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ABSTRACT Nannochloropsis oculata , Cryptomonas erosa and Oscillatoria chlorine were
seperately or co-cultured in inorganic culture solutions, and the consumption of nitrogen and
phosphorus during the culturing was analyzed. The results showed that the absorption ability of
O. chlorine on nitrogen and phosphorus was the highest,and that of C. erosa was the lowest.
The nitrogen consumption by O. chlorine, N. oculata,and C. erosa were 13.496, 7.533, and
6. 739 mg/L respectively at the tenth day, and that of phosphorus were 2. 165, 0.581, and
0.510 mg/L, respectively. The effect of the microalgae co-culturing was investigated by the
path analysis method. The results showed that the absorption of nitrogen and phosphorus by
them both increased, indicating that the interaction of N. oculata and O. chlorine was positive.

When N. oculata and C. erosa were co-cultured, N. oculata played a dominant role in utiliza-
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tion of nitrogen and phosphorus. However, the nitrogen and phospborus utilization ability of C.
erosa was significantly (P<Z0. 05) inhibited by O. chlorine.
KEY WORDS Microalgae Nitrogen Phosphorus Competition Path analysis
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B R 454 500 ml ETE . (AT 120 CKE . 53R E 26~28 C MR 4 000 Ix, JamE kL 12 ¢
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Wit 5 35 200 Y 50 T 498 R 8 S IR A R R R e B X S A O AL A e A B T Y R R R R I
TR WA S 46 1) B 2 1 1 fole 2 R o N B 8 (P<0. 05) , H v B 8 119 A W U i oA 13 489 mug/ L, i = 38 1) Wi A T8 2%
43508 1.349.,0. 754.,0. 690 mg/L « d. flZRER ¥ | Bess A i 20 I 2 B 5 0 1R h S0 vk B 48 I8 3 HAORH O (& 1
~ 3 HHFEEREE B —0.819,.—0. 91 Ffl—0. 889(P<0.05)
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20 MK T AN BT T R S A I A TR R R {ZQFH@{M“HFJ?TFNEI 4~ 6), 55 10 KB, ok B W il iR £k 2053 31
4 0.010,0.002,0. 079 mg/L, f%k Bk ¥ . B 5 R0 B 1Y 40 M 2% B2 5 W2 A1 2 3k ZOMR BE A G MEAS B 3% (P>
0.05) ML AR 435 —0.561.0. 679, —0. 641,
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FEVIIREE R ET 6 d,3 413 ) 2 UMk BE AR AT T3 i (I8l 7~ 181 9O, 258 6 K5, il 2k Bk 4 i 2 0k
TR AR B VR BE R 0. 023 1 mg/Ls BB 4 1 2 AAE S 6~8 RAF WL IF tr FEAR Bl f5 X It % 0. 105 8 mg/L;
B = A B 4 REFAC, BB 0. 014 2 mg/L. AR BREE | Fe 3 A0 B 3 1Y) 40 i 2 5 5 0 /MR B A G
PEA B (P>>0.05) JHH X 2%k » 43 3K 0. 065.,0. 625, —0. 396,
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Table 1 Effect of N. oculata, C. erosa and O. chlorine on TIN

i % HIEER Xi gt X % Y By 4 Xi % YN 09 SAEA o
4H 53| Group ik b8 R? (1)
Path Direct effect by Indirect effect of X; on Yy Total effect of X; on YN rxy
Bk - B X ¥y —0.026 Xo——>Xo—>Yx —0.924 4 —0.951 0.048 7
N. oculata Xo-YxN —0.953 Xo<=—>X,—>Yn —0.025 2 —0.978 0.956 3
O. chlorine Yy 0.207 4 0.207 4 0.043 02
- B XYy —0.039 X=X, Yy 0.139 5 0. 101 0.009 36
C. erosa- Xo-YxN —0.969 Xo<=—>X.—~Yy 0.005 6 —0.964 0.928 1
O. chlorine Yy 0.264 6 0.264 6 0.070 0
o 2 TR TP T X.-Yy —0.922 X,<—>X.—~Yy —0.051 —0.973 0.943
N. oculata- XYy —0.070 X <——>X,—~>Yx —0. 664 —0.734 0.098
C. erosa Yy 0.228 0.228 0.052

W X AR A X MBS AR X O BRI A & YN TEHLAE TIN B B2 . r AR C R A 00 B 12 R R? (D e R
e HPLNE, FE. Ri=6=(—0.026)2=0.000 676, [a F,Rs =0.908 2, Rty =201 * raxbs =2 X (—0.026) X0.970 X (—0.953) =
0.048 07;R*(1)= Ri+ R, =0.000 676-+0. 048 07=0. 048 7

Note: X,, X,, X.are biomass of N. oculata, C. erosa and O. chlorine, respectively. Yy is concentration of TIN, r is coefficient of relation-
ship,b;is path coefficient, R? (i) is coefficient of determination,e is residual factor. Rf =57 = (—0.026)%=0.000 676,R5=0.908 2, Rf, =2by"
raixe b =2X (—0.026) X0.970X (—0.953)=0.048 07;R*(1) = R}-+ Rf,=0.000 676-+0.048 07=0. 048 7

F2 WBEFRGERMEREI P W
Table 2 Effect of N. oculata, C. erosa and O. chlorine on 1P

i 2 HEEH Xi @it X %Y, (e E4E A Xi %Y, EEH ,
217 Group ik R (D)
Path Direct effect b Indirect effect of X; on Yy Total effect of XionY, Ty
045 BR - X,-Yp —1.158 Xp<——>X,—~>Yp 0.187 2 —0.971 0.907 4
N. oculata- Xo-Yp 0.193 Xo<—>X,—>Yp —1.123 —0.930 —0.396 3
O. chlorine eYp 0.236 6 0.236 6 0.055 98
e - B XeYe 0.023 Xe=—>X,—>Yp 0.143 0 0.166 0.007 1
C. erosa X,-Yp —0.993 X,<—>X.—~>Yp —0.003 3 —0.997 0.986 0
O. chlorine eYp 0.077 5 0.077 5 0.006 0
T 25 TR - B T Xa-Y, —0.582 X,<—>X—Y, —0.325 —0.907 0.717
N. oculata- XY, —0.451 Xc~—X,—>Y, —0.419 —0.871 0.581
C. erosa eY, 0. 281 0. 281 0.079

. YP Hy IP (9

Note: YP is concentration of IP
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KA E T A BT BRI 2 7K 7 Ml B R A S I SBR[, BE R 2 U R R RO AR T R AR
HETS FORKARIREE b i & B A LA 5505 e R s AR KR AR R 2 B N (ZF A 4E 20105 WS IR 45
2010) o I WEWCHE X /K BRBE v A ) B A0 B0 R i Sl B A 28 R R AR T B TR K RS R G IR
AE AR FE K PR A B SR B R S AL CERRESE 1999) B8 i K BR A RO AT B Y L 03I ZE 45 (2001) )
ALK BURAS T RAEFAIROCR o /K77 FRFE IR B PR 22 rh o 00 R RIAS 7 119 77 T AW 8 A m] 2 0 2R 050 8 3R 0 e Ak
Ul /0 5 T B R A TR R AT LTS B A G T S A TR KA AR AR AT LB 0 i

TR AR Hh A AR DR 0 P i 2 A R S R IMR U B BV EUAL R T A R A L R L LT R A
BT AR CRIREEE 1999) v WLE SR I X e A EZ g . ZAE AN R AR b 2 T L SRR
BRERMPAC F R EEA TR s B EWRAERMW ) —F FHE R 2SN ATP R BERENEATR. F
FER B O AE A A R b B W e ) R S 0 i BB B X R B A B AR DG P (P<Z0. 01D 3l 3 5 R 2R IR
WOPR A B0HE AR W i K B R (BRI SE 1995 &S 2002)

N A (2002) R 5T 4 Y L 7 fol 2 K 088 B % A 00 3 5 1% SR 9 9 I il TR RUR A AR ] 28 R I 3 A BIE 5
FAEZER] . — AL T M E SRR BR AN A RBE B A8 7 4 5 RO RS, LR i 5 B R A SR T R 9
R R O SO AR AR T AR ] . AR A TR (R 78 FR IR B 25 0 T o UM 1) MR A 3 38 T BB AF AR — 5 1)
22501 HIEHLR R 3 R 2 AL T 3h 528 A 1Y, A B 5 1 ol o 15 0 08 v O A1 i TR 280 o 7T 43 R 11 388 23 135 AH
X AR o PR aHG TR WA i /N T AR A X AT BE S B 1A R AR A AT T

Foft 18] 58 2 S A7 78 T AN ) (0 1) 118 — o 35k B 42, 78 7 kOGRS HC Al A 25 07 PR 7 b (e o ) 24 47 —
ST 1 5 A P 0 S AR MO Rl AR AR AL I DG B R 2 — (Piazzi e al. 20025 Litchman ez al.  2003), ##
18 , Caulerpa taxi folia Fl Caulerpa racemosa HAR & T 6] — J& . (H AL A7 7E B35 19 Fh 8] 52 4+, 90 4 — 3% 18] 19 1
AR T S, B A 3 20 5 o ) A DRI 398 3 A 0k ) ) 00 oV R A B s S S B A AR TS Y A K (Plazzi e
al.  2002), [F7E8EEE (1999) 42 U8 Sf T FE 3 Microcystis aeruginosa K1} M 3 Scenedesmus obliquus
(Turp. ) 150 % 56 G40 280 . Kuwata 45 (2000) BF 58 A A o 220 R0 F R0 14 4 5K 1 02 52 e 3 3 8 Mlicro-
cystis novacekii F Y M Scenedesmus quadricauda [8) 3a 4 AE TR B R T HE 2 BEF 0 P AP 1 55 4
AR TCIEBUESE G A R . TEK B IR b I P B EE RUOC A R | B R R B A B N AR
ity DA W BT 75 SR I K IR 85 rp o LA S e I A m G LA B P 28 7 AR B (R T A S 20040 . ZERLAEY
WF5E b 22 DARCBE A4 200 i 2500 550AE W e A O 2 0P 48 A 5 23 A A () B0 ) 1) 3 4 00 2% L X e — e R B 1 220
TAEE SR X A S 12 R 5SROV o AT o PRI AR BIF 5 P X R 5% B T 3 P DL A A o —— TRl s K
e G 8 R e €0 B AR 0 BT 1) T 125 R RS Rl R R ) R SRR A R L TR AN A K S R
IR B AHNE L BCE AR R B s A B AS ] 8 0] 5 5% 2 ) P 1) o7 R R B

AR5 245 B 6 B L 04 TR T 0 5 TR A R R I L B A TR R ) VR A S R v G v T A R R A
R F2 BE TR 3R Dl IR A B TR 3% 5 7 i 35 TR 0S5 1 Y 5 2 v B — s T 9 A 0 % IR TE X R
i 77 R O SR b B I T R BR3P P T 9 5 TE TR PR RN B e TR 5 2 b ol RO A A K
PR B X EURE WS AR TR T B i s JC R X TE ML 1 WS B R o e R . 45 R L B
Xof TCAIL 2N T MLt A IR T 003 e e B IR B IR 2 R R B AL T AN DA B 5 78 R e Ak 5 0 P ) 0 T 5 e
Je A i 1 o {H B B 5 TR 5 T K AR R R PR AR — R IR o 3 IR TE K 7 3R KA R TR B L
PR EE R IR AR W A K e B o R OIS 2007 S2HEIEAE 20105 XUZAT4E 2011),

PRIt o 7 5% BB K B8 VR4 55 DI AR I — T S 2 T A R0 AT B v Y AR R R DR R T I L
— 7 T 3 58 25 R A0 478 A T S Y DR SRR 15 R U AR B K B B R RO . X e AR A R AT LA S UK
IS R ARG 2 S 4R R E N DDA R B e e IO T B A LA 0 R 2 R 26 3 gk
7 7€ ) 5 % A2 FE I BURS 2 AR 1 2 I8 A0 AE A D0 3 T ) A 7 Rl 190 A A [ I 4 455 5 AR P A [) s 1) 1 0
BV, LA A T OB TE J8G B e ot o B T R P G DR 9 9 B R K A BRI b Y e A R AR ORI



106 ok B g R %33 &

A E BRI A B R A KR BB AL Y A

2 % X M

FR, BAHAE. 2002, AN[EE IR LB R RO BEREE 00 A R BOR R R A RE R L L. R K R AR AR, 11(3):215~218

FHINE REE AR R, B BEE L 1999, SR FEETE A IR R A5 F T 0 AR ROCRE 1. R E BRI AL, 19(3) 257 ~261

KIRER, W B, WEIERE, K OBR, UMUK, JEHEME. 1999, KSR AR WA  BAL IR T S R OC R B R AEE R, 8(4):304~308

XNFEAY, B, AEaifE, SCEBE, 2285, 2011, @& AR il F7 55 107 I OB R V8 A A R AE . Wl B2 R, 32(3) :84~91

BRAN . ¥ F]. 2005, JLERH) — KK 10 80 0 3 48 4 AL LA AT ST 3 JRE . 8 g ARl K2 24, 20(4) : 527 ~532

BRUIME. 1995, A IR G SR, dbat. PR dE . 25~78

PRAENE , XU, ZEIRME , BEo9, RAL€, BR U8, 1999, e s il 3 8 97 92 50 T Hose S 280 H5. AR, 19(6) :908~913

DLBLZE, R . 2001 TG PEBER G0 R B A ML I ZBRIF 5. P RSB, 21(3) :212~216

BRE, E, B, BRER S, SCERR. 2009, A AT S 3 AP RCH AR R A B . RO BRI 2 AR, 28(4) : 839~844

A, RS, WAL, SCEEE, XUZEAT. 2010, FLAYIE XS HF K &AL 3R A K (R AL B AR AL 5 TR B AT, RO IR 24, 29(10)
2 025~2 032

IR, A, WA L SCEBE, XUZEAT. 2010, X HF R A B IR G BIK BT IR T B R AL R, K, 6(6):26~31

T, B, WA, AR, ZHEMA. 2004, FLYHT IR LS GEIF i GORVE iEAE YRE R e 2R AR, 24 (8) 11 T52~1 759

HIGEAE . 25l fe, W, T 0. 2010, FREE MR AR S RGP R WO R B A R DT . Z 2 S5 10(D) : 7T~11

MW ALYE GB17378. 4—2007.%5 4 #84r . K347

B, R, BT, SCEEE. 2007, 77U GO A 25 08 1 BOR TR 8F S% 58 0 T oh BB S 2 Ji.L R 5 K 7, 3(4) . T0~T3

PR 2002, 3R B2 G IR B B AR IR A K R I R AL AL R . g TERL A, 8:9~13

SURIE, 2, A, XIFAT, BIEAE. 2010, R R OEE S FRAK BRI R I RT SO, B K, 6(5): 74~80

SRS, S, EERUMR. 2004, S8 E IR EE X UUR— K S AL B E SR AR (0 B K BSE . 25(4) 157 ~64

Hu.X.]J., Li, Z.]J., Cao, Y.C., Zhang, J., Gong, Y. X., and Yang, Y. F. 2010. Isolation and identification of a phosphate-solubilizing bacterium
Pantoeastewartii subsp. stewartii g6, and effects of temperature, salinity, and pH on its growth under indoor culture conditions . Aquaculture
International. 18(6):1 079~1 091

Kuwata, A., and Miyazaki, T. 2000. Effects of ammonium supply rates on competition between Microcystis novacekii (Cyanobacteria) and
Scenedesmus quadricauda (Chlorophyta) : simulation study . Ecological Modelling, 135(1): 81~87

Litchman,E. 2003. Competition and coexistence of phytoplankton under fluctuating light: experiments with two cyanobacteria. Aquatic Microbial
ecology, 31(3):241~248

Piazzi, L., and Ceccherelli,G. 2002. Effects of competition between two introduced Caulerpa . Marine Ecology Progress Series, 225(11):189~195



