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Experiments of mixed culture and calculation of competitive pa-

rameters between Microcystis (Cyanobacteria) and Scenedesmus

(Green algae)
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Abstract. The experiments were carried out based on the competitive model of Lotka-Volterra. The growth
pattern of Sienedesmus obliguus (Turp. YKutz. is different from that of Microcystis eeruginose Kutz.. The
amount of 8. ebliguus in mixed culture i1s larger than that In pure culture during the beginning growth
stages; but is smaller duning the later growth stages. The amount of M. aeruginosa in mixed culture is al-
ways smaller than that in pure culture in the whaole growth duration. The competitive parameter{conver-
sion factor) of M. aeruginosa as an equivalent number of 8. obfiguus 1s 4. 53 and vice versa s 0.65. They
are caleulated with the modified medel: changing differentiated equation of the model into differential
form. using the parameters-K (the maximum capacity? and rigrowth rate -derived from pure culture.sug-
gesting the reflection point (serting pownt of density-dependent regularion. the authors called} of the
growth curves as the originated time. The inhibition effect of M. aerugéinosa on S. obliguus is about seven
times as that of 5. ablegquus on M. aeruginosa. It might be one of the reasons why the blue-green algae like
M. aeruginosa would explode to ‘water-bloom". The simulating curves of growth processes of two algae in .
ruxed culture is rather sirnlar with those observing. by the modified models with the values of those pa-
rameters.
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B EREFEEEN —FHEDS. H LotkaVolterraB 8 4 Br ¥ (£ gy R B S BRI S (Gause <)
H T H B B Saccharomyees cervisia Schizosuccharomyces kephir iy dbiE A% K5 Park-*, Barth!,
Park Leslie & Mertz ™~ G B T FHAMEF LR EREWD T H  Wal' I RENREFA =W EHE
3% £ Marshall # Jainl" P FEF £ M E S FHT T HEZFXEMFI. Holm & Armstrong *HiE T
EMA RN HEER, R HRET AR E A HERER. HH Gause fMEHh
HETHANER AR ZEFEE. ¥ TEAMFET RERRDEEA T BATHMXE T B EHF RN
W (Microcystis aeruginose Kurz. ) HI 3} £ MK ( Scenedesmus obliquus (Turp. YKitz, YA IEF AR L H
EHNFS P AL
1 HRfEE
1.1 s HFN R (M. aeruginosa Kitz. VHI # LR (S. ebliguus (Turp. YKutz) . ¥ g FEHE 2R
KESCHHER. RFE LCHEEEFAT EARNFARAREINEMNRERAR L EIEREAAM)
o, 75 B A T G LT
1.2 T
1.2-1 REMEE 490 HGZ 5 EH 1/2HGZ B Ea et , il 4 3 fhbsE B W A
By MEMMEMER. LIEHENUERYESR. BT EHERITER. KBRIENTHRE
HMETILEAETHITH.
1.2.2 BEFHENMAES HUURIT AL . 5000rpm. Smin. HH L 15mg /L NaHCO. i #E it
oL ELEWE CEREMHENE R B R. O B e R AR RS R EHRE AT
LAk 2113 A
1.23 BEBOMHE RARTHHAREEBRM ST LR .4 0. lmol HC! 32 30min. &3 TH
EHEAWE. ST 2ICHEREARER.
1.2 4 EREREASENARS 38 HGZ #H5HE 1/2HGZ B EH AAM SRS 5IR A 100 56 %
R, DL AAM B TR LB R GLRR A LIRS A 5, 3 W IR R R I M TR R .
1.2.5 BfEs SEMNAMMEAMHEEEY 4. 0}10° HH/ml, 7 120 3 150ml fEEE RS RN A
49 2 48m) MW RIG SRIA 1ml RN . HXITHEE.120L 74 pmol/s - m* B 121 -
12D, HERBE 251 C.EXBYE SR 20 BEE R 1 K.
1.2-6 HHTH BEHMEAEYSE 11X R —HEEED XN B FHEFT 50uH L.
FAERERSER Iml LR B EEFEXEMANH 0. 05nl SFERMHEFBEERS . ETI
HEREALERES ERTH . RATVE 8, % Olympus W B ME F 7@ 808488
(BN,
1.3 s
1.1 RS UEHRITF RS EEAMEKAERE. A#TSEN T S CEEMNR X
MR XLLOFENEH K MG E. CA AR BNTEE A Ln(K-N)/N)=a—r. AR T RE
#AT A R TR A A B RE Y o« f - 87 ETHE
1.3.2 E5FNEBSHHTHE  # A Lotka-Volrerra AT HERIF X A
(Npy — N Vg — b Y =1 N (K, — My — aN )/ K. <1
(N — N V0, — b V= 1 N (K — Ny — AN K <2
oo, 1N N 50 B A 2 5 3% o i F S 2 TR BT (E] ¢, BT BT HUE (% 10%ells/ml) ;N Ve A0 B A
B F o N B B TR R [E] b P BB R O < L0 cells ) sry a2 B0 Dby T D 2O MR O B9 4 B P R AT
FEEAHEESR) K, K. P00 M50 R R TR R T RS e 8 BRI R I RS
MBS ENE RN S
A ERAXTE LR GRS L HER S ENE - 2R EN TSNS, RHF
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133 MHEHSMHHE MEBMEHRNNS . AERES PR SR FETTRMEE H.Z
B N=K/2.,=tla—In2}r, HEEESTER M Twa—In2) r FRBEH.
1.3.4  FEIFAH Freeie s SR BTl & E e s 7 47 L EXCEL 5.0 L3,
2 ShRF04HR .
2.1 HGZ BE#EETHMBRHNKBEEMNIEFSE
HGZ MR R L SRS sr A M EEEA RN SRR IR L.
TES | KIS K lmsay it F AR Pr iR . Es R B2 WENETE
oS EPE R ETNARER SR CTE Sy, MR EA g NSRRI RCENR
Sp81 % 2367, 2 < 10°ml #1054 9 10 B/ ml W WERIN 5 % 837.3 17 HI 32282~ 10 #BR
ml. W HGZ o g R RS L EH T EENH T RON=K 1+ "1 Wieellss
ml SR AT TS AHEMN T E . HEELE L.
¥ 1 HGZ I MFe bl R OB E MR S N =R L) - IrCells/mMEd  EE RN RN l

A R EediEl
Table 1 The parameters, regression coeflicient and the refleclion point's time of Logistics equation (M=K /(1 4+~ )

A 10'Cells /ml} ol two algae grovwn in pure culture and mixed culture with HGZ medium

¥ K B8 . 24 ELEES 53 5 hady

Parameter X Parameter a  Parameter r  Regression cnefficient te
AR Pl 2367. 2 5.532 0. 614 n.arg A 7e9
ISR (M) 1054, 9 1. 305 n.623 0. 960 §-0cd
HiiE RN P 437. 3 £. 2l 0. 642 0. 9RR 9. 209
HIERARE MY 22,8 4,718 0- 607 0. u81 B 1181

HEEH P HFTEER .M HRILIESR, 1L THF . P in parenthesis means with pure culture and M means with nuxed
culture. the same below. {118, oblrguns <25, obliquas J 3 M. cerugirosac1.M. aeraginosa

LI il SR A H. RSP H AT HEREEEMARY A SR (D24t
WEHMEFNHSH «. HDREZ NES 2 EMERESTHEN FSMH 28 R FEEM MR T RKE
BHEAMB O THEL R 4. 721 30 il 6. 56 0- 18,

™2 HGZ AWM RN E R EHNTUS YRR GAEE X - 10-cells /ml 3 3 S HD0IBR
Table 2 The standing crop( 10'cells /ml and the compelitive parameters tv and 2rof M. aeruginose and 5. obligaus after

t, with HGZ medium

¥ 3204 8] Incubating date H B a 1 11 12 13
I MM S obliguacs | M) 385 4 Ti0 924, o aLz. 2 a2 975, 5 1064 b
HIEFIMPER M. aeruginosatM) 163, 0 192. 5 219.4 2f0. 6 309, 7 35 11
a 4. w6 2. 28 R 7] - 67 3- RO 4.6
e (VAP R O, FA LR 1H . 3A 0.58 [P

2.2 1/2HGZ K70 o A BakA) 3L I5 7 40

1/2HGZ 5 36 50 W 6 FI o B ME A 3L 75 o000 45 1 L B W 38 BB SR FE 2B R M SE R e T T R W
B 2. (5% 1.2 FI5E 4 0o 45 0 P ik oy S 0 B F b B b S MM R AR 1 B IS N2 B
RERMER LB PSR AR SR K TFHRE P GMER. SRR R 1620.5 «
104,678, 3 » 10cells/ml Fl 662. 6 ~ 107, 301. 4 < 1Mcells/mL . W B W& IR Y LR T8
Wi B IN =R/ (4ot ™)+ 10vcells/mby I & 06 F 1205 B4 0 IH 8o BT 5 Al ag np 1
#3,

Lo b e oD AT B0 KL R T 0 8 5 05 B W PO B AR IR AL 1L A A DL e 3t
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Fig. 1 The growth curves of M. aeruginosa and 5. gy £

obliguws both 1n mixed culture and in pure culture re- Fig. 2 The growth curves of M. aerugrnosa and 5.
spectively with HGZ medwum obifguus both in mixed cnlture and 1 pure culture re-
spectively with 1/2HGZ medium

EEXEHTEFNH S a0 RFE 4 WS AZ G IR0 T MR 280 o 6 T84 (5 77 0 34 R

EWEFMHSE P THERTRR 4. 361,66 il 0. 7340. 05,
M3 1/2HGE FERSP RN RS EFRNGE TR N =K1~ % 10tcells/ml D S8 BT R BT

Hm HE syEdE
Table 3 The parameters, regression coefficient and the reflection point time of Logistics equation [N =K/ 114¢"1 ¢

10%cells /m! > Jof two algae grown In pure cullure and mixed culture with HGZ medium

2Y K B¥a & r EIZE2 . By

Parameter X Parameter 4 Parameter r  Regression coefficient t

AR (P 1629. 3 5. 247 0. 668 0. 9873 8. G(8)

FHIEHME ML 578. 3 3. 727 0. 519 0. 931 8. 518

o A7 1 T (P Y £62. 6 4. 831 0. 635 0. 978 8.B(8»
e K VY 301. 4 4.040 0. 560 0. 984 8 415;

5. oblrguus D5, obliquus &M, aerugtnosa DM, aeruginom
M4 1/2HGE 5N BRT MRS A HISE R AR < 104 cells /mb) B ICHE-S ST/ 48 85
Table 4 The standing erop(10 cells /ml} and the competitive parameters of M. cerugirose and 5. obliguus after reflec-

tlon point with 172 HGZ medium in mixed culture
SR [E] Incubatmg date 7 8 k} 10 11 2 13
IR AT 5. obliquns (M) 541.1 527. 6 514. 4 365. 0 620. 6 648. 8 G7B. 3
S T I AL aernginosat M) 148-9 197.7 251. 3 252. 8 276. 2 276, 4 276. 5
@ £ 50 5. 88 3.79 326 3. 25 3.15
a 0. 71 0. 87 0. a0 . 69 0. 77 0. 73
3 itig
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dridt = rb, — agr — ;)

dy/dt = yib, + a0 + av?


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

912 5 B ¥ ®| 19 &

BREHREFie T ERFEOAORISHTHS " 2 VFEEMEEEFRES BT, 0BT
RS FEREEH S >0, >0 FEE an<la, <0l B —THEESEHFEHMIN. BENBE
FHTHMM SR B —FRBETX KL ", TR ERFBEARIEL N Lotka-Volterra 9
FeEY,

drfdt = zor (K, —r —ay}/K, (57
dvidt = vr (K, — v — Br)/K, (6]
32 Z2¥HE ZEERUTHZAAEEMXEIMEERHEN. A THRLESFNH2H . BEILA
BfEk. PEAERFOIRBRE—TSHEFEEFXNTE. ERRKRPEFMEERRENN . EH
THEEBRHARN . XFAHEESERFHRNETL. ZERT S - FEENEW. Bt RigtEFEP.m
REF AN —ABMNTEE. MR RITEY EMARHE Rl MR IThHER . Rl S i %
HMEE.MARNEEFEIBHENSE A Lotka-Voltera IR ESFHEUN LI EL. . HTEZSMH S
BOHTH. AEMBRIEE K EH AN - E b R g . fef LS & 59 58 A e (7] M 2 =
BHRENKOE . XENEMEHRS FRAHRTTUAZES A RAMN T RER T . HEA T 2R RE B
SR EEEAR I HEN TR EE. P FER (O, R R e 2 5 R G A
HE ARG ESME SN E, EE RN KA EMARERNST.EE MRS EP R
H—PRIENEE fmEA TR I EMK MG BN KIS EF B TFEH. it
EERA BANEMEE LR TEN M E MR EN B AT EHA TR EAH I
A9 4= 4G BT B . R OD 5 B M 2900 IR 1 & (setting point) MM R B A B TEMAEGE S SH ESTE
E¥. . TEEEEFEL.
33 BHEWXRNE FAAREFARFAMBEENRSIRSETEMN SRR 2. 4. 58800
ZIE G HEE A G I RS 2R (R R I TR — AL B R — L PSR b SR R
BB A 30 A B B Ca) 53 B E 40 72 FD 4. 36 BB X A IEEE 0N B 2 (55 B 0. 56 1 0. 73 AKX R H
—Ef M]3 H A « [H5 8 HMFAEMUB TN BN L 20 230/ 0. 17,80 F 2509 ZIERHF
EEGGSLIN.EREERAEEMNMELT 50% [xs(4 2N ]. ZERFREHERIREFEHN . AR
Mafl PHERERE SUEREEEAFIN 4.510.88 f 0.65+0. 10, ZFEMBHX—HKSHWTER
HHEEFESTHRTERRE L DHORTEZERREF LW,
3.4 EFEYMKA EHRERABRP.ESFNHER TS TRMERLEET. B2
FomBa RN IS TFET PR OB MR N a=N/ N, T B R B 04 A e
. XA MR R . ERTRHETRA. EENRE B8R . X T A TR S8 #HE BR LR
MMTER RSB E SEEA . M 4 55 O S 20 3 v 4t B G4 30 Y 7 HE T R B A
BHENNTE ERIFTUA - AR ESEMEST . HEE T 2B b KE M
Bhz— EAETHENMNTIFZRESENEK. AMESF2BEREEAES4T SR HREH, .
ENMENHTRERSTHOREXR WEHBERSERETRAN.
3.5 MiSARA WTFEAKMEE#AER.AAEFHUAESEL. AR EEECIRE
HIGL S el s B 3 i 4. HEA9S5ME 1 E 2 gt s i A kS R AR,

B W

[1] Voltera V. Fluctuation in the abundance of a species considered mathematically. Nusure. 1926, 118:558~560.

[ 27 Gavre G F. Experimenta)} studies on the struggle for existence 1. Mixed population of two species of yeast. Jour-
el of experimental biology. 1932, 9,389 ~402,

{37 Park T. Expernimental studies of mnterspecies campetition. 1 Competition between pcpulaticn of Hour beetles. T'ri-
bolium conpumswm Duval and Trifeluom vonsanewrn Aerbst. Eeologicw! menvgrepiv. 1993,18, 265~ 307,

[ 4] Birch L C.Experimental background ro the study of the distribution and abundance of insects, The relation be-



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

6 HH RS ERNR LR LB ERBFERNITH 913
H)DD'DJ‘ 1000 s 2 A
‘:él{mﬂ cé
= 2
g K

BE 2z

gxm; 2%

* ] ™3
> . BRARGE i

! . MM '
—— RN E
L o N
o 3 7o gooun B % G $(d) The days ofieutrure

HE ¥ ¥ (d) The days of culture

Bl 3 7£ HGZ 3353 b 3 1 0 8 0 00 1< 6 BLIE Bt 28 B 4 1/2HGZ 3t 55 3% 50 405 90 0 0 26 900 1< A9 B0

EHTNE ith£% & H, TR M i

Fig. 3 The simulaung growth curves and their observ- Fig. 4 The simulating growth curves and their ubserv-
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