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50 mmol/L) 4B, #EALFE 3 d J5 , A FH RS FHAX ( LC-MS/MS ) A ik HE 2H AN kb B AL AR R b (AL S R 2, 25 SR HH | 1h
TEaE N R AR TR R A AT 334 FL-A W MRHE E A IR e/ 3R B0 43 M (OPLS | I DA) |, FZHE (VIP) 744 K ¢ K35
1) PAE, BIXTIELE SaSo100 (ffPEER AL HE 100 mmol/L) , Xf H& Lt Soda50 (#f 4k 3 50 mmol/L) A1t & Eb Salt100 ( o4 & &b 2
100 mmol/L) 7345 22 .15 H1 21 25 AR R34 . o rP itk SR ANt Ak BE T AR R 20 M A AR , B3 IR T IR R, 4= el , %
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Abstract: Root exudates of plants under saline-alkali stress contain abundant biochemical information and play an important
ecological role. In order to explore the composition of root secretions of salt-tolerant pasture grass Echinochloa frumentacea
under salt-alkali stress, and to reveal its physiological and ecological functions under salt-alkali stress. A hydroponic

experiment was carried out on Echinochloa frumentacea in an artificial climate chamber, with neutral salt ( NaCl+Na,SO,
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100 mmol/L) , alkaline salt (NaCl+NaHCO, 100 mmol/L) and alkali ( Na,CO,+NaHCO, 50 mmol/L) treatments at the
seedling stage. After 3 days of treatment, the composition of compound of root exudates in the control and treatment groups
was detected by LC-MS/MS. The results showed that there were 334 compounds in root exudates of Echinochloa frumentacea
under salt-alkali stress. According to the VIP score of OPLS-DA and the P value of t-test, 22, 15 and 21 differential root
exudates were found for control-vs-sasol100, control-vs-soda50 and control-vs-salt100, respectively. The compositions of root
exudates under alkaline salt and alkali treatments were similar, including lipids, phenolic acids, alkaloids, phthalides,
amino sugars, terpenoids, quinones, amino acids and their derivatives; There are lipids, phenolic acids, alkaloids,
phthalides, terpenoids under neutral salt treatment. KEGG annotation and enrichment showed that root exudates under
saline-alkali stress not only contained carbohydrates, nucleotides, amino acids, fatty acids, lipids and vitamins produced by
tricarboxylic acid cycle metabolism, but also were related to Warburg effect, membrane transport, signal transduction and
genetic information processing. Studies have shown that Echinochloa frumentacea improved its adaptability to saline-alkali
stress through exudation of root exudates, regulating its metabolite concentration, enhancing or changing carbon

assimilation, respiration, and signal transduction.
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WA T ( Echinochloa frumentacea ) Je—4FA RABHICE | T EhVESR A7 RAF @ BF A 85k2s ™ . Rof
GE B PRSI R AR B A ST B AR B T 5% 35 B A b e SR AR a0 6 AT T A B Y R
M7 S AN PR DA S A A A R AR AR S gE T SR E RO T R B AR R A I 9T 4K
D AR 2% 2 RGEFRANFSE , B AR IR L 7 F K B i B AR R i, A A T T 4
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iz A 2H 2 07 v 0 10k 22 S AU B O A Qi ad B, AR AR R 40 ) 7E AR Bt ae T 9 A 30 AR AR T $8
ERB N IE R W R AR AR R A I 0 A B2 T S, SRR T ER AR ke AR b A T A el R AR RS AR Y . )
Ab AT Ay i — 2 AR AR 2R 43 W SR S AR B 2H e AL, B FC 55 AR PR A= 0 A A F O T B Sl

1 #MREFHE

1.1 AR S T

W F ( Echinochloa frumentacea ) 16— Fh+ i T 5 V5 DA A SRHE A BRA "l AL, KI5 A%
T H RPN TR AT, 8 2022 4E 4 H 15 HZE S5 A 18 H, 43 HPKE 10 K i 75 (R 7 HELA UK
T PR P FIAE 8 SRS A BLE K BE G0 2 L glizk 5%, FEEERAG 7 cmx8 cm, AKEF G HAE 26 cmx
12 emx10 em, SAEZERERE M (22+0.1) °C 1F 40% , G 14 h/BBRE 10 h, YEIEHEEE 180 wmol m 2 s,
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22 AR F 1) e R A T 0 R0 3 R OR [R) 2E ARER B A B, 43 31 NaCl+NaHCO, 100 mmol/L
(SaS0100) ,NaCl+Na,SO, 100 mmol/L(Salt100) LA A Na,CO,+NaHCO, 50 mmol/L( Soda50) , kb B ¥ FF +# ¥ i
PR S 101 B, 36 3 4 ACER  Fd] 3 kR W IORIEA AN, Rrth e B & T 16 Bk, Z 5 172 A%
% (Hoagland ) B FR G F% , WA R AR R 40 12 h, OR9F 3 d B4 — B IR, TR K 26 d J5 (CF3RE
49 em, 25K 4.22 em, MK 32.7 em, 58 1.54 em) 3 1/4 FEMS % (Hoagland ) B IR WOIT HEATER M AL 38,3 d
Jr AR G e ISR 2 50 mL, e RO (i R B SR
1.2 e

B R AR A2 22 G0 T B = SO €233 ( Shimpack UFLC SHIMADZU CBM30A ) Al H B % ( Applied
Biosystems6500 QTRAP) . WA &1 : (5,34 . Waters ACQUITY UPLC HSS T3C 181.8 um, 2.1 mmx100 mm; i
BNAH KA 4K (A 0.04% 8 218 ) , A HLAHA LI (A 0.04% F) 12 ) 5 Vel B .0 min 7K/ 2N (95:5
RAED) L 11.0 min 4 5:95 EFIE(RIA 11min 1k ZBEAES] 100% -4 1 min) , 12.1 min 7T 30 7 %%
A 95:5 RFI40,15.0 min 8 95:5 IRFRAE0( BISE-AT Smin) ;72K 0.4 mL/min ; #:i 40 C ; JFFEE 2 L, i
S M 5E B TR (ESD) IR 500 °C |, JFi%HL R 5500 V, %5 <,, A5 SUE (CUR) 25psi, M1 175 S5 HL 85 (CAD) &
B E R, PG (QQQ) BB X S AR 45 A Ak 1 25 7 fL K (DP ) RN R ( CE) SE 47 F 4
e
1.3 Hib

LTS BN 7] A B | 7RISR AT A ol ok 1 B R X ARG I ) 4 3 L i
PR IESR I, B ME B W E X5 (Q1/Q3) AREAMFE] (RT) (£ 7R (DP) 45 BT W) BE 1, K BRIR
RIESH K Na' NH; WEEES, &5 3 HEIEE Excel AT, il R IET (hip://www.r-
project.org/ ) XF i A — AL P HEA AL BRIEAE ], 2 B0 FE O A AR AL B | 32 82 40 M (PCA) | IE 3 i i
AN FIE AT (OPLS-DA ), FFARHE LA b $idi Ab B2 X 22 F AR 2R A0 i/ B (8 (VIP ) BRI R s 4 1R, 22
S i KEGG (https : //www.kegg.jp/ ) B0 22 H X IF 1B

2 #R

2.1 AR B o 4 i A

DIXT B 3 Fh b BRATR A RE i 0 B RE A (QC) | il ad X FREARIEAT /040 HT (PCA) |, LA T f#FEAR 2 [ 1)
AR 22 2 A B NREAR Z A AR S R S5 R (1), QC BEAR B AE 04, BB T 5, IR A
ST BRERAE PCL 4547 b5 HA 3 A A B2 R] 22 5 2K IR 3 Fh AL FRI AR PC1 A PC2 507 F 22 el
HBEEA (532 40% F1 28.6% ) , PCA A543 FIr S Wit H 3k 114) 2 5 15 B 081 i -k L 4L AR 50 ik Pl 2t Ak B 2] 2 ) AR
ZA I AT, i ELER U0 X R R AR R A I B R IR AN ]
2.2 ERPE XA R Y Th ALY R RS

RO (R 2) , R b P AR BT R AR TR 2R 0 ) S i 334 i, AL B R T B R S B
AW A% R M A R B AT A S A LR WSS AR 15 2, P i BT M R L B A%
R XA e B 2 R R AR R W B4y
2.3 EhEIE TR R b 2= S A i 4 KA

25 TE A e /N A H /0 HT (OPLS-DA) ) VIP (L HIEAAR B G000 ¢ K056 P B 20 BT F A [R) A 3
AR R 2257 25 IR . OPLS-DA #RIrh VIP =1, H ¢ K25 P<0.05, 3 /R TSR
] fb B A1 AR 22 20 W Wy B i 0 25 5, AT LB M R R HE SaSo100 I SodaS0 Ab 3 22 T AR 2 43 W 1y i AH I
SaSo100 55 XF FEAH L _E 98 i) 22 AR AT 3 A, T2 A4S AT 19 45 Soda50 55 XF JEAH b B8 1 22 F4%
WA 1A, FTRBAE 20 A4 4R L Salt100 4351 H SaS0100 1 SodaS0 AL B | 2% AR R 4B I8 /L 6 AN Fi
74 Hrb EIERAR R WA 1A, TIRA 14 A SRR L b A AL B S X IRAR L, R R 2= AR R
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SRR N SR R Y/ F B S SR 1Ll SIE R IO S0 0L 7/ &=yl B~ S o I A =1
2.4 A TARRSIY) KECC RS E %

FRAEHR 2R 70 W PR 25 SR, W 3L PR 5 3 L A B B2 5 (KEGG ) g 13 Hh w13 43 28 9 14 73 6 1
W 1R AR RTINS 35 I AR 5 4 322200 35 4 R BE QI B i (5 5% T DL G A5 (5 18 b 71
ST AR, FUITAR ZR 40 D0y A T N B ) R AR

x1 RESWY KEGG FitR
Table 1 KEGG statistical table of root exudates

KEGG 432 AR 3H H% g
KEGG class Metabolic pathway Count
R Metabolism IR 35
HARAEACE Y A9 65 39
ek AL &R 26
AT 3
& Jry FVRE S 1] % 178
FAR 41
H B T ANl R AR 14
oAb SRR A 5
52N Z AL & AR 4
R R AR 13
WEEAR BAL 2 JIEAZ i 19
Environmental information processing (EReiass 2
%1% BALIE Genetic information processing WAL B3 7

KEGG: m#b N 5HHA T R2H Kyoto Encyclopedia of Genes and Genomes

H A AL B 19 25 S AR R A1) & AR DT AT AR ) & 42 43 BT (Metabolite Set Enrichment Analysis, MSEA )
SRR AT LS B S R R — L 1 A 2 R R T B AL BT S R T R R AT 25 A
FRUHAE . XTHRLE SaSo100( [l 5) v 245 o A =R IR IR PR MR , # 2  ovAE  IOME R IR IR 12, B 1 IR AR
i, Z TR AT, BRI IR A, SR A, SORLIAR IR 17 W2 4E it | PU AR 2400 553 % . %F B LG Salt100 (18] 5) & 4R
T EORIRERS BRI LRSS, LR A IR R AR W& 5 A, 2RI R D R SiE (b | B W PR i 42, T T
K&, A 22 A, BEls WEARAEAE ) A B S, X IR EL SodaS0 (K] 5) & R 2 M HE —RIRIGIA b
fift, A A R RIS, FUME AR Y& ORI A | 2 BERR QI , O THAR 8O0, IOEBR IR AR, IR DT IR AE 1 & 1
AR, RN, SRR D S A | Wi LR A Al . DL 2 SR BB SR U0 X AR 2R 20 I8 i i 52
i -4 B — R A T A 22 A A AL 58 BAE T, 26 S AE i Rl Ak AR IR A AR & A S5 5 18 5255
i AL

3 it

GER/L e e Sl BUIRs ) SN i A R DA D AN I U G R 2 s (IR L 3 A b e D L N G R
(1AL 14 53 T LGN 7 1), AR PR 23 1 7 ()RS IR 4502 A T W, SRt A ' &
WP AR REAR 7= 18 8 W6 VR0 B B R A R AR B 2 AR T A
WFFE s R AT DL o 42 ) P8/ P e R sk N 5 G AR RS A Rk L, Rt AR R - I 8 i
TR AR A 35 FRE A AT LA SR R B 50 A A SRR R 8 T LAAS IR 50 2 ) e
THRER ST U A I a0 = BRI ok AL S AU IR SR R AT MR A #2E B EAAE
P A Koz 5T 1% T BRI AR A I 2 i 10, U B 9 1 A T L e AR R S s e A
R ARARER B30 PR 55
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Fig.5 Enrichment analysis of differential root exudates
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RGN KK AL A DA ZE MR A, AT IR A B A 2 | T .22 AR R 40 I & 46 40 Hr i m
CRIEI R R R, X G EESEX N R R SRR —8, I AT
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