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Introduction

Shrimp industry in developing countries is in a transition period
to shift from the pond of open system to that of closed system in
which little or no water is exchanged to minimize the risk of
pathogen contamination from external water supply™. On the other
hand, rapid accumulation of inorganic nitrogen, especialy nitrate-
nitrogen (nitrate-N) and ammonia-nitrogen (ammoniaN), is a
serious problem in closed ponds. AmmoniaN generated by
metabolism of shrimps is strongly toxic to them even in low
concentrations®. While the toxicity of nitrate-N is much lower than
that of ammonia-N®, it is major pollutant for eutrophication.
Sterile Ulva sp. was studied for water quality control in intensive
shrimp mariculture ponds in developing countries as a simple and
economical way to remove ammonia-nitrogen®®. However, there
are no study on relationship among uptake and content in alga cells
of ammonia-nitrogen and nitrate-nitrogen, which is important for
designing system of water quality control by macroalgae, and no
studies on nitrate-N uptake under tropical conditions considering
intensive shrimp mariculture. In this study, we studied nitrate-N
uptake by sterile Ulva sp. in various conditions including tropical
conditions considering application to intensive shrimp mariculture
ponds.

1, Experimental

The preparation of Sterile Ulva $p. was carried out in the same
way as the previous works?®. The principal experimental
conditions are summarized in Table 1. The “starved alga”’ prepared
by the artificial seawater without any additives for several days was
further cultured for 1 day with artificial seawater rich in nitrate-N
and light of about 1800 pmol-m2-s* PPF in apparatus as shown in
Fig. 1 to be converted to the ammoniaN “enriched alga’. The
portion of culture media was sampled and analyzed along time to
obtain the time course of nitrate-N contents in culture media. In the
case of the tropica condition, the temperature of 30 + 2 °C was
selected considering water temperature in intensive shrimp farmsin
Thailand®®. In the existence of light, PPF (Photosynthetic Photon
Flux) was approximately 1800 pmol-m?Zs? as the tropical
condition according to the previous work”. An uptake run with
addition of NH,Cl at intervals to keep the concentration in the
solution amost constant was aso carried out under the tropical
condition. The measurement of the amount of nitrate-N in alga
cells was carried out as the previous work®. The concentrations of
nitrate-N and ammonia-N in liquid solutions were determined by
copperised-cadmium reduction method with Griess-Romijn reagent,
and indophenol blue method, respectively ©.
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Fig. 1 Experimental apparatus (stainless steel tank)
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Table 1 Experimental condition

Uptakeruns
M oder ate condition

Uptakeruns
Tropical condition

stainless stedl tank

Apparatus glass beaker (Fig.1)

Light [umol-m?.s7] 80 1800, 0

T[°C] 28 302

Cno [x10° kg-N-m?| 0.20- 10 84+07

Crano [x10° kg-N-m¥] 0 0,15

Cro [x10° kg-P-m™| 0 0.10

7, o[x10°kg-N- 0.63 + 0.3 (“starved”
[ngM’?-h'l] 0.03-021 011 (“etgriched”) )

p [kgDM-m?| 0,32 15

Feed of algae “starved” “starved” ,“enriched”

V[x 10°md 0.50 5.0

2. Resultsand Discussion

In general, inorganic-nitrogen assimilation is shown as Fig. 2.
The materia balance of nitrate-N and ammoniaN in the culture
medium phase for unit volume are given as Egs (1) and (2),

respectively.
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Table 2 shows the principal properties of sterile Ulva sp. with
previous study®®®. These properties of sterile Ulva sp. in this
work agreed well with the previous results and were reliable.

Table 2 Principal properties of sterile Ulva sp.2® and Ulva lactuca®™

Sterile Ulva sp.  Sterile Ulva sp. Ulva

(this study) (4)(5) lactuca
F/D ratio[-] 42 43 37
[Tr;]ﬁ(‘geDH,fA(_)l] 32 x 103 33x10° 27 x 10°
ﬁ’;?f('fg'g,a{qa"e aea 13 x 102 9.1 x 10°
C'ray 8.2 x 1072 3.3x 102
[x10 kg-N-kgDM™] (“starved”) (“starved”)

8.0 x 10%

C'w (“starved”)
[x10° kg-N-kgDM™Y]| 7.7 x 10"

(“enriched”)

Figure 3 shows the time courses of the nitrate-N and ammonia-N
concentrations in the culture medium in the uptake runs under
moderate conditions. Figure 4 shows nitrate uptake under tropical
conditions. The examples of this initia uptake rate were
summarized in Table 1 with the experimental conditions. Algae
took up both nitrate-N and ammonia-N under moderate condition.
The rate of ammonia-N uptake was higher than that of nitrate-N.
The initia uptake rates of both nitrate-N and ammonia-N were
higher when the initial concentrations of those were higher. The
rate of nitrate-N uptake was higher under the tropical condition
than that under the moderate condition. The "starved alga' could
take up nitrate-N under the tropical condition both with and without
ambient ammoniaN in culture medium, whereas the "enriched
alga' could hardly remove nitrate-N. This inhibition to uptake was
observed by several researchers®19. The amount of nitrate-N in
alga cells was higher in "enriched alga" as shown in Table 2. In the
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case of ammoniaN uptake, ammonia-N uptake was decreased
when the amount of ammoniaN in aga cells was high®®. In the
case of nitrate-N uptake, the high amount of nitrate-N in alga cells
was also deeply related to the uptake inhibition. The rate of nitrate-
N uptake was higher under the tropical condition than that under
the moderate condition. No significant difference in nitrate-N
uptake was observed between with and without light. These
properties are advantageous, because a lot of shrimp farms are
located in tropical region, and nitrate-N must be removed without
light at night there. With ambient ammonia-N in culture medium,
the rate of nitrate-N uptake was lower than that without ammonia-
N. On the other hands, we observed ammonia-N uptake was hardly
inhibited by the existence of nitrate (data not shown). The averaged
TUNNs TUTAN: TTaNN and TaTAN in F|g4 calculated by using Eqs. (1)
and (2) were summarized in Table 3 with the experimental
conditions. The zy Was lower than zray in @l the cases. The myy
and m ran N "enriched alga’ were lower. There were no significant
differences in either oy OF waran between with and without light.
There could be an explanation of the reason that nitrate-N uptake
was inhibited by the existence of ambient ammoniaN in culture
medium. The 7N Was much lower than zran in the case with
ambient ammoniaN, and was lower than z gy in al the cases.
When ammonia-N was taken up by alga, the amount of anmoniaN
in aga cells became higher and the 4y Was lower as shown in
Table 3. This lower zw would cause accumulation of nitrate-N in
agacdl, which could inhibit nitrate-N uptake. Figure 5 shows the
results of the long-term experiment of the nitrate-N and ammonia-
N concentrations in the culture medium in the uptake runs under
the tropical conditions with addition of nutrients at interval,
considering practical operation in intensive shrimp in developing
countries. Ammonia-N added at interval was rapidly removed by
algae. The algae took up nitrate-N almost completely in first 2 days,
whereas hardly took up after that. AmmoniaN should be removed
in shrimp ponds as soon as possible because anmonia-N is much
more toxic to shrimps than nitrate. Therefore, this property is
advantageous as biofilter in intensive mariculture.
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Fig.3 Time courses of the nitrate-N and ammonia-N concentrations
in the culture medium in the uptake runs under the moderate
condition.

Fig.4 Time courses of the nitrate-
N concentrationsin the
culture medium in the
uptake runs under the
tropical condition. Keys are
shown in Table 3.
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Fig.5 Long time courses of the nitrate-N and ammonia-N
concentrations in the culture medium in the uptake runs under
thetropical condition. (m : nitrate-N. @ : ammonia-N)

Table 3 Inorganic-N transport kinetics of alga under tropical conditions

Keys  Crav C'ravo  C'nno PPF  mny  Zaman  ay  Tray
° 0O 0.044 077 1800 0080 0.35 0.054 0
0 012 0048 1800 068 082 0.0 0
0 0.049 019 0 092 11 048 0
. 15 013 0076 1800 032 030 016 0.66

Conclusion

Sterile Ulva sp. could remove nitrate-nitrogen in the culture
medium effectively, whereas the rate of nitrate-N uptake was lower
than that of ammonia-N. The agae took up nitrate-nitrogen even
without light. The nitrate-nitrogen uptake rate decreased with
increasing nitrate-nitrogen content in alga cells. With ambient
ammonia-N in culture medium, algae could take up nitrate-N,
while the rate of uptake was lower. On the other hands, ammonia-N
uptake was not inhibited by ambient nitrate-N. Consequently,
nitrate-N and ammoniaN uptake by aga was proposed for
controlling water quality in intensive shrimp aquaculture ponds in
developing countries and the useful information for water quality
control system design was provided.

Nomenclature

Cyy = concentration of nitrate-N [x10° kg-N-m], Cr4y = concentration of

ammonia-N [x10® kg-N-m?®], C, = concentration of phosphoric acid

phosphorus [x10° kg-P-m?®|, C’y = concentration of nitrate-N content in
alga cells [x10° kg-N-m?], C 74y = concentration of ammonia-N content in
alga cells [x10° kg-N-m?], 7, = specific assimilation rate of nitrate-N

[x10°® kg-N-kgDM™*h?], 7, 74v = Specific assimilation rate of ammonia-N

[x10° kg-N-kgDM™h], 7,y = specific uptake rate of nitrate-N [x107® kg-

N-kgDM*h?, 7,7y = specific upteke rate of ammoniaN [x10° kg-

N-kgDM™h?]
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