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Dissection on the Agronomical Functions of Photosynthetic Bacteria

SU Pin'", ZHANG Deyong'", ZHANG Zhuo'", CHEN Ang', CHENG Ju’e', ZENG Jun?,
TAN Shiyong®, DAI Jianping', LIU Yong'""
(1. Hunan Plant Protection Institute, Hunan Academy of Agricultural Sciences, Changsha 410125, China; 2. Institute of Applied
Microbiology, Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, China; 3. Key Laboratory of Plant Nutrition and
Fertilizer, Ministry of Agriculture and Rural Affairs, Changsha 410324, China)

Abstract: Photosynthetic bacteria (PSB) are summarized as the group of microbes capable of carrying out
photosynthesis with the employment of Bacteriochlorophyll. Members of PSB are regarded as important
components in microbiome from plant surface and soil. Attributed to their extraordinary metabolism versatility,
photosynthetic bacteria often play significant roles in processes like plant nutrient uptake, growth and development,
as well as stress resistance and establish close relationships with plants and other microorganisms in agroecosystem.
This confers PSB a reputation as plant beneficial microorganism. In this article, we mainly focus on the
PSB-produced effects on the plant nutrition, growth promotion, stress resistance and disease management. The
biological activities carried out by PSB, e.g., nitrogen fixation, phosphate solubilization, heavy metal
immobilization, phytohormone and plant growth regulator production, antimicrobial compound synthesis, plant
systemic resistance induction, are illustrated. Those activities are recognized as the main resorts to maintain the
plant and soil health. In conclusion, as a group of microbes with properties including metabolism versatility, wide
distribution, flexibly adaptive to environment, and intimately interactive with plants, photosynthetic bacteria can be
exploited as a valuable resource for development of novel multi-functional bio-fertilizer and bio-control agent.
Key words: photosynthetic bacteria; agricultural functional microorganism; plant nutrition; plant health
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B I8 MY bR S B AR AR R AR, X BT AR KR IR B4 M TE 3 2 RTE R
PUEAEYE FEWM . BRIV AR S R R T S A AN AR T A
T PR A T LA R 2 B Ol 4 IR P 40 1 45 2% (Bacteriochlorophyll, BChI) 58 O &
HIRI—RMEY B G 0 Ar=% (Oxygenic) 54774 (Anoxygenic) K. P56 A 4l #
LK 7 A 7, FE S E R R ik O, P4t & 4l i 1 8ok S 41 % (Cyanobacteria) il
JRZk W) (Prochlorophytes) o ANF=4 64 41 1% (Anoxygenic photosynthetic bacteria) 7EJ6 A 1EH A
FEE Oy, LR AR N K S T AN A LN AL & AP0 & AR S e S A — A E 2
FHE, HIOCAEAEH RO LSRR 73 PR —REA A S NG (RCD) , Ho b 704
TEJEBER ] (Firmicutes) « ZEfR B[] (Chlorobi) FIYGERFTE 1] (Acidobacteria) s 35— i gk
M2 R -BRADG S ROV L (RC2) , KA 73 i /EAZ TR 1] (Proteobacteria) 54875 &[] (Chloroflex)
781, 324 0k, B 353 NFlK APSB 7E40 K2 L)@ 23X 5 AN KT TP o A FLA dg 4R LR 3
AR IE I 22 5, APSB X KI5 0 DL HoS W i AR R AR 4 i (Purple sulfur bacteria) . ZEfAf%
M1E (Green sulfur bacteria) , PAHAR/N FAEWAE A PR R OIER A E (Purple non—sulfur
bacteria) « Z{OAERRANTE (Green non-sulfur bacteria) . HYGFFH# (Heliobacteria) Bl. Yoo dnm 244
HEEi RO Rt E Y SR O, BT T e U VAR A A A R R AN . e A AR
R ik 2 B 8 e 40 AT BT R L A 3 I 2 Bt PR B AR P2 S A AN P R R RR AN,
PR B Rhodopseudomonas palustris {EAN R AR SAT N Al R 4 AU T7 3RS e 5
PerrAK: REA A (RIHDJGRE, COy « JthemF A (RIHJGRE. AHLFD  fhiemsiid CRIHA
BUTAE AR 5 e 5D FMLRE IR (R NS ON BRI CO, Mmiedsy 10 330l Qs Ak A s 75 40
e maE Y. SRR B AT B LA AR Y BRI N 2 BE T . DA A RE R H R 2
AR 0 AL ) ek ml,  HOG T 4 8 B AR 25 550 s i B s i 2 v, DRyl i
HF TR K A B, SR A SR L TR FE YRR 255k B B A Ak Bl b, 64 40 v 10 1
RAE ) TR 6 v A Th e g W AR e IR h A AR gy, 2R M AR B e B A (plant
growth—promoting rhizobacteria, PGPR) "'V U748 & 40 1 (K ML A0 71 b 5 A7 K BRI A A6 15t g
FFY, Wiksk-3- R (indole-3-acetic acid, IAA)  5-F & LWENTR (5-aminolevulinic acid, ALA)
BRAAA (siderophore) « % 2% (riboflavin) « I3 i 22 % B2 A 156 (AHLs) M4k 2 4 (EPS) 2517, I 4E kA
FERY], MAEYIRER LI R 2 S 2 A 2005 G E AR RE G SO MW 75 . TR . B
R EAMEERPURSEED . PUEEED . PUERSEEYIIT X R IR OGS 40 0 R A 85 18
IR S Y, Bt £ A B IO T BRI AR (N R R B B . BRI
TeEMERAEDNCEL AW ARZE i R Fa A AR A OIS R iz . DIEPEA R IE R.
palustris. WEMRIIHI LI Rhodoblastus acidophilus VETR/INLLYN R Rhodovulum sulfidophilus 7R 77 4140 &
Rhodobium orientis« JENEZL AN Rhodobacter capsulatus~ FRERLLYNH Rhodobacter sphaeroides ARG
BN D Re AED A PIRAESEE L R DI RE A B IE R R R SR A B P SRS A AR AR BN A, X
AT LG 40 B A AR B AN D RETIAE ) 7 OB BT . WE R /N ZL IR HNI-1 &% 7 VPR 2L I B
PSB-S &V ANE R R EAIER G B AR a5 4 U AR R M AR R DL ACBRB . F iy b 4E
W03 500 R S P A T2 T A W], 345 [ KA AR 25 6 il FAE D NIE R A o A SOR TR S/ 490
G A RS IR A A S O AT T Th e, RG-S M EAE A —RAF TR K%,
PS5 O A AEYIBT G S A DIRE A, 08 B A WA 2R AR L T R
RIS o

1 AEHEEIENEFFINEE

TG G B AR TR D RE 32 BORUE T [ R BEIR SRR RE T o AN7 806 & 40 B v A DR 20 T AR A L
FAEYE BRI, TR 4 R AL R A TR PO PR LM S P A R S £ B
FRESUEAL ) Z R AN FE R R A WL o 1T P Y P8 20 {4 I ey i DRI 2 280 AT 5 o] SR AT DR R B [T o 3K
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A ] 0 AT O 56 X1 g T 1 0 L 1 S R ok [ i 221 o 5 S A 1 T A R A v e v S B
KA Ny AT AW R o AEshZ FURHK RS TR0, FRPoa G 40 TR 0 5% 35 55 v a] Rl 21 v v 2 1
Bz (<10 pmol/L) 2, [ )y BEAL G 2 40 18 A KRG FH DL S b o 4R, 7 EUSA Nl 3 BB AN 1%
AWy RS LR, R R KRS I 2R ) T ik 2.0~3.5 Wli/hm?, UE BT BLOGA 4 kS gk A
BN KRR R AR B T R, e PSS A KRR RO, KRB E A IR AR S A ER
BT 50%~65%, WG 40 AR R EURE ) RE T AL KRR AR K R SR B T S 2 4 i AT K R
FACKEEE, IR EEIRE T 9.2% 0 Kot & an et TR RGBS, Wl A K Rk b R
7% A gl g AN OGE it [ B AR R TR Sy, R e IR 0 A R IR IR R . e LT g
A BN i P IR, RS B R I R 2 3 e i e TR ol P B B g A A I B S I 21 i
Mo b BA H m R 7 . 76 SR PR AR R R, S I R R IR A 2 s AR
VR LT AR B M T A A SE D ISR R 42 5 17%F1 22%~44%29, RItL, 6o di el B4
A 2 R A R &, A 2 IR s it 4 R b B il 0 8 A o AR HE Pt PR I R £ A

10%~20%HE BRI, K E8 2 TEMLBE R B 107 40 LA K Bk (Fe®™) A (AP) B PRI, 1% 545 (Ca™)
HVEE (Mg™) B 7K & it 7o o 4y 98 rhoRE 42 A 00 R D P 150 1 5 2 e e AL T WA s i A e,
R v R A 0] Tl 0 SRR I S B PN, I R VA A I LA AR S n - b B VAR Sh S T,
UL Bk, H . OH R CO, %, X EEY T AE Y 135 pH (s HAT B A ah e, wrovakia, o
PR A B S 200~800 mg/L Cas(POy), fIRE FEIE T /E 64~95 mg/L (i MR 251, R4
2B TR A VA S BERR 28 Cas(PO4)s Mgs(PO4), Hl Zns(POy), HIVE R R m 50% A 128, Sl 40 i 7 4k
FH 1338 b e S0 R S AR S S i, XM O ae T T AR Ty D BEIE RN, dERE AR T IEIRES A
HEENESE L.

2 RAEHEEAEEIER

T AN LA A BRI 2 TAA R ALA FOSIRE, 2% i R A A2 A 4 i T 3 R 5 1221,
IAA F1 ALA PhifAEdy - PR fE, e, s . 250 ORINIBRL  SRSEiR i Rk st
TEANB T R BL TAA I RV R . TP LOAB S 1 R P =3 P i R R 1 i i 42 15k TAAP?,
M TE] 3 HEE K AACSERE i b oy BRI e A AR AT TAA SR RE . B R IR AN TAA 14
MM RIR, BEREREICEAMREMN IAA = . HEFABRRE GI-22 AER R PR INARR G, 1AA
(1 I E) 30 mg/LM, [FIRE, VHRRLLEUA R E KLY Al RS % 52 me/L (11 TAAL, ALA ALATIH
R AR, R REAE A AT T R LR T B R B R A e ALA SR ISR 3R 4
# B12. PrEALBEALABAC S B4, BACEERIY ATP A1 NADPH H977 4 o #4248 K EE N 1~5 mg/L I,
ALA ¢ B R BRI EOCEVEN, BoRkximih. 3906, T3, RS gimm =26 5. (H ALA 1
Witk B or, (e RS2 BIHI2) . SeE g e ALA REEE AT AE Rk ALA A b seA B
R A AR LU H R AR REAEG A Y, EiT ALA & ALAPY, W A] 348 2y
B HOGE A EE T R 0.23~5.0 mg/L 1) ALAP, 7R GRS, B A ALA (14 BERTAK
H a5 DL IR AT A8 VE PR SR O R GI-22 (9 ALA & BCREE) 7.9 mg/LI, XK B ALA & T REH)
HeA AN R ERE R A . DU, B3 A B ol e B B

FERAVEDIE R TR T, e AR Ie A ThRe e VE 2 AEY I T RAF R R . VA B
T4 BL6 A1 KLY 767 i LAt B i 20% AP0 7 /KR bV B 20 M50 o0 M 1 KONTT 22 (10877 A SR ik 1) 24951,
FM A 0 B E KRS T R4 R BT 10% L - paEt Oy i ' £ i s (/R M S v T AT
YRR R MR MRS E, WRRKIER . BRI Rhodopseudomonas spheroids NR3 .
FRR R CERIT RIS E MR E, WEAER SR LSRR A av MARE b e
PR AR R 55 S Sz AN LA 3R 1) A5 AT B 3R THRORPT, SELL B R 1 DSM 155 1 K REHRL & A R 3R
BT 70%. HPRL B ME PS3 At PR/ R AE SRS R AL A i, R AR AR S T TR It B
% T H e P,
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3 AEHFERSEYMENE

T A S T A R T YR AE Y AR K IR AR AR . TS R S R RS S TR
THAYI AR SR, WOEAER. RS, ARG S R AR R
AT (0%) . TEAE (H,0,) FIFERFE H H13E (OH) 2% 1E4E K (ROSs) M5, Rk aiid AL i «
AL A H ORI AL B TR AL SE B ROSS!™ . i b it 3 30 e AU A b il
TG B, AR A 5 A B ANE PR T s A A S PR . ALA {EREY) 5210085 s i
P R . S A TR B A MR ALA 94 . 75 NaCl Wk JEIA 3] 0.25% N, Y VPRLLR Pt
B A 1180~1705 mg/L ) ALAMY, @b Wit F, 48 ALA AbBR (0 7K R 25 8B S8 A0 0005 1tk 15 S 2548 v,
Hr B A A B PR T e 4~ 5 £ FE ER B 7 ALA S 40 B AR s T A R v S e
TR B YR ), R VE PR L A R TK103. PP803 Al P1 J&, /KRELEm bR HE P bkE . MK, T&E.
IH-23 355 B R 20 I 7 4 o ] 3 1E W /K R PR KT 7 el ) S 2 A1 B B DSML 155 %t /K R
THATOARA G, KRG RN 18%~33% ), PR LI EA U E TN114. PP803 A TK103 IR £ B Al
FE St KRG IR, KRR 0 4.1%~10%, FBREHE N 21%~33%, REEDRIEE N 8.4%~18%, ;=i
i 5.2%~9.0%*),

TG AT . SAN R BA . R B DL A A I8 i e 4 55 7 S BRI - 38 rp m A8 e T 4
JE B TS TR CS2 FISRZ AR AU B SSS HE 43Tl X 338 v ) IV Ref B2 £ 768 21 S8 Ak AR FH -5 %) fit
MR ERAL AT, T AERE T AR R, R Bxt IR B Y S S anm 2 0 TR ISR
WREL, AE YRGS N R AT IR ORI AT St BRI B AR5 G 3R e N AR i b 4R 43 )
B 67%15 53%™ o T B0 {500 0 81 A B AR AR (1 SEA L SR S P iy, A LA A Bl R FLAR RE AR R i (1 7
X1, WGLI B Rhodobium marinum NW 16 FIIRTE L1 5010 B KIMS24 5 S50 5 a4/ 228 1RO W B/ FH 475 s
KA 90% LA I MG . By, B TRRYT. fEAR. BT g g, iV R B
IR AR SR T SRR . R R BR 41 KA B4 Rubrivivax benzoatilyticus /N4 S8 M, KRS
VEIR B TR I BRAR, T 10 T 4 e 2, DB i B S B TN 32 A8 ) % 2 FhER 1Y
TN fE ) R 3 AR G 52 R A T A A AR P i v e — R A ) U

4 REMEIEYIRERIZIIRE

AR A P A AR 7 S S R A AT S R S s s g BT AE I S AT 3
4 RGPS MY RS S (induced systemic resistance, ISR) 2 A A7 Wi S 1 A= MU AH SR 43
¥ J& (microbe-associated molecular patterns, MAMPs) if5 A [ 5295 5 WV o AE )40 i 38 1 52 AR 1 5] MAMPs
o, B R T TR . MAPK ZRIBC. £ Bl aE A ) ML E, S A4 ROSs Bk . X
FLKH PURILREIEY, MAMPs (Ui Sl # oML R A S0, BEA. TR (LPS) 2. )
A FE MM S KR MAMPs {5570 TRy, WMk, k&, ALA. Muh 2l sn s
ZLABCR TR GI-22 ¥ ISR 55 D e 43 B A B, R e vt [T M GU-22 BAA J5  RELRRSRAT 6 0 B A6 3 75 (tobacco
mosaic virus, TMV) [ RGEPIPE. GI-22 2558 St W 40 M VAU BRI S A A AL 1 . I S A S
T REAH OCBTT TE l 2 22 Wy A A . R TN 2 PR A 2 Mg (10 Ve o B i b 2 5OKMIRIE 5« KRR/ LIRME 5
FIREAR G HE 12 PRIa. PR3 PR5. PDF1.2, LA RNA YUBKAI R B FAED RDR6 H13 5 B2 4
e TR HER TMV i 7801 10 3 B LS TR BRI 70%, B HTEXT TMV BIBTERCR . 3%, 32
RN T RN . B s & ], GI-22 & Fl B MAMP 2) s PRI ush 28 G-EPSPY,
G-EPS 7 F AL H A HIE 32 TMV = 545 10k iP5t AL P 238, TMV 8 25 10 i P 5210052 380 2 2 4
G-EPS 73 745 % 92.8% M) D-H bl 5 7.2%1) D-HZ4 ko, & HrE D3RGS E R HAT ISR 53405
PERD GG A0 A 2 0 . R PELUAR SR B B () A 2K 8 73 p-Coumaroyl-homoserine lactone (pC-HSL)
YU T IIRERE 7E B, pC-HSL RESESZ TMV {2 G HUA FOH 4R i b 1A S B NBSIPK. 5 NbWIPK
TR R LI W R 40 33 6 B B B S 5 5 7 AR A e P o S 40 B T 2 WA S L
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A EHANEIEF AS 0 EEEA RSB ISC-3b (A=t AT HIH RNA R 2 H0R E85 A
Rhp-PSP. Rhp-PSP HAR N UIEEEE, ARIMtE TMV 55k 1 FIRUR IR 80% LA L, AE s A4 i
XF TMV A2 G5 5 VA 57 SUR AR 70% L P2, R Brot-& 40 15 H LT3 8 Methylobacterium spp.
PRI R4 R WD, PR 8 15 0 0 8 25 8 PR PR A5 o ML S 4 18T T AT 00 1 24,
M B3 GG 4 B IE W] 500 R AT B IR SR RN Ta g . WA R S B BE M0 )8 Sphingomonas spp.
B AE s d B WL TR o BESC R I, R B va Ve I PR 2 I P B 5 R A i 4 T
HA MR D R bR IFR R D, R FH A0S AR SRR R R s
MGG B IR B PO S I K SR B A 2 AL, AL BRIAIAIBRSE, J5—J7i S
R T . B RS RIS KR SE AL VE 2 B oGS AE s e A B AE R A BT IR A
I ICHEN o A AR IR A MR T DAR VA LA T T B ML PSBO6 A H I
T, T PRI AR 2 R S T B AN R XA I AR WD 2 AR A T AR e
AT RUFRIBTIA RCRPY,
5 g

A AR YA — R RS AE G R . — T AP By« BRBR R & 0 R 10 2 1) AR KBRS,
R A M ) - I h S A G E M B PR IR 5 s K5 ST GG A i B 5 A i e =)
RRI R BARRI R . AW R, R 4 R SR R et

EAFE R, MY S ARG MM A G BE . ANFE DR, LB & 40w R R
AR AL 0 75 TR 1T B A R S B AT B mn IR ARG =R 2, T BOIR ALK i BRI 428 1 e R AE =
BB A AR R ' 2 40 TR RV 405 K40 (0 22 S A AE TR — R AR R A & ) TR 5t Aol
S BT 2 S ol ) PO 33 o 2 S5 5 T 5 0 5 R 0 8 BT R K ST A o R v 0 0 ) 3 R 4
Ho KPP FENE T A I A — RAEW AR K HA S e B E R, Bl 0 T 55 B 45 A R R RO 1)
KD AR ERE R .

AR FHAICEE Dy IR0 6 O K 75 2% R A A= 0 A F D) PR PR3 NP L AR 4 Pt o 5 R o 8 1) e B e ) 46 A
2, R E B MR SN RCR SRR DR R bR R NS A R, R R
HRAE G R A2 e i — T T2 e o R B b A 2 AR -5 05 R S A 0 ) S S R A AT e 1 A
T RERZS . (A BRBK . RO R SR AN IR 530 BRI AE B i E i e i A KB e i A
AoRE AR FR S A e Ehe, AR B b AR R0 s b fRe 1, BRI R A D GA 4l BT K
N TR 0 AEINERL AR R AL TR . teAh, SCEdE) 2 AAE Tanh . R H. BEAEY)
G ARG, BUORINEEAAERE ) S R 2 0 R RIS AL R G A Al B RO A D Re I A ik
SR WA/
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