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Research progress in the rhizosphere microbiome of plants

SHAO Qiu-yu, DONG Chun-bo, HAN Yan-feng", LIANG Zong-qi
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Guizhou University, Guiyang 550025, China )

Abstract: Rhizosphere microbiome refers in particular to the dynamic microbial consortium that are selectively
recruited by plants from the soil microbiome of their seed banks and gathered in the rhizosphere. With the rapid
development of high-throughput sequencing technology and metagenomics in recent years, the natural close
relationship among rhizosphere microbiome, plant host and soil microbiome have attracted global attention and
become research upsurge. The rhizosphere microbiome, regarded as the second genome of plants, has very
complex interactions with plants in positive and negative. Many studies have shown that plants can obtain positive
feedback by recruiting certain members of the rhizosphere from the soil microbiome. The correct regulation of the
rhizosphere microbiome can not only promote the nutrition absorption, resist plant diseases and insect and help the
host to adapt environmental stress, but also promote the formation of healthy soils and enhance the service
function of soil ecosystem. This paper reviewed the definition, driving factors, research methods of rhizosphere
microbiome and the advances in relationship between rhizosphere microbiome and agricultural production. And
the interaction between rhizosphere microbiome and plant host was focused. The purpose of the review is to
provide new ideas for better exploitation and utilization of these biological resources.
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HRZ (rhizoplane) FIHR R M#B (endorhiza)“*, HRFRAE
AEPIAR RS R AT R A B A ) H A S
T, A& RO HESH PG B E X, BA
o HEK b B S BRI I 2 — 0 ARk, ARPRGU
AW BT I AEAH G 5T TR A BIRIESE . IR A
P AR B Tl A P 2 e (e AR P i 2 IR L e U
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ATHRFEEAR I SE R ARG X AR s Al A A 4 )
. FEIKEH R . Wk LS R AE TG
RIFATEEAR, DUy b i 5% RN e R FH AT ) AR B
WA

1 RN R E X

Bt DNA P4 AR AW SR AR
POl & JE, A4S HEEYRER 20 . 450
S RE AR 2 AR AN G . — 28 TR X
ST A W oA T R LIRS 1 R lb 44 3R], R
(microbiota), fAM4 (microbiome) SFAHLE =4,
IR M BIRE SR . AR S HCEw A
TR DX 5 K AR R A R PR A AR PR A 4 R i
P& TR VIR R AR TR R R TP AR E R A W 4R
A, GREE . H R AR M YA R R
FEREE I AEY (ARCEWRE) . BUeE R r
PRI RS PR 20 DA R A e = ) 5 e 30, XA
TE LTS FREE T 25 8 TR AE M AR A I R 0,
S5EYRA LG, YA S T RN A
R 2 | 25 e st 2 B 48 A 2 A PR SR AR 1

PN

EAZRA LM AEAR PR £ (bulk soil) AHEL,
H3-+ 3 AAT (root-soil interface, BIARPR) B & =34k
WER ML T — IR A S0, FERE . e A
PR 2R 1 2 [F) 3K 2 E T T8 B S5 AR BRAH DG i 3 A= 4
24, BISMARPRIA-9I2H (rthizosphere microbiome)™ ',
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[Fi] — A AN ) e R0 78 ) SR AR B ol 2 P 2 A A7 7 22
S, D5, TR S AN R P R ) — R AS ]
FH R AU [R] AR 22 40 S 1) JB R R ], SRy Bl 2 0 i 4
BERBRIR DA, SEmAE SRR A ) S R AR K
AR, PEAGE , FEYE E R 40% BEAE IR R 41
WY SRR EAR BRI BARPR TR, X EEAR 2R 43
WY, WEERKAS Y . AIRAA LIRSS, W5
REMNL, Z58ERRMEDL, Hrp g
PR UIAI T LR G BCHE R SRS, TSR 3
FRBRAdAE P4 () A1, 4N Rudrappa 55 P20 58 26
B, RS IF AR o0 I 1) = FR R B4 v (] 7= 1) S SR e i
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A+ HEFRAL P 2 T U R AR PR E AL,
TR RN Y2, FEAEDI AR PRIRAR R oI5, Wi
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3y — 7, XA ] RS AETE T A P Rl R A
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HPE AN Z B0 (EAR I — S IRARGT .
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JER MR LS W AR AR R GBI R ™, AL
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AU ERE Y (BRI IR ERAEY) (I RIR M
FRBAE) o K AR5 e - A i AL R
Y L B EE R RS, B 80K, dwalhe
FEC AR IR, AR A, A
HER, pH. BERRER MR B KA ML 2 45 A2 1
ANl Horr, pH BN Ry 5 I A Y VR 4544
I AR 22— [ Fierer S50 UBFSE A&
B, T8 pH 5 IR AR 2R A OG,
TIEAN TR 2R R, BRPE RN TR 2R R
Rousk SFHFSE K, ELRTERRTE S5 T BT 52 M &
TN, ¥4+ pH M 8.3 T E 4.5, FEA: /404
ARG IR 30 1%

T 0 W BRAR A P T, 3 R SE e 5 e A )
A 3 ) 2 AR AR PR B 2 2L 1) A 8 S R o 3 g 290,
INAE R SRR T SRHE P AR 2R 23 43 06 B T 2 4y Jo %
SRR, JFEOS MU AR B i Rk, &g
R TR PAE AR BRI A C R TEREIRER T
T, BRI BEYLUR N (phosphate starvation
responses) HITE , SAVIR . A A A
P DGR R AR B3R GA0, IbAh, 345 3ifk
PR 5[] 52 2% A R B AR R RE 23 52 i AF 40 A AR B
T 9K B AR B A ) A 2H B 28 Ak o A - 5 % T ek
PRBE AT 52 0 4 e P AR ) R RO R AR IE S
HAYA S,
23 RFFMEYESEFEINEE

Y5 BR G YRl o) AR R B 24, &
PR EAEAE (AR PRI AE e ke F A4 $t
i 55 ) N AHEAE A (WARPRIAE Y 518 R 5w 48
Fr . ARYTE ETILWREF), X —EAEL A A
— R EERE R T, AT U A 4 i Ak 3 5
i, SEMARPRICE A e B, an YA s 57
R BTG, BB R R E E SRS E R
FRE A R EY, X —MERIEZ D) SRR
(cry for help)” U7, FAZERIMBR A 15 A= Y0 i i
FH0w r EEHLH A PUAAER (antibiosis) . FFAMEH]
(parasitism) . Fa/EH (competition) 15T R itk
(induced systemic resistance) 4 F1®, HA &5 Y 0
ARSI IR AL S Y, SRR A R R bR
HEHUR RN, BIAPTAEAE IO AR PR A P28
YA MBS Pseudomonas fluorescens == PTG
FEY) 2, 4- T LR R R Sy, X AR A e R ST
/TR Sclerotium rolfsii I ZE55 75% %, FAAE
FH— M K AEAEAE YL A W) SR R TR 2 8], s disE

P75 A TR R AR R BRI, I DAER IO J5 3 %
& Ao HOEE B K . WL XIERIEE Collimonas
RETE LW M 22 P e i 3 A, JF DL i ME— B A
M E R A, SE P E TS — M aR i S e
TR S8 2P 5 5 IR R/ s TR A5, DA 40 ) g it v
A R A AR SR o T E A g TR )
B R GERS R AH G P Rk e A4k, S S K
PR B TR Y SRS, W R BR A A ) 5 R ST
PEE NGRS B WCS417r 78U I 4R P g
FE, AIfEGE 3 SR Pseudomonas syringae
pv tomato B AHIFH 5 A3 PR 3B K B e, (HARE
B, HYTE E R S5 &5 8 XRS5 T
W R 5| 8 FEHAD A FH A (Rl . Sl BN
85y, NHFR R E FHAYE R, AR AR R
) S BRI 75 | 1 2R R A2 A= YRR TR Bradyrhizobivum
Japonicum W[}, WEEW 5| K G YERE Phytophthora
sojae X —FE 40 [ A1
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B BE) . e . AR RTE S BAEJLASBY B,
o, U G R B SCHED TR . TR R A
MR 38 3 7 A RE B U E WU AR 5 5 3 UE Y
WATACU, X EEAFE T St R SURTAE S U2k W e BE Y
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HYES TG B Al” dRhiRE 2 CE
FIVERE, U0 Lebeis S5 5 R, IFITR RS
A T 7 B R K A T T 36 ok S e R ) A TR K
JRAEAR PR EFE , DT 2 5 AR PR A R v 11 2 3¢
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FAFEE FAKA (nutritional interdependencies). FrBi
P # (enhanced dispersal) KX HEEAELRN (quorum
sensing) SFAAY  EFRUOME, R BV A SR ERE T
AW, R AL B AMCEY) (N R R . 4EA R )
A F SRR, AR H B AR — R EARIE A,
WNIEREZF AT TR Bacillus cereus R P IRENE, 7T
PEIEAR R 0 20 IR B FF I Flavobacterium johnsoniae
AR, X — AR AT SR i Py A A 5 A
(fundamental niches), fii &I TREMSFE 7L TR A=



14 BRRKHT, 25 AEYIARBSRCE WAL RS R 147

FESN R TR DAL R 22 E A, BRI BT Y
“ ELTH = A % (fungal highway)” SR 32 = HAE + 4%
BT R MRS, R R 0 (R O B R SRl 5
B 3k — T A SR AL - R 9 X 246 v e 4
PR . BERERNL, J&—FE S AL . TR
THUEYRORER S B, JR% DR B 5% R e TR Y 3R
IR BARHHAE AR PRI AR, BRIFAIRIALHI SN, VR 20
EVE MR EAILY . BIR . AR ]
ERE ST, MEMAEWRMEE, Kb,
A VY (G . B BZRROREAE), DUH
PR, B ZEL SRR, IE AL YL,
PN YK PR B AR b oy R 5 5,
PRI 5 e SE R Rk, il & ek AE R
WY A, AR AR PR A ) R 1 A A K
i, s ARPR A WA A WNREEARBE Tricho-
derma atroviride BT I HE & A ML AT 3G N2 bR
B P AR 2 2,4- T 2 TR L) R T B A
phlA fFRIRE, XL H AR R KA HUAEY AR Z
BATTA BRI PR T AR B e A W 4 0 A B B I RE Y
BRI, W T2 AR R, 2R
IR A A R TCIE SR, LR HETM A T LA
FEEY AR AT AR B, R EATTER S
20 2 R ELARAE T DL AS BT A o1

MR BR i AE W 2 — A B 52 % HL3h A28 Ak
AR BREMITHEMARZHN RSN, HEY A T
b AR AN [F P ol L B S 0 I SO IR R L R
JF S PR AR At T Rl S MU RIS A, SECH A
ARV 5[] 2 Jr

3 REAEAH Ik

3.1 FIEFRE

XoF R B i A= ) 2 TR R 22 R P R 46 A ) e 1) A
58, LG8 b FE AT EE SR O R A Wy AT o3 B Al
1k, PR S 1A P 0 TR VR I 2 B T TR O AR 7T 8
TR SRR (E B, GG TR e
4litr 3% (pure culture) MILHEFE (coculture) WiFh, H
o, G FREORIBN T A SRR 2 YR A 0 R T
W E TR AN 32 TP 0 X5 B A5 bR #E 1T 0 5%
HRERINHEMIEA . A G R e, 3R 0 g
FE— 28 B8 B 3G G A= P Ik AR AR ) 7 i e 2R
VIR E R B EAE, SR, B THREEL
AT E 2, VL2 TS sk L s BECE Y
AR, SR EE T R Tk B SR

AR ETEDTFT

IAEK, BEE R IAWIRA, =&ML MA]
FE R U ) B B R 2 AR B AR 1 2 215
%, AWML RS IR A Al 2 Fh s 35 2L i 77 2 H
HIY RAT SR AE YR 26095 WF-B. Vanlnsberghe
GO H] 8 FORNFEIRYUAE WIS SR, B T AR
MR Ir 187502 22% WIEY); Zhang
SN 1 GH R AR YA B SR R SRR R, )
RS T KRR R 70% WANE A2, @ T
DRGKFEIR RATE TR . LA, B R
K5 3245 (situ cultivation) FER B3l HE K.
Nichols SFCHEIH A _EE A “HY H% (miniature
diffusion chambers)” 4 W11 432505 /i~ (isolation chip)
SOV R IR B SR Wy R A 7 e 3 i B 3G 7 . s
B IRA R B B AR Y e ) £ i
WEE, BEEER BRI R I i ik & Wk i
A AR ME TR R, MRS L2
file HEZ, G2 AR TE IR 3 I2 55 1 M e 2
FRTAEA AT, RIRECAAR. ST
B REOR, WIS R BRAE M AHE5E i —
ANEET 1),
32 SBREMNFRASEERAFSE

R s R A R SR 0T R BRAE VR 2 O T8
FEMFAR NS . U DNA fa 8 EEHA | BElg IR
R AT IS, FRVFRTPIEAN A IRV (BL46 AN AT 15
FEHRGY) B ZREE S TR SE . Bk, R
Xy VA e R AL B AR A, WREAEAS R TR B2 3K
R AR B B SR R AE 5 B, (BEGE AR
kS K 1Y v a8 P B R (high-throughput
sequencing) A7 3K 412~ (metagenomics) M5, &
SEAE AR ACE B/ MBS, AR 4T R L
AW REVE, X B AR S P T )R R A2
ST HIIE ) — R Dl g

i I PR, DA - s R
PR RAE A, 8RR T o xR A Ui s
R FERE R, AT 2 i o 7% i DR A 2= AR AR B i AR
WA R TR B8 T IR, 223 58505
FA) e K DX HE T T L PR v i A A e A T A
5%, XA AR AR IR AL B . P B
PR, EE AR PR 309 5 DNA 3k
BT T 2 50E T 5078 . K AR )7 51 5 B ATE
o PE AT LR AT B A LU XA, BV AT 2 e 47 X6
A TR EAC TR, & IR & fa 15 55 i Ak W DL S Y D g
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BEPR LRI 0, HR i, FRATTRT Ay oA A T
A (R AR B A AT SR BRGZE ) A
MR, R PRI A5 1 5 DI REYE 1 o A Sessitsch
SR o 2 R 2H A3 BT AR R T KRR R N A TR Y DR
FRAE, ER AR A YR AN T R A T RESAT AR N A
(EENIBR o 38

TEWE Z RN, RIE eI A T ]
4E 4325550 OTU (operational taxonomic unit), iX—
WS FRARY 18 S P A AR rh sl A 22, — 8okt
JP 304 0.97 BYFRLLRE AT 528 5 P AR 4l 5 22 41 FH AR
KB ECF 5 TR . AT FUNGuild 11k
FURHI I PP F- 5 SO B AR, A B A AT RE R
(ecological guild) M\732%% I fif#fr H I ) OTUs, #f
o33 R AR LT RE T 1 HE R 07 A Oy 3 Rk
EowEFRA HEERBMMEAEFRA), 12 /0K
(EAES IR . AR AR TR 55) ™, T R4
B2, EOR A I P AT E R AR PR
AW B AR SR TS i) 2 A, (H R HOC
T TR A RN B, AR ME A o L rp BESe i A 2
TR T B2 iy T LA ) = B A B N3 2 AR SRR
R AR . HA-QAP (host-associated quantitative
abundance profiling) J&— ] & S AR PR P4
BT R, I AR PR G A M ZHAE i DNA (B35 HE
Y) DNA FIiA 4% DNA) s hin— & & 1Y spike-in it
ki, FEHEPIARICHE N @ S qPCR M & 154 DNA,
I spike-in 1 SHIY DNA ZHIER, KRG
T3 TP G 2R K Rl AR O A A S AH ] R 0 AR )
DNA ., FI I T 25, AR FEAREE T AR X = 4k
o3 = A i 2, R AR PR E W 5 A KR
ER ;I AT OB [F) BR A8 25 A T A AR Prist A= A
R ZE 5, KR BRI YA SRR S R
BUIVEIR . Az BRPAE SR HEA T OCIR 34T, S AR R dE i
VAR PRIE PR AR A HE A S I R 5 S g 7,
33 AEFRESREABRANEIES

S HAR HE AT 5T N 51 RE 4% PR ) 7 PR35
FEARTILT 2 ER S, IR 20 7
B — BT AR A K, (H AR — ™ R
K, BIANATSRICSARTAE Y iR IR . 5 Oberhardt
SECHEHY, A AR RUE IR 16S rtDNA 51 H]
KOMODO (the known media database, http://komodo.
modelseed.org/) V-5 AR I HAE SR IR Tr, HEE TR
JE DY BT ) Z AR R 5 E AR TR R 0 0 B B R
APUEHGER . U1 Chai S0 MRIER F 4 Clostridia

Fi5E 16S rRNA FE 51, ] KOMODO ~F- 15 fir
TR s TR AL, IR BER W h oy 85 Clostridium
WPk, XFHETC AR T2 CE B aEAE R
FEPC T 18000 270, JEXTEATRIHYIE IF poY
VAT R BRIAR AL SR L X — - 5 G, Rt
T 7 7 T Jir 3 45 4% 336 Tl (transitive prediction)
FPp L BE TN (collaborative filtering predictor) i
Fhsl, BAKTT S, AL Sl e 5L T2 R v A% vk
(transitivity) #HATHERTEY . 40 AL B FI C A%
3FARRIAAEY, ml, m2 Fl m3 53 40ER 3 FoR
W32, Hor, AW AL B AT G 7 2
ml, B, C il F|fHE5 33 m2, C nlf| %A m3,
AR R, B ATHERT I R A AT RE A H]
B Ak m3, PpfE] s O U2 L T 16S rDNA Y5
Grit LA, MR O 08 5 35 i W b o 4 R 5 G
AR 5 T e M Rl ) B R 3 . A, SE Bk ]
255 — B VEEL (collab scores) 3267 Fr F H A4
B AR ERCOT TG B (R BT, P B AR
PERTREATS 5 B AR SR Rk, FRATAL 0K ] 5
TG RIGF T EEAR BRI R LR . BEAME, N
SR JZ A I A AR B 2B My 2

4 RERUEMAE SO A

R B 22 B TR R T, R AR B A A ) 2 A A
e FAEK . ERERIN A2 7 A E EEAEM . W
5 R W fig 5 AR PR T AR P 2 R 53 AR IR TR A A
KR ERER, D E BRI, B =,
DARE TR AR B DA g 5 48 R 2 B i A A 4 o R IR
F, HAHMERTR 22 ) 2% AT 4 AR i 1 JE XK 3 SR
B, YESERAEYIPTETY . Kwak 895 H 72 3L K 241
JrIEXTHURG S B A it 2 5 8 AR B A A= 2
AT, P s A B R B, ) R B
i AP AR PR A WA 22 5, DUtk AR B i AE A
BN B EAT R EE R AAF B, X — & B H ) 2
B H MR Ralstonia solanacearum WP i6- 24 18 FA1E
Hlo Zhang 53 53 b A HH (] A= 4 04 S PH AR 35 A8 R I
Pl . B (R LCRERR , ORI 2R 00 o i EUIE
R, RIFIE BT 8RR AR PR A= 4
2, MFEAR BRI A v Z AR s T RS, H
HUAEAR Bm HOBE RS & 4R 55 22 55 008 BRRH 5C 10 T A o i
2, UESE T AARBRGAE Y 5 A Y ZEF R G
o ZHEA AR BRGAE P A B A g5 A 53 I T
TR M R BIE R, K — b2 A R AR A
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A2y ARRERIF, EEkaE, RE 2R C
ZRUE] T AR BRI Py AN R B9 T, BT T I o
AR RIEZ R A P RIRLF, MAEE S
() H AR AR IR BT TN B 7843 A FEAE T B PR AR, —
FhOAT RE A AR RS, SIC 0 = i 0 R {2 TR
R, HRZ0MF—XF—mEEME, R0
BEZHE LR ESLM TS T RN R
Gigeyi by N s T G = 7/ LB E HESI PN
SR g I A0 A e D, RS AR IR
Y Is e P A SR T H, DR T AR/
(1] 328 0 S A A 5 B SRR S S5 1 A AT A S X
16 F A s sgmm im0 FLE AR RE R i PR SR
T, AR A AT RERTAE A A AR S e T
T rh T R, TR R T AR PR e A B AR AR B
H: 4 Pseudomonas simiae WCS417 RJ 75 FH Y% £k 1)
WS BN P A A R e A R b S e 5 T
TERRERZ B, WCS417 BE7= AL 28 G IR B AR 1 A sk
AEPIRTERAEREL, SRR E SR, SEGEYELS,
P, BB B AT T B v W AR A () S5 R AR
TR I D R AR RN T BRI Sk 34 AT 5 1 FH B AT
PRI, DL B4 b A Al S e b BRI RN A4S B AE
Wiktls, dgsmAOl RS RS RS DiRer =,

AR, — 8 A X R s i A 2R R e )
SAERT, A N TAE ) AR PRIAE 20, 309 +
SR o IR A WA T T RO T AN 2 S YU
FIEATIPHS, AN Yuan SFCT5E A0 XA [R] - 1 E L
FAE 5 2% 948 B T I B 45 Bl U Pseudomonas
syringae pv tomato, SRJGTESS 6 R I AP AT FE H
PPAG A ROR AL (e e . AR R 45 ) FIHTasiid
FKF (WSEFR . KR, 5T il 5l e
BER R ARPR R AN A AR AL, R A
FHAESE ] A 2H 27 R B8 8 iR 3R 03 W) 22 S 91 VP A
28 5o W AE AR A - SEGUR T AR, IER T
B L TR f Y 19 A R G Ao R AR R A WA B A 4R
55 B SRA s WE IR IR A e (RVE B
58, FEHEE AR X R R PR BE T o I AR
YIRS FHAR PR UAE P 20 B0Ks S il is AR L Bl
e R A PR AL — P B A T B

5 B

HE ) MR B — R DG T 2E 4 20 — b 3 A T e AR
(holobiont), XJHAHFF I & ) E KW 177 2%
e JRAE R RS IR FE SR i U

Jolp0 3 07 55 5 T A A R AR 2] Iz RS, H B T AL
TR E AR BRI Y 2 A R e, 58
SR BRE W A R R KB R 3=, JF 4R W]
H5HYE ER B EAECR, & 5 R i
AN A A SR A R R T

BB, AR A A — A BULA I
() 5,1 0 B B BIR ) PR X6 AR B s A 4 )5 i - 571
XA R DA R 5 B A 2 B s A8 A A AR PR A )
M. A5G R Y SRR A W RE T T R S
iR BbRr R, BARINE, B A
FEEET IR REAR T (microcosm) FIARYE E
B YRR A UREY% (synthetic community), 5 H
SRIREEAHLL, T d Bl S EE N, (G
i T4 A LRI A 5T, S8 B F IR V% 2 A T
R R, MYRPREE A, BRI
WAFEE, HEIFETA R RS 518 FURE M L.
O A4 (core microbiome) B IA N & AR PR AE
YA B S AR ), s — DA A RE S e g 4R
RN R AU RSE FERE B, A R ARSI L
A REAT T G B D R M A O AR A R (B A
7%) TEATEERREE (DB TP USSR, AR PR i
AP SR PLRRER Rk, B AR AT TR
JERIZ IR AR PR E 4 Y Rt
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