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Allelopathic inhibition and mathematical models of Chara vulgaris extracts on two

freshwater algae species
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Abstract; Study concerning the allelopathic inhibition of water bloom-forming algae by aquatic macrophyte is one of the hot
topics in aquatic ecology. Researches on the mathematic model of allelopathic algae control received less attention so far.
The present study investigated the inhibitory effects of Chara vulgaris extracts on Microcystis aeruginosa, a toxin-producing
algae, and on Scenedesmus obliquus Kiitz ( single and combined). Mathematic models were constructed based on the data
obtained during experimentation, the characteristics of data, the traditional Logistic model and Lotka-Volterra model by
using the infinitestimal method in terms of the inhibitory effect of the extracts on M aeruginosa, S. obliquus and their
mixtures, respectively. The results showed that, (1) C.wulgaris extracts inhibited significantly both M. aeruginosa, S.
obliguus and their mixture, and M. aeruginosa was more sensitive to the inhibition of Chara wvulgaris extracts than S.
obliquus. (2) The constructed mathematical models can effectively characterize and predict, to a certain degree, the
exposure time-dependent dynamics of algal density of M. aeruginosa, S. obliquus and their mixture in the context of Chara

vulgaris extracts. According to these models the predicted value of the maximal 50% effective concentration (ECy,), and
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the minimal inhibitory concentration ( MIC) at any time point during experimentation, as well as the predicted value of
algae mixture in the relatively stable microhabitat. The traditional Logistic model that describes the growth of a single
population can characterize only the trend of population growth in a certain spatial scale, but can’t calculate quantitatively
the biomass of a population under stress at any time point. The Lotka-Volterra model can describe the quantitative
relationship of two competitive populations, but can not solve thoroughly the problem of exclusion and coexistence in the
context of inhibitors and other distracting agents, which makes it hard to get the biomass at any time point. Our group ever
examined the inhibitory model of a single or two kinds of allelochemicals against a single algae. The present study
constructed a mathematical model concerning the inhibitory effect of the etracts of aquatic macrophyte against a single algae
or algae mixture by using the infinitesimal method based on the traditional Logistic model and Lotka-Volterra model
mentioned above. These models can well solve the calculation problem of algal biomass of populations under stress, or two
competitive populations. As a result, the study can provide valuable data support and reference for the complex biological
problems and for the establishment and implementation of actual algal inhibition plan by integrating mathematics into

biology.

Key Words: Chara vulgaris; Microcystis aeruginosa; Scenedesmus obliquus; effect of algal inhibition; mathematic model
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Fig.1 Abundance of toxic Microcystis aeruginosa after 120 h
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I A A SRR IR 1 EC,, BTG 9 0.779 ml/L,
2.2.2  TEAN[RIPD LA VR B A S0 e 1R AR TR A 5 T A

SRR R L AR S LT, AR R
P A M R B ST () AR R A A

FRAEFE A [F] 490 4 R 1) 5 2 40 3 02 4R VR B 05

o SRR e RV I BLR B R AR
TEAEIR]—25 (] A% b o 4 [m]— 35 ok JR 0 AR A5, DL &
e A R B VRO I A g 1 A SR VR, FE AR S
Y Lotka-Volterra A7 f JLhilt I 38 o HOC o #r ik | 1
TINY 3 A A 0 VOG0 o T e o A 9 )k
SRR FH 5T (T S A R T A e IR AR TR 1 b
SRR FET AT 15 2 0 e 4 2 A 9 4
PLAE T B o sl A Rl K, A Y TR S R G
BEJBTI ), HR 5 72 AS [7] 4] 1 v B 1 5 A 8 i IR 4R R
IS A s e R E M AR LR i AR
P AR M B A AN (] B ) 1 SE B (E (8] 3,
Kl 4) #EATHLA (3 BLAS R B3 28 ) A2 77 1) H38G
IR THEAS ) 15 2 25 R0 e v B 15 A 4 iR 42
WIS TEAM SRR e BE R AR A e 2 00 T e %
J3E Bt s (1] 22 Ak RS TRy

= 282.4 - 2.217387386x(c,t) — 0.0282295363634x°(c,1) +

2.30409541864155x(¢,t)y(c,t) — 0.842092855462642x(c,t)y*(c,t) —

x(e,t)et

ay(c,t)
ot

¢ 2 3 A)CQ x(eyt) x2(e,t) x3(e,t) x*(ey)) 7L

=3.1 - 0.811523757y(c,t) — 0.04923263241y*(c,t) —

0.46321765656534x(c,t)y(c,t) + 0.373278747453522x2(c,t)y(c,t) -
y<c t)e(‘ e 23 DA yle,) y2(er) ¥et) yHen)) T

S, 2 B9 SR VEJE (/L)
x(e,t) Rer HEHIS BT RIAYEIE ¢ (ml/L) )
RSN T | ¢ 2 SR 3 (c,)

2.086951

(3)
SERMEMREAE SRR N ¢ (ml/L) 1954 5 R
BIREE T, o I 20 B R AL

4.346243  0.500734 - 2.465718 0.818649

20.88976 - 16.8899 - 23.6529 30.0144 - 8.92892
C=|-39.3225 -3.79139 124.1009 - 117.136  32.70659
21.04342  79.97759 - 233.701 185.9704 - 49.2263
3.578618 - 70.3181 140.4734 - 101.3 25.86943
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- 2192.1 3794.871 - 2280.61 568.037 - 49.2523
22143.1 - 38329.6 23005.33 - 5715.4  493.4745
D =) -73836.7 127574.8 - 76322.5 18869.22 - 1616.69
97673.58 - 168242 100132.3 - 24559.5 2077.023
- 43377.2 74338.33 - 43871.1 10615.74 - 877.286

W RER (3) , Al U3 e 3 18] 4 AR AY
P TR 7 e 0 e o e | 9 A A 0 0 2 2 1) 3
WUE (3t 60 D) o T RT3 3 PrdRid id
A S AT 2 B [ e J3E ) A B e R AR VR B
Birp WSk RHEMNEIL AR OL R, PR R A Ak
Tl o R WL 50 5 M) P Y (3 ) 35 H B A
X IO 38 T P AR (3 30 AN =2 1 11 ] e
FECR® 2977 0.998,, [ FH o 5 AT AR K] 4 BT
f14 38 kS A5 B A L AN (5] 0] s e 2 1 0 2R e T
TRIRIAET | i ok Gl e e RHE A S L AR B0, R
A B LRI 55 R P R A (3) TR A AT
X I 9 T P AR (3 30 AN =2 1] 1 ] ke

FER 2979 0.995, ZMA AT R e T Pl
AR TE AN [0 T e 8 5 A 8 R I SR VA B v Al 2
PP RUEMR I AE LT, Sk et R AR
e I B B A2 AL AR (3) S BRAY AR AT
FEFIA T LY, FE A BE S WA 3L 2R 155 B0 T Al 4 A 28
B AR B A B ] AR A B SE PR O

IR (3) i o] LA A H A AN [ 00 i e S
AR A e B R AR R M E T SRR ol e R A e It
Y, BEFE IR E] ¢ — oo, HRZRAAMEBE R A B BEAE /N AE
A AR AR B TR (6 1) o X R A
TESEBRAM L I i v, DA 40038 T 58 4 i R S5 it 2 4t
T A UHE R B SO B RSP

x1 TRMERERRERIE THERMRRERSHEMREE/NEE P ENRERPBNE

Table 1 The predicted abundance of S. obliquus and toxic M. aeruginosa while coexist under different concentrations of Chara vulgaris extracts

T L e BRI ) AR R BE

0.00 0.20 0.40 0.60 0.80 1.00
Concentrations of Chara vulgaris extracts/(mL/L)
] 5k Al Sl 1R [
PSR . 8.97 433 3.85 1.21 .14 0.61
M. aeruginosa densities/ (X10°/4~/mL)
A St 3% BE
FEHEE 7.85 4.33 4.42 2.09 2.49 2.72

S. obliquus densities/ ( X10°4~/mL)

3 Fit5itie

31 AR FE IR BT Bl R e AR R 1 M A
SR TACBEBE AR AL M 2 B S 4
5 S5 7K AR A 53 DA 14 A1 S Jo A 35 i EL A e
FERESME X AR AR TEF 5T
i 10 R AN ) S5 0 000 P 28 BRI 9 7R 2 L A
Fig 1 A e AR A, T TR R X A AR G 5
( Microcystis aeruginosa ) W3 3 R0 S HE XT3k A= il g
( Scenedesmus obliquus ) 3" 3 %} 22 By 2 Ak W) Ji (1)
FBEAE IR 9 ¢ B - X 5 5 2 F R %o 7K A £ Jie g
(Anabaena flos-aquae ) W/ H B Sk 5 T X6 241 A%
/N BR B ( Chlorella  pyrenoidosa ) 2L 2
( Phragmites communis ) " 73 55 % 52 AL gy i 2-H
B LT LR LW %o i 2 20 i VAR 1 R/ okt B
A AR SR AR AR T3 38 /N R ( Chlorella
vulgaris ) WA/ FHAS B 58 ) 3 RODR A o8 0o ) A ok

BEmE W MEEE (Scenedesmus armatus ) 55 ELA LA
TR, it K A4 2 i L3 A 1R

A5 W38 A A i 32 B VR TC 18 KT B 1% 7
] g T 2 R A A S 2 A PR A 1Y) R R A Tk
SR A B e 4 A AR s A0 4 P ELX 7
TR BE R A A 2 0 2 v T X RHEMRSE . Tk
4 M IS 30 S AR Ry A B[] o A A —
SEE AR E B SR S I 2 R R AR G A R
W 2 50T e 3R FH e A 7K A A ) A AR
RIATE B IR BB E K EBLR BG5S
JoEE A EE IS SN HE X,
3.2 JTEEST AR T AR AR ELA ik 1 R S

KT A B3 0 B AR AT Y A X 48
B R AEAL G Logistic FRIFEAE I 3l i 0T
GIHTEE BN T ARy S X Bt A 1 1k B AT of E
FHI ) ST T A e R IR VRN B A A e
Bt AR A B 0 A 0 B AR [ I AE A B
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