the on-farm ponds were transported to
the outdoor laboratory. After 1 wk, uniformly
sized (4.0 ± 0.3 g) juveniles without evidence
of disease or parasites were stocked at a density

of 20 juveniles/m2 in each experimental culture
tank. To ensure that the shrimp were white
spot syndrome virus (WSSV) negative, three
pooled hemolymph samples (10 shrimp per
pool, 50 μL of hemolymph per shrimp) were
taken from the shrimp batch (Esparza-Leal
et al. 2009), and WSSV-negative status was
confirmed via nested polymerase chain reaction
(PCR) prior to the start of the experiment. In
addition, shrimp were examined to ensure that
they were free of signs of disease such as
anorexia, lethargy, and reddish discoloration of
the body before the experiment was started.

For the fertilization treatments, Nutrilake and
molasses were weighed and dissolved in marine
water. Each solution was spread over the tank
water after the first feeding and repeated once
per week until the end of the study period
(total = 11 times). The control treatment was
conducted under the same conditions as the
fertilization treatments.

Water (salinity = 32 g/L) was obtained from
the ponds where the on-farm trials were con-
ducted, and it was filtered (1.5-mm polyethy-
lene mesh) and aerated for a week before the
experiment.

Shrimp were reared under a light regime of
approximately 14 h light : 10 h dark under ambi-
ent temperatures. Each tank was aerated by two
airstones suspended midway in the water col-
umn. Pressurized air was supplied by a regener-
ative air blower (1/2 hp, Sweetwater®, Aquatic
Ecosystem Inc., Apopka, FL, USA). Water was
maintained at a depth of 0.85 m with zero water
exchange throughout the experimental period,
except for water added to maintain the water
level. The shrimp were fed twice daily at 0800
and 1600 h with commercial shrimp pellets con-
taining 35% crude protein (Purina®, Obregón,
Mexico). The feed ratio was gradually adjusted
(16–3%) based on demand and was monitored
with feed trays and the body weight of the
shrimp (Cuadros and Beltrame 1998).

To record shrimp growth, 50% of the pop-
ulation was sampled weekly. Samples were
mass weighed, counted, and returned to the
tank. Shrimp were harvested after 75 d. The
survival rate was calculated as the percentage
of live shrimp remaining in each tank from
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the original stocked number. The production
for each tank was calculated by adding the
weight of all organisms harvested. The spe-
cific growth rate (SGR, % body weight/d) was
calculated using the equation SGR = 100 [(ln
W f − ln W i)]/t , where W f is the mean weight
at the end of the period, W i is the mean weight
at the beginning of the period, and t is the
time in days of the period (Ricker 1979). The
feed conversion rate (FCR) was calculated by
dividing the feed supplied (dry weight) by the
live weight gain (wet weight) of the shrimp
(Hari et al. 2004).

Pond Study

Six earthen ponds of 1 ha each (two replicates
per treatment) were selected for the on-farm
experiment. Ponds for the fertilization (Nutri-
lake and molasses) and control treatments were
subject to the usual prestocking procedures of a
semi-intensive shrimp farm (Martínez-Córdova
1999). Marine water for the experimental
ponds was pumped from the Caimán estu-
ary (25◦17′59′′N and 108◦22′41′′W) in the
Gulf of California. The water was filtered
through a 1.5-mm polyethylene mesh to
remove unwanted organisms. Water was
maintained at a depth of 1 m with zero water
exchange throughout the experimental period,
except for water added to maintain the water
level. Postlarvae PL-16 (16-d-old postlarvae;
0.014 ± 0.001 mg) L. vannamei were purchased
from a commercial hatchery and stocked in
each experimental pond at 10 PL/m2. The
pond experiment began after 36 d, when each
shrimp weighed approximately 4.0 ± 0.4 g and
the pond density was approximately 9 orgs/m2.
Prior to starting the experiment, sampling was
conducted to estimate the population density
of each pond (Anónimo 1998), and the shrimp
were confirmed to be WSSV-negative via
nested PCR using samples taken from each
pond (Esparza-Leal et al. 2009).

Nutrilake and molasses were separately dis-
solved in pond water and applied uniformly
over the pond surfaces before the first feeding
and then once per week until the end of the
study (total = 11 wk).

The control treatments were conducted under
the same pond conditions as the fertilization
treatments. The daily feed ratio was gradually
adjusted (16–3%) based on demand and was
monitored with feed trays and the body weight
of the shrimp until the end of the culture
period (Cuadros and Beltrame 1998). Feed was
distributed evenly over the pond surface twice
daily at 0800 and 1600 h. Each week, 200
shrimp per pond were removed, weighed, and
returned, and the average weight was used to
estimate biomass. Shrimp were harvested on the
75th day of culture. The total shrimp production
per pond was estimated, and subsamples were
weighed and counted to calculate the average
weight and shrimp survival rate. SGR and FCR
were calculated using the same method as that
used in the tank experiment.

Physicochemical Parameters and Bacterial
Analyses

Water samples for analyses of physicochem-
ical parameters and bacterial concentrations
were collected prior to treatment. During both
experiments, pH (monitored with a Hanna 213
pH meter, Hanna Instruments, Woonsocket, RI,
USA), temperature ( C), and dissolved oxy-
gen (DO; mg/L) (both monitored using a YSI
55 digital oxygen meter with an integrated
thermometer, Yellow Springs Instruments, Yel-
low Springs, OH, USA) were measured in
each tank/pond twice a day (tank experiment:
0800 and 1600 h and pond experiment: 0600
and 1600 h). Water salinity was monitored
weekly with an Atago refractometer (Novat-
ech International, Houston, TX, USA). Nitrite
(mg NO2/L), nitrate (mg NO3/L), ammonia
(mg NH4/L), and phosphate (mg PO4/L) were
analyzed twice monthly using the method
described by Strikland and Parsons (1972).

Water samples for bacterial analyses were
collected twice monthly from each tank/pond
following standard procedures (APHA 1995;
Gómez-Gil 2006). Bacteria were spread-plated
on nutrient agar to obtain bacterial counts:
tryptone soy agar (TSA agar, Difco, Lawrence,
KS, USA) was used for the total viable bacteria
count, thiosulfate citrate bile salt agar (TCBS
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agar, Difco) was used for the presumptive
Vibrio spp. count, and mannitol-egg yolk-
polymyxin agar (MYP Agar, Difco) was used
for the enumeration of presumptive Bacillus
spp. The plates were supplemented with 2.5%
NaCl and incubated for 24 h at 30 C before
counting (CFU/mL).

Statistical Analyses

The effect of the treatments on physico-
chemical parameters and the bacterial counts
in each experiment were evaluated by two-
way repeated measures analysis of variance
(ANOVA) with treatment (separate tanks to
ponds) as a main factor and sampling date as a
repeated measures factor (Gomez and Gomez
1984). The effects of treatment on shrimp
growth, survival, production, and FCR were
evaluated using one-way ANOVA. Where sig-
nificant main factor effects were identified, dif-
ferences among treatments were tested with
Tukey’s multicomparison test of means. The
results were evaluated at the 5% significance
level. The analyses were conducted using Sta-
tistica package v6 (StatSoft, Tulsa, OK, USA).

Results

Physicochemical Parameters

In both the tank and pond experiments,
nitrite concentration differed significantly
among treatments (both P < 0.05; Fig. 1). No
significant difference was observed between
the molasses and control groups in either
experiment (tanks, P > 0.05 and ponds,
P > 0.05); however, nitrite concentrations were
significantly lower in these groups than in the
Nutrilake group (tanks, P < 0.05 and ponds,
P < 0.05). The nitrite concentration did not
exceed 2 mg/L in any group. In both the tank
and pond experiments, the nitrite concentration
was highest in the Nutrilake treatment (1.70
and 0.08 mg NO2/L, respectively) and lowest
in the control treatment (0.50 and 0.03 mg
NO2/L, respectively).

In the tanks, no significant differences in
nitrate concentration were detected among the
treatments (P > 0.05; Fig. 1); however, signif-
icant differences were observed in the ponds

(P < 0.05; Fig. 1). Significantly higher nitrate
concentrations (ca. 7 mg NO3/L) were observed
in the Nutrilake group (P < 0.05) compared
with the molasses and control groups, which
did not differ significantly (P > 0.05).

The ammonia concentration differed signif-
icantly among treatments in both the tank and
pond experiments (both P < 0.05; Fig. 1). In the
tanks, the Nutrilake and control groups did not
differ significantly (P > 0.05), but both yielded
significantly higher concentrations (P < 0.05)
than molasses. In the ponds, the molasses and
control groups showed no significant differ-
ences (P > 0.05) in ammonia concentration
(0.3 mg NH4/L), and both exhibited signifi-
cantly lower ammonia concentrations than the
Nutrilake group (ca. 2 mg NH4/L, P < 0.05).

The phosphate concentration (<0.6 mg
PO4/L) did not differ significantly among treat-
ments in either experiment (tanks, P > 0.05
and ponds, P > 0.05; Fig. 1), nor were any
significant differences (all P > 0.05) in tem-
perature (values ranged from 27.4 to 33.6 C),
pH (7.9–8.2), DO (3.5–6.1 mg/L), or salinity
(32–37 g/L) detected among treatments.

Bacterial Analyses

Unlike in the pond experiment (P < 0.05),
the total bacteria count differed significantly
among treatments (P < 0.05; Fig. 2) in the
tank experiment. The fertilized treatments did
not differ (P > 0.05); however, both yielded
significantly higher counts than the control
group (P < 0.05).

In both experiments, total Vibrio spp. count
varied by treatment (P < 0.05; Fig. 2), but in
different ways. In the ponds, the control group
counts (ca. 30,500 CFU/mL) were significantly
higher (P < 0.05) than the fertilized group
counts, whereas in the tanks, the control
tank concentrations were significantly lower
(P < 0.05; <5000 CFU/mL) than the fertilized
tank concentrations.

The total Bacillus spp. counts differed signif-
icantly among treatments in both the tank and
pond experiments (both P < 0.05; Fig. 2). In
the tanks, differences were observed between
all treatments (all P < 0.05), with the high-
est counts in the molasses treatment and the
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Figure 1. Temporal variations in the nitrite, nitrate, ammonia, and phosphate concentrations in shrimp culture water in
the tank and pond experiments across treatments: inorganic fertilization (Nutrilake), organic fertilization (molasses), and
unfertilized (control) over 75 d. Each point represents the mean (±SE) of three replicates (one sample per replicate) in
the tank experiment and two replicates (two samples per replicate) in the pond experiment. Letters that differ between
lines indicate significant differences ( P < 0.05).

lowest counts in the control group. In the
ponds, the counts did not differ significantly
between the fertilized groups (P > 0.05), but
both fertilized groups presented significantly
higher (P < 0.05) counts than the controls.
In both experiments, the lowest total Bacil-
lus spp. counts (<400,000 CFU/mL, except
during the last week) were recorded in the

unfertilized tanks/ponds, and the highest con-
centrations occurred in the molasses treatment
(>400,000 CFU/mL throughout the study).

Shrimp Production Parameters

In the tank experiment, the average final
weight and SGR of the shrimp after 75 d
in culture did not differ significantly among
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Figure 2. Effect of inorganic fertilization (Nutrilake), organic fertilization (molasses), and unfertilized (control)
treatments on total bacteria, presumptive Vibrio spp., and Bacillus spp. counts (CFU/mL) in shrimp culture water in the
tank and pond experiments over 75 d. Each point represents the mean (±SE) of three replicates (one sample per replicate)
in the tank experiment and two replicates (two samples per replicate) in the pond experiment. Letters that differ between
lines indicate significant differences ( P < 0.05).

treatments (both P > 0.05; Table 2). In con-
trast, in the pond experiment, the average final
weight and SGR of the shrimp differed sig-
nificantly among treatments (both P < 0.05;
Table 2). No significant differences (average
final weight, P > 0.05 and SGR, P > 0.05) were
observed between the Nutrilake and molasses
treatments; however, both yielded significantly
lower average final weights (P < 0.05) and
SGR (P < 0.05) than the control group.

In both experiments, shrimp survival dif-
fered significantly among treatments (tanks,
P < 0.05 and ponds, P < 0.05; Table 2). In the
tanks, shrimp survival was higher (P < 0.05)

in the molasses treatment than in the Nutri-
lake treatment and was higher in the Nutri-
lake treatment (P < 0.05) than in the con-
trol group. In the ponds, shrimp survival
did not differ significantly between the fer-
tilized treatments (P > 0.05); however, both
yielded higher survival rates (P < 0.05) than the
control group.

The total shrimp production in each exper-
iment differed significantly (both P < 0.05)
among treatments (Table 2). In the tanks,
shrimp production was higher (P < 0.05) in the
molasses treatment than in the Nutrilake treat-
ment and was higher in the Nutrilake treatment
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Table 2. Mean (±SE) values of production parameters for shrimp ( Litopenaeus vannamei) reared in tanks (20
orgs/m2) and ponds (9 orgs/m2) over a 75-d culture period1.

Trial Fertilization Initial weight (g) Final weight(g) SGR (%/d) FCR Survival (%) Production (kg/ha)

Tanks Nutrilake 4.1 ± 0.3a 9.9 ± 0.5a 0.98 ± 0.18a 1.2 ± 0.1a 70.2 ± 3.0a 21247 ± 100a

Molasses 4.0 ± 0.3a 10.5 ± 0.8a 1.07 ± 0.25a 1.1 ± 0.1a 80.0 ± 3.0b 21512 ± 200b

Control3 4.0 ± 0.4a 9.3 ± 0.8a 0.93 ± 0.33a 1.4 ± 0.1b 40.0 ± 5.0c 2669 ± 190c

Ponds Nutrilake 4.0 ± 0.4a 13.5 ± 0.9a 1.35 ± 0.28a 1.3 ± 0.1a 85.0 ± 4.0a 1147 ± 145a

Molasses 4.0 ± 0.6a 14.2 ± 0.8a 1.41 ± 0.39a 1.1 ± 0.1a 88.0 ± 3.6a 1249 ± 176a

Control3 4.1 ± 0.3a 16.5 ± 1.2b 1.55 ± 0.15b 1.6 ± 0.2b 38.0 ± 7.6b 627 ± 149b

FCR = feed conversion rate; SGR = specific growth rate.
1Means (±SE) of three replicates (one sample per replicate) in the tank experiment and two replicates (two samples

per replicate) in the pond experiment are shown. Values in the same column with different superscripts differ significantly
(P < 0.05) within experiments.

2Production values were extrapolated from kg/m2 to allow comparisons with the pond results.
3Control = Unfertilized.

(P < 0.05) than in the control group. In the
ponds, shrimp production did not differ sig-
nificantly between the molasses and Nutrilake
groups (P > 0.05), but shrimp production for
both treatment groups was significantly higher
than for the control group (P < 0.05).

In both experiments, FCR differed sig-
nificantly (both P < 0.05) among treatments
(Table 2). FCR did not differ between the
fertilized groups (tanks, P > 005 and ponds,
P > 0.05); however, both fertilized groups pre-
sented significantly lower FCRs than the control
group (tanks, P < 0.05 and ponds, P < 0.05).

Discussion

Some studies have found that the addition of
molasses to culture water significantly increases
the total heterotrophic bacterial count (Burford
et al. 2003; Schneider et al. 2006; Samocha
et al. 2007; Panjaitan 2010); however, we
found no significant differences in bacterial
counts between the molasses and Nutrilake
treatments.

Because the tanks were stocked at 20 orgs/m2

and the ponds were stocked at 9 orgs/m2, the
feeding rates were most likely significantly dif-
ferent, making it difficult to directly compare
the performance of the tanks and ponds. How-
ever, fertilization with molasses or Nutrilake
enhanced shrimp survival, production, and FCR
in both zero-water exchange systems. In the
tanks, we observed higher final shrimp survival
and production in the molasses treatment, which

is consistent with other studies (Avnimelech
1999; Burford et al. 2003, 2004; Erler et al.
2005; Stuart et al. 2009; Panjaitan 2010), but
this effect was not observed in the ponds. These
findings suggest that fertilization programs may
be beneficial for shrimp culture but that they
likely need to be tailored to both shrimp density
and the type of culture unit.

In both experiments, the lowest total bacteria
counts, survival, production, and FCR were
recorded in the control tanks and ponds.
This finding was expected because the lack
of inorganic or organic fertilization can limit
microbiota proliferation (Burford et al. 2003).
However, lower shrimp survival rates (<40%)
in the unfertilized controls and the reduced
density yielded slightly larger shrimp in the
ponds, where feeding could not be adjusted for
unknown mortality. According to Wang et al.
(1998), the mean final size of shrimp tends
to decrease with increasing density, but at a
low density, the final size continues to increase
until the carrying capacity of the system
is reached.

In both the tank and pond experiments, the
total Vibrio spp. counts were similar across the
fertilized treatments. In the ponds, fertilization
decreased the proportion of Vibrio spp., which
most likely reduced the incidence of disease
from these potentially pathogenic organisms.
In the control treatments, the two experiments
yielded opposite outcomes: relative to the fertil-
ized treatments, lower concentrations of Vibrio
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spp. were observed in the tanks, whereas higher
concentrations were observed in the ponds.
Although no mass mortality of shrimp occurred,
a low shrimp survival rate was more evident
in the control groups. This lower survival rate
is most likely associated with Vibrio spp. con-
centrations because a high concentration was
observed in the ponds but not in the tanks; how-
ever, no conclusions can be drawn from this
study because we did not evaluate the total Vib-
rio spp. count in shrimp. However, Vibrio spp.
have been closely associated with mortality in
cultured shrimp (Song et al. 1993; Liu et al.
1996). For vibriosis to occur, an increase in
pathogenic Vibrio spp. numbers is most likely
expected but does not entail an increase in the
entire Vibrio population (Lavilla-Pitogo et al.
1998; Sung et al. 1999). Differences among
shrimp populations in their response to fac-
tors eliciting vibriosis most likely reflect differ-
ences in their capacity to resist stress, as influ-
enced by their nutrition and physiology (Sung
et al. 1999). Sung et al. (1999) reported that
vibriosis in culture pond water was associated
with increases in the proportion of potentially
pathogenic species in the Vibrio population, and
Roque et al. (1998) demonstrated a close rela-
tionship between the incidence of disease in
shrimp and the pathogen population of Vibrio
spp. in the surrounding water.

In the tank experiment, the total Bacil-
lus spp. count differed among all three treat-
ments, with the lowest concentrations occur-
ring in the unfertilized tanks and ponds. Alone,
these results suggest that molasses and Nutri-
lake provide water conditions that are more
favorable to Bacillus species; however, in con-
trast to expectations (Samocha et al. 2007),
molasses did not have a greater effect than
Nutrilake on the Bacillus spp. concentrations
in the ponds. Although the fertilized treatments
yielded higher Bacillus counts than the unfertil-
ized treatment in the latter experiment, our data
do not indicate that molasses enhances Bacillus
proliferation more than Nutrilake.

In both culture systems, fertilization
enhanced the proportion of Bacillus spp.,
which most likely enhanced food avail-
ability and yielded the lowest Vibrio spp.

concentrations. The addition of Bacillus spp.
as a probiotic in penaeid shrimp ponds has
been shown to increase shrimp survival rates
and decrease luminous Vibrio spp. densities
(Moriarty 1998). Other studies have reported
that the addition of Bacillus spp. in the shrimp
diet can reduce Vibrio spp. concentrations;
Bacillus spp. most likely outcompete Vibrio
spp. for nutrients and space and exclude other
harmful bacteria (Boonthai et al. 2007; Nimrat
et al. 2008).

Neither phosphate concentration, tempera-
ture, pH, and DO nor salinity varied between
treatments in either of the studies, as all of the
parameters remained within the tolerable level
for shrimp growth (Chien 1992). However, in
the ponds, fertilization with Nutrilake increased
the phosphorus concentrations toward the end
of the experiment above the levels of the con-
trol and molasses treatments.

Nitrogen concentrations differed among
treatments in both studies. In the ponds,
fertilization with Nutrilake increased nitro-
gen concentrations toward the end of the
experiment above the level of the control and
molasses treatments. As expected, the addition
of Nutrilake, which is primarily composed of
sodium nitrate (Boyd 1997), resulted in higher
concentrations of nitrite, nitrate, and ammonia.
In the tanks, molasses reduced the ammonia
concentrations toward the end of the exper-
iment, which was expected because several
studies have demonstrated that molasses serves
as a substrate for bacterial growth, which in
turn can decrease ammonia concentrations
(Avnimelech et al. 1989; Avnimelech 1999;
Burford et al. 2004; Samocha et al. 2007).
However, the same effect was not observed in
ponds. In both zero-water exchange systems,
the nitrite, nitrate, and ammonia concentra-
tions did not exceed 2.0, 9.0, and 6.0 mg/L,
respectively; the concentrations that juve-
nile shrimp can reportedly tolerate without
affecting their growth are 8.0 (Sowers et al.
2004), 100 (Muir et al. 1991; Rijn et al. 2006),
and 6.5 mg/L (Frías-Espericueta et al. 1999),
respectively.

In summary, fertilization with molasses or
Nutrilake enhanced shrimp FCR, survival,
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and production. In the tanks, treatment with
molasses caused the highest rates of survival
and shrimp production and reduced ammonia
concentrations in the culture system, but this
effect was not observed in ponds. In the ponds,
fertilization with Nutrilake increased nitrogen
and phosphorus concentrations toward the
end of the experiment above the level of the
control and molasses treatments, and decreased
the proportion of Vibrio spp. In both culture
systems, fertilization enhanced the proportion
of Bacillus spp. These findings suggest that
fertilization programs are most likely beneficial
for shrimp culture, but they need to be tailored
to both shrimp density and the type of culture
unit. Further research with molasses and
Nutrilake fertilization should consider starting
the experimental cycle with postlarval shrimp
because the early juvenile stage has a faster
growth rate and is more sensitive to some
aspects of water quality.
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Gómez-Gil, B. 2006. Manual de bacteriología. CIAD-
Mazatlán, Sinaloa, México.
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