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Abstract
Background and Objectives
Curtobacterium flaccumfaciens pv. flaccumfaciens is the cause of bean bacterial wilt (CFF)
and a dangerous pathogen for bean fields. To date, no definitive control has been found for this
pathogen. In sustainable agriculture, it is used to control plant pathogens by applying
management methods related to preserving the environment and producing organic products.
The use of biological agents such as Trichoderma fungi and Pseudomonas bacteria is among
these management methods. Minimal research has been done worldwide on biological agents'
effects on CFF. Therefore, the present research will investigate the effect of inhibiting the
growth and activity of two biological agents, including Pseudomonas fluorescens and
Trichoderma harzianum, against CFF in laboratory and greenhouse conditions.
Materials and Methods
First, the pathogenicity test of CFF was carried out on the greenhouse's Sadri variety pinto bean
plant. Then, the effect of fungal and bacterial biological agents against the pathogenic agent was
investigated by two methods of mutual culture and their secreted substances in laboratory
conditions. By measuring the diameter of the transparent halo formed around the extract and spot
culture of biological agents, the growth inhibition power of these biological agents against CFF
was evaluated. In order to investigate the effect of these biological agents against bacterial wilt
disease in greenhouse conditions, these biological agents and pathogens were propagated and
expanded, and a standard suspension was first prepared from them. These suspensions were
inoculated on the host plant using the spraying method. During 21 days, disease symptoms and
bean plant indicators have been recorded. Then, the disease severity of progress under the
influence of these biological factors was checked using the 0 to 4 scoring system. Also, the plant
resistance type to the pathogen was evaluated using the 1-5 scoring system. The data obtained
from the laboratory (inhibition percentage) and greenhouse (treatment changes, plant resistance,
and plant indices) studies were analyzed in a completely randomized design using SPSS 21
software.
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Results

In laboratory conditions, P. fluorescens and T. harzianum treatment prevented the growth of
pathogenic bacteria CFF by 18.67 and 27.33%, with a diameter of the inhibitory halo of 14 and
20.5 mm, respectively. It was also found that a significant part of the inhibitory effect of P.
fluorescens bacteria (about 85.70%) is related to the secreted substances of the bacterial cells.
In contrast, in the biological fungus T. harzianum, the effect of the secreted substances was
about 50.02%. The effect of biological factors on CFF in greenhouse conditions showed that
these biological factors strengthen the defense reaction of bean plants against CFF. So, the
sensitive reaction of the plant against CFF bacteria (with a disease severity of 83.13%) was
transformed into a semi-resistant reaction by inoculating P. fluorescens and T. harzianum with
the diseased plant. Also, the inoculation of the combination of these two biological factors made
the plant resistant to pathogenic bacteria. Treatment of P. fluorescens+T. harzianum, by
affecting CFF bacteria, was the best treatment in reducing the severity of the disease during 7,
14, and 21 days; the severity of the disease on these days was 21.87, 33.12, and 36.25%,
respectively, which showed a significant difference with the disease severity index in infected
treatment during these few days at the statistical level of 1%. Treatment of P. fluorescens+T.
harzianum, with a disease severity index of 36.25% and a 57.04% reduction in disease severity,
showed the most significant effect on the reduction of bean bacterial wilt disease.

Discussion

In the present study, the use of two biological agents, P. fluorescens and T. harzianum, showed
significant controlling effects on CFF in laboratory and greenhouse conditions, and 57.04%
reduced the severity of this disease in the bean plant. These two biological factors prevent the
growth and spread of plant pathogens by using mechanisms such as the production of secondary
metabolites, acidifying the environment, competing for food and space, colonizing and
stimulating the plant to produce phytoalexin, proteins related to pathogens, salicylic acid, etc.
Therefore, using these two biological agents as safe, effective, and durable biological control
agents in sustainable agriculture against bean bacterial wilt disease is recommended.
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Table 1. Preparation of culture medium M9 Minimal Salts

Materials Amount Autoclave disinfection step
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1. NazHPO4 60 g*
Mo salt 2 KH2POs 30g Autoclave and Cool to 50 °C
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4. NH4ClI 10g
Agar 15¢g
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1M CaCl; 0.1ml
50% Glucose 4 ml Not Autoclave
1% Thiamine 0.25ml

*ml: Milliliter  *g: Gram

P s ST (6 58 st o sl 0535k 51 ) 81
o3Il codd CiST asb 5 ol slewl dlla s fluorescens
Sl s g sl T 1 e ol > s 3 S
Sakthivel and ) .s esliul Js il Jaze ST CFF 6 ST,
LS;LI -L&J Lﬁf"\{)"’)l" -L,é)b g:,.j“.éa)b (MeW, 1991
dlone G Dl b 5 iy S eslizl b S ST

(Pandey etal., 1982) .5 &

SR S0 S Ay b

iy 3l SLlsil doys= N
’ A S

ST Lyl el 38 CundgS T Jolge Wl sy

CFF &35k 4yle

(3ol Ao Ailen Ly gl ol il ) glate o

odsbe Sl Gamilse e LS oS
VA Bl L sl s e ST slag ST

2- Nutrient Agar

*1M: One molar concentration

;J?&JQquewfuTéjsu.\;up%;,U;

4 TINA) ST 2y 5555 LS ame (gl (slaSais s
a8 ) S5l 5 dmy s osls ST LT oS e oS4 ek
wiy Colo FA Sote 4 31 8 5l a3 YO (las 53 6 STL
S oz wzeT ol 4y bow g (6 8L a5, il s S
Oliabl (11335 o O LS Lo o 1 o 53 95
ESai5 )3 S5 1w S BT (S Jsb JolS s
5 a3y pps A5 o kB 93 (6 S CAS Lo gl 65
S5 4a8> Y0 Doty 4 g5l5 o)y oty |y (6 4 SKRET = g
lsm 4iEs ¥ e 4 0Tl dw 5 A sl 0T oo
ol 1y s 8 ol 35 IS (oo g ST o
(CFP) 136 5las 6 876 O gomilion g 1 1 oo &5 ¢ 2312
VY Sdets 5 3 5 (6l 55,8 55 VA CFU/MI ke b

Colgys L osls Hl 3 :!sttjl.« a3 YA Gles s el

1- Petri dish



W VEY Oliens ) F olac (FF o (55,588 cale dlons) i 0lS

S 2ok o ys 5 Lugh ol wBlu 5 iy gl
s ST Jolge i pde 5 i > CFF
Cows 4y pls (glaosls i S o3Il 5 oyl peslssl
b aless 5 Silodley g @5l Kon Tl ok
L3 &G ezl el 55 SPSS 21 1316 5 5l eslinal

el

Lyl ols™ 595 CFF 5 5k (215 sk ST
S5l 3 ia Y B Y L b ST (S350 (len (30N
ot Sk o35 L oS 55, (CFF) 5l o S
gﬁ@"ﬁjﬁ)oﬁ&%fwj@"‘iﬁﬁﬁw
Sapoh 5 kb gy b 4 gk D ol OLLS
e ol b Olejer i fudS shiks S35 L (S s
() JS8) 48 oalin Ly olS (5, ESaton (S5 05
e CudgT BT folge 2bShao cools
ol Lo 3T Lyl 4o CFF

5 2L s ST Jolse 35 byls 4 2 ol
S o ol Ol o&u 3T Lyl 3 45 CFF (65, 6
31 38) ki 5 s Sy gty o ST Jalse ol
D5 F ks ) ST b s (Cad ST 31 dod e
o 53 Sil3 g Sppon O55L ) A, 5 48
Jlize 28 53 AT o oo 40 (65 sl o5 &K Loz
» T. harzianum  P. fluorescens cu.; ST sl
WY 5 54 e o Y0 /0 g\ F o lajlidlla sl 5
4 5,8 s CFF 8 ey (651 sy 5l oy YWY
¥ Jsd) L5557 Jas

2 500 5 Sl o8 L ke ) CFU/MI
o) ke 53 sl 10T L B L cs ST

2 e ST 26 5 S A g () e

SB g p33 428 a5 Rk S 5 seb al> e
S el g ol (535 (V) s (si)lesd b 5 Ly
S 3 8 o plail (520 4 (2L el )25 B
oS 03508 @b lp 358 ol & e 5 OT
L e, e (e ST ol 5 S sles 3555 )
Lis 1y o S 05 T & bl O g
SLai s 5y Sd SL S W@y SIbl b,
5 ML S Jole ol b eaS eld SSale
OS5 Tadoes ol VY 808 51 ey (S5hU ity
dals) 03T wals s 6l 3Tl s s S
Jolse O sl s Sty (05 e OT 51 (e
3 (e o) Wl dals (slas s 510 o S 5T
Boban 6L Opmilinsor Slaras ol Jbie OT
Cod Gl ol s Bl el L oS )
S & Sl Giale 0s) i dals slasles
s ke (8 ey w0 03 JT6lS) e dals
LS+ T. harzianum s J7 LS+ P. fluorescens)
Sl 5 (o507 olE+ s Jole 53 8 S 5 5 02T
T. o oL+ P. fluorescens) s fulse ssls
Jole 53 2 S5 5 Gl oS+ harzianum
Sl b slas JolS = b B s (e oL+ 2
oS e Al o 51508 I ey 23S el 1SS
Solom 635 LS ST Jolse ol 3T andllas ) slataa,
Bl gty St 5 F05s alagastli b Sy

(CFF) g (Fop3 Golow (535 46T Ly 50 () Jolge B (53T sumaslosd - Jsur
Table 2- Statistical treatment of the effect of biological factors on bean wilt disease in greenhouse conditions

Treatment Code
Infected treatment -A
Non-infected treatment +A

T. harzianum (Control treatment) AT

P. fluorescens (Control treatment) AP

T. harzianum+ P. fluorescens (Control treatment) ATP

T. harzianum + CFF T+CFF
P. fluorescens + CFF P+CFF
B. subtilis+ P. fluorescens+CFF TP+CFF
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Table 3. Comparison of the average effect of P. fluorescens & T. harzianum antagonists in preventing the
growth of pathogenic bacteria CFF in two methods of cross-culture & cell secreted substances

Treatment Type test diameter of the inhibitory Growth inhibition
halo (mm) percentage)
Cross-Culture 14° 18.67 **
P. fluorescens be
Cell Secreted Substances 12 16**
) Cross-Culture 20.5¢ 27.33 **
T. harzianum c
Cell Secreted Substances 10.25 13.67 **

The values in a row followed by different letters are significantly different (P < 0.01) according to Dunkan test.

Other
competition

Secreted

. material
mechanisms 50% Secreted

50% material
85/71%

Sb by 3 (S gl 53 T harzianum g 56 9 P. fluorescens (5 yisb (o5 (S pumilo by § 4 o 390 aw —F o

(CFF) byt (Fap3 ol
Figure 2. The contribution of secreted substances & other competitive mechanisms in P. fluorescens & T.
harzianum in preventing the growth of bean wilt bacteria (CFF)

a) o 03T Lul s 38 CFF (6 557k dde Cumigh WT folge dond yio 3gn 9 Jolie Culs™ 58 Ay 03183k by gy —F KO
3 (b o103k by i § 4 (d 9C) SO P. fluorescens  foliio cuis™ g  Johw 4oed o 3lgo 31 (46 oizld3b by i i 4 (D 9

T. harzianum g ;8 tawgi CFF (5 357b (sl Joke O 0 36l5” (€) U T. harzianum o Suis™ 9 (Joke 4 o 31go
Figure 3- Investigating the growth inhibitory halo in Cross-culture & secreted substances of antagonist agents
against CFF in laboratory conditions: Figure (a-b) respectively the inhibitory halo caused by cell secreted

substances & the cross-culture of P. fluorescens. Figure (c-d) respectively the inhibitory halo caused by cell secreted

substances & the cross-culture of T. harzianum. Figure (e) Colonization of CFF bacterial cells by T. harzianum.
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Table 4. Changes in the severity of bean bacterial wilt disease during the 21st period under the influence of

P. fluorescens & T. harzianum

Treatment Percentage of disease severity over time (days
Tereatment Code 2 i o
Infected treatment +A 84.38 2 62.50¢ 31.25¢
T. harzianum T+CFF 55.32 b 4750 ® 26.25
P. fluorescens P+CFF 50.62 0 40° 21.25°b
P. fluorescens+T. harzianum  TP+CFF 36.25¢ 33.12° 21.87°P

The values in a row followed by different letters are significantly different (P < 0.01) according to Dunkan test.

Infected treatment
== e e T harzianum
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------ T. harzianum+ P. fluorescence

w
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T. harzianum

Figure 4. Changes in resistance of bean plant infected with CFF during the period of 21 days under the

influence of P. fluorescens & T. harzianum biological factors
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Table 5. Reduction of bean bacterial wilt disease severity under the influence of P. fluorescens & T.

harzianum biological agents

Reducing the

Treatment 'I(;:)e da;ment severity of the Coding score Resistance type
disease

Infected treatment +A 4-5 Sensitive- semi
sensitive

P. fluorescens P+CFF 3-4 Semi Resistant-
Resistant

T. harzianum T+CFF 34.07 3 Semi Resistant

P. fluorescens+T. TP+CFF 57.04 2 Resistant

harzianum
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Figure 5. Changes in bean bacterial wilt disease symptoms under the influence of T. harzianum & P.

fluorescens biological agents

4- Viridin
5- Heptelidic acid
6- Petibols

1- Bacteriostatic
2- Herbicolin
3- Viridiofungin
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Table 6. The effect of antagonistic agents on the aerial parameters of uninfected & infected bean plant with

CFF pathogen

Stem dry Stem fresh Stem Length

Treatment Code weight (gr)  weight (gr) (cm)
Control -A 3.73¢ 09.67° 43.50°¢
P. fluorescens AP 4.62° 10.47 ® 48.85°

Uninfected T. harzianum AT 4.82° 10.52 & 49.88°
P. fluorescens+T. a a a
harzianum ATP 5.33 11.32 52.87
Control +A 2.35¢ 05.65 9 2550 f
P. fluorescens P+CFF 3.54°¢ 07.30° 31.51°¢

Infected T. harzianum T+CFF 3.25¢ 07.25°¢ 29.55¢
E - fluorescens+T. TP+CFF  3.74°¢ 07.82°¢ 34.50 ¢

arzianum

The values in a row followed by different letters are significantly different (P < 0.01) according to Dunkan test.
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5- Phyllosphere

6- Induced Systemic Resistance

7- 1-Aminocyclopropane-1-carboxylic acid
8- Xylanase
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1- Proteolytic
2- Chitinolytic
3- Lipolytic

4- Rhizosphere
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Table 7. The effect of antagonist agents on the ground parameters of uninfected & infected bean plant with
CFF pathogen

Root dry Root fresh  Root length
Treatment Code weight (gr)  weight (gr) (cm)
Control -A 1.61°¢ 3.70° 25.50°¢
Uninfected P. fluorescens AP 2.03b 4218 30.50 &
T. harzianum AT 1.72¢ 4,102 28.50 P
P. fluorescens+T. harzianum ATP 2222 4332 31.60°
Control +A 0.559 2.13¢ 16.00 ¢
Infected P. fluor_escens P+CFF 1.01¢ 3.22°¢ 20.75 ¢
T. harzianum T+CFF 0.81f 2.814d 19.754
P. fluorescens+T. harzianum  TP+CFF 1.2149 3.23¢ 22.00 ¢

The values in a row followed by different letters are significantly different (P < 0.01) according to Dunkan test.
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