Control of Cucumber Grey Mold by Endophytic Bacteria
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Abstract: Endophytic bacterial strains B12
and B13 isolated from cucumber leaves
effectively controlled cucumber grey mold,
Botrytis cinerea. Both culture broth and
culture filtrates were effective in inhibiting
spore germination and germtube elongation
of B. cinerea. Preliminary studies on the
effects of pH and temperature on stability of
the culture filtrates in inhibition of the
pathogen were made.

Introduction: Grey mold, Botrytis cinerea,
is a widespread pathogen of economic
importance in greenhouse and open-field
cucumber cultivation. As chemical control
is not always efficient, benign alternative
methods of protection are becoming more
attractive. The term endophyte refers to
interior  colonization of plants by
microorganisms that do not have pathogenic
effects on their hosts. Some bacterial
endophytic species have been implicated in
the promotion of plant growth and
protection against pathogens (1-4, 12).
Wilhelm et a. (13) demonstrated that
Bacillus subtilis strains isolated from the
xylem sap of hedthy chestnut trees
exhibited antifungal  effects against
Cryphonectria parasitica causing chestnut
blight. Neotyphodium elevates host
protection against pathogens, and improves
survival of grasses under competition (5).
Endophytic isolates of Pezicula were shown
to produce fungicidally active metabolites
that are toxic to pathogens of their hosts (9).

B12 and B13 are two bacteria strains that
have been isolated from the leaves of
cucumber. On PDA plates, they were
observed to inhibit the growth of Botrytis
cinerea. In the present study, the effects of

culture broth and culture filtrates of these
two endophytic strains against Botrytis
cinerea on cucumber leaves and the effects
of pH and temperature on stability of the
culture filtrates in inhibition of the pathogen
were studied.

Materials and Methods.  Endophytes,
pathogen , and plant. B12 and B13 are two
endophytic bacterial strains that were
isolated from the leaves of cucumber in
Yangling, Shaanxi Province, China. The
cucumber plants examined in this study
were supplied by the Horticulture
Department, Northwest A&F University.
The pathogen, Botrytis cinerea, was
obtained from Plant Pathology |aboratory.
The cultures were maintained on potato-
dextrose agar (PDA) medium at 4°C; and
fresh cultures were grown on PDA plates at
25°C before experimentation. Spore
suspensions were prepared from ten-day-old
PDA cultures by dislodging spores from the
surface of the cultures with a sterile
bacteriological loop in sterile distilled water.
The concentration was adjusted to 5x10°
sporesmi™,

Antagonist. Liquid cultures were grown in
250 ml flasks containing 100 ml of nutrient
broth (NB) which had previously been
added using four sterile bacteriological
loops of the cultures. Flasks were then
incubated on a rotary shaker (170rpm) at
28°C for 48 h. The concentration was
adjusted to 5x10° CFU/ml. Culture filtrates
were subsequently prepared by filtering the
supernatant of centrifuged cultures of
antagonist through a 0.22 um polycarbonate
membrane filter.
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Antagonismin vitro. To evaluate the effects
of culture filtrates on control of grey mold
on leaves of cucumber, 6-mm-diameter
callus from three-day-old cultures of
Botrytis cinerea grown on PDA plates were
cut off and then placed on cucumber leaves
that had been previously sprayed with 2ml
of the culture filtrates under seria dilutions
of 1x, 10x, 20x, 50x, and 100x, with sterile
distilled water as control. Then the leaves
were placed in Petri dishes at 25°C. There
were three replicate trials of ten leaves
arranged in a completely randomizated
design. The lesion diameter was recorded
after four days. This experiment was
repeated three times.

The effects of liquid cultures on spore
germination and germtube elongation of the
pathogen were assessed in potato dextrose
broth (PDB). One-hundred-microliter (100
ul) spores suspension of 5x10° spores mi*
culture broth containing bacteria at 5x107,
5x10%, 5x10° CFU/ml concentrations, and
culture filtrates, plus sterile distilled water
were added into 10 ml glass tubes
containing 5 ml PDB. Then they were
placed on a rotary shaker (140rpm) at 25°C
for 20h. No fewer than 100 spores were
observed microscopicaly per replicate to
record germination and germtube length.
This experiment was repeated twice (6).

The stability of culture filtrates. Twenty ml
glass tubes that contained 10 ml culture
filtrates were placed in water bathes for 20
min each at 50, 60, 70, 80, 90 and 100°C
before experimentation. The pH of other
culture broths were adjusted each at 3.0, 4.0,
5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0
with HCl or NaOH. Subsequently, 6-mm-
diameter callus from 3-day-old cultures of
Botrytis cinerea on PDA plates were taken
and placed on PDA plates which contained
Iml of culture broth containing bacteria of
5x10° CFU/mI, culture filtrates, sterile
distilled water, and 20ml PDA. The lesion
diameter was measured 96 h later. This
experiment, containing three replications,
was repeated three times.

Results:  The effect of culture filtrates
against Botrytis cinerea on detached leaves
of cucumber. Culture filtrates were effective
in inhibiting the development of disease on
detached leaves of cucumber (Table 1). The
pathogen was controlled a the high
concentrations, the inhibition rate of B12
and B13 were 83.2 (+ 3.2) % and 81.4(x
3.1) %, respectively.

Effect of B12 and B13 against Botrytis
cinerea in vitro. Spore germination of
Botrytis cinerea in PDB was significantly
inhibited as the concentration of cultures
broth increased (P<0.05) (Tablel). Spore
germination rates treated with 5x10°
CFU/ml of B12 and B13 culture broths had
the most pronounced effects; being
5.5(x0.2) % and 8.6 (+0.4) %, respectively.
The germtube length of the pathogen also
decreased significantly compared to the
control (P<0.05). The germtube lengths
treated with 5x10° CFU/ml cultures broth of
the strains B12 and B13 were 25.9 (+ 2.7)
um and 33.4 (x3.1) um, respectively. Spore
germination and germtube elongation of the
pathogen were also significantly inhibited
by culture filtrates, suggesting that in the
culture filtrates there might be some
metabolites produced toxic to the pathogen.
The inhibition effect was similar with
cultures broth at 5x10° CFU/ml. In general,
B12 had a more pronounced effect than B13
did in inhibiting B. cinerea.

The stability of culture filtrates. Culture
filtrates of the two strains were stable at high
temperatures, and athough the effects on
inhibition rate of the pathogen decreased
dightly, the biocontrol effect was stable
(Figure 1).

Culture filtrates of the two strains were
stable against the pathogen at pH values
between 6.0 and 9.0 (Figure 2). The effects
of pH in culture filtrates on inhibition rate of
pathogen decreased with the increase of
alkalinity or acidity.
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Discussion: Microbial endophytes are
typically defined as microorganisms that are
detected after surface sterilization of a plant
part (7), and are assumed to originate from
seed and/or the surrounding growing
environment. Van Buren et a. (11)
demonstrated that 32% of 192 endophytic
bacteria strains isolated from potato stems
exhibited biocontrol activity against the
bacterial ring rot pathogen. Results of the
present study showed that endophytic
bacterial strains isolated from cucumber
leaves can effectively control Botrytis
cinerea, and that both of culture broth and
culture filtrate types examined were
effective in inhibiting the spore germination
and germtube elongation of B. cinerea. We
agree with Reiter (8) that endophytes
represent a promising source of biocontrol
strains, and that their use may be more
successful than that of rhizosphere bacteria
due to less competition with other bacteria
in the apoplast.

Seghers et a. (10) demonstrated that
agricultural practices significantly influence
certain populations of the root endophytic
community. Results of Reiter et a. (8)
suggest that similar phylogenetic groups and
genera, but different species and strains,
were present in the different plant varieties.
Our preliminary investigation indicates that
differing cultivars might contain different
endophytic communities. Thus, biocontrol
mechanisms need further study. It is likely
from such studies that the interactions
among plants, pathogens, and bacterial
endophytic communities will be an active
field of research in the future.
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Table 1. The effect of culture endophytic bacterial filtrates (B12 and B13)
against Botrytis cinerea on detached leaves of cucumber

Inhibition rate (%)

Serial dilutions B13
1x 83.2(x3.2)d 814(x31c
10x 66.5(+x2.9)c 62.6 (x2.7)c
20x 46.8 (£ 2.5) bc 39.4 (£ 2.3) bc
50x 157 (x2.1) b 135(x20)b
100x 25(x1.3)a 0(x0) a

Each value is the mean of three trials(zSE). Values followed by different
letters are statistically different at P = 0.05 according to Duncan’s multiple

range test.
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Table 2. The effects of endophytic bacterial strains on spore germination and germtube
elongation of Botrytis cinerea spores

Treaiments Spore germination rate (%) Garmtube length (um)

B12 B13 B12 B13

Culturesbroth (5x10°  34.0(¥3.2)d 565(x35)d 39.2(+3.4)d 56.7 (+ 3.7) d
CFU / ml)

Culturesbroth (5x10°  126(x25)¢c 215(x26)c 315(x3.1)c 445 (+3.6)C
CFU / ml)

Cultures broth (5x10° 55(x02)b 86(x04)b 259(x27)b 334(x31)b
CFU / ml)

Culturefiltrates 98(x0) c 154(x23)b 287(x29)c 383(x34)b
Sterile distilled water 985(x0)a 1645(x3.8) a

Each value is the mean of three trials(xstandard error). Valuesin each row followed by the
different letter are significantly different at P = 0.05 according to Duncan’s multiple range test.

Inhibition rate (%)

50 60 70 80 0 100

Temperature (°C)

B2 OBI13]

Fig. 1. The effects of temperature on inhibition rate of culture filtrates. Inhibition rates are the
mean of three trials. Vaues followed by the different letters are statistically different at P = 0.05
according to Duncan’s multiple range test.
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Fig. 2. The effects of pH on inhibition rate of culture filtrates. Bars represent standard
deviations of the means. Vaues followed by the same letters are not statistically different at P
=0.05 according to Duncan’s multiple range test.

6 Cucurbit Genetics Cooper ative Report 28-29:1-6 (2005-2006)



