7
ﬁ& , ;%% H’ @I& J WiBiE IR R OAE

\GRO-ENVIRONMENT SCIENCE
fRtk: http://www.aes.org.cn

R T SR SRR A M )AL R R
Wk, £, 85

FIHASL:
Wk, EHEIG, R0 FRIH0 T SERRA Yrmsn) AL BN, Al FREERR 7274, 2022, 41(10): 2139-2157.

TEZR R View online: https://doi.org/10.11654/jaes.2022-0106

AT RGBS B

Articles you may be interested in

PRIGER T NS WX HR I B KRS Fp-1 5 5 S 4y i R 5

B, ROES ATHT T, BT, TR, TRV, 2RI, SR IE N, R
LV FRBE R3] 2020, 39(9): 1888-1899  hitps://doi.org/10.11654/jaes.2020-0181

OGS 7 LA B R AR A ) R LB

XUFERS, B, ZHRA, T g, 552, BN
M FREERLE 241 2020, 39(9): 1916-1924  https://doi.org/10.11654/jaes.2020-0390

i A RELIA AR X 5 R o & R A= R A9 5 i)
L5, WE, ¥iRs
LMV FRERL 2441 2020, 39(7): 1460-1469  hitps://doi.org/10.11654/jaes.2020-0023

—BRVA W T B A8 52 R 15 - Cd 5 YL A A A%

WK, FALSL, #°F, U, R, B, e

LAV IABIRL 2447 2018, 37(5): 883-891  hitps://doi.org/10.11654/jaes.2018-0087
TR AR S 2 A R K RS Rh 18 & A5 IR

EPEIE, W53, ZBUE, AFRIR, WIYERR, JEIEAL, 2R
A IR} 4R. 2021, 40(1): 44-53  hitps://doi.org/10.11654/jaes.2020-0560

KEMIE AT, RFHEZBHRER


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2022-0106
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0181
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0390
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0023
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0087
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0560

2022,41(10):2139-2157

® Journal of Agro-Environment Science @&

VSR (I 7 N I -

20224F10 H

W14k, FUFIE, FAE W0 S A IR A BSR4 BREERE 22, 2022, 41(10) : 2139-2157.
HU Y, WANG H J, WANG H B. Allelopathic effects of alkaloids in Mirabilis jalapa L. under cadmium stress[J]. Journal of Agro—

Environment Science, 2022, 41(10) : 2139-2157.

RIE T 22 51 Fi 4 W0l B 4L B3

Ak, LiEAR, ERAE

(BB ORI R 22 5 AR A Bt/ o v 8 L R B 5 5 e P i 5230 %, R 650500)

O OE NSO TS AR
HE W) 48 28 Fi] (Mirabilis jalapa 1.) 4= %)
i Xt At o 14 A SRR L SR FH 2 P K 8
A B S2 8, ia R R RO i
(UPLC)EARMIZE Cd il T R AR &R
A3 U AR I i, R 9T K R S
MR ZR 4310 SRR T A R = 15 2%
FEFTHL PR 30T 2 A A Flr (B | A
L R & AR N AR
FW KB &M, 1~3 mg- L Cd il
R TREFTARL ZR 0 T L LN BE
R L 5 7T o i IS 53 me - L' Cd
38T SR R AR R M Xt BN R
BRI o, e Rk
SRFNL) T ARA 0 253 512 25.17% A
44.23%, 551N 10.00% F140.44% , %5 |
Z R HIR TS E . SN
(CRGE NI = §7) B R R N U e S A
AN, /IS BE o A3 741 9 B2 43 31 o 0.1

AR ECd

A lFAHECd

0 SEFTIR RN OB I

EF
:Ei‘J ?

%"AMEWHEI
0
@&,

¥

TKEE

T#

FEisRLE 0SID

& it D G L%
EUEESC)
I§ |‘Xi§:25'17%
I | gppe= 44.23% =
Igz24=10.00%
I‘%‘Emﬁ: 40.44%
ANFERAL RS ,
EETHZAR R, TR
A DR S IR R
= N, B
) A SRR
Iy |5 =41.23% [l
I | yy= 48.54%
I§E$§=21.07%
Isezyge= 15.25%
[ K d

mg- L F10.05 mg- L7, AR IR3000; 65 5 I S5 7T A 25 AR A4 9 0.25 mg- L™, ALBRIUN 22 5 #7 ELAS 2 100 mg« L1 50 mg - L', Ak g%
SN B 5 o Cd 38T AR 28 2R A 1 - 376 8 1R AN JC T I (9 A BRSNS AT B 25 mg - kg™ Cd BB Ah , 78 T - 96X 88 | A0 o
T R RN A AR AR R AR HEVE T, X S AR BEVE IS T8 b 5 i JC B 13 A M VR T, 5 mg- kg™ Cd A XS
BN T 2 R A K G B KA 2R A3 0k 41.23% F148.54% , B E N 21.07% 1 15.25%., BFFE R, 16 CA A T, 2361 /K
B 855 2R A 7 2 AR SR AL AR 5], 355 AU TR A RURE T AE M0 Ak IR A0, H S F 48R AT S AR i R afE A 7 Cd T5 4
A FH A3 [ FEAB A2 I, 53 i 2 (A AR SR i e /N R 538 Y TP E R
KRR 5 IR A s MR R AU 5 A W 5 AL IR,

FESES X173 XEAFRERD: A

Wi B H5:2022-01-28

XEHS:1672-2043(2022)10-2139-19

FF HEA.2022-04-18

EERIT A (1996—) , &, = s AL AL 0Fge A, N G 15 e AR B2 0F9 . E-mail : 1250720316@qq.com

SRIEEE . F24%  E-mail: whb1974@126.com

BEE£UH: BHEARF#IE4LTH (31960264)

Project supported : The National Natural Science Foundation of China (31960264 )

doi:10.11654/jaes.2022-0106



nes 2140 brdlllE7 s gt tisl 5541 558 105

Allelopathic effects of alkaloids in Mirabilis jalapa L. under cadmium stress

HU Yan, WANG Haijuan, WANG Honghin"

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology/Yunnan Key Lab of Soil Carbon
Sequestration and Pollution Control, Kunming 650500, China)

Abstract: To investigate the allelopathic effects of alkaloids in M. jalapa on native species under Cd stress, hydroponic and pot
experiments, combined with ultra—performance liquid chromatography (UPLC), were conducted to determine the content of alkaloids in
root exudates of M. jalapa exposed to Cd. The effects of root exudates, exogenous alkaloids, and rhizospheric soil on seed germination and
seedling growth of two native species (radish and lettuce) were investigated, showing that under hydroponic conditions, the contents of
trigonelline, berberine, and palmatine in root exudates of M. jalapa under 1-3 mg- L™ Cd stress were significantly increased. Under the
stress of 3 mg+ L™ Cd, the root exudates had the strongest inhibitory effect on seed germination and seedling growth in radish and lettuce,
with inhibition rates of 25.17% and 44.23% in seed germination and root length in radish, respectively, and of 10.00% and 40.44%,
respectively, in lettuce. The inhibitory effect of root exudate from radish was higher than that from lettuce. The allelopathic effects of the
exogenous alkaloids on the seedling growth of radish and lettuce were different. The lowest inhibitory concentrations of berberine were 0.1
mg - L' and 0.05 mg - "', showing the highest allelopathic effect. Palmatine and rhizobine showed a moderate allelopathic effect, with a
minimum inhibitory concentration of 0.25 mg - L. The weakest allelopathic effect was observed for trigonelline, with minimum inhibitory
concentrations of 100 mg+L™" and 50 mg- L™". The allelopathic effect of M. jalapa—growing soil under Cd stress also differed between non—
sterile and sterile soils. Except for 25 mg- kg™ Cd stress, the non—sterile soil promoted seed germination and seedling growth of radish and
lettuce to different degrees, and lettuce showed better promotion. However, an inhibitory effect was observed in sterile soil. Under a stress
of 5 mg-kg™" Cd, the maximum inhibition rates of seed germination and seedling growth in radish were 41.23% and 48.54%, respectively,
and those in lettuce were 21.07% and 15.25%, respectively. Our results indicated that under Cd stress conditions, the allelopathic effects of
M. jalapa on the local species in hydroponic and pot experiments differed, and soil culture and non-sterile conditions mitigated the
allelopathic effects of alkaloids. Moreover, lettuce is a suitable species for intercropping with M. jalapa for the remediation of Cd—polluted
agricultural soil owing to its low allelopathic inhibition.

Keywords : cadmium; Mirabilis jalapa L.; root exudate; alkaloid; allelopathic effect
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A :Standard solution containing 0.25 mg+mL™" trigonelline; B: Mixed standard solution containing 0.625 pg+mL™' rhizobine, coptidine, palmatine, and

berberine; C and D: Under 5 mg-kg™ Cd stress, trigonelline, berberine, palmatine, rhizobine and

coptidine were extracted from the rhizosphere soil of M. jalapa
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Figure 1 UPLC chromatograms of five alkaloids
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Figure 2 Contents of alkaloids in root exudates of M. jalapa under Cd stress
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Figure 4 Effects of root exudates of M. jalapa on seed germination of radish and lettuce
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Figure 5 Effects of root exudates of M. jalapa on the growth of radish and lettuce seedlings
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Figure 6 Effects of alkaloids on seed germination of radish and lettuce
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Table 2 Effects of exogenous application of alkaloids on seedling growth of radish

HE WA B Alkaloid concentration HEK Root length/cm KR Plant height/cm i fi 5 Fresh weight/g M Leaf area/cm?
P L 0 14.85+1.08a 8.41:0.32a 0.1580.02a 0.5800.03a
Trigonelline/ (mg-mL™) 0.01 14.82+0.77a 7.46:0.31b 0.11420.01b 0.538£0.02a
0.05 13.870.42ab 6.850.40¢ 0.11420.01b 0.5280.03a
0.10 12.80+0.52 6.640.22¢ 0.110£0.02b 0.4380.03b
/INBER, 0 14.85+1.08a 8.41+0.32a 0.1580.02a 0.580+0.03a
Berberine/(pg-mL™) 0.05 13.20+0.95ab 7.53+0.53ab 0.115+0.01h 0.530+0.08a
0.10 11.60+1.42bc 6.96+0.52b 0.120+0.01b 0.470+0.05a
0.25 8.57+1.19¢ 5.52+0.39¢ 0.11220.01h 0.468+0.03a
BT 0 14.85+1.08a 8.41+0.32a 0.15820.02a 0.5800.03a
Palmatine/(pug-mL™) 0.05 13.85:0.87a 7.54+0.72ab 0.152+0.01a 0.539+0.04a
0.10 13.80+1.00a 7.17£0.51ab 0.17420.03a 0.3900.08b
0.25 11.08+1.04b 6.32+1.20b 0.13820.01a 0.361+0.05b
2T, 0 14.85+1.22a 8.4120.32a 0.15820.02a 0.5800.03a
Rhizobine/(pg-mL™) 0.05 14.03+1.60a 7.140.72ab 0.15020.01a 0.41220.02h
0.10 12.69+1.44a 6.00+1.02b 0.122+0.02a 0.37820.01b
0.25 9.86+0.95h 5.88+0.21b 0.117+0.01a 0.3680.04b

T /NG PR IOR TR — SR AR E [R) — WU BoA R Ak PR EE 0] 19 22 53 (1)), PR FOR 22 57 8.3 (P<0.05) , PRI R 22 57 A 2.3 (P>

0.05).

Note : Lowercase letters in the table indicate differences in the same index among different concentrations of the same alkaloid. Different letters indicate
significant differences (P<0.05), and the same letters indicate no significant differences (P>0.05).

X HE (P<0.05) .

F P17 BT A A )N B R B T T e
S BT RRA  AE TIRIE o B A LA B
BB B WD, HAE 0.05 mg - mL ! 2K R
B (P<0.05, Bl 7A) o /N BEGE VB 0.05 pg - mL™
I, o AR K 8D (P<0.05, [/ 7B) 5 Bl 25 /)N BE B
VR BERE I ARG 32 B AR P R . TR
70.25 wg-mL B, 5 E AR I 2 I X R (P<0.05,
FI7C) o TR B 7 2 EELRR L /N BB A L 7T X 3 1
PR i B ST AT TR R A B2 (P>0.05) o 2R

#(P>0.05).
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Figure 7 Effects of exogenous alkaloids on root length of lettuce seedlings
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Table 3 The minimum inhibition concentrations of four alkaloids for seed germination and seedling growth of two native species (mg+L™")

LS % N Radish P Lettuce
Alkaloid Tl 7 & Seed germination 4K Seedling growth  FiF# /& Seed germination  4Jjii 4 Seedling growth
Hi B Trigonelline 100 100 100 50
/NEER Berberine 0.25 0.10 0.25 0.05
4 77T Palmatine 0.25 0.25 0.25 0.25
25 Rhizobine 0.25 0.25 JCH JER

25 ATHAEAEMTIENE NIREMFIE L4
HAEKE N

2.5.1 AR Ab R A A EXT 8 N RS Rl 78 &
A

MAEN 8A FIE] 8B AT A1, B FhAE <k 58 KT A 1 +
A, Ay 3 R AL FETE 10 mg- kg #1125 mg-kg™' Cd i
L8 MR R 2R R R RS L TE Cd B B
FEAIK (P<0.05) o FhAE 5 R 1 1) JC A 388 7F 5 mg - kg™
CdJia ™, 8 MR & 2F R ZE 8 I TC Cd I i 25
R AT HL B0 R d5c K, 40 31k 32.88% F141.23% . {H X}
TR SR AT A P 4 I Cd X B S TR 2R
KRR ZERMANHIER K Z A BE (P>0.05) , L 24
5mg kg CdJPia T AL B AR IR VE . FRAE T 4856 A0
J5 , R (25 mg-kg ™) Cd il B R T8 NPT
[ R ZEAR B (B 8C) , I i 35 I K 135 % 2RIt ] (P<
0.05,/8D).

FE5 mg-kg CAIFRAT, Y b e, SR Fp
FE LS FTAH L, TR 28 S AT (1 L e 8 N FpF 19 & 2
RN K R E I, H 2 4 s rh TR e R 2RO
HI G A ST AR T8 MR R SRR R 2
(& 8A FIE 8B) ; 7E 10 mg-kg ™' Cd 3 R, 24 1
HA R A, AR I SRR A AR 8 S R & 2
LETE IR LW OB = Rl
RN 3% (& 8C) o oIS 5 AR 28 R AT, 38 N Fil
TV 24 % 2R ] 32 2 (SR 28 83, AU B
T R SR SRR AT 4 R S ST 38 & 2 R ] (A
8D).

ML 9B AT, AR B AR 25 5K ) 1Y 1 3 7E 25 mg -
kg™ CAJHAT , BYERI 1 A ZFFH L TC Cd B it 2 RRAIR
(P<0.05) . TEFMAE L S8R F A JCIA L3P 5 mg - kg™
Cd Wi 88 1 R ZF 3R 2R 48 505 J0 Cd AR [ i
FREAG 38 & 2R I ) R 3 IE K (P<0.05, K1 9A (&1 9C
KL 9D) , H 30 6l # 43 Ji A 14.29% . 21.07% Fi
18.75% i1 X T Ff A 55 S 7 (1) A 7 158 ,5.10 mg -
ke CAME T S E R R RFHME RS L

Cd B A0 be i 25 42 &, 733 & 2F 1 a) S 2 46 i (P<
0.05)

FE5.10 mg kg CdJHa T, Y A FEE, 5
ANFIAE S8 LL , iR 555 R 1 SR B RN 1Y
REER R FHRR AR BCR R, K 2R ]
W EA (E19) . (Y E e ORI, S5ARRIAR 555K
FiAH .5 mg- kg™ Cd WriE T A 28 25 0 9 138 g 3%
FEAR T 5 ER 1 R 2F 2 (K 9A) ,fH 10 mg-kg ™' Cd
U 38T A Tl A 5 SR AR 1) - 48 LR 17 S R AR TS
BRI & 2R R 2E 34 (1 9A FTE 9B) .

S VIR LY A , e R SR AT I A R
5.10 mg- kg™ Cd i 1 v 58 B D 145 B R HR AR 1Y
Z B E LSRR 8 N AU S mg- kg™ Cd
IH e R SRR R A G T B E A2
PN IEVE R T8 o FERPRE SR AT 1) JC I 11
1,5 mg-kg Cd Wpifl N3 b ALES SR A i kB2
NI (Sl Y Ul oY g i N N o e U 2 )

i & T A2 A A P R T S
2.5.2 AP Ab R AG A HEXT B SRS E A AR K
Al

FAFE T0A FTE] 10B 7] 1, Al 28 26 #0037
25 mg ke CAFHE T, 2 M4l BRI AR = 3 H G
Cd B 3 5 PR (P<0.05) o 7R RE R SR F 0 o i +
Herp 5 mg-ke! CAWME T2 MAEARK ke BT
R RS G Cd A B Y 3 R AR (P<0.05,
10) , 38 FRIN K435 4 29.05% . 25.77% 48.54% Fl
14.20% . T XF T A S8 8 F A0 A 7 L3, 1.5 mg -
kg™ CdMiE R 35 DAl AR Bk R G S5 o A AR
570 CABH AR 3 B 42 (P<0.05, &110) .

5,10 mg-kg' CAJHA T, Y PG R, 5
AT SETRFAR L, BRE SE AT 1Y IR MR Bk
P 5 R T ARG R (1] 10) 5 {H Y e
TR, FRE 58 SR 1 1S {AE 5 mg - kg™ Cd AT 2
FEREART B M EE AL (B 10D) o £E 10 mg kg Al
25 mg-kg™ CA WA T B TCH L HEH, TR RIAE 5556 #i

WWW.QEs.0r9.CN




nes 2150 RN IFERZ 2R AEEIE-L B

100 1 : .
= A aA ) aA aB
Iy . A aA a 7
T sofard I T bAl) bB
2 _I_7r~<< _I_ 1 aB bcAB_I_ 27 bB
£ oo} 7 % N © MBCLp bB 4 cC
'g N NN bC
2 s
S 40r
4 20
< //
o %
0 1 5 10 25
Cd 731 B Concentration of Cd additi()n/(mg‘kg")
801 ;
< aA aA B
3 ad p aBaap
E aB a bB aB
£ 60f aA ‘l‘d < I bA ) aB aB
2 a8 s - /) | aC | aB 4B
£ 2% I ZR I 7NN T Sf aC
.g 40 NES iR l 1 Tt
g 7
S Z N 7
ﬁR 20r 7/ /) //
i)
&
0 0 1 5 10 25
CAd NN BE Concentration of Cd addition/(mg-kg™")
or aAB aA ah ¢
2 + AP AR
= aA a :
= a5t +‘1‘7* yid77 bBC7 v
E bA 1 17
g Z bA pg DB bAB  aB ¢
- Z % 7 bB
o) 7 /
S8 7 7 NN 7 Yk
=
Iz
iR
&

bAB
30F
151
0

7
0 1 5 10 25
CA TN JE Concentration of Cd addition/(mg-kg™)
5 aA aA
" op aA aA D
a A
T | aAB uB .a aB abA SN I a
g 4 bB abB bB, \p aA
= aA RN 1 a
I | 1
;-Hgg st N AAN bB o ;2
50 7
E 2 27 Z 7
1o N | zz
* 2 . 7
St | 7 Z Z
= 7 7 7
% 7 %
0 0 1 5 10 25

Cd I FE Concentration of Cd addition/(mg-kg™)

O RIS R A A 1 1 O KA S5 0T 1 TR SRS 1 35 Tl 28 S 0 B L 45
/NG R OR ] — Cd R BEIMA T, 4 A [ A BRI 5 48 5 14 S 50 22 S B BE 5 RS P BERORN ) Cd iR BE AT [l — b BRI G2 435 b )
EME R FEARRRIR 22 58 B (P>0.05) , FEEA R N F0R 22 5 2 (P<0.05) . I
The lowercase letters in the figure show the difference in the measured indicator among the four different treatments at the same Cd concentration. The

capital letters show the difference in the measured indicator among the five Cd concentrations in the same treatment. The same letter indicates no significant
differences (P>0.05), and different letters indicate significant differences (P<0.05). The same below

B8 ¥ NFEIMARLE T IFERHFHELFERL

Figure 8 Germination of radish seeds in four different soil treatments
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Figure 9 Germination of lettuce seeds in four different soil treatments
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Figure 10 Growth of radish seedlings in four different soil treatments
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