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ABSTRACT

Flad. Y, and Chet, | 1987 Possible role of competition for nuirients in biocontrol of Pythium damping-off by bacteria. Phytopathology 77-190-195.

Ofthe 130 bactenia isolated from the rhizospheres of plants infested with
Prythuan spp . six were found 10 be efficient biocontrol agents of this
pathogen under greenhouse conditions No lytic enzymes were involved in
10 vitro anteractions between the bacteria and P aphamidermaium
Substances mhibiing growth of the fungus were produced by both the
biocontrol agents and other rhr-obacteria Onthe other hand, compet:uion
ior nutrients between germinating oospores of P aphanidermaium and
bacieria, which was unique 10 the hiocontrol agents, sigmficantly
correlated with suppression of disease in the preenhouse Oospore
germinationin thizospheres of wheat, tomato, cucumber, melon, bean, and
cotton planis was decreased in the presence o1 these bactena Broadcast

application or sced coating with these bacteria reduced disease incidence in
cucumbers planted n peat-vermiculite mixture or in soil by 60-750;
compared with the untrcated control Damping-off caused by P. ultimum
In cucumbers was reduced by up to 94 Combining low levels of
FPseudomonas punida or P cepacia with the fungicide prothiocarb resulted
n an additive effect Bactenia applied to cucumber sceds became
estabhished along the roots Populations were 100-fold higher at root tips
than at their upper parts On the other hand, except for the root tips, the
total populztion of bacteria was decreased 1n the presence of the beneficial
ones Disease control was achieved in bean, pepper, melon, tomato, and
cotton plants as weli

Rhizobacteria, by their interactsons with various pathogens,
play a major role 1n the biological equilibrium among
microorganisms in the rhizosphere (1,23) Pythium spp. have a
broad host range and cause preemergence and postemergence
damping-off and root rots followed by considerable yield losses in
many important crops

Biological control of this pathogen with bactenia 1s not well
estabhshed. Mitchell and Hurvitz (15) protected tomato seedlings
against damping-off caused by P. debarvanum Hesse with a lytic
strain of Arthrobacier, and Hadar et al (7) protected germinauing
cucumber secds with Enterobactier cloacae (lordan) Harm &
Edwar from rots caused by Pythium spp Howell and Supanovic
(9) 1solated a strain of Pseudomonas Sluorescens Migula that
produces an antibiouc inhibiting growth of Pethium ultimum
Trow on seeds

Rhizobacteria have been the subject of several reports
(11,12,16). It was suggested that the anubiotics or siderophores
produced by these bacteria displace deleterious microorganisms,
presumably minor pathogens (11,12). In such a case, competition
with the native microflora should also be considered. The
objectives of the present work were to 1solate potential antagonistic
rhizebacteria, apply them aganst Pythium damping-off, and
invest; rate their antagonistic mechantsm.,

MATERIALS AND METHODS

Isolation and characterization of bacteria. One hundred thirty
bacteria were isolated from roots nf bean, cotton, radish,
cucumnber, and melon plants grown in soils infested with Pythium
spp. orin peat-vermiculite growth media (PVM). Isolauons were
made on nutrient agar (NA) (Becton-Dickinson Corp.,
Cockeysvilie, MO) cr King's medium B (KB) (10). Bacteria were
identified by the Analytical Profile Index (API) system (La Balme
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les Grottes 38390, Montalieu, Vercieu, France). Identification was
venified by Bergev’s Manual of Deternunanive Bacteriology. The
following strains were used: Pseudomonas punda (Trev.) Migula
(805 and 310), P. cepacia Burh (808, 814, and Y11), Alcaligens
Cast. & Chal. sp (Rh2,,and Pseudomonas (Migula) Doud & Pall.
sp. (AA4, S83, and 804). Cultures were maintained on NA for daily
use. Pure cultures were grown on NA for 24 hr, washed from the
agar surface with 109% skimmed milk, and freeze-dried.

Density of bacterial populations. Strains of the biocontrol
agents resistant to rifampicin [ 3-(4-methylpiperazinyl-minomerhyl)
rifamycin Sv) and nalidixicacid (Sigma) were sciected from parent
cultures by planung cell suspensions on NA containing 150 ug/m|
rifampicin (3-(4-methylpiperazinyl-iminomethyl) rifamycin] and
nalidixic acid and incubating them for 48 hrat 30 C. The antibiotic-
resistant strains were similar to their parent cultures.

Antagonistic properties of selected bacteria. The cell wall-
degrading enzymes—Exo-1,3-8-p-glucosidase (8-1,3-glucanase,
EC 3.2.1.58), Exo-1,4-8-D-glucosidase (Cellulase, EC 3.2.1.74);
and B-N-acetyl-p-glucosaminidase (Chitinase, EC 3.2.1.30)—were
assayed for filtrates of bacteria grown on erther laminarin (Sigma),
chiun (Sigma), or cell walls or mycehum of Pythium
aphamidermatum (Edson) Fuzp. as a sole carbon source. All
enzymatic tests and preparation of fungal cell walls or mycelium
were carried out according to previous publications (4,5)

For producuon of inhibitory substances, bacteria were grown
for 40 hr in a potato-dextrose and nutrient broth (each 15 g/L)
medium (PDNB). Bacterial cells were separated from the medium
by centrifugation at 3,000 g, then the supernatant was sieved
througha 0 45-um pore size filter (Milhpore Corp., Bedlord, MA).
The cellfree medium, diluted with c fresh, double concentration of
PDNB, was sceded with a mycehal disk taken from a 48-hr-old
cuiture of P. aphamdermatum. After 48 hr of sncubation at 78 C,
the mycelium was dried for 4 days at 60 Cand weighed. Presence of
amibiotics was also tested in solid NA.,

Mats of mycelium removed from cultures of £. aphamdermatum
grown for 48 hr in petri plates containing liquid PDNB were
transferred into a fresh medium to check their growth in the
prﬂe{":c 4( &:cl Dry weight gained by the fungus during the


http:3.2.1.74
http:3.2.1.58

interaction period was measured 48 hr later and compared with the
average dry weight of the fungus before incubation with the
bactena

Enrichment of soil with oospores. One hundred milliliters of
carrot medium, in Roux bottles (18), was seeded with mycelial
disks taken from the margin of a 48-hr culture of P
aphanidermarum and incubated for 2 mo at 30 C Mycehal mats
comaining oospores were placed on four layers of cheesecloth,
washed with runring distilled water for S min, suspended n tap
water, and homogemized 1na Wanng Blendor for 5 min QOospores
were separated on a 40-um-mesh Nitex nylon screen (Tetko Inc.,
Elmsford, NY), resuspended 1n 100 ml of water, and added to } kg
of air-dried, well-mixed loamy sand soil (pH 7 6) whose
caaractenstics have been described previously (6) The soil was
placed 1n plastic bags, incubated fcr 2 wh at 30 C, sieved througha
2-mm-mesh screen, and stored at 4 C unul needed This soil
contained an average of 4 5 X 10 colony-forming units (cfu) of P
aphanmidermatum per gram, as determined on a selective medium
according to Schmiithenncr (22) Microscopic observations
revealed that colomes oniginated predominantly from oospores

Oospore germination tests in soil Bacterial strains that wer.
grown on NA plates for 24 hr were collected, washed twice, and
resuspended in distilled water to the desired concentration
Oospore-enriched soil samples (S g each) were placed in a 10-mi
tecttube Ahiquots (U | mi) of glucose and asparagine solutions (to
induce germination [ 19]) and bacterial suspensions were added to
ginvethe desired concentranons at 155, dry weight (~0 3 bar) water
content Swuil was mixed thoroug! 'y and incubated at 30 C for 24
hr Three 0.5-g subsamples of each treatment were transferred 10
test tubes for processing, staining with Cilcofluor New M2R
(Amcrican Cyanamide Company, Bound Brook NJ) (20), and
viewing at X160 undera UV light microscope for fluorescence. One
hundre.. oospores were counted for each of the three replicates per
ticatment

Oospore germination 1n the rhizosphere was tested using the
method developed by Elad and Baker (3) OQospore-enriched soil
was mixed with bacteria and placed between two glass slides along
with roots of pregerininaied plants Test plants were cucumber
(Cucurus sativus 1. *Shimshon'), tomato (Lvcopersicon
esculentury L, *Marmand Rehovot ), pepper (Capsicum annuum
L. ‘Maor’). melon (Cucumis melo L ‘Gaka‘), bean (Phaseolus
vulgaris L.*Bnittlewax"), wheat ( Triticum aestivum L. ‘Scout’), and
cotton (Gossypium herbaceum L ‘Pima U, SJ2'). Root exudates
induced germination of oospores. Rhizosphete soil was separated
from the roots after 48 hr of incubation, and oo<pore germination
was assessed according to the procedure mentioned earher.

Infestation of greenhouse growth media. P. aphamdermaitum or
P. ulumum weresolated from diseased cucumber seedlings on a
seleztive medium for Prthum spp. (22) and identified according to
Middleton (14) and Waterhouse (25) Growth medium contained
75% Canadian peat and 25C vermiculite no. 2. Oospores of P,
aphamaermarum were added to PVM, after adjusung their
concentration with a hemacytometer, by diluting the suspension
with water to the desired level The pH of PVM was 6.0,

In most experiments with both Pythium spp., infested peat was
used as inoculum Three or four repeated plantings with
cucumbers, when 90~1005; of the plants had died from damping-
off, were used to increase inoculum. Inoculum was suspended in
500 ml of water to allow complete mix with the growth medium,
The population of Pyrhium, as counted on Schmitthenner's
selective medium (22), ranged from 5X 10" to 5% 10* cfu/gofdried
infested medium

Bacteria were applied either as water suspensions mixed with the
total grewth medium or by dipping seeds into a suspension of the
candidate strain, drying at room temperature, and plantuing in the
greenhouse

Polypropylene boxes (7 X 19 X 14 cm) were filled with the
infested media, planted with 10 sceds each, irngated once a day,
and the number of discased seedlings recorded. All experiments
were conducted under greenhcuse conditions at 28-32 C and
consisted of six rephcates. Experiments were repeated at least
twice. Sevenity of disease symptoms in cotton was calculated

according 10 an index ranging from 0 for healthy, symptomless
plants to 4 {or plants covered with Pythium lesions over more than
80% of therr hypocotvl Preemergsnce damping-off, which
occurred incach treatment, was calculated by deducting the rate of
emerged plants 1n the pots of this treatment from the average
emergence in the medium free of Prtiuum,

The fungicide prothiocarb (Previcur 5055) was mixed with PVM
alone or combined with bacterial suspensions to contrel disease
caused by P aphamidermatum in cucumbers

Population dvnamics along cucumber roots were tested by the
rhizosphere competence technique of Scher et al (21) a« modified
by Ahmed and Baker (personal communication) Two
longitudinal halves of a 50-ml conical polypropvlene tube (Falcon
Dw., Becton-Dickinson, Oxnard, CA) were filled with wet sandy
loam soil (155, —0.3 bar), and one sced coated with bacteria was
placed between both parts, | em from the top The two parts were
scaled vith two rubber bands and cubated in a polyethvlene
plastic bag for 5 days at 30 C under aruficial hght without
additional watering At the end of the incubation perioc, the tube
hatves were separated and the plant gently removed to assess the
rhizosphere population as mentioned earlier

Counts of bacteria from soil or peat were carnied out by plating
the appropnate dilutions, using the drop plate method (17). on NA
or KB medium Results were expressed as colony-forming units
per gram Rhizosphere populations were assessed by eparating
the soil adhering to the specific root segments (20 inm each), in
water, by shaking them in a rotary shaker for 30 min at 100 rpm,
Average dry weight of rhizosphere soil was calculated by
measuring the weight of 20 samples of root segment that could be
separated according to the distance from the base of the stem

RESULTS

Isolation of potentially antagonistic bacteria, Bacieria were
1solated from roots of bean, cotton, radish, cucumber, and melon
plants, Selected plants were uprooted from soils naturally infested
with P. aphamdermarum Of the 130 bacterial solates tested for
thewr ability to suppress damping-off 1n cucumbers, the six that
were supernior in reducing disease incidence by 17-67% (Fig 1)
were selerted for further experiments. These strains are
Pseudomonas putida (805and 310), P. cepacia (808,814, and Y11),
and Alcalgens sp. (Rh2)

Antagonistic activity of bacteria in culture. Lyticenzvmes. None
of the strains produced B-1.3-glucanase, chitinase. or celiulase
when grown on laminanin, chitin, cellulose, or cell walls of P.
aphamdermatum. Similarly, when placed 1n a liquid medium
containing a mycelial mat of P. aphamdermatum as a sole carbon
source, none of the bacteria degraded the mycelium

inhibuory substances. Bacteria were separated from the PDNB
medium in which they were grown after 40 hr. The cellfree media.,
mixed with a double concentration of PDNB, were seeded with P.
aphanidermatum and incubated for 4B hr for dry weight
determination. Dy weight of mycelium grown in unamended
control medium was 84.4 mg per plate. Bacterial isolates 205, 808,
Rh2, and 310 inhibited growth of P. aphamidermatum by 81.9,
85.4,49.8, and 39 0%, respectively, whereas isolates A A4, 806, and
S$S3, which did not control Pyt/num, reduced it by 76.5, 89.6, and
70.4%. respectively, compared with the control (ary weight 84 4 mg
per plate) grown 1n unamended medium. Growth of P,
aphantdermatum was inhibited by only 5.76; when grown in 8
medium that previously supported growth of the same fungus. No
significantinhibition of growth of mycehum was observed on solid
medium seeded with the test bactena.

Compeunon. Competitive abiity of both the bacteria and
mycelium of Pytlium was tested in dual cultures. P.
apharidermaium was grown in hquid PDNB for 48 hr and
transferred into fresh medium along with different bactenal
1solates Strains 805, 808, Y11, Rh2, 310, and 814 nhibited lungai
growth by 50, 45, 60, 98, 14, and 625, respectively, compared with
the control culture (dry weight 63.5 mg per plate) grown in
bactena-free medium. However, other bacteria, when grown
together in liguic culture, also inhibited growth of P.
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aphamdermatum.

Inhibition of oospore germunation by bacteria. Bacteria were
introduced 1nto raw soil enriched with oospores of P
aphamideriaium, and glucose and asparagine were added.
Oospore germination, determined after 24 hr of incubation, was
inhibited by up to 57% by the biocontrol agents (2 X 10* cfu/g of
soil) comparcd with only 13-209% inhibition by bactena not
effectrve in discase control under greenhouse conditions (Fig 2)
Similarly, when the imitial population level of the bacteria was
reduced 10 2 X 10" cfu;/g of soil, germinability of oospores was
inhibited by 20-506;

A sigmficant correlation at P=0 05 or 0.0! was found between
the ability of the varicus bacteria (apphed by broadcast or seed
coating) to reduce Pythium damping-off in cucumbers grown
under greenhouse conditions and their ability to 1nhibit oospore
germination in soll enriched with 150 or 250 ug/ g glucose or PYM

TABLE 1| Inflluence of b. ctt 1a of germination of oospores ol Pvihium
aphamdermatum rhizospheres of vartous crops’

Oospore permination (%)

Bacterial

1solate Wheat Tomato Melon Cucumber Bean Cotton Ay
805 7a’ 10 a 8a Iha 2l a 15a 13
808 kIN 11a 12a 19a 19a 12a 17
AAd dic Asb 4l b 46 b 57b 27b 41

Untreated

control 64 d 37b 46 b 57b 65 b b 51

’Seeds of various crops were germinated tn moist bag. and ,laced on soil
enniched with oospores, betwcen two glass shides Germination was
calculated, after 3 days of incuhation, by the Calcofluor staining method
(20)

'Numbersin each column lollowed by the same letters are not stgmficantly
different according to Duncan’s multiple range test (P = 0 05)

HEALTHY CUCUMBER PLANTS {%)
~ (o) w
o o o
l T I T l
l | l 1

o
o
I
I

l | | |
7 8 9 10
DAYS AFTER PLANTING

Fig. 1. Influence of bacterial suspensions on the percentage of healthy
cucumber planis planted in peat-vermiculite medium infested with
Pvthium aphamdermatum, Treaiments were control (0) and bactenal
isolates 805 (A), 808 (A), 310 (V). Rh2 (), YI! (M), and 814 (D). Bar =
LSDuos.
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To determinc whether the bacteria produce inhibitory
substances affecting oospore germinauion, cellfree supernatants of
24-hr-old cultures of the different bactena were added to the
oospore-curiched soil No significant reduction in oospore
germinability was observed unless bacterial cells were present in
the soil

Germination of ouspores in rhizospheres of wheat, 1omato,
melon. cucumber, bsan, or cotton in the presence of bacteria was
compared with their germnation in the untreated control (Table
i} Average inhibitions of germination in all plant crops by isolates
805 and 808 were 72 3 and 66 4S;, whercas 1solate AA4, whichs
not capable of controlling Pythwun in the greenhouse, inhibited
germination by only 5-36%

Biological control of damping-off in cucumbers. Effects of
bacterial concentrations. Bactera were suspended in water and
mixed with PVM to give twonittal population levels of 10 and 10
cfu/em’ Isolates 905 and 808 were the most effective in control of
Pvihium when apphed in concentrations of 10* cfusem’ (Table 2).
Relatvely high percentages of healtny cucumber plants (up to 62%
reduction of disease) were obtained when bacteria were apphed in
concentrations of 10 cfu/em’ Cells of bacteral isolates 805 and
808 were suspended in three low concentrations to give final counts
of X107, 8% 18°,and 2X 10" cfu/cm' of PVM. The concentration
of cells of 1solate 808 influenced the efficacy of disease control,
whereas differences between concentrations of applied isolate 805
were not refiected in marked differences 1n discase control (Fig 3)
Preemergence damping-off 1n untreated control was 71 6%,
whereas 1t was reduced 1o 21.1-26.3 and 2.1-10.5% by treatments
with 1solates 808 and 805, respecuively

60— T T

S0

~
[=)
T

REDUCTION CF OOSPORE GERMINATION (%)
~N w o~ (22
o (=] (=} 8 (=4
| | | I
I I I 1

W
(=)
T

—
=)
I

! ] |
40 150 250 400
GLUCOSE CONCN, (ug/g soil)
Fig. 2. Effects of suspensions of bacterial biocontrol agents 805 (A), 808
(), 814(0), Rh2(®),and Y | § (M) and other isolates, AA4 (V)and SSI(v)
on the percentage of reduction of oospore germination in soil amended
with glucose and asparagine (5:1). Bar= LS Dyos. Reduchion was calculated
according to the following formula: [1 — (A/B)) X 100, where B
percentage of germination In the control without bactena and A
percentage of germination in bacterial treatments.




Effecis of bacterial seed coaung and iniegrated control
Cucumber seeds were dipped in bacterial suspensions (8 X 10°
cfu/ml) and planted in PVM Damping-off caused by P
aphamder natum was recorded during 12 days after sowing The
most efficient wsolates were 805, 808, and Rh2, whicn reduced
disease incidence by 57-676;, compared with isolates 814 and 310,
which reduced disease incidence by 38-426h (Fig 4) Preemergence
damping-off, 27.5¢¢ 1n the untreated control, was reduced to
0~12.5%., by the dilferent bactcrial tsolates.

Bacterial isolates, at the low rate of 3% 10* cfu/em’ of PVM,
were combined with prothiocarb at the rate 0 0.25 ml/ L of PYM
Incaidence of damping-off caused by P. aphamdermatum 1n the
untreated control was 89¢ Isolates 805 and 808, alonc, decreased
Pythium damping-off by only 9-15% because the bactenal level
was low A significant decr=ase in disease incidence, 345;, was
obtatned by the ch=mical treatment. Combination of prothiocarb
with strain 805 resulted 1n 460 disease reduction, however,
combination of prothiocarb with strain 808 was sigmficantly
supernior, yielding an K06 reduction in disease incidence

Effecis of bacteria on disease buldup during successive
replanung Cucumber seeds were planted five times at 10-day
mntervals in PVM mixed with suspensions of 1solates 805 or 808,
and the percentages of healthy plants were recorded at the end of
cach growth cicle In the untreated control, disease incidence of
Pvthium, which was 93¢, at the end of the first cycle, stabilized at
500 between the third and fifth growth cycles Disease inc'dence in
bacteria-treated media was 12-456 dunng the five successive
plantings and was 12 and 27% at the cnd of the fifth cycle in
treatments of strains 808 and 80S, respectively

Control of damping-off caused by P. ultimum in cucumbers
Control of P ultimum in cucumbers was tested in PVM amended
with each of the bacienal isolates Disease incidence was
diastically reduced by all 1solates in the first growth cycle (Fig. 5).

TABLE 2 influence of bacterial concentration’ in peat-vermiculie
medium on ability of strains to control Pviluum apharidermatum n
cucumber

However, after 2 wk of the second growth cycle, there were 7, 18,
51,42, 4, 71, and 175 healthy plants in the untreated control and
treatments with isolates 808, 805, 310, 814, Rh2, ard YII,
respectively

Biological control of Pythium damping-off in pepper, melon,
bean, tomato, and cotton. Isotates 805 and KOK were mixed with
PVM, and their influence on disease caused by Pyefuum n c2veral
crops was examined 1n the greenhouse Both i<olates reduced
disease incidence in melons, tornatoes, peppers, and beans (Fig 6)

100

(2]
o

HEALTHY CUCUMBER PLANTS (%)
~ o
o (=]
I
I

o -0
| | | 1 |
= 10 12

Bactenal

Eme-gence (Cp) 7 days

after planting

Healthy plants (%) 11 days
afier planting

isolate 10" cfu/em® 10" clujem' 10" cfusem® 10" cfusem’
Rh2 180’ 42b 12a 27b
805 60 be 83d 48 c 704d
Yt 37 ab 48 b 18 ¢ 37 be
808 77 cd N2¢ 60 d 68 d
814 37 ab 5Ib 10a 12b
310 42b 53b 19 ab 41 be

'Suspensions of 24-hr-old bacteria were mixed with artificially infested peat-
vermiculite contasnier medim to give 10 or 10° cfu/em’

'Numbers in cach parameter followed by the same letters are nol
significantly different according to Duncan's multiple range test
1P =0.05).
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Fig. 3. Effects of 1solates A, 805 and B, 808 applied at concentraticns of
2% 10° (=+=), 8 X 10" (—), and # X 10" (——) cfu/cm"' (0 = untreated
control) on percentage of healthy cucumber plants planted in peat-
vermiculite infested with Pyrhium aphanidermarum. Bars = LS Doup;.

6 8
DAYS AFTER PLANTING
Fig. 4. Influence of recd coating with bacienal isolates 805 (A ). 808 (L),
Rh2 (e), Y11 (W), 310 (7). and 814 {f1) (0 = untreated control) on the
percentage of healthy cucumber scedlings planted n peat-vermiculite
medium infested with Pythiura aphanidermatum Bars = LSDoo
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Fig. 5. Stand of cucumber plants 1n peat-vermiculite medium infested with
Pyvihium ulttimum and trealed with isolates B80S (A, BOB (A), Rh2 (), Y1
(R). 310 (v), 814 (0), or unireated (0).

o
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Diseasc indexes tn cotton, calculated according 10 ront coverage by
Pvthium lesions, were 217, 083, and 10, respectively, 1n the
untreated control and in treatments withisolates 805 and 808 The
respective percentages of disease tncidence were 92, 50, and 62
Disease incidence was decreased by 19-53¢¢ when pepper, bean,
and tomato plants were replanted in the original growth mixture

Competitive root colonization by antibiotic-resistant biocontro}
agents: general populations of bacteria and Pythium. 1solates 805
and B0k were selected for resistance to nfampicin and nahdixic
acid Both decreased disease inadence caused by Prthiwm n
cucumbers by 506t when applied to soil Efficient recovery of the
resistant bacteria was obtained on medium suppiemented with
both antibiotics at a rate of 150 ug:ml

Cucumber seeds were coated with suspensions of 1solates 805,
808, 814, Y11, or Rh2 Two longitudinal halves of plastic tubes
were [illed withsoilinfested with Pyrhum and scaled together with
onccoated seed ineach tube Theroots, exposed after S days, were
cutinto segments (-1, 2-3, 4-5, and 6-7 cm from the stem bhase
Genceral populations along the untreated roots ranged between 2 0
X 10"and 22 % 10° cfuyg of soil in the segments 0-1 and 67 cm
{Fig 7). Applicauon of i1solates 814, Y11, and Rh2 to the seeds
decrersed the general bactenal populations to 4 0X 10°-2 3% 10°
cfus g of soilin segments U~ and 4-5 cm. whereas 1solates 805 and
BOB decreascd bacterial numbers to 10° cfu/gin segments 2-3 and
4=5 cm However. the gencral populations at the ups of treated
roots did not differ from those of the untreated ones

The speaific populations of bacternia applhed to seeds before
incubation were 22X 10'-2 0X 10" clu/p of rhizosphere soil (Fag
7) Exceptforisolate Y11, bactenial counts at root tips were up 1o
100 umes higher than at the upper soot parts There was a positive
correlation between the levels of general populauon and those of
the biocontrol agents in all root segments except the ups
Colonization of cucumber roots by P aphanidermatum was
reduced by 50-100% in the presence of the biocontrol agents

100
—ty————A
80~ b
60~ © -
- -
9 BEAN _TOMATO
w20~ L
4
q
oy
oLl I J | ! ]
z 797 W 5 7 g3 W 15
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I 60l -
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LOT— |
—A
201 L I
T N R T L |
O 15 8

15 n 13
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Fig. 6. Percentage of healthy plants in peat-vermiculite medium infested
with Priluum aphamidermarum and treated with isolates 805 (A ) or 808 (Y]
or untreated (0)
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DISCUSSION

A major objective of this study was to 1solate potential bactena
and charactenize their actuvity in controthng Pyvthium spp The
ability of six bactena apphied to PYM or soil to reduce the
incidence of damping-off in the greenhouse was tested About
60-90¢; of disease reduction was obtained under growth
conditions presaihing in ourexpeniments Atthough cucumnber was
the major test plant throughout this work, discase control was also
obtained 1n other crops susceplible to P apharidermaium, ¢ g,
pepper. melon, bean. tomato. and cotton (Fig 6) The bactena
were also most effective in controthing P wliumum (Fig 6} One
apphcation ol the biocontrol agents was sufficient to prevent
disease buildup 1n replanted cucumbers The additive control
achieved by combiming bactenal application, at a low rate to
achieve diseasc control, with the fungicide prothiocarb (commonly
used against Prohiunt) reduced discase incidence §0¢;

Our results tndicate that the presence of bocteria along roots of
susceptible hosts reduced the establishment of Pythian along the
roots, which are the potential sites for its attack

Damping-off, induced by Pyshuum spp . has been controlied by
coating seeds with a vanely of antagomshic microorganisms
(7-9.13.24) In this work, seed coating was as effective as direct
application of bactena snto the soil (Fig 4) Seed treatmentsarcan
attractive method for introducing bactenia to the soil-plant
environment, because 1n this way, the bactena have an opportunity
of being the first colonizers of the roots It was evident that
bactenia, introduced as seed treatments, moved along the roots.
Weller (26) showed the distnbution of Pseudomonas fluorescens
introduced via seeds on seminal roots of winter wheat Similarly,
we have counted higher populations at root ups Moreover, the
lower counts of indigenous bactena obtatned in wheat (26) and
cucumber (Fig 7)1n the presence of the introduced strains indicate
the obvious competiton between them Populauons of the
indrgencus bacteria generally were greatest where populations of
the biocontrol agents were great (Fig 7), probably because both
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Fig. 7. Denstties of A, peneral bacteria and B, biocontrol agents 1n the
rhzosphere of 6-day-old cucumber plants Isolates 805 (A}, 808 (&), Rh2
(*). Y11 (M), and 814 (D) (0 = untrealed control) were applied to seeds
planied between two longitudinal halves of plastic tubes filled with soil, Bar
= LSDyus.
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were stimulated by the same factor—rhizosphere nutrients Intense
competition for resources such as nutrnients among rhizosphere
bactenia 1s very probable Seed coaung places the bacteria where
they are needed the most, at the most important site of tnteraction
with the plant-rotting Pyvt/uum spp The ability of a bactenial strain
to colomize or establish a large population in the rhizosphere 15 a
crucial factor that determines the importance of rhizobacteria as
roor associates

Significant positive correlation was observed between inhibition
of oospore germination and disease reduction induced by the same
bacteria Moreover, intubition of germination of oospores 1n the
rluzospheres of several plants was< achieved by the biocontrot
agents On the other hand, there was no direct nbservable
interaction hetween spores and bactena Siderophores may also be
cxcluded asa possible mechanism for control of Pyt/uum, because
the pH of the PVM was calibrated to 6.0. In this case, iron 1s
avaiiable 1n high concentration This mav not be the case in
Pyvthuum-infested soil where pH 1s about 7 6, as was sbown in the
wnteraction of Fusarwm oxvsporum and Pseudomonas sp (3)

Oospore germination has already been shown 10 be affected by
exogenous nutrients (9) Nutnients supphed by root exudates
stimulate cospore germination 1n the rhizosihere It therefore
appears that bacteria may compete with germinating oospores for
avatlable carbon or nitrogen sources, and by ehminating these
resources, the bacteria reduce the percentage of oospore
germination Similar results were obtained recently with
chlamvdospores of Fusaruum spp (3) Moreover, the reduction in
the pencral population of bacterta along the roots caused by the
biocontrol agents s probably due 10 compeution (Fig 7)
Although Ivsis was sugpested as a mechanism 1n the control of
Prthuam sp (15) when cell wall lvtic bacteria are added to soil, such
heterolytic activity was not confirmed in vitro 1n our studies
Production of inhibitory substances may be a potential means by
which the bacteria affect the plant pathogen Pyi/uum 1s indecd
knowii to be sensitive te such inhibitory effects However, our in
vitre ¢ xpenments have shown that bacteria, unable to tnduce
sup,eseiveness 1n soil, effectvely inhibited mycehium of the
pathogen This may sugpest that inhibitory substances or
anubiotics do not play a major role 1n our systems

Broadbent et al (2) added Bacillus subtilis (Fren ) Cohn to soll
treated by acrated steam P. ultimum was controlled on
Anurrlinum, possibly by decreasing infection rather than by
anttbiosis Hadar et al (7) protected seedlings from dis ase caused
by Pythium by apphcation of Emterobacter cloacae. Howell and
Stipanovic (9) concluded that a stramn of Pseudomonas fiuorescens
was antagonistic to P. ulumum bicause of the production of an
antibiotic (pvoluteonin) by the bacterium

Our results demonstrate the potential of bactena to control
Pvthium Furtherresearch is needed to develop the formulation of
bactenal biocontrol agents and exploit them in agriculture
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