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The allelopathic and inhibitive effects of extracts from medicinal plants on the

growth of Chlorella pyrenoidosa
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(College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract ; Extracts of 11 medicinal plants were used to test the inhibitive effects on the growth of Chlorella pyrenoidosa. The
study results show that the extracts of Coptis chinensis, Paris quadrifolia, Dryopteris setosa, and Stephania tetrandra had
inhibitive effects on the growth of Chlorella pyrenoidosa. When the relative concentration of the extracts was at 1g/L, the
range of the median lethal times LT, was in the following order: Stephania tetrandra < Paris quadrifolia < Coptis chinensis
< Dryopteris setosa. In the experiment, the algal response to the relative concentration gradient was tested, all the algae
died after 3 days when the relative concentration of Stephania tetrandra was at the level of 2g/L. The study results also
indicate that the effects of inhibition were not changed markedly by the storage time and storage temperature. Stephania
tetrandra showed the greatest inhibition on the growth of the algal species among the medical plants studied. Thus,
Stephania tetrandra has the great potential in inhibiting algal outbreak. The other three medical plants tested in the study
also showed moderate inhibitive impact on the algal growth, indicating that they are also valuable in control and management

of algal populations.
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B A KBRS RS MPSE R B, A E B R A SR EAEFEEMNE X, Bk
HEAEY) BSR4 D BONE A R R R K AR AR A UK 38, L FZK AR A P 1 B B TR A, R R 7E e
AR BE " . 2GRS T BB TR P A A B R R, 7EK R b 22 FE T K R s B B B
1R o AR, LK A 25 R M A B TR R AR ORI R BRI R O — BB 5L B Y 2 (Phragmitis
communis ) EARIBANHILEBE"" "), B FH BT (Acorus calamus) B3R AT A 3K . A SO L F0 25
FAAEY) BRAR , WHR KK A B A 2 2% /N 3Kk 3 ( Chlorella pyrenoidosa) B HINE FIEAT TR BB, R R
RIERG T X E BB/ NERER B BAMBERCR 19— 20245 FIAE Y , IF X L SRR AT VR4, BZE M h 25 B
A 3R 7= A B R BOKAR BB TR AR TR TR R AR
1 SEFBFEE
1.1 SE5bk

11 Fp 25 FAE ¥ 0 5 3% FE 3% 3% ( Coptis chinensis, Cc) . H k%5 ( Pulsatilla chinensis, Pc) 7415 ( Angelica
pubescens, Ap) B 1 bk ( Apocynum venetum, Av) | faj ( Mentha haplocalyx, Mh) . Ji & ( Polygonum aviculare
Pa) % LI ( Dichroa febrifuga, Df) | 1l & H3 ( Menispermum dauricum, Md) | B % ( Paris quadrifolia, Pq) . B &
( Stephania tetrandra, St) .5t AX( Dryopteris setosa, Ds) FIZ5 FHERAL AT 5, MR RIE T2y, EREMEH
#/INERBE ( Chlorella pyrenoidosa) Sif T v E R4 Be K A4 A W) WFFE ik K B0 B2 (FACHB-270)
1.2 SR
1.2.1 BEMEEEF

LXK MR P A 100mL SE B 3R2E (3R 1) A B, 185, B T ORI 55748 (LRH-250GS
D) ifgR, BEFRAM R R (25 £1)°C , BE T PPF:12umol *s™"  JEJE M 121/12D, 5 S B 4 13 F5 3 , i o
SEF R R

®1 SEEFEHAM
Table 1 The composition of SE medium

Y e/ (mg/L) P2y WeZ/ (mg/L)
Chemical constituents Concentration Chemical constituents Concentration
NaNO, 250 FeCly 16.2
K,HPO,, H,0 75 Na2EDTA 200
MgSO,7H,0 75 H;BO; 2.86
CaCl, H,0 25 MnCl,, H, 0 1.81
KH, PO, 175 ZnSO4H,0 0.22
NaCl 25 CuSO45H,0 0.079
FeCl;sH, 0 0.5 (NH,4)¢MO,0,,H,0 0.039

1.2.2  ZjFHEYR R ] 28 SR SR A XUk B
S HIFRE ik 11 Fp25 FIAEY 5 1g, A 40mL 2818 7K ,100°C 7K ¥ 30min, 1 € 5E ¥ £ S0mL, /£ R 5255
B, HARSTHREE N 20 g/Lo X BB AR INR R, M0 H 4 RER .
1.2.3  FHRIERIE
PP BRI EORAE B AMEE (16 x 10 %) T 1550, AR 47 38 40 Jfa 285 B T35 BE 4 B o okl 2
MBI R YR RBOE A/ NIRRT R E AR T
IR(%) = (1 -N/N,) x100
IR HEE AN HIZE (% ) 5N g AbFE 20 B0 P 25 B (A~/mL) 5 N, X HR 20 e 40 U 5% B (1~/mL)
2EARGONL AP ] JREHR BT B2 SO 40 i Bk B) LT s, 248 A 38 2H 35 4 2% 132 g of L 2 38 4 L 2% 2 1) 50%
i R SE RG]
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2 HZR55H
2.1 AIRZ5 YR AR WO 2 A R/ NEREE I R A

TETHANF T, 20506 11 Fh2 Y SCS B (Smb) (BEAF (20mL) B FHERM A, SE BREER
£ 100mL, BIEREIRA PSR, B ERZS FIAE YR SR HIARXT IR BE X 1g/Lo M2 BE (B k4
ThE AR AT R HE LU L EAR EE R TR B DT AP B T S

I YRR (1g/L) 35 R AR/ DEREE R AE R R LA Lo B 1A AP B35 T AL BH2H 1 BE 40
Hu% S5 A2 M2 R B3 (P >0.05) o H%EAbIRL /) BEAN 2% FEEAE A LR P AR T 5 x10°4/mL,
5% B 2 8] (925 St .2 (P =0. 005 <0.01) , HAE R i if [8] LT, 2 54. 67h (5£2) 5 1B B AR |
VAR i AL TR 2L PO A R I S 0 R AL [R] 22 5 1 S 38 (P =0.44 > 0..05) 5 [&] 1C A xR 28 Py o8 44 M 4 B R st
BT RiBF) 2.3 x10°4/mL, 1L ILEARLGIRA S RAMER R BE, BEREHEAEENLZK S
BB EAERFAE 5 x 10°A/mL 2247, 53 BRALIR] ) 22 54K .35 (P = 0. 0054 < 0. 01) , Hf RO 41 i B ]
LT5, 3 41.05h (3£ 2) ;& 1D shoxet R4 iy S 4 MO 7E SC B IR DR A G, 55 7 Rk ) 2. 21 x 10°4/mL, BEARAL
B (B 2 BETE SRS 2 R AR AR, BEJG 4d RIA K (P =0.0054 <0.01) 5 5 £ 4k T £ Fy 5 440 M 2
TE55 2 KFER 1.0 x 10°4/mL, 7ESCH S 4 KA S FBHARTE(P =0.0059 <0.01) o FAX B CAEIRL #9440
LI 6] LTs 50 31 54.86.,29.70h (£ 2) o

50 A —
—_— P %
—o- i A

40 | o BEKE 4

40 -

= ﬁ.{a //’I

30 - 30 -

20 -

AN 25 BE Cell densities/(5X 10*cell- mL™)

}53%WF ] Culture time/d

E1 ZAEMRRE(ly/L)XEARNKRRARE NN
Fig.1 Effects of extracts from several medicinal plants on cell densities of Chlorella pyrenoidosa

R2 MHAREWRER(1g/L) BT3B 5 R 8]
Table2 The median lethal times treated with extracts (1g/L) of four kinds of medicinal plants
25 %) Medicinal plant HH Pq H#i& Ce B St i Ds
LTs/h 41.05 54.67 29.70 54.86
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R, i85 bR S, 02 0 1 X 2 A% /N RO I ROBE B 25 R 4 b, 20 B - B EE R BUAR
B . SEE I AHE 25 YN B A/ DR TR SCR A .

2.2 TEESCR IR 4 B2l R O3B 0N Y LA

it 2 HH, S A R BGE B TR SER AR 0. 25mL A1 LmL, RS SEER HERE AP 20mL, 55 SE
iRk —F B THEMT , B AFUAE] 100mL, JFR54F R L.

HE BT O BB SRR AR W BN 0. 05.0. 2¢/L B3 8 R /NEREER A K RZ R ILIET 2. BRI
VIHRREFPIRBE N 4 x 10°4/mL, %f R ABE i e AR 4K FESEIR SR 5 R, SR BESA 31 1. 6 x 10°4~/mL
B 2E o AR EE B O AR A A BRI B4 AE K (P 3 >0.05) o B 2F B4 34 %
I H 5 B RO, , H R Bl A P2 Y A Y BE S X R 2L IR 22 5 B 3 (P = 0. 0149 <0.05) , H7E#E 5K
SRR 2. 75 x 10°A~/mL, T ARG IR BT A0 ISR A0 A K, S X R 4122 57 8.3 (P = 0. 0289 <0.05),
HSLE 5 S REHREIE KBS, S E R B R TR E 12

& X —o- EE -O- ®iE -X- Bic & B
40 40 -

30

30 -

20 20 |-

LA B Cell densities/(5X 10%cell-mL™)

¥ R] Culture time/d

B2 AEZAEYRRENESZNKENZN
Fig.2 Effects of extracts from different medicinal plants on cell densities of Chlorella pyrenoides
1 RBAHXYEE E: 0.05¢/L; F: 0.2¢/L

3 PR RBTER (1) AR WBEN 0.05.0. 2¢/L AL BT, 25 A M AL B2 5 % R AHSC R
BONKEVNERFHRUC N - L > B0OE > TR > BT, 3805 > TR > M > B ; Bl AR BE A 5% FR 4 8] F A 5%
RER/D, HAMBERCR 58, (2) 7E 4 R (B O VEBE B E B AR) S0 IRAM KRB LB+,
0. 2¢/L ABHA T3 /N 0. 05g/L AL THAH , 6BA BEE 12 4R WBUAH X ¥R BE (938 i, Ak 2E2 20 55 5% iR 28 1] B A S B
6] FHRAHSER AR , 25 ALY 40 BESSOR B 54 o

®3 FEBERETH 4 FAEASREENEXRE
Table 3 Correlation Coefficient between four kinds of treat treatment group and the control group in different RC

W/ (g/L) i ZH (1) Correlation coefficient

Concentration T Pq i Ce BT St B Ds
E: 0.05g/L 0.9665 0.9563 0.9069 0.9494
F.: 0.2¢g/L 0.3921 0.9354 -0.4197 0.9086

e Irl <0.4 HRERIEAR; 0.4<Irl <0.7 R BEMEAIE; 0.7<Irl <1 REELMEMRE

2.3 B SR SR E 9%/ NBRBE R BERR I AT

KBl CL KA (1.25.2.5.5,10mL) (B (20mL) \SE JE SR Z A MBI+ , 68 AL ] 100mL,
B O A AEX R BE D 0.25.0. 5.1 2¢/L, 353 551 S I B A E o

ARl BB O R IR AL B , AR/ N BB R AE K B R ILIET 3. [ 36w, R SC B Ak [ A SEE 4, X
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FRZH (Og/L AbFH) LM MI 2 BERT 7d AR LS, 55 6 RIBBMm (1. 34 x 10°4>/mL) , B B 40 o 25 B2 2 R b
b, 2555 2.51 x10*4/mL, K FAEHRL (0.25,0.5.1.2¢/L) BEE VR BERE N, M BEHCRBHIKIR . 0.25¢/L
Kb HEZH ISR MO BEAE SR 5 4 KIS 1.75 x 1074/ mL; 2¢/L KB I A0 MU FESE 4 R SERFET-TH K
et T RER M, B QR WA FIAX VR AL B A 2 8] (9 22 5 A B3 (P =0.08 >0.05) , {H 5%} f A 2 5
# 8% (P 45127 0.0030.0. 0027 ,0.0020.0. 0018 <0.01)

—8— O0gL ---¢-- 025g/L —a— 0.50g/L —+— 1.00g/L

2.00g/L

100
50

40 |

30 -

20

20

SEANAE R B Cell densities/(5X 10*4~-mL ™)
| i(m
PEAMBE A I I3/ %
Retain rate of alga cell
ES 3 8

A
S /é‘q
0 |$:_£Ni:$\$/ —4 0
1 2 3 4 5 6 7 8 9

¥ R] Culture time/d

B3 FREEXRERCRRENEOZRNKEERKNZW
Fig.3 Effects of different concentration extracts from Stephania tetrandra on growth of chlorella pyrenoides

FI R R AR BIR 1Y 4 RN HREE (0.25.0.5.1 2¢/L) AT il A (bt £k (18 3H) , 5256
A 3d, B C 12 B 00X T8 400 M A4 100 VB L R 22 0 S 0 ) -0 AR - R R o FESEI R (56 4—9
K) , AT X5t BRI P A o A T 5, AR X ) 2R e s [ K T3 5 . 2/ L A FE AR AE X 41 1
FESLES 4d JEFRREFE 100%

2.4 B BIRBINHIE B/ NERE R E ML

W BC B A B IR IR B AN E T 4 25°CF i E 2 4.6d G #H TSR SL LG BB BAHX R}y 1g/L,
B A 5RF B o

FEEB/NREAERMZEILE 4, B4 X RALER 3d 24 S8 EF#EE,3d J5 B4R % G
Fhase ; AbHRA HBEAN M BEAE SR 2 RIBBIHRAR, 40 2.5 x 10° 4~/ mL; % SC I i 6] A ZE K, il B 2.4.6d 4k
PR P BEAN M B AR B B, BB R BE ARG 00 5 7E SE I 5 7, CE AL 3 2 P T A B 28 B AR T X B
1.75 x 10°4/mL, $tHARY C HA77E M TR BB e e , BEAL BR8] ) 2 W AR K, IMEERCR BB . Gt ot
GERFH,FE25CF, 0E 0.2 .4.6d b3 4 1) 3 40 o 25 FE 5 % B 40 2Z 18] ) 22 AR B3 (P 435124 0. 0018
0.0014.0.0011.0.0013 <0.01) ; i A FIAbHELH 2 [F] 2 R AR B2 (P =0.1786 >0.05) .

B R ARMAEIREE 4°C TR 0.2.4.6d 385 , B F /R BE M A K & 5IREE 25°C A A K th 2k
AEAL, DL 4T Gt AT SRR 7E 4°CTF i E 0.2.4.6d A0 FE 40 () 58 40 B 2% B 5 0 BR AL 2 ) ) 22 Al (B
(P 4353124 0.0018.,0. 0014 ,0.0013,0. 0015 <0.01 ) ; R[RILbFEH 2 B 2R A B3E (P =0.5452 >0.05) ,

T EARSEIR AT (1) B B ] E KT B O B AR R B A B . BN, b3 A
V1) 4 L 2 R S TR R T AR BT A, 3 A Bl T SR A M RO 4R T A B R BE L 5. (2) IR
25°C B, 2R B AL 3 B 200 M 2 FE AR SE I 36 3 RRFFIR7A Tk L, T AE 4°C B, A B 1 38 40 i 2% B 7E S0 58
55 RAFRKE LT, Ui KRR Bl T Y R KA. FHit, B o B IR WAE SR B R E
BABRZIMITESCR , KM A R IRAYR
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Fig.4  Effects of extracts ( 1g/L) from Stephania tetrandra ( treated by different times and temperature) on cell densities of
Chlorella pyrenoides

2.5 BYIMESNIIE SRR AL

SCERAIE] ,E S BB T B B RS AR P SN S RHME R A AR . SR A (1) B
BER MR, A SO UK (18 5K) , AT BE 40 i 58 3R IR = BT e 2R 250 R, e 40 M LR ) 32 3 9 0 R
W55 , HF ELEER I B SOt A e E VR A 2 B, A R 2 5 (2) BANMIAE K, 32 3h PR el (&
S5L) o XFHILGR AT RER VRSN E T AN SR K, BUBEER T HEER S5 5 (3) B oE S
FET=(FE 5SM) o X AT RERIM BRI T AHUAR A SE R b, AN A A st o SRR S AR v 4
JE T2 R IR ISR T 2%

K(4X4) ' ‘ L(10X10) - M(10 X 10)

E5 #HAEYRREAETHARES
Fig.5 Cell morphology under treatment with extracts from medicinal plants

3 itig

hEZ Y REER A2 S, o7 AR K A AR 3 UR BRI AR R o B AT 25 F AR
FTMBERE R EEE P IEEFER T BE, B . BE AR 2R S AR R RO W LR
B (Alexandrium tamarense) WITMBERBUN B 57 BA - I FH B8 7% ASOAR A 41 SR A8 SR A 4, 2 FEAEL 0 F BEK 5 11
A LABESER 2 (A BE AR 7 5 LA™ 25 S0l S A b R A B 3 Vg VR R A AR P 41 R 28 B AR AT I A BE AR
U RSN AR ME A D 1L KB IR 07 K BE ( Scrippsiella trochoidea ) 45 AR 4F RO BEAL R, B
HMBERAFRE , A = iR S A A R 5 KRR 2 s B A FRCR G , AR K R IE N
ERCAMEER T o (EA 2 FAA R K 2K S 2K A BE BT 5 S A 4R
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AT 11 2 FIAE YA T 2 , 25 R 32 - B O (EE RS B0E FUAERA BB IR AR, (B BEOR A
—REZESE o 4 P2y FIHEYIXT 2R AR/ NBRBE 5 25040 ] B 18] LTs HEFP B O < THE < 33 < Bk, WK 2.
Bl CALFREE F) LT, 29. 700, BB/ FHE 3 FALEE, I3 OR B b

FEBT O BE AR E PESE I P, 28 FU R/ INER IR B AR T B o O Ak B BE B3 i i s/ 5 2498 SR B —
i T AR BRSBTS A B2 FY BEAR M BEAE SC I JE A PR A BTt . iR N IR R AE S w1 1E LK , 7l RE
P TR P A SR 7K LA % S 2 X EL A , 015 B 0 M 4 8 oy B S BIL G2 , P g T 2 AL 4 o, HeAk
B R S KR 4R, T2 AT BB 7E— A RS2 P 18] 1] AL

References:

[1] Zhang TT, Chen CP, HM, Wu A P, Nie L W. Allelopathic effects of several higher aquatic plants on algae. Journal of Biology 2007, 24 (4) :
32-36.

[2] SunXX, Choi J K, Kim E K. A preliminary study on the mechanism of harmful algal bloom mitigation by use of sophorolipid treatment. Journal
of Experimental Marine Biology and Ecology, 2004, 304 (1) : 35-49.

[3] NieFH, LT, WuXF, Wang P. Treatment methods of algae eutrophication water body. China Water & Waste Water, 2006, 22 (8) ; 11-15.

[4] RiceE L. Allelopathy, 2nd ed. London; Academic Press, 1984 1-2.

[5] Zhang YL, LuP, Wu X F. A review of researches on Phyto-allelopathy in Algal Inhibition. Environment Science and Management, 2006, 31
(7): 50-53.

[ 6] Putnam A R, Duke W B. Biological suppression of weeds: Evidence for allelopathy in accessions of cucumber. Science, 1974. 185. 370-372.

[7] Li FM, Hu HY. Isolation and effects on green alga Chlorella pyrenoidosa of algal-inhibiting allelochemicals in the Macrophyte, Phragmites
communis Tris. Environment Science, 2004, 25 (5) ; 89-92.

[ 8] LiY. Review of Chinese herbal medicine applied in fishing. Fisheries Science & Technology Information, 1991, 18 (2) ; 50-53.

[9] LiFM, HuHY. Allelopathy and inhibitory effect of extracts from macrophytes on algae growth. China Water & Waste Water, 2004, 20 (11)
18-21.

[10] Li F M, Hu H Y. Isolation and characterization of a novel antialgal allelochemical from Phragmites communis. Applied and Environmental
Microbiology, 2005, 71 (11) : 6545-6553.

[11] MenYJ, HuHY, Li F M. Effects of the novel allelochemical ethyl 2-methylacetoacetate from the reed ( Phragmitis australis Trin) on the growth
of several common species of green algae. Journal of Applied Phycology, 2007, 19 521-527.

[12] Ding HJ, Zhang W H, Wang C, Huang Z, Kuang J, Song L R. Allelopathic effect of Acorus calamus on some species of algae. Environmental
Science & Technology, 2007, 30 (6) : 20-22.

[13] Wang Y, Zhou B, Tang X X. Effects of two species of macroalgae-Ulva pertusa and Gracilaria lemaneiformis-on growth of Heterosigma akashiwo
(Raphidophyceae). Journal of Applied Phycology, 2009, 21 375-385

[14] Mitchell D R. Chlamydomonas flagella. Journal of Phycology, 2000, 36 261-273.

[15] Wemmer K A, Marshall W F. Flagellar motility: all pull together. Current Biology, 2004, 14 992-993.

[16] Zhou L H, Zheng T L, Wang X, Ye J L, Tian Y, Hong H S. Effect of five Chinese traditional medicines on the biological activity of a red-tide
causing alga-Alexandrium tamarense. Harmful Algae, 2007, 6 :354-360.

[17] Yang X R, SulJ Q, Zheng T L. The importance and potential application of allelopathy in red-tide control. Acta Scientiae Circumstantiae, 2008,
28 (2): 219-226.

[18] Zhou L H, Zheng T L, Chen X H, Wang X, Chen S B, Tian Y, Hong H S. The inhibitory effects of garlic (Allium sativum) and diallyl trisulfide
on Alexandrium tamarense and other Harmful Algal Species. Journal of Applied Phycology, 2008, 20, 349-358.

S E 3k

(1] SREEEE, BRI, fify, REF, SEXNME. JUR RS KA I 3R RI TGS AR W22k, 2007, 24 (4) : 32-36.

(3] M, 2H, B, £P. FREEFROKERBRIT L. PESKKHK, 2006, 22 (8): 11-15.

(5] Skiam, MM, REEE MYMCBERFEM ST KBTIEERE. SF5R 548, 2006, 31 (7) : 50-53.

(7] ZEER, SIBUE. PSR o 8 RO E S/ RRERCR TS, SREERIE, 2004, 25 (5) : 89-92.

[8] ZX. R, AR, 1991, 18 (2): 50-53.

(9] ZER, $IPVE. KREUKAMYIRIEBOT BRI 7M. EZ7KHEK, 2004, 20 (11) : 18-21.

[12] THEHE, kER, B8, 38K, B8, R EWHRILF R LIBERKLRIE T, SFEEp5HR, 2007, 30 (6) : 20-22.
(17] /i, S, JRREE. ACRRAE FIEAR A h AR SRR R, SREERI 24244, 2008, 28 (2) : 219-226.

http ://www. ecologica. cn



	18a140.pdf
	18a141.pdf
	18a142.pdf
	18a143.pdf
	18a144.pdf
	18a145.pdf
	18a146.pdf

