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Short-term Nutrient Enrichment Bioassays (NEBSs) by
Manipulation of TN: TP Ratios and the Response of
Primary Productivity (as Chlorophyll-a)
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Department of Biological Science, College of Biological Sciences and Biotechnology,
Chungnam National University, Dagjeon 305-764, Korea

Abstract - The objective of this study was to determine the effects of N:P ratio on primary
productivity measured as chlorophyll-a(CHL) using the approach of In Situ Nutrient Enrichment
Bioassays (NEBs) in Daechung Reservoir. The effects of NEBs on the N:P mass ratios were
compared with the field data obtained from monthly-chemical monitoring during 2009~ 2012.
The short-term NEBs showed that the response of primary productivity in the phosphorus spiked
treatments (5, 15, 20 and 30 N:P ratios) were greater than the responses in the control (C) and
nitrogen spiked treatment (N:P ratio=150, Tv). The response in the nitrogen treatment (N:P

ratio=150, Tv) was less compared to control and all five treatments(T,~

Twi). The outcomes of

the NEBs suggest that phosphorus limited the phytoplankton growth and nitrogen addition
inhibited the algal growth. In the analysis of nutrients and CHL from the ambient epilimnetic
water in Daechung Reservoir, minimum N:P ratios resulted in maximum concentrations of CHL.
Overall, our results suggest that the N:P ratio was the key factor in regulating the phytoplankton

growth in NEB experiments.
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Table 1. Nutrient spiking of nitrogen (N) and phosphorus (P) and the N:P ratios in the test cubitainers for the experiments of Nutrient

Enrichment Bioassays(NEBs)

Test conditions N:Pratios Concentrations Total concentration Relative enrichment
spiked spiked in the cubitainers of Nor P
_ B 0.021mgL™t (P)
Control C 1.8mgL * (N)
T 5 0.356mgL * 0.376mgL ! 16P
Tu 15 0.104mgL ! 0.125mgL ! 5P
P-Enrichment (as KH,PO,) T 20 0.073mgL? 0.094mgLt (P 4P
Treatments T 30 0.041mgL 0.062mgL - 3P
Tv 80 0.002mgL ! 0.023mgL ! 1P
N-Enrichment (as KNO3) Twi 150 1.3mgL? 3.1mgL™? (N) N
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Fig. 1. The response of primary productivity, as chlorophyll-a concentration, in relation to the manipulation of TN:TP ratios in Nutrient
Enrichment Bioassays (NEBS). Daily algal response was expressed as chlorophyll-a concentration (a), and as the ratios of CHL1:CHLc
(b) during the test period (CHL: concentration of each treatments; CHL c: concentration of control).

A FAE A e VI (Tw)= A7 Wl A4
A9l ZHAaE Holm u|E 1u|ttez {FX|ETh o=
ole] H7HR Aol FA% AEEIFTEY AR
o] el o, At Arke Aol ME 13} YAk
o] tjxo uls] 2318 AH3EHAS vehis 2z
Ak o] 2 Bol A ZolM A5t 5ol Qlel 9
3t Algtar) 2hgstg] on Aol ot AlgEE 9l

AR Aoz Audoh
ool 4 AT 23 % AP HrIE A2l 2
AxE B7HE A2 dzzel wa 5 ALE
S Holm <l AU} T Atk H oz 2L
Al A7 =&%9em (Lee and An 2010), 47} =
Hoz Azld AZelA o w2 AE Y A3}
= 2lgler}(Leeetal. 2008), 2 A3 MxH A47 A
71l Aol M AREe] AstE e A vehA o
skeh ol Az Feke] AAA Aol A} T a2 <

e

r\r

3 =2 o}z N:Pratio?] ¢33Fd 7oz nyH). A
22 VI(Tw)9] <1 (TP) s=t dz27) sdsislon)
12} YA 2 A= e, o= TYT F2 FEeA
= TN:TPratios] whel o 73t Ql-A|gte] <49 4 9)
e A4 AlsE A

)z (Control, C)3} =& A& (Ti~Tw)ollA] N:P

ratio:= 73e& B4 (Fig. o). o
ZZ(C)= A3 =7] (Do) N:Pratio 90¢] 4] Dioell 6002
28t 2, A V (Tv)E Dol Spiking ratio 801 4]
Digel] 6022, 2]+ VI (Tvi)oll A= Do2] Spiking ratio
1500 A] Dyool] 1052 =ZA| 743l ok (Fig. 1c).
FAA(TN) 24 A el w2, AAas HrslE A2
< VI(Tv)E AlLslas 28 AL HEe] 27
vepgon, Ag 27] Dol % 18mgL el A Dio
o= ¥ 14mgL 1 (89): 1.0~16mgL Y] s==z 7+
A3lodoh (Table 2a). 2]+ VI(Tv)& 3.1mgL 9] =

Ao 2 7hashe



Nutrient Enrichment Bioassays by Manipulation of TN:TP Ratios 387

Table 2. Raw dataanalysis of total nitrogen (TN), total phosphorus(TP) and chlorophyll-a (CHL) in the control (C) and treatments of T\-Ty,

(8) TN (mgL ™)

N:P Ratios
T Tu T T Tv Tvi
Datessampled  Control (C) (N:P=5) (N:P=15) (N:P=20) (N:P=30)  (N:P=80)  (N:P=150)
Do 1.880 1.880 1.880 1.880 1.880 1.880 1.880
D 1212 1.285 1.344 1.420 1.483 1.608 2.302
D, 1493 1.665 1.346 1.467 1.435 1.330 2.190
Ds 1262 1.158 1.129 1.167 1.180 1.125 2116
Da 1.295 2415 1.776 2572 1.754 1.848 1382
Ds 1311 1.096 1328 1.383 1,509 1.550 2.366
Ds 1.084 1.100 1.150 1.275 1.250 1273 2.100
D; 1.049 1126 1.002 1623 1.240 1.208 2215
De 1.120 1.051 1.200 1378 1.080 1.405 2.941
Do 1.280 1222 0.993 1419 1.560 1.470 2289
Dio 1.255 1.287 1.087 1611 1.039 1.419 2.454
(b) TP(mgL ™)
N:P Ratios
T Tu T T Ty Tvi
Datessampled  Control (C) (N:P=5) (N:P=15) (N:P=20) (NP=30)  (N:P=80)  (N:P=150)
D 0.018 0.310 0.103 0.068 0.052 0.023 0.018
D, 0.018 0.289 0.098 0.064 0.048 0.020 0017
Ds 0.017 0.303 0.101 0.069 0.046 0.021 0017
Da 0.019 0.284 0.095 0.068 0.046 0.023 0.016
Ds 0.017 0.280 0.094 0.075 0.049 0.024 0.018
De 0.016 0.342 0.087 0.076 0.054 0.023 0.018
D; 0.021 0.307 0.097 0.082 0.056 0.024 0.018
De 0.022 0.332 0.105 0.083 0.060 0.026 0.022
Do 0.021 0.229 0.099 0.083 0.058 0.033 0.022
Dio 0.021 0.324 0.008 0.078 0.054 0.022 0.023
(c) CHL (ugL ™)
N:P Ratios
T Tu T T Tv Tvi
Dates sampled  Control (C) (N:P=5) (N:P=15) (N:P=20) (N:P=30) (N:P=80) (N:P=150)
D 121 9.0 13.2 135 130 117 116
D, 14.9 184 19.1 19.1 17.6 148 14.1
Ds 150 238 215 229 226 135 132
Ds 5.1 10.9 86 11.2 8.7 5.1 37
Ds 6.2 454 237 473 15.1 34 2.9
De 8.2 611 324 496 28.0 83 38
D; 9.0 645 53.1 54.3 436 8.0 33
Ds 7.1 459 543 482 38.4 8.0 40
Do 114 216 68.9 473 437 96 37
Dio 107 211 26.9 68.0 222 42 50

oA HA 14mgL 1z F7Hst 5 29mgLlz F=3=
T 2 WS JeRIHh A (TP) 4 Z ol up=w, A
2 | (T)o A= SA = 0.280mgL e A] 0.320mgL 1<)
HeAA A= o, Deoll = FAHsa . ubd A9
717 W 23 92 HELES 25 spiking 5=

¥ NEBs Aol N:Pratio 40 »]Rk& f-A]3F x|
EolME 1z} A o] Frtshs Ak Bol ot NP
ratio 40 o] 4] ¥ v &S FA8 A FLEdME 13}
A o] b7t A vehdA] edsket (Fig. 1). 53] Fig.
1b)g 2d, x2I<H= 593t PyxdA]l NPratior}
o A VI 1z} Ak o] dj el H]ste]
stel 23 T 4 v o) NiPratior} &5
12} A o] Yol BEAE Mol 7Zlo® Atg¥lth &
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Fig. 2. Theratios of CHLn+1:CHL in the control (C) and treatments (T,-Tvi) during the experiments of NEBs.
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Table 3. Solar radiation, precipitation, weather condition, cloud amount, surface air temperature and mean temperature. The data were

obtained from Korea Meteorological Administration (KMA)

Experimental dates  Solar radiation Precipitation Westher condition Cloud amount Surface air Mean
of NEBs (hr) (mm) (%) temperature(°C) temperature(°C)
D1 0 0.1* Rain 10 19.6 17.8
D, 0 40.3 Rain, heavy fog 10 19.2 18.8
D3 4.6 0.1* Rain, heavy fog 53 24.2 211
Da 9.1 0 5 26.1 218
Ds 5.4 4 Rain, heavy fog, light fog 5.4 221 194
De 11.2 0 0.1 20 155
D+ 11.1 0 0 219 16.5
Dsg 7.9 0 44 22.3 18.9
Do 13 0.1* Rain 9 21.7 21.6
Dio 5.2 0 85 26.8 239
&, olde] 48 AT F ¥ Ak FEo) A4 B T =
FaEe] e o AR AR F4E FrAGE A § l-—a--1ah i, A% P
— == -T3(20 s 53
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% 4 9l Jes Auwd E3
7z 4 gF4-al] Addy] = B w=w, Ds 5
<
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. N 15
M= vE 1|4 S Bl (Fig. 2) De~D77b#] A £ 0 (b)
2= 1(T), A 1 (Tw), "2 H(Tw), A2 1V (Tw) s o
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€ 6
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% o} (Table 3). 3t £k 419 193 29 10%e <
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= oF 8%z= F7hsigit (Table 3). 22 7]2k] NEBs A Fig. 3. Daily agal response (as a CHL) of NEBs and the weather
o ZAde} vlwEA g A, A7 e] B o] W conditions during the NEBs tests.
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Fig. 4. Variations of monthly mean of nutrients(TN, TP), mass TN: TP ratios and chlorophyll-a(CHL) in Daechung Reservoir during 2009~

2012.
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Bl (Fig. 4a) ol Mo} A9 FHuA} Jehl=
Al71ek AE7e-2 AZ17F Blss Al AR 1A
L Y Aoz AsHYch w A4 By AFE 7}
Fofl Zasls A4S Hold), o] AFHEE 2
A W Aot MEHGT] ez AbsEg

2009 32E] 201213 Afo] T e TN:TPratio= 37
149.9 (1 9: 28~342) = wj$- 7] vehdon, o]l ule}
Qle] AgedFaz =83 Zlow AaFH (Fig. 4c).
N:Pratio: $¢1e] F3o uhe} a2 9d A5z FHA

% Ho



Nutrient Enrichment Bioassays by Manipulation of TN:TP Ratios 391

22 B9 (Fig 40), §S54-a 5 == NiPraior} A
A5 ®Bal o] F FHuz Apsle 7dFe] vl (Fig.
4d). =3+ 20091 58 2012+, 4470 4 Hat A
o[B1E o83 37EAM Az}, dFa-acl W TP A
=2 (R?=0.71, p<0.01, n=12)¢]] ®]3}e] N:Pratio®] A
w2 (R?=0.75, p< 0.0001, n=12)¢] t] =2 7 o= 1}e}
ek ool2idt AHER E 9, 5bavert HUAE
Hal A7) TP FZrrt} NiPratiod ZHAx]7} vet
v Feolof m2e Aoz AlmEdh

B ATe AEAY FEFES 1A Akl %igk NP
ratios] J3& $43k7] 915 “Joky H7HIE (NEBY'
& AN J e A714E (NEBS)el £)3k N:PRatio
o) g Rzl ZHH 52 olel g} v mEA )
bo e i o B R = s e B e = R B () B i e s
= (N:P Ratio=5, 15, 20, 30)c| A 2] 1z} A= 2] vl$-
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MES Fheh =3 A& (N)E A3 Az ZelAMs
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oI3HA 2kt odokd ArMARe A3 A EA EH=
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2471 (Spiking N)&= A1 B4 S 3E] 43S A
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N:PRatiool| A 9 =4-a2] FHhx=7} vebyta, N:PRatio
E AEA EHIES] A A A4 242 Als
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EHIEY] S 24 YA AR A8 & Zle
2 At

Ab A
AT WY A Q7o) Jges 4

=
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