OPS/images/cover.jpg
HARNESSING USEFUL RHIZOSPHERE
MICROORGANISMS FOR PATHOGEN

AND PEST BIOCONTROL, VOLUME II

io Ciancio, Corné M. J. Pieterse and Jesds Mercado-Blanco.
icrobiology and Frontiers in Plant Science

& frontiers Research To






OPS/images/fmicb-08-01455/cross.jpg
3,

i





OPS/images/fmicb-08-01186/fmicb-08-01186-t004.jpg
Genus
antagonist

BACTERIA
Bacilus
Paenibacilus
Streptomyces
Pseudomonas
Serratia
FUNGI
Pythium
Fusarium

Trichoderma
Verticillum

Tataromyces
Penicilium

Muscodor
Gliocladium
Mycorrhizae

Reduced germination
of inoculum

X (turins)
x
X (prodiginines)

X (VOCs)!

*(VOCs)

'VOCs: volatie compounds
2DAMP: damage associated molecular pattem.

Plant growth
promotion

Competition for infection
sites/space/nutrients

Induced
resistance

X (turing)
x
x
x

X (DAMP
release)?

x (DAMP
release)

X (DAMP
release)

Antibiosis in
vitro

X % % x

Mycoparasitism
invitro





OPS/images/fmicb-08-01186/fmicb-08-01186-t003e.jpg
Funneliformis
_ Tomato, pepper + 0 0 Demir etal., 2015
F; mosseae (tormerly G. Tomato, + + Karagiannicis et al., 2002
eggplant
Afalta + + Huwang et al., 1992
Pepper 0 0 o Garmendia ot al, 2004c
mosseae)
Oiive 0 + Porras-Soriano et al., 2006
Coton + + + Liu, 1995
F: mosseae (formerly G. Tomato o o 0 Baath and Hayman, 1983
mosseae) + F. caledonium (G.
caledonium)
Gigaspora
Eggplant + + R Matsubara et al., 1995
Pepper + 0 o R Garmendia et al,, 2004a,b,;
Gamendia et
Cotton + o o Liu, 19956
Cotton + + + Liu, 1995
Cotton + + Zhang G. et al., 2012
Afalfa + + Hwang et al, 1992
Rhizophagus
Afalfa + + Hwang et al, 1992
R. fasciculatus (formery G, Cotton o + 0 Davis et al, 1979
fasciculatus)
_ Eggplant + 0 0 Denir etal, 2015
R intraracices (formerly G, Pepper o 0 0 Gamenda et al., 2004c:
intraracices)
R. intraradices (formerly G. Olive [ + Porras-Soriano et al., 2006
intraradices)
R. intraracices (formerly . Ofive o + Kapunik et al,, 2010
intraracices)
Sclerocystis
S. sinuosa Cotton o o Liu, 19956

Mortierella sp. RF1, RF2 Oilseed rape. 0 Mycoparasitism (i) Alstrém, 2000

"A reduction or increase of disease incidence or/and severity is indicated by respectively “+"and *~". No effect on the disease s indicated by *0". Isolates with biocontrol activity are also
marked in green.  Plant growth promotion with or without Verticilfum infection is represented by “+" and a negative effect on the growth by *~". No effect on the growth is indlcated
by *0". ) Reduced Verticilium colonization of the roots but not of the stem; @ No reduced Verticilium colonization;  Trichoderma population was negatively affected by V. dahliae;
Reduced % of Verticilium infested seeds; ' No reduced % of Verticilium infested seeds; © No Verticillum symptoms developed during experiments; © Reduced Verticilium colonization
of the roots and stem. ex, exudates of the isolate were used to apply to the plants; dm, dry mycelium of the isolate was applied to the plants; i, in vitr Induced Resistance.






OPS/images/fmicb-08-01186/fmicb-08-01186-t003d.jpg
T. harzianum (promot®) Strawberry [ 0 06 Weissinger et al., 2009

T harzianum T3, 794, T106,  Eggplant + 4+ Antibiosis (), mycoparasitism  D'Ercole et a., 2000
T108, T120, T viride 9, T46, )
T67, T107, T117
Strawberry + Antibiosis (v) Mirmajessi et al, 2016
Tomato + + 4+ Antibiosis (), mycoparasifism  Dutta, 1981
()
Eggplant + Marois et al., 1982
T virens (formerly Glociadlom ~ Eggplant o Marois et al., 1982
virens)
Trichoderma sp. MNS11 | Eggplant + Narisawa et al,, 2002
Tichoderma sp. RF14, RF16  Oilseed rape 0 Mycoparastism () Alstrém, 2000
Verticillium
+ Schnathorst and Mathre,
1966
o Schnathorst and Mathre,
1966
Potato + Robinson et al,, 2007
Tomato + Matta and Garibaidi, 1977
Tomato. + + + R Shittu et al,, 2009
Tomato + +  DAMPrelease Garcia et al, 2011
Cotton + + + Zhuetal., 2013
Lettuce + 9 0 Ginetal., 2008
Lettuce + Qin et al., 2008
Caulifower + Franga et al, 2013
Caulfiower + Tyvaert et al,, 2014
Potato + Davis et al., 2000
Coriolopsis
C. rigida CECT20449 () Tomato 9 4+ Antibiosis (v), DAMP release  Garcia etal, 2011
Dark septate endophytes
+ + Narisawa et al,, 2004
0 o 0 Andrade-Linares et al, 2011
+ + + Andrade-Linares et al, 2011
+ o + Andrade-Linares et al., 2011
+ + + Fakhro etal., 2010
Trametes
T. versicolor A136 (ex) Tomato 9 +  Antibiosis (), DAMP release  Garcia et al,, 2011
Claroideoglomus
C. claroideum (formerly G, Olive 0 + Porras-Soriano et al,, 2006
claroideur)
C. etunicatum (formerly G, Eggplant + + R Matsubara et al., 1995
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T. harzianum T-22 (GTG II®)

T harzianum T-22 (Planter
Box Biological Fungicide®)

T. harzianum
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Cotton
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Tomato
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Cotton

Eggplant
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Eggplant
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Cotton

Cotton

Eggplant
Potato
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Tomato,
cucumber
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Potato
Eggplant
Cotton

Pepper
Hop
Strawberry
Oive
Oive
Oive

Spinach
Spinach

Potato
Eggplant

+ o

+

R

Antibiosis (iv), DAMP release

Antibiosis (iv), mycoparasitism
™

Antibiosis (i), IR

Reduced MS germination,
antibiosis (v), IR

Antibiosis (), mycoparasitism
W)
Antibiosis (iv)

Antibiosis (i)

Antibiosis (v)

Reduced MS germination
Mycoparasitism
Antibiosis ()

Antibiosis (v)
Reduced MS germination,
antibiosis (v)

Dong et al., 2003, 2006
Zhang etal., 2011
Garcia etal., 2011
Dutta, 1981

Larena et al,, 2003;
‘Sabudillo et al., 2005, 2006
Lietal, 2014; Yuan etal.,
2017

Narisawa et al,, 2002

Narisawa et al,, 2004

Narisawa et al., 2002

Varo etal., 2016b

Varo etal., 2016a

Zheng etal., 2011

Zheng etal., 2011

Marois et al., 1982
Naraghi et al., 2010b

Neraghi et al., 2010a

Zeise and Kersten, 2000

Solarska et al., 2000
Nagtzaam et al., 1998

Lietal, 2014; Yuan etal.,
2017

Slusarski and Pietr, 2009
Solarska et al., 2000
Martinez et al,, 2009
Carrero-Carrén et al,, 2016
Carrero-Carrén et al,, 2016
Vero et al., 20160

Cummings et al, 2000
Gummings et al 2009

Ordentlich et al., 1990
Maros et al., 1982
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™
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)
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Reduced MS germination,
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Nagtzaam et al., 1998
Nagtzaam et al,, 1998
Zheng etal, 2011

Zheng etal., 2011
Narisawa et al., 2002

Alstrm, 2000

Zhuetal, 2013
Melouk and Horner, 1975

Vagelas and Leontopoulos,
2015

Varo etal., 2016a
Varo etal., 2016b

Alstrm, 2000

Alstrm, 2000
Dutta, 1981

Narisawa et al., 2000, 2004

Nerisawa et al., 2002

Lietal, 2014; Yuan etal.,
2017

Stadler and von Tiedemann,
2014

Stinson et al., 2003

Narisawa et al,, 2002

Zheng etal, 2011

Zheng etal, 2011

Nrisawa et al., 2002

Marois et al., 1982
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Antagonist Host Control efficiencyl)  Effect on growth(")  Mode of action References

Disease ~Vve +Ve
Pythium
P oligandium (Polyversum®) | Pepper + + Rekanovic et al., 2007
Tomato 0 Giotis et a., 2009
Pepper + + Reduced MS production, A-Rawahi and Hancock,
mycoparasitism () 1908
Cotton + 0 0 Antibiosis () Lietal., 2014; Yuan etal,
2017
Oiseed rape 0 Mycoparasitism (v) Alstrém, 2000
Aspergillus
A alutaceus Eggplant 0 Marois et al., 1982
Aureobasidium
Oive 0 Antibiosis () Varo et al., 20160
Eggplant + Reduced MS germination, Papasotiiou et ., 2013
antibiosis (v), IR
Cotton + + Antibiosis (), mycoparasitsm  Zheng et al., 2011
™
Fusarium
Tomato + o +  Antibiosis (v) Dutta, 1981
. lateritium BAFC2317 (e)  Tomato o 4+ Antibiosis (), DAMP release  Garcia etal., 2011
. moniiforme FMO1 Oive 0 Varo et al., 20162
Oive + Antibiosis (), IR Varo et al., 20160
Oive + Reduced MS germination, Varo et al., 20166
antibiosis (iv)
Oive + Reduced MS germination, Varo et al., 201620
antibiosis (v), IR
Cotton + Reduced germination of Zhang etal., 2015
inoculum (VOCs, v), antibiosis
(VOCs, iv)
Pepper + 0 + R Diaz et al, 2005
Tomato + Matta and Garibaldi, 1977
Eggplant + Competition, IR Malandraki et al., 2008;
Pantelides et al,, 2009; Gizi
etal, 2011, Angelopouiou
otal, 2014
Eggplant + Malandraki et al,, 2008
Pepper + o + R Veloso and Diaz, 2012

Olive 0 Varoet al., 2016b
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Arthrobacter
Athrobacter sp. FP15
Bacillus

B. amyloliquefaciens 418-1
B. amyloliquefaciens 5-127

B. amyloliquefaciens UCMB-5033,
UCMB-5036, UCMB-5113

B. cereus CH2

B. cereus AR156

B. pumius M1

B. subtilis B-26, B-121, B-135,
B-136, B-150, B-181

B. sublilis SM21
B. subilis YUPP-2
B. subtilis Jaas ed1
B. subilis DF14

B. subtilis TS0

B. sublifis HJ5
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Bacillus sp. K-160
Paenibacillus

P, alvei K-165

P polymyxa YUPP-8
R xylanilyticus YUPP-1
Streptomyces

S. albidoflavus S1

S. albidoflavus 1W1

S. cyaneofuscatus ZY-153
S. diastatochromogenes S9
. flavotricini Z-13
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S. lvidans 66

S. lydicus WYEC108 (wood
chip-PAM cores)
S. rimosus TW1

. rochei X-4
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Cotton
Eggplant
Potato
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Eggplant

Cotton
Potato
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Species

Verticillur albo-atrum
Verticillum alfalfae
Verticilium dahliae
Verticilium isaacii

Verticillium klebahnii
Verticilium fongisporum

Verticilium nonalfalfae

Verticilium nubitum
Verticillum tricorpus
Verrtiillum zaregamsianum

Host range

Pestilence wort, Potato, Stinging nettle
Alalfa

wide

Avtichoke, Bear's breech, Brassica sp., Florist's daisy, Hairy nightshade, Lettuce,
Potato, Spinach, Tomato

Artichoke, Lettuce

Birdrape, Broccoli, Cabbage, Caulifiower, Field mustard, Horseradish, Oilseed
rape, Sugar best, Tumip, Wild radish

Afalfa, Cotton, Hop, Petunia, Potato, Spinach, Tomato, Tree of heaven, Wild
celery

Potato

Garnation, Larkspur, Lettuce, Potato, Tomato

Tomato, Potato, Lettuce, Ten weeks stock

Survival structures

microsclerotia, resting mycelium
resting myceium

microsdlerotia

microsclerotia, resting mycelum, chiamydospores

microsclerotia, resting mycelium, chiamydospores
microsclerotia

resting mycelium
chlamydospores

microsdlerofia, resting mycelium, chlamydospores
microsclerotia, resting mycelium

Inderbitzin et al., 2011: Inderbitzin and Subbarao, 2014,
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S. globosus LMG 19896 (AJ781330)
S. toxytricini NBRC 12823 (AB184173)
S. globosus (KY980677)
S. flavotricini NRRL B-5419 (JNXV01000042)
S. amritsarensis 2A (GQ906975)
S. yangpuensis fd2-tb (LBMK01000002)
S. katrae NRRL ISP-5550 (JZWV01000648)
S. polychromogenes NBRC 13072 (ab184292)
S. racemochromogenes NRRL B-5430 (DQ026656)
S. tanashiensis LMG 20274 (AJ781362)
S. nashvillensis NBRC 13064 (AB184286) C
S. rubiginosohelvolus 1IFO 12912 (AY999864)
S. virginiae NRRL USP-5094 (JOAK01000082)
S cinnamonensis NBRC 15873 (AB184707)
S. avidinii NBRC 13429 (AB184395)
S. subrutilus DSM 40445 (X80825)
S. sporoverrucosus NBRC 15458 ()AB184684
S. colombiensis NRRL B-1990 (DQ026646)
S. lavendulae subsp. lavendulae NBRC 12789 (AB184146)
S. vinaceus NBRC 13425 (AB184394 ‘ : t
S. cirratus NRRL B-3250 (AY999794) SEI_ 15KV WD9mm SS30
S. nojiriensis LMG 20094 (AJ781355)
S. xanthophaeus NBRC 12829 (AB184177)
S. spororaveus LMG 20313 (AJ781370)
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PSM

Aspergilus niger
Serratia sp.

Aspergillus awamoriS29
Burkholderia gladioli
Pseudomonas aeruginosa
P, putida

Azotobacter chroococcum,

Saccharomyces cerevisiae, and
Bacilus megaterium

Burkholderia gladioli

Aspergillus niger Penicillum aculeatum
Bacillus sp. and Pseudomonas sp.
Bacillus thuringiensis

Pseudomonas striata and Glomus
fasciculatum

Burkholderia cepacia

Azotobacter chroococcum and
Bacillus subtilis

P favisporus TG1R2
Rhizobium tropici CIAT899

Test crop

Wheat

Wheat

Mung bean
Sweetleaf
Chinese cabbage
Moss
Moringaoleifera

Oil paim
Chinese cabbage
Sesame

Rice
Soybean-wheat

Maize
Wheat

Soybeans
Beans

Result

Improved growth

Increased growth

Increased plant growth, total P content, and plant biomass
Increased plant growth

Increased total weight and total length

Increased growth

Increased shoot and root lengths, increased shoot and root
dry weights, increased vitamin G and protein content g/g
dry weight leaves

Increased growth and phosphate uptake
Increased growth

Increased seed yield

Increased shoot length

Better root property and increased grain yield

Improved plant growth
Enhanced productivity of wheat

Increased dry biomass
Enhanced increased; nodule number, nodule mass, shoot
dry weight, and root growth

Source

Xiao et al., 2013
Swarnalakshm et al., 2013
Jain et al., 2012

Mamta et al., 2010

Wang et al., 2010

Tani et al., 2011

Zayed, 2012

Istina et al., 2015
Wang et al., 2015
Jahan et al.,, 2013
David et al., 2014
Mahanta et al., 2014

Zhao et al., 2014
Kumar et al., 2014

Fernandez Bidondo et al., 2011
Tajini et al., 2012
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