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Allelopathic inhibition of phenolic acids on germination of Wolfberry ( Lycium

barbarum Linn. )
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Abstract; Phenolic acid allelochemicals are some of the most important agents to cause continuous cropping obstacles. As a
perennial woody plant, the continuous cropping obstacles of Wolfberry ( Lycium barbarum Linn.) are serious, and their
contributed factors are complicated. To determine the effects of phenolic acids on Wolfberry, the allelopathic inhibition of 22
phenolic acids on the germination of wolfberry was quantified, and comparative molecular field (CoMFA) analysis was used
to elucidate the relationship between allelopathic activities and structural characteristics. The results showed that half
maximal inhibitory concentrations ( IC,) were in 39.94—115.97 mg/L. The CoMFA indicated that the allelopathic
activities increased when substituents had large volumes at the 1/2/3/4—positions of the benzene ring, and/or a negative
charge at the 1-position of the benzene ring. These results provide basic data for evaluating the allelopathic effects of

phenolic acids on Wolfberry.
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BEVE AR EARO A 7 45Ul £ B TN

FYIBRAAR S A AR ZR I8 L B RN BV 2 B e A MRS 1 R AR AR BRI B ] — 1
Wy, %5 5y S8R — 2 [ R BUE 134 b SRR DU AR VR AR 3 B+ OE m Rk EE ROR T, M A
Yy Jsi A R B — g f iy, RV R B AR A AR P ALH BN B2 2% . AR A FE W) SO B, WF5E & Bz
Yy T T X AL A P S T TR ) 5 i S TR BT BT R R S R T R B AT R A O AR
SRS B A SO Y B Ah, A B TS AR 25 A AR R AR A 0 R R 4 7 A A AR O
BRI O R BRI AR P AR AR A AR T

*ﬁ]*ﬂ(l/ycium barbarum Linn.) R EHEY) , R TE M 2 AR /NEEAR . BT ,%lﬁi&‘@}ﬁ: X+ b 7% Y5 K B
A R A R W12 EERRG H s i RS T RS E I, SR, 5C T M AT % 1 B A% B i i 5T
ToEEZ, O UFITIESE LA BT B | A B R A PR R I8 55 A £ 3 0 e A LR 2 R R PR
5 kY A SRR AR R A FE Y, b AR T R E M A A AR A PN A e T BT B R
SEMACAR BR300 (1 B A 2 B EVEAR BRI, i b & W AE A RCAR BRI BT R BB AR AT R
IR AL ZE RO AT AR TR A 96 A SR B A SR ) o 117 2 ) S 2 A ) B s P i) — b 2
Ji i, PRR A A AR ) A i RS b B RO R B — BB BESR A R B — i AR, s AL
R (Quantitative structure-activity relationship, QSAR) W R 27 BCE TR A Bl 25 38 X 2F
BHEAR BB YR E YIS E 55> F AR R R, il — @ R L& W or 7 5 A W 32 AR BLAE FA AL
PRI, A SC 4 T 5 56 0 UL IR 2 W) o A AC b - i ik e ) AU FE B4R, ORI 3D-QSAR P LA 1303
M2 ( Comparative molecular field analysis, CoMFA) | /812234 E W) 5 T 45 F A 5 HAR IS B 3206 Pk 22 (8] 1)
WTEDCFR , R S o M AC (9 A6 JR% 1 B3 TS L KA A 326 AR R 1l A1 P i T i (R BE Rl A5 a0 S 4%

1 M5 F®

1.1 SEEephR

R KR 9 em BEEEEEFRIN 9 em [RITEIEAR B 1A AR SHIRRTFRAH 5

MIFCRT (T 1 %) Lm gk CRAT Milli-Q #i45, FBHAR K T 18 MQ - em) ,BpRRLEW (Fh2E LK 1)
W BT TR (R, B R =97% , 10% AR ENIA W
1.2 Fh k4595 KA A B 1 0

9 cm PEFEIGIRML A 2 J2 0848, B EZEVA KT (121 °C (15 min) 145 IELC R . B kA T30 T & 4k
HR L, R R R IR RS AL AN, TEIR T BT . R 10% I SR B W I A AT A -H 35 10 min,
FHICHE K I B B B e R 78 PR AR, B IELROR (KRR 10L) HiA 10 RiFp 1, 7EIRE K 28+0.5 C1H)
FRFRAATREOEIE AR 7 d G SRS TR MR AUR I 7 mL AR BE Y R IA R, 5 4 K TR G R L
SE00 3 mL IR,

X — IR G E ORI 7 mL JCRE/K, 25 X IR CK) ,25,50,75,100, 125,150 mg/L 7 ¥k BE 46
B PARANIEACR N 1 AT, B B IR M B 13 3 A FAT

T IR W0 5 A B AR PR R R (R R AB I, 7 RS DU ARG R ) O 38 o T 58 R 2 Ak & W X b - 1
e AR A KRR A M VE FH APPSR ST T3 ) | 22 o v B -0 o) S 2 5 g il 288, SR B 10 o e
1Cso , 73RN 1C ) e C 50 e T IC 50 e » A T PE AT 3 RO M AT b~ il A g 40 2800 5 oy 41 i)
(%)= (%5 AN I8 CK-AbBR) /%5 A% IR CKx100%
1.3 =2 A RO FR A

E SR RO R AT A W T PR B SR FH DABE SR v B2 B 11 1C( mol/L) BU(E, BAKILF 1, 3D-
QSAR 43k FLCE A3+ A s T A BV E R SR FH SYBYL 7.0 BRUESBEHGE L, BRI A W) o 145
FREARAE ] Tripos 13, 43 F HLfar R Gasteiger-Huckel FLfar , B e /METT RIS FEH, Gradient BI{E A 0.005,
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R A PR f R ( ABE R M BE T 1G5, gy B/ AL E
2,3, 4-=HAFE A EERR A AR, i Fl Align Database
TR TS S . HESRCRIE 1 PR,
KB B 5 7 B T BRIA M = 4EMIA% (2 A grid) %
HRBIABIERET (+1 40 sp*Afk C J5F) K (1.0) BIK
e BIME (30 keal/mol ) 47 CoMFA 3T, R it — 2513t
B S HO R ] SYBYL FAFBOABOENE . Geit a0
K F i e /N 3¢ ( Partial Least Squares Analysis, PLS) J7
AT AR R 4 —1% ( Leave-One-Out, LOO) #4738
Xk,

E1 22MEBBELEUSTFERHE
Fig.1 Overlay chart of the 22 phenolic acids

F1 BEBELSYIHMEHTFERNLBRESERAXLRESERSFE
Table 1 The experimental and model predict values of allelopathic effects of phenolic acids to Lycium barbarum
e ST 53
Pl v e S .
Comparative molecular field
1C50/ (mg/L) X
B2 &K CAS Zip 2 analysis/ ( mol/L)
No.  Names CAS No. . Sy R X
EE ORK K i W
o K Observed Predicted X
Germination Radicle Hypocotyl Residual
value value
1 ZHiR Benzoic acid( BA) 65-85-0 78.88+7.36  71.74+£6.35  69.72+3.66 587.45 565.77 21.68
2 KR Salicylic acid 69-72-7  102.22+£5.01 66.26+3.94  65.22+2.92 479.73 485.27 -5.54
3 4-F2 IR F R 4-HydroxyBA 99-96-7 97.38£6.96  78.93+3.11 76.32+2.88 571.46 528.47 42.99
4 FFEER Vanillic acid 121-34-6  110.61+4.91  62.73+4.27 66.62+7.70 373.06 361.06 12.00
2,5- " RIHKHR
5 3 ,ﬁ%ﬂ:qﬂm 490-79-9  103.22+5.73  70.54+3.88  53.53+5.50 454.70 483.85 -29.15
2,5-DihydroxyBA
3,4-TRIERHIR
6 -50-3  105.91+5.3 80.69+4.29  54.68+3.44 523.55 518.92 4.63
3,4-DihydroxyBA 9 91£5.39 +4.29 * ?
7 TR Syringic acid 530-57-4 107.16+6.94  68.18+5.74  64.37+3.71 344.05 373.63 -29.58
8 RAERR Cinnamic acid( CA) 140-10-3 94.61£7.07 69.97+2.16  68.41+4.91 472.26 486.39 -14.13
9 X7 R p-Coumaric acid 501-98-4  108.34+6.96 70.71+4.15 64.60+7.71 430.74 450.46 -19.72
10 3-FEEANHAR 3-HydroxyCA 14755-02-3 101.04+7.04 76.76+£3.63  64.34+5.67 467.59 475.68 -8.09
11 UiHERR Caffeic acid 331-39-5  97.34+7.95 63.64+4.23 64.17+5.18  353.24 325.33 27.91
2,4- "R ILARERR
12 ’ %%Wﬁﬁﬁ 614-86-8 107.19+5.06 74.28+3.96 67.14+5.10 412.30 410.58 1.72
2 ,4-DihydroxyCA
13 FIZLfR Ferulic acid 1135-24-6  115.97+6.38  62.79+5.04 39.94+4.94 323.36 311.73 11.63
14 FBTERAER Isoferulic acid 537-73-5 104.52+4.41 77.89+6.27 80.56+2.09 401.12 429.31 -28.19
15 3-ABERHERR 3-MethoxyCA 6099-04-3  104.01+£5.84 56.47+7.75 56.62+3.75 316.93 315.95 0.98
16 4-HEEREERR 4-MethylCA 1866-39-3  98.21+7.92  70.47+6.83 61.28+6.10 434.49 436.87 -2.38
= A R kR R
17 2,3,4 ‘,qjﬂi_l}:wiﬁ& 33130-03-9  90.08+5.60 64.10£5.20  60.01+6.77 269.06 260.62 8.44
2,3,4-TrimethoxyCA
2- B AT
18 A PR 6099-03-2  90.08+4.01 81.72+4.54  63.92+5.92 458.46 442.10 16.36
2-MethoxyCA
_— [ & N RS
19 3,5 fmﬂ%w&& 16909-11-8  89.45+7.72  80.92+4.28 71.64+4.41 388.65 363.29 25.36
3,5-DimethoxyCA
2, 3- " H A LR
20 ’ ,Hﬂﬂimﬁg& 7345-82-6  103.01+7.55 58.58+5.54  49.13+3.69 281.35 317.92 -36.57
2,3-DimethoxyCA
—H4&H 7
21 X ’4’5-4.5‘3%%@%@& 90-50-6 99.25+6.03  71.19+5.64  55.70+5.09 298.82 268.14 30.68
3,4,5-TrimethoxyCA
22 JFFIR Sinapic acid 530-59-6 94.61£6.75 65.98+3.10 64.46+4.33 294.28 325.30 -31.02

CAS No.: ZEL2F LS, chemical abstracts service number
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2 ERES

2.1 ERRRAL G Y A AR W A 4 5R) R

22 iy BRI AL A PR M AC RP T8 2 B AL A FH N e 25 SR 26 1 FToR 22 P IR B A W i Bk
YRS A AC DT A T 2 5 43 S0l SR FH 400 o8 o 1 i VR R AR ORI R Al A K AR AT 1Y 1C5 BB L A 78.88—
115.97 ,56.47—81.72 Fll 39.94—=80.56 mg/L; Xf H4% 1C5, BUE R/ IR, 1C ) ypic T 1C s gy BB L 1C, g0 B
%, R BRI GIAR AR KA AR ITAN B RSP I i Ak gk A RETEPE T R, Geit=# 43 i K BRAE 0.05 7K
B TC0 e B IC 50 g 2 .35 TE ARG, Pearson AHOCRECH 0.498 ,1C, 50 T IR DHEFRTCAH M

ARG RAE R TR ISA G WA o F L5 46 & R R RE PR B4 4, A R iy bE  (H 838 FIERAR
BRI UL s S A R T IR AL G WSS Y Z2 A6, SR 45 2R R &0 W Mo AC R -7 &2 i 1k
EATEETER I TR 255 (P<0.01) RIS & W AL RS PR A4 F 22 18] ) Ok R B AT TR AR
2.2 BRI S WM HIAAC R Tl & Ry e EAROC R
2.2.1 CoMFA #GLIT2:50HT

22 WK, BILA1C, e (pmol/L) BRI EEAY CoMFA BB G #2500 % 2, & LI TEAH]
RFRE QPR 0.802, FRUIIRIF MBI A1 2 1Y B B —FhE 76 95% BHAR BEAKC AT AR 2 BLIRHIE , 75 BB AY (1Y
FHOCREL R*Hy 0.938, 4437 5 85 HL 3% (19 TTRRME 3 51 0 48% Fl 52% , UL I RR AL & 1 43 45 K4 7 1A 7 Rl v
Gkt HARIR A B 15 PEAR A 520 Horh e 3 VR FH RS R

#2 CoMFA BERRRN_FESTER
Table 2 Partial least squares (PLS) result of COMFA

, TIMR{E Contribution/%
SR Index 0Q? R SEE F NC -
SR Steric fields 3% Electrostatic fields
0.802 0.938 25.244 64.551 4 48 52

Q% : 3 XUAEAH K BB, cross-validated correlation coefficient ; R? ; A 38 1.1 UE A ¢ £ %X, non-cross-validation analysis correlation coefficient ; SEE ;
HhEAE AR RS ,standard error of estimate; F ; TR IS (E ,the Fisher test value; NC, AR E R ,the optimum number of components

2.2.2 CoMFA =#4k% 5 K4 it

W TR 2 Ak A W Mo AC b T & I RIVE R RS0 56 2R CoMFA =425 R an&l 2 it TESr kg, g
FORHIR IR & S UL B SRR I, 5 0 R 3 K IL AR S A sk A 300 TR RRAIG e g h 2
BRI 0 3 A 2 BB A BT PRI E , WE  FR BINA 1E 3 A 2 T Bk A BTG R

RS g

85.000
15.000

Color legend Color legend

El2 CoMFA #HE=#HEFE
Fig.2 Contour maps of COMFA model

TE CoMFA RS AR h B REAZ 1.2 3 1 4 S0 BIEE G TR AR B2k (0 (B AUSRAE Lk 4 NI
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RRIENT BAFAE KRB IE S By RAAL A W LR A B e R0 1 S R IEA RO R A3k 3 iR,
LA B R 5 RVRER 2540, R BB I 1 (3 U A7 AR 22 S AN AR 4y F A5 A B AR R, i 1 e U
FRFE 5 RRMGIR , A (A A BEIGPERE 1 7 BRI SR TTT 2 38 0 B 345 4 B OR T iR 55 0 4 &L
2 3 ,4- RSN B R SNMERR A R S AR . T HR ST TR, Lk 4 A B Y0 T A WRHIE S R A
BRI MR/ MBAF G X — R, 2RI 2 SRR R ANk 4 R, R R 5Kk AR 5 2-H
AIEREERR NGRS 2,4- LR 3-H AR RNER S 2,3- AR NER Lk 4 A &9, KINTE
FoAb 5> F450 — BN RTEE T 752830 2 500 L3R 5L al s H A SR IR A B R, A5 A 43 TR FEUE K, A i
PRI B TR PR R . IR 3 S BN OC R UNER 5 FR, FUAR 4-FRIEE IR 3, 4-  REEEP RS F
MR, =5 F AR 3 500 MR G R IE Y — B0 7E R 3 547 R IG IR Eal PP AR SR U AT | B33 R 4
S I HUR I, T30 3 S BRI AT A MR AR [ B 1 M Rk e AR 3R AR S 3-
HAAJE R , 75 TR IIIER S5 B 2R R , 2- FH AL AR 5 2, 3- N UL IR, 3R 3 Ik B R 3 45
PRI B AR R ABAT A — B, R 4 SO BURIEEMRIOSE R INFE 6 TR, Xt HLR iR 5 5% 7Rt
®3 BEELEW 1 SHRREERER

Table 3 The structure-activity relationship of substituents at 1-positon of phenolic acids

415 Ew e FIMHEHEE A 551 A B2
No.  Name Structure IC5o/ (pwmol/L)  Name Structure 1C5y/ ( pmol/L)
R o PRIH: R 0
! Benzoic acid( BA) HOJ\@ 38745 Cinnamic acid( CA) HOJ\/\Q 472.26
o 0
YA £ T SR
2 4 ?1%7‘:[']1&1 HOJ\©\ 571.46 XT%D‘M . HO Z 430.74
4-HydroxyBA oH p—Coumaric acid on

9 o

3,4-T R TR HOJ\@(’H W R Ho™ P OH
3 T oH 523.55 353.24

3,4-DihydroxyBA Caffeic acid OH
9 o]
HOJ\@[OCHS HO™ >~ OCHs
R OH BB
4 . OH 23.
Vanillic acid 373.06 Ferulic acid 323.36

HOJ\@OCHS HO)K/\Q[OCH:,
5 OH 5
s IR 344.05 TR o 294.28

Syringic acid Sinapic acid

R4 BEBELEY2 SHURREMYXR

Table 4 The structure-activity relationship of substituents at 2-positon of phenolic acids

H sy g FMHE e aw 451 2k
No.  Name Structure 1C5o/ (pwmol/L)  Name Structure 1C5y/ ( pmol/L)
] O OH
G b
1 587.45 479.73
Benzoic acid( BA) HOJ\@ Salicylic acid Ho/k© 9
o 0] OCH3;
PIEERR HO” A 2-H A JE A REIR HO” A
2 472.26 458.46
Cinnamic acid( CA) 2-MethoxyCA
0 o} OH
o R HO™ ™~ 2,4- T F I P RERR HO™ N
; MEER )‘\/\@ 430.74 4 —RERER 412.30
p-Coumaric acid OH 2,4-DihydroxyCA OH
9 0 OCH3

_H AR - igs OCH3; T H& - s OCH
, PRI a0 A 316,03 2o MABRAER oA\ ? 281.35
3-MethoxyCA 2,3-DimethoxyCA
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KRS 4 ALY, IR 4 SO BUREE IR BRI/ NS AL A R IR RO RS 3 S U U1 —
B, UUBSRERY CoMFA BORIS, AR (8 BRIK 1R 7R ARG R ML B 5 RLAF

75 CoMFA IR SRR h R RER 1| 508 BRI SR T USR8 1 S BUREEAA7E AL SRR Y 4k
W, 2 SR E AR A TEE PR SR . W3R 3 PR X bE PRIR AT AR W R R IR SATT A= 00, i PR TR ik
AR R P R TS R BT LR A TR E R TR %, BIRSIIRAS RS CoMFA #3725 4] B 7R 1Y
SEREE 2L

3 e

3.1 B G WX R AL & e R AR B R AL

FEAR MY AR 7= 08 EAE RS R AR 2, IR ) BRI AR R PR 2 R Z — . MACRh LA/ R
B, 5 B AL 1Y & B BT A T3 1R 215 400 ST JUih 30 114 e, X1 D P R I 5y A SRR A 37 AR 4 ) 175 1R L
HEBERE S, AR SR, By RIS AL 85 & 77 A 3 0 vk BE VI R (1C5 350 1H) 4 39.94—115.97 mg/
L, XTH O AL R, B At bk B 64 KRS SR & siah i A K A48 3 sk A B
SN B BE K SE 205108 0.1—10 mg/L 0.5—500 mg/L'*' 5 mg/L"" 50—500 mg/L'*’  >25 mg/L"™ ; i
AT UL P R X VR 7 A AR SR AN 55 /o 28 Bl B A O | A ] 1 1 %o A [ 400 B A Y I 1 2 S ok

BRI A T LA S B K A S X — e Wi — B D) R R A T SL bR AR R
HEABT B R T B B AR ne/g BKEO2 Y R TSR0 A R 3RAT A A e K, A
WFEIN R B, BTy R 5 R A AL D & i AR Al F VR T A ok B (B A s o SR, 76 F AR L — R E AR &
o BB I IR AL A 10 BN 5 SR EE AR A S — I R R ) AR B E AR L,
BRI R T K R AR AR AR Y A I R ) SRR (R A G 2%, X R Y
FAIEAE FIPLIRBF T3 B R . SIS AR & rf &2 G R AR ) 1) AL A E T, R A WLARGE
3.2 MR G WA TIAC RN 8 & 0 A RO R

ARG T WLAE YA R 53 W) b By B2 S ) Jo 1) [ 38 Ak 22 00 T S5 A SR A Iy RS 1k 5 o 44
AWFFEIE I, W CoMFA J71k 25 48 By TR 25 ) o A A F 19 & 2t R AL JRR B BB R IR OC R, B SR R
I 08 ST RSSO RN F SO S A R AR 1 B TS PR R AT 8O R PSR M E B S8, 7R
R ARBFI SR T o T AR RIERS B0 e o1 I B K e B | U A RN A2 (AP St g A 5 585 L, &
B3R =R EE R R Ak A AR B FEIE M AN R (B R R ) |

CoMFA {24 3D-QSAR WA ) T B fE AR A S F MG SN )z, RIF R4 CoMFA
I FH Al A 7 S ) A A IR SR, ARAS T A58 1 i A 19 1 21 0 o A B 1 5 07 T R 205 G 3R 1) et B0 A
A, YRS R R AR B0 R AT i RS W) 5 AR W IR 7 AR s PR T LB A T 4 3
Wl

FERE R R BE KT | SN I e X A AT P 1 2 2807 A IR FH 0 5ol LAV ) 155 & AR A= R Rl A=
KA, 1C, B0 5 By 78.88—115.97 56.47—81.72 .39.94—80.56 mg/L; Hor Bl BRAR 2,3- — HI & JE Py E
MR NMERR SE A A B AU R RE A A AR R AT AE WM IV E IR . FE T CoMFA ik st iR Ak & 4 53+
S5 5 AL FR T 07 & AL E IR RIOE R | ARAASERL 1) 38 LB UE R 20 Q7 0.802, 38 WEIF R4 RPN
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