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The regulations of plant on microbiome
« Root exudates (carbohydrate,
flavonoids, phenolics)
* Phytohormone (SA, JA, SL)

1. RERGEY. EYFLIREMEEER

Figure 1.
SL (strigolactones).

SEFH; TREA AP AR R AR I, R R Y 7K
SEIETIN, O AR B S5 R RESE SR AR ) S R SR
St S W RE TR AR AL TR Sl o XA [ A )
T b L A AR 2R 20 WA ) LB B, AR
F O I A SRR T REAE B SRR, AR
P ol A= 0 o i 2L S i AU ) s R D T 14 A
KPR, BRI B R A 2R B U5
ATREAN HA R E U E MR, 1T 28 ZE RS
Yy JoR— SRR E Tl A W) T I A B R, REAS B4
B E (M E W T e T R 4R

3.1.2  EERAEYRRERBAEY W .
FACE YR G RHEY AR R 73 I8 R ILST
1Al ELA A T AR R I AR R — 804301, BliA
SEVFZAEY)-BUE WA EAE T B GRS 50 1

Interactions among rhizosphere microorganisms, plants and soil. SA (salicylic acid), JA (jasmonic acid),

TG, SRR T AT DU A IR A i A
REAE, NTITXS AR PR - 38 v B A A P 6 1 7 A
W5 U, BEEASEAL A Pk iT AR A A 2 5 )
IRV T, S RSARE T nod BEFHIRIE, i
HEGIR MR IMARE R RE, O
UEHIRECEARE T rh g | B s U R fE SO0 s SR T,
N T YERF nod FERAIR FREAE K-, P71k
Y5 BB, — 2SS A& PRI
Xof HEBE AR TR R D ], 0 S s R (R A
HAE R ) RN T2 O B B AT U AE AR
T (Rhizobium meliloti) " (] nod FEHY, Yew e
PRIEE T 557 A 4 S 1 ) 288 30 ) 98 T AR L R
TR . IR TR 22 BRI e T, Ah,
RS Y PR SR, 05 A SR
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Yo — R ERWHPPUATER, BERI 5 4l
JELIE 1) ATP R AL (A VTR F 38 1A

3.1.3 BRRRKYIBXARBMEE MBI R . AR AR
SR R B ERRAL G, B ERER . R H
B2, WEERRMIR AT, #RXTRES LAY R
EF RN . XIS PRI =R
FRAGER A AR IAIAA,  XEAR B PR 55 FIAR PR 22 1 i)
E AR RARK . BART , YRR Y+
BRI W) i i S SR A) | pH (S AR A
SFRARPE, R AR PR LR RUE YR A

ZREERIRE R S5 1, e s aR AR PR - s rh gy
PRI DR SR AR AR AR R A I v B 2
FiR 3 T AR B A 38 R v B KB (Burkholderia
spp.) A AR F= EECS . T IR 3 230 o () BT 2 R
A IR FESR A8 T] 8 (Fusarium oxysporum)fl ¥ 1
BRI &, AL, B RR2E Y ST A R i A
Yy 3 R AENR TR SE W 5T, I 0D A o xl A
KA BTRTHAE, 0 A B SRR Bt ARRER 1
SR, PTREMORPRIAE Y SR IR RE A, [
UNFE C BRAIZ1F T B R T LAy [ D SR A s )

xR 1. RED DY RE IR NHLF

Table 1. Effects of root exudates on microorganisms
Root exudates Effects on microbial communities Influence Mechanism References
Carbohydrates and . .. . : Provide effective carbon and nitrogen
. Y . Stimulate positive chemotaxis of bacteria . . L 8 [61,15,49]
amino acids sources for microorganisms in rhizosphere
Methionine, glycine Positive chemotactic effect on Enterobacter ~ Different concentrations of methionine with
positive chemotaxis have no effects on the
growth dynamics, phenolase activity and
phenolase efficiency of bacteria. However,
) ) ) ) lysine with negative chemotaxis delays [62-63]
Lysine, cystine Negative chemotactic effect on Enterobacter bacterial growth at high concentration and
inhibits the activity of phenolase. With the
decrease of lysine concentration, various
inhibitory effects are weakened accordingly
. . Low molecular weight organic acid as carbon
Citric acid Enrichment of fluorescent Pseudomonas g g [64,49,24]
source
. . . Stimulate spore germination, hypha branching Phenols are necessary carbon and nitrogen
Benzoic acid, coumarin L . . [65-66]
and root colonization sources for some microorganisms
.., Inhibits the growth of bacteria and . .
P-hydroxybenzoic acid ) & L. Phenol hydroxyl has toxic effects on bacteria
actinomycetes in soil [64]

Vanillic acid, ferulic

acid inhibit fungal growth at high concentrations

) Induces arbuscular mycorrhizal fungi
Strigolactone .
branching

Salicyli id
atieylhic act Proteobacteria

Inhibits bacteria that promote plant growth,

Jasmonic acid
bacteria for biological control

Promote fungal growth at low concentrations;

Mainly inhibits Actinobacteria and enrich

and actinomycetes in soil

Affect the developmental conditions of

microbial communities and produce selective [57,67—68]
stimulation or inhibition

Induces the branching of fungal hyphae,

changes the physiological status of fungi and [36,42,69]

activates fungal mitochondria
Immune signal or carbon source [43-44,70]

Changes the composition of

such as Bacillus, Pseudomonas, and enriches carbon-containing compounds released from [45,71]

plant roots

actamicro@im.ac.cn
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3.1.4 (FSYBNRER AR YRR A AN
TERHE A S TS N AR, AMUAE
PRI A KRR T S50, EREXHEPIAR PR
AT IR 7 A S o 2 S A SR sz B BR
HE, AP AR AS RO RO B B N R, RS L
HErh i) AMF I S 24 R bR
HERUERER . BLSh, AYIBIEEER IGE EAE
N AARAT S SR AT g i PR R RE S W AR PR A )
AIREVE 450 . A2 BN SRR LS, IR
PRI AY TR S MR D R B IR A )
TE V5 FE ) B 9 22 GE AR PR ARUAE PRV 8] 1) G R
HkHE T B MUK RIS i S BUE
PR 2 A T A O T 55 A T R A
XFFRERAE s KRR BRI, AR AL O A
TR EVR R A 3 Ol AR TR A 50 K 1
PTG 0 2 R AR B A TR R LN, EEGE A
THRIVE A AT, ™ A HOR) 3 R AU R 1Y
MR E LT T IR, HY R S
Fgun] Rl AR LE S 3 B A
MBI eI R 2R o
3.2 VI BN AR BRI YT R

TP Z 1Y A A FTIROK RE ) B W AR B L
AP VERT . FYIAR R A A R I ks
HRPBR A S5 FLIRRE | - 398 0 J3 45 0 L Joi 0 T 52 i)
MRBRRE R RE IS . HIRISERER] , sk
JERER =N T /N PR AN B, A
AR At 2 S WA AR BR AR 25 T8 (Rhizoctonia solani)i
FE R, )3 AR BRI OK 533 AT LA
Xof RN AR R, SR R X AR YA s 3
SRR AR B R AR, IR R
BRI AR, 3R R B S5 A
PR G AR, A BRI A T A R R

B WA 0 A FIDR S FE Bl B+ R
JIE [ s 0 2538 i A HIGR BE s P it mr
VA M A MRS A5 O B R U
3.3 HEAE M BOIR B YRR R

14 pH B R A T 2 R PE R TR 2 LY
— A FERE A, TEFEE pH B 25 AR T
YIRLEAT, 3 ] B 5 AR MDA B X+ 58 pH {3
BT EAAEAG K. MYIMARBBAILER . R
MR . —AAARSE A YA PR - Rk 2 /0 2 4> pH
R VAL o 3 =] 2 4 G/ et G
Yoid vt aniEwE SRR 13 pH [EM 5 R 4.3,
A s PR A T MR R A ) R R o) R
bR se T T E BRI RE B RO R
AR, S5 BT T 2k TR Y A X BE 1
I SRR AR L, AR AR 1 AR P L
WO T 3 2 0 & A S W A A A 5 43 fif AT
Yy, mEEP R R Z AT E IR,
I T o W O A (B2 . BRI AL
R A dE , TE Pra e 51 2 ML PR . Blagodatskaya
S5 2014) BB FEIE BIAR B 398w ol A= 1 i A W i
FARAR PR 3 A P A W = 14%-31%,
H1 5 1 R HA B AR AR AR R gk, A
WAL 2= AR AN R sk HL 37 . BT IR , A
R EBATART AR X4 15 11 B 2R B0 H O 1) 1 HL 1 1]
TSNS , s 7 AR B P i
RN R ZE AR 1 BRI 3, A BLHLRAE 30 min
DAY ALl /S 22 AN AT ARG Y ZKF R L 3 R
FARRE, HELATREH IR S 5
WX R e, MRERSZ 0SS R R Y BT
il 1fn s, FHAE 30 min N, fF s H
Wesh i E o R BERIRIIRTE Y 52% %, CL4IESL
TE BRI (<500 pm) M XL BE S N, HL A=A

http://journals.im.ac.cn/actamicrocn



240

Jingwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(2)

JiE R Ui 2 16 W 5 | 2 XA, (L it AN T A
T HERA P X A 5 S RS S B IR R RE TR B
M e RS A AR B A A A, AR AT DL
Ao 9 Y DR S5 RIUORE TIORY 22 AR AR 20 1 W o 5
Wi A PR s A W AE v o QA AR 2R 20 Wb v 5 Aok
RN . A B, BRAEURIAIN R R T H R
PERT, i B 3SR 23 e JRE S i K P i 2 Wy e
TE LA

4RI - B AR AL

IR B ol 2 0 R % 0 2L A P IR A W 3R 8
DR 28 I HL A W) Tk 7 =2 M) 1 52 2% 19 A B A R e 5
. B R IER M A AE K R E
HETTSZ AR BRI PR 2 teAh, JERRBR
S P A A e e A R R A R 2
BRI T A S HAR R E WS BAE. A
SRS, ARBR I Z AW Fh B RIAH BOC R 0 2%
A 1 B 0 - S 0 ) AR LA DR -
4.1 TGE AR Y R HE AR PR A

4857 2% ) BRI I TT LA SE AR ) 1 A K
RE, IE AR PR PR A AN,
PR R A AR RORES, BR T SR R
Mg o6, H 2 8] HHEREE A s mg 7> 4
B PRAEPERT, QoK Ay . SR B RO AT L
TP A R AR, HETESE SRR S
AR 1) 25 1k ke T AR B B AR R I 4
TET AT R IR EMAE, Xu %5(2018)
LR AR, SRRABETREMT o7&
A Y G3P, MR AAREE + i TR S
G3P HHRH ABC Hia 85 10 IR AR T M1
S, W RUL, R B RE S A A AR 2R 2 1Y
G3P MIMEHAERPRE £, M+ mil

actamicro@im.ac.cn

GRS ELRMRY 2 400
FR LA 02,
42 S 2 R AR T AR B B
T

I A L P 4 A I FLAT AR RS 1 8 )
PR PIIRE SRR IR R W B 44 P S
S 3o SR ] KT o 2 K v B
PR YIRS LN, & BV & B b al B s
Sy ZEAR ST RE |- S5t A LR - 901 S T B
WS B, TR BBV E 2 e Ay
EHA OB YIRS, WA, R L
S5 P TR 2L TR L B O R 9 e
BT TEAE . ML T ARER L5, HRBRROR
A P 0 A 2 5 AR A 0 2 ] A
PP A 2 . FLARBRICE 1) 2 180 R 1 PR
& ST AR . 22U IR PR W7 o T )
S, IR T IR S T L AR
AMF 5 SRR A, S8 SR R 75
(R ERE K VBRI T R AR PR B
T L.

S B A2 ) SO

5 RERBUE i N R BT Rt R

TR BRI Py B AL 5 fe BER P A K A 45
Ay, AL A KA E Y. A
fi AR PRGCE Y B AR Y R BUR 7, S it
Witk A HRRPREY) SR e P AR
oy E I AR A Y, R R A
5.1 AREMEYTEYERAEER

TR P L 38 P A7 AR AR Bl A 7wl DL e i
PRI TR] 507 2O e s R AR KRR E . H—,
MRPRRAE Yyl DUB i o i i AR R TR



XIRRSE | WA, 2021, 61(2)

241

GHEBR A R, W FF R (Arthrobacter) Fl
YR B BT 45 3 Aok 3 DA AR DI (A A i 4 2
EQPS iRk LY A s I NTIE YR 7L S G
Py IE AR A3 8 1™ MR B fA: P AR A
A LA A )5 5 0 7 A AR R, AT e
HEZR 53 W ) B A3 575 S R A A 0 43 W)
SRSV R S ERYEATE B, SR
FE YR B 08 5 AT 5 & (Flavobacterium)il 13 5 ”ﬁ%
2 AL A5 0 1435 R e 5 1 480 1 1 T 2R 11
ARG IFEZ 2R IR A Pseudomonas syringae Ji&Y%
Ja, MRRSWRERSERER, SRR
S B SRR T FB17(Baczllus subtilis FB17), M
M R s R, H, WP Y AT L
EHIRBEEFRIOCRMNA . B, BRovHei. man,
IR a5 GRHMEY o A R R S
REAL Y e WOSCR A HLA ; L3
AMF 38 A] DL o £ AR R 00 £E K (B] B2 32 s 2 [
RIEE ST ; AP EL I IA RE B4R TE I g il
PIRBE SR A . BoRDY ., B, WRERE
A AT DU R RAYOR . E R SRR 2
FPHILT 5 R AH BAE I 2w ) AR K

5.2 RERAEYIREEY BT

MY A K R 2 2 2 Fh A P sl AR A P I R
{0)7/ SIS SE =N BIEp Y sk 7/ Lo S8 s R e s = N
%i%% WTz—, X8OS/

RE 4525 TR AT SRR P AR BR i 28 T T3

%ﬁﬁ%ﬂ@%ﬂﬁﬁL“%LT%ﬁ%i
Koo Al B 2R FUAF RDE i A R R A P S
A UL R T 4 B R R AR RS T AR s
(HKTDi#sk, BRI F AR R, BRgr
FH/INAZ SRR A AR Bl A 1 R L™ A B85
Z J BB R T R A 2 R D e v ks Y

, BHE Y R IR L) AT ROS ik
/Uﬂ?é b A XA B30 VR 0 e At AR BRpE
A AR SR I8 T R B AR B T LA S e L
TR XA A T
B AR R AR, F AR AR A
Koad R 232 BI85 Fe I A AR o 5 R
ﬁ'Jii%TUﬁ?EME%?EEﬁDﬁJ?EIE’J/\{i, /A
Ao | T R B VRN i T A A
%%E@Wﬁﬂiﬁﬁ% 5/ ibU R i 2
MRS A B, A B SR RE ) 5 s b R
EA S MEYNEEA K, BRINA MY
LB 577 A= 40 St T A 0 T A 0 B3 B8 A
Y1) G 22 22 G 18] 12 B B L 00 A S oA o A
B 2P AT TR I I - IR R B 2 R AT R
R IR R, SRR PORHER
5.3 IRERMAAE YT RIHIFE
TR B 5 A0 5 138 A S A
EATAT LS A BE A R, AT
XT*E%%&FET?’F'F”H Li 55(2014) K BAEAE
MRS T, B AR PR LA R
W J& (Burkholderia spp.)&?%ﬁﬂ@ﬁﬁ‘@%ﬂ &
(Fusarium)¥§00, A t5 WA BEREAL, MIMFE
A EAERRARY, BRICZ AN, 585348 7T 58 LA BB
SEVE R AR E AR YRR H Y, JF i A RO AR
FRERG R, PR E IR T B A A K
PRAR TR AN, 3b AT DL R ) B A LR
MRS, [ A R A 1 o TEE TR A
ZHYTIEIREE T, ARBRBEY) SIS N e S
JEA BTN @ AR AR IR S BRI AR ) K
FORBR A YIS N AlERAE 1, R BLHR = AR PR
AU A i IR MR FOC R B AR, i
WD TR AT R I A, — e

http://journals.im.ac.cn/actamicrocn



242

Jingwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(2)

Yrid GeRs L3 R R AL L T R 30, A
AT A SR, ARA S ot AL T K el %
fRlRmAR A, TR T AR & SR i m] 3%
TP, HHEERRAR T AR AR U

6 RZ

YR PRE YR Y A K i R R 3%
THEEM . YRR LSRR R R YR
AP EEN R, H H TR TS AR R T AR X
R AR, T KRR | I SR R AR
AR T e A2l JEAh, 78 BRI AR
WIRR B H AR A 18] B B AR B 2 Ao
F, AT IR0 T AHYIARPRUE IR, ALK
FA U 7 B D7 I E AR ) i A OG T A W 2 e
ZIHSER . BARRZ R E MR R B
BT IR, (EUR AT DUR TS AR M bR iC Pk A Y
PR AT 328, IR IR R 20 15 2 T B i A
e lm . (HE, X2 2 b e w A py Rk
A5 DA I s R B AR WS B0k, BT
AR B Y & S n] LI IX — W5 A 2E R

W S BUEY) Z A AR EAE AL A 2%, i
AIRZEEAERE . Mg EUF, YA —
MY, BB AR R PR R,
N IZ 2 DR E WA RN, [CZIRR, AT
FrE wWREREML, ATREER S By . /%
RS AR 2 T505 | WYl B B PR SR,
Moo EBR ARSI BTS2 18]
AEARLE . BN, L AR I - SR Y
SRR, R ERHEY R R A 5 S
HIRIRG IR AE, PR & LA R S e Rt
FRIL NS HARAE Y b, (R REAS 12 T AR B fik
Y, IO R A R R . AR A Y

actamicro@im.ac.cn

MIEHIE, EHIRLRA RBTR A R UR DL
Wk 3R A AR PR P RE IS RO R, AT LA b A 2y
RRERIBET, AR T A SRR AR KA
AR PR A Py v 2 W be ™ AR A E 2R R, G 1k .
A R RO AR A AR WU A v R K R R R, KT
FRPIARL ISR 4 i oA R0 0/ PR e R, 2 i it
FRNL BR TR, YR B AR AR AR
s Ay DO MESh YA, X e A P e SR
PRBCEYIRIAEAR N, SRS SRR,
WIREAR U ST IR 7Ef0l A7, e
A A A R I, AT R AR AR ) AR B
AYiEvE . MR AR . DUk IR
FRCREE, SRR ER A WFFE T )

2 % LW

[1] Serna-Chavez HM, Fierer N, van Bodegom PM. Global
drivers and patterns of microbial abundance in soil. Global
Ecology and Biogeography, 2013, 22(10): 1162—-1172.

[2] Hartmann A, Rothballer M, Schmid M. Lorenz hiltner, a
pioneer in rhizosphere microbial ecology and soil
bacteriology research. Plant and Soil, 2008, 312(1/2): 7-14.

[3] Hinsinger P, Gobran GR, Gregory PJ, Wenzel WW.
Rhizosphere geometry and heterogeneity arising from
root-mediated physical and chemical processes. New
Phytologist, 2005, 168(2): 293-303.

[4] van Dam NM, Bouwmeester HJ. Metabolomics in the
rhizosphere: chemical
communication. Trends in Plant Science, 2016, 21(3): 256-265.

[5] Read DB, Bengough AG, Gregory PJ, Crawford JW,
Robinson D, Scrimgeour CM, Young IM, Zhang K, Zhang

tapping  into  belowground

XX. Plant roots release phospholipid surfactants that modify
the physical and chemical properties of soil. New
Phytologist, 2003, 157(2): 315-326.

[6] Bulgarelli D, Garrido-Oter R, Miiench PC, Weiman A,
Droge J, Pan Y, McHardy AC, Schulze-Lefert P. Structure
and function of the bacterial root microbiota in wild and
domesticated barley. Cell Host & Microbe, 2015, 17(3):
392-403.



XIRRSE | WA, 2021, 61(2)

243

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Tian P, Razavi BS, Zhang XC, Wang QK, Blagodatskaya E.
Microbial growth and enzyme kinetics in rhizosphere
hotspots are modulated by soil organics and nutrient
availability. Soil Biology and Biochemistry, 2020, 141:
107662.

Zhang RF, Vivanco JM, Shen QR. The unseen rhizosphere
root-soil-microbe interactions for crop production. Current
Opinion in Microbiology, 2017, 37: 8—14.

Trivedi P, Leach JE, Tringe SG, Sa TM, Singh BK.
Plant-microbiome interactions: from community assembly to
plant health. Nature Reviews Microbiology, 2020, 18(11):
607-621.

Xu J, Zhang YZ, Zhang PF, Trivedi P, Riera N, Wang YY,
Liu X, Fan GY, Tang JL, Coletta-Filho HD, Cubero J, Deng
XL, Ancona V, Lu ZJ, Zhong BL, Roper MC, Capote N,
Catara V, Pietersen G, Verniére C, Al-Sadi AM, Li L, Yang F,
Xu X, Wang J, Yang HM, Jin T, Wang N. The structure and
function of the global citrus rhizosphere microbiome. Nature
Communications, 2018, 9(1): 4894.

Gao C, Montoya L, Xu L, Madera M, Hollingsworth J,
Purdom E, Singan V, Vogel J, Hutmacher RB, Dahlberg JA,
Coleman-Derr D, Lemaux PG, Taylor JW. Fungal
community assembly in drought-stressed sorghum shows
stochasticity, selection, and universal ecological dynamics.
Nature Communications, 2020, 11(1): 34.

Hassan S, Mathesius U. The role of flavonoids in
root-rhizosphere signalling: opportunities and challenges for
improving  plant-microbe interactions.
Experimental Botany, 2012, 63(9): 3429-3444.
Vandenkoornhuyse P, Quaiser A, Duhamel M, Le Van A,

Journal  of

Dufresne A. The importance of the microbiome of the plant
holobiont. New Phytologist, 2015, 206(4): 1196-1206.

Eilers KG, Lauber CL, Knight R, Fierer N. Shifts in bacterial
community structure associated with inputs of low
molecular weight carbon compounds to soil. Soil Biology
and Biochemistry, 2010, 42(6): 896-903.
Sanchez-Cafiizares C, Jorrin B, Poole PS, Tkacz A.
Understanding the holobiont: the interdependence of plants
and their microbiome. Current Opinion in Microbiology,
2017, 38: 188-196.

Kraft B, Strous M, Tegetmeyer HE. Microbial nitrate
respiration — Genes, enzymes and environmental distribution.

Journal of Biotechnology, 2011, 155(1): 104-117.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Kuypers MMM, Marchant HK, Kartal B. The microbial
nitrogen-cycling network. Nature Reviews Microbiology,
2018, 16(5): 263-276.

Dardanelli MS, de Cérdoba FJF, Espuny MR, Carvajal MAR,
Diaz MES, Gil Serrano AM, Okon Y, Megias M. Effect of
Azospirillum brasilense coinoculated with rhizobium on
Phaseolus vulgaris flavonoids and nod factor production
under salt stress. Soil Biology and Biochemistry, 2008,
40(11): 2713-2721.

H, Mougel C,

Lambers Jaillard B, Hinsinger P.

Plant-microbe-soil interactions in the rhizosphere: an
evolutionary perspective. Plant and Soil, 2009, 321(1/2):
83-115.

Hayat R, Ali S, Amara U, Khalid R, Ahmed I. Soil beneficial
bacteria and their role in plant growth promotion: a review.
Annals of Microbiology, 2010, 60(4): 579-598.

Subbarao GV, Nakahara K, Ishikawa T, Ono H, Yoshida M,
Yoshihashi T, Zhu YY, Zakir HAKM, Deshpande SP, Hash
CT, Sahrawat KL. Biological nitrification inhibition (BNI)
activity in sorghum and its characterization. Plant and Soil,
2013, 366(1/2): 243-259.

Rakiami A, Bechtaoui N, Tahiri AI, Anli M, Meddich A,
Oufdou K. Use of rhizobacteria and mycorrhizae consortium
in the open field as a strategy for improving crop nutrition,
productivity and soil fertility. Frontiers in Microbiology,
2019, 10: 1106.

Zhang L, Xu MG, Liu Y, Zhang FS, Hodge A, Feng G
Carbon and phosphorus exchange may enable cooperation
between an arbuscular mycorrhizal fungus and a
phosphate-solubilizing bacterium. New Phytologist, 2016,
210(3): 1022-1032.

Pérez-Jaramillo JE, Mendes R, Raaijmakers JM. Impact of
plant domestication on rhizosphere microbiome assembly
and functions. Plant Molecular Biology, 2016, 90(6):
635-644.

Philippot L, Raaijmakers JM, Lemanceau P, van der Putten
WH. Going back to the roots: the microbial ecology of the
rhizosphere. Nature Reviews Microbiology, 2013, 11(11):
789-799.

Ferrol N, Azcon-Aguilar C, Pérez-Tienda J. Review:
arbuscular mycorrhizas as key players in sustainable plant
phosphorus acquisition: an overview on the mechanisms

involved. Plant Science, 2019, 280: 441-447.

http://journals.im.ac.cn/actamicrocn



244

Jingwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(2)

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

Ding ZJ, Tang M, Chen X, Yin LM, Gui HC, Zhu B.
Measuring rhizosphere effects of two tree species in a
temperate forest: a comprehensive method comparison.
Rhizosphere, 2019, 10: 100153.

Zhu B, Panke-Buisse K, Kao-Kniffin J. Nitrogen
fertilization has minimal influence on rhizosphere effects of
smooth crabgrass (Digitaria ischaemum) and bermudagrass
(Cynodon dactylon). Journal of Plant Ecology, 2015, 8(4):
390-400.

Moyano FE, Manzoni S, Chenu C. Responses of soil
heterotrophic respiration to moisture availability: an
exploration of processes and models. Soil Biology and
Biochemistry, 2013, 59: 72-85.

Tang M, Cheng WX, Zeng H, Zhu B. Light intensity controls
rhizosphere respiration rate and rhizosphere priming effect
of soybean and sunflower. Rhizosphere, 2019, 9: 97—105.
Wang QF, Ma MC, Jiang X, Zhou BK, Guan DW, Cao FM,
Chen SF, Li J. Long-term N fertilization altered *C-labeled
fungal community composition but not diversity in wheat
rhizosphere of Chinese black soil.
Biochemistry, 2019, 135: 117-126.

Maarastawi SA, Frindte K, Bodelier PLE, Knief C. Rice

Soil Biology and

straw serves as additional carbon source for rhizosphere
microorganisms and reduces root exudate consumption. Soil
Biology and Biochemistry, 2019, 135: 235-238.

Li XZ, Rui JP, Mao YJ, Yannarell A, Mackie R. Dynamics of
the bacterial community structure in the rhizosphere of a
maize cultivar. Soil Biology and Biochemistry, 2014, 68:
392-401.

Kwak MJ, Kong HG, Choi K, Kwon SK, Song JY, Lee J, Lee
PA, Choi SY, Seo M, Lee HJ, Jung EJ, Park H, Roy N, Kim
H, Lee MM, Rubin EM, Lee SW, Kim JF. Rhizosphere
microbiome structure alters to enable wilt resistance in
tomato. Nature Biotechnology, 2018, 36(11): 1100-1109.

Xu L, Naylor D, Dong ZB, Simmons T, Pierroz G, Hixson
KK, Kim YM, Zink EM, Engbrecht KM, Wang Y, Gao C,
DeGraaf S, Madera MA, Sievert JA, Hollingsworth J,
Birdseye D, Scheller HV, Hutmacher R, Dahlberg J, Jansson
C, Taylor JW, Lemaux PG, Coleman-Derr D. Drought delays
development of the sorghum root microbiome and enriches
for monoderm bacteria. Proceedings of the National
Academy of Sciences of the United States of America, 2018,
115(18): E4284-E4293.

actamicro@im.ac.cn

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Tkacz A, Hortala M, Poole PS. Absolute quantitation of

microbiota  abundance in  environmental
Microbiome, 2018, 6(1): 110.
Guo XX, Zhang XN, Qin Y, Liu YX, Zhang JY, Zhang N,

Wu K, Qu BY, He ZS, Wang X, Zhang XJ, Hacquard S, Fu

samples.

XD, Bai Y. Host-associated quantitative abundance profiling
reveals the microbial load variation of root microbiome.
Plant Communications, 2020, 1(1): 100003.

Niu B, Paulson JN, Zheng XQ, Kolter R. Simplified and
representative  bacterial community of maize roots.
Proceedings of the National Academy of Sciences of the
United States of America, 2017, 114(12): E2450-E2459.

Liu YX, Qin Y, Bai Y. Reductionist synthetic community
approaches in root microbiome research. Current Opinion in
Microbiology, 2019, 49: 97-102.

Zhang JY, Liu YX, Zhang N, Hu B, Jin T, Xu HR, Qin Y,
Yan PX, Zhang XN, Guo XX, Hui J, Cao SY, Wang X, Wang
C, Wang H, Qu BY, Fan GY, Yuan LX, Garrido-Oter R, Chu
CC, Bai Y. Nrtl.IB is associated with root microbiota
composition and nitrogen use in field-grown rice. Nature
Biotechnology, 2019, 37(6): 676—684.

Bai Y, Miiller DB, Srinivas G, Garrido-Oter R, Potthoff E,
Rott M, Dombrowski N, Minch PC, Spaepen S,
Remus-Emsermann M, Hiittel B, McHardy AC, Vorholt JA,
Schulze-Lefert P. Functional overlap of the Arabidopsis leaf
and root microbiota. Nature, 2015, 528(7582): 364-369.
Huang AC, Jiang T, Liu YX, Bai YC, Reed J, Qu BY,
Goossens A, Nitzmann HW, Bai Y, Osbourn A. A
specialized metabolic network
Arabidopsis root microbiota. Science, 2019, 364(6440):
eaau6389.

Walters WA, Jin Z, Youngblut N, Wallace JG, Sutter J, Zhang
W, Gonzalez-Pefa A, Peiffer J, Koren O, Shi QJ, Knight R,

del Rio TG, Tringe SG, Buckler ES, Dangl JL, Ley RE.

selectively modulates

Large-scale replicated field study of maize rhizosphere
identifies heritable microbes. Proceedings of the National
Academy of Sciences of the United States of America, 2018,
115(28): 7368-7373.

Gaiero JR, McCall CA, Thompson KA, Day NJ, Best AS,
Dunfield KE. Inside the root microbiome: bacterial root
endophytes and plant growth promotion. American Journal
of Botany, 2013, 100(9): 1738-1750.

Chaparro JM, Badri DV, Vivanco JM. Rhizosphere



XIRRSE | WA, 2021, 61(2)

245

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

microbiome assemblage is affected by plant development.
The ISME Journal, 2014, 8(4): 790-803.

Hu LF, Robert CAM, Cadot S, Zhang X, Ye M, Li BB,
Manzo D, Chervet N, Steinger T, van der Heijden MGA,
Schlaeppi K, Erb M. Root exudate metabolites drive
plant-soil feedbacks on growth and defense by shaping the
rhizosphere microbiota. Nature Communications, 2018, 9(1):
2738.

Li XZ, Rui JP, Xiong JB, Li JB, He ZL, Zhou JZ, Yannarell
AC, Mackie RI. Functional potential of soil microbial
communities in the maize rhizosphere. PLoS One, 2014,
9(11): e112609.

Chaparro JM, Badri DV, Bakker MG, Sugiyama A, Manter
DK, Vivanco JM. Root exudation of phytochemicals in
arabidopsis  follows that  are

specific ~ patterns

developmentally programmed and correlate with soil
microbial functions. PLoS One, 2013, 8(2): e55731.
Zhalnina K, Louie KB, Hao Z, Mansoori N, da Rocha UN,
Shi SJ, Cho H, Karaoz U, Loqué D, Bowen BP, Firestone
MK, Northen TR, Brodie EL. Dynamic root exudate
chemistry and microbial substrate preferences drive patterns
in rhizosphere microbial community assembly. Nature
Microbiology, 2018, 3(4): 470-480.

Yuan J, Zhao J, Wen T, Zhao ML, Li R, Goossens P, Huang
QW, Bai Y, Vivanco JM, Kowalchuk GA, Berendsen RL,
Shen QR. Root exudates drive the soil-borne legacy of
aboveground pathogen infection. Microbiome, 2018, 6(1):
156.

Cesco S, Neumann G, Tomasi N, Pinton R, Weisskopf L.
Release of plant-borne flavonoids into the rhizosphere and
their role in plant nutrition. Plant and Soil, 2010, 329(1/2):
1-25.

Maj D, Wielbo J, Marek-Kozaczuk M, Skorupska A.
flavonoids as a factor

Response  to influencing

competitiveness and symbiotic activity of Rhizobium
leguminosarum. Microbiological Research, 2010, 165(1):
50-60.

A, Mariani

Moscatiello R, Squartini P, Navazio L.

Flavonoid-induced calcium signalling in Rhizobium
leguminosarum bv. viciae. New Phytologist, 2010, 188(3):
814-823.

Zuanazzi JAS, Clergeot PH, Quirion JC, Husson HP,

Kondorosi A, Ratet P. Production of Sinorhizobium meliloti

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

nod gene activator and repressor flavonoids from Medicago
sativa roots. Molecular Plant-Microbe Interactions, 1998,
11(8): 784-794.

Kikuchi K, Matsushita N, Suzuki K, Hogetsu T. Flavonoids
induce germination of basidiospores of the ectomycorrhizal
fungus Suillus bovinus. Mycorrhiza, 2007, 17(7): 563-570.
Harrison MJ, Dixon RA. Isoflavonoid accumulation and
of defense transcripts  during  the

expression gene

establishment of  vesicular-arbuscular mycorrhizal
associations in roots of Medicago truncatula. Molecular
Plant-Microbe Interactions, 1993, 6(5): 643—654.

Badri DV, Chaparro JM, Zhang RF, Shen QR, Vivanco JM.
Application of natural blends of phytochemicals derived
from the root exudates of arabidopsis to the soil reveal that
phenolic-related compounds predominantly modulate the
soil microbiome. Journal of Biological Chemistry, 2013,
288(7): 4502-4512.

Liu JG, Li XG, Jia ZJ, Zhang TL, Wang XX. Effect of
benzoic acid on soil microbial communities associated with
soilborne peanut diseases. Applied Soil Ecology, 2017, 110:
34-42.

Hao WY, Ren LX, Ran W, Shen QR. Allelopathic effects of
root exudates from watermelon and rice plants on Fusarium
oxysporum f. sp. niveum. Plant and Soil, 2010, 336(1/2):
485-497.

Mandal SM, Chakraborty D, Dey S. Phenolic acids act as
signaling molecules in plant-microbe symbioses. Plant
Signaling & Behavior, 2010, 5(4): 359-368.

Somers E, Vanderleyden J, Srinivasan M. Rhizosphere
bacterial signalling: a love parade beneath our feet. Critical
Reviews in Microbiology, 2004, 30(4): 205-240.

Carvalhais LC, Dennis PG, Badri DV, Kidd BN, Vivanco JM,
Schenk PM. Linking jasmonic acid signaling, root exudates,
and rhizosphere microbiomes. Molecular Plant-Microbe
Interactions, 2015, 28(9): 1049—-1058.

Czaban W, Rasmussen J, Laursen BB, Vidkjer NH, Sapkota
R, Nicolaisen M, Fomsgaard IS. Multiple effects of
secondary metabolites on amino acid cycling in white clover
rhizosphere. Soil Biology and Biochemistry, 2018, 123:
54-63.

Li XG, Ding CF, Hua K, Zhang TL, Zhang YN, Zhao L,
Yang YR, Liu JG, Wang XX. Soil sickness of peanuts is

attributable to modifications in soil microbes induced by

http://journals.im.ac.cn/actamicrocn



246

Jingwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(2)

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

peanut root exudates rather than to direct allelopathy. Soil
Biology and Biochemistry, 2014, 78: 149—-159.

Scheffknecht S, Mammerler R, Steinkellner S, Vierheilig H.
Root exudates of mycorrhizal tomato plants exhibit a
different effect on microconidia germination of Fusarium
oxysporum f. sp. lycopersici than root exudates from
non-mycorrhizal tomato plants. Mycorrhiza, 2006, 16(5):
365-370.

Souto XC, Chiapusio G, Pellissier F. Relationships between
phenolics and soil microorganisms in spruce forests:
significance for natural regeneration. Journal of Chemical
Ecology, 2000, 26(9): 2025-2034.

Qu XH, Wang JG. Effect of amendments with different
phenolic acids on soil microbial biomass, activity, and
community diversity. Applied Soil Ecology, 2008, 39(2):
172-179.

Zhou XG, Wu FZ. P-coumaric acid influenced cucumber
rhizosphere soil microbial communities and the growth of
Fusarium oxysporum f. sp. cucumerinum owen. PLoS One,
2012, 7(10): e48288.

Rasmann S, Turlings TCJ. Root signals that mediate
mutualistic interactions in the rhizosphere. Current Opinion
in Plant Biology, 2016, 32: 62—68.

Lebeis SL, Paredes SH, Lundberg DS, Breakfield N,
Gehring J, McDonald M, Malfatti S, del Rio TG, Jones CD,
Tringe SG, Dangl JL. Salicylic acid modulates colonization
of the root microbiome by specific bacterial taxa. Science,
2015, 349(6250): 860—-864.

Li XG, Jousset A, de Boer W, Carrién VJ, Zhang TL, Wang
XX, Kuramae EE. Legacy of land use history determines
reprogramming of plant physiology by soil microbiome. The
ISME Journal, 2019, 13(3): 738-751.

Bednarek P, Kwon C, Schulze-Lefert P. Not a peripheral
issue: secretion in plant-microbe interactions. Current
Opinion in Plant Biology, 2010, 13(4): 378-387.

Akiyama K, Matsuzaki K, Hayashi H. Plant sesquiterpenes
induce hyphal branching in arbuscular mycorrhizal fungi.
Nature, 2005, 435(7043): 824-827.

Carvalhais LC, Dennis PG, Badri DV, Tyson GW, Vivanco
JM, Schenk PM. Activation of the jasmonic acid plant
defence pathway alters the composition of rhizosphere
bacterial communities. PLoS One, 2013, 8(2): e56457.

Neumann G, Bott S, Ohler MA, Mock HP, Lippmann R,

actamicro@im.ac.cn

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Grosch R, Smalla K. Root exudation and root development
of lettuce (Lactuca sativa L. cv. Tizian) as affected by
different soils. Frontiers in Microbiology, 2014, 5: 1-6.
Doussan C, Pagés L, Pierret A. Soil exploration and resource
acquisition by plant roots: an architectural and modelling
point of view. Agronomie, 2003, 23(5/6): 419—431.

Banerjee S, Helgason B, Wang LF, Winsley T, Ferrari BC,
Siciliano SD. Legacy effects of soil moisture on microbial
community structure and N,O emissions. Soil Biology and
Biochemistry, 2016, 95: 40-50.

Hacquard S, Garrido-Oter R, Gonzalez A, Spaepen S,
Ackermann G, Lebeis S, McHardy AC, Dangl JL, Knight R,
Ley R, Schulze-Lefert P. Microbiota and host nutrition
across plant and animal kingdoms. Cell Host & Microbe,
2015, 17(5): 603-616.

Rousk J, Béath E, Brookes PC, Lauber CL, Lozupone C,
Caporaso JG, Knight R, Fierer N. Soil bacterial and fungal
communities across a ph gradient in an arable soil. The
ISME Journal, 2010, 4(10): 1340-1351.

Blagodatskaya E, Blagodatsky S, Anderson TH, Kuzyakov Y.
Microbial growth and carbon use efficiency in the
rhizosphere and root-free soil. PLoS One, 2014, 9(4): €93282.
Zivanovié BD. Surface tip-to-base Ca>' and H' ionic fluxes
are involved in apical growth and graviperception of the
Phycomyces stage 1 sporangiophore. Planta, 2012, 236(6):
1817-1829.

Bais HP, Weir TL, Perry LG, Gilroy S, Vivanco JM. The role
of root exudates in rhizosphere interactions with plants and
other organisms. Annual Review of Plant Biology, 2006, 57:
233-266.

van West P, Morris BM, Reid B, Appiah AA, Osborne MC,
Campbell TA, Shepherd SJ, Gow NAR. Oomycete plant
pathogens use electric fields to target roots. Molecular
Plant-Microbe Interactions, 2002, 15(8): 790-798.
Robinson KR, Messerli MA. Left/right, up/down: The role
of endogenous electrical fields as directional signals in
development, repair and invasion. Bioessays, 2003, 25(8):
759-766.

George TS, Turner BL, Gregory PJ, Cade-Menun BJ,
Richardson AE. Depletion of organic phosphorus from oxisols
in relation to phosphatase activities in the rhizosphere.
European Journal of Soil Science, 2006, 57(1): 47-57.
Schreiter S, Ding GC, Heuer H, Neumann G, Sandmann M,



XIRRSE | WA, 2021, 61(2)

247

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

Grosch R, Kropf S, Smalla K. Effect of the soil type on the
microbiome in the rhizosphere of field-grown lettuce.
Frontiers in Microbiology, 2014, 5: 144.

de Ridder-Duine AS, Kowalchuk GA, Gunnewiek PJA,
Smant W, van Veen JA, de Boer W. Rhizosphere bacterial

community composition in natural stands of Carex arenaria

(sand sedge) is determined by bulk soil community composition.

Soil Biology and Biochemistry, 2005, 37(2): 349-357.
van der Heijden MGA, de Bruin S, Luckerhoff L, van
RSP, Schlaeppi K. A

plant-fungal-bacterial symbiosis promotes plant biodiversity,

Logtestijn widespread
plant nutrition and seedling recruitment. The ISME Journal,
2016, 10(2): 389-399.

Kang SM, Khan AL, Waqas M, You YH, Kim JH, Kim JG,
Hamayun M, Lee 1J. Plant growth-promoting rhizobacteria
reduce adverse effects of salinity and osmotic stress by
regulating phytohormones and antioxidants in Cucumis
sativus. Journal of Plant Interactions, 2014, 9(1): 673—-682.
Kim YC, Leveau J, Gardener BBM, Pierson EA, Pierson LS
III, Ryu CM. The multifactorial basis for plant health
promotion by plant-associated bacteria.
Environmental Microbiology, 2011, 77(5): 1548—1555.
Dardanelli MS,
Rodriguez-Carvajal MA, Gil-Serrano AM, Espuny MR,
Lopez-Baena FJ, Bellogin RA, Megias M, Ollero FJ. Effect
of the

Applied and

Manyani H, Gonzélez-Barroso S,

presence of the plant growth promoting
rhizobacterium (PGPR) Chryseobacterium balustinum Aur9
and salt stress in the pattern of flavonoids exuded by
soybean roots. Plant and Soil, 2010, 328(1/2): 483-493.
Scheublin TR, Ridgway KP, Young JPW, van der Heijden
MGA. Nonlegumes, legumes, and root nodules harbor
different arbuscular mycorrhizal fungal communities.
Applied and Environmental Microbiology, 2004, 70(10):
6240-6246.

Deinlein U, Stephan AB, Horie T, Luo W, Xu GH, Schroeder
JI. Plant salt-tolerance mechanisms. Trends in Plant Science,
2014, 19(6): 371-379.

Zhang HM, Kim MS, Sun Y, Dowd SE, Shi HZ, Paré PW.

[95]

[96]

(971

(98]

[99]

[100]

[101]

[102]

[103]

Soil bacteria confer plant salt tolerance by tissue-specific
regulation of the sodium transporter HKTI. Molecular
Plant-Microbe Interactions, 2008, 21(6): 737-744.
Choudhury FK, Rivero RM, Blumwald E, Mittler R.
Reactive oxygen abiotic stress and stress
combination. The Plant Journal, 2017, 90(5): 856-867.

Kumari S, Vaishnav A, Jain S, Varma A, Choudhary DK.

species,

Bacterial-mediated induction of systemic tolerance to
salinity with expression of stress alleviating enzymes in
soybean (Glycine max 1. Merrill). Journal of Plant Growth
Regulation, 2015, 34(3): 558-573.

Kasim WA, Gaafar RM, Abou-Ali RM, Omar MN, Hewait
HM. Effect of biofilm forming plant growth promoting
rhizobacteria on salinity tolerance in
Agricultural Sciences, 2016, 61(2): 217-227.

Weller DM, Raaijmakers JM, Gardener BBM, Thomashow

barley. Annals of

LS. Microbial populations responsible for specific soil
suppressiveness to plant pathogens. Annual Review of
Phytopathology, 2002, 40: 309-348.

Rosenzweig N, Tiedje JM, Quensen JF III, Meng QX, Hao
JJJ. Microbial communities associated with potato common
scab-suppressive soil determined by pyrosequencing
analyses. Plant Disease, 2012, 96(5): 718-725.

Macfarlane SA. Molecular determinants of the transmission
of plant viruses by nematodes. Molecular Plant Pathology,
2003, 4(3): 211-215.

Xu XL, Ouyang H, Richter A, Wanek W, Cao GM,
Kuzyakov Y. Spatio-temporal variations determine
plant-microbe competition for inorganic nitrogen in an
alpine meadow. Journal of Ecology, 2011, 99(2): 563-571.
van der Heijden MGA, Bardgett RD, van Straalen NM. The
unseen majority: soil microbes as drivers of plant diversity
and productivity in terrestrial ecosystems. Ecology Letters,
2008, 11(3): 296-310.

Ding JT, Xi BD, Gao RT, He LS, Liu HL, Dai XL, Yu Y]J.
Identifying diffused nitrate sources in a stream in an
agricultural field using a dual isotopic approach. Science of

the Total Environment, 2014, 484: 10-18.

http://journals.im.ac.cn/actamicrocn



248 Jingwei Liu et al. | Acta Microbiologica Sinica, 2021, 61(2)

Research progress on assembly of plant rhizosphere microbial
community

Jingwei Liu'?, Xiangzhen Li', Minjie Yao™"

' Key Laboratory of Environmental and Applied Microbiology, Sichuan Key Laboratory of Environmental Microbiology,
Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, Sichuan Province, China

? University of Chinese Academy of Sciences, Beijing 100049, China

* Engineering Research Center of Soil Remediation of Fujian Province University, College of Resources and Environment,
Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian Province, China

Abstract: Plant rhizosphere refers to the interface between plant roots and soil, where the life activity and
metabolism of root system have the most direct and strong influence on soil. Physical, chemical and biological
properties of rhizosphere are different from bulk soil. Many microorganisms that interact with plants in this region
are known as rhizosphere microorganisms. Rhizosphere microorganisms play an important role in plant growth and
biological control of plant diseases and insect pests. In this article, we first summarize the research status of
rhizosphere microorganisms. Second, we introduce the classic and the latest research methods used in the
rhizosphere microbiome, such as root box method, isotope techniques, high-throughput sequencing, quantitative
analysis of microbial abundance, high-throughput isolation and culture. Third, we discuss the influencing factors on
rhizosphere microorganisms, such as plant root exudates (carbohydrate, amino acids, flavonoids, phenols, hormone
and its signal substance), soil physical and chemical properties. Fourth, we discuss the interaction between
rhizosphere microorganisms and plant, and introduce the effects of rhizosphere microorganisms on plant growth
stress resistance. Last, we address the problems in rhizosphere microbiome study and future development in this
field.
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