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Effect of N, P concentration on growth rate and biomass of phytoplankton in

eutrophical water

LI Ye-Guang, LI Zhong-Kui, GENG Ya-Hong, HU Hong-Jun, YIN Chun-Tao, OUYANG Ye-Xing, GUI Jian-Ping

( Wuhan Botanical Garden, Chinese Academy of Sciences , Wuhan 430074, China) . Acta Ecologica Sinica ,2006,26(2) ;317 ~ 325.

Abstract: Total nitrogen, total phosphorus, biomass in three eutrophic waters were investigated in the rapid-growth season of
phytoplankton (July ~ October) . Chloromonas rosae was cultivated in water samples from three eutrophic waters and diluted water
samples from Lake Donghu to determine the effect of N and P concentrations on growth rate. The relationship between biomass and
N and P concentrations, analyzed hy.regression, showed that phosphorus was the limiting factor for algae growth in eutrophic
water. The relationship between growth rate and P concentration can be described with the regression equation y = 0.0806Inx +
0.4658, (R?> = 0.889) , Growth rate increased linearly with the increase of P concentration when it was below 0.05 mg/L, Growth
rate was less increased when the P conceniration was above 0.05 mg/L, and was almost unaffected when the P concentration
exceeded 0.2mg/L. The P concentration corresponding to growth rate “0” (deduced from a regression equation) was 0.003mg/L,

close to the minimal P concentration of poor nutrient lakes. This indicated that the regression equation was representative, The
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average values for planktic cellular N and P in the three eutrophic waters were respectively 53% and 85 % . To evaluate the levels
of eutrophy, N and P both in the water and in the plants must be considered. The biomass of phytoplankton is controlled by
concentrations of both dissolved and cellular N and P. The following linear regression equations describe the relationship between
biomass and N: y = 10.687x — 7.8304, (R* =0.950), biomass and P, y = 122.11x ~ 12.069, ( R* = 0.991) They exemplify
the absolute and relative aspects of growth-limiting factors with Redfield values. We conclude that the only way to prevent
eutrophication is to maintain a balance between the input and output of nutrients and to remove excessive dissolved N and P in the
water.

Key words: eutrophication; phytoplankton; growth rate; biomass
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A, T, AT, 45 55 5 48 RORIE 3 IR B RD , B KR A 3d.
BB R EEB R SR RN LR A, =01, AREE N (22.97£0.53) x 10° cells/ml
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Fig.1  Changes of TN concentration Fig.2 Changes of DIP concentration
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Table 1  Concentration of N, P and the specific growth rate of Chloromonas rosae

B H Medium N(mg/L) P(mg/L) Spﬁfﬁfiih“m

£ 5% K Fish pool water 7.53 0.101 0.244 i
£ ¥8K Fish pool water 8.5 0.082 0.1989
1 K Fish pool water 6.3 0.061 0.2382 4
KA WIX K Water plant pool water 0.61 0.028 0.246 1
JK P X K Water plant pool water 0.64 0.030 0.1716
KA YR 7K Water plant poo] water 0.67 0.032 0.2163 i
%W K Lake Donghu water 1.32 0.21 0.4138 :
F#IAK Lake Donghu water 1.23 0.15 0.3328
B K Lake Donghu water 1.48 0.16 0.2684 ;
B AWK Diluted Lake Donghu water(1/12.5) 0.1056 0.0168 0.0948 ?
B 4K Diluted Lake Donghu water(1/12.5) 0.0984 0.012 0.0993 :
% KWK Diluted Lake Donghu water(1/12.5) 0.1184 0.0128 0.1650

B AWK Diluted Lake Donghu water(1/25) 0.0528 0.0084 0.0915

R W7K Diluted Lake Donghu water(1/25) 0.0492 0.006 0.0067 j
W B R P/ Diluted Lake Donghu water{ 1/25) 0.0592 0.0064 0.0592 :
B ARBIK (1/50) Diluted Lake Donghu water(1/50) 0.0264 0.0042 0.0333

BB HRBIK (1/50) Diluted Lake Donghu water(1/50) 0.0246 0.003 0.0198

RERMK (1/50) Diluted Lake Donghu water(1/50) 0.0296 0.0032 ~0.0147

SRRENBRAR, BEEEABERMAIUT I AB-a B KARX  EXRAMHT , BRMREREK

B () B BME B R R - 8K AR X, SRR MUY — B, BIRAHRS, A RKER () 5PHK
BRXEMBRYHMSE (B 4), BHIIFFER y=0.0806lnx +0.4658, R’ =0.8889, HBEWE /T 0.05mg/L
B AKEHEREESHETFNABTMEL LT, SHEREE—SAR, S KR KR AR IR 0, B0
B B AR A, MBSV RS 0.2mg/L B, A K EHEREARAFHERKENNTAR. FMARETR
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SUEEF ZWBESAEERBTRUGEER (R =0.9508),

®2 MAMRERERFILE

B P concentration (mg/L)

M4 ERELSHEEHNRE

Table 2 Concentration of N, P and atomic N: P ratios

Fig.4 Relationship between growth rate and concentration of P

R NowD)  Plngy TR HAK B+ AR WA EER  (REE AR/ B« RAB)
Location TDN + celtular N (mg/L) DIP + cellular P(mg/L) TDN/ DIP (TDN + cellular N)/( DIP + cellular P)
1 1.47 0.13 2.223 0.240 2 21
2 1.53 0.20 3.436 0.479 17 16
3 1.69 0.23 2.880 0.404 17 16
4 1.41 0.13 2.709 0.320 25 19
5 1.32 0.21 2.193 0.338 14 15
6 1.23 0.15 2.676 0.362 19 17
7 1.48 0.16 2.219 0.268 21 19
8 1.23 0.14 1.493 0.178 20 19
9 0.61 0.028 1.315 0.131 50 23
10 0.64 0.030 1.792 0.199 49 21
1 0.67 0.032 2.2 0.264 51 20
12 0.67 0.018 2.845 0.336 85 19
13 1.38 0.048 3.093 0.299 66 24
14 2.30 0.083 3.597 0.273 63 30
15 2.29 0.046 2.916 0.138 114 43
16 2.32 0.024 2.569 0.060 220 97
17 5.74 0.085 12.459 1.068 154 27
18 8.85 0.093 15.350 1.044 218 34
19 8.76 0.046 16.113 1,122 435 33
20 8.60 0.100 22.499 2.134 197 24
21 7.53 0.101 17.498 1.560 170 26
2 8.50 0.082 15.942 1.171 237 31
3 6.30 0.061 20.599 2.154 236 22
24 3.50 0.045 9,920 0.985 178 23
V4 Average  3.33 0.095 7.109 0.647 12 27

* 1~8HRMH,9~16 KEHMWER,17~24 3% 1~ 8 Lake Donghu, 9 ~ 16 water plant pool, 17 ~ 24 fish pool

BRBEESEYRORANLE 7, W0+ HABRSEMENORRALE S, NETTLUEL, 29BN
BASHERBEENELREAB KRR, B 8 R, R0 & BRI AL YR A BERT, &Y B M E B
BRMMEL B, B E SRR BUAREERE (R =0.911),
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Fig.5 The relationship between biomass and TDN
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Fig.6 The relationship between biomass and TDN + cellular N
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Fig.7 The relationship between biomass and DIP Fig.8 The relationship between biomass and DIP + cellular P
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FIFH Redfield (S 2/ BTR BB F YRR EA AX t, X F XA ERFHWHMEL . MR R B
BETHAT 16:1, —BRAEERYFHREER, LB TERN K2, AR TRRN . RNERHR
HYERYFAEBEROE R TN 16:1 MART, WRFAEPRBET LT 16:1, FEEF I HY)
H KRN B YRR, A LB TSR MR A BR T T 16:1, lEEFHAY &
KERERYRNHERE, A BET RS/, RAREPR SR TILIEGFR 16:1, FEEFIFHEYE
KSR E YRR, B BT A SRR AT, AR LR BRI R XM EXR

N, (6P + X) - 16Y X
P, P, _V =0ty

AP, P, ERBAWIGRE  AMVGIRE X 16P, + X, Y AR FHHEYIEFROBEKE ., P, AN, H5ER
AR RLIEE ., % X>0, N/P, RMUKT 16, MHSHBEMK;H X <0, N/P, FUNT 16, T H 28 ¥k
AN

2B UHBE T BEE + AR SEM®ES + BABMHERRMGROAER K, FEER 27, K F 16,
BRASEEBOLEARRELAMARL, PHAER 112, EVHEEABLN 4 EL, ZRESHTHERE
BRAFPHEY S ESBEAWN TR, AR AR TN 5.58,/MF 16, YERPH P ERBARE
BERF B R, ABE R TR R 2,75,

FIAMEE KEMERSBERE FE BT BB A KR AT BB RE AR 0.003mg/L, #H#EIHR
#:Bﬁyklﬁﬁﬁ%ﬂﬁﬁa\?sﬁrﬁ“”,ﬁ—mﬁﬁﬁﬁ?’ﬁmmﬁﬁﬂﬁﬁﬁw& HWREERSEANMERL TS REM

& UL R A AR MRS AT SR B, MK ik P B X F 0.003mg/L B, 5t 7T REFR I B A5 19
A, T AR B BEUR E H 0.018mg/L AT, SLAE I M BE R K BB,
4.2 BEFMKEPEBRKENEHEHEYEDENE R

BlS~ W8 il IR A ERAKPEBNEARKE FHEHYNEYRSENKERRZERE, BL
HREAHE SHKENTAUNREXR ., WRAMBEKPERENANZHHEYENHENR AYER
NEEMREEHEHAE LR, MASHKECEABNEE XA, TREESLERAFEULSRE
EMBE (R =0.9508, R* =0.9911), FFll, BEFRMKGEFIRZEHYNEYRE AR KELRERNN, 14
BB AL R, Y EA RS K, —EFE - RIREE T, AR K LR,

FWREHFRN 3 D EE IR R B B B A, 4R 40 S5 bR i 2 A ik BE R AR A B A8 B A 11 0 O R
PEBRER, FERIFHRES, WRIFHNMEEFTEREHEH TRENEERLAE, AL Zm AT
B R B IR K i o U R BE R L A B O R, 7E TR PR AT A SE BRI R AR A B
4.3 X TFRIFHY P HE B

ERERN 3 TEERKED, HRREY BB ANE S 2WETEN 53%, B 2B TEN 5%,
ERBTENIERX. UM KENERBRE, A EKTERNE BERSENY, LA RN 2 RE
PIEAKR B EVEAME BRAKPHE BPEEER, AR R, SR e KRR BRI AR
MZEfL . ARIEX MR MR EN , WA PR B EABEN S T, A4 B, B
HIHET~ 10 AR, STWEDHRBELERE MR . UREE N FEKEBESHYO KK, FELE
REBFEEDEANKE B, B ERITN, FELKS RWHEYRKE B SR PR B0 8 R,
B AR MR R IPA , WA AT REB R B R RS Y 2 M E b AL, A B 5T b EL B ve AT
XEEHYEYBEWA S, IBET — N RIFH T
4.4 XTEEBEFIKEH G %

ROUR WAL — SR A0, B XA DB 48, AR IR TS K K R EEA BT R, 2 BTk B B 4k, 5L
EEHFOMRERE, AL BYRBINE TS RERE . 0T ER 225 R IR B2 A Bk Y
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#E, X, RFRE LA, RRERFNKELESRE, REAYMMARERFAETHEALEENAfABH)
MARRBICELEY , B — RIS A K.

AEBE, KX FREYEYRBRFEEKT, FERER KPR SRR, RE 7 2lEY
MREEKEH, R REERES TRERSEYIFIER. RO BUKFHKE RS, BIEy £
YEMNESKERRFHE, TRERAGPABRRFERSAX NFZREYNSEER THEM/ER. g
ROBETPEARNAWE 198 FEFAHBEERKENTIEFARBEESALMNERMLFAR" . FAEN =’
BREEFREERENAASEE, B— MRS, BEA KERSEYMELER, R RAEEEAREY
BRBR FHHEVHEREENEYENRREIEHKEIHA BEERFTRNWEES, REABERLR
Wi BRI HEY A BRSSO K. AEMAEYR(TE) TS 169.62mg/L, B 267.72 mg/L, ik
BT HBREFRE P EUEEKF

MREAVHBEBEPHAESTEROEGK, AR RAS FREE - FOFERL, Bk
KEEEFAHME - DMERERKEPE BREETEERTRUTTH. HEEE AR EREMNKE
PEELSEMNE HEBRYE, KEXERARAKERYSFLKERNG 7, KPRA BB EEALER 2T
MY EYENE T, BERR BRXFAMTENRREREMS WL REABMMAKEPBES B B ,
LZFEERTE. REBNAFRREAENTEEFBEREE R, LARBRMEBN K AT ERR BEEE
EBERYRN T E, A RRAE B EBERER,
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