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Abstract:  Autotoxicity is one of the main reasons for the formation of continuous cropping barriers, which seriously

affects plant growth and food production. The results of previous studies showed that the decrease of soil microbial diversity

and the aggravation of soil-borne diseases were the
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important reasons for the formation of continuous cropping

stem and root extracts of Lycium barbarum L. on the growth
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of Lycitum barbarum L. seedlings were studied. The results of concentration gradient test showed that the inhibition effect of
leaf extract was higher than that of root, old root bark and stem extract. The growth and photosynthesis of Lycium barbarum
L. seedlings were significantly inhibited by adding Lycium barbarum L. leaf powder to the farmland soil without Lycium bar-
barum L. planting history. It was proved that the leaves of Lycium barbarum L. had self-toxicity. Combined with UPLC-QT-
OF-MS and GC-TOF-MS for metabolome analysis of Lycium barbarum L. leaves at the end of growing season, a total of 112
organic acids, 41 alcohols, 37 amino acids, 28 aldehydes and ketones and 48 sugars were identified. Analysis of 24 kinds
of organic acids and derivatives showed that 20 kinds of organic compounds could inhibit the primary root growth of Lycium
barbarum L. seedlings. Salicylic acid, phthalic acid, p-hydroxybenzoic acid, and coumarin still showed significant inhibito-
ry effects at concentrations as low as 10 pmol/L. UPLC results further showed that long-term continuous cropping led to the
accumulation of coumarin, salicylic acid, benzoic acid, ferulic acid and coumaric acid. In addition, the content of total
phenolic acids in soil increased significantly with the increase of planting years. These results indicated that phenolic acids

could accumulate and induce autotoxicity in the leaves of Lycium barbarum L. under long-term continuous cropping, which

provided a basis for further research on the mechanism of continuous cropping failure.
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Fig.1 Effects of different tissue extractions on primary root growth of Lycium barbarum L. seedlings
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Fig.2 Effects of adding dry powder of Lycium barbarum L. leaves to soil on the growth and photosynthesis of seedlings
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Fig.3 Inhibitory effect of Lycium barbarum L. leaves in the soil of Lycium barbarum L. fields with different continuous cropping years
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Table 1 Results of metabolomic analysis of Lycium barbarum L. leaves

WRES (50 EHIZE HHLER ([P IR FHIES Ve S FAtb
GC-MS - 336 99(30%) 40(12%) 34(10%) 26(8%) 45(13%) 92(27%)
LC-MS EBT 48 17(35%) 0(0) 5(10%) 2(4%) 7(16%) 17(35%)

e 50 19(38%) 1(2%) 5(10%) 2(4%) 7(14%) 16(32%)

GC-MS S M - R AT H ) B33 5 LC-MS ; A8 ol 58 R M €0 33 DUAROAT - AT IS 1] 33

x2 WRHAEFPEIZEFINE

Table 2 Main organic acids determined in Lycium barbarum L. leaves

2R Ml CAS Bids E4 MsEFk CASBitS

LR GC-MS 50-21-5 X PR P R GC-MS 99-96-7
LR GC-MS 79-14-1 4-FRIEAR LR GC-MS 156-38-7
R GC-MS 144-62-7 2,4-HFETR GC-MS 305-62-4
3-FRHEIIR GC-MS 503-66-2 FLIERR GC-MS 65-86-1
[ GC-MS 141-82-2 SR GC-MS 121-34-6
2-F2 B R GC-MS 617-31-2 AL GC-MS 490-79-9
H LT R GC-MS 516-05-2 FEHR GC-MS 138-59-0
T 95 — 2 GC-MS 110-16-7 Frigm GC-MS 5949-29-1
RFAR GC-MS 110-15-6 3,4-"RERLR GC-MS 99-50-3
D-Hmiz GC-MS 6000-40-4 FEEmR GC-MS 77-95-2
M IE FH 7R GC-MS 98-98-6 3-(4-FREAHE) LR GC-MS 6482-98-0
KT MR GC-MS 110-17-8 D-ZLWERE R GC-MS 685-73-4
Fr HERR GC-MS 498-23-7 42 FENRERR GC-MS 501-98-4
2,3- AR AR GC-MS 13545-04-5 Zm GC-MS 79-83-4
a7 GC-MS 110-94-1 FEARIR GC-MS 57-10-13
2- i A T GC-MS 1518-61-2 B R GC-MS 1135-24-6
3-EHS TR GC-MS 144-90-1 W RR GC-MS 331-39-5
2-F B R GC-MS 6263-10-8 b (k) iR GC-MS 506-12-7
L3RR GC-MS 97-67-6 WETR GC-MS 60-33-3
KR GC-MS 69-72-7 fif IR TR GC-MS 57-11-4
4 FE TR GC-MS 56-12-2 I F IR GC-MS 530-59-6
PN GC-MS 7306-96-9 AR GC-MS 506-30-9
2-FR k3-SR AR BE HAR GC-MS 16048-89-8 FLpE R GC-MS 96-82-2
3-RFEFLIR GC-MS 828-01-3 R GC-MS 327-97-9
AR GC-MS 133-37-9 HTEE LC- MS 91-64-5
ABoR W iR LC- MS 88-99-3 AR LC-MS 65-85-0
TR LC- MS 501-98-4 AR LC-MS 93-40-3
3-RHELTER LC-MS 14292-26-3 25 R LC-MS 3184-35-8
A R LC-MS 544-63-8 3-FRHE-3-H R R LC-MS 503-49-1
3- M 3E-11-E0 3 -B-FL B R LC-MS 67416-61-9 2-FRHE-4-F B R LC-MS 498-36-2
3-H I -4- 2 I kR LC-MS 55-10-7 3,5- B3 H AL R LC-MS 150-97-0
2-LH2-FRFET R LC-MS 3639-21-2 R LC-MS 121-34-6

GC-MS ; SUM (- RAT I 1] BT s LC-MS « 8 5 280 €0 1 PR AT - AT I I il
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Fig.4 Accumulation of phenolic acid in the soil of Lycium barbarum L. fields with different continuous cropping years
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FAY PRI SS IR 28I S X B ) 2 4 R AL 7%
I 0 0 S 45 SRR B, 20 AR M AC B i T o
255193 ¢/m*(SD=37.3,n=10) , M4 T % ZE+
HEFPIRINZY 5 mg/g BT B 456 A I 45
SRAREN , KA A AL 7 i B RE RS IR F AR R AR K
MEE . o T MRS 7% 31 5 2 i e) 3000, e 1 0%
BHRZAT, b A HLY S BIRE KR i 2 %,
T mAAC AR, X — A 305 1 FH [B) I A iR 53
Fe AR SO Y M A el 2R P A A A A S A 2 Y B 4 —
B, BT EPEICH X & T2 AR, B e R A
bel < e AR U AR BT AT RES & 1 A # AR
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Table 3 Effects of different organic acids on primary root length of Lycium barbarum seedlings

MRl v o A AR AR AR A
L FIHLRRYSE FIHLRRYIE FHURRIEE Ny FHURRIEE Ny FHURRIE I Ny
0 pmol/L 1 umol/L 10 wmol/L 100 pwmol/L 1 000 pwmol/L
A 99.5+13.6a 107.0£10.1a 98.8+11.3a 95.1+9.2a 89.6+8.2a
HHEmR 102.4+4.1a 94.2+6.0ab 97.2+7.9ab 96.9+11.4a 89.5+7.6b
BEFAR 100.0+11.2a 92.8+8.7a 93.3+9.7a 95.6+14.9a 70.2+10.9b
TR 100.0£2.0a 94.2+8.9a 101.849.1a 96.4+7.1a 101.0£11.3a
BT M R 101.1£11.0a 94.3+7.9a 91.0+8.3a 86.6+9.5a 77.7+12.5b
R 100.8+5.3a 93.2+7.0a 93.2+12.2a 86.8+13.4b 85.8+9.5b
BRETR 97.8+5.4a 103.1£6.9a 101.5+4.6a 103.7+4.0a 101.4+8.5a
KR 101.7£11.1a 83.5+14.2ab 78.2+15.1b 51.1215.6¢ 18.3+8.9d
4- IR LR 102.4+4.1a 95.9+7.7ab 92.5+5.0ab 89.1+10.2b 38.3+22.1¢c
Je IR 100.0+7.6a 81.0+16.8b 94.7+11.7a 69.1+4.3bc 53.6+5.8¢
PR 101.1£11.0a 95.6+7.6a 93.6+8.0a 92.6+7.4a 80.0+3.9b
ABoR W iR 100.0+7.6a 94.6+5.2a 87.7+8.9b 89.4+4.8ab 70.6+4.7¢
POpE- S N ] 97.8+5.4ab 109.9+6.4a 92.6+9.1b 95.8+8.1b 82.3+17.2¢
2,5- "R TR 97.8+5.4a 102.7+8.0a 97.7+6.7a 94.6+7.1a 74.2+14.2b
2R 100.0£6.5a 100.1£5.3a 103.8+5.3a 86.9+5.7b 63.18.6¢
FHMR 101.1+11.0a 96.7+6.7a 96.3+5.8a 83.7+9.6b 34.4+2.4¢
FHIR 99.5+10.3a 91.6+10.0a 94.8+3.4a 91.649.0a 70.0+12.2b
PR 103.7£14.2a 97.2+15.6a 93.5+17.8a 91.9+19.6a 31.5+19.6b
PR 100.0+4.7a 110.7+10.0a 103.0+10.6a 101.6x7.7a 40.3+3.0b
MR R 99.5+13.6a 93.0+15.2ab 99.3+17.3a 93.4+11.2ab 83.6+8.7b
AR 102.2+11.8a 96.3+16.4a 88.8+12.0a 68.7+12.1b 38.3+6.2¢
F e 100.6+7.4a 84.2+15.6a 89.2+20.2a 85.4+20.9a 86.3+9.4a
AR 98.5+5.1a 97.0+5.8ab 96.5+10.2ab 83.7+6.3b 47.2+20.6¢
HHE 98.4+5.4a 90.2+21.9ab 82.9+15.8b 42.9+21.2¢ 15.0+13.3d

F PO AR ARAC ARG = b B/ X HEX 100, 7] —A7 i J5 AN ] /NE TR 308 22 5338 . 7K P (P<0. 05) .

3.2 BRI R SWITEERS[REK

N AR 25 R AR A bt A A At
R A B I 2 I A AT 4y i B AR KRR AR AL
YT BRI A WL A Aok AT HLRR FP 2
1) 30. 4% , HFH 432308 R & DR X IR
R 2, 5- R BRI IR & W IR | I EERR | o 2 P
2 IKAH IR A R RN B 2 1% 5 Ik S AT [ REAL
7 REAIE A 175 A A A0 I A AR 3l IR A
VERISESE AN AR A 20 Fh Do 0 8 R S
JT AT BETEMIAC I R AR ] S AL S AR R R 1 b
KA BRI RN | - 49 S I X 19
iR o e A AR AR ) THESE

BERP AR AR BRI, M AL bl 3 rp K R 5
W2 BTBRIR R PR RN A B R S R i i A L R
e, UPLC &55RRW, K9 IR A 1 A A AC b 1 4 o
PR AR T 7 5 3R e T P ) A B8 O A o A
T o LR A SR AR AT W LU T AR DA 20 ARAIAL
FIE(H20) M2 )2 R 3R JZ A o ) Ok
94.9 mg/gM131. 0 mg/g(l 4) . L5 G/KMIMRITARL
S B P A T A RN A S, I X P 2R A
PLYIEAIAC T A A TR b rl BB 3 T AN TR Y
ft, BRI e v A 38w 37 RV ™ A 5 21
8 A BERONE, T R A SRR W ZEM AL A 5
ROV B 28 AR A v 7 A RO, (HL X — R AT
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TE T VR A B A X 428 2 1) A 358 vh A T ok 553, (L JEL 477 7l
BN AEFEAE 20 4F e rh SR AEAE , UL SRR R
IRE|— e B | R4 M AT Il 4 3 A Wk ik R A 9
e il geZ 29, Wi, KIHEENCTEH A
TP AR T H AT REAE K T 2 F= 0k B &1 B
BN A . ATIHAR g 5 SRR KIHEES S35
Moke e 3t gl B 2 AR | 4
A YIRS Z R e 2T AR T ek A Y 7
VRSN, AR Y AR A Y R & B9 A8 {6 1T RE X
FEAE - e PO AC I8 T 0 1 A i X B TR0, S 3
AR EHE L AREH, i TEBRAEKSR
AL VR T B R 18 £ I T BOR R AR B i, 4
FRol B S AR S OF T HAC el X i R A8 U T P i)
FEARRE ST B ORI A M AT A = 1 2 1 AR A
AR Z —,
4 %58

g5 I AR ST i e 45 A E SE e i B B Y
H BERLNY , BEAS W & I A AT 2 A K AC S VER
R HEER TR KRR R H R | TR R A R
YRS I HLA B A RE AN, BE RS A K A
TR | AT RETE AT AR BT i R E B

SE

(1] AE Hr, B4 22 FRIEMAC AL 4 R S AR T B2 [ 1] Bha

(6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

23R 2 2019,15(3) :310-317.

G/ U, FB L SR IE B, 45, A X A AR AR BRAN B Y % 2
FEVERRE 35 S5 M I SE i [ 1], 3244, 2017,54(5) - 1280-
1292.

HUANG L F, SONG L X, XIA X J, et al. Plant-soil feedbacks
and soil sickness: from mechanisms to application in agriculture
[J]. Journal of Chemical Ecology,2013,39(2) :232-242.

ALI A, GHANI M I, DING H, et al. Arbuscular mycorrhizal inoc-
ulum coupled with organic substrate induces synergistic effects for
soil quality changes, and rhizosphere microbiome structure in long-
term monocropped cucumber planted soil[ J]. Rhizosphere, 2021,
20:100428.

/b2t TR ARNS AR, AF. PR RCAR BRI B A V8 X i
PERYMRREATSE[ ] . L34, 2019,56(6) :1493-1503.

NA X F, MA C X, MA S L, et al. Monocropping decouples plant-
bacteria interaction and strengthens phytopathogenic fungi coloniza-
tion in the rhizosphere of a perennial plant species[ J]. Plant and
Soil,2019,445( 1) :549-564.

NA X F, MASL, MA CX, etal. Lycium barbarum L. ( goji ber-
ry) monocropping causes microbial diversity loss and induces Fu-
sarium spp. enrichment at distinct soil layers[ J]. Applied Soil E-
cology,2021,168:104107.

DURAN P, THIERGART T, GARRIDO-OTER R, et al. Microbi-
al interkingdom interactions in roots promote Arabidopsis survival
[J]. Cell,2018,175(4) :973-983.

KR SRR TR AR R L B AR T]. AR
A ,2016,27(5) : 1647-1656.

MILLER D A. Allelopathy in forage crop systems|[ J]. Agronomy
Journal , 1996,88(6) :854-859.

BAIDERY TR ERIE (I ARAE 5. N [E) R B B 250 v b Bz
R T KT A & B E A (], P E 2L, 2014, 23
(12) .58-61.

2O ERDYE S W, AR BRI B B AL
B R HIRIEII )] AR 252441, 2020,40(6) :2072-2079.
PRAEAR 5 35,382 53, At p iR (T ], R E 2 e
#%,2017,52(5) :358-361.

STANISIC M, COSIC T, SAVIC J, et al. Hairy root culture as a
valuable tool for allelopathic studies in apple[ J]. Tree Physiology,
2019,39(5) :888-905.

AMADO P A, FONSECA-CASTRO A H, SANTOS-ZANUNCIO V
S, et al. Assessment of allelopathic, cytotoxic, genotoxic and an-
tigenotoxic potential of Smilax brasiliensis Sprengel leaves[ J]. Ec-
otoxicology and Environmental Safety,2020,192:110310.

YUE M, HU G X, LI J, et al. Allelopathic effects of Castanea
henryi aqueous extracts on the growth and physiology of Brassica
pekinensis and Zea mays[ J]. Chemistry & Biodiversity, 2020, 17
(6) :€2000135.

KIND T, WOHLGEMUTH G, LEE D Y, et al. FiehnLib: mass
spectral and retention index libraries for metabolomics based on

quadrupole and time-of-flight gas chromatography/mass spectrome-



222

FAND N S| A=

2024 4 55 40 & 2 W)

[18]

[19]

[20]

[21]

[22]

try[ J]. Analytical Chemistry,2009,81(24) :10038-10043.
IVANISEVIC J, ELIAS D, DEGUCHI H, et al. Arteriovenous
blood metabolomics :a readout of intra-tissue metabostasis[ J ]. Sci-
entific Reports,2015,5(1) :1-13.

LI X G, DING C F, HUA K, et al. Soil sickness of peanuts is at-
tributable to modifications in soil microbes induced by peanut root
exudates rather than to direct allelopathy[ J ]. Soil Biology and Bio-
chemistry,2014,78;149-159.

RAJ B, JOHN S, ABDUL R A R. Pharmacognostic and prelimina-
ry phytochemical screening of Ampelocissus indica including an-
tioxidant activity[ J]. Research Journal of Pharmacognosy and Phy-
tochemistry ,2020,12(2) ;80-82.

ZRRRIR, WA, TR, A5, BATAARE R PR T R EE T AZ
AR TR B[], 425274, 2018,38(22) : 8149-
8157.

GHIMIRE B K, GHIMIRE B, YU C Y, et al. Allelopathic and
autotoxic effects of Medicago sativa-derived allelochemicals [ ] ].

Plants (Basel) ,2019,8(7) :233.

[23]

[24]

[25]

[26]

[27]

[28]

VOGES M J, BAI 'Y, SCHULZE-LEFERT P, et al. Plant-derived
coumarins shape the composition of an arabidopsis synthetic root
microbiome[ J]. PNAS,2019,116.12558-12565.

STASSEN M J J, HSU S H, PIETERSE C M J, et al. Coumarin
communication along the microbiome-root-shoot axis[ J ]. Trends in
Plant Science,2021,26(2) :169-183.

LIUJ G, LIX G, JIAZ ], et al. Effect of benzoic acid on soil mi-
crobial communities associated with soilborne peanut diseases[ J].
Applied Soil Ecology,2017,110;34-42.

WU H S, WANG Y, BAO W, et al. Responses of Fusarium oxys-
porum f. sp. niveum to exogenously added sinapic acid in vitro[ ] ].
Biology and Fertility of Soils,2009,45(4) .443-447.

ST A Woe i, EWE, 45 AP ARE Y A 1E A KO
SEARREG R[] 14,2010,42(1) :1-7.

%, bt HEE A RISAEXTRAT A R 4 )2 g
ARG M 2R [)/0L]. Rk 2447, 2023, 32
(1):89-98.

(S RETE)



