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Comparison of soil metabolite differences between litter of Populus euphratica and

bare spots in Ebinur Lake area, Xinjiang
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Abstract: The herbaceous plants are rare under the crown of the natural Populus euphratica stands ( referred to as bare
spots) in the arid Populus euphratica sparse forest area. To study the allelopathic formation mechanism of the bare spots
under the Populus euphratica canopy, the soil inside and outside the bare spots and the litter under the canopy were used as
the research objects in Ebinur Lake. We analyzed metabolomes of different samples using LC-MS technology, used PLS-DA
to identify and screen metabolite differences in each group, and screened out significant differences in metabolites and their
metabolic pathways in soil samples inside and outside of the bare spots. The results of the study showed that 908 total
metabolites (615 positive and 293 negative ) were identified in soil samples; a total of 1,291 total metabolites (760 positive
and 531 negative ) were identified in litter samples. By annotation and classification, it is found that the relatively
quantitative values of allelochemicals such as Kojic acid, Microcystin, Theophylline, Suberic acid, Arachidonic acid and
Trans-cinnamic acid were significantly higher in the bare spot than that in the soil under the tree canopy; In litter samples

the relative quantitative values of allelochemicals such as Catechin, Caffeic acid, Indole, Palmitoleic acid, Cumin

ESIE : SR S R S T RO 6 S A i B HL A 5T (2020D04003 )
Wr#s B #7:2021-02-03; W 4% i A F 83 :2022- 11-03
# MIRMEH Corresponding author. E-mail ; yjj@ xju.edu.cn

http ://www.ecologica.cn



2358 xR 43 4

aldehyde, Ferulic acid, Trans-cinnamic acid, Arachidonic acid, Salicylic alcohol and Coumarin were significantly higher
than that in soil samples. The accumulation of the above potential allelopathic substances in soil under Populus euphratica
canopy and its litter may enhance the allelopathic effect of plants, leading to restrictions on the germination and growth of

herb seeds under the Populus euphratica canopy.

Key Words: Populus euphratica ; bare spots; metabolites; allelopathy
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WF5E DA TR SEAE 7K F A DX 7R 0 1) 7 1 7 38 i 1l X 4 A AR DR DX RSB Sy BB M Y
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Fig.1 Bare spot and sampling diagram

1.2.2 FIH LC-MS BEATAUS A RIS % E

JR R A AL THR RIS , PRI 100 mg B il I ANHE I ET EP &P A 500 L 1) 80% H B , 03 i
i , UKTERIE 5 min, 15000 rpm (4°C B0 20 min, HU— 78 5 49 _E 35 WO SOk B 55 i 0 53%,
15000 rpm \4°C E.0> 20 min, WA IEW, HEAT LC-MS (VA (0335 i 6 FHASO) R 4B, G 45k nk 1 B
N T SRS L B m/z 100—1500, ESI IR A1 # A Spray Voltage:3.2kV ; Sheath gas flow rate:40arb;
Aux Gasflow rate; 10arb ; Capillary Temp :320°C ; Polarity; positive; negative; MS/MS —-Z&$1##i &y data-dependent
scans, K5 AR RE T HUEEE SCHE A CD AR B PE b | 547 0 BE NI By HE S5 2 R0 | SR 5 R AS [ R 2k
AP S, 1 268 5 VA, It Jm AR I BB B O 22 (55 5 L 22 (R IR L e/ ME 5 5 B AN 12545 5L
PEATIE SR IR, [ I X g T AR A 75 i, PR S HAR B 1, ARS8 3 701 8 7 W AN Ry 1A 7401 =AY 0 0
5 mzCloud ,mzVault Fl Masslist Z0H8 7 3547 L X, A AREAS 2BR 1T 55 8 7 I 0 e g Rt H—1k, 5 15
FHE S e FE AR

*1 BigEEH

Table 1 Chromatographic conditions

Ry M EE piiked IR i
Column Temperature Flow rate Positive mode Negative mode
WA A 0.1% TR VLB A MRS, pHY.0
HypesilGoldcolumn ( C18) 40C 0.2 mL/min o N o N
T B P TEAE B Y st

1.2.3 By

TR EAT 5) 32 SR 38 T4 ELAE AL AV 5 4, BRI, 28090 o 2 4 il ( Quaality Control , QC) 23RS 552
PERERPE RG2S SR PR . QC FEAE: H SE IR A A SRR R & 1 B, 78 L B0 FEAS LC-MS/MS #E
AT ERE R RIERE S EHLRSIN , SERERT Y QC FH T M E A AT SR A BT (033 - i 2R 40, R AR AR Hh 1]
AR QC HFIFM #8452 50 A v R G M A T 88008 4% A, REAR K I 285 SR 5 1Y) 3 4> QC R 4743 Bt
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Fig.2 Overlay of LC-MS total ion current of litter samples and inside and outside soil samples of the bare spot under the canopy
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2.1.2 BRI R A A

i i KEGG ( Kyoto Encyclopedia of Genes and Genomes ) i %737 2 1 B¢ L ERE A , A5 13 BT
5274 Fh(160 1F,114 17) ;383 HMDB( Human Metabolome Database ) 432873 B , 545 4 AL A ARy 383
(227 1E,156 1) ; Fif i LIPID MAPS( Lipid Metabolites and pathways strategy ) 7327 E R R B2 IR AR B
R 115 Fp (50 1E,65 1) . FAFEWFEA SACE 10 B 45 A o i KEGG 38 % 43 Bt v R 21 A9 S A 1
Yk 435 F(233 1E,202 1) , @k HMDB i e 73 28 R, 345 S 4 o 490 F (280 1F,210 1) , i@ it
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95% 1) B A5 X3 N, 56 T RREE A VR DAL 2 6] B R S0 o B 00 5, i Re T 7 2519 85.25% , 7E LC-MS
F S FALR , = RE SRS — F R (PCL) HUEAE 5719 63.63% , 55 — A (PC2) (5 BVAE 19 19.85% ;15
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2.2.2  HBENA g2 A O R S a2

FIFH KEGG H5Hs 22 9 s X AR BE P 1 38 4k 38 22 T HRBEA1 + 00 BT A3 22 ARt AT T B Sk 26
B2 FACHYI N 34 B (£ 2) . K BERNAY Bk &2 A E T USP 2545325 | ATC ( Anatomical
Therapeutic Chemical ) 7328, R # 41697 22 Ak 2253 8 R Ge UL I HARHEAR 7 25 B 2 51, A 7 Fl 2z 548
W AL 28 48 R B R A AL 2 L&), KEGG.ID 4351 C06539 ,C07130 ,C09665 ,C03758 ,C10858 |
C00483 Lk Jz €C00423, H:H alpha-i%Je M@ TAFFE BG4 (C15) k2= &9, ik & E R 21K
IR S 55 S S ) A B PR R I R A A T A HRBE P T R (R TR
SRR A R R R A DY AR DR DL R SRR Y e
B B EAER .

%2 KEGG IBMREHAEES TR LEHR B
Table 2  Significantly higher metabolites in the bare spot than outside of the bare spot

=} I\ 9 - =}
Tj gr:pﬁ/{lfdﬁiame Etggz re P Ve

1 W E Biotin €00120 13.68 <0.05 1.30

2 M2 Kojic acid C14516 9.27 <0.05 1.31

3 D-758% D-Threose C06463 8.91 <0.05 1.31

4 BRI F U2 35 E Nodularin C15713 8.75 <0.05 1.28

5 #2: EHFR Chenodeoxycholic Acid €02528 6.47 <0.05 1.23

6 FIfF Reserpine C06539 5.77 <0.05 1.25

7 B H-2 Pleuromutilin €09169 4.71 <0.05 1.32

8 FH BLK s 2, i Methylimidazoleacetic acid C05828 3.56 <0.05 1.30

9 L-[a] B2 e &R L-Homocystine €01817 3.54 <0.05 1.17
10 P L BEWE Phenylethanolamine €02735 3.32 <0.05 1.31
11 2558 Theophylline €07130 3.03 <0.05 1.28
12 FKE P Desoxycortone C03205 2.99 <0.05 1.27
13 N-ZJt-D-8 %12 N-Acetyl-D-tryptophan C03137 2.97 <0.05 1.31
14 B F Skatole C08313 2.86 <0.05 1.28
15 F 8 Octanedioic acid C08278 2.86 <0.05 1.15
16 alpha-7£Wg/% alpha-Farnesene C09665 2.86 <0.05 1.25
17 AEA: VUHFER Arachidonic acid €00219 2.85 <0.05 1.29
18 JBEHAR Deoxycholic acid 04483 2.76 <0.05 1.22
19 H & -L-52 28 Glycyl-L-leucine C02155 2.71 <0.05 1.23
20 L-% N R L-Phenylalanine €00079 2.69 <0.05 1.25
21 Z L} Dopamine C03758 2.64 <0.05 1.28
22 FISZ 0% Betaine C00719 2.60 <0.05 1.29
23 A HR R o-Toluic Acid €07215 2.45 <0.05 1.08
24 ZETH Ecgonine C10858 2.43 <0.05 1.14
25 +—T& Undecanoic acid C17715 2.42 <0.05 1.05
26 NI B Pyridoxine C00314 2.36 <0.05 1.31
27 i Jfi¢ Tyramine €00483 2.28 <0.05 1.31
28 1-H 3EZH E R 1-Methylhistidine COo1152 2.24 <0.05 1.28
29 1-FA LR AT 1-Methyladenosine 02494 2.23 <0.05 1.20
30 JZ A HERR trans-Cinnamic acid 00423 2.18 <0.05 1.25
31 L8 Z Citrinin C16765 2.18 <0.05 1.29
32 KL% # Cantharidin C16778 2.15 <0.05 1.13
33 MR Anacardic acid €10759 2.08 <0.05 1.25
34 Z AT JHR Glycolithocholic acid C15557 2.06 <0.05 1.08

FC: 25541 Fold change; VIP ; 8 AN FE A Variable importance of projection
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2.2.3 A IRTEY) S HBE N 1325 A T R B o2k

ST HENEA A T T BABE ) A B 5, MR P A 3 T AR 5 2 S AR 08 T 0 o AR A T
T2 AR BT E RIS 2E . WA N 25 AR EA TR R JS |, PR KEGG 8008 PETE R, 2R 75 0
IR O A T S s T RRBE PN R B AR R A A5 R (R 3) o TERRAE IR WOR VA Y SRREE N 22
S 2 8] 14 22 S ARy S R4 23 ) 2 8] 22 A 08/ T 1583.75, KEGG $0¥s Rk 2% 4y R 45 1 R
25 AR 2 &8 TR i =B (GO3CC06) -ATC 4328 RN e MM S G W-H D ik b &9 = 2R 54
(C30) FAHASEAL AL A LA i AL A A LA B2 A Hop LS R P gz >
ng i) LR R TR 0 WA A AR

®3 KEGG IBHBEEYMEZES THRIEN T EMSREHY
Table 3  Significantly higher metabolites in the litter than bare spot soil
e [ac /B KEGG &

No. Compound name KEGG.ID re P vie
1 ARBEZE Luteolin CO1514 1583.75 <0.05 1.13
2 FEREIMAR Palmitoleic Acid 08362 882.06 <0.05 1.21
3 K FRWR Kynurenic acid C01717 79.70 <0.05 1.21
4 2-F2 75 B 2-Hydroxybenzyl alcohol €02323 75.09 <0.05 1.08
5 H#JRIR Xanthurenic acid €02470 60.75 <0.05 1.34
6 W = Estriol 05141 47.81 <0.05 1.30
7 BIHE Diosmetin €10038 47.28 <0.05 1.26
8 %% R Sebacic acid €08277 22.80 <0.05 1.19
9 15[ Indole €00463 20.63 <0.05 1.16

10 a-HilR a-Eleostearic acid C08315 18.91 <0.05 1.15

11 Yo B} A EE B Genistein €09126 14.63 <0.05 1.33

12 2-5 N HESEILR 2-1sopropylmalic acid 02504 12.87 <0.05 1.28

13 SEMEME Isoquinoline C06323 10.12 <0.05 1.19

14 TEHAAEZE Formononetin C00858 8.06 <0.05 1.23

15 FHA5EF albiflorin C17457 7.37 <0.05 1.20

16 WIMERR Caffeic acid C01197 6.90 <0.05 1.10

17 JeAr BRI E Apocynin C11380 4.88 <0.05 1.10

18 13(S)-#4 13(S) -HOT:E C16316 4.09 <0.05 1.21

19 T HIERR Pentadecanoic acid C16537 3.89 <0.05 1.26

20 S AT I Diosgenin €08898 2.85 <0.05 1.15

21 6-F2FAR MR 6-Hydroxymelatonin C05643 2.61 <0.05 1.07

22 1R EFE Leariin C17555 2.60 <0.05 1.10

23 JLZK# Catechin C17590 2.24 <0.05 1.01

2.2.4  WIGIEVEY S RRBEA - S AR R S a2k

KEGG VERE 73 ZEHRBESD 13 25/ N T IR Wy i S A 4 R 3 4, 5k 26 R o 2e e Bty
RF 2, W7D T & AR R R BAARR /KA B AR (B 5 5 T RIS 3 HL 22 SR80 ) o 2242.47
656.92 LA 147.39, HorhficoRme= BUgme' ™ ommERR' > AR P IR R DL
FRtIR ™ JLZRR' AEAEIRIR' > KB ol A T IE
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® 4 KEGG EBNAENEES THRI LB SNKEY
Table 4  Significantly higher metabolites in the bare spot than inside of the bare spot

=X PN < =1
o Conpot e re r
1 KRB Z Luteolin C01514 2242.47 <0.05 1.27
2 FEREHR Palmitoleic Acid C08362 656.92 <0.05 1.16
3 JK %% 2-Hydroxybenzyl alcohol €02323 147.39 <0.05 1.29
4 RIRER IR MEMRIR  4-F2 FEWEME- 2R R Kynurenic acid Co1717 66.55 <0.05 1.16
5 FH. % Coumarin C05851 60.65 <0.05 1.25
6 AEH: VU R Arachidonic acid €00219 41.01 <0.05 1.33
7 W3] Indole €00463 22.81 <0.05 1.21
8 BWER FHAZK Diosmetin C10038 21.80 <0.05 1.03
9 2% R Sebacic acid 08277 18.48 <0.05 1.12
10 EREH & Nodularin C15713 11.69 <0.05 1.23
11 S A EERR trans-Cinnamic acid C00423 11.67 <0.05 1.40
12 a- il a-Eleostearic acid 08315 10.43 <0.05 1.09
13 4-F BB} 4-Methylphenol €01468 10.33 <0.05 1.32
14 WIHERR Caffeic acid €01197 8.02 <0.05 1.25
15 PR R i Methyl cinnamate €06358 7.74 <0.05 1.29
16 2-SE N HEIEIRER 2-Isopropylmalic acid €02504 6.53 <0.05 1.02
17 JEAT R Apocynin C11380 5.99 <0.05 1.25
18 SRATHA Jasmone €08490 5.07 <0.05 1.35
19 FIBRAR Ferulic acid 01494 4.35 <0.05 1.26
20 T+ =4 8 Dodecanedioic acid €02678 3.97 <0.05 1.37
21 SR Cuminaldehyde C06577 3.58 <0.05 1.17
22 L-#£P %2 L-Phenylalanine €00079 3.57 <0.05 1.20
23 MM EE Pyridoxine C00314 3.55 <0.05 1.31
24 N-Z BE-L-52 22 N-Acetyl-L-leucine €02710 3.54 <0.05 1.15
25 13(S) -#4 13(S) -HOT'E C16316 2.92 <0.05 1.03
26 JLZZ Catechin C17590 2.68 <0.05 1.23
3 it
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B AN [RIZHL IR BV 8 5 W o S 3 A V) X ik B R K S 38y 7% L i v A 9 D 4 o
W T AR AR R PR N LR AT IR b A B, W3 e T BRBE T AR B /-5 08 v 0 ) 23 A Y LA A
—RERYIRFR AR A 52 3 X8 A S AT 5 0 28 W1 08 ¥ 0 v 1) A ey Joi ml LA i e AR o 85 A1 407 g A
KL il AR LIRSS S AR T RBE S S WA IR TR TR B A T AR R
FERTERBEN 5550 BREEN 55 79 LSRN U 7 ) — 21 04 22 S AR ) A B TR A T E 5T, 2 6 45 i T
RS X 22 S A B AT T PR e e IR 1 2 AU Bz el B #RBEIE A BIL R

DA SR e i LA | RRRE PR 8 5 X S (03 o T RRBES D LBt AP IS R e
R A SRR AEENRIR' UL R AR P B e e o A R, R R
(kojic acid) 7EHRBEP LI & 1 R BBEIMNY 9.27 fiF (K ) . BRI XPHSRAMSE A RAEY « =81% " 1k
JEAE TS 7 AR Ml 398 v 73 88 S8 O — F Ak, T EL 2 i Bk ] 7 A BAT A A A g U 2R A
FEM W — R B P o B Al BT R s 4 A A AL S R . O (ol 8 75 3R (Nodularin ) 15

http ; //www.ecologica.cn



2366 JAE = 43 4

AL S5 RRBE P A1 2 SR 8.75, Kurki-Helasmo! ™ SZIRIESE T i 355 25 0T LU IR I 32 40 1 AE K
EEBERREEIIEE, BRI AN, ABFITSEH () SR MR Z + E SRS () B &k
BE T RRBEAN 4, 22 SRR 147.39, 5200 30 5l i GC-MS BB I RE 3 Fhig i (84K 45,
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X 430 R 48.36% 55 42.24% %5 —3, AIEAE R 2 ik X iR 4R M IR R AL 2= Y BT SR, 2k
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4 g
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BEA MU 2257
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