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ABSTRACT

Maximum feeding rate adopted in fish farming in still water in the western hemisphere ranges from
40-50 kg feed /ha /day (4-5 grams feed /m? /day) without water quality deterioration; while that of
Egyptian water was not investigated. The study was conducted to assess the effect of feeding fish with
constant areal (per area) feeding rates (8, 10, 12, 14 g diet /m* /day) on daily oxygen production,
nighttime community respiration and pH dynamics as well as the growth performance of Nile tilapia. The
control treatment received a daily feeding rate load of 6.5 g /m*/day. The experiment lasted 90 days
during summer season. Dusk oxygen concentrations in experimental tanks were significantly higher in the
8 gram and control treatments compared to those of 10, 12 and 14 gram treatments .The 8 gram and
control treatments had just the correct feeding rate (6.5-8 g/ m® /day) that exactly equaled the waste
assimilative capacity of the water and sediment, resulting in a slightly positive oxygen budget at dawn. In
the high feed loads (10 -14 g/m?/day) treatments, the average nighttime community respiration exceeded
the daytime net oxygen production, with duration of (near zero) depleted oxygen that ranged from 01:58
to 02: 55 hours before daybreak. All other treatments resulted in positive oxygen budgets, with oxygen
surplus at dawn suggesting net autotrophy. The 8 grams and control treatments did not suffer oxygen
deficiency before daybreak. Feed conversion ratios and daily weight gains were significantly improved in
those treatments compared to the treatments with high feed loads. The better environment of the lower
feeding rates improved treatment performance in terms of daily weight gain and feed conversion ratio.
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1. INTRODUCTION oxidize wastes and prevent them from
Dissolved oxygen concentration is often accumulating to levels harmful to fish (Boyd,
considered to be the primary water quality factor 2008). Two of the key parameters in ecosystem
limiting production intensification (Hargreaves, energy and mass flow are rates of gross primary
2006). Generally, dissolved oxygen should be production (GPP) and respiration ( Howarth
maintained for some warm water fish above 3 mg  and Michaels, 2000).
/L. (Colt, 2006). Dissolved oxygen concentrations Practical experience indicates that when
below this level will result in reduced growth and artificial aeration is not used, critical point occurs
increased mortality (Colt et al., 2009). This is  when mid-summer, long-term feeding rates
particularly true during the night, when there isno  exceed 30 to 50 pound /acre per day (3-5 g feed
photosynthesis to produce oxygen. Consequently, /m?/day) (Tucker, 2003). As feeding rates increase
monitoring oxygen levels is perhaps the single past 30 to 50 pound/acre per day, a point is
most critical management function (Boyd and eventually reached where the capacity of the pond
Clay, 2002). Dissolved oxygen (DO) is widely  to assimilate and process fish waste products is
considered to be the most limiting water quality ~ exceeded, and fish growth rate decreases markedly
variable affecting fish production. An adequate  due to the deterioration of water quality.
concentration of dissolved oxygen is needed to Presumably, the waste assimilation capacity of the
avoid stress and to assure good growth of the pond is exceeded when higher feeding rates are
cultured species. Moreover, sufficient dissolved  used because water quality deterioration
oxygen is needed in aquaculture systems to  suppresses fish appetite (Tucker, 2003).
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The sustainable operation of pond aquaculture
is defined in large measure by the capacity of the
pond to remove organic matter, a rate affected
primarily by temperature and oxygen availability
(Hargreaves and Tucker, 2003). Providing ponds
with limited mechanical aeration (1-2 hp /acre)
allows catfish farmers to feed up to about 100 -
150 kg feed/ ha /day (10-15 grams/m?/day, with
normal fish growth and relatively few problems
with acute water quality deterioration. If
summertime feeding rates exceed those levels,
especially for an extended time, feed consumption
by fish decreases, presumably because the waste
assimilation capacity of the pond is exceeded and
water quality deterioration suppresses fish appetite
(Hargreaves and Tucker, 2003).

The dry matter loading rate into a static culture
system will directly influence the early morning
dissolved oxygen concentration. Yakupitiyage,
(1993) reported that the possible upper dry matter
loading rate for a short duration (3-6 months ) for
tilapia / carp polyculture system under artificial
aeration was approximately 100 kg feed DM/ha
/day to maintain dissolved oxygen at
approximately 1 mg /litre at dawn.

Due to the high total pond oxygen demand
resulting from high feeding rates, dissolved-
oxygen concentration often falls below one part
per million by morning, no matter when aeration
is started. The primary goal of most managers is to
keep the fish alive through the night and minimize
visible stress as much as possible (Torrans, 2004).

Daily feed rations are generally related to the
stocking density and size of fish. Feed rations
typically increase with increased stocking density
until high feed rates begin to result in deterioration
of water quality (Losinger et al., 2000). Feed
represents the largest single variable cost of fish
production and an efficient use of feed can
improve farm profitability. Also, operating
feeding rate (as per area basis) within the
assimilative capacity of the pond ecosystem will
improve water quality inside the pond and provide
a better environment for fish growth (Tucker,
2003). The objective of the current study was to
evaluate the nighttime oxygen and pH dynamics
and growth performance of Nile tilapia under
different feed loads (feeding rates as per area
basis) in semi-intensive system under Egyptian
water quality conditions.
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2. MATERIALS AND METHODS

The study was conducted at the Fish Research
Unit, Faculty of Agriculture, Cairo University,
Egypt during the summer of 2010. A static
outdoor rearing system was used to carry out the
experiment. Ten rectangular concrete tanks (2.2*
1.2*1.0 m) were filled with fresh water obtained
from a well and were used as rearing units.

One month prior stocking, all tanks were
fertilized with urea and superphosphate at a rate of
2.0 grams N and 0.5 gram P per square meter per
week to enhance algal bloom. After stocking, all
tanks were fertilized weekly at 1.0 gram N and
0.25 P per square meter. Nile tilapia juveniles
(132.8-158.6  grams/fish)  were  randomly
distributed among the experimental tanks, with
duplicate tanks per treatment. Each tank contained
7-10 tilapia juveniles.

2.1. Experimental design

The study was conducted to assess the effect of
feeding fish with different levels of areal feeding
rates (8, 10, 12, 14 g diet /m? /day) on algal
photosynthesis, nighttime community respiration
and pH dynamics as well as growth performance
of Nile tilapia. Fish were fed with 25% crude
protein under these areal feed loads in fertilized
tanks. The control treatment received a daily feed
load of 6.5 g /m?/day. The experiment lasted 90
days during summer season .The chemical
fertilizer was applied weekly at the rate of 1.0
gram N and 0.25 gram phosphorus per square
meter in each tank during the whole experiment.
2.2. Oxygen and pH dynamics

Calculations that predict nighttime decline in
DO were based on Boyd et al. (1978) and
Romaire and Boyd (1979).The projection method
was used which is based on assuming that DO
decline during nighttime is essentially linear with
respect to time. An additional simplifying
assumption was made, not to correct daytime net
primary production (dNPP) or nighttime
community respiration (nCR) for diffusion
according to Hargreaves and Steeby (1999).

The pH changes during daytime and nighttime
hours were considered as indices for community
respiration in terms of the amount of CO,
consumed during daytime by algae or the amount
of respiratory CO, released during nighttime
through community respiration. Consequently, the
pH decline during nighttime reflected the rate of
community respiration during nighttime while the
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pH increase during daytime reflected the daytime
net rate of primary production (dNPP) by algae in
terms of oxygen production.

Dissolved oxygen data were analyzed to
calculate the duration that DO concentration was
less than 1.0 mg /L. in the per-dawn hours.
Determination of daytime net primary production
and nighttime community respiration required the
measurements of dissolved oxygen. Water
temperature was measured at dusk while DO and
pH were measured three times daily (at early
morning at 07: 00 a.m., dusk at 08:00 p.m. and
nighttime at 00: 00 hour). The duration of
nighttime hours during the last month of the
experiment was approximately 10 hours while the
daytime longevity lasted 14 hours.
2.2.1.0xygen dynamics parameters

Nighttime community respiration per hour
(nRh™) = (dusk oxygen concentration - nighttime
oxygen concentration) /4.

Nighttime community respiration (nR) = hourly
nighttime community respiration *10.

Daytime net primary production (dNPP) = dusk
oxygen  concentration dawn  oxygen
concentration.

Dawn oxygen surplus or deficit = dNPP —nR.
Nighttime community respiration: daytime net
primary production (nR: dNPP ratio) = nR /
dNPP.

Duration of oxygen supply above 1.0 g O, /m® =
(dusk DO concentration -1) / nRh™

Duration of oxygen supply above zero g O,
/m? = dusk DO concentration/ nRh™,

2.2.2. pH dynamic parameters

Daytime pH gain (dpH gain, units
/daytime) = dusk pH - early morning pH.
Nighttime pH loss (npH loss, units /

nighttime) = dusk pH —next morning pH.
Nighttime pH loss per nighttime hour (npH
loss h™) = nighttime pH loss /10.

Dawn pH surplus or deficit = pH gain -
pH loss.
Gross change of pH per day = daytime

pH gain + nighttime pH loss.
dNPP: dpH gain = dNPP / dpH gain.
nR : npH loss = nR / npH loss.
2.3. Growth performance

Growth performance of the cultured fish was
measured in terms of initial and final individual
fish weight (gram) at the start and end of the
experiment, daily weight gain (gram/fish /day) and
feed conversion ratio (FCR).
2.3.1. Daily weight gain (DWG )

DWG (final body weight -initial body
weight)/ experimental period (days).

484

2.3.2. Feed conversion ratio (FCR)

Feed conversion ratio was determined as the
grams of wet weight gain of fish per gram of dry
diet consumed.

FCR= dry weight of feed fed (g) / weight gain of
fish (g).
2.4. Water quality parameters

Readings of temperature and dissolved oxygen
were taken at dawn, dusk and next dawn by
integrating the probe of the oxygen meter over the
whole depth of water up to the bottom of the tank.
Estimates of secchi disk visibility were made at
the same time in each concrete tank. pH was
measured by pH digital meter at the laboratory
after sample collection. Total ammonia nitrogen
was measured by the phenol method (APHA,
1992).

2.5. Statistical analysis

Growth performance of the cultured fish as
well as water quality parameters in culture tanks
were subjected to one —way analysis of variance to
determine significant statistical differences among
treatments. Differences among means were
assessed by Duncan multiple range test (Duncan,
1955). Statistically significant differences were
determined by setting type | error at 5% for each
comparison.

3. RESULTS AND DISCUSSION
3.1. Oxygen dynamics
3.1.1. Oxygen at dusk and daybreak

Data of Oxygen dynamics in the experimental
tanks are shown in Table (1). Dusk oxygen
concentrations were significantly higher in the 8
gram and control treatments (10.05 — 11.03 ¢
0,/m?) compared to those of 10, 12 and 14 gram
treatments (6.39-8.91 g O,/m?). The lower oxygen
concentrations at dusk in the 10, 12 and 14 gram
treatments were due to the biological oxygen
demand needed for feed metabolism and
decomposition of feed wastes by aerobic bacteria
during  daytime  hours.  Better  oxygen
concentrations at dusk in the 8 grams and the
control treatments were linked to the lower feed
load (6.5 -8 g diet /m%*day) below the critical
assimilation capacity of the water and sediment.

Feeding rates vary greatly among catfish
producers, some producers feed to satiation, while
others limit feed to a preset level because of
concern about deteriorating water quality
(Robinson and Li, 1999).

The general perception is that fish cannot be
fed to satiation at the end of the growing season
when biomass is high because the high level of
feed input will deteriorate water quality to a point
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Table (1): Oxygen dynamics in fertilized concrete tanks under different feed loads (g

feed/m?/day).
Treatment Feed load Control
Parameter 5 5 5 5 5
8g/m 10g/m 12g/m 14g/m 6.5 g/m
Dusk oxygen concentration ( g O,/m?) 10.05® | 6.39° 7.62% 8.91™ 11.03°
Daybreak oxygen concentration (g O,/m?)| 1.63 | near zero | near zero | near zero 0.78
Nighttime respiration (n\CR=g O,/ 8.42° 9.10° 9.70° 12.06° | 10.25%
Nighttime /m?)
Community respiration / hour (g O,/m?/hr)| 0.84° 0.91° 0.97° 1.20° 1.02%
Daytime net primary production (dNPP) (g| 8.42 6.39 7.61 8.91 10.25
O,/m?/daytime)
Duration of depleted oxygen before dawn none 02:55 01:58 02:27 none
(hours)
Oxygen surplus/deficit (g O, /m?) 1.63* | -2.71° | -2.08 -3.15° 0.78°
at dawn
NCR: dNPP ratio 1.01 1.46 1.28 1.38 1.0
Hours of O, supply above zero g O, 12:08° | 07:04° 08:01° 07:32° 11:43°
Im?(after dusk)
Hours of O, supply above 1.0 g O, 11:12* | 06:13° | 07:22° | 06:52° 10:52°
Im?(after dusk)
Water temperature (C°) 31.1%° | 30.5™ 31.3° 31.1% 31.6°
Secchi disk (cm) 14.4® | 11.3% 15.6® 17.0° 15.3°
Ammonia —nitrogen (mg/L.) 0.56 0.61° 0.60° 0.56 N.D.

Means in the same row with different letters are significantly different (P<0.05).

that production may be reduced (Robinson and Li,
1999).

Ghosh and Tiwari (2008) reported that the
dusk DO concentration increased as the
phytoplankton produced more oxygen through
photosynthesis than was consumed through
respiration and decay during daytime.

Excess areal feed loads can result in excessive
feed oxygen demand since each gram of diet
demands 1.3 grams of oxygen in the process of
metabolic activities (Boyd, 2008). Excess feed
loads always result in higher respiration rate of
fish during active metabolism, increasing daytime
oxygen demand.

Respiration resulting ~ from  bacterial
decomposition of waste organic matter and fish
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respiration often exceeds gross photosynthesis (net
heterotrophy) in aquatic systems with high rates of
feed input, such as ponds used for waste water
treatment  or  semi-intensive  aquaculture
(Hargreaves, 2006).

Ghosh and Tiwari (2008) reported that a
healthy balance pond provides a fluctuation in
oxygen levels between day and night that leaves
an adequate concentration of oxygen in the water
that can support aquatic animal life during night
hours.

The decrease in DO at dusk in the high load
treatments (10,12 and 14 g /m? /day) was due to
the high feed oxygen demand during active
metabolism of fish and the presence of excess
feed load (10 -14 g diet /m? /day) above the
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waste assimilative capacity of the water and
sediment.

Maximum DO concentration in earthen ponds
is expected at dusk, while minimum DO
concentration is expected at daybreak. In the
present study, DO at daybreak ranged from near
zero to 1.63 g O,/m? among treatments while DO
at dusk ranged 6.39 to 11.03 g O,/m* .The gap in
DO concentrations between dusk and daybreak
among those treatments ranged 7.61 to 10.35 ¢
O,/m? which indicated that these treatments are
considered as hypereutrophic systems. Chang and
Ouyang (1988) reported that the maximum change
in DO concentration between day and night in a
24-h period was as great as 10 g O,/L.

3.1.2. Daytime net primary production and

nighttime community respiration

Nighttime community respiration (nR) rates
were estimated from a straight line interpolation
over 4- hour period during the early nighttime
period. High areal feed load (per area basis)
always correlates with high feed oxygen demand
due to the active metabolism of fish and the
increased  bacterial  activities  during the
decomposition of faeces.

During the daylight hours, photosynthesis leads
to an increase in the amount of oxygen, but after
sunset the respiration and decomposition
processes become dominant and draw on the
oxygen content, so that its concentration decreases
(Mukherjee et al., 2008).

Loss of oxygen from fish pond is always due to
fish respiration, plankton respiration, water
column respiration and sediment respiration
(Ghosh and Tiwari, 2008). Photosynthesis
supplies most of the oxygen to meet respiratory
demand, although most of the oxygen produced in
photosynthesis is consumed by phytoplankton
respiration (Hargreaves and Tucker, 2003). Guo-
cai et al. (2000) reported that the rate of plankton
community respiration was nearly half (49%) of
the rate of phytoplankton gross production.
Moreover, Teichert-Coddington and Green (1993)
reported that water column respiration accounted
for an average of 68% (range: 53-76%) of whole
pond respiration (WPR) in two tropical fish ponds
when water temperature was > 28 °C.

Oxygen production by algal photosynthesis
increases the oxygen content of water during
daylight hours (dNPP) while the nighttime
community respiration and decomposition by
aerobic bacteria decreases oxygen content of
water during nighttime hours (nR). In the high
feed load (10 -14 g /m?) treatments, the average
nighttime community respiration (nR= 9.1 -12.06
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g O,/m? per nighttime) exceeded the daytime net
primary production (dNPP = 6.39 - 8.91 g O,/m?
per daytime) by a factor of about 1.28— 1.46:1,
suggesting net heterotrophy, with a duration of
(near zero) depleted oxygen that ranged from
01:58 to 02: 55 hours before daybreak. All other
treatments resulted in positive oxygen budgets
with a very low oxygen surplus (0.78 — 1.63 ¢
0,/m? at daybreak), suggesting net autotrophy.

The balance between community respiration
rate (NR = water column and sediment respiration)
during nighttime hours and the average daytime
net primary production (dNPP) was used to
determine the duration of DO concentration less
than 1.0 mg/L. in all treatments. According to
Boyd (1990), algae produce most of oxygen by
photosynthesis and consume most of oxygen by
phytoplankton respiration. Nighttime community
respiration ranged 0.84 — 1.02 g O,/m? /hour
among treatments, except for the 14 gram
treatment which had a higher nighttime
community respiration ( nR = 1.2 g O,/m? /hour)
due to its high feed load (14 g diet /m?/day).

Hargreaves and Steeby (1999) reported that the
average ( minimum and maximum) net primary
productivity and whole pond respiration rate (mg
/L./n) of three commercial catfish ponds located in
northwest Mississippi during the growing season
in mid-summer ranged between (0.846 -1.195 and
1.438-1.887 mg/L./ h) and (0.668-0.956 and 1.364
-1.958 mg /L./ h), respectively.

In the 8 grams and control treatments, the
average daytime net oxygen production (dNPP the
=8.42-10.25 g O,/m’/daytime) equaled the
nighttime community respiration (nR = 8.42-10.25
g O,/m® /nighttime), which suggested slight net
autotrophy conditions with surplus oxygen at
daybreak. In this case, feed and fertilizer loadings
were just equal to the waste assimilative capacity
of water and sediment in terms of oxygen
production (g O,/m? /day).This oxygen production
was needed to oxidize all organic matter inputs
(i.e., dead algae and feed) during the process of
bacterial and fish metabolism. In the high feed
load treatments, the extra load (2-6 g diet/m*/day)
above the correct maximum feed load (8
g/m’/day) resulted in oxygen deficits before
daybreak, suggesting that the feeding rate at 8
g/m? /day was the maximum feed load limit that
just equaled the assimilative capacity of water in
terms of oxygen availability needed for the
oxidative metabolism. Above this areal feed load
(8 g diet /m’/day), water would deteriorate to
anoxic conditions in the pre —dawn hours.

3.1.3. Oxygen budget at dawn
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Dawn oxygen surpluses were observed in the 8
gram and control treatments (1.63, and 0.78 ¢
0,/m?, respectively), indicating net autotrophy and
surplus oxygen concentrations at daybreak.
However, dawn oxygen deficits were observed in
the high feed load (10-14 g /m?) treatments (-2.08
to-3.15 g O,/m?), indicating net heterotrophy and
near zero oxygen concentration in the per-dawn
hours.

Excess feeding can result in the increase in
organic matter, and the decrease in DO due to
oxidation by bacteria and the increase in metabolic
wastes (Boyd, 1990 and Millamena, 1990).
Morning DO concentrations were also lower (P <
0.05) in pools receiving the higher feeding rate
compared with the pools receiving the lower
feeding rate (Allan et al., 1995).

Comparing nighttime oxygen budgets among
treatments, it was apparent that dawn oxygen had
surplus concentrations in the control and 8 gram
treatments during the experimental period. These
feed loads (6.5 -8 g/ m®) were approximately the
maximum feed load limits beyond which a
negative oxygen budget would result and water
quality would deteriorate in terms of metabolic
activities. Adding an additional feed loads (2- 6 ¢
diet /m’/day) in the high feed load treatments
above this maximum daily areal feeding rate,
resulted in negative dawn oxygen budgets (-2.08
to -3.15 g O,/m?). In this case, water during the
pre-dawn hours were be aerated with oxygen
through diffusion due to wind action at the air-
water interface for several hours, with minute
amount of oxygen available for fish survival.

In a typical 15-acre catfish pond, the total
oxygen consumed in respiration by fish, plankton
and sediment during summer may range from 45
to more than 90 kilograms of oxygen per hour
(Tucker, 2005). Most of this oxygen demand was
accounted for by plankton and sediment
respiration rather than by fish.

When growth performance of Nile tilapia was
compared with oxygen budget at dawn, it was
concluded that the loading limit of organic matter
as feed should not exceed 6.5 g dry matter /m?
/day in order to reach better fish growth with a
steady—state sustainable positive oxygen budget at
dawn, without exceeding the waste assimilation
capacity of static water.

3.1.4. Dense algal bloom and oxygen budget

Excessive algal bloom and high dead algae
load at the bottom sediment affect the waste
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assimilative capacity of static water since most of
the oxygen content in static water is consumed by
phytoplankton  respiration (Hargreaves and
Tucker, 2003).

Slight differences in terms of secchi disk
readings or excessive algal blooms were observed
among the different feed load treatments. All
treatments had excessive algal bloom (secchi disc
= 11.3-17.0 cm). The immediate expression of
oxygen consumption from feeding is likely
associated with fish respiration, which constitutes
a minor (approximately 25% of total) component
of whole pond respiration (Hargreaves and Steeby,
1999). In the longer term, the release of nutrients
by fish excretion and organic  matter
mineralization stimulates the development of
dense phytoplankton populations that constitute
the major component of pond respiration
(Hargreaves and Steeby, 1999).

3.1.5. Nighttime respiration to daytime oxygen
production

Large nCR: dNPP ratios (total community
respiration at night: daytime net primary (oxygen)
production) were observed in the high feed load
treatments (1.28 — 1.46: 1) during nighttime which
indicated that dissolved oxygen was depleted in
the per —dawn hours. Guo-cai et al. (2000)
indicated that large community respiration to
gross oxygen production (CR: GPP) ratios (more
than one) leads to depletion of dissolved oxygen
before dawn, while small CR: GPP ratio (less than
1) indicates surplus oxygen at dawn. Yan and He
(1997) reported that the ratio of CR: GPP is
usually bigger than 1.0 in the high production fish
ponds in China because higher amounts of manure
and artificial feed are applied compared to the
waste assimilative capacity of the ponds in terms
of daily oxygen production. Moreover, too large a
ratio of CR/GPP leads to depletion of dissolved
oxygen in the per-dawn hours , while too small a
ratio leads to weak decomposing process and low
speed of material cycling (Yan and He, 1997).

In catfish ponds, most of the oxygen is
produced by phytoplankton photosynthesis
(76.9%), and it is consumed by their own
respiration (57.5%). A smaller portion of the
dissolved oxygen (DO) is demanded by fish
(22.5%) and sediment (19.4%) respiration (Santa
and Vinatea, 2007). Boyd (1990, 1998) reported
that about 20% of dissolved oxygen in water was
used by cultured species, while the remaining
amount was consumed in respiration by
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phytoplankton, bacteria and benthic
microorganisms. He recommended aeration during
night hours to be good enough to ensure smooth
growth process in intensive aquaculture.

The nighttime community respiration (nCR) to
daytime net primary (oxygen) production ratio
(nCR: dNPP) ranged 1.0-1.46:1 among treatments.
The nCR: dNPP ratios in the 8 gram and control

treatments indicated slight net autotrophy at
dawn, while those of the high feed load
treatments (1.28 -1.46 :1) indicated net

heterotrophy, with dissolved oxygen depletion
(near zero concentrations) in the pre-dawn hours.
3.1.6. The duration of depleted oxygen

In the current study, constant community
respiration (g O, /m? /hr) during nighttime hours
was assumed for the estimation of the duration
that DO concentration was above 1.0 mg /L in the
pre-dawn hours, according to Boyd et al. (1978)
and Steeby et al. (2004). The value of DO above
1.0 mg/L. was assumed since tilapia can withstand
this concentration, without adverse effects on
growth performance.

The duration of dissolved oxygen below
certain threshold values provides an indication of
the intensity of a low DO event (Hargreaves and
Steeby, 1999). The duration of DO concentration
less than 1.0 g O,/ m? before daybreak differed
significantly (p < 0.05) among the treatments. The
duration of DO less than 1.0 g O,/ m? before
daybreak was significantly maximum in the high
feed load treatments (02:78 to 03:77 hours).
Oxygen concentration had positive values at dawn
in the 8 gram and control treatments (1.63 and
0.78 g O,/ m? respectively).

Boyd and Clay (2002) reported that high
concentrations of dissolved oxygen promote
aerobic decomposition of organic matter by
bacteria, allow efficient and rapid conversion of
ammonia nitrogen to nitrate through bacteria
nitrification, and prevent low early-morning
dissolved oxygen concentrations typical of
phytoplankton-based culture systems.

Tilapias can survive at low levels of dissolved
oxygen (DO) as they can utilize atmospheric
oxygen. However, low DO levels at dawn have
been associated with reduced growth. Some
indications have been found that low DO (< 0.5
mg/L. ), generally occurring at dawn in green
water systems, has negative impacts on the seed
quantity. Low dissolved oxygen causes stress
which brings behavioral (e.g., gasping) and
morphological (marked melanin pigment in the
skin) changes in the fish and reduced feed intake
(Bhujel, 2000).
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The duration of DO concentration at near zero
(g O,/m?) before daybreak was maximum for the
high feed load treatments (01: 58 to 02:55 hours).
The 8 gram and control treatments did not suffer
oxygen deficiency below 0.78 g O,/m® before
daybreak.

Roberts and Howarth (2006) indicated that the
increase in phytoplankton community biomass
should result in a corresponding increase in the
total amount of respiration, being carried out by
phytoplankton community. This is consistent with
the notion of bacteria utilizing excreted DOC from
phytoplankton as a carbon source during P-
saturated conditions.

The duration (number of hours) of oxygen
supply above zero and 1.0 g O,/m? in the fertilized
tanks after dusk time ranged 07:04 to 12:08 and
06:13 to 11:12 hours, among treatments,
respectively, with significant differences among
means. Considering a nighttime period of 10:00
hours during this study, the high feed load
treatments above 8 gram /m%day should be
avoided when nighttime aeration is not provided
in farming systems.

3.2. pH dynamics
3.2.1. Morning and dusk pH

Data of pH dynamics parameters are shown in
Table (2). Lower averages of morning and dusk
pH (p < 0.05) were observed in the high feed load
treatments compared with the low feed load
treatments. This probably followed the oxidative
metabolism (CO, production) of the high feed
load as well as the excessive algal respiration in
the water column. Mukherjee et al. (2002)
indicated that processes which utilize carbon
dioxide (i.e., photosynthesis ) increase the pH
while processes that release carbon dioxide( i.e.,
respiration) decrease the pH .These two processes
(photosynthesis and respiration ) change the
carbon budget .

The extra carbon dioxide released during the
pre-dawn hours under near zero oxygen
concentration must have originated from the
anaerobic CO, production through the metabolic
activities of anaerobic bacteria working on
methane production, sulfate reduction or nitrate
respiration. The resulting CO, production would
lower the pH values in water, although water had
near zero oxygen concentration (Boyd, 1990).
3.2.2. pH gains and losses

During the day, photosynthesis has a
significant impact on pH. This is due to the
consumption of carbon dioxide needed to produce
oxygen (Colt et al., 2009). The control treatment
had dawn pH surplus (+0.104) with higher
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Table (2): pH dynamics in fertilized concrete tanks under different feed loads

(g feed/m?/day).
Feed load

Treatment Control

Parameter . . 5 5
8g/m 10 g/m* | 12g/m 14g/m*> | 6.5 g/m?

Morning pH (units) 8.30° 7.89° 8.12" 8.02 8.92°
Dusk pH (units) 8.98° 8.45° 8.80° 8.86° 9.568
pH gain (unit/ daytime) 0.681™ | 0.553° | 0.687™ | 0.839" | 0.64"
Midnight pH (units) 8.69° 8.10° 8.43° 8.44° 9.35°
pH loss/nighttime hour 0.072 | 0.085® | 0.093* | 0.105° 0.054¢
(unit/Ngt/hr)
Nighttime pH loss (unit/ nighttime | 0.72% 0.858® | 0.933% 1.05°% 0.544°
period)
pH surplus /deficit  (+ unit) -0.039% | -0.305° | -0.245™ | -0.215™ | 0.104°
Gross change of pH per day 1.73 2.06™ 2.24% 253 1.30°
Dissolved oxygen gain/pH gain 16.75 17.69 12.59 13.77 17.68
Dissolved oxygen loss/pH loss 12.18 11.86 11.07 11.93 16.46

Means in the same row with different letters are significantly different (P<0.05).

Table (3): Growth and feed performances in fertilized concrete tanks under
different feed loads (g feed/m?/day).

Feed load Control
Treatment
Parameter
8g/m? 10g/m? 12g/m? 14g/m? 6.5 g/m’
Initial weight (grams 150.0°% 134.2° 158.6" 154.4° 132.88°
[fish )
Final weight (grams 206.0° 168.4° 198.9° 201.1° 207.4®
[fish )
Daily weight 0.66° 0.34° 0.44 ™ 0.52° 0.82%
gain(g/fish/d)
Feed conversion ratio 3.32° 5.34° 6.35°% 6.54° 2.46°
(FCR)
Means in the same row with different letters are significantly different (P<0.05).
daytime pH gain (+0.64) than nighttime pH loss (- The carbon cycle in experimental tanks was
0.54). This indicated that more carbon dioxide was reflected in the magnitude of gross pH change per
fixed by photosynthesis during daytime than was day in water during the experiment. The averages

released during nighttime respiration. Therefore, of gross pH change in water per day ranged 1.3 to
more oxygen was produced by photosynthesis  2.53 units /day among treatments, with significant
during daytime than was consumed by nighttime differences among means (P<0.05). The gross pH
respiration, indicating oxygen surpluses at dawn. change reflects the biological activities of aquatic
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organisms in terms of respiration and
photosynthesis. Higher values of pH change
reflect higher biological activities in water.

In the high feed load treatments (10 to 14 g
diet/m?/day), the decomposition of feed wastes
and faeces in the anaerobic bottom sediments,
added respiratory CO, through the anaerobic
bacterial respiration using sulfate (SO,) and nitrate
(NOs) respiration or through methane production
which lowered the pH value in the pre-dawn
hours. Dense growth of algae found in all
treatments is considered as a major input of
decomposable organic matter when settled at the
bottom sediment.

In green water systems, carbon dioxide is
added through community respiration and is
removed through photosynthesis.  Oxygen
consumption by bacteria during the process of
decomposition of feed wastes and dead
phytoplankton often exceeds gross photosynthesis
(net heterotrophy ) in aquatic systems with high
rates of allochtonous organic matter such as feed
(Hargreaves, 2006). This leads to near zero
oxygen concentrations for several hours before
dawn in ponds with high algal density where a
large proportion of the water column (dark zone)
is considered a net consumer of oxygen
(Hargreaves, 2006).

The nutrients derived from the organic wastes
and unused feed, enhance algal growth. Dense
growths of algae contribute large amounts of DO
in ponds during the daylight period, resulting in
super-saturation of oxygen in the epilimnion, but
consume substantial quantities of oxygen at night
causing anoxic conditions in pre-dawn hours
(Boyd, 1982; Chang and Ouyang, 1988).

Mukherjee et al. (2008) indicated that the
change in the total inorganic carbon (total CO,)
due to photosynthesis, respiration and
decomposition could be quantified by measuring
the pH. Leiher et al. (1988) indicated that the
minimum oxygen concentration at dawn can be
reached when the rate of carbon dioxide
consumption by algae during daytime is exactly
balanced by its rate of production due to
respiration (cited in Mukherjee et al., 2008).The
addition or removal of carbon dioxide changes the
pH value through community respiration and
photosynthesis, respectively.

Phytoplankton as a major oxygen consumer
during nighttime produce high amount of CO,
during dark period, thus lowering pH value during
nighttime. Pawar et al. (2009) indicated that
phytoplankton are the primary in situ oxygen
production component during daylight and the
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major variable oxygen consumer during nighttime,
thus increasing the range of diel water quality (i.e.,
dissolved oxygen and pH) with the progress of the
culture period.

In the current experiment, the pH was
depressed during nighttime hours due to the
excretion of respiratory CO,. The pH loss during
nighttime ranged from —0.54 units to —1.05 units
among treatments (P < 0.05).

3.2.3. Dawn pH surpluses /deficits

Evaluation of the daily trends in pH values
indicated that the feed load treatments (10 to 14 g
diet /m?day) were characterized by net
heterotrophy. The dawn pH surplus / deficit
parameter had negative values (- 0.215 to - 0. 305)
in those treatments, indicating that more carbon
dioxide was released during nighttime respiration
than was fixed by photosynthesis during daytime.
This was indicated by the higher values of
nighttime pH loss (- 0.85 to -1.05 unit) compared
to those of the daytime pH gains (+ 0.55 to + 0.83)
within each treatment.

High pH deficit values (- 0.21 to - 0. 30) were
observed in the high feed load treatments
indicating intense net heterotrophy. This could be
explained by the presence of anaerobic conditions
in the bottom sediments rich in feed wastes and
dead algae. The production of the respiratory CO,
by the anaerobic bacteria working on feed wastes
at the bottom sediment accounted for the higher
nighttime pH loss in those treatments. It is known
that the aerobic bacteria slow their decomposition
activities when dissolved oxygen decrease below
2.0 mg/ L. The production of the respiratory CO,
by the anaerobic bacteria at the bottom sediment
induced the higher pH deficit under limited
oxygen budget.

Mukherjee et al. (2002) indicated that
community respiration can be measured from the
rate of pH loss during nighttime where there is no
photosynthetic demand for carbon dioxide while
the Dbiota release carbon dioxide through
community respiration. King and Novak (1974)
and King ( 1970) reported that when the nighttime
respiratory release of carbon dioxide by
community respiration is equal to the daytime
photosynthetic uptake of CO, , then the dawn
surplus /deficit equal zero and the dawn pH value
stay the same over time during the growing season
(cited by Mukherjee et al., 2008).

Although visible signs of oxygen stress were
never observed in the low oxygen treatment, feed
consumption was reduced by 45%, and average
fish weight in the low oxygen treatment was 30%
less than the control (Torrans, 2004). Moreover,
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net production was also cut in half in the
experiment. This indicates why the high feed load
treatments did not have good performance under
negative oxygen budget. Tucker (2005) reported
that depending on how low the dissolved oxygen
concentration is and how long it remains low, fish
may consume less feed, grow slowly, convert feed
less efficiently, be more susceptible to infectious
diseases.

3.2.4. Oxygen to pH gain /loss ratio

Averages of oxygen gain to pH gain ratio
during daytime ranged 12.59 to 17.68:1 among
treatments, while averages of oxygen loss to pH
loss ratio during nighttime ranged 11.07 to 16.46
:1 among treatments, with significant differences
among means (P<0.05). Better oxygen production
per one unit of pH change was observed in the 8
gram and control treatments (16.75-17.68:1)
compared to those of the high feed load treatments
(12.59-17.69:1), which reflected a better
environment in those treatments.

3.3. Growth performance

Data of growth performance are shown in
Table (3). The 8 gram and control treatments had
higher dissolved oxygen content through the
nighttime period, higher daytime net primary
productivity and better environmental conditions
for fish production. Feed conversion ratios (2.26-
3.32: 1) and daily weight gains (0.66-0.83
g/fish/day) were significantly improved in those
treatments compared to the treatments with high
feed loads. The better environment and
assimilative capacity of water and sediment
improved treatment performance in terms of daily
weight gain of fish and feed conversion ratio.
Hargreaves (2006) reported that if water quality
tolerance limits of cultured fish are exceeded,
especially for an extended time, feed consumption
by fish decreases, presumably because the waste
assimilation capacity of the pond is exceeded and
water quality deterioration suppresses fish
appetite.

In conclusion when growth performance of
Nile tilapia was compared with oxygen budget at
dawn, it was concluded that the loading limit of
areal feeding rates should not exceed 6.5 g dry
feed /m? /day in order to reach normal fish growth,
with a steady — state sustainable positive oxygen
budget at dawn without exceeding the waste
assimilation capacity of static water. Considering
a nighttime period of 10:00 hours during this
study, the high feed load treatments above 8 gram
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/m?/day should be avoided when nighttime
aeration is not provided in farming systems.
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