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Abstract

Biological nitrogen fixation (BNF) is the most crucial way of nitrogen fixation. Legume-rhizobium
symbiosis accounts for over 65% of the total nitrogen fixed by biological nitrogen fixation process,
which is one of the BNF research focuses. Plant growth promoting rhizobacteria (PGPR) can pro-
mote plant growth, enhance systemic resistance, and increase crop yield. However, there are still
some problems such as poor adaptability, low nodulation efficiency and unsatisfactory growth
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promoting effect of inoculating single rhizobium in a variety of soil environments. Therefore,
research has been focused on co-inoculation of PGPR and rhizobium to promote plant growth
and improve plant stress resistance. In this paper, the effects of PGPR and rhizobium on plant
growth, stress resistance and the corresponding mechanism were reviewed, and the future re-
search on the interaction between PGPR and rhizobium was also prospected for the production of
high-efficiency compound fungal fertilizer and the improvement of sustainable agricultural eco-
system productivity.
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1. 51§

BAMBUE AR EEZYR, £—U4AarER. RAROPERSNERZAN 79%, (HERKD>
5 T AR R ) DA, 248 K5 53 A 350 AN e B R FH X o 231 3 0 AR [ % (Biological Nitrogen Fixation,
BNF) &8 [ Z MY KA AR NE SRR, EARRP RN FENERRZHRE 7, LA
B - GRME Y A E B R AR A A A R AR Sy BSRAE R R E IR EtE. —EY
FRZREPE . SRS RGNS RS R WL EZIER, HEEE 5 2REY) [ ZUS 21 65%
PLE[1], W2 B A E RS RS —[2] [3]. 1886 4, fEE A1k 25 Hellriegel A1 Wilfarth 25 A
WFFEUE B S RHE VAR IR A2 A R R e 5 RS ), e el e KRF AR, ERAF RS TR L AES
R 1888 4F, fif 2223 Beijerinck MG RHEMINR 70 B HH BB, 44 MR #[4]. 1895 4F Nobbe
A1 Hiltner W AR B 40 71 26 — R TP, FFAESE36 il G RME MR AR . S AW ER S
SEE, GRMEY A AR AR SE B P IS T AR KB [5] . X Ee 2 MR TR AN 1 AR AL AR I U AR
B TR RV A S IR, JE e TE FE Y EERICRI I M E KR E6]. HAET, EEA 80%M%E 1L
T TE PR < T AT AR B e, NS DRI ORIV 8 A s AR p e P A, L 2 e Ml 2 52 [4]

B 6 ARLR TR R E A BRI V2 N, R BRI R R B SR I AR [ SRR R M ) R O
KERIF . R, E2M LR, LSRN B AR R BOE N2 (R R
BORAFRE TGN, #1207 HN R R, BACER S — R A A Rl B HUHACR, AR 2
A AR ELAE B S G R PR G 2R 5 3 e 4 R R FL At {12 A 20 B SR 4 o R A I B T B P e
SR EAEDEI e R AR A AT R R X [7] [8]. 20 tih4d 70 440K % 80 4E{X¥), Kloepper 1
Schroth [9] [10]#F 52 5 T H MR B AR BEAE A K o /DRI T K A 26 DL R 3 s L D e W 3 e 7 1) - 338 240
B RETE A 42 NARBR4N T, Kloepper A1 Schroth [111K5 X 286 12 4 A FH A AR B4l 5 1E 2 44 R AR B i 2E
474 (Plant Growth Promoting Rhizobacteria, PGPR). PGPR #J LU it £ MLl sSRAE BEM A K, ek .
AR AR . AR AR 1-E IR TR BE-1- 58 W2 i 2 B (1-aminocyclopropane-1-carboxylate synthase,
ACC), FTHBARIEKN(Quorum Sensing, QS)(& 5 AHMHI ALV, F AR, KIETIEFEEN,
PR R A NS PI(Volatile Organic Compounds, VOCs), S & Gihiltk, (et ie g - It
PEAET IR EAR T R, SR A K R B [12] [18]. AR, PGPR ik SRR HE A4
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Tt 2 SR T B v MR R OB RE D, AR et ra TR R E , SIS S . H il PGPR
5 HR IR T SR b (Y 7 3 A AR AR B T DA SRR SR i AR B RE A W AT, BLAEAE I
BT EAEMSRSE BIRAES T AR E LA 5 o R S 7 T i 7e, (HAXT
PGPR S 1 2 [8) TLAF 1) 73 T AL 7 AN WAl B BAUR JLANJT T PGPR AR B (1 AR AT 7T
HEFE A — T EELRIR

2. #4EM PGPR EHF MR EEXHEME KR

M\ 1895 4= Nobbe F1 Hiltner T #0347 MR B B 7RIS, IF BB SRMEMEERI B A LR 24,
FEL oI5 R R R K ) I 5 T 350 3 ke e 2 A7 AR BT A1 R b R A 2 S 4K T 1 1R 3 7= [4] [5]. %%
HIARTE B W AR 2 A2, TeEEIZ) T HAEA RN A = IR 0 B AR RE[7] [8]. WHFLKIL, HA IR
JE AR S AR AL A TR G R YR R K E, IR ER GO A, REEEMHE, A
GARMEYIN 8 [14]. LR, 34T PGPR B MR AR IR 1 L e b b BEAR 4 1) A KA DUk AT AE AL
RIMFLFERD PGPR T MR FIAR R A A B A S (e i3 1 A S5 %, JF AL B3 & T 7R 5 R e/
HIEAE J1[7]. PGPR B PRIE I 2 Mg AR ERRCE FRAAE KK B AR R 355 R E R, JL PGPR
R S HUR R E G0 T e SRR, e T HEA RERKE DA TR T R e
H181-

H AT R IA VR 2 J& 1) PGPR B bR R AR I8 B 1 3 A 203 B I BSOS, 4 e A 15 R 8 i SR 3 S
SR MAVR A L, SRS FIRE FE R GARVE AR AR A . X4 PGPR B R 43 A0 7E [
Z MR TR (Azospirillum) . [ % i (Azotobacter) . {F f. Jiid B (Pseudomonas) . % fig #T B (Bacillus) . ¥b & KB
(Serratia). % % B (Streptomyces) Fl1 75 #F 5§ (Arthrobacter) %% J&[15] [16]. Camacho Z5[17]F 7k, Hhz
Tl 2F AT B B Ak CECT 450 FHIAR IR B BE 05 02 1 i 5 R1K &2 R 2R K, AR IR B 1) e B o S S R () &5
AR B T Elkoca 25 [ 1814 — Mk HA W RE 71 10 B K ZE /4T 14 (Bacillus megaterium) i ik M-3
SRR IR TN T, RS TN O R BN T, DR S T U TR E
Yire g, Atieno ZE[19]K i bk H 418 A2 % 1 3k 532¢ Al RCR3407 4351 5 4% 52 f AT 1 56 Ak MI1B600
BEEMTRE, RERSG T RKIAYEMMREE,; Younesi & [20]4R1E, FLH: 7 6 R 5 il 18
(Pseudomonas fluorescens) 1 & 7 K2 /83 i (Rhizobium meliloti), A5 2 E R HE AL 75 5508, 25, Aung
200 [ RRE B S AR K GARR M B RS, MR EW N T AR S 2L A Masciarelli 2
2214k, HEVER AT SR MR R I M TR S, R TARAREK, MURHEBEEEM, X
56— [8]F 9% e bm ic AR I8 B (Rhizobium  meliloti) i #& A10-1cfp 15 FRAE Az BRI AF I PGPR (e B 11 K 1A
Klebsiella oxytoca sp.f¢-4. 74T Enterobacter cloacae sp. J-6. 74T Enterobacter ludwigii MN-5. 1{f
H % Pseudomonas fluorescens MY-5. Jiz#T i Enterobacter aerogenes CE-1)41 & 34 fh T4 4L B 75,
R Wk B M AL, LR AE 7 ACC B . & B IAAL VA IR JCHLIE RE ) A1 B U RE ) 2 35 1
o, HE AR TR ERE AR, BXEIE THYE R SE ST PGPR WKL M THEM S, X
FAEK R F B A BN .

MR BERR 7 Re S SRHMEY AT IR B, WNAESREA A S 'S, HES1EN PGPR HikiE
AT DU VA R o WA A AR KR A (R LR A A K . Mishra S5 [23]81F 7 & B i &5 3L 42
MR AR B, SN TERNE. B, REERTREE, HERSE. UhaEAEEN
Je 90 s M RE AR B 2 B iy, WIS 1 P &, Zahir SE[2410F 50K, e IR BERARR B R Ak 222
FE ACC [l 2 5 P A AB B0 R BRT TR R P10 BRI S0 K1, BB m i AR K, (REE459% . Yadav 55[25]
s, M T I Rh 4R R B i 1 (Pseudomonas aeruginosa) FIAR J8 i (Rhizobium leguminosarum) s, 3%
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TG T TG S EURBERO R AE 1), 0 T 37 R
3. LM PGPR EIHFIRBEXHEMIE R RN

SARME YD - AR BT R e A A A A DA RS AU, B AR AR AR RO R
AP SRR A E KT R IR, MY AR BRIE, X SRR BE 2 B 77 i DAAR AL [ 2600 75 1) e &
[26]. MTAER, T BR A BMARE B R 2 A SO e X 1 5, CLACRTE BRI AR E IR T
T —F A ] G5 R R B SRR A, T AR AR AR - TR YME S ORI R — R R R FE E
RIREEEIN T, SR 2 P AE AR AP 38 2 PSR B AR . s 5 DA G598 (R A, i 1 AR [
BN AN, AR AR S &, WM E ™, 25 AT RRMYIRE
FEAY, XEpNE AR R EONE . LS RAR . BESEENE. TSR G, JFHbEE
WEFCHIERN, BHIF 03 R B —HRJR B (O A R e R R A e R I MRS . A A E 52
T4, HeFh 5 5 A RER B TUIROR 8 P b R I8 11 A LA G 2 Ak 2B A SR i v AL ) i 7 3 455
e/, CMONE AR EER AT 1[8] [26] [27]. I3Rhiit & SARHEYIRHOR B A R R
() —NEHERBRE R 2, e fORE e, DA R A KA B AS AR R N B A S A R
[8]. HHATKT N PGPR FIME R A B, &= $hasine /1 a7t oA /> 84ad, A AR
KB, EHAIER PGPR FINYE B ILM T S RHEY), AT MR AR KT AR &, AR Rk iR
T BRI 855 1 18 52 B 4 55

Egamberdieva Z[28]7E & A 75 mM NaCl A3 ) 7hdk b, 5 aefi iR A bk, SR A AR R 1A
Rhizobium galegae [ #k HAMBI1141 A 5.1 i Pseudomonas trivialis B #k 3Re27 JLEH 111 2 & AR HB %
TEANEECE BN, A ROR gz T S XHE A K, A, P. trivialis 3Re27 REE T E 1AA,
O KRR R, LA IR AR G b sl R AR X156 — [BR B SR 16 1 7 P AELE 2R 1
ohr, 528 0 HE A B R & B MR A B, HARAS [ PGPR i #k K. oxytoca sp.4%-4. 7 #T i E. cloacae sp. J-6+
J AT B E. ludwigii MN-5. 15 ¥4l 1 P. fluorescens MY-5. 4T 1% E. aerogenes CE-1, 43 I FI4R 83 4 R. meliloti
AL10-1 JLRERIALFES, HEFE ACC BREEE. & IAA. VE RSN RE AN U RE A it as, HEHS
AR AL BAR L, SRR AL BRZH IS RN TR E S AR O L, SR 7R, Ak, e
T BIPk A10-1cfp+J-6 Fl1 A10-1cfp+iAR-4 HIEEAEE & (1) ACC Jii 2 Mg ik VE AN L g ph AL BRA B 22 e 2. 35, 7
BTG T A IX R PGPR B R AR R 1 2H A 1 SR AR T T8 AR K B 238 0 T 65.92%F1 65.71%

4. $L3EM PGPR EHRFIIRBERIIE M L KAHLH

IR S, S RGNV TG AL T TR EE A TS ER . PR EZmE
/e PGPR MIMYR T, MUBW AN AE S GRS A LR, MM E SRS, NEIRHEA]
BRI, I HEBAT B i i A KR S R R A K et . PGPR IR A 1E
FIBARIAE =4 ACC 2B . T« M ER AN 0 WA AR KR S5 U THI (8]0 LT, X T8 —He MR 1 A PGPR
SRR AE BARE AT FE 8, R I — e AR B A PGPR 3B 2 ARk, (R i 4 & 3L THEW
FEGAENLEN T TH FIRIEEE TR AT . H BT A WK PGPR SR St mh (e b a2 K AR B LA 3= B
ffi: PGPR IR 1 [8] v] e 5 B R R B FRIVEF s PGPR FARIRI & 18] IAH ELVE R, Wl RE 2 & 3t FioAs
)T BB AR I AR BV T, AT O AR AR RN, (i AR K

PGPR 58 1 L4 Fh T DLBR 1 2 BHE 0] 38 8 FR Y (IR U RE 7, AT B A = . Kaur
SE[29] R Bl AR FRUR B A PGPR Witk )G, HAEWI =B S EN . Yadav S5[25]4 18, [EME & LR
23 I 5 1 Pseudomonas aeruginosa FHIARYR B Rhizobium leguminosarum Jim,  H: X ZURIE AR AL E 7 B
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HiGoR, PrEWME PN, Mishra SE[23161F 7t A BRI IR P AR 52 M 11 ) 20 Fes Py N AEE IR
TR I RE ) RS, A EATEMN GRS ERENN, R ERBEENE, FER
JI R E R, MR E RS Y E. PGPR BT 2 RHLHIAE A A E IR A RSy TH R AR
U ACC Mtz & It M. [0, AR PRI A A SR e s, b e RO SRt 1Y) PGPR
AR, SHEYIRIE RS T EH . Glick [30]3A 4 PGPR 72245 [ 2E K 3540 i g 5| AR A4 A Y5 1t
Ak, e A K. Zahir [2410E5E, 4R RE E2F R. leguminosarum 222 F14 ACC it & B P 11
Pseudomonas fragi P10 fe 15 M7k, @it m G EK, b aim a6 /7.

5. WEMEHEERARER

AR B h 2 (0038 L 2 52 B R K AR S F A AR R s mi [31] . ARURT 1R M B TR & T
4, FURIEREEVEREIERES, FFHELEIINEE 518 FEW b, DR R S 5 R AR 8] 1)
FHEAE FH[32]0 A RIA P Fh 2 6] () AL T 68 LR 78 9 AH ELAE TP R i £ i B S 32, 36T P4l
SRBETE ) P [RD A AN AR ) A K 2 DG B 2 [33] [34] o AR Z IAAZELEA IE M AN Sl (AR ELAE AT
[F] — & FR 7K BP0 1) (4 1 1) AH ELAE AT RE IR AR 28 SR, R4 1632 25 [35] [36]; 4 vl B AH ELAE
AIREIE TR S, BOE BT S, A@E S U E R AR R A, e A R A S
[37] [38] [39] (Wei %%, 2015; Hu %%, 2016; Bais %%, 2003). 2400 (fHH HATE F X 8 i al F) A i e
AR RN, 13— e TR AR A A A R DL R TR BN AR (T BB [40] [41]. Mulder 55 [36]H 7t
KB, AEBALEAMNED TR AN S, B T M EERE, MRS E. Case [42]H40 1€
() 2 s e, S5 SR, IR IE] (1) 38 56 o FE N RETR AR IR G e D % B8/ . Cronin
[43] % R FHAR BRI P B RS BUAE T, 2B 42 ()% 2 [A) F0E FR (0 56 e VEEAT AE I V8, 328 00 R 0 v
(Erwinia carotovora) ) A\ 12 . Li S [33]38 i ot AH FLAE FH 1) 28 Y RN 5 B A 28Rt 1 95 )5 B4 75 4 £ (Ralstonia
solanacearum) I AR TGO, 25 RO ILE A0 B 2 [ALAH BAS PR, AR T HPUE H i FAIR .

ANFEAE BRI 2R 2R AR R, A PUIE TR AR & 3L e e ) b 3118 %L
TERRME T RTRE. HATRARCAH M KT BHAG RN PGPR FIARIE B 4G X R A 7= AR A A RS PRI
18, H2 KHVE LA R — R T

6. BIESRE

MR BE 5 V8 T SARMEMITE R, AR E KR IR, R AE KA AR RR, dilk
S AR Sy (RBERE AR, TSGR . TR, R P P AR R R 2 8 £R 855 o ekt
T E RO E EPIR SRR E IR . EREBT TR, AL — AR 1 ) 2 A 4 PR AR A O R 4
SR JRA A B T T I, B RE R ARRBITURHACR, Wb kB
e o A AR T AT At ffe 2 B R RIS A ORAR R IR PL e BE 0, SO AR HIT R TR S
R TR AR i #h A D ARG, (H, BIH PGPR B AR FIARIRT B 20 & 5 s A I B0 h el e e
FNIHAAZ o WF 7 PGPR T RN B 3L AP 21 &) 38 S5 770, 6 3R e fig AR 00 A [ U1 o
BERARAMY A 7 BRAS L R Ji AT Rp AR AR SR

S 3k
[1] SHRH, SARKE, MRoCHT, . SR RELE R PO R PE Rz R = L R ] B AR SR 4R, 2006,
14(4): 21-24.

[21 7kT5, sk, BiAan. RERAE S KRG G RHME Y- MR B AR [ U A AT RSOk SR R AR R[],
Elflb R S 4], 1999, 1(4): 28-33.

DOI: 10.12677/amb.2022.112017 145 A HTI


https://doi.org/10.12677/amb.2022.112017

¥

[3] Sprent, J.I. and Parsons, R. (2000) Nitrogen Fixation in Legume and Non-Legume Trees. Field Crops Research, 65,
183-196. https://doi.org/10.1016/S0378-4290(99)00086-6

[4]  Wk¥h. A e AN AR BRI AR B AR 1 AT 58 B AR B IR AP AR [D]: [ 220010 30]. 22 HoR ook %,
2002.

[5] AL, SRACE AR AT R[] H Al K223, 2005(2): 131-136.

[6] IR, Fouh. AWM RN H]. EYEHE, 2004(5): 8-9.

[71  XUNN, 0S8, 20T, 55 AR B 5 (0 AR B O R oK A R B S 1R s e [J]. AEAE 7R 5 IRk 44R, 2015,
21(3): 644-654.

[8] Zgﬁﬁ ERT G T HeFh PGPR FIHRR B 446 B 7 AR K AU B2 M [D]: [ - 250018 5], WA RIE: WE RV K 27,

[9] Kloepper, J.W. and Schroth, M.N. (1978) Plant Growth-Promoting Rhizobacteria on Radishes. In: Proceedings of the
4th International Conference on Plant Pathogenic Bacteria, Gilbert-Clarey Tours, Paris, 879-882.

[10] Kloepper, J.W., Leong, J., Teintze, M., et al. (1980) Enhanced Plant Growth by Siderophores Produced by Plant
Growth Promoting Rhizobacteria. Nature, 286, 885-886. https://doi.org/10.1038/286885a0

[11] Kloepper, J.W. and Schroth, M.N. (1981) Relationship of in Vitro Antibiosis of Plant Growth Promoting Rhizobacteria
to Plant Growth and the Displacement of Root Microflora. Phytopathology, 71, 1020-1024.
https://doi.org/10.1094/Phyto-71-1020

[12] Bhattacharyya, P.N. and Jha, D.K. (2012) Plant Growth-Promoting Rhizobacteria (PGPR): Emergence in Agriculture.
World Journal of Microbiology and Biotechnology, 28, 1327-1350. https://doi.org/10.1007/s11274-011-0979-9

[13] Paré, P.W., Zhang, H.M., Aziz, M., et al. (2011) Beneficial Rhizobacteria Induce Plant Growth: Mapping Signaling
Networks in Arabidopsis. In: Witzany, G., Ed., Biocommunication in Soil Microorganisms, Springer, Berlin, 403-412.
https://doi.org/10.1007/978-3-642-14512-4_15

[14] de Carvalho, R.H., da Conceicéo, J.E., Favero, V.O., et al. (2020) The Co-Inoculation of Rhizobium and Bradyrhizo-
bium Increases the Early Nodulation and Development of Common Beans. Journal of Soil Science and Plant Nutrition,
20, 860-864. https://doi.org/10.1007/s42729-020-00171-8

[15] Khanna, V. and Sharma, P. (2011) Potential for Enhancing Lentil (Lens culinaris) Productivity by Co-Inoculation with
PSB, Plant Growth-Promoting Rhizobacteria and Rhizobium. Indian Journal of Agricultural Sciences, 81, 932-934.

[16] Prakamhang, J., Tittabutr, P., Boonkerd, N., et al. (2015) Proposed Some Interactions at Molecular Level of PGPR
Coinoculated with Bradyrhizobium diazoefficiens USDA110 and B. japonicum THA6 on Soybean Symbiosis and Its
Potential of Field Application. Applied Soil Ecology, 85, 38-49. https://doi.org/10.1016/j.aps0il.2014.08.009

[17] Camacho, M., Santamaria, C., Temprano, F., et al. (2001) Co-Inoculation with Bacillus sp. CECT 450 Improves No-
dulation in Phaseolus vulgaris L. Canadian Journal of Microbiology, 47, 1058-1062. https://doi.org/10.1139/w01-107

[18] Elkoca, E., Kantar, F. and Sahin, F. (2008) Influence of Nitrogen Fixing and Phosphorus Solubilizing Bacteria on the
Nodulation, Plant Growth, and Yield of Chickpea. Journal of Plant Nutrition, 31, 157-171.
https://doi.org/10.1080/01904160701742097

[19] Atieno, M., Herrmann, L., Okalebo, R., et al. (2012) Efficiency of Different Formulations of Bradyrhizobium japoni-
cum and Effect of Co-Inoculation of Bacillus subtilis with Two Different Strains of Bradyrhizobium japonicum. World
Journal of Microbiology and Biotechnology, 28, 2541-2550. https://doi.org/10.1007/s11274-012-1062-x

[20] Younesi, O., Baghbani, A. and Namdari, A. (2013) The Effects of Pseudomonas fluorescence and Rhizobium meliloti
Co-Inoculation on Nodulation and Nineral Nutrient Contents in Alfalfa (Medicago sativa) under Salinity Stress. Inter-
national Journal of Agriculture and Crop Sciences, 5, 1500.

[21] Aung, T.T., Tittabutr, P., Boonkerd, N., et al. (2013) Co-Inoculation Effects of Bradyrhizobium japonicum and Azospi-
rillum sp. on Competitive Nodulation and Rhizosphere Eubacterial Community Structures of Soybean under Rhizo-
bia-Established Soil Conditions. Academic Journals, 12, 2850-2862.

[22] Masciarelli, O., et al. (2014) A New PGPR Co-Inoculated with Bradyrhizobium japonicum Enhances Soybean Nodula-
tion. Microbiological Research, 169, 609-615. https://doi.org/10.1016/j.micres.2013.10.001

[23] Mishra, P.K., Mishra, S., Selvakumar, G., et al. (2009) Coinoculation of Bacillus thuringeinsis-KR1 with Rhizobium
leguminosarum Enhances Plant Growth and Nodulation of Pea (Pisum sativum L.) and Lentil (Lens culinaris L.).
World Journal of Microbiology and Biotechnology, 25, 753-761. https://doi.org/10.1007/s11274-009-9963-z

[24] Zzahir, Z.A., Zafar-Ul-Hye, M., Sajjad, S., et al. (2011) Comparative Effectiveness of Pseudomonas and Serratia sp.
Containing ACC-Deaminase for Coinoculation with Rhizobium leguminosarum to Improve Growth, Nodulation, and
Yield of Lentil. Biology and Fertility of Soils, 47, 457-465. https://doi.org/10.1007/s00374-011-0551-7

[25] ‘Yadav, J. and Verma, J.P. (2014) Effect of Seed Inoculation with Indigenous Rhizobium and Plant Growth Promoting

DOI: 10.12677/amb.2022.112017 146 A HTI


https://doi.org/10.12677/amb.2022.112017
https://doi.org/10.1016/S0378-4290(99)00086-6
https://doi.org/10.1038/286885a0
https://doi.org/10.1094/Phyto-71-1020
https://doi.org/10.1007/s11274-011-0979-9
https://doi.org/10.1007/978-3-642-14512-4_15
https://doi.org/10.1007/s42729-020-00171-8
https://doi.org/10.1016/j.apsoil.2014.08.009
https://doi.org/10.1139/w01-107
https://doi.org/10.1080/01904160701742097
https://doi.org/10.1007/s11274-012-1062-x
https://doi.org/10.1016/j.micres.2013.10.001
https://doi.org/10.1007/s11274-009-9963-z
https://doi.org/10.1007/s00374-011-0551-7

¥

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]
[34]
[35]

[36]

[37]

[38]
[39]
[40]
[41]
[42]

[43]

Rhizobacteria on Nutrients Uptake and Yields of Chickpea (Cicer arietinum L.). European Journal of Soil Biology, 63,
70-77. https://doi.org/10.1016/j.ejsobi.2014.05.001

EHEE, MRS MR AL B MEAOR - SR IR R R BT SRR O], AR BORERE, 2019, 9(2):
101-107.

Ventorino, V., Caputo, R., Pascale, S.D., et al. (2012) Response to Salinity Stress of Rhizobium leguminosarum bv. vi-
ciae Strains in the Presence of Different Legume Host Plants. Annals of Microbiology, 62, 811-823.
https://doi.org/10.1007/s13213-011-0322-6

Egamberdieva, D., Berg, G., Lindstrom, M.K_, et al. (2013) Alleviation of Salt Stress of Symbiotic Galega officinalis L.
(Goat’s Rue) by Co-Inoculation of Rhizobium with Root-Colonizing Pseudomonas. Plant and Soil, 369, 453-465.
https://doi.org/10.1007/s11104-013-1586-3

Kaur, J., Khanna, V., Kumari, P., et al. (2015) Influence of Psychrotolerant Plant Growth-Promoting Rhizobacteria
(PGPR) as Coinoculants with Rhizobium on Growth Parameters and Yield of Lentil (Lens culinaris Medikus). African
Journal of Microbiology Research, 9, 258-264. https://doi.org/10.5897/AJMR2014.7237

Glick, B.R., Penrose, D.M. and Li, J. (1998) A Model for the Lowering of Plant Ethylene Concentrations by Plant
Growth-Promoting Bacteria. Journal of Theoretical Biology, 190, 63-68. https://doi.org/10.1006/jtbi.1997.0532

Bederska-Baszczyk, M., Sujkowska-Rybkowska, M. and Borucki, W. (2021) Sinorhizobium medicae 419 vs S. meliloti
1021: Differences in Root Nodules Induced by These Two Strains on the Medicago truncatula Host. Acta Physiologiae
Plantarum, 43, Article No. 7. https://doi.org/10.1007/s11738-020-03166-1

diCenzo, G.C., Zamani, M., Checcucci, A., et al. (2018) Multi-Disciplinary Approaches for Studying Rhizo-
bium-Legume Symbioses. Canadian Journal of Microbiology, 65, 1-33. https://doi.org/10.1139/cjm-2018-0377

Li, M., Wei, Z., Wang, J., et al. (2019) Facilitation Promotes Invasions in Plant-Associated Microbial Communities.
Ecology Letters, 22, 149-158. https://doi.org/10.1111/ele.13177

Foster, K.R. and Bell, T. (2012) Competition, Not Cooperation, Dominates Interactions among Culturable Microbial
Species. Current Biology, 22, 1845-1850. https://doi.org/10.1016/j.cub.2012.08.005

Kéfi, S., Berlow, E.L., Wieters, E., et al. (2012) Integrating Non-Feeding Interactions into Food Webs. Ecology Letters,
193, 985-996.

Mulder, C.P.H., Uliassi, D.D. and Doak, D.F. (2001) Physical Stress and Diversity-Productivity Relationships: The
Role of Positive Interactions. Proceedings of the National Academy of Sciences of the United States of America, 98,
6704-6708. https://doi.org/10.1073/pnas.111055298

Wei, Z., Yang, T., Friman, V.P., et al. (2015) Trophic Network Architecture of Root-Associated Bacterial Communi-
ties Determines Pathogen Invasion and Plant Health. Nature Communications, 6, Article No. 8413.
https://doi.org/10.1038/ncomms9413

Hu, J., Wei, Z., Friman, V.P., et al. (2016) Probiotic Diversity Enhances Rhizosphere Microbiome Function and Plant
Disease Suppression. mBio, 7, €01790-16. https://doi.org/10.1128/mBi0.01790-16

Bais, H.P., Vepachedu, R., Gilroy, S., et al. (2003) Allelopathy and Exotic Plant Invasion: From Molecules and Genes
to Species Interactions. Science, 301, 1377-1380. https://doi.org/10.1126/science.1083245

Shea, K. and Chesson, P. (2002) Community Ecology Theory as a Framework for Biological Invasions. Trends in
Ecology and Evolution, 17, 170-176. https://doi.org/10.1016/S0169-5347(02)02495-3

Mallon, C.A., Elsas, J.D.V. and Salles, J.F. (2015) Microbial Invasions: The Process, Patterns, and Mechanisms.
Trends in Microbiology, 23, 719-729. https://doi.org/10.1016/j.tim.2015.07.013

Case, T.J. (1991) Invasion Resistance Arises in Strongly Interacting Species-Rich Model Competition Communities.
Proceedings of the National Academy of Sciences, 87, 9610-9614. https://doi.org/10.1073/pnas.87.24.9610

Cronin, D. (1997) Ecological Interaction of a Biocontrol Pseudomonas fluorescens Strain Producing 2,4-Diacetyl-
phloroglucinol with the Soft Rot Potato Pathogen Erwinia carotovora subsp. atroseptica. FEMS Microbiology Ecology,
23, 95-106. https://doi.org/10.1111/j.1574-6941.1997.tb00394.x

DOI: 10.12677/amb.2022.112017 147 A HTI


https://doi.org/10.12677/amb.2022.112017
https://doi.org/10.1016/j.ejsobi.2014.05.001
https://doi.org/10.1007/s13213-011-0322-6
https://doi.org/10.1007/s11104-013-1586-3
https://doi.org/10.5897/AJMR2014.7237
https://doi.org/10.1006/jtbi.1997.0532
https://doi.org/10.1007/s11738-020-03166-1
https://doi.org/10.1139/cjm-2018-0377
https://doi.org/10.1111/ele.13177
https://doi.org/10.1016/j.cub.2012.08.005
https://doi.org/10.1073/pnas.111055298
https://doi.org/10.1038/ncomms9413
https://doi.org/10.1128/mBio.01790-16
https://doi.org/10.1126/science.1083245
https://doi.org/10.1016/S0169-5347(02)02495-3
https://doi.org/10.1016/j.tim.2015.07.013
https://doi.org/10.1073/pnas.87.24.9610
https://doi.org/10.1111/j.1574-6941.1997.tb00394.x

	植物根际促生细菌与根瘤菌互作的研究进展
	摘  要
	关键词
	Advances in Studies on the Interaction between PGPR and Rhizobium
	Abstract
	Keywords
	1. 引言
	2. 共接种PGPR菌株和根瘤菌对植物生长的影响
	3. 共接种PGPR菌株和根瘤菌对植物抗逆性的影响
	4. 共接种PGPR菌株和根瘤菌影响植物生长的机制
	5. 微生物间相互作用研究进展
	6. 问题与展望
	参考文献

