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The bacterial biocontrol agents (BCAs) treatments were used for seed microbiolization; the bacterial
biocontrol agents (BCAs) used selected from previous study on the control of Xanthomonas-
axonopodis pv. phaseoli Xap) includes: Bacillus (DFs093, DFs348 and DFs769), Pseudomonas (DFs513,
DFs831 and DFs842), Rhodococcus (DFs843 and DFs912), and the combinations CO01
(DFs093+DFs769+DFs831), C02 (DFs093+DFs769+DFs842) and CO03 (DFs093+DFs769+DFs348). Sixteen
(16) Xap strains were collected from several Brazilian regions, and were inoculated in cotyledonary
leaves. The symptom development was followed for 10 days. The treatments were compared by the
area under the disease progress curve for disease incidence, severity, and index. In general, majority of
the BCAs reduced, to some degree, the disease caused by different Xap strains. The combination CO01,
and the isolate DFs831 resulted in highest mean disease control. The data from this study suggest a
relationship between the region of origin of Xap strain and the efficacy of BCA to control the disease
caused by it. The use of combinations of these organisms increased the efficacy of the biocontrol of
several strains of the same pathogen. A strain-BCA interaction was shown by data collected from this
study, which evidence the importance of selecting a BCA or a combination of BCAs with a wider
spectrum of action.
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INTRODUCTION

The bacterial blight (Xanthomonas axonopodis pv. vulgaris L.) occurs worldwide and is especially serious in
phaseoli (Smith) Dye (Xap) of common beans (Phaseolus regions of high temperatures and relative humidity. In
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Brazil, the disease commonly occurs in the states of Rio
Grande do Sul, Rio de Janeiro, S&o Paulo, Minas Gerais,
Parana, Santa Catarina and in the central-west region.
The disease is very damaging in rainy season crop
(Almeida et al., 2015; Fourie, 2002) and losses of up to
50% have been reported (Vieira and Souza, 2000).

Being widely distributed in Brazil, difference in the
virulence Xap strains occurring in different regions are
expected, which can affect the control strategies,
especially development of resistant cultivars (Vieira and
Souza, 2000). The association between the origin of a
Xap strain and its virulence has been reported. The
strains from temperate regions were found to be less
virulent than those from tropical regions (Rava and
Romeiro, 1990; Mutlu, 2008). Frequent failure of disease
control through the use of resistant cultivars and
chemicals has been attributed to the differences in the
virulence of the pathogen (Mutlu, 2008), which warrants
developing alternate methods, including biological
control.

The biological control using bacterial biocontrol agents
(BCA) is an alternative that has been tested and has
shown potential for control of foliar pathogens (Singh and
Siddiqui, 2015; Akhtar and Siddiqui, 2010). There are
also many researches that show good results for bean
diseases such as Macrophomina phaseolina (Torres et
al., 2016), X. axonopodis pv. phaseoli (Zanatta et al.,
2007; Sallan, 2011), Pseudomonas savastanoi pv.
phaseolicola (Garret and Schwartz, 1998),
Colletotrichum lindemuthianum (Corréa et al., 2008;
Bardas et al., 2009) and Pseudocercospora griseola
(Corréa et al., 2014). However, the studies that evaluate
the efficacy of BCA in controlling the diseases caused by
different strains of the same pathogen are rare. Corréa et
al. (2014) pointed out that the control of bacterial
pathogens by bacterial BCA may be strain dependent,
leading to variability in control efficacy. In vitro evaluation
of BCA to control bacterial blight of beans gave varied
results when confronted with different strains of Xap
(Silva et al., 2008), although in vitro studies are not
sufficient to evaluate the efficacy of a BCA (Kohl et al.,
2011). Thus this study was done to evaluate the potential
of several BCAs, alone or in combination, to control the
disease development induced by different strains of Xap
and determine the interaction between them.

MATERIALS AND METHODS
Origin of the isolates of bacterial BCAs and of Xap

The isolates of bacterial BCAs Bacillus cereus DFs93 and DFs769
(isolated from soil and snap bean respectively), Bacillus sp. DFs348
(isolated from onion leaf), Pseudomonas veronii DFs513 (isolated
from onion tunic), P. fluorescens DFs831 and DFs842 (respectively
isolated from snap and rhizosphere soil of common bean), DFs843
and DFs912 (Rhodococcus fascians isolated from bean leaf) used
in this study were selected from a previous work on the control of
Xap (Zanatta et al., 2007) and are maintained in the collection of
the Plant Bacteriology Laboratory of the Federal University of
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Pelotas.
The Xap strains were collected from several regions of Brazil
(Figure 1), and were tested for virulence before use.

Seed treatment with BCA

Bean seeds were treated with either of the BCAs cultivated for 24 h
on medium 523. The bacterial suspensions (20 mL) were prepared
in saline solution (NaCl 0.85%) and the concentration of the cell
suspension was adjusted to Assq = 0.50. Combinations CO1
(DFs093+DFs769+DFs831), C02 (DFs093+DFs769+DFs842) and
C03 (DFs769+DFs348+DFs831) were prepared by mixing in equal
volumes (20 mL) suspension of each component isolate (Assq =
0.50). The selection of these combinations was based on an earlier
study about control of Xap and growth promotion of bean plants
(Santos, 2006).

Twenty-five seeds of bean cultivar BRS Valente were immersed
in the respective suspensions of BCA (50 mL), for five hours at
10°C under constant orbital agitation. Control seeds were immersed
in saline solution only (Zanatta et al., 2007). The treated twenty-five
seeds were planted in a commercial substrate Plantmax® in 500 g
pots. The pots were randomly distributed on greenhouse benches.
Cotyledonary leaves were detached after 12 days for inoculation
with the respective strain of the pathogen.

BCAs spectrum to control bacterial blight caused by different
strains of Xap

The strains of Xap, belonging to the collections of the Federal
Pelotas University and Federal Vigosa University, were cultivated
on the medium 523 (Kado and Heskett, 1970) for 48 h at 28°C. The
bacterial suspension of each strain was prepared in saline solution
and the bacterial cell concentration was adjusted to Ass = 0.2. The
detached leaves from seedlings originating from seeds treated with
the either of the BCA (individually or in combination) or from the
control were inoculated with the respective Xap strain, with the use
of the cutting technique. The two cotyledonary leaves were cut at
five locations each with a scissor previously dipped into the
inoculum suspension, as described previously by Zanatta et al.
(2007). The experiment was conducted in three replications of each
treatment.

The symptom development was followed for 10 days with
evaluation starting 2-days after inoculation and subsequently at 2-
days interval. The disease incidence (DI) was determined by
counting the number of cuts with symptoms and the disease
severity (DS) estimated on the scale of 0 to 6: 0- no symptoms, 1-
discontinuous chlorosis at the cuts, 2- continuous chlorosis at the
cuts, 3- chlorosis at the cuts and leaf wilting at leaf border, without
crossing the lateral veins, 4- chlorosis and wilt that crossed the
lateral veins, 5- chlorosis and wilt at the internal levels of the cut
and 6- advanced chlorosis and wilt of the cut area (Rava,
1984).The disease index (IDX) was calculated by multiplying the
values of incidence and its respective severity at each day (DIx
DS). the general mean disease control was also calculated using
[(ID + SD + IDX)/3].

The treatments were compared by the area under the disease
progress curve (AUDPC) for disease incidence, severity, and index
by the by Scott-Knott test with the use of the R Core Team (2015).
The results were expressed as percent of disease control relative to
the control plants (without BCA) took as 0% control.

The data of incidence, severity and disease index AUDPCs were
subjected to analysis of variance and comparison by Dunnet test (p
=5%) using statistical software R (2015). The general means
disease control were clustered by Toche method (Cruz, 2006) using
the software Statistica® using Euclidean distance.
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Figure 1. Brazilian states where the pathogenic isolates of X. axonopodis pv. phaseoli (Xap) came
from. DF: Distrito Federal; MG: Minas Gerais State; MS Mato Grosso do Sul State; PR: Parana State;
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RESULTS

The 16 strains of Xap showed different aggressiveness,
mainly for severity (rangingl0 to 33, average = 25) and
disease index (varying from 58 to 260, average = 170)
(Figure 2). The most aggressive strains were Xapl2,
Xap8, Xapl3, Xap2 and Xap28 and the less ones were
Xap24, Xap32, Xap6, Xap26 and Xap25 for all the three
diseases variables.

Although the aggressiveness was quite different among
the strains, in general, the majority of the BCAs reduced,
to some degree, the disease caused by different Xap
strains (Figures 3 to 5); however, the degree of control as
indicated by reduction of DI, DS and the disease index
differed significantly among the BCA isolates. Some
BCAs did not reduce one (all BCAs), two (six BCAS) or
none (nine BCAS) of the variables (DI, DS or IDX) used to
guantify the disease induced by a particular Xap strain.

The combination CO1 and the isolate DFs831 alone,
resulted in maximum mean disease control of 36 and
27%, respectively, based on general mean percentage
calculated by combining all the three disease indicators,
in contrast to only 9% by the least effective isolate
DFs093 (Figure 5).

The combination CO1 was most efficient of all other
combinations and the individual BCA isolates, since it
reduced the overall disease induced by any of the Xap
strain, although no decline in the disease incidence

caused by Xap 26 or Xap28 (Figure 3), nor disease
severity caused by strains Xapl3 or Xapl6 or Xap 32
(Figure 4) was observed. For all other Xap-strains,
despite high variation (0 to 68%) the combination C01
reduced, on an average, DI by 35% (range 0 to 81%), DS
by 28% (range 0 to 68%) and disease index by 48%
(range 0 to 94%).

The seed treatment with the isolate DFs831 alone
(Figures 3 to 5) showed widest spectrum against Xap
strains compared to the other isolates used singly. The
mean DI was reduced by 29% (range 0 to 76%), DS by
28% (range 0 to 82%) and the disease index by 41%
(range 0 to 93%). Its performance can be considered only
slightly lower than that of the combination C01, not only
for general mean disease control, but also because it did
not reduce the DS caused by five Xap strains only
(including same two isolates controlled by C01), and the
DI and the disease index caused by only two other
strains, which shows that the strain spectrum of DFs831
was narrower than that of the combination CO1.

The effects of other BCAs or their combinations were
less pronounced. The dendrogram (Figure 6A) shows
that seed treatment with the CO1 or with DFs831 alone,
formed a distinct group, suggesting higher efficacy to
control disease induced by strains of Xap. The small
distance between BCAsDFs769, DFs842 and DFs912
and the combination C02 formed an intermediate group,
suggesting a similar spectrum for disease control
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Figure 2. Aggressiveness of different strains of X. axonopodis
pv. phaseoli (Xap) expressed by area under disease progress
curve of incidence (AACPI), severity (AACPS) and index
(AACPID) on detached cotyledonary leaves of seedlings arising
from beans seeds treated with NaCl 0.85% and inoculated by
cutting technique. *Means followed by the same letter do not
differ by the Scott-Knott test at a significance level of 5%.
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(general mean percentage) caused by different strains of
Xap.

The analysis of the efficacy of all BCAs and their
combinations on DI, DS and disease index, showed
(Figure 6B) that control of the disease caused by strains
Xap25 (49.2%) and Xap24 (47.8%) formed a separate
group, the strain Xapl2 (38,6%), formed the second
group. The BCA shad low disease control efficacy

Corréa et al. 1297

against Xap13 and Xap8, each of which formed a single
separate group. The control of the disease caused by
strains Xap6, Xapl9, Xap20, Xap23, Xap26 and Xap29,
forming another group was intermediate, showing close
similarity among them.

DISCUSSION

The data from this study suggest a relationship between
the region of origin of Xap strain and the efficacy of BCA
to control the disease caused by it. Except for the strain
Xapl2, the strains originating from Rio Grande do Sul
were less sensitive to BCAs obtained from the same
region, which, at least partially, can be attributed to the
co-existence of these organisms (Cook and Baker, 1983).
On the other hand, the BCAs which is more efficient in
controlling these strains (C01 and DFs831) were
obtained from rhizosphere or parts of the bean plant,
which confirms the importance of locality or the site from
where the BCA was obtained. It is well known that in
some pathosystems, the most appropriate site for the
finding an effective antagonist is the host itself (Jensen et
al., 2016; Mercier, 2006).

The varying effect of BCAs against different strains of
the pathogen may also be related to the virulence
variability among Xap strains (Rava and Romeiro, 1990;
Vieira and Souza, 2000; Mutlu, 2008). Generally, in this
study, the strains that were more effectively controlled
(Xap24 and Xap25) were less aggressive and in other
way, the less controlled (Xap8 and Xap13) were the more
aggressive. However, Xapl2 was effective controlled
(40%) and was one of the most virulent strain (values
were same or close to Xap8 and slightly bigger than
Xapl3). Additionally, Xap6 and Xap32 showed low
virulence but were in the intermediate group of control
(19 and 14% respectively).

The studies showing the disease control ability of BCAs
on different strains of the same pathogen are rare, but
Naik and Sen (1993) reported considerable variation in
the efficacy of a bacterial BCA to control the disease on
watermelon caused by nine strains of Fusarium
oxysporum and F. solani, and attributed it to the
variability in the virulence of the strains, as also found in
this work. Reinforcing results of this study, Corréa et al.
(2014) also observed efficiency variations when the same
BCAs of this study to control five isolate of
Curtobacterium flaccumfacien spv. flaccumfaciens in
common bean were used.

It is noteworthy that the most effective BCA treatment
on different Xap strains was the combination CO1,
consisting of BCA isolates known for their efficacy when
they were used singly (Zanatta et al., 2007; Corréa et al.,
2008; Silva et al., 2008). The use of combinations of
these organisms increased the efficacy of the biocontrol
of several strains of the same pathogen, and also of the
other pathogens, by exercising different modes of action



1298 Afr. J. Microbiol. Res.

e T DFs93 Tl DFs513
- 80 o a —
£ 60 - T * % o * *
g 40 — * - I Il * % I I
o - 'v‘l‘v—v—v—v - o "
s DFs769 T DFs831
80 ¥*
*
# 6o - % ~ * *
E 40 — = * 2 - * * 2
L l lll Il* “lllll *I#ﬁl!ﬁ
== l- l - -'!‘-l -.—T—r—"—r = = 2
e = DFs842 = DFs843
£ oo - * - *
§ ae u * * | £ " * *
; * * ]I I Il ll
20 - * <
o - VJ—I - TTTTTYT . B B "*"l" - "lI_T_ =
I DFs912 ) col
80 — 2 -
% 60 —{ * -
8 a0 - * " =
S0 = c02 = co3
g 60 — -
B
&

L

o
|

o -l,lﬁhlﬁlllﬁl' | *~l‘~§: HPHTIIT

SEE55555555555858  E5E353535EEEERES

Figure 3. Percent of disease control (incidence) caused by the sixteen strains of X. axonopodis pv. phaseoli (Xap), on
detached cotyledonary leaves of seedlings arising from bean seeds treated with biocontrol agents (NaCl control = 0).
Bacillus (DFs93 and DFs769), Pseudomonas (DFs513, DFs831 and DFs842), Rhodococcus (DFs843 and DFs912) and
the combinations CO01 = DFs93+DFs769+DFs842; C02 = DFs93+DFs769+DFs831; C03 = DFs348+DFs769+DFs831.
Means followed by * differ by Dunnett test at 5% probability of the control.
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(Guetzky et al., 2002; Boer et al., 2003; Wu et al., 2014). to control common bacterial blight, and its efficacy
It is also noteworthy that the high spectrum of the increases when combined with the other isolates,
isolate DFs831 and its involvement in the combination probably by synergism. This synergistic effect is generally

CO01 shows that this isolate has an effective mechanism due to combination of different modes of action of each
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Figure 4. Percent of disease control (severity) caused by the sixteen strains of X. axonopodis pv. phaseoli (Xap), on
detached cotyledonary leaves of seedlings arising from bean seeds treated with biocontrol agents (NaCl control =
0). Bacillus (DFs93 and DFs769), Pseudomonas (DFs513, DFs831 and DFs842), Rhodococcus (DFs843 and
DFs912) and the combinations CO0l1 = DFs93+DFs769+DFs842; C02 = DFs93+DFs769+DFs831; C03 =
DFs348+DFs769+DFs831. Means followed by * differ by Dunnett test at 5% probability of the control.

component BCAs as shown in the combination of Pichia
guilliermondii and Bacillus mycoides to control Botrytis
cinerea on strawberry leaves, which involves parasitism
and production of fungitoxic compounds (Guetzky et al.,
2002).

Other mechanisms,

however, such as resistance

inducement and competition for iron as shown for isolates
of Pseudomonas putida (RE8 and WCS358, respectively)
should not be underestimated, which have been shown to
reduce Fusarium wilt in radish (Boer et al., 2003).
Involvement of several mechanisms can increase the
efficacy of BCAs as shown by Mishra and Arora (2012)
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Figure 5. Percent of disease control (index) caused by the sixteen strains of X. axonopodis pv. phaseoli (Xap), on
detached cotyledonary leaves of seedlings arising from bean seeds treated with biocontrol agents (NaCl control = 0).
Bacillus (DFs93 and DFs769), Pseudomonas (DFs513, DFs831 and DFs842), Rhodococcus (DFs843 and DFs912)
and the combinations CO01 = DFs93+DFs769+DFs842; C02 = DFs93+DFs769+DFs831; C03 =
DFs348+DFs769+DFs831. Means followed by * differ by Dunnett test at 5% probability of the control.

who combined Pseudomonas and Bacillus to control efficacy also can be achieved by combining agents that
Xanthomonas campestrispv. campestris, and found that induce resistance and produce antibiotic as shown for
improved control was due to production of siderphores, Bacillus pumilus (INR7), Curtobacterium flaccumfaciens
autolisines and AHL-lactonases. (ME1), B. subtilis (GB03) which in different combinations

The wider spectrum of action and greater control controlled Pseudomonas  syringaepv. lachrymans,
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Figure 6. Dendrogram constructed by the software Statistica® relating all the treatments by all biocontrol
agents (DFs) considering the general mean percentage of disease control of the sixteen strains of X.
axonopodis pv. phaseoli (A); considering the general mean percentage of control of the sixteen strains of X.

axonopodis pv. phaseoli (Xap) (B).

Erwinia tracheiphila and Colletotrichum orbiculare
(Raupach and Kloepper, 1998) or combining Iytic and
antibiotic activities with systemic resistance to control
bacterial wilt, Fusarium wilt, charcoal rot and angular leaf
spot of common beans (Corréa et al., 2014).

The data of this study show that the independent of the
virulence of the pathogen’s strain there was strain-BCA
interaction, which shows the importance of selecting a
BCA or a combination of BCAs with wider spectrum of
action, allowing for greater effect under different
situations, thus adding to the product stability (Boer et al.,
2003; Mercier et al.,, 2006). It appears that the
combination CO01 and the isolate DFs831 have the

potential for developing into a practical BCA to control
bacterial blight of common beans.
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