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(3)pHBA 5CA # SOD.POD §HE, F# CAT #EM:; BA ffi SOD.POD.CAT & PE# B 105 43 AR 47.42%
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Abstract: Phenolic acids can have a significant allelopathic effect on plants, threaten plant growth and
processing product quality. Trichosanthes kirilowii Maxim. was used as the study object. Through the indoor
pot experiment, five different concentrations (0, 50, 100, 150, 200 mg/kg, designated as CK, T1, T2, T3,
T4) of p-Hydroxybenzoic acid (pHBA), Benzoic acid (BA), and Cinnamic acid (CA) treatment solutions
were added to the soil to study their effects on the physiology and soil characteristics of T. kirilowii, and
the intensity and law of the allelopathic effect of phenolic acid were elucidated. The results showed that;
(1) pHBA at T1 concentration can promote the elongation of the root system of T. kirilowii, and the
growth rate of root fresh weight can reach 19.25%; BA affects the biomass accumulation of T. kirilowii,

and at T4 concentration, it can inhibit the fresh weight and root fresh weight to 35.17% and 58.38% of the
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control group; under T4 concentration, CA have the most obvious inhibitory effect on plant height and root
length, with the largest decrease of 66.19% and 63.13%. (2) Low concentration of pHHBA could enhance root
vigor, while high concentration inhibited it, the maximum inhibition rate was 33.55% ; the allelopathic effect
of BA on root vigor was positively correlated with the concentration, and the maximum inhibition rate was
47.41%. The effect of phenolic acid on transpiration rate and root vigor were slightly different, but the
treatment of 150—200 mg/L. showed obvious allelopathic inhibitory effect. (3) pHBA and CA improved SOD
and POD activity and downregulated CAT activity; BA inhibited the activity of SOD, POD and CAT, which
decreased by 47.42%, 59.07% and 45.43% , respectively. The degree of lipid peroxidation of the T. kirilowii
membrane increased under all three phenolic acid stresses, but the damage was relieved as the stress time
prolonged. (4) Phenolic acid stress significantly changed the soil microecology, and the activities of urease
and invertase in the soil were more sensitive to it, and the microbial structure changed from “bacterial” to
“fungal”. The same concentration of benzoic acid had the deepest allelopathic effect on T. kirilowii cultivation,
followed by p-hydroxybenzoic acid and the weakest was cinnamic acid. Therefore, reduction of the phenolic
acid content in the soil is conducive to alleviate the allelopathic effect of the T'. kirilowii » enhance the viability of
the T. kirilowii, and thus improve the yield and quality of the T. kirilowii.

Keywords: allelopathy; Trichosanthes kirilowii Maxim.; phenolic acids; rhizosphere microecology
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T e A F . DO VLU 9 R 2 A 4 el i R AR A
BEVE MR E 5 (pH Ny 6.24 HHLE &R & 8 05
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HH % 1 7)1, Bl AN [ T 2 I 30k R A T o L bR
o R R AR B T A P A A 4R bR B R Rl 2
e B Y BORRR FE N R AR T L R W3 A I R U v R
RERE AR K 7 X i 3802 A T AN W], pHBA
WEAE 50~100 mg/kg W, A% B AR ff F /D 3800, 3k
F| CK 1) 119.25 % (p<0.05) , 1 Xof oA $5 A 104 ) 28021
) 5 Jplp 6 e B % TE A G, B R BE 200 mg/ kg ZEFR )
Phim ARG i AR R IR T CK O 2H (p<<0.05) 4331
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AR MR 5 2 B A e o R AR ff T T L B T R R
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R 1 pHBA.BA.CA X1EHEKMNEMN
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23S RI 23S RI (29 RI ki RI

CK 55.7342.03a 17.4440.35 4,2420.34a 0.349£0.037a
Tl 50.27+2.86ab  —9.80E—02 15.2740.92b  —1.24E—01 3.8740.25ah  —8.69E—02 041640014 L6IE-01
MR EATR T2 47.2740.19be = 1.52E—01 14.9040.21b  —1.46E—01 3.5840.05ab  —1.56E—01 0.414£0.006a  1L.56E—01
T3 44.8351.30bc  —1.96E—01 14.83£0.81b  —L50E—01 3.0940.25be  —2.4E—01 0.35910.033a  2.62E—02
T4 12.53£1.02c  —2.37E-01 10.97£058¢  —3.71E=01 28240.01c  —3.35E—01 0.250£0,015b  —2.83E—01

CK 55.7342.03a 17.4440.35 4,24£0.35a 0.319£0.037a
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RER T2 30.40£2.32c  —4.55E—01 18.8740.09 7.58E—02 3.88£0.09a  —8.36E—02 0.27440.027ab  —2.15E-01
T3 32.80£1.0dc  —411E-01 16.93£0.10ab  —2.92E—02 250£0.10b  —4.10E-01 0.218£0,026b  —3.77E—01
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T3 28.6241.69c  —4.86E—01 8.80£0.58b  —4.95E—01 2202007 —4.82E-01 0.25840.023b¢  —2,60E—01
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WP R S ) s e AR A ) RE . AR 2 AT,
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1S4
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R, HMREE R 50 mg/kg I #F 250 5o, H 78 15 3
ok CK 1Y 225.01% (p<C0.05) , T4 2H D307 1) 2 8 e
Jg g AR R IR R 60.45 % (p<C0.05) 517 CA X
R AR 256 VE HT 0 52 ) 34 36 B R 4 i), b 32 T, 4%
T RRZH O HLBE & W 38 ok B2 0 Tt AL B4 T, )
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B B SR A BELAM AR . IRVR EE pHBA Fil CA 8 i 75
SHERE SOD.POD,CAT i ¥ iy 42 7 ok 75 b 2 Y
I PR A 3R TG R 1 2R R g

P B (MDA B 5t 114 w8 1K 3E 5 5 Wil 0 1S 3R 42
A SE AL PR R B . Pl TR T AT A I R 0 Ak B
FEMEAR R MDA & it 5 Wi 2 EMH X, CK fEAN
[F] B 499 9 MDA & s A BT 3l 156 B A [m] A 1< B 49
R AEL 1) Ay 3 7 R0 R Al AR N T I S AR TE N B
PRAFSh V5. 3 R PR AL B 14 K5 IRV JE (<
T2) 9 lh 38 40 50 A 5% ) 389 55 2 46 1 B, L MDA &
5 CK AR AR, REAL BT Y R a5k
B30 B T3 W FE R (9 pHBA 4114 K) T4 ¥R
BA(14 R)YH K T4 W ER CAH (7 XD, T3.T4 4
BA Al CA 21 MDA & &5 B % B ] ZE 4 777 B AR, i 52

Pt AL 7R 5 BE A R0 B Ab IR I 36 R A AR 1
ROS, MUK & E T g IE7E R EVEA .
2.4 pHBA.BA.CA WHEBBRF NN

MY R BA 2R R ZE A BT, 0 ) 54
Yk k& B o R ) 56 R V), A [ v B 1 iR 4F
FEREAR R IE H 0952 W3 3, IR pHBA(T1,T2
41 1] i 2R HE RS AR R IR 1 (p<C0.05) , T i VR
(T3.T4 @) W) 3= 3y 06l & L, fe K4 il 2 R
33.55% . BA B RG BEAR 2RI 7 B A0 A 5
LT it e B S AEAH DG Je KRR i S 6 BRZH Y 47.41% . 155
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9 2 Xjﬁ%ﬁ@ﬁﬁ ‘ 7R H R : PR 1R

13 RIS/ RI WRIWE T/ Rl WZRWE T/ RI
(pgeg'+h™) (pgeg'+h™H) (pgeg '*h™H

CK 94.13+0.87b 94.130+0.87a 94,13+0.87a

T1 103.7041.19a 0.1017 93.281£0.467a —0.0090 96.0240.93a 0.0201

T2 102.3941.38a 0.0877 86.650+1.10b —0.0794 94.8641.75a 0.0077

T3 89.09+1.71c —0.0535 72.770£2.22¢ —0.2269 79.16+1.65b —0.1590

T4 62.554+1.24d —0.3355 49.500+1.48d —0.4741 75.2240.68b —0.2009

2.5 pHBA.BA.CA XRBRTEMEMHMENZ

P93 R B DR AR B 4= S AR W VR 4540 . LB W]
A 1A 1 = R A W B (] 2) i AT, pHBA 5 BA 8
BN 0 25 5% W AR PR - HE R E Wy i Ll BB Bl . 2
AN I 1 9 A0 PR R A R 2 R R A ) VR I
FHimi R, H pHBA 415 i 2 (p<<0.05) , f5z i Kb Bk
FEF pHBA 5 BA B4 B4R 73508 CK 1Y 23.86 %0 5
37.63 %0, FLTA et W B 2 Fofr 4 Jo ok 32 o 1T 5 o 25
(p=<<0.0D, 5 CK #H kb, 55 55 35 K 353 51l 24 168.70 % il
121.84 %6 ; CA X AN B 5 EL 1A Y 52 i A 3R 20, B K AR 1k
AR CK 1 38.88% 1 40.06% . 2 /> B[] Bt AR
B - 98 bl 4R B R B AR A Y S A B AL,
CK H%: B CA ) T1 4, 4540 B2 il 26 R B 2
FEREMR(p<<0.05), Jidh, Emm ik BA 5 CA X}k
25 A 30 TR 39,69 %0 Il 35.12 % L R B X pHBA
IR Ry 5417 %60 52N 5 0 AR
2.6 pHBA.BA.CA 1R B 1 3 & i 1 /9 %2 1

H 2% 4 A1, 1% 200 mg/L B BA 5 CA &b 3 ffi
- 8 v A A B A NIRRT (9.7296,6.99 26)
A, FLAAb B 2H 6 - 3t SR Ak U S M 0 AR R ]
L F W L R AR R S R HL O, K i 2
L, MRAERGEFL I 10 KA 20 K Y AR B 2 0l il 15
AR - T v OB WS P AT A DL T3 MR Ay R

R e B A1 v e B 0 A ) KA 5 L [RD e B Ak BT R
WS PEHE S o BA>pHBA>CA, 5 CK #H L, 5
20 X pHBA.CA 2 [ 75 iy U (A 24 th BL7E T1 4, 4>
M E 127.33% (p<<0.05),17.68% (p >>0.05) ; BA
U BRAE T2 41,3805 107.07 %0, M\ A 38 R il 7%
PERTAL, B v B (T3, T4) pHBA 5 BA % 2 S AY
R Tt 5 1 7 A= S A AR s CA AR BT A8 Ak i 3
W5 FRPIF A AR, 4 Fhk A CA #3% A X ik
il 3% M 7 A S R BHARLCR (p =>0.05)
27 TEBEESHREVBEEXEDT

Jit & 5 T R D A A A A A ) 2 A 1 S R
Ao I A AR BRI R 5 A ) B AT A G
PESTHT (GR 5) AN, 3 2 - AR Wit A b 22 ) A DG
W (p<<0.0D), Horh, HA ¥t 5 4 i AL
5 R R RN T R A S S AR O A G R B
H—0.931, —0.816 5 M 5 2 P 3t 5 240 1 250 i =2 ) D) 52
W B IEAN DS M SE R BN 0.836(p<C0.01), A, R
T PR 5 A R R R AR T 2 T A R At TR AR OC
(p=<<0.0D) , HAHIC R ¥ 5390 2 0.839,0.671, 11 5 I
o RO A W A OC (p <<0.0D MR EH
—0.900 5 FREBH Bl 15 P 5 200 P L R R O L o SR Ak SR
JUR T 1% 1 14 5 2 KT (p <20.05) 5 i A Ak Al T
5 3R TREARE T 5 M AP ) FEAR AR AR AR G R 3
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24 h + soiD

Bl .mg/(g

TIEEE R R

CA 5 1R BR

% 4 pHBA.BA,
TN

20 K

6.4840.13a

10
6.58+0.08a

20 K

26.1140.89ab
27.97+0.29a

10 K
28.68+0.36b

20
3.11+1.24c

10 X

3.85+0.66b

4 51

[

CK
T1

6.1740.08a

6.41+£0.26a

1.154+0.52a
28.29+0.5b
26.4640.58¢

7.07+0.75a

6.15+1.17a

6.194-0.12a

6.244-0.16a

25.9740.18b
23.17£0.12¢

5.61+0.61b

6.25+0.71a

T2

Xof 2 TR

6.204+0.17a

6.1540.14a

3.68+0.25¢

3.4740.53bc

T3

6.3140.06a

2.26+0.24d 21.764+0.58d 19.0141.61d 6.15+0.20a

2.98+0.57¢c

T4

6.4840.13b

6.584-0.08a
6.45+0.0

26.11+0.89b
29.98+0.21

28.68£0.36b

3.1141.24bc

3.85+0.66¢

CK
T1

6.4140.10b

a

8

a

+0.30a

31.05
29.88

54ab

+0.

4.43
6.44
3.21
1.57

.7840.32b

7

6.631+0.14b

6.56£0.16a
6.47+£0.07
6.73£0.61

25.760.44bc
23.31+£0.4
22.37%0.6
26.11+0.89c¢

40.10b

+0.75a

+2.52a

9.70
4.02

2

T2

T3

6.332-0.07b

a

8c

26.7040.52¢
+0.8

24.60
28.68

+0.17bc

+0.28¢
3.114+1.24ab
3.66+0.30a

+0.71c

7.1140.13a

a

b

Sc

Sc

+0.50d

13

T4

6.48+0.13a
6.5720.4

6.5840.08

40.36b

32.63+£0.51a

540.66ab
+0.69a
3.5940.14ab

3.8
4.19

CK
T1

Sa

6.44+0.23b

30.47£0.65a
29.07+0.23a

6.60+0.21a

7.11+£0.41ab
7.8040.29a

31.4740.43a

3.22+0.36ab

T2

[ARER

7.31%0.11a

27.40£0.25b

28.83+£0.18b
26.30£0.54b
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2.48+0.19ab
1.3140.19b

2.75+0.37ab
2.47+0.18b

T3

7.3740.36a

s EAC AL 1 g T2

7.04+£0.57ab

26.7740.47bc
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£S5 BEBRPETEERZIEBEIESHREMEERSHEXESR

KB T 4l LR e AL it AL S iR T THE i Tl
4l
=N} —0.931""
e 0.836" " —0.816" "
it AL A 0.033 —0.147 0.150
i il 0.839° " —0.900" ~ 0.671"" 0.128
T I 0.390" —0.445" 0.240 —0.435" 0.457"
W% RBRM KK TR p<<0.05; * * FRMKEEAKTH p<<0.01,
3 it i MDA %8s AL R IEIZ 4518 . 5 Liu 17 fE o R

4 VR S e R AL 1 A T R 1 A A A A
PE 24 - S R 2 fioh At L - RSO 5 ) R R A W e
O] B T A4 A BILJTT 5 (1 13 1 X A 40 ™ £ AUk
ROV M T R e T U e L LR E
B A i NV YIE B, R HEXT BA Y B fE
Bifi 5 VA B 119 B R 17T 3 9 L T L 5 pHIBA A9 W Y RE
BH SRR, AKX, R A KR F W
PR 5 78 R B LA e 0 . BA RS #5119 32 22
VB FHFR AL AE AR, L AB 400 )RS A AR R0 0L R ARAR R
XF 7K 43 Ko A AL 3 00 WG AR 5 32F T 5 o A A 1) 26
AR CA 5 pHBA b2 1 03 AR AL, JLAE F 8 07 4B
FERGAR I S 45, 2 i i A B 3 B AR R Y 78
i R K A T TP I 4R TS Bl K SRR B B AIC,
W R B4 28 1 L 7 /0N DT 5 ) G 8 8 JE SR R K
JEL M Z L CA b pHBA X RE 8 2% i ok R & il 1
OB B SR B . 5 R AR 5T B R X AEAE (Arachis
hypogaea Linn)"™ FI NS 1 VE FH 45 R AH L. TR
B, 3 7 g R X A A A K 8 s 1) Ak B A R e B A |
#HELL 100 mg/kg (4 BE S 5L, B & Ab 31V B2 1Y T
1R X0 A R A A ) A o A P A B = 3

LA N B35 7E 48 (ROS) - 17 5 28 B K i A= K
REREXRREY, V- %5 SOD,POD,CAT
BT 0 M R A . P G A R R ) A K A
T b bt A R B A AR R, DAAR R BE N R A E
WREB . WYL A BE NS D R ) AR FR A T Y
W 5T, BEAIG 5 M TR 1) 2 S R ) ™ O A 2
HE PN A5 35 H ST 40 4T 8 L A 485 4 S8 B PR 2 L
HOM R SR S W BE 0 T R AH R P9 ) 5T R S Ak
B N R A R AR S IR B T R A B A
B 1P G IS PE AR L AT 8 ROS 77 28 R B 2 [A]
(7 3 R R AR LR I . ZE A I P, 3 R IR
X RGBTSR AL 2R B8 5% I 45 A 4 5, — 7 T, pHBA
5 CA BEffi SOD.POD 36 P L, 2l O* F ik
H, O, , 1M CAT 3P F B 3 SO B 9 3 & 1 HL O,
TCVER S IV B, ) A B B IR Ao A AR R L N

B AL IEAE T A5 B 2598 — 8 5 — T, B R 1Y
a2 NI OR Y X/ =R Bl AV A LRI
[d,BA % SOD.POD.,CAT I 1 5% i 45 B ¥ £ K
T, BA B K P A AL B S R M, MDA &t b
FHE MDA & £ 38 3 B B () S2E 4T I A A
S5 Bu SFUY I EE I8 — B0, 1 BURSE B 2 R A
A [m] e 7 P D LR L 1 B A S A5 A Y 25 S R0 A TR
I ENEIR

FH PR 2% - 57 43 A8 b B o U B R AL 7R
Jei 2l 6 1 5 R R EE AR AL AR RIS )RR KW
S e S8 43 X A AR R R AL R B g T
mat RN T 2 4l T R AR RS T BE 2 R
s AR, 5 AR pHBA 5 BA By AL 3
SR B M T R e B T AR R UG T T
R FURMR ARG J1 52 CA a8 284k I R B 2, J [N 7
T CA WM FZEM WA 7 K REHL, [
B gk kSR CA Ab 2w R 5 AT R R 2 Fhd
FORHMEYG KB, CA IFAS e X 2R 5 Bk m A AR
FRIG I3 B E B S AR A R AR E . Y
R RV 7 32 A0 ) o b 28 1) 52 T K A A AR R X
TR 1) N7 225 G ) B A R . 38 3 X B 4 BT AT T, pHL-
BA 5 BA ESRBENE B SR AH Y (AR R 15 1 LUR R A
PR B 1 822 b R T R R — o R
B RGBS AR O 2 2 32 0, i TR AT i A2 T R i A 240 M
MBS IR AE KRR R R FEWER
BA) 7 A 3 R 200 L 1 ST S ek 285 A O T A A% AR 2
20 MR AR 3G 0 R BE B s R DI e S R L B AR )
ERKEFE.

- 9 5T A RIRE )t AR PR AR VR R 2
JCFNER B A O, O B 22 I I 5E OT R OC T SR )
BEVEAEEVE SIS P VR . BT 7 L)
Jo3 3 fife ik v ke A O VR A 0 L T R VR 1Y 4R
- AR TR B SR AR B S B R AR
0 O R o W3 2 28 1 I 0 T 410 ) A R A R BB L A A
TR B HE— 20 K4 £, H e AR 5 it v B 2 O 1)
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Ko Moy TR Ak ) RE R AR B B 2 25 34 I b DA A0
R S R =N N e R R (TR s IS U (S
RSN KRFRAR PR A 8 G ) B I 25 40 AN T REAS 1 Y
S A, VF 2R A B TR 23 1 N b R
Al I AR 2 = 398 o D BT 1 A L R R A R A B A
DN N N OR TR R BN R )
B 35 A RLCUR S B B IR L 2 TN e A B
HMEFRY T B, DU HGE 4
WP IR W e 2 B AR SR IE A OGP, A
TR L b RN Bl DR S PR AR ARV B B IRAE T
MR - WRER I RER IS, 5 Li
SIS A 1 AR SN R AS R — B AR 5 2
ANE AL pHBA BA kb BT o 4801k S0 75 1 OF B A
PR R LAY 150 me/ke (9 CA Xt i S 4k SR TG
PR W Bl B T o B T 1 %ot T 1 Ak SR
SEAT VEREPE Y IR 55 REME BT ) R i AR Ak T S B
B[R R AR T A A S P R BRI A S S 4
rh I R S ) T )RR BR O R B D) AR B - HE R AR 9 A O
PES BT LR Y, B R 10 T BN S22 - SR W RE T
B A BB IE JA E  . PRE EOA B I R A
FRICER F R e A5 B 00 LA B 1) b s AR B
A 0B TR SR ATy B B ke 0 4 g e g R 9k L LA
G fifp H XTSI AR B A T
4 5

3 o0 7 30 %o A A% 2 A F B 1 5 e I A AR ]
pHBA 7E 50 mg/kg W JE T RE6% (e SF AT AR R A,
MR A F B R AT 3K 19,25 %05 BA X T4 4% 19 5 i %8
H e A G AR M T IR o VAR AL BT T o &
CK 44 #Y 35.17 % F1 58.38 % s CA U] It & [ I K 4% b
Ay A R R R R

3 CA XFAE Y 75 11 A FH A6 100 1 52l d5 M B 5
pHBA 7E 100 mg/kg Mk B2 T %R 216 1 R B 1G5
=100 mg/ kg MR MM I HI A Hy33.55%0, BA
55 CA Y Ab B 1l 5505 5 e o vk 3 22 0F A G . HL [R] vk
JETF L BA 15 B Ak BN B SR B

Ty 1R 1 0 A% B AR R e AL G R 48 1 3 S
pHBA 5 CA LA MR R 1Y SOD, POD ¥ ¥, 1) i
CAT %1 ;BA fff SOD,POD,CAT & ME#R i , 5 CK
FHEE 23 IR 47.42%6,59.07 %, 45.43% (p<<0.05), 3
oy 1R 30 357 Jon R P g ok 4R Ak R B2 (L Bl 2 Ak B 5[]
R FE KT A5 30 28 ik L R AR X 3 D I R a0 B — 2
ORTAIA L & B el e 2R oK

A I R i S IR - S T 1
JEETT A 1 1R XoF - S0k A Ak U R S MR A 2 (p =>0.05) 5

T B #E I 100 mg/L f9 BA 5 pHBA & il ik i 5

REBERRHE M (p<20.05) , [A]HS, 3 b 3 1R a0 T AT fie £ £

SRR X AR S5 R I T R 1) L T B AR T Y

AR AR R I o 1) A BB b . pHBA 5 BA X4
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