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ABSTRACT 
Fldd, Ys ard Chet. 1 1987 Possible role of competition for iuwrients inbiocontrol of Pythium damping-off by bacteria. Phytopathology 77-190-195. 

Of the 130 bacteria isolated from the rhirospheres of plants infrsted with 
Pi-isitum spp , six wsere found to beefficient biocontrol agents of this 
paihogtn under greenhouse conditions No lyric emmes were involved in 
in sitro interactions beItseen the bacteria and P aphanidernamint
Substances inhibiting growth of the fungus were produced by both the 
biocontrol agents andollier rh,-obact-rii On the other handcompetntion
ior nutrients between germinating oospores of P aphanidermiatur and 
bacteria. which was unique to the biocontrol agents, significantly
correlated with suppression of disease in the greenhouse Oospore
germination inrhizospheres of wheat, tomato, cucumber, melon, bean. and 
cotton plants was derreased in the presence ot these bacteria Broadcast 

Rhizobacterta, by their interactions with various pathogens,
play a major role in the biological equilibrtum among
microorganisms in the rhizosphere (1,23) Pt'ihium 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 bacteria is not well 
established. Mitchell and Hurvttz (15) protected tomato seedlings
against damping-off caused by P. debarranum Hesse with a lytic
strain of Arthrobacter, and Hadar et al (7) protected germinating
cucumber seeds with Enterobacter cloacae (Jordan) Harm & 
Edwar from rots caused by Pthutum spp Howell and Stipanovic 
(9) isolated a strain of Picudomonas fluorescens Migula that 
produces an antibiotic inhibiting growth of Pithitar iltmunt 
Trow on seeds 

Rhizobacteria have beena the subject of several reports
(11,12,16). It was suggested that the antibiotics 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 
objectivesofthepresent work wereto isolatepotenttalantagonistic 
rhizobacteria, apply them against Pythiurn damping-off, and 
invest; -ate their antagonistic mechanism, 

MATERIALS AND METHODS 

Isolation and characterization of bacteria. One hundred thirty
bacteria were isolated from roots of bean, cotton, radish, 
cucumber, and melon plants grown in soils infested with Ptthtum 
spp. or in peat-vermiculite growth media (PVM). Isolations were 
made on nutrient agar (NA) (Becton-Dickinson Corp.,
Cockeysville, MO) cr King's medinm B (KB) (10). Bacteria were 
identified by the Analytical Profile Index (API) system (La Balme 
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application or seed coating with these bacteria reduced disease incidence in
cucumbers planted in p.at-vermculhtc mixture or in soil by 60-75%
compared with the untreated control Damping-off caused by P. utinium 
in cucumbers was reduced by up to 941% Combining low levels of 
Pseudornonaspuitada or P cepacia with the fungicide prothiocarb resulted 
in an additive effect Bacteria applied to cucumber seeds became 
established along the roots Populations were 100-fold higher at root sips
than at their upper parts On the other hand, except for the root tips. the 
total population of bacteria was decreased in the presence of the beneficial 
ones Disease control was achieved in bean, pepper, melon, tomato, and 
cotton plants as well 

les Grottes 38390, Montalieu, Vercieu, France). Identification was 
verified by Berget's Manualof Determinatve Bactertologr. The 
following strains were used: Pseudomonaspunda (Trev.) Migula
(805 and 310), P. cepacia Burk (808, 814, and YI I), Alcahgens
Cast. & Chal. sp (Rh2j, and Pseudomonas (Migula) Doud & Pall. 
sp. (AA4, SS3, and 806). Cultures were maintained on NA fordaily 
use. Pure cultures were grown on NA for 24 hr, washed from the 
agar surface with 10% skimmed milk, and freeze-dried. 

Density of bacterial populations. Strains of the biocontrol 
agents resistant to rifampicin [3-(4-methylpiperazinyl-minomerhyl] 
rifamycin 5v) and nalidtxicacid (Sigma) wereselected from parent
cultures by planting cell suspensions on NA containing 150 lug/ ml 
rifampicin [3-(4-methylpiperazinyl-iminomethyl) rifamycin] and 
nalidixic acid and incubating them for 48 hr at 30 C.The antibiotic­
resistant strains were similar to their parent cultures. 

Antagonistic properties of selected bacteria. The cell wall­
degrading enzymes-Exo-l,3-3-o-glucostdase (/-1,3-glucanase,
EC 3.2.1.58), Exo-l,4-p-D-glucosidase (Cellulase, EC 3.2.1.74); 
and -N-acetyl-D-glucosamintdase (Chitinase, EC 3.2.1.30)-were
assayed for filtrates of bacteria grown on either laminarin (Sigma),
chitin (Sigma), or cell walls or mycelium of Pt/hium
aphantderiatum (Edson) Fitzp. as a sole carbon source. All 
enzymatic tests and preparation of fungal cell walls or mycelium 
were carried out according to previous publicatioiis (4,5) 

For production 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 
through a 0 45-pm pore size filter (Milhpore Corp., Bedford, MA).
The cellfree medium, diluted with .e fresh, double concentration of 
PDNB, was seeded with a mycelhal disk taken from a 48-hr-old 
culture of P. aphantdermatui. After 48 hr of incubation at -8 C, 
the mycelium was dried for 4days at 60 Cand weighed. Presence ofantibiotics was also tested in solid NA. 

at s of also test ed o l A. t 
Mats of myceltum removed from cultures of P aphantdermatumgrown for 48 hr in petri plates containing liquid PDNB were 

transferred into Jresh medium to check their growth in the 
W Dry weight gained by the fungus during the 
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interaction period was measured 48 hr later and compared with the 
average dry weight of the fungus before incubation with the 
bacteria 

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
aphaniderniatuim and incubated for 2 mo at 30 C Mycelial mats 
containing oosporeq were placed on four layers of cheesecloth, 
washed with running distilled water for 5 mn, suspended in tap
water, and homogenised in a Waring Blendor for 5 mm Oospores 
were separated on a 40-pm-mesh Nitex nylon screen (1etko Inc.,
Elmsford, NY), resuspended in 100 ml of water, aid added to I kg
of air-dried, well-mixed loamy sand soil (pH 7 6) whose 
ciaracteristics have been deszribed previously (6) The soil ,as
placed in plastic bags, incubated fcr 2wk at 30 C, sieved through a 
2-mm-mesh screen, and stored at 4 C until needed This soil 
contained an average of 4 5 x 10' colony-forming units (cfu) of P 
aplhatiderniatuni per gram, as determined on a selective medium 
according to Schotithenner (22) Microscopic obsersations 
revealed that colooies origimatd 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-enriclied soil samples (5g each) were placed in a 10-ml 
teqt tube Ahiquots(O I ml) of glucose and asparagine solutions Ito 
induce germination [19]) and bacterial suspensions were added to 
gise the desired concentrationsat 15% dryweight (-0 3bar)water 
content Soil was mixed thorouglf' and incubated at 30 C for 24 
hr 1 hree 0.5-g subsamples of each treatment were transferred to 
test tube, for processing, staining with CL lcofluor New M2R 
(American Cyanamide Compan.. Bound Brook NJ) (20), andviewing at X 160 under a UV light microscope for fluorescence. One 
hund re.. oospores were counted for each of the three replicates per
treatment 

Oospore germinatnin in the rlizosphere was tested using the 
method developed by Elad and Baker (3) Oospore-enriched soil 
was mixed with bacteria and placed between two glass slides along
with roots of pregerininated plants Test plants were cucumber 
(Cucumits sativus L 'Shimshon'). tomato (Li'copersiron
esculentui i L. 'Marmand Rehovot ), pepper (Cupsicum annuumo 
L. 'laor'), melon (Cucumis oielo L 'Galha'), bean (Phaseolus 
vulgaris L. 'Brittlewax'), wheat (Truiwuri aestsuoiL. Scout'), and 
cotton (Goss 'pium herbaceuni L 'Puma U. SJ2'). Root exudates 
induced germination of oospores. Rhizosphete soil was separated
from the roots after 48 hr of incubation, and oopore germination 
was assessed according to the procedure mentioned earlier. 

Infestation of greenhouse groth media. P. aphanidernaiuni or 
P. uhtuum were isolated from diseased cucumber seedlings on a
seleztive medium for Pt t u',, spp. (22) and identified according to 
Middleton (14) and Waterhouse (25) Growth medium contained 
75% Canadian peat and 25% vermiculite no. 2. Oospores of P. 
apianiaermatum were added to PVM, after adjusting their 
concentration with a heinacytometer, by diluting the suspension
with water to the desired level The pH of PVM was 6.0. 

In most experiments with both Pythtun spp.. infested peat was 
used as inoculum Three or four repeated plantings with 
cucumbers, when 90-100% of the plants had died from damping-
off. were used to increase inoculum. lnoculum was suspended in 
500 ml of water to allow complete mix with the growth medium,
The population of Pythum, as counted on Schmitthenner's 
selective medium (22). ranged from 5X 10 to5XO' cfu/g of dried 
infested medium 

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

Polypropylene boxes (7 X 19 X 14 cm) were Filled with the
infested media, planted with 10 seeds each, irrigated once a day,
and the number of diseased seedlings recorded. All experiments 
were conducted under greenhouse conditions at 28-32 C and 
consisted of six replicates. Experiments were repeated at least 
twice. Severity of disease symptoms in cotton was calculated 

according to an index ranging from 0 for healthy. symptomless
plants to 4for plants covered with Prihium lesions over morethan 
80% of their hypocoty Preemergcnce damping-off, which 
occurred in each treatment, was calculated by deducting the rate of
emerged plants in the pots of this treatment from the average 
emergence in the medium free of Pthmum. 

The fungicide prothiocarb(Previcur 50%) was mixed w&ith PVM 
alone or combined with bacterial suspensions to contrel disease 
caused bNP aphanmderniatun in cucumbers 

Population dynamics along cucumber roots were tested by the 
rhizosphere competence technique of Scher et a)(21) a! modified 
by Ahmed and Baker (personal communtiation) 1Iwo 
longitudinal halvesofa 50-mlconical polypropvlene tube (Falcon
Di%., Becton-Dickinson, Oxnard. CA) %ere filled with vetisand% 
loam soil (15%, -0.3 bar), and one seed coated with bacteria was 
placed between both parts. I cm from the top " lie two parts "ere 
sealed with two rubber bands and incubated in a polyethylene
plastic bag for 5 days at 30 C under artificial light without 
additional watering At the end of the incubation period. the tube 
halves were separated and the plant gently removed to assess the 
rh17osphere population as mentioned earlier 

Counts of bacteria from soil or peat were carried out by plating
the appropriate dilutions, using the drop plate method (7ll, on NA 
or KB medium Results were expressid as colony-lorming units 
per gram Rhizosphere populations were assessed by eparating
the soil adhering to the specific root ,egments (20 mm each), in 
water, by shaking them in a rotary shaker for 30 mmat 100 rpm.
Average dry weight of rhtzosphere soil was calculated by
measuring the weight of 20 samples of root segment that could be 
separated according to the distance fiom the base of the stem 

RESULTS 

Isolation of potentially antagonistic bacteria. Bacteria were
 
isolated from roots of bean, cotton, radish, cucumber, and melon
 
plants. Stlected plants w'rc uprooted from soils naturally infested
 
with P. aphaniderniatumn Of the 130 bacterial isolates tested for
 
their ability to suppress damping-off in cucumbers, the six that
 
were 
superior in reducing disease incidence by 17-67% (Fig I)
 
were selected for further experiments. These strains are
 
Pseudonionasputida(805and 310), P. cepacta(808,814,and YI i),
 
and A/caigens sp. (Rh2)
 

Antagonistic acti'ity of bacteria in culture. Li'ticenz-iies. None 
of the strains produced /3-1.3-gluranase, chitinase. or cellulase 
when grown on laminarin, chitin, cellulose, or cell walls of P. 
aphandermatuni. Similarly, when placed in a liquid medium 
containing a mycelial mat of P. aphanidermiatun as asole carbon 
source, noi of the bacteria degraded the mycelium

Inhibitory substances. Bacteria were separated from the PDNB 
medium in which they were grown after 40 hr. The cellfree medic. 
mixed with adouble concentration of PDNB, were seeded with P. 
aphanidernatuni and incubated for 48 hr for dry weight
determination. D'v weight of mycelium grown in unamended 
control medium A,s 84.4 mg per plate. Bacterial isolates F05, 808,
Rh2, and 310 inhibited growth of P. apharuderniatumby 87.9,
85.4, 49.8, and 39 0%, respectively, whereas isolates AA4, 806, and 
SS3, which did not control Pithumrn, reduced it by 76.5, 89.6, and 
70.4%,. respectively, compared with the control (dry weight 84 4mg 
per plate) grown in unamended medium. Growth of P. 
aphanidermnatuni was inhibited by only 5.7% when grown in a 
medium that previously supported growth of the same fungus. No 
significant inhibition of growth of mycelium was observed on solid 
medium seeded with the test bacteria. 

Competition. Competitive ability of both the bacteria and 
mycelium of Pythiumrn was tested in dual cultures. P. 
aphatuderoiatuni was grown in liquid PDNB for 48 hr and 
transferred into fresh medium along with different bacterial 
isolates Strains 805,808, YI I. Rh2, 310, and 814 inhibited [unga;
growth by 50,45,60,98, 14, and 62%, respectively, compared with 
the control culture (dry weight 63.5 mg per plate) grown in 
bacteria-free medium. However, other bacteria, when grown
together in liquic, culture, also inhibited growth of P. 
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aphanidermatum. 
Inhibition of oospoie germination by bacteria. Bacteria were 

introduced into raw soil enriched with oospores of P. 
aphanideruatum, and glucose and asparagine were added. 
Oospore germination, determined after 24 hr of incubation, -As 
inhibited by up to 57% by the biocontrol agents (2 X 10 cfujg of 
soil) compard with only 13-20% inhibition by bacteria not 
effectwe in distase control under greenhouse conditions (Fig 2) 
Similarly, when the initial population level of the bacteria was 
reduced to 2 X 10' cfu/g of soil, germinability of oospores was 
inhibited b) 20-50/" 

A significant correlation at P= 0 05 or 0.01 was found between 
the ability of the vatics bacteria (applied by broadcast or seed 
coating) to reduce llythium damping-off in cucumbers grown 
under greenhouse conditions and their ability to inhibit oospore 
germination in soil enriched with 150 or 250jug/g glucose or PVM 

l ABLE tInfuenice or b. c Jaof germination of oospores of Prihiui
aphlanderinatuinrhirospheres of various crops' 

Bacterial Oospore germination (%) 
isolate Wheai lomaio Mclon Cucumber Bean Cotton A% 

805 7 a' t0a 8 a Is a 21 a 15a 13 
808 31 h IIa 12a 19a 19a 12a 17
AA4 41 c 35 b 41 b 46 1 57 b 27 b 41Untreated 


control 64 d 37 b 46 b 57 b 65 b 36 b 51 

'Seeds of var-ous crops were germinated in moist bag. and Ilaced on soil 
enriched w4ith between glass slides Germination %.asoospores, two 
calculated, aier 3 day, of mc.haion. by the Calcofluor staining method 
(20) 


'Numbers in each column follossed by the same letters are not significantly 
different accoiding to Duncan's multiple range test (P 0 05) 
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DAYS AFTER PLANTING 
Fig. t. Influence of bacterial suspensions on the percentage of heatthy 
cucumber plants planted in peat-vermiculite medium infested with 
Pi'ttium aphiarderosatun. Treatments were control 1o)and bacterial 
isolates 805 (A). 808 (Z),310 (I7).Rh2 (e), YII (it.and 814 (0). Bar = 
LSD, us. 
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To determine whether the bateria produce inhibitory 
substances affecting oospore germination, cellfree ,upernatants of 
24-hr-old cultures of the different bacteria were added to the 
oospore-eiiriched soil No significant reduction in oospore 
germinability was observed unless bacterial cells were present in 
the soil 

Germination of oosporek in rhizospheres of wheat, tomato, 
melon, cucumber, bea'n. or cotton in the presence of 1acteria was 
compared with their germ,naton in the untreated control (Table 
I) Averageinhibitionsofgermination inall plant crops by isolates 
805 and 808 were 72 3 and 66 4%, whereas isolate AA4. which is 
not capable of controlling Pihiuni in the greenhouse, inhibited 
germination by only 5-36% 

Biological control of damping-off in cucumbers. Effects of 
bacterial concentrations. Bacteria were suspended in saler and 
mixed with PVM to gie i o initial population levels of 10"and 10' 
cfu/cm) Isolates 905 and 808 were the most effective in control of 
Pi,thium when applied in concentrations of 10' cfu/cm' (lable 2).
Relatively high percentages of healtthy cucumber plants (up to 62%
reduction of disease) were obtained when bacteria were applied in 

concentrations of 10' clu/cm' Cells of bacterial isolates 805 and 
808 were suspended in three lowconcentrations to give final counts 
of4X 10',8X 190,and 2X I0'cfu/cm' of PVM. The concentration 
of cells of isolate 808 influenced the efficacy of disease control. 
whereas differences between concentrations of applied isolate 805 
were not reflected in marked differences in disease control (Fig 3) 

Preemergence damping-off in untreated control was 71 6%, 
whereas it was reduced to 21.1-26.3 and 2.1- 10.5% by treatments 
with isolates 808 and 805, respectively 

60 1 

60 

o ­40 I 
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z60 

5 01020'0 

Fig. 2.Eff'ectsuf suspensions of bacterial biocontrol agents 805 A).g808 
f(A), Y I I (E) and otheritsolates. AA4f(n)and SS3l(T)8141I0). Rh2 (e),and 
on the percentage of reduction of oospore germination insoil amended 
wsthglucoseandasparaginef5:l). Bar=LSlvus. Reductsonwascalculated 
according so the fotlowing formula: [t - (A/B)] X 100. where 8 = 
perceniage of germination in she control without bacteria and A = 
percentage of germination inbacterial treatments. 
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Effects of bacterial seed coating and integrated control 
Cucumber seeds were dipped in bacterial suspensions (8 X 10' 

cfu/ml) and planted in PVM Damping-off caused b) P 

ophanidei naturn was recorded during 12 days after sowing The 

most efficient isolates were 805. 808. and Rh2, whicn reduced 

disease incidence by 57-67%, compared with isolates 814 and 310. 

which reduced disease incidence by 38-42%(Fig 4) Preemergence 

damping-off, 27.5% in the untreated control, was reduced to 

0-12.5% by the different bacterial isolates. 


' 
Bacterial isolates. at the loss rate of 3 X l0 cfu/cm' of PVM. 
were combined with prothiocaib at the rate of 0.25 ml/L of PVM 
Incidence of damping-off caused by P. aphanderniatun in the 
untreated control %%as89%,i Isolates 805 and 808. alone. decreased 
Pythium damping-off by only 9-15rj because the bacterial level 
was low A significant dccr-ase in disease incidence. 34%,, was 
obtained by the chcmical treatment. Combination of prothiocarb 
with strain 805 resulted in 46% disease reduction, however, 
Lombination uf prothiocarb with strain 808 was significand) 
superior, yielding an 80% reduction in disease incidence 

Lffecis of bacteria on disease buildup during s.,ccest,'e 
replanting Cucumber seeds were planted five times at 10-day 
intervals in PVM mixed with suspensions of isolates 805 or 808, 
and the percentages of healthy plants were recorded at the end of 
each growth c.cle In the untreated control, disease incidence of 

rvtlisos, wkhich was 93% at the end of the first cycle, stabilized at 
50% between the third and fifth growth c.,cles Disease inedence in 
bacteria-treated media was 12-45% during the five successive 
plantings and was 12 and 27% at the end of the fifth cycle in 
treatments of strains 808 and 805, respectively • 

Control of dampnrg-off caused h' P. uluurn in cui umbers 
Control of P ultiniuni in cucumber' was tested in PVM amended 

with each of the b3cierial isolates Disease incidence was
 
diastically reduced by all isolates in the first growth cycle (Fig. 5).
 

['ABLE 2 nfluence of bacterial concentration' in peai.vermiculte 
medium on ability of strains iocontrol Pi'thuin ophanidermatun in 
cucumber 

7DAYSplants (%) I I daysDASEmc-gence (%) 7 days Hecal/hy
Bacterial after after plantingplanting 


cfu/cm
 isolate I0 ' 10' cfucm' t0 ' cfu/c m' 10'c fu/cm 
Rh2 18 a' 42 b 12a 27 b 
805 60 bc 83 d 48 c 70 d 
Yll 37ab 48b 18c 37bc 
808 77 cd 72 c 60 d 68 d 
814 37 ab 51b l0a 32 b 
310 42 b 53 b 19ab 41 b 

'Suspensions of 24-hr-old bacteria were mixed wit, artificially infested peat­
' vermiculite container medium to give 10'or 1O'cfu/cm 

'Numbers in each parameter followed by the same letters arc not 
significantly diflerent according to Duncan's multiple range test 
Ip= 0.05). 
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DAYS AFTER PLANTING 


Fig. 3. Effects of isolates A, 805 and B, 808 applied at concentrations of 
= 

2 X 10' (--.8 X 10' (-),and ' X 10' (-) cfu/cm' to untreated 
control) on percentage of healthy cucumber plants planted in peat-
vermiculite infested with Pythium apthoniderrnatuni. Bars = L-Slof. 

However, after 2 4skof the second growth cycle, there were 7,18. 
51. 42,4. 71. and ;7% health plants in the untreated control and 
treatments with isolates 808. 805, 310, 814, Rh2. ard II. 
respectively 

Biological control of Pythium damping-off in pepper, melon. 
bean, tomato, and cotton. IsolateF 805 and 808 were mixed with 
PVM. and their influence on disease caused b\ Pitihiurrt-cralin 
crops was examined in the greenhouse Both iFolates reduced 
disease incidence in melons, tomatoes, peppers, and beans (Fig 6) 
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AFTER PLANTINGFTRP NIG 
Fig. 4. Influence of 'ced coating with bacterial isolates 805 IA).808 (A). 
Rh2 (). YII (E). 310 (V). and 814 (J) (o= untreated control) on the 
percentage of health' cucumber seedlings planted in peat-vermiculite 
medium infested with Pythium aphanadermatuoi Bars LSDo0 , 
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Fig. 5. Stand of cucumber plants in peat-vcrmicuhite medium infested with 
Pithium ultunurnand treated with isolates 80.5 (A, 808 (AS).Rh2 (9), Y I I *-...~ ,2
(M). 310 (V7),814 (0').or untreated (o). 
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Disease indexes in cotton, calculated according to root coverage bN 
Prihium lesions, were 2 17, 0 83. and I 0. respectivel). in the 
untreated control and in treatments with isolates 805and 808 The 
respective percentages of disease incidence 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 

Compeliliverool colonizationhi antibiotic-resistant biocontrol 
agents: general populations of bacteria and Pytlhium. Isolates 805 
and 801Swere selected for resistance to rifampicin and nalidixic 
acid Both decreased disease ineidence caused b%Piihiurn in 
cucumbers by 50% when applied to soil Efficient recover% of the 
resistant bacteria %as obtained on medium supplemented with 
both antibiotics at a rate of 150 pgiml 

Cucumber seeds were coated with suspensions of isolates 805, 
808, 814, YI 1,or Rh2 Two longitudinal halves of plastic tubes 
weicl filled wjth soil infested with Pilitu, and sealed together with 
one coated seed in each tube 1 lie roots. exposed after 5days. were 
cut into segments fj-1, 2-3. 4-5. and 6-7 cm from the stem base 
General populations along the untreated roots ranged betwkeen 2 0 
X I0' and 2 2 X 10'cfu/g of soil in the segments 0-1 and (r-7cm 
(Fig 7). Application of isolates 814, YII. and Rh2 to the seeds 
decrecsed the general bacterial populations to 4 0X 10'-2 3X 10' 
cfu/g of soil in segments 0-1 and 4-5 cm. whereas isolates 805 and 
808 decreased bacterial numbers to 10' cfu/g in segments 2-3 and 
4-5 cm Hlo..eser, the general populations at the tips of treated 
roots did not difler from those of the untreated ones 

The specific populations of bacteria applied to seeds before 
incubation were 2 2 X 10'-2 0tX 10' clu/g of rhlbsphere soil (Fig
7) Except for isolate Y II. bacterial counts at root tips were up to 
(10times higher than at tie upper root parts 1 here was a positive 

correlation between the levels of general population and those of 
the biocontrol agents in all root segments except the tips 
Colonization of cucumber roots b%P aphantdermaium was 
reduced by 50-100% in the presence of the biocontrol agents 
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DAYS AFTER PLANTING 
Fig. 6. Percentage of health), plants in peat-vermiculite medium infested 
with Prihium aphanidermatuni and treated with isolates 805 (A)or 808 (A) 
or untreated (o) 
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DISCUSSION 

A major obiective of this study was to isolate potential bacteria 
and characterize their activitt in controiling Ptihiurn spp lhe 
abilii of six b;icteria applied to PVM or soil to reduce the 
incidence of damping-off in the greenhouse 'as tested About 
60-90(,'i of disease reduction wa% obtained under growtlh 
condiiions preadiling in our experiments Although cucumber wkas 
the major test plant throughout this w'ork.diseae control wasalso 
obtained in other crops susceptible to P aphapuderoatni e g. 
pepper, melon, bean. tomato, and cotton (Fig 6) 1he bacteria 
w'ere also most effectvc in controlling ' Wuiiuooi (Fig 6) One 
application ol the biocontrol agents was sufficient to present 
disease buildup in replanted cucumbers 1 he additie control 
achieved b% combining bacterial applcation. at a low rate to 
achievediseaecontrol. %kththe fungicide prothiocarb (cornrnonly 
used against it'iti) reduced dtsrie incidence h8(O 

Our results indicate that the presence of bcteria along roots of 
susceptible hosts reduced the establ,,hment of Prihini along the 
roots, which are the potential sites for its attack 

Damping-off. induced bNPi'thiuni spp . has been controlled by 
coating seeds with a variety of antagonistic microorganisms 
(7-9.13.24) In this work. seed coating sas as effectise as direct 
applicationofhacterii into thesoil (Fig 4) Seed treatmentsarean 
attractive method for introducing bacteria to the soil-plant 
ens ironment, because in this va., the bacteria have an opportunt%
of being the first colonizers of the roots It was evident that 
bacteria, introduced as seed treatments. mosed along the roots. 
Weller (26) showed the distribution of Pieudooionas 7iuorcs(en 
introduced viaseeds on seminal roots of winter wheat Similarly. 
we have counted higher populations at root tips Moreover. th 
lower counts of indigenous bacteria obtained in wheat (26) and 
cucumber(Fig 7)n the presence of the introduced strains indicate 
the obvious competition between them Populations of the 
tnd,geneus bacteria generally were greatest where populations of 
the biocontrol agents were great (Fig 7),probably because both 
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were stimulated by the same factor-rhizosphere nutrients Intense 
competition for resources such as nutrients among rhizosphere 

bacteria is v'er.probable Seed coating places the bacteria where 

theN are needed the most, at the most important site of interaction 

th n 
to colonize or establish a large population in the rhizosphere is a 
crucial factor that determines the importance of rhizobacteria as 
root associates 

Significant positive correlation wsas observed between inhibition 
of oospore germination and disease reduction induced by the same 
bacteria Moreoer. inhibition of germination of oospores in the 

rhizospheres of seeral plants ssas achieved by the biocontrol 

it 	 thetheplant-rottingtmcoparasitePt Ihium spp The abhty of a bacterial strain 

agents On the other hand, there was no direct observable 
at r eb 

interaction between spores and bacteria Siderophores may also be 
excluded as a possible mechanism for coptrol of Pi'-tluo. because 
the p11 of the PV NI ssas calibrated to 6.0. In this case, iron is 
asatiable in high concentration 1 his may not be the case in 
Pi'vtiii-infested soil %%herepH is about 7 6. as ssas shown in the 
interaction of Fuarium or%t'3porulni and Pieudontonarsp (3) 

Oospore germination has already' been shown to be affected by 
exogenous nutrients (9) Nutrients supplied by root exudates 

stimulate oospore germinatton in the rhiuosi'here It therefore 

appears that bacteria may compete with germituating oospores for 
available carbon or nitrogen sources, and bv eliminating these 
resources, the bacteria reduce the percentage of oospore 
gerrnindtion Similar results were obtained recently with 
chlamvdospores of/Iusarutmi spp (3)Moreover, the reduction in 
the general population of bacteria along the roots caused by the 
biocontrol agents is probabl% due to competition (Fig 7) 
Although I'stsswas suggested as a mechanism in the control of 
Pt'thnt7 p (15)w'hen cell wall bacteria are added to s5uch

-pl lytic toil. 
helerolyic ictivil was not confirmed in vitro in our studies 
Production of inhibitory substances may be a potential mean, by 
which the bacteria affect the plant pathogen Pt'itlurn is indeed 
knowit to be sensitive to such inhibitory effects However, our in 
vtr( t xperiments have shown that bacteria, unable to induce 

sup,,:es~iveness in soil, effectively inhibited mycelium of the 
pathogen This 'na suggest that inhibitor" substances or 
antibiotics do not play a maor role in our systems 

Broadbent et al (21 added Bacillus suhhs (Fren ) Cohn to soil 

treated by aerated steam P. uhitnum sw'ascontrolled on 
Anttirrhinuu i, possibly by' decreasing infection rather than by 
antibiosts Hadar et al (7) protected seedlings from distase caused 
by Pt'thtiuti by application of Enterobacter cloacae. Howell and 
Stipanovic (9) concluded that a strain of Pseudontonasfiuorescens 
was antagonistic to P. uhtoum bLcause of the production of an 
antibiotic (pyoluteorin) by the bacterium 

Our results demonstrate the potential of bacteria to control 

Ptut/itun Further research is needed todevelop the formulation of 

bacterial biocontrol agents and exploit them in Lgriculture 
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