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XYL R LT B IRIVE R . BRI, S N SR
WA B AR AT AR, PG TSI 1) AR BT
1. Tlhan F1 Karabulut®™ 52 &, P. fluorescens 122
REA AN B. cinerea WTH 229 J , A1 2Kt
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Table 1. The biocontrol efficacy of Pseudomonas fluorescens against different kinds of pathogens

No. Sources Pathogen Host Biocontrol effect Reference

122 Pea plants  Botrytis cinerea Strawberry  P. fluorescens 122 was effective for the biocontrol of B. [5]
cinerea infection with pre- or post-harvest treatment,
almost the same as commercial chemical fungicide.

1-112, The Penicillium expansum, Apple P. fluorescens 1-112, 2-28 and 4-6 were highly effective [8, 13-14]

2-28, rhizosphere Mucor piriformis,
4-6 soil of pulse Botrytis cinerea

for the inhibition of conidial germination of pathogens
(over 90%), while the effect differed with apple varieties

crops and pathogen types.

- Tomato Geotrichum candidum, Tomato Dual culture assay revealed that P. fluorescens inhibited [15]
growing Trichothecium roseum, the radial growth of G. candidum, T. roseum and R. oryzae.
fields Rhizopus oryzae The results in vivo showed that P. fluorescens provided

good control (78.1%) of G. candidum and (82.2%) R.
oryzae, but not to T. roseum.

2-79  Academic  Salmonella enterica Tomato
exchange
2P24  Laboratory Rhizoctonia solani Cotton

preservation

P. fluorescens 2-79 reduced risk of foodborne diseases [16]
caused by S. enterica via competitive inhibition.

P. fluorescens 2P24 strongly inhibited the growth of R. [18]
solani when cultured with glucose, whereas not with

fructose or mannitol culture.

—: indicates the strains were not numbered. The same below.

B, B 1-112 F1 2-28 X2 405 R f 24 B
ORI TR AP E R BioSave  FlIA
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Table 2.  Mechanisms of Pseudomonas fluorescens on biocontrol

No. Sources Pathogen Host Control methods Mechanism Reference
1-112, The Penicillium Apple All three isolates produced protease, P+C+M [8, 13-14]
2-28,4-6  rhizosphere  expansum, siderophores and VOCs, and could colonize
soil of pulse ~ Mucor the wounds of apples. In addition, isolate 2-28
crops piriformis, was positive for the HCN biosynthesis gene,
Botrytis cinerea and both isolate 1-112 and 4-6 were positive
for the gene encoding the production of PCA.
P-72-10 The Phytophthora Tobacco P. fluorescens P-72-10 produced protease, P+C+M+1  [21-22]
rhizosphere  nicotianae cellulose, siderophores and VOCs. Also, it
soil of effectively reduced MDA content and
tobacco increased POD, PPO, PAL, CHI and GLU
activity in tobacco seedlings.
PEF-5#18 Laboratory  Fusarium Tomato P. fluorescens PEF-5#18 could colonize in C [23]
preservation  oxysopoyum rhizosphere soil and extend inside tomato
root-stem.
- Academic Penicillium Citrus P. fluorescens could inhibit spore germination, C+I [24]
exchange italicum germ tube elongation and mycelial expansion
of P. italicum, and rapidly grow in the wound
of fruits, thus improving the CHI and GLU
activities of citrus fruits.
FP7 Academic Colletotrichum  Banana P. fluorescens FP7 was positive for the C+M [11]
exchange musae production of siderophores and DAPG.
ATCC Academic / Tomato P. fluorescens ATCC 13525 produced C [25]
13525 exchange siderophores, and the content of iron in seeds
soaked in bacterial fluid increased
significantly.
FP7 Academic Pythium Turmeric P. fluorescens FP7 was positive for the M-+I [26]
exchange aphanidermatum plants biosynthesis gene of PCA, DAPG, PIt, Prn and
HCN. In addition, the activities of defense
enzymes such as POD, PPO, PAL and SOD
were enhanced by a combination of rhizome
dip and soil drench of FP7 liquid formulation
treatment.
LBUM223 The Streptomyces Potato The isogenic mutant of LBUM223 (phzC"), M [27]
rhizosphere  scabies not producing PCA, was incapable to reduce S.
soil of potato scabies growth. PCA produced by P.
fluorescens LBUM223 reduced S. scabies
thaxtomin A production, leading to reduced
virulence.
SF4c The Xanthomonas Tomato The tailocins produced by P. fluorescens SF4c M [28]
rhizosphere caused damage to the cell envelope of strain
soil of wheat Xanthomonas, resulting in a rapid leakage of
intracellular materials.
ALEB7B  Atractylodes / Atracty- The VOCs produced by P. fluorescens M [29]
lancea lodes ALEB7B could promote the growth and
lancea volatile oil accumulation of Atractylodes
lancea.
(F2)
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WR-1 Laboratory  Ralstonia Tomato The VOCs produced by P. fluorescens WR-1 M [30]
preservation  solanacearum significantly inhibited the virulence of R.
solanacearum via affecting protein metabolism.
UM16, The Botrytis cinerea  Medicago The VOCs produced by all P. fluorescens C+M [31]
UM240,  rhizosphere truncatula strains showed a high degree of antagonism
UM256, soil of against B. cinerea during confrontation assays,
UM270 Medicago and significantly increased Medicago
spp. plant truncatula biomass and chlorophyll content.
SS101 Laboratory  / Tobacco Eleven different compounds were detected in =~ M [32]
preservation VOCs from P. fluorescens, and the VOCs
could promote the growth of tobacco.
G20-18 Laboratory  Pseudomonas Arabidopsis P. fluorescens G20-18 could produce M [33]
preservation  syringae cytokinins and promote plant growth.
Sneb825  The Meloidogyne Tomato H,0, biosynthesis related gene RBOHI, POD 1 [34]
rhizosphere  incognita gene Ep5C expression and lignin biosynthesis
soil of related genes Tpx! expression of the samples
tomato treated by P. fluorescens Sneb825 reached the
maximum level.
OCK The Erysiphe pisi Pea P. fluorescens OKC could stimulate transcript [ [35]
rhizosphere accumulations of the Gal and Ga2 subunits of
soil of pea the heterotrimeric G protein, POD activities
and phenol content in pea during the infection
by E. pisi.
N21.4 The / Blackberry  P. fluorescens N21.4 treatment caused increased | [36]
rhizosphere expression of some flavonoid biosynthetic
soil of genes in blackberry fruits.
tobacco

P: indicates parasitism and mycoparasitism; C: indicates competition for nutrients and space sites; M: indicates production of
secondary resistance metabolites; I: indicates initiation of systemic resistance; /: indicates the pathogens were not clearly shown. The

same below.
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B, BNAURTERS B BAME A0, R 2
2Ry, IBATEPUIE A BT ROl s AR EE AN
EAERW, ATE s, Bofrisr R, —sediin

P. fluorescens
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1-112, 2-28, 4-6 j"4:H9 VOCs fE5E2iliil P.
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i) VOCs il & 4 7 (Ralstonia solanacearum) £
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UM240, UM256. UM270 ¥JEE"E VOCs, F 2
AN (B. cinerea) 8.3 PI BE & & i Ak & W 40 FH At
M, THRRERRE . TWPRETAREE . W R AR
SRS MLy, Park SEPHLHE
SS101 BEf=/E 11 Fh VOCs, AL#E 1-| PURK-1-
WE, 2-THAFD 2-FHJE-N-1-1 =M% ; 1 Zhou
ST EE R, P. fluorescens ALEBTB j”
ARDLRE BAL G, PR AT NON-Z HT gk
M . R TS, REAT RO 5 AR AR R
KRR TR HFEBUE VOCs HEAT B AEY)
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ARz B B, A RIS TR 555 T G 7
PEAT WS AR TR R Ak PR 77 b I RE R RN A 4, HL
WEPUR 57 A B, e — 26 XUk i
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MK SRR K 5] VOCs Ak, EeAis
SR e ' R, W AA T
L2 W 5T RN T

333 HAWRAEFEABY : Bk T LR
VOCs, P. fluorescens e Az HoAh Z2 Fh R A A
Yy, o feA R A W AR R R R
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P. fluorescens G20-18 Xt T R S 1 (Pseudomonas
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syringae) N HE B R W 35 FRAIG, RBZ AR 7 4
HYANML o BERBR T Refe A KR & LS, b
REMBR A B o Ak, HONPO | fash 23t
TEREAH . FIEMK YW P. fluorescens 1
YIRS

34 BIRGEM:

1983 4, Scheffer* V&K B P. fluorescens %11
K5 T (Ophiostoma ulmi)Z JCANHIVER , 168 R
BT ERAEHE Y B, HILIAR P. fluorescens
REVEIS 16 09 A B e 2R G0, kA g It 7 AR
THit, MAE—BOAR, P. fluorescens ¥ 4G £
SRR AT AR A UF AN E AR : (1) 4T
FAAALIRRE T, B AE EAHOC AL R Y 1
Tk, P EEETEME . 40 Prabhukarthikeyan
FPOE, [ P. fluorescens FPT WRIKIZ 2515
2R vk Lo, R 12w ALY
(Peroxidase , POD) . £ My %A 1k [ (Polyphenol
oxidase, PPO). KN % [ fi# % i (Phenylalanine
ammonia lyase, PAL) i %A fb & i} (Catalase, CAT) .
A ALY AL B (Superoxide dismutase, SOD)Z5[)
BTG YE, A RAMS T AR ZE I I gk T 2
AT (2) ST E R UCAEAGEEERE, Y
T PR ARG S BER I3RIE , 7 A K PR A
BT, R R R RGP . Zhao &
W ZUARAE T P. fluorescens Sneb825 1] LLiF
S R G DM U ECE— LR R,
2 P. fluorescens Sneb825 AbHAFEAAR R, W1k
A ADCIEE RBOHI , 3t AL ITEIEH EpsC
FIARBR R A B Tpxl FIE, &M RIAR
R BB ERE; Patel ZPHRIE P. fluorescens
OCK fEfe B E 52 =Rk G &1 Gal M Ga2 I
SRR SRR HEE POD T PE MBI R &
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EIZ R, Garcia-Seco ZECFoY &P,  H 8] T
P. fluorescens N21.4 BB HEARNBERAY)
B AE )& RS, S R A Y&
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4 FERAEBELE LB R
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Frok i H o 32 S BRI R 3R S0 S e s, BBl
PR 5 B SR E R R BHa RO, I &
MRS 32 = FE P A A B R, DA T A By ] 51
AR AN, 2 AT ARG TR (3 3)
4.1 ARIEFER

ORI . FERILEI AR, AR
RUSEGU AR AR A A RO SR s il
FEWIFE ST, Istiqomah ZE W5 KK, P. fluorescens
FG B 2E AT B (Bacillus subtilis)BRT], st

N B8 BR SC G B (Erwinia  carotovora) H B i F
BORH U, LT AR EF Agrept; P. fluorescens pf80
REFZ M A BT RIGRE, & pfR0. [EME T rhgE
MIRE 7 (Mesorhizobium ciceri) . 2545 R #1 Pusa 5SD
WA A T 1 O W R R EF R s, AR A
IR, TR G BRI A BB I o
e, B AE B0 AT REAE BT . AT
S BOIR T A7) B T A B ROR B REAR, an P
Sluorescens A A G INHT = W Ay AR | i T
H, AL B MO 5K, ([HA
B 15 P AE NI B (Sinorhizobium  meliloti)BE FH B} J2
1715 23 AT A L gy it B
42 FHBESGSEYHRBELA
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Table 3. Treatments for enhancing the biocontrol efficacy of Pseudomonas fluorescens

Combined Treatments No. Sources Pathogen Host Control effect Reference

Mixture of  Bacillus subtilis FPUB Academic Erwinia Tomato The combination of ‘10° CFU/mL  [49]

inoculants exchange carotovora B. subtilis and 10° CFU/mL

P, fluorescens’, or ‘10’ CFU/mL
B. subtilis and 10° CFU/mL
P, fluorescens’ showed to be
more effective.
Mesorhizobium P80 Academic Fusarium Chickpea The seeds treated with Pusa [50]
ciceri exchange oxysporum 5SD+Pf80+M. ciceri+Vitavax
power provided the highest
germination, grain yield and the
lowest wilt incidence.
Physical Gamma - The Penicillium Apple Combination of P. fluorescens  [7]
technology irradiation rhizosphere  expansum and gamma irradiation (at
soil of apple 200400 Gy) could decrease
tree softening during apple storage.
Modified 1-112,  The Botrytis cinerea  Apple On average, the combination of  [2]
atmosphere 2-28, rhizosphere three isolates of P. fluorescens
4-6 soil of pulse and modified atmosphere
crops reduced the size of the grey
mold lesion by 38.9%.

Chemicals Salicylic acid KSAl Citrus leaves  Xanthomonas Mexican  The application of P. [52]
lime fluorescens in combination with
seedlings  salicylic acid significantly

reduced lesion number per leaf
(72%) and disease severity
(84%).
Sodium 4-6 The Mucor piriformis  Apple Isolate P. fluorescens 4-6 in [2]
bicarbonate rhizosphere combination with Sodium
soil of pulse bicarbonate significantly
crops reduced Mucor rot decay,
comparable to BioSave® and
Scholar®.
Genetic Ribosome Pf-5 Laboratory  Phytophthora Tobacco  The yield of Plt and DAPG [43]
improvement engineering preservation increased in engineering strain
by 2.5 and 1.4 fold, respectively.
Gene HC1-07 Laboratory Gaeumannomyces Wheat Recombinant strain could [53]
recombinantion preservation  graminis produce PCA and cyclic
lipopeptide simultaneously, and
the biocontrol effect on wheat
take-all disease was significantly
increased.
Metagenomics  Pf36 The Radopholus Banana The recombinant strains [54]
and gene rhizosphere  similis p4MCS-pf36 and p4Tn5-pf36
recombinantion soil of could secrete insecticidal
banana tree proteins efficiently, and the

lethality rate of R. similis
increased significantly.
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Abstract: Fruit and vegetables diseases are always caused by pathogenic microorganisms and traditionally,
chemical control such as fungicide treatment was widely applied, which helped to cause chemical residues,
environmental pollution and resistance in fungi, etc. Alternatively, microbial biocontrol methods were favored due
to their safety, effectiveness and environmental harmlessness. In this paper, we reviewed the update investigations
about the biocontrol effect and involved mechanisms of Pseudomonas fluorescens, one kind of biocontrol bacteria
and plant growth-promoting rhizobacteria. We provided the basic information of P. fluorescens on biological
control and discussed related mechanisms including parasitism, competition for nutrients and space sites,
production of secondary resistance metabolites and initiation of systemic resistance, responsible for the biocontrol
effect. Also, we illustrated the current research result for the improvement of biocontrol efficacy, such as inoculant

mixing, physical methods, chemical treatments and molecular technologies.
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