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Abstract; Inhibitory effects and mechanisms of benzoic acid, salicylic acid, and ferulic acid on growth of
synechococcus ( Synechococcus sp. PCCT7942 ) were investigated by measuring and comparing cell
density, cell morphology, chlorophyll a content, some chlorophyll fluorescence parameters, and
antioxidant enzyme activities of Synechococcus sp. PCC7942. The results show that compared with the
control (not adding phenolic acid allelochemicals) , low and high concentrations of benzoic acid and
ferulic acid have promoting and inhibitory effects on the growth, chlorophyll @ content, and initial
fluorescence (F,) of Synechococcus sp. PCC7942 respectively; salicylic acid has inhibitory effects on the
growth, chlorophyll a content, and F_ value of Synechococcus sp. PCC7942, and the inhibitory effects are

s BHA: 2021-04-13

EeWAR: FRHARBFIEAEIIN A (31700437) ; LHE SN KAA SR Z RO A H B H (TD-JNHB-008) ; 11358 2L RHS B E 005
PAIH(CX(19)3097)

EERI: XEH(1997—) 3B, Wi F A B H05E A, 228 AT TS5 YK R 0 A 18 52 I ML T AT

O3 {F/E# E-mail : changyj@ cnbg.net; shuishengzu@ 126.com

SIAREI: XURHE, XUO5F, PV, 45, SREREEXT M AR AL B BT i A IR AR BRI W [ ] R BEIR S ERE 2740, 2021, 30(5) : 10-21.



5553

XU, AF: RBRENT I A ) J5 A0 A R A B i

11

elevated with the increase of its concentration in general; 3 phenolic acid allelochemicals have inhibitory
effects on the maximum photochemical efficiency of PSIl (F /F ) of Synechococcus sp. PCC7942, and
the F ./ F, values decrease with the increase of their concentrations. After treated with 40 mg - L™ benzoic
acid, 35 mg - L' salicylic acid, and 60 mg - L' ferulic acid for 9 d,
Synechococcus sp. PCC7942 reach 86.80%, 85.39%, and 79.35%,
concentrations of 3 phenolic acid allelochemicals cause membranolysis and massive leakage of content of
Synechococcus sp. PCC7942, lead to agglomeration and compaction. With the increase of benzoic acid
concentration, superoxide dismutase (SOD) activity in Synechococcus sp. PCC7942 gradually decreases,
and peroxidase ( POD) and catalase ( CAT) activities increase gradually; SOD, POD, and CAT

activities decrease with the increase of salicylic acid concentration and increase with the increase of ferulic

the inhibition rates of growth of
respectively. Treatments with high

acid concentration. On the whole, the inhibitory effects of 3 phenolic acid allelochemicals on growth of
Synechococcus sp. PCC7942 from high to low are salicylic acid, benzoic acid, ferulic acid. Phenolic acid
allelochemicals not only inhibit the cell growth of Synechococcus sp. PCC7942 via interfering synthesis of

chlorophyll @ and inhibiting activity of PSI , but also inhibit cell reproduction or cause their death via

reducing cell division,
affecting antioxidant enzyme activities, etc.
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CK: X B (RSN R 2540 5 ) The control (not adding phenolic acid allelochemicals) .

A, W2 Benzoic acid; B KR Salicylic acid; C: BRIZR R Ferulic acid.

Bl1 TEWREBER KNS B A IE T Bk A 4 0 B2
Fig. 1 Growth response of synechococcus ( Synechococcus sp. PCC7942) under different concentrations of
phenolic acid allelochemical treatments

R1 TREKREBMERENBYRLE TRIKEEKNINFZE (X£SE)
Table 1 Inhibition rates of growth of synechococcus ( Syrnechococcus sp. PCC7942) under different concentrations of phenolic acid allelochemical
treatments ( X+SE)

TRV AR BEAS (] B4 3/%  Inhibition rate at different treatment times

AbED

Treatment!) 1d 2d 3d 4d 5d 6d 7d 8d 9d

25 mg - L' BA 29.41+0.00 32.48+0.85 16.56+6.98 -34.85+19.19 -25.71x17.46 -28.49+10.28 -17.54+8.54 -9.22+8.46 -4.07+8.31
30 mg - L7 BA 32.94+7.35 35.90+3.92 41.06+5.89 39.39+5.25 51.07+3.62 41.54+7.02 32.80+9.41 34.40+5.51 33.99+3.96
35 mg - L7 BA 47.06+2.04 49.57+3.08 60.93+2.65 60.61+3.50 67.14+3.73 70.62+2.57 78.13+1.37 75.53+7.45 75.56+13.65
40 mg - L™ BA 56.47+2.35 66.67+1.48 72.85+0.66 68.69+5.62 79.64+1.07 78.34+1.57 82.46+0.23 81.91+0.81 86.80+0.51
25 mg - L' SA 27.06+2.35 57.69+17.96 41.72+1.32 34.85+4.87 40.36+1.99 27.60+7.58 20.50+4.22 30.32+2.51 34.27+1.52
30 mg - L71SA 47.06+2.04 52.99+0.85 59.60+3.69 59.60+1.82 63.93+1.56 60.53+1.29 68.34+2.31 67.55+4.13 66.01+7.23
35 mg - L7ISA 47.06+5.39 47.01+0.85 50.99+2.39 47.47+4.04 47.14£8.40 59.94+3.21 64.92+2.54 72.34+4.30 85.39+0.51
40 mg - L7'SA 47.06+3.53 64.10+1.48 62.91+1.32 43.43+7.94 61.79+3.41 62.61+2.24 66.06+3.79 75.00+1.11 83.43+0.98
30 mg - L7 FA 20.00+1.18  -11.97+2.26  -33.77+4.64 -56.57+8.59  -55.71+4.02  -44.81+3.86 -33.94+1.97 -26.60+1.34 -18.96+2.31
40 mg - L™' FA 14.12+2.35 -5.98+3.73  -36.42+3.50 —-55.05+9.95 -86.43+6.28  -68.55+4.94 —47.15+5.78  -35.81£6.63  -21.21+5.33
50 mg - L™' FA 24.71+1.18 37.61+4.52 27.81+5.89 50.76+0.76 62.50+0.00 66.17+0.89 71.30+1.37 72.07+5.05 66.71+3.79
60 mg - L' FA 28.24+6.55 50.43+0.85 38.41x1.15 46.97+4.63 59.29+1.24 62.02+2.14 67.65+2.41 77.84+0.35 79.35+1.84

DBA; #H & Benzoic acid; SA: /KM Salicylic acid; FA: FIZLAEE Ferulic acid.
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Al,A2,A3,A4; 43318 25 30,35 F11 40 mg - L™ 2K FAEZALBE 25, 30, 35, and 40 mg - L™! benzoic acid treatments, respectively; B1,B2,B3,B4: 734l
4 25.30.35 fil 40 mg - L' K ERALHE 25, 30, 35, and 40 mg - L' salicylic acid treatments, respectively; C1,C2,C3,C4; 435} 30 .40 .50 1 60
mg - LB BRER AL 30, 40, 50, and 60 mg + L™! ferulic acid treatments, respectively; D1,D2,D3: X I (AT AN B BR 2 1L B4 i) The control ( not

adding phenolic acid allelochemicals) .

B2 REWREBER S B4 B AL IR T B2 3K 5 0 40 R 72 2 i) R
Fig. 2 Cell morphology response of synechococcus ( Synechococcus sp. PCC7942) under different concentrations of
phenolic acid allelochemical treatments
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Table 2  Effects of different concentrations of phenolic acid allelochemicals on chlorophyll a content in synechococcus ( Synechococcus sp.

PCC7942) (X+SE)"

b3 AEAEFRRE] A4 o /(g - mL™')  Chlorophyll @ content at different treatment times
Treatment 0d 3d 6d 9d

CK 0.063 1+0.001 la 0.162 5+£0.010 3a 0.358 7+0.042 9b 0.743 3+0.012 9ab
25 mg - L' BA 0.063 1+0.001 la 0.084 4+0.006 9b 0.489 0+0.058 9a 0.924 3+0.101 6a
30 mg - L' BA 0.063 1+0.001 la 0.044 5+0.004 6¢ 0.161 5+0.031 8¢ 0.589 5+0.052 7b
35 mg - L' BA 0.063 1+0.001 la 0.023 6+0.005 0d 0.032 7+0.016 0d 0.168 8+0.096 4c
40 mg - L' BA 0.063 1+0.001 la 0.000 0+0.000 Oe 0.000 0+0.000 0d 0.014 4+0.004 Oc
b AN AL BERSA) (426 @ #3/ (pg - mL™')  Chlorophyll @ content at different treatment times
Treatment 0d 3d 6d 9d

CK 0.063 1+0.001 la 0.162 5+0.010 3a 0.358 7+0.042 9a 0.743 3+0.012 9a
25 mg - L' SA 0.063 1+0.001 la 0.053 6+0.002 4b 0.193 8+0.045 7b 0.575 3+0.036 1b
30 mg - L' SA 0.063 1+0.001 la 0.022 8+0.004 6¢ 0.051 9+0.000 7c 0.210 8+0.075 8¢
35mg - L' SA 0.063 1+0.001 la 0.016 3+0.002 7c 0.013 7+0.007 9¢c 0.026 9+0.005 8d
40 mg - L' SA 0.063 1+0.001 la 0.012 5+0.008 8¢ 0.012 5+0.004 6¢ 0.009 9+0.001 9d
b ANEAEFEET ] 44 R o &/ (pg - mL™')  Chlorophyll @ content at different treatment times
Treatment 0d 3d 6 d 94d

CK 0.063 1+0.001 la 0.162 5+0.010 3a 0.358 7+0.042 9b 0.743 3+0.012 9b
30 mg - L' FA 0.063 1+0.001 la 0.161 1+0.019 8a 0.546 0+0.042 0Oa 0.940 7+0.031 la
40 mg - LT FA 0.063 1+0.001 la 0.138 7+0.008 3a 0.558 2+0.037 5a 0.985 4+0.068 la
50 mg - L' FA 0.063 1+0.001 la 0.061 5+0.004 6b 0.067 8+0.002 9¢ 0.222 9+0.038 2¢
60 mg - L' FA 0.063 1+0.001 la 0.050 5+0.007 2b 0.042 6+0.004 Oc 0.070 7+0.006 9d

DK X8 (ORI RIS L4 5 ) The control ( not adding phenolic acid allelochemicals) ; BA: 4 HI 2 Benzoic acid; SA: /KR Salicylic acid;
FA: FIZE2 Ferulic acid. [5 W RN P13 R AN [R] b PR IA] 22 53 i 2 ( P<0.05) Different lowercases in the same column indicate the significant

(P<0.05) difference among different treatments.
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30 %

1) F ARG, BB R v B i sy, b3 3 d
W F AR ST 5 BRAR A3 6 F1 9 d B F {5 7% 7 [
i, Bt AL BRI A]FE K | 25 mg » L' K RRALBRE) F,
{E%%‘Eﬁﬂ%%t% 30,35 140 mg - L' k¥4t
B F TS — TS ik s ARk,

5%} HEAR H {Ew&r“(:ao F140 mg - L") P32
A PRIREBREEN F (AT (HER 25 5N 1835 T e vk
JE (50 160 mg « L") BTZERER AL FRIY F (H B35 FRAIC,
Bifi 5 A0 BRES [A] ZE 4K )30 .40 F1 50 mg « L' Fa] 25 iR b B
) F {E%ZIK%}FTE}B@%% 60 mg - L™ B 2R R AL B ()
F R THm—FA—Ttm 7 ik sh A b, Horp, kb2
9 d,FJE%*EEEE’J‘VRE,ﬁﬂﬁﬁ%%}*ﬁéﬁiﬂ@%
LR NN IR A P

LA 3 iy 1R A A B O 1) 41 o 2k ke B, 25
30 135 mg - L7 KA RRALHE O d, BREREE F (YK
TRk BE R W R, AAE VR BE ) 40 mg « LB, 2 -4k
PR F (YRR E 190 £ 47, B UH 7K g R o 5 Bk v
AP 161 255007 2058 4 Y T e 5 5% BEURH B, T 2
XPERBREE F A2 2 AN S g, AN AV
FEHY 3 B RIS AL B T 0t R Bk F MBS 5 R

*3 A@E

R E BT R YR REGENATE (F,) F1 PST &R KLU EHE(F,/F, ) %

BREE A A R i AR 2R o B AR AL — 3L

223 M PSHIHEAMFEXE(F/F,)GFHw A
v e T R 2 A By TS ot SR Bkl P/ F LA 52 ) A
3, SRR XA, 25~40 mg - L7 R H R
AEBRRBREENY F /F (AR 0 25 AR, HL2E R vk
JER L F /F, (EREIRAOR Bl G AL 3 ] I 4 25

30 F135 mg - L' KHERANBRE F /F (E B RS JCkE
RJG TH R a3 D IH X 3 /N H R Ak B mT 417 ) SR Bk

HOLER GE I M, (A Ab 3 5 0 00 AR 85 5 T 40
mg - L' EFHERACIE 9 d i F /F B H 0,

25 mg + L' KIGIRALER 3 d, BRERMEENY F /F H
X EAHTE, A BR 6 F1 9 d, F /F 8% B FIr
i A2 AR 3 5 B 1,30 .35 #1140 mg - L7
KW R AL BRI F /F, A6 B35 BEAR, HoK 4 Rk &
ML F/F, B RO, BE A AL B A SE K 25
mg - L KIGERACEEAY F /F {6— 7 0.23 547,30
mg - L KGERALIREY F /F A8 5 SeFRAR S T
M35 F1 40 mg - LT KAGIRACIER F /F, (HFFEE
TR,

55X FRAR G, 30 #1140 mg - L7 Pl B2 b 31 58 5K

0 ( X+SE) Y

Table 3 Effects of different concentrations of phenolic acid allelochemicals on mltlal fluorescence ( F,) and the maximum photochemical
efficiency of PSIl (F /F, ) of synechococcus (Synechococcus sp. PCC7942) (X+SE) n

AL FEEF A Y F (E F, value at different treatment times

AL BRI F/F A F /F, value at different treatment times

m

0d 34d 6d 9d

0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a

0.233 3+0.008 8a
0.196 7+0.013 3b
0.190 0+0.000 Ob
0.090 0+0.000 Oc
0.005 0+0.005 0d

0.266 7+0.008 8a
0.246 7+0.003 3a
0.216 7+0.003 3b
0.070 0£0.010 Oc
0.016 7+0.008 8d

0.253 3+0.008 8a
0.236 7+0.003 3a
0.230 0+0.010 0Oa
0.080 0+0.010 Ob
0.000 0+0.000 Oc

AR F/F {6 F /F,, value at different treatment times

0d

3d

6d

9d

0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a

0.233 3+0.008 8a
0.233 3+0.003 3a
0.173 3+0.016 7b
0.065 0+0.005 Oc
0.016 7+0.008 8d

0.266 7+0.008 8a

0.253 3+0.008 8a

0.233 3+0.013 3ab 0.226 7+0.008 8ab

0.196 7£0.021 9b
0.013 3+0.006 7¢
0.013 3+0.003 3¢

0.203 3+0.017 6b
0.003 3+0.003 3¢
0.000 0+0.000 Oc

AL BRI F/F A F /F, value at different treatment times

m

0d

3d

6d

9d

P

Treament 0d 3d 6d 9d

CK 176.67+2.33a  433.33+4.91a  504.67£11.72a  846.33+22.88a
25 mg - L7'BA  176.67+2.33a 331.33+12.24b  553.00+32.72a  878.67+57.91a
30 mg - L' BA  176.67+2.33a  288.00+5.57cd 353.00+£25.11b  658.67+59.92b
35 mg - L7'BA  176.67+2.33a  301.00+9.54c  262.33£12.88¢  358.00+75.25¢
40 mg - L"'BA  176.67+2.33a  271.33+4.41d 175.33+3.38d 196.33+4.81d
b AFALFEE R F fH F, value at different treatment times
Treament 0d 3d 6d 9d

CK 176.67+2.33a  433.33+4.91a  504.67+11.72a  846.33+22.88a
25 mg - L7'SA  176.67+2.33a 289.33+1.45b  419.33+31.52b  644.00+29.84b
30 mg - L7'SA  176.67+2.33a  299.00+25.01b  246.00+12.29¢  418.33+94.11c
35mg - L7'SA  176.67+2.33a  311.00£1.73b  227.33%8.5lcd  242.00+16.86d
40 mg - L' SA 176.67+2.33a  277.67+7.54b  182.00+4.62d 191.67+6.06d
Qb3 AR AL BRI E Y F fE F, value at different treatment times
Treament 0d 3d 6d 9d

CK 176.67+2.33a  433.33+4.91a  504.67+11.72b  846.33+22.88a
30 mg - L™'FA  176.67+2.33a  462.33+9.40a  637.00+4.36ab  989.00+10.58a
40 mg - L' FA  176.67+2.33a  462.33+10.17a 701.33+32.57a  988.33+17.13a
50 mg - L™V FA  176.67+2.33a  329.67+13.17b 321.67+87.30c  551.00+123.57b
60 mg - L"'FA  176.67+2.33a 310.33+4.18b  235.00+8.19¢ 277.00+11.01c

0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a
0.216 7+0.008 8a

0.233 3+0.008 8a
0.243 3+0.012 Oa
0.243 3+0.014 Sa
0.110 0+0.000 Ob
0.060 0+0.000 Oc

0.266 7+0.008 8a
0.246 7+0.006 7a
0.240 0+0.010 Oa
0.120 0£0.020 Ob
0.020 0+0.005 8¢

0.253 3+0.008 8a
0.246 7+0.003 3a
0.236 7+0.003 3a
0.115 0+0.005 Ob
0.035 0+0.005 Oc

D CK: IR CRVR I iR ALk I3

) The control (not adding phenolic acid allelochemicals) ; BA: X H iR Benzoic acid; SA: /KR Salicylic acid;

FA: FIZLE2 Ferulic acid. [F{5 W RF/ING P01 FR A Rl 4b P A] 22 53 2 ( P<0.05) Different lowercases in the same column indicate the significant
(P<0.05) difference among different treatments.
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IR /F (ETC AR, 1T 50 Al 60 mg - L' B[ 2
FRACFREY F /F 50 EREAR, FfE LE B ] IE 4 30
140 mg - L' KiGRRACEEN F /F (H—ETF 0.24 /2
47,50 F160 mg - L7 FIBRRRACIY F /F (HEARET
(TR

LbAsE 3 i R S Ak B ST X SRR F L/ F H Y
MR I, A3 9 d,40 mg - L3 R R OK A 2 b B
REREER F /F (E¥FZ 0,25 .30 Al 35 mg - L™K
WVATRAL PRI F /F, (B A ) — e 3 R FR i A 3L, T I
WP BLRR A SR F o/ F, (BT 357254k, o v BT 2
FRACFREY F /F, (8 52 A, 150 W 7K A% 18 1% 400 i 25 SR
fE, R R Z R IR e 2 . SV, 5 Wk BE 1
PR AR BT 1o mT o 2 PR IR BRI F /P A, B
KR O, (LA 2 2R BR 3 A 1 A A0 v B ] 8 e I R 345
HF/F (4,
224 MFEMNEEEGHH T EWIEBRRSE
AR IR o B L SR Bk AR | SRBR S AN L Y Bt A
PETCIEDNE , 50 AR HE A i SRk e A 4 A i 23
FEL N ATFSE B TR S AL ) Tl A B 9 d B SRR i 1 B 4
Rl YE, 455 (R 4) BR .25 .30 F135 mg - LK
FH 2 b 3 2 sk e ) 410 ) B AL T ( SOD) ) 7 M1
TXFHR | HLBE e B T & SOD TE 2 i [, Horp 25
mg + L RHERACFRA) SOD 76 P48 % B8 T 15553.83%
ZRBBEKF, 25 mg - LK IRAN LR SOD 1
PE 525 TR 30 mg - L KRR AL By SOD i 1
T X (H2E R R 2, 30,40 F1 50 mg - L' B %R
PR AL FR ) SOD TEE 25 T X%t BE, . SOD 115 14 Fifl Bi] 2 iz
e BE A T I T, 23 AR R 5 13.33% . 49.58%
M 61.93% , VitHI[F—Hk B2 KA RR b BEXT SR Bk SOD
TP P 5 M A R | L 3 45 BT BRI

SRR EE ()3 S AL Y B (POD ) 335 P B PP R e
Thsmi Tk, (B BE (25 F1 30 mg - L71) R H R
AEFREEEREE 1 POD 3 1 5 X BE 22 7 OR 1B 3 T 35
mg « L™ R RACFERY POD 1% MR BT 5524.29%
TAHENRZEREE, 25 mg - LKA ELA) POD i
PR TR IR T 30 mg - L' KA ER AL BRAY POD 5 1
TR HE AH 22 S 38R B 2 Bl R B R v B T, 2R
BREEM POD TEMEZ BT, H 40 150 mg - L' BifZi
FRALFREY) POD T 35 o X R

RERME Y 1 AL U (CAT) 375 M it K Y R vk i
THE IR, B30 A1 35 mg - L' K ERALFEAY CAT
TEPE RS TX R, 25 mg - LUKBRRALEE) CAT

TR IR B 22 T 57,30 mg - L' KA RALFRAY CAT
WS XTI E R A B 5ORFER KGR HE T 5
BRI SOD Al POD T M 1y A8 4k B AL, AN [R) vk i
BRI IR Ak P Y CAT 395 P LA i H ke B 1% T v i 7
5,5 SOD Hl POD % MEAS L AR, 40 F1 50 mg + L™
BRI IR AL Y CAT 5 1 43 51 5 6] BE T 55 55.10% il
54.78% , H 25 ik i Z 7K

FeA 3 i iy R 25 1k 2% B 4 SR BR B SOD | POD
HCAT FEPEI I & L, 25 mg « L' /KA AR A0 BR B R
PRI 3 FPPT A A B TS PR 2 ) — R R R A B
30 mg - L™ KR AL FE 6 3 Fhp & AL B IS AR T 15
—WREER R AL BT AR R AL BT RER BN 3 FhT
SRS P A B LR B T v T, AP 3
Py T I A SRR I ) 5 Bk i T R A il V3 1 1 s i 4T 2%
Bk KRR, R P R IK 2, BT AR e/ )y , S R 2
TSR TN TR 5 3 o &5 F (EAF /F, A1
S LA S TR R g 118 A A g g A — K

XT3 Tl R 25 Ak ) Tk 5 TR R AN 2 T
M4 %K o &/ FAHM F /F HHETHEME, M T

R4 AEREBBEAUBRYRNIBREREAXBIENZ N
(X+SE)V

Table 4 Effects of different concentrations of phenolic acid
allelochemicals on antioxidant enzyme activities of synechococcus
( Synechococcus sp. PCC7942) (X+SE)V

Ak B HPUAALEFEY:  Each antioxidant enzyme activity
Treatment SOD/(U-g') POD/(U-mL™') CAT/(U-g™)
CK 649.04=43.90b 13.91+0.93b 15.48+0.78c
25mg- L 'BA  998.39+5.36a 13.80+0.08b 24.17+1.68hc
30mg-L-'BA  854.37%56.15ab 14.3620.13b 35.16+2.40ah
35mg-L-'BA  783.03x108.15ab  17.29:0.38a 46.21+10.89a
b HYUEALREEYE  Each antioxidant enzyme activity
Treatment SOD/(U-g™')  POD/(U-mL™Y)  CAT/(U-g™)
CK 649.04=43.90b 13.91+0.93a 15.48+0.78h
25mg - L7'SA  1091.43+67.03a 16.040.84a 30.56+3.99a
30mg-L7'SA  616.98+97.93b 13.53+0.44a 17.73+2.07ab
b HYUEALEHEE  Each antioxidant enzyme activity
Treatment SOD/(U-g™')  POD/(U-mL™') CAT/(U-g™")
CK 649.04£43.90c 13.910.93b 15.48+0.78b
30mg-L7'FA  735.35:91.46hc 14.27+0.98b 19.06+4.17ab
40 mg - L'FA  970.85£45.05ab 17.84+0.89a 24.01+0.69a
50mg - L"'FA  1050.96+77.02a 17.91+1.00a 23.96+1.70a

DSOD. #H ALY AL Superoxide dismutase; POD: i & AL ¥y it
Peroxidase; CAT. i % L&l Catalase. CK: X HR (AU BS R 2
ALY 5T ) The control ( not adding phenolic acid allelochemicals ) ;
BA . ZKH iR Benzoic acid; SA . K ¥ ik Salicylic acid; FA: [5u] 25
fi% Ferulic acid. [RF T A [ /ING S8k R R AN [R] 4k B A7) 22 5 8 3%
(P<0.05) Different lowercases in the same column indicate the
significant ( P<0.05) difference among different treatments.
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30 %

P PR S AL SR I 0 3R BR38 14 AR A7 A AR AR v 41 1) B
G HCR I AT LA . SR (3R5) oK.
3 Bl RS AL B ot 55 2R Bk 1 R b ) 35 7 A
B R BE MR G 2, R (B 7E 0.8 LA B, k4
iR e JEE 5 20 N B8 4 T e D7 Rl R A/ N SR W A JEE
IKAZ NS R R A K B2 HERCR B .

x5 FAEBBEUBYRRESRKEDBSEEEROMHEMNS
Table 5 Curve fitting of concentrations of different phenolic acid
allelochemicals with some physiological indexes of synechococcus
( Synechococcus sp. PCC7942)

MY Curve equation” R?

Y, =-0.000 3X;,2+0.007 8X;,+0.239 0 0.966 2
Y,=-0.001 6X;,2+0.043 7X;, +0.751 6 0.939 2
Y3 =-1.133 6X,2+27.820 0X;, +850.520 0 0.972'5
Y, =-0.000 4X;,2+0.011 1X;,+0.252 6 0.9515
¥, =-0.000 008X, >-0.002 5X4,+0.239 4 0.933 7
Y, =-0.000 6X4,2+0.002 3Xg, +0.753 2 0.904 3
Y, =-0.460 4X4,2+0.666 3X;, +851.730 0 0.957 8
Y, =-0.000 4X4,>+0.009 0Xg, +0.254 8 0.873 8
Y, =-0.000 2X,,2+0.007 0X, +0.239 2 0.846 6
Y, =-0.000 7X;,2+0.028 6X;, +0.747 4 0.855 6
Y3 =-0.541 5X;,2+22.732 0X;, +843.350 0 0.951 0
Y, =-0.000 1X;,2+0.004 2X;, +0.252 4 0.967 2

Dy, . M Cell density; Y,: M4t K o &8 Chlorophyll a
content; Y5 : PR 7 Initial fluorescence; Y, : PS I KGb2#5%
# The maximum photochemical efficiency of PS I ; X, : 2K H iR ik
J&# Concentration of benzoic acid; Xg, : IK¥BR M B Concentration of
salicylic acid; Xy, : ] ZR AR BE Concentration of ferulic acid.

39 #

ARHFFE T Bt A PR R] A ZE K, 25 mg - LR
FH R T SRk i 11 A A 2 B 40 i JS 4 1 R4z, T 30
mg - L7 ORI D) G 2 o R ek o A A YO R vk
FEh 35 A1 40 mg - L', AT SREARRH - R ERE A A K
2OK MR EE K 25 ~40 mg - L7, B SR sk 40
LA, LA 00 Bl K A7 vk B 0 e i o, 2R
R Xt BT R 114 ) 1 v B85 %5, 7E 30 1 40 mg - L7
WeRETR 3R BR 0 A= K g WY AR T AE 50 A 60
mg + LR AR K SEEA B 1k, 1A R (AR e 4
PG X Sk e 4B 4 X K A I R AR 1A% /N ER
BEIIFTTEE AL, 3 ol i 12 288 T B I 1) 100 9 5K
e mE 2R R IR R BTELR, AR
WP Y 2K B2 (25 mg - L71) FIBH BR AR (30 1 40
mg - L) AR SERBR A AR T RESE B X 2 By
PRI AR B T 2 SR 4 2 IR 25

fEFEEE AN A 4 I8 AT BE A v B 1 R 2K L i
T S B B N T AN MRS 95 A, AN R
HOHWMCE TR R, By R I T A
AL HARIRAE I ML 2 — BRI H R
b 2577 1,0, FliE, H, 0,23 15 5l i 40 i B A 5 41
b, il 2t S A0 SR P8 25 7= AR T R 4, i — 2 5
M EEAN A A K0 35 mg - LTUORHRR (30 mg - L7
JKAAER N 50 mg - L™ AT 202 Xof 5 35K e A= < %) 41 i) 85
JVLAESEHG 10T (AR B9 )t S fifk 53 198 A4 A4 A
SIS, AT e R TR 2 T Iy W S Ay o v A
A L P RSO 1 AR AR S5 A T ROR AT, S 03 3
RO

SeAVERVE IR A B i EE AR R, ik
YT EERA DY REREE IO AR
A R R R R E NG AR, LY TGE
LA R A L - ¢ A 3 3o 5 T 5 SR 2R A
K oL BTG PE B AT S A S 225 1L, A B 4 A N
ISR 28 A 070 R B g A0 e A A RN A% 3 O
FE P B D AT €2 2R (an 98 JIEL 8 10 R 1) 0 15 )
T A 0 ] R o R A0 Y A T M R R i
GRE a o I AT U] 2 A o 9 2 Y BB R A
K A REW R LRI, 2-F R OB RR 4
Bt (EMA ) 2Bl i SR B B M 4 R o, L R B
G, 5 MR 2 o B 1 O B FE R, SRR AR
FEIN R AR 2 T T ) 2 fol 0 e 1 O Bt
2 — ARWFFEH,30.35 140 mg - L7 R HI R &L
R E IR R SR o« &, HMSE o« i
BB P 2 e 1 P vy T AR AR R o R R R (25
mg « L) AP IR BRBEM S R o 1% 1 Bl A AL SR [
AYSE K 52 W T 1 e, SR, 25,3035 Fi 40
mg « L™ KGRI P 5 PR R K it 4 R o B i,
BRI X R ER BT AR R o B R S H X Rk i
A5 e B A — B0, A = I S, BR E
B REREEMERER o 197 00T M R 25 Ab B S 114 i 1
55 AR e AR 296 Y e e B 1 1R 28 Ak Bk Jo 2 FHL
43R o B BECHEIR S A | 52 035 I 2R 1 45 B
DifeA Nl A Y, (AR
S ,35 F140 mg - L' KR 30 mg - L™ /KGR LA
50 F1 60 mg « L' B BRAR AL B T (4% 3K o B AE
LRSI T A AR 2R o BB B2 BT Tl Bt 5 5%
HE I IR S A SRR ST (R e AT T 55

M2 R IOCSET IR G (F,) & PS I H



5553

XU, AF: RBRENT I A ) J5 A0 A R A B i 19

OSERTTUN A5 i, T PS I i KOGk 230
(F/F, ) REEEAEAECE RS, Rk PS 1T 75
WA T I RERS AL F /F, (E TSNS
PRIEE B0 2 R A, D6 BRI B3 2% PS 1T 3 1
1 ES D Zhao Y BF 5T N N, ¥ W ( Eucalyptus
grandisxE. urophylla ¢ GLGU9” ) M%) i e B 2 B ab
PR SRS 3 d 5 Ak s F o/ F (H 2 2 R
. Zhu 5 B9 KB, BEAR IR 3 10 43 W 1) FE %
PRI T IR 248 R 2 e e T 4 3R o 5 5 TR,
HAmd PS I a9is 25, BT 772 PSTT 5 PS T Z[AIAY
3% . Wang % §F55IN Ky ,3.47 #15.17 mmol « L™
BT BLIR 1] 56 4 410 1 ) A T S R XD B RE T o AR BIESE
IR TR A SRR AT F (RS2 MR AR S 4
AN B K A7 R Ak PR Y 25 AR SR SR e 1Y F (L,
3 Ty R S AL R Ak B A 85 (35 140 mg - L7 R
fi% .35 140 mg - L™ 7KAH R LA K 50 F1 60 mg « L' Fif
TR ) IR BKBERY F /F (0 EFRAR . U e e JEE
PRAA ) 57 23 38 IR BRI R G S L AR
SEADCRGEMZ PN H SN, 5 —J7 1,3
153 BRI AL ) Jo A e Ve 3 A LS S SR Bk 1 F (B
H BN TRIRE BE [T T, 55 A R AT 3R o 35 Y728
AT G

PSR A B P 728 1 ATz 5 20 Jif BT 32 A1 34
BEppaa AR sz B A LR B i i, B R
AR 1 B PR SR G T T s |, S PR A R
00 g L XS B PN 0 R A0 B R
KWL H AL 2577 H, 0, FIER , 32F — 25 3 0 1
SEUR TH R, TR AN L PN B 5 A 5 AR R A Y
SREEAESE S BNy, B R S W B 1Y AR 2 4 o]
LR BN B A%/ N IR BERY LR 22—, ik
JE W R ) I3 AT E 14 S BT AL B R e 5, R T
BEL 1A T 8 B 1 A 1Y Hua 550 R B, 4 1L
PBEAIPUAACRETS LR B BR T A ROKAR Y e Rk
WAL, ELBEHE I | R e T s e BRI, R
ZEHOVRT Hong S5 R R L, 4 S U8 B 0 i 1 e
SE AT P BE G T 1) ok B T v 52 R S T vy 2 e
AR RRAR M R34, LB A5 BTN, 482K = 1 1
WP i . 2 0 ol S % IR B Y SOD Y& 1, AHIESE
Hh SEBREERY SOD T 1 B A% T TR k18 T v i AR
(B850 T8 IR R B I R 2R AR B o ) |, % R R 4k
PR CAT Pk i F Bl B H AL B SOD  POD Al CAT 1
PSS B K A7 IR T B2 ) T o T AT 156 B v e 2 7K A PR

b PR PR R R i s T A A BT BE . AR,
BRI BR AR AL BHER BRBERY SOD  POD HI CAT T ¥ A 5
IR BV 2 T e 1 v R 3 T 50 mg - L BB R
AEFRAY 3 AT A AR AT BN IR 25 Th O R
IR B, R e A AL e D e I IR i — 2D B B 5T
RI,50 mg + L™ B AR A2 38 Je 410 1) 2R 1R o5 440 A oy 24
[[IEIGHEENE S SO NI ok S 2 8 X 7 =R 3% NP 0]
3 R S A 8 J5T 114 B AR B o v B AR IR Ry 7K
MR AR BRI .

AR T AT 25 3o A0 O S s R T o A
WY IS BT I A K AR BUET,
PRI 240 B B AR SR o e ) RN 2 — . R
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