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Effects of Rice-potato with Straw Mulch in Winter on Soil Metabolite Expression in Rice

Rhizosphere at Full-heading Stage
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(1 State Key Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 311400, China; 2 College of
Agriculture, Yangtze University, Jingzhou, Hubei 434025, China)

Abstract: Rice-potato with straw mulch in winter is an economical and high-yield paddy-upland rotation system in southern
China, and its effects on soil metabolites in rhizosphere may be the key to achieve the rice yield potential but it is still unclear.
Based on a long-term experiment of paddy-upland rotation (since 2003 Fuyang of Zhejiang), the rice-fallow (CK) was set as
control and composition and possible function of soil rhizosphere metabolites of rice-potato (straw mulch and return, RP) were
evaluated. The rhizosphere soil samples were collected at full heading stage using “root bags” and evaluated by Liquid
Chromatography-Mass Spectrometry (LC-MS). The results show that: 1) By using the OPLS-DA model, 201 different expressed
rhizosphere soil metabolites (VIP >1 and P<0.05) are screened out under the RP rotation, as compared to that under CK, and these
metabolites are attributed to 11 super-class, such as lipids and lipid-like molecules, organic acids and derivatives, organic oxygen
compounds, etc. (based on HMDB database). In addition, the abundances of phenylpropanoids and polyketides, prenol lipids,
benzene and substituted derivatives, steroid lactones, amino acids/peptides, carbohydrates and fatty acyl glycosides are changed
significantly in response to the change of rotation from CK to RP, which indicate that these metabolites could be used as

characteristics traits of rhizosphere soil metabolites of rice to distinguish the RP rotation from CK. 2) Organic oxygen compounds,
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organic acids and derivatives, phenylpropanoids and polyketides have significant positive correlation with the differences of soil

organic matter, total potassium, available nitrogen and available potassium (7=0.816—-0.938), which not only provide the nutrient

matter directly or indirectly, but also assist in promoting the rice growth. 3) Phenylpropanoids and polyketides,

nucleosides/nucleotides and analogues, lipids and lipid-like molecules, which have significant positive correlation with rice grain

yield (7= 0.957-0.999), might improve the stress resistance of rice by participating in a series of metabolic pathways.

Key words: Rice rhizosphere; Metabolites; Rotation; Straw returning
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PAZK A —2 225 IR (CRBR O X B L R - B 4% 25 (A
A R MR, RPFAREIACARBE, R AR
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1 #RERE

1.1 IR

GG T 2020 FFEAEWTTAE & BH 1 o [ K S a5 B
WA 3(120.2°E, 30.3°N, 4K 11 m)HEAT . W50
JE T s 28 S X, AR LT 18 °C, AE H RN %
1500 h UL b, EFEKE 1700 mm 447, 2020 58
FAT CK AR 4 LK 32.10 g/kg, % 2.30 g/kg,
Bl# S 125.22 mg/kg, HRUEE 30.90 mg/kg, HAH
145.08 mg/kg, pH 5.88; RP #& /1 42X - 47 HL T 42.40
g/kg, R 2.50 g/kg, WA 137.07 mg/kg, 11R4HE
102.56 mg/kg, HBCEH 320.84 mg/kg, pH 5.79.
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1.2 RIegit

AR 5T I T LAKRE N B 2R VER R 25 &
A ZA YRR B R 7155 (2003 4F 24, %
M 7 1R 2L X B ML IX 155, DA 6 Rl [F)Fe
PERL R T IX, KRR R E K AR, 3 X
FN 160 m*(8 mx20 m), &IX A 40 m*(8 mx5 m),
3AHEXAES, DX EAA B FAEEE ., HH
AN 58, 6 HHa)TF TRk, 17HRHE 20 cm x 20
cm, BFI 2 ~3 8k, BEARETHEH/INEHE LA 2
FEFFER B A H

A5 3 5 LUK R -4 IR (CKOBE R X R, K
e — e 7 i M R D % B (RP) H R R A S F 5 %
%, H 2018—2020 4FE/K g™ 5t Sk FASFHRRME L&
1, ATLUE i, RP AR KA = & % CK B
KTHE 18.01%. FERTIARFGEAYSERE I, AR Pk
PELLKAS A B AT A (NOYIL BB M BFFE X 42, 1
AEPRELARANR . A CK AbEE B #EKREUCE]S B B
FFEAE, ARMHECE; 7 RP &R, 1 AT
TR S S, SRR 8 ~ 10 em 2, iR AR
(N : P,0Os : K,0=15 : 15 : 15)600 kg/hm?, 5 F frajik
ARUZE S B0 05 e 1) e B A4 S 2T AR 2R 5% B
HHAH . KR4 EMIRIAEEAS, B, BRACs50 0T
WS AL 3, RSk P,0597.5 kg/hm®
K0 165 kg/hm?, AL 030, AFACKE © ALK
505, Hofhy )RR B 1 it 5 22 s AR —

F1 E3FEKEFERTHEEFFE

Table 1 Rice yield and characteristics of straw returned in
different years

AEGy LB KARFS R (Vhm?) i R AT (kg/m®) TS O/N

2018 CK 5.30+£1.02 - _

RP 6.92+0.22 1.37+0.15 35.76 £ 1.16
2019 CK 6.64 +0.47 - —

RP 7.60 £0.75 1.66 £0.16 32.57 +6.44
2020 CK 8.13+£0.54 - —

RP 8.86 £ 0.55 1.86 £0.10 35.23+3.09

1.3 HmRESNESWH

1.3.1 MR PR A3 R AL TKFE AR — A J5 i
PVC #: (1A% 20 cm) ¥ /K FEAE AR S AR X (0 ~ 20 cm)+
HEPZ U AMRA%(200 H, EAE 20 cm, K 30 cm), Ff
YR A B R A5 7R . 2 52 thARAS oK A, /D
DT P ARASAE R KRR R 588, B8k ARG L Rl
FOREB > T3, FIHLF A AR IR BR +, &
B A% e PRAA7 T80 CUkARTFM . f b FE 3 4~ H
HEE, 2 MEmEE, it e MEL,

1.3.2 MWRPRIEREIE AR A
fRZRJEFREL 1 000 mg T 2 mL 2045, A 6 mm
FEERFN 1000 uL HEE/K (4 0 1, V7)) 4B, 281
HEAWFEEAUHEEE 6 min (—10°C, 50 Hz) J5 kiR 7 42
B30 min(5 'C, 40kHz), T —20°C#+# 30 min, &
L 15 min (13 000 g, 4°C) J5 B EERA KT . 165
MR 2 /7, B 100 pL B ZHE/K (11, viv) &
B IRAEA, A IR IRIR R P R ORI .0 2D BR s B
FIEW EHLMT . RS 20 pL FIEW,
RETEVERREFEA (QC) . AIRKRAH AB SCIEX
7 R PR R RSCROR £ i FR B R AT B ) BT UHPLC-
Triple TOF &4 %t CK Fl RP AbFAR BRAC I HEF 7>
Mro i F: @ikt ACQUITY UPLC HSS
T3(100 mm x 2.1 mmid., 1.8 um; Waters, Milford,
USA); st A 2 95% K+5% W (& 0.1% H
fiz) , WA B N 47.5% M+ 47.5% SHAEE +5 %
K (E0.1% HER) ; JE K 0.40 mL/min, HEFEREN
10 uL, FEiH 40 C. FEAES AR, B 54
IIMIREA IR A —A QC A, LI5S AR I o
AR M. SR A H T SE HL B k (BSD 43R HIE .
B AR ENEF S . B S8 2,

*2 RiESYK
Table 2 Mass spectrum parameters

ik S8
FH L (m/2) 50 ~ 1 000
5555 T (psi) 50
5 B A< (psi) 50
A A (psi) 30
B IRIRE(C) 550
B R ER)(V) 5000
B R R)(V) —4 000
e on
KR E(V) 80
T E(eV) 40 +20
PEFRI ] (ms) 510

1.4 HBIEEESSF

A6 BT A s Y48 A Microsoft Excel 2010 4k
AT R R, SR AR AL 2= 8 Progenesis QI #E4T
R uk . e BUR . PREEEAE . XTS5,
I LA BN A R BRI E] | Wi B A 1B A I, R
2R AER(E 80% UL R, AR
TR B b B/ IMBE SR 25 i, IR RS R — Akt
TE AR T3 i W 1 e 7 5 B R A7 U — A A B 5[] s 5
QC FEAMIX bRl (i 22 (RSD)>30% HYAE &, FiffT
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W k107
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; 25 F KEGG Pathway Database(https://www.genome.
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(https://www.chiplot.online/),
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1E. B TERRT 12 A EEA S 5 %
6041 Fl 5 544 MR, SAHEHRZIRE 5 641
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Fig. 1
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Overlapping total ion chromatograms of 12 soil samples in positive(A) and negative (B) ion modes
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2.3 RERTIEAEZE FR GV ATEIE

K OPLS-DA JrikZh4& VIP A (>1) FiZE 55 3Rk
f5%4 (fold change, FC >1 (< 1), %T HMDB %4}
J2 %ok A 3 ) 2 S AR A T O o , JR S Hh 201 A~ H
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80f oK
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Fig. 2 Scores of PCA for group CK and RP in positive(A) and negative (B) ion modes
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Fig. 3 Volcano map of metabolites
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Fig. 4 Different metabolites in HMDB classification
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2.4 RERLEE BRI 5HE B
KRB B S 201 A2 % e KEGG
Pathway BE/E, LA 27 D20 IR
7 28 ZRERE R (R 3) . Hidh, 7 AR
WS 5 MIEDIRACEHER, WEA PR AT
AR . o- W RRIR AR T Wi, o 40
W FEAAAE 25 4 A 22 SRR AT R A
RIEARE T, A 3 ADBRS 5 IR E e AT ¢

MiEiEsh, 2 5FE5HFMCHNER, 1 ABC %%
51 ¢cGMP-PKG {5 il i il cAMP {553 B 4 5
WA, B2 5 R A H @A QI L R e R R
KLY GDP-4-Dehydro-6-deoxy-D-mannose £
PN, HABARE Y F R R . D3 3. 3
2 MR 5300 2 5 BN B B A A I B
KNG o> LA A A A B R e A i AR (R PL
FALE Y LA RNRBTFIZENR 73 7). MR A 96 A &
TR i gt e A <A Rt i i CRALAR MBS , B
J& 3 S AR VS K 5 A R R IR R
WAk, 225 PERIA YR S . A Al S
BRBENAH AT RRIEA . HhBEIE FGSEAH
xo FIFHHFNZHTE “Relative-betweeness centrality”
XPAE G 22 AR A T A E s 2 40T, Rkt
9 Z AR W E E A (P<0.05, & 5), 51k
IR . MBI (TR . iR .
R) AR R BEECR A s -

*3 KEGG Rty RITaEEEIC R

Table 3 Summary of functional pathways involved in KEGG metabolites

75 [niE7) HMDB &% K AR i B
1 Guanosine At . BTy bAoA, ABC iz T
2 Deoxyadenosine ZH . ZEHBRMELY i ERCE, ABC #4217, cGMP-PKG {518 4%, cAMP
17453 [

3 Deoxycytidine Bt . Iy LA g, ABC iz T

4 GDP-4-Dehydro-6-deoxy-D-mannose  #%F . #ZFTRRANZSMIY T SOBMTH SO CE, S0M AT it

5 (R)-3-Hydroxybutyric acid BHLER S AT TR ERAA A BRI AR, T RRIRIE, cAMP 55 E

6 4-Hydroxybutyric acid N B ANZENE T T TR AR

7 20-Hydroxyeicosatetraenoic acid e T A DOk A

8 12, 13-DHOME B FIZE R T A IR A

9 9(S)-HpODE I R ANZENE 7T T IR A

10 Traumatic acid IS e FH - RRERAC 15T

11 Traumatin BRLRIZ AR 7+ T oM RRFR AR

12 7a-Hydroxydehydroepiandrosterone R AN pe /7 T KRS E YIS KR

13 Dehydroepiandrosterone sulfate RIS ST FiE M E Y SR

14 Trans-Dehydroandrosterone HiAt TH BEEME YA R, S I

15 Octanoylglucuronide HHLAELEY VA RO R A P R

16 2-Phenylethanol glucuronide HHLEAEY EVE O RN A 2 R R Ak

17 Tetrahydroaldosterone-3-glucuronide RIS e EVE O RN A A R R AL

18 Tetrahydrofolyl-[Glu](n) AHIAMEE Y L R A

19 Niacinamide BHLZHLEY LR R R R P AR i

20 Hexadecanedioic acid R AN NG 73T T AT AR 0 AR

21 Glycerophosphocholine N8 B ANZENE T Lo H b BERE S, kAR A
22 Farnesylcysteine I R AZENE 7T T WS EREAEY A K
23 Poly-g-D-glutamate FHLER B AT 9 D-AE B A D-A R A

24 Diethylthiophosphate AHLR B AT TR IR R A

25 Anatabine BNALEY T GEAREE . DRIE. MERE, SRR . BB AEBRNTAE)

HE IR A G AL
26 Gibberellin A24 HoAt A ZREEwA K
27 2-Hydroxyethylphosphonate HAth U RERRER AR RS ER AR, SRR AR 0 A YA -

5 2 W0y
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Fig. 5 Bubble chart of KEGG pathway enrichment analysis
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AR, AW FEN AR BR -3 G R A 25 5 2

JIRIVESH AT REVR T : ORI ] 3 A TEY)

AL IRYI . BATENTFERE AT 8 A SR 35

W, &R BRAY 2 AR . E | R T A LR L

SR ARG R AR AR 2, 522k

L, AT A B RP FEAEIR R T /KA R L s v h A

JBTARNEGERERE . A AEY) . AP SAT Y

MIZEBI . BRI . R/ IRAF F B 3

(151 4), /N5 R IR/ 2 KA AR R IR 8B B

M, BETRE AR A 05 i i L 3R

RIRA ALY, S LIRMEALAE ) . IR TOLBAEM

AR R BB B3 A Ay 2 SR 23 AR A £ 7 (] Y o

I, MERANIERK , TR TSR IR AL, e

3T IR B, RP $GVER /KRR B 1

SRR R, A7 B TR IR 2 e B A

SN, AT 5 5 LA A ALK, IR&FEL

R SR 03 BE4R RE 0 5 v o (EAH DG KL S I S8 AF AR

KA AT HE— AR R 5 50k ; OMRPRAEE T (plant

growth-promoting rhizobacteria, PGPR) [¥[R]4Z1EH .

ARBRAE AR TR — A AR T AR WA 2R B30 A 3 5 VR )

AR SRR IRA R A, HAE RSP E RS

ARBR A AL B OIAR G Horh, ok e s

W5 LT AR R PGPR 2 8] 34 S R AU ),

IL[EVEH] T PGPR XA R 7 o Ak, BEARSE

FZRGACHYIIE PGPR 5 AR A 4 A HEAR
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Table 4 Correlation between nutrient concentration differences and differential metabolites
s lwiiE7 &S AHLR 2R ek & BURA AR EED
1 6,8-dimethyl-2-phenyl-3,4-dihydro-2H-1- T s T 5 il 0.837"
benzopyran-4,5,7-triol
2 Hordatine A TR o o B 0.904"
3 3-phenyl-3,4-dihydro-2H-1-benzopyran-7-ol  J& A ki F1 5 il 0.845"
4 Peonidin 3-(6"-p-coumaroyl-glucoside) TR e 0 B il 0.859"
5-glucoside
5 3-hydroxy-3-(3,4,5-trimethoxyphenyl) TR e o B 0.938"
propanoic acid
6  2-[4,6-dihydroxy-3-(4-hydroxy-3- methylbut- KA WY) 0.863"
2-en-1-yl)-2-methoxyphenyl]acetic acid
7  3-Hydroxydodecanoic acid B LAY 0.827"
8  3-Hydroxysuberic acid B LAY 0.862°
9  Diethylthiophosphate YR LY 0.819"
10 2-Hydroxyacorenone HILEALESY
11 (+/-)-[R-(E)]-5-Isopropyl-8-methylnona-6,8-  FHLE /LS 0.816"
dien-2-one
12 2-Hydroxy-2,6,6-trimethylcyclohexanone HHLEALESY 0.841"
13 Rutalinium [ 0.837
14  (5alpha,8beta,9beta)-5,9-Epoxy-3,6- HHLZHR S 0.875"
megastigmadien-8-ol
15 Phenmetrazine HHLZHAL A Y 0.825"
16  Dehydroepiandrosterone sulfate ReRAZENE ST 0.8147
17 Hovenidulcigenin B B AIZENR T 0.824"
18  3-Methyladipic acid NE AN 43+ 0.917
19 2-(14,15-Epoxyeicosatrienoyl) Glycerol JERAANE ST 0.833
20 Ketopelenolide a S B 0.846"
21 3,4,5-trihydroxy-6-(2-methyl-3-phenylpro- & FIZENE 4 T 0.932"
poxy) oxane-2-carboxylic acid
22 Glycerophosphocholine EFEMIKES T 0.875
23 4-Hydroxybutyric acid HE AN 43+ 0.822"
24  Hernandulcin ERRFIZENES T 0.823
25 5,10-Pentadecadien-1-ol [ ES e 0.906"
26  Soyasaponin IIT N Ng 1 0.846"
FE: . = RIFRRTE P<0.05. P<0.01 KFREHSC, T,

o S TR MG Y PO, L, RP ARG, R
BEFIERER | AL S Y A YIRS AT A 455 LAt
A B A K RS TR 20 W 5, i ) 324
BEARPRUE LB R S 45, KRR, f
S AN E S e P
3.3 RETERGYERSKEHEENFHEY
BIEINRE
RP Gb B rb 0 4 5 PR AR P - A P % KA 2R
KEERZW, &0 BELME 570 T BB g st A1
VUSRS o MY SN SSR  EARKEE A A 5
O3 RSN, PGPR 54X 28
Yy BRSPS o AT S E B 4 MO H H TR

MA VLR W& S L3 3 K555 TR,
Bl ABC ¥z T . ¢cGMP-PKG F1 cAMP {5 5% Fik
#(F 5). Hh ABC #%iz 7 T 2A7 7 T AN
JEE, 25 A Yy i sloRE S v 8] 7 ) A AR 2 A A
PR, SAR R I IO AN BT 28 A ) Ah SR DU AR &
P Wy AR AR A BT cAMP {553 B I T
R R G —Ff, AR AR 0 0T A BRI PA 358 38
Mo ¢cGMP-PKG 15 5 B I /E H T A= ik N — Ak
RANOVE T Sl #2, @it NO 48 7K F 1y i
bV TR DL R OK R AR 20 T 4 R S PR,
BRAG 55050, A7 —2 g BRI IR 0T 2 SHY
P B A RS, W E A TR RRRR AR
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ISR AT A s 7 s
TETK R 32 BRI 30 I 18 3o 3 50 I 2R KT8 4 | R
T PEOR R HIE 3 A K0y S 3ol 0 I JRR R e AT
Ayl it — LR AR B AR B, KR ST S AR
VERAE 543 T FT IR AL & s 5 iR AR KB, it
G, AT IE K UG /TR SR B MR NI 7312

2SR F SOk RS R R R B E B (=
0.957~0.999, % 5). Kk, K RP #AE/5/KFEHR
B - 8 A /AT IR SR R 2R 4 T SR
Wit S 5E 513 AP . P A AR
e, e KR I o A0 S A g Rl A g ks ) B
B K R = (9 TR A o

x5 KEFEERSEFKIFYEEXSE

Table 5 Correlation between rice yield difference and differential metabolites

FFs awiiE7 &S s
1 Doxorubicinol A DA e 2R 0.961"
2 Peonidin 3-(6"-p-coumaroyl-glucoside) 5-glucoside A DR o A 2R 0.979"
3 1-(4-methoxyphenyl) pentan-3-ol p SV g ] 0.958"
4 Didemethylcitalopram KRB E Y 0.976"
5 Deoxyadenosine At . ARy 0.960"
6 Cis-3-Decene A EY 0.983"
7 Poly-g-D-glutamate AR B AT 0.979"
8 (+/-)-[R-(E)]-5-Isopropyl-8-methylnona-6, 8-dien-2-one AHLEAEY 0.959"
9 Isokobusone AHLEEY 0.973"
10 para-hydroxyatorvastatin FHLAH LAY 0.999™
11 Dehydroepiandrosterone sulfate B AZERE 4T 0.985"
12 13'-Hydroxy-gamma-tocotrienol R SR ARG 73T 0.999™
13 10-Undecenyl acetate BIFIZEAR 73 T 0.960"
14 3-Isopropenylpentanedioic acid i EE e 0.968"
15 Glycerophosphocholine N8 B RIZEAR 4> F 0.962"
16 Tetrahydroaldosterone-3-glucuronide B AZENR T 0.957
17 2beta, 9xi-Dihydroxy-8-oxo-1(10), 4, 11(13)-germacratrien-12, 6alpha-olide R BRI BR 2+ 0.979"
18 Physapubescin B AZERE 7T 0.997"
19 Deltamethrin Jig BRI 71 0.975"
4 éﬁi’t\ [2] Chen S, Xu C M, Yan J X, et al. The influence of the type

SRR A B L, KRS S A o A 4%
FRLT KR 5 R AR Pr L e S A ) 2L
RNBERIRER . GBS . 4SBT A L
RN, 2 EERR/IFRRIY) . oKL&Y RILEs &
YRR DT IERE A 3, ik e 2 S A QI B G
FHEAE RSN RP A EESHIRR. RP 1
Ja , FRAA BOAR R AR AN S B B 14 A K A
FRHEIRII I, 30 1 I (R PR AR B Sl 2R Bl A= W)
fEdt KRR, MUK RR =R 5 —J7ii, HHK
i 2 515 1 T SARYIPGE | B A AR SAR
AR, P KR L X S0 F A R AR A 38 r i
T3, W ER B R e 7 o
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