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Tab.1 Theinitial concentration of N, Pand N/Pratio

20 51 BASE B R/ L/
group (mol'L™") TN (mol-L™") TP (N/P)
iR B WA 8.83x107 5.81x107 3:2
[og 8.83x107* 1.45x107 6:1
XJ HE 20 8.83x107™* 3.63x107 24 : 1
wARA 2.65x107 3.63x107° 96 : 1
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Tab. 2 Parameters of Prorocentrum minimum and Tetraselmis helgolandica regression
coefficients of L ogistic model and the growth curve inflection points at different pH

FrF oH e BRI, g WEE RIGE E IS LEIV
culture system microalgae (10°cells'mL™") K a K&Er R? inflection point of time

PR R S 7.5 WUNEH#E Prorocentrum minimum 4.66 2.798 0.406  0.968 6.89(7)
monoculture T 5 K ¥ Tetraselmis helgolandica 6.27 2.811  0.499  0.961 5.61(6)
system 8.0 /B 3 Prorocentrum minimum 10.45 3363 0.544  0.936 6.18(6)
FH 5 K Tetraselmis helgolandica 8.16 3.289 0.548  0.942 6.00(6)

8.5 W/ NEH 3 Prorocentrum minimum 11.00 4.105 0.802  0.989 5.12(5)

H KM Tetraselmis helgolandica 6.24 3.334  0.538  0.989 6.20(6)

9.0 W/NEH #E Prorocentrum minimum 9.87 3.918 0.560  0.997 7.00(7)

T KM ¥ Tetraselmis helgolandica 6.38 2.938  0.460  0.953 6.39(6)

B RF 7.5 WUNEH % Prorocentrum minimum 1.35 1.625 0.436  0.848 3.73(4)
mixed culture H 5 K ¥ Tetraselmis helgolandica 2.88 2.574 0.595  0.970 4.33(4)
system 8.0 W/NE P 3 Prorocentrum minimum 1.45 1.577  0.484  0.950 3.26(3)
H 5 KW Tetraselmis helgolandica 5.23 3.081 0.533 0.978 5.78(6)

8.5 /N FEH 3 Prorocentrum minimum 1.59 1.858 0.597  0.969 3.11(3)

H KB Tetraselmis helgolandica 5.98 3.233 0462  0.979 7.00(7)

9.0 WNEH EE Prorocentrum minimum 1.38 1.743  0.666  0.921 2.62(3)

T K ¥ Tetraselmis helgolandica 5.13 3.068  0.463  0.962 6.63(7)

T 5 BT 3 B a5 B I 18] (d) Y 3 LA OB 4L

Note: Numbers in brackets indicate the inflction point of time which was rounded to the nearest whole day.
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Tab. 3 Competitive parameters of Prorocentrum minimum and Tetraselmis helgolandica
after inflection point at different pH

R g mtia] /d pH=7.5 pH=8.0 pH=8.5 pH=9.0
culture time o B o o B a B
3 7.2915 7.4870 5.6936
4 2.2794 5.5734 5.1821 5.4527 4.4017
5 2.1688 —-0.5729 4.7184 7.2132
6 0.9996 2.0341 3.9613 2.8258
7 1.4367 1.8822 1.6515 1.8209
8 0.9341 3.1348 1.4528 1.7704
9 0.8208 2.6971 1.2272 1.1360
10 0.7068 1.0842 0.3373 0.8043
11 0.6356 0.0784
F3 mean 1.2477 2.5002 4.8065 2.5519 5.7447 0.9494 5.0477 1.3829

x4 ARENPTHNEEENSBARENTEHIEEEKERSE

Tab.4 Mean specific growth rate (u) of Prorocentrum minimum and Tetraselmis helgolandica at different N/Pratio

P microalgae AWELL N/P ratio

HoAE K # % mean p

BAFEEFE sole culture RE 3 9% mixed culture
T/ 3:2 0.414215 0.245987
Prorocentrum minimum 6:1 0.417255 0.395603
24 1 0.365658 0.405359
96 : 1 0.333853 0.336662
e 3:2 0.362018 0.361239
Tetraselmis helgolandica 6:1 0.498091 0.308089
24 1 0.299351 0.316187
96 : 1 0.331061 0.253131
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Tab.5 The parameters of Prorocentrum minimum and Tetraselmis helgolandica regression
coefficients of Logistic equation model and growth curve inflection points at different N/P

FrFmia oH B mRAYE W WEE A ULV
culture system microalgae (10°cells/mL) K a K& r R? inflection point of time
PP R IR W/NEH #E Prorocentrum minimum 2.38 3.593 0.946 0.895 3.80(4)
monoculture 3:2 =+ s
system 5 5% KR Tetraselmis helgolandica 1.83 2.949 0.958 0.917 3.07(3)
/N #E Prorocentrum minimum 5.57 3.616 0.983 0.966 3.67(4)
6:1
H KM ¥ Tetraselmis helgolandica 3.62 3.630 0.954 0.909 3.80(4)
2 TW/NEF #E Prorocentrum minimum 11.85 4.361 0.991 0.981 4.40(5)
1
T 5 K ¥ Tetraselmis helgolandica 6.34 3.594 0.986 0.973 3.65(4)
W/ NEH $E Prorocentrum minimum 10.22 4.446 0.985 0.970 4.51(5)
96 : 1
H KM # Tetraselmis helgolandica 2.19 2.509 0.986 0.971 2.54(3)
RAEHR W/ 3 Prorocentrum minimum 0.80 1.591 0.928 0.860 1.71(2)
mixed culture 3:2 =+ s
system 55 KR Tetraselmis helgolandica 1.27 2.183 0.978 0.957 2.23(2)
6:1 F/NEFEE Prorocentrum minimum 1.46 2.629 0.946 0.895 2.78(3)
T 5 K ¥ Tetraselmis helgolandica 1.40 2.738 0.976 0.952 2.81(3)
W/ NEH $E Prorocentrum minimum 3.42 3.479 0.958 0.918 3.63(4)
24 11
FH KM ¥ Tetraselmis helgolandica 2.00 2.416 0.986 0.972 2.55(3)
WUNEHEE Prorocentrum minimum 1.62 1.882 0.991 0.981 1.90(2)
96 : 1
F KM Tetraselmis helgolandica 1.37 1.779 0.994 0.988 1.79(2)

T 955 BT R B m 1 B I 18] (d) Y 3 T U4

Note: Numbers in brackets indicate the inflction point of time which was rounded to the nearest whole day.
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Tab. 6 Competitive parameters of Prorocentrum minimum and Tetraselmis helgolandica after inflection point at different N/P

ML N/P ratio

lE"?%Eq‘IEJ/d 3:2 6:1 2411 96 : 1
time
[ g o p o s o p
2 -1.5180 0.6902 -0.8885 10.2528 5.6184
3 2.4542 0.3312 1.1157 0.2851 8.5015 14.6671 4.9506
4 1.2625 0.4313 2.5805 1.6469 5.7310 4.4632 12.0034 2.8164
5 1.3963 0.0787 3.1695 -0.0981 3.1502
6 4.3523 1.0869 0.9072
-] mean 0.7329 0.4842 1.8481 1.1094 3.3874 3.2665 9.2063 3.4886
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Effect of pH level and N/P ratio on growth and competition of the mi-
croalgae Tetraselmis helgolandica and Prorocentrum minimum
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Abstract: Tetraselmis helgolandica, with several varieties, is one of numerous species of unicellular free-swim-
ming marine green algae that are widely used for intensive rearing of a variety of marine animal larvae.
Prorocentrum minimum is a dinoflagellate capable of producing powerful biotoxins and it is commonly found in
shrimp ponds. Chief physical and chemical concerns of the commercial growing environment of microalgae are
pH and the nitrogen—phosphorus (N/P) ratio. To identify the optimum growth conditions of Tetraselmis helgo-
landica to inhibit the growth of Prorocentrum minimum in shrimp ponds, we tested for interspecies competition at
various nutrient concentrations after determining the optimum pH for each species. Prior to the start of each test,
in vitro cultures were maintained for an adaption period of approximately 5 generations. Thereafter, the experi-
ments were conducted in batch cultures and continued up to 10 days, and the microorganisms were grown until
either late exponential phase or early stationary phase. The pH levels and N/P ratios chosen took into account the
common environmental conditions found in shrimp ponds. With this in mind, a culture experiment was first carried
out using four different pH levels (7.5, 8.0, 8.5 and 9.0) and a constant N/P ratio of 24, so as to determine the op-
timum growth rate for Tetraselmis helgolandica. After deciding the best pH conditions, the N/P ratio was selected
considering the concentrations of DIN and DIP found in shrimp ponds. The next test thus used four different N/P
ratios: 3 : 2,6 : 1,24 : 1 and 96 : 1. The results showed that the maximum carrying capacity (K) of both Tet-
raselmis helgolandica and Prorocentrum minimum was lower than that in the environments of individual cultiva-
tion. This finding indicated that the inhibition parameter of interspecies competition between these two algae
could be significantly influenced by pH conditions. The maximum rate of competition inhibition of Tetraselmis
helgolandica against Prorocentrum minimum occurred at pH 8.5, with an inhibition parameter value of 5.7447, and
the value of inhibition of Prorocentrum minimum against Tetraselmis helgolandica was 3.4886, also at pH 8.5.
Therefore, the nutrient limitation study was set at a constant pH of 8.5 against the four N/P ratios. The results of
that experiment showed that the inhibition parameter of interspecies competition could also be significantly influ-
enced by N/P ratio. Maximum inhibition of Tetraselmis helgolandica against Prorocentrum minimum occurred at
the N/P ratio 96 : 1, with an inhibition value of 9.2063, whereas the inhibition value for Prorocentrum minimum

against Tetraselmis helgolandica was 3.4886; hence, the inhibition effect of Tetraselmis helgolandica on Proro-
centrum minimum was stronger than that of Prorocentrum minimum on Tetraselmis helgolandica. Thus, we pro-
pose that the optimum growth conditions of Tetraselmis helgolandica to inhibit growth of Prorocentrum minimum
can be achieved at pH 8.5 and N/P ratio 96 : 1. In shrimp culture, the pH level and N/P ratio of the culture water
can be accordingly adjusted to control algal growth; this approach can be applied for the purposes of controlling
the production process, to assist with accurate water technology research, or to control eutrophication the culture water.
Key words: pH; N/P ratio; Prorocentrum minimum; Tetraselmis helgolandica; interspecies competition
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