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INTRODUCTION

The use of chemicals in controlling plant diseases
ﬁas end still directed towards those caused by fungous
pathogens. Several chemicals were manufactured for this
purpose. However, there are reports concerning the effect
of certain fungicides in controlling bacterigl diseases.
(Dye, 19545 Heuberger et al., 1956; Line & Eide, 1960 end
Mﬁnnecke'& Férguson , 1960@) . ' ’

On the other hand, the side effects of herbicides on
phytopathogenic agents have been noted. The uge of herbi-
cides is becoming now a general practice in many countries,
and their use increased dramatically from 78 million kg
to 147 million kg annually from 1961 to 1972 (Altmap &
Campﬁell, 1977). A wide variety of these herbicideg are
incorporated anmually into the soil. It is established that
herbicides affect the soil microflora'to a certain extent
(Bollen, 1961). Thereby soil bornm phytopathogenic bacteris
which spend a part of their life cycle in the soil could
also be affected to various degrees. It is important ,
therefore, to determine the extent to ﬁhich these herbicides
can affect the development of diseases cauged by soil born

phytopathogenic bacteris.

'Because of the enﬁironmental hazards of pesticides,
ecologists  and public health authorities are becoming

increasingly aware of the increasing concentrationg of toxic
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chemicals in nature's food chains. Parallel to the en-
vironmentalist's opinion, plant pathologists are becoming
aware that upsetfing the biological balance by toxic
chemicals can lead to severe outbreak of diseases as well

a8 the appearance of new diseases. Moreover, disease control
by chemical application is temporary in effect, hence re-
quires repeated appiications. On the other hand biological
control when effective,is usually Dore enduring, with no
toxic residue in nature's food chains, safe for application,

and more cheap in cost.

Therefore, the present investigation was designed to
f£ind out among soill microflora some microorganismg which
antagonize with some of soil borme phytopathogenic bacteria
and compare their usefulness in controlling bacterial plant
diseases with some available widely usedifungicides and

herbicides.
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REVIEW OF LITERATURE
I- Chemical control:

1- Fungicides :
It has been suggested by many investigatorg that

some of fungicides might be valuable in the control of
certain bacterial diseases. Moreover, promising inform-
ation have been obtained about the use of fungicides in
the control of combined infections of Plants with bac-

teria and fungi.

Fink (1958) showed that rotting of potato seed-pieces

ceused by Erwinia atroseptica could be controlled in the
laboratory in the absence of soil by streptomycin sulfate
at 100 ppm, and that mixtures of different fungicides
with streptomycin did not have an adverse effect under

these conditions. However, none of the treatments gave

control in the field .

Crossan (1959) found that dusting or dipping of seed-
pieces with Capten-50 effectively checked decay cauged

by Erwinie carotovora or Fusarium solani. He also reported

that ~ Semesan-Bel gave adequate disemse control.

Line and Eide (1960), had pointed out that better
proteétion against decay, caused by Fusarium 8pp. -and
Erwinis spp., was obtained by dipping the geed pleces of
potato in Mameb (1 1b/10 gal. water), than in Agrimycin

or in a mixture of the two.
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Robinson et al., (1960) studied the chemical control
of black-leg, dry-rot, and Verticillium-wilt of potato.
They found that the black-leg of potato could be control-
led by HgClz, Agristrep, and Semesan-Bel.

El-Helely et al. (1963) studied the bactericidal or
bacteriostatic effect of different concentrations of the
following phosphorus compounds on local isolate of

Agrobacterium tumefaciens. Malathion, Ekatin, Delnaw,

Dipteréx, Chlorothion, Parathion, Thimet, and Metaiso-
éystox. The bactericidal effect of Streptomycin, Oxyte-
tracyciine and Agremycin also was studied. Most of the
phosphorus compounds were ineffective bactericides at

the minimal inhibitory concentration ranged from 200 to
more than 400 ppm. The only phosphorus compound that showed
promising bactericidal effect, comparable to the antibio-
tics was Chlorothion.

El-Kazzaz (1966) studied the effect of available
fungicides on certain phytopathogenic bacteria including

A. tumefaciens, E. carotovora, and Pseudomonas solanacearum.

He found that Nabam, Dithene-M,,, and Dithane-N 45 Were the
only fungicides among these tested that exerted antibac~
terial property. He found that Dithane-M45 was Bacteriﬁ—
static to the soil borne bacteria, while Nabam was the only

fungicide used that showed bactericidal action. He also



found that relatively higher concentrations of Nabam,
'Dithane—Mzz, and Dithane—M45 were required to inhibit
growth of the tested bacteria, when. inhabiting the soil,

than those required In vitro to exert the same action.

Kapustin (1967) reported that disinfection of store-
houses with 5% CuSOz, and treatment of seed material in
gutumn with either ThHiram (1-2 kg/ton) or Cuprosen (2 kg/

ton) were useful control measures for tuber rot.

Shneider et al., (1968) reported that the most eff-
ective preparations against black-leg were 0.5-1 % Captan
and 3% Thiram for pre-plenting treatment of tubers.

Kuz'Mina (1969) found that treatment of tubers with
2% Gronosan and 4% Thiram gave a good control of potato

écab (Streptomyceé séabies), and did notrreduce the inci-

dence of black-leg or Fusarium-wilt.

Rushdi et al. (1972) studied the toxicity of some
fungicides and antibiotics to soft rot-inducing Erwinia
gpp. Results indicated that Terramycin and Streptomycin
appéared to be have excellent inhibitory effect. Carba-
‘zinc inhibited the growth of the soft rot bacteria at a
very low concentration. Ceresan, Orthogide, and T.C.N.A.

were inferior in this respect.
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Mcintosh (1973) studied the effect of Benomyl on
potato common scab caused by S, gscabies in the glass-
house by growing potato plants in soil treafed with 50
ppm of the chemical. He found that Benomyl failed %o

decrease the incidence of scab.

Logan (1974) mentioned that sufficient control against
certain potato diseases could be obtained by tubers treat-
ment with Benomyl and Thiabendazol (TBZ).

Shihata (1974) found that Captan, Ceresan, Carbazinc,
Cupravit and Dithane—Z78 at 100 ppm completely inhibited
growth of all isolates of S. scabies.

Weingartner and Shumaper (1974), reported that treat-
ment of fresh potato seed-pieces ‘with fungicides, alone

or in combination with antibiotics, gave a protective effect

to the infected seed pieces with bacterlal-fungal complex.

Mcintosh (1976) used forty quinones, polyhydroxy beﬁ—
zenes and related compounds for possible control of potato
common scab, caused by S: - scabies. He found that Chloro-
peb decreased yield, and some 1,4+qaphthaquinones and an-

‘thraquinones were almost uneffective.

Abo-El-Dahab et al. (1977) studied the effect of certain

chemicals on the In vitro growth of A. tumefaciens and on

the gall formation on artificially infected plants . They

:om



-7 -

found that Benlate at concentrations up to 400 ug/ml
proved to be ineffective in inhibiting the In vitro
growth of the tested isolates of A. tumefaciens, while
Carboxin was effective in inhibiting the growth of only
certain isolates of A. tumefaciens at concentration
200-400 pg/ml. Carboxin was moderately effective in

éeduéing the number of galls on caster bean seedlings.

Seif-El1-Yazal (1980) studied the control of some
potato diseases with antimicrobial agents. He found that
the fungicides, Zineb, Quinolate-15 and Previcur-N at
high concentrations strongly inhibited E. atroseptica

growth and to a lesser extent P, solanacearum. However,

the three fungicides used were effective as considerably
increased the percentage of healthy planis against black-

leg disease.

“Gabr (1981) studied the 52.13352 effect of fungicides,
Nimrod and Benomyl on the growth of S, scabies. He found
that high concentrations (600 ppm) were required for comp-
lete inhibition of S. gcabies growth , and these two
fungicides had no effect on potato common scab disease in-

cidence in pots.
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2~ Herblcides :

Voluminous work has been done on the effect of
tremendous on the biotic potential of soil,e.g. nema-
todes (83ly & Ragala, 1977) , collembola (Ulber ,1977),
mites (Dzuiba, 1971), "-eérthworms (Edwards et al.,1970),
fungi (ﬁudakov & Spiridonov, 1979), and certain physio-
logical groups of bacteria contributing to soil ferti-

lity (Yurkevich & Tolkachev, 1972 and Helmeczi, 1977).

Regarding to phytopathogenic microorganisms
research has beep focussed on fungi (Altman &
Camﬁbell, 1977 and Hassan, 1981). Yet ', few workers
have studied the effect of certain herbicides on phyto-

pathogenic and related bacteria.

Rankow (1971) , found that Pseudomonas sp.
developed well in medium where Treflane was the only

gsource of nitrogen.

Carter and Camper (1973), studied the bacterial
populations in soil receiving repeated applications of
Trifluralin. They found that Pseudomonas-like was the

predominant bacteria recovered from soil.
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Ulasevich (1978) found that Linuron increased

populations of Pseudomopas , Sarcina , and Bacillus

SPPe.

- Gabr (1981) studied the In vitro effect of

six herbicides ‘L.,Trifluralin, Dinitramine, Fluometuran,
Dalapon , Diuron, and Prometryn, on the growth of

S. scabies . He found that Dinitramine inhibited
the growth of S. scables at a relatively high
concentration of 200 ppm . Other herbicides were
least effective , 'higher concentrations (600 ppm)

were required for complete growth inhibition.

A report from the Canadian Agricultural.Research
Institute (1979) indicated that through researchs
upon the effect of herbicides on non-target micro-

organisms , it was found that resistance to Paraquat

by Agrobacterium radiobacter was increased up to

30 000 1 / ml.
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II- Biological control:

Numerous investigations have demonstrated the
possibility of effective utilization of microorganisms
for restricting and suppressing the development of
several plant pathogens, particularly, in the case that

the usage of chemicals is ineffective.

Goodman and Henry (1947a),reported that a rough
strain of B. subtilis, was found to be relatively non-
pgytotoxic and display marked antagonism towards cert-

ain bacteria, i.e.,Xanthomonas translucens, Pseudomongs

coronofaciens , Erwinia carotovora, and Agrobacterium

tumefaciens.

Goodman and Henry (1947b)reported that subtilin
an entibiotic substance pfoduced by Bacillus subtilis

reduced infection of Xanthomonas translucens , to barley

geedlings when they were treated simultaneously or when
gubtilin was applied 4 to 5 days after the seed had been
in#ested with the pathogen .

Stessel et al. (1953) isolated toximycin from
Bacillus subtilis which inhibited growth of phytopatho-

genic fungi and bacteria including Streptomyces scabies.

Teliz-Ortiz and Burkholder (1960), isolated a

strain of Péeudomonas'fluorescens antagonistic to P .

2h35601icolaamd many other bacterial pathogens.
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Abo-El-Dahab and El-Goorani (1964) showed that
growth of Erwinia amylovora was inhibited by culture

filterates of Bacillus subtilis grown on sucrose nutri-

ent broth.

Deep and Young (1965) showed that preplanting
" fungicide treatments incréased the incidence of crown
gall of chérry éeedlings, suggesting the presence of
natural microbial competibors.

Drummond and Lea Barg (1965), found that Pseudomonas

solanacearum could be éontrolled by e strain of anta-

v gonistic Streptomyces sp. which remained viable in mix-

ture of chemical fertilizers or pure lime applied to the
soil. . | l

Weinhold and Bowman (1968), found that in a long-
term field experhmént a soybean cover-crop and green-
manure incorporation prevented the build-up of common
scab of potato. When soil from these plots was assayed
for organisms éntagonistic to Streptomyces scabies , 8

‘bacterium identified as Bacillus subtilis was found to

be‘predominant.Laboratory tests showed that S, scabies
was sensitive to the antiblotic produced by this bacter-

jum .
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Abo-El-Dahab and El-Goorani (1969) studied the anta-

gonism emong strains of Pseudomonas solanacearum, on

three different agar media with or without organic nitro-
gen « They found that both virulent and avirulent cells
can produce a growth inhibitory principle(s). They added
also that the amount of such principle(s) produced by the
virulent strain could inhibit growth of its own type,but
was not enough to inhibit thé avirulent growth. Also .
the effect of inhibitory principle(s) was bacteriostatic,
since inocula transferred from the inhibitory zones were

able to resume growth on glycerol agar.

Kerr (1972), achieved significant biological control
of cfown—gall when peach seeds were inoculated w%ﬁh the

nonpafhogenic isoléte 84 of Agrobacterium radiobacter var.

radiobacter before sowiﬁg in natural soil heavily inocul-
ated with the tumour inducing isolate 27 (A. radiobacter
var. tumefaciens), while dusting seed with Thiram (3.1 g/
kg seed) did not significantly reduce disease incidence.

Nair and Fahy (1972) isolated three bacteria anta-

gonistic to Pseudomonas tolasii the causal agent of brown

blotch of the cultivated mushroom, from soil and peat .
These were a non-fluorescent Pseudomonas 8p. (closest to

P, multivorans) from soil, and strains of FP. fluorescens
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and Enterobacter aerogenes from peat. They found that
when the antagonists and the pathogen were added in

the rati§ of 8 x 107 : 106 cells/ml to unsterilized
peat and applied to mushroom trays, infection by patho-

gen was effectively controlled.

New and Kerr (1972) achieved 100% control by
dipping roots of young peach geedlings in a cell sus-

pension of Agrobacterium radiobacter var. radiobacter
before planting in soil heavily infested with an iso-

late of the pathogen A. radiobacter var. tumefaciens.

Rangaswami (1972), *. isolated an antibiotic pro-

duced by a Streptomyces isolate, had antibacterial

activity against Pseudomonas solanacearum .

Mall (1973), studied the microbial antagonism in
the rhizosphere;soils of potato varieties differentially
susceptible to black-scurf and wilt at different stages
of growith. It was concluded that the antagonists: were
always foﬁnd‘in higher frequency in rhizosgphere as com-

pared with check soil.

Sidibe (1973), stated that the composition of

mycoflora antagonistic to Streptomyces scabies depended

on whether pofatoes were grown in mono-culture or in

a crop rotation. The degree of antagonism by Aspergillus,
) ettt
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Fusarium, Penicillium and Trichoderms Spp. varied sharply.
He also added that some of the fungi were antagohistic to

one another limiting the possibility of usging them to

control S. scabies.

Haty et al. (1974), studied the biological control
of crown.gall by means'of seed and root inoculation with

non-pathogenic strain of Agrobacterium radiobacter. They

reported a significant disease control by this method and
commented that this method of biological control is widely

practised by commercial growers in South Australia.

Mohamed (1974) studied the antagonism of Bacillus
subtilis strains against certain plant diseases causal

organisms. He found that Streptomyces scabies isolates

were sensitive to B. gubtilis antibiotic(s),while growth

of Agrobacterium tumefaciens and Erwinia carotovora was

not affected. He added that addition of B. subtilis bac—
terial suspension or culture filtrate failed to control

potato scab disease.

Farag (1976), found that sporeformerg antagonistic

to Pseudomonas solanacearum were identified as strains

of Bacillus subtilis, B. licheniformis, and B.

cereus.
He also studied the relation of the wilt bacterium to

other potato pathogens, and the results showed that P.
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golanacearum did not inhibit the growth of Erwinis

carotovora, E. atroseptica, Fusarium solani, and F.

oxysgoru .

Burr et al. (1978), found that significent incr-
eages in growth and yield of potato plants were achie-
ved by treating seed pieces with suspensions of two
Pseudomonas spp. prior to planting. The pseudomonads
were isolated from the surface of potato, and were
identified as strains of P,. fluorescens and P, putida.
The isolates exhibited In“viiro antibiosis against

Erwinia carotovora var.carotovora . This lead them %o

say that the mechanism by which these isolates enhance
plant growth and tuber yield may be associated with
changes in the composition of rhizosphere bacterial

flora .

Stile (1978) obtained a good biological control of
crown-gall with a peat cultured antagonist , where

strain 84 of Agrobacterium radiobacter may survive at

least six months in peat culture. In field experiments,
applications of the peat culture effectively controlled

crown-.gall.

Cooksey and Moore (1980) studied the biological

control of crown gall with fungal and bacterial anta-

gonists. They found that pathogenic Agrobacterium
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strains were In vitro inhibited by different fungi and
bacteria that were isolated from nursery soils in Oregon
and Washington. In field tests, isolates of Penicillium,

Aspergillus, Bacillus, Pseudomonas, and Agrobacterium

radiobacter réduced the incidence of galling on mazzard

cherry seedling.

Mahmoud et al. (1981a) studied the correlation
between rhizosphere‘microflora end susceptibility to
common scab of potatoés. They found that potato varieties
greatly varied in their susceptibility to five Strepto-

myces scabies pathogenic isolates. Densities of different

groups of microorganisms highly affected by potato varie-
ties. Actinomycetes, spore-formers and fungi were higher
in the rhizosphere of Alpha var. than other varieties in-
oculated with virulent S,  scables isolates. King-Edward
var. showed, in unoculated soil, higher densities of total
microbial flora, spore-formers and fungi. They mentioned
that these two varieties, Alpha and King Edward , showed
less susceptibility to S, scablies.

Mahmoud et al. (1981b), in a preliminary study of
entagonistic microorganisms to S, scables in the rhizos-
phere of some potato varietles, found that the rhizosphere

of Alpha variety contained high percentages of antagonistic
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gpore-formers , most of them found to be Bacillus
subtilis end B. cereus, while the rhizosphere of
King Edward variety gave the highest percentage .of
antagonistic actinomycetes, most of them belonged

to Streptomyces albus., They proved that fungal iso-

lates did not show any antagonism to S:  scabies.

:om



- 18 -
MATERIALS AND METHODS

The phytopathogenic bacteria used in this investi-
gation, were provided by the phytobacteriology sections
of the Flant Pathology Departments, Facultiesg of Agrié.,
Alex. Univ., and Tanta Univ.,’ Egypt The tested phyto-

pathogenic bacteria were :

1. Agrobacterium tumefaciens (Smith and Townsend) Conn,

the causal agent of crown-gall disease.

2. Erwinia atrospetica (Ven Hall) Jennison, the causal
agent of black-leg disease in potato.

3. Erwinia carotovora (L.R. Jones) Holand, the causal agent

of goft-rot disease.

4. Streptomyces scabies (Thaxter)Waksman and Henrici, the

causal agent of common-scab disease in potato.

After ensuring their cultural, morphological, and
pathological characteristics, the aforementioned pathogenic

bacteria were subjected to the'tests described below.

I~ In yitro experiments:

1~ Effect of some fungicides and herbicides on the growth

of phytopathogenic bacteria:
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Ten widely used fungicides and (preemerg- .
ence) herbicides were tested to find out their direct

toxic effect upon phytopathogenic bacteria.Chemical formules,

percentage of the active ingredient, and name of manufacturers

of the tested chemicals are presented in table (1). Strepto-
mycin, the active antibiotic against many bacterial plant

pathogens, was used for bompariBOn.

The disc diffusion method (Thormberry, 1950) was
used for evaluating the inhibitory effect of the used chemi-
cals. In this method, filter paper disc (10 mm 4iam,) ,

1mprégnéted with 0,05 ml portion of the used concentrations,

was placed on the surface of glycerol nutrient agar medium,
subsequently inoculatéd with the bacterial (48 hr. o0ld) in-
ocula. The degree of the inhibitory action was estimated by
measufiﬁg the diameter of the inhibition zones surrounding

the discs after 48 hr. incubation period at 28-30°C,

(B) The leasi_bactericidal concentration (L.C.C.):

S 4t S e s G S o D S B S D 4. S B U G Y B S e s o Sa

The least bactericidal concentration of the

most -~effective chemicals - for each tested’

phytopathogenic bactéria was determined as follows :
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Tgble (1): Commercial name, chemical name, active ingredient,
and menufacturer of the chemicals .

Commercial Active Manu-
name Chemical name ingred- facturer
ient
Fungicides:
Benlate Methyl-2-benzimidazol Carbamat 50% {(Du-Pont de
(wep.) (M.B.C. : Nemours &
i CO.IDC.)
Homai-80 Thiophanate Methyl(50%) + Bis 80% (Nippon
(wepe) (dimethyl thiocarbamyl disul- Soda)
; fide) (30%) .
Rovral 1- isopropylcarbamoy1-3 -{3,5-di- 50% (Rhone-
(Wep.) chlorophenyl-hydantion) Poulenc)
Tecto 2-(4-thiazolyl)-benzimadazole 60% (Merch &
(Wep.) : Co.Inc.)
Vitavex/ 5-6 Dihydro-Methyl-1,4 Oxathin 75%  (Uniroyal)
Captan 3-Carboxanilide (37.5%) + N-
(Weps) trichloromethylthio-4-cyclo-
hexen-1,2 dicarboximide (37.5%)
Herbicides:
Biladex 2-(4~chloro~-6-ethylamino-s- 80% (Shell Inter.-
(Wep.) triazin-2-y1) amino-2—methy1— Chemical Com.)
propionitrile
Enide N N—dlmethyl-Z 2~ diphenylacet— 80% (Upjohn
(w.p.) amide . . . Com. )
Eptam S-ethyl dipropylcarbamothioate 76.97% (Stauffer
(E.C.) Chemical Com.)
Linuron -(3,4-dichlorophenyl)-l-methoxy- 50% (Hoechst AG)
(Wepe): l-methylurea.
Sencor 4-gmino-6-(1,l-dimethylethyl)- 70%  (Bayer
(w.p.) (methylthio)-l 2 4 triazin-5 Leverkuaen)

(4 H)-one.
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Poigoned glycerol agar plates containing the fungicide
under investigation were prepared using serial concent-
retions (i.e., 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
100 and 200 ppm of the active ingredient). Each phyto-
pathogenié bacterium was streaked on the surface of agar
(4 streaks/plate) ' , Five plates were used for each
treatment.>G1ycerol agér plates without - fungicide
were used as control. After incubation at 28-30°C for
three days, the absence or presence of bacterial growth
was recorded. The absence or presence of viable cells
on plates that showed no obvious growth was confirmed by
further transmission to glycerol agar or glycerol broth
containing no chemical . These aforementioned éxperi-.
ments were carried out twiée, and the highest dilution
of the chemical that prevented the growth was considered

the least bactericidal concentration.

2. Screening of antagonists against the tested phyto-

pathogenic bacteria:

(A) Isolation and purification of antagonists:

. e s e

Since the tested phytopathogenic bacteria are
considered as soil and seed-borne agents, screening of

entagonists was carried out using collected soil samples.
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Since potatoes are the main host of three phytopathogenic

bacteria under investigation, i.e. Erwinia carotoévora ,

Erwinia atroseptica, and Streptomyces scabies , soil

gamples were collected from fields previously cultivated
for several years with potatoes in Kafr El-Sheikh and
Dgkahlia governorates. For the fourth phytopathogenic

bacterium Agrobacteriﬁm tumefaciens, screening was made

uging soil samples teken from orchards of stone-fruits

end poms located in El-Qanater El-Khairia, Qalubia gover-

norate.

Five rhizosphere-soll samples were collected from diff-
erent locations in each field, air.dried and mixed . Ten
grams were added to 90 ml sterilized water in conical
flask (250 ml.). After thoroughly shaking for 10 min.
dilution series up to 1 : 1,000,000 were prepared. The
three later dilutions were used to inoculate P.D.A.medium
plates ; one-tenth ml. portion of soil suspension was
spreaded on a plate surface using sterilized Drigalasky
glass triangle. Flates were inoculated at room temperature
for.1—3 days. After incubation, plates containing separate
colonies, were spreyed with turbid suspensions of the
tested phytopathogenic bacteria until plates were evenly

wetted but not to runoff.‘Inocula of these bacteria were
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prepared from 48 hr. 0ld cultures grown on glycerol broth.

After incubatién for further 24-48 hr.at 28°C,colbnies exhi-

biting antibiosis were picked up,examined for purity,and stored.

Tgolates, which proved to be entagonistic against any of
the pathogenic bacteria were tested also against the others
to select those entagonists which exhibit the broadest in-
hibitory spectrum against the tested phytopathogenic bac-

teria.

(B) Estimation of efficiency of the antagonigtic isoletes:

Two aspects were considered in the efficiency esti-
metion : i) spectrum of the affected phytopathogenic bac-
teria, and ii) relative power of antiblosis against each of

the tested phytopathogenic bacteria.

Isolates, which proved to have inhibitory effect
against‘the tested phytopathogenic bacteria were subjected
to standardized test to select those having the highest an-
tagonistic power against all of the tested bacterial patho-
gens as follows 3 Glycerol agar medium was poured into
petri-dishes (15 ml/dish), after solidification,plates were
placed in a 45°C oven with 1lids partially open for 4 hf .
to remove exéeés surface water. Standardized bacterial growth
( 24 hr. old ) of each isolate was spotted at the periphery
of élycerol agar plates (four isolates/dish). After incuba-
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tion for 48 hr.at room tempeééture,diameter of each spotted
growth waé recorded,and plates were evenly sprayed with cell
suspensions of the tested phytopathogenic bacteria as ment-
joned before in 2(A). Plates were reincubated at 28°C and
diameter of the inhibition zone surrounding each isolate was
recorded after 48 hr. All the aforementioned experiments were
made in three replicates and a relative power of antibiosis

of each isolate was estimated through the ratio :

A

where: (R.P.A.): relative power of antibiosis,

7 : dismeter of inhibition zone after 48 hr.
from spraying with phytopathogenic bacterium,

C : diameter of spotted antagonistic isolate
after 48 hr. incubation.

Antagonists were subjected to morphological and stand-
ard staining tests. For the most efficient isolates (i.e. Bys
343, and 841), furthermore cultural morphological,and physio-
logical properties were tested. In these tests the standard
methods recommended by the Society of the Americen Bacteriolo-
gists (1957), by Smith et al. (1952), by Pelczar & Reid(1958)

and by Kiraly et sl. (1974) were followed .

3= Antibiosis between phytopathogenic bacteria:

.To determine whether any of the tested phytopathogenic
bacterias antagonizes any of the others , similar -antibiosis

tests were carried out as shown before in 2 (B) .
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II- In vivo experiments:

Chemicals and antagonists which proved In vitro to
be most effective against the tested phytopathogenic
bacteria, were subjected to further study in pot expe;'i_
ments in order to control bacterial diseases. Thesge
experiments were carried out in out-doors using sterili-
zed pots filled with loamy soil. Pots were sterilized by
soaking in 5 % formalin for 5 min. Soil was spreaded in
a thin layei', impergnated wifh 2% formalin and covered
with polyethylene for 2 days. Tlie formalin_treated pots
and soil were left for 15 days before planting.

1- Crown-gall disease:

(A) Chemical control:

Sun-flower seedlings (cv. Giza-l) were used as
test plants. Seeds were germinated in sterilizedFBO cm.
pots filled with sterilized sandy loam soil. Transplants
(35 days o0ld) were washed free from the adhering soil,
wounded by sterile syringe-needle (10 wounds/plant) in
the orown region and immersed (for 5 min.) in a solution
of the chemical to be tested at different concentrations.
After dryness,transplants were immersed (for 5 min.) in

a water-washed cell suspension of Agrobacteriﬁm tumefaciens

containing 107 qolony—fozﬁhg uﬁits}(.cfu)/_ml. Treated
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transplents were transplanted in sterilized (15 cm.) pots

containing sterilized clay loamy soil.

Inoculated transplants receiving no chemical, and
others chemically treated but uninoculated , served
as check treatments. All the aforementioned treatments

were represented with 15 planis.

Four weeks after transplanting,the formed galls were
separéted from plants of each treatment and weighed .
Percentage of tumor inhibition was determined according
to (Teufik, 1972) using the following equation :

Gall inhibition percentage (G.I.P.) = 100 - (% x 100)

where: a = the average weight of galls on treatment .

b = the average weight of galls on control.

(B): Biological control:

Inocula of the antagonistic isolates were prepared
by groﬁing them an glycerol nutrient broth mediun with
the aid of magnetic shaking . Washed growth was blended
in sterilized water and cell concentrations were adjusted
to be 10°, 107 and 10® cfu /ml. Sunflower tremsplants
were wounded in the crown region (10 wounds/plant) ,
immersed (for 5 min.) in the antagonistic suspension to

be tested, and allowed to drys Then,transplants were
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immersed (for 5 min.) in a water-washed cell suspension

- of Agrobacterium tumefaciens containing 107 cfu /mi.,

and transplanted. Check treatments includegd transplants
inoculated only with antagonistic isolates, and others

treated only with the pathogenic bacterium.

Each treatment was represented by 15 plants. Four
weeks after transplanting, galls formed ﬁere separated
from plants, weighed and the effect of each treatment on
the incidence of crown-gall disease was determined using

the same equation mentioned before in chemical control.

2- Potato black-leg and soft-rot diseases:

(A): Chemical control:

Sterilized (25 cm.) pots, filled with (5 kg / pot)
sterilized loamy clay soil, were used. Healthy seed-tubers
of potato (cv. Arran Bemner) were surface sterilized in
0.1% mercuric chloride solution for 5 min., then washed
for 10 min. in sterilized tap water. Standard eye-pieces
were removed by a flame-sterilized knife. Seed-pieces
were immersed (for 5 min.) in a solution of the chemical
to be tested at different concentrations, then seed-pieces
were kept up to dryness before inoculating with the bac-
terial pathogen. Inocula were prepared by growing bacteria

on glycerol nutrient broth and washed cells were blended
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in sterilized distilled water. Inoculation was carried
out by dipping surface-sterilizéd seed-pieces in a sus-

pension of either Erwinia atroseptica or E. carotoiora

containing 107 cfu /ml. Then, seed-pieces were planted
in pots at depth of 4 cm. (one piece per pot), and irri-

gated every other da& .

Check treatments without chemical application or
without inoculation with pathogenic bacteria were also
included. For each of the aforementioned treatments ,

ten replicafes were made.

The percentages of healthy plants (in case of black-
leg) or of emerged plants (in case of soft-rot) were re-
corded and the efficacy of the chemical treatment was
determined using the following formula (according to
Seif El-Yazal, 1980):

% healthy(or emergent)plants in treatment - % healthy
(or emergent) plants in control x 100

% healthy (or emergent)plants in treatment

(B): Biological control:

» ‘ Inocula of the antagonistic isolates were prepared
as ddscbibed before, and cell concentrations were adjusted
to be 106, 107, and 108 cfu /ml. Seed-pleces were immersed
(for 5 min.) in the suspension of the antagonistic isolate
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to be tested . Then, seed-pieces were kept to dryness
‘before inoculating with the bacterial pathogen. Prepara-
tion of pathogenic inocula, inoculation, planting in
pots, and irrigation were carried out in the same manner

as described before in chemical control.

Check treatments included: (i) inoculation with
the pathogen without application of the antagonistic
isolates, and (ii) application of the antagonistic iso-
lates in the absence of the pathogens. For each experi-

mental treatment, ten replicates were made.

The efficacy of each antagonistic isolate on disease
incidehce was determined as . mentioned before in chemical

control.

3- Common-scab ‘disease of potatoes:

(A) Chemical control:

Sterilized pots (30 cm.), filled with sterilized
sandy loam soil (6 kg/pot)., were used. Chemical to be
tested was added to the soil at different concentrations
before planting. Healthy standarized seed-tubers of potato
(cv. King Edward) were surface sterilized in 0.1% mercuric
chlopide solution for 5 min., washed for 10 min. in runn-
ing tap water, and plaﬁted at depth of 4 cm. in soil. Soil

infestation with Streptomyces scabies was carried out at
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planting by adding 200 ml. of washed, water blended,

bacterial growth at a concentration of 107 cfu /m1.

Check treatments included pots infested wiﬁh
the pathogen, and others treated with the chemical
without infestation. For each treatment, ten replicates
were made. At the end of growth season, tubers were har-
vested and examined for the occurence of scab lesions.
Severity of the disease In each treatment was determined

using following disease index described by Shihata(1974).

Disease index % = A+ 1 B+ 2C+ 3D+ 4F+5F
- o1
~ where:

% Numerical grades:-

0 = no symptoms.
1= trace-lo%vof tuber surface is scabed.
2= 11 -20% " ™ ‘. " e
3= 21-30% " v " .
i 4= 31-40% " v " T
5 = more than 40% of tuber surface is scabed.

% A, B, C, D, E, and F are the number of tubers cor-

responding to the numerical grades, respectively.

¥ T is the total number of tubers, i.e.

T =A+B+C+D+E+F,

x 100
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Healthy standarized seed-tubers of potato (cv.
King-Edward) were surface sterilized, washed, and
planted at depth of 4 cm. in sterilized pots 30 cm.
(each filled with 6 kg. sandy loam s0il). Soil in-

festation with Streptomyces scabies was carried out

immediately after planting by adding washed cell-gus-
pension containing 107 cfu/ml to pots (200 ml/pot).
Inoculation with antagonistic isolates waé carried out
éimultaneously, by adding weshed cell-suspension of

the antagonistic isolate to be tested containing either
108, 107, or 108 cfu /ml (200 m1/pot).

Check treatments included pots infested only with
5. scabies and others inoculated only with antagonis-
tic isolates. Each treatment was represented by 10 repli-
cates. At the end of the growth season, tubers were dig-
ged out end examined for the occurence of scab lesioms.
The effect of the antagonistic isclates was determined
using the same disease index mentioned before in chemical

control.

Statistical analysis of collected data was done
as’ described by (Snedecor, 1956) and mean values were

compared by Duncen's multiple range test (1955).
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EXPERIMENTAL RESULTS

I- In Vitro experiments:

1- Effect of some fungicides and herbicides on the growth

of the tested phytopathogenic bacteria:

Sensitivity of four phytopathogenic bacteria
(Agrobécterium fumefaciens, Erwinia atroseptica , E.

carotovora, and Stireptomyces scabies) towards 5 fungicides

and 5 herbicides were studied using the disc diffusion
methéd. Fungicides tested were Benlate, Homai-80, Rovral,
Tecto, and Vitavax/Captan. Herbicides tested were Bladex,
Enide, Eptam, Linuron, and Sencor. For comparison s the
effective antiBiotic Streptomycin was also included in
this experiment. Furthermore, the least bacterial con-
centration (LCC) of the effective chemical was also deter-

mined.

fungicides_and herbicides:

Data in Table(2)show the diameter of inhibition zones .
produced by the tested chemicals at nine levels of comcentr-
ations(i.e.1000,500,250,150,100; 50, 25, 12.5, and 6.25
pg/disc). Results indicate that: -

(1) Benlate had no direct inhibitory effect upon the growth

of any of the tested phytopathogenic bacteria.The same
regult had been obtained in cases of the fungicide
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Tecto, and the herbicides Bladex, Enide and Sencor.

Eptam had no direct inhibitory effect against Erwinie

atrogeptica, Agrobacterium tumefaciens, and

SfreEto—
myces scabies, but in the case of Erwinia carotovore

Eptem showed = negligible inhibitory effect at
the highest tested concentrations(250-1000 ug/disc).

Rovral and Linuron were ineffective in all cases, but

one exceptibn arigsed in the case of Streptomyces scabies

which showed sensitivity towards Rovral and Linuron re-
corded as inhibition zones of 26 and 231 - mm. (in diam.)
respectively at the highest tested cohcentration (1000
ngl/disc).

Vitavax/Capten showed slight inhibitory effect in all
cases. Zones of inhibition ranged from 11 mm (in diem.)

'in the case of Erwinia atroseptica to 22 mm. in the case

of Streptomyces scabies at the highest 'fested concentr-

ation (1000 mg/disc).

"Homai-80", compared with other fungicides and herbi-
cides, showed relatively larger zones of inhibition at
all used concentrations against all the tested phyto-

- pathogenic bacteria. "Homai-80" had direct inhibitory

effect even at the least used concentration (6.25 neg/
disc) in all cases except in the case of Agrobacterium

tumefaciens which tolerated concentrations of Homal-80
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up to 12.5 ng/disc. Figs. 1, 2, 3 and 4 show the in-
hibitory action of Homai-80 against the tested phyto-

pathogenic bacteria.

(6) Streptomycin inhibited the growth of all tested phyto-
pathogenic bacteria at relatively low concentrations.
At the least used concentration (6.25 ug/disc), Strepto-
mycin showed larger inhibition zoneé, except in the
case of Agrobacterium tumefaciens which showed tolerance

towards streptomycin concentrations up to 100‘pg/disc.

(B): The least bactericidal concentration (LCC):

Table (3) shows the least bactericidal concentrations
of the most effective chemical (Homai-80) compared with
Streptomycin. From ~ data &iven 4in table (3) the follow-
ing could be concluded: |

-

(1) "Homai-80" inhibited the growth of all tested bacteria
af markedly low concentrations. The minimal inhibitory
concentrations of Homai-80 landed under 1 ppm in the

case of Streptomyces scabies , between 20-25 ppm in cases

of Erwinia atroseptica and E. carotovora, and between

25-30 ppm in the case of Agrobacterium tumefaciens. In-

ocula, transferred from inhibited streaks in cases of
all tested bacteria, had no viability and could not

resume growth on media free from Homai-80, Buggesting
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Fig. (1): Effect of Homai-80 on the gro;nth of
Agrobacterium tumefaciens using disc
diffusion method at different con-
centrations.

A = 50 ng/disc.
B = 100 ng/disc.
C = 150 ng/disc.
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Fig. (2): Effect of Homai-80 on the growth of
' Erwinia atroseptica using disc diffusion
method at different concentrations.

A = 50 ng/disc.
B = 100 ug/disc.
¢ = 150 pg/disc.
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Fig. (3): Effect of Homai-80 on the growth of
Erwinia carotovore using disc diffusion
method at different concentrations.

A = 50 pg/disc.
B = 100 ng/disc.
C = 150 ng/disc.
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Fig. (4): Effect of Homai-80 on the growth of
Streptomyces scablies wusing disc
diffusion method at different con-

centrations.
A = 50 ng/disc.
B = 100 pg/disc.

C = 150 ng/disc.

n

om



- 40 -

Table (3): The least bactericidal concentrationsg (ILCC)
of Homai-80 and Streptomycin against phytb—
pathogenic bacteria using poisoned agar

method .
Minimel inhibitory
Paytopathogenic concentration (ppm)
bacteria Homai-80 Streptomycin

Agrobacterium tumefaciens 25-30 100-200

Erwinia atroseptica 20-25 < 1.0

Erwinia carotovora ?0—25 < 1.0
Streptomyces scables < 1.0 <1.0 _
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the bactericidal effect of Homai-80 on all of the

tested bacteria.

(2) Streptomycin, compared with Homai-80, had similap

low L.C.C. in the case of Streptomyces scabies(i.e.

<1.0 ppm) and relatively lower L.C.C. in cages

of Erwinia atroseptica and E. carotovora (i.e.c1.0

ppm). On the other hand, Streptomycin had relatively

higher L.C.C.than Homai-80 in the case of Agrobacterium
tumefaciens where the minimal inhibitory concentration
landed between 100 and 200 ppm.

2~ Effect of antagonistic isolates on growth of the tested

phytopathogenic bacteria:

Yested phytopathogenic bacteria:

The initial screening of more than 500 bacterial
colonies originated from different rhizosphere-soil samples
resulted in the isolation of 31 different bacterial igol-
ates exhibiting obvious antibiosis against one op more
of fhe tested phytopathogenic bacteria. Fig. (5) shows one
of the plates ﬁsed in the initial screening.

Each of the selected isolates was tested fop purity
and designated with a code number. Preliminary examination
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Fig. (5): Initial screening of antagonistic
isolates against the tested phyto-
pathogenic bacteria.
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indicated that 28 of the antagonistic isolates were
aerobic spore-formers, whereas 3 isolatbes were actino-

mycetes.

The efficiency of each of the selected antagonistic
isolates against the tested phytopathogenic bacteria were
determined using a standardized test. Results presented
in Table (4) indicate that :

£1): Some of antagonistic isolates had a limitegd inhibitory

spectrum (e.g. isolate 312 which inhivited only Agro-
bacterium tumefaciens, isolates Byg and 5,, which in-

hibited only Erwinia carotovora , end isolate S

44 which
inhibited Streptomyces scabies only). On the other hand,

gome of the antagonists had such a wide spectrum of .in-
hibitory action that, they could inhibit all of the

tested phytopathogenic bacteria (e.g. isolates BVI’
Bvrzre Piv Byo Bgo Bss Byy Bgy B, Byy, Byg, Byg, Byg,

and By3).
(2): Among wide-spectrum isolates, the spore-former igsolates

B1 and B43 proved to have the highest efficiency against
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Teble (4): Efficiency of entagonistic isoletes ageinst phytopathogenic bvacteria.

|

Antesgonistic

bacterie

(5]
] |
i g _ Spore - ,H.o m o
,, .uma - _ ) F i e rods Actinomycetes
-k _
&3 o { . ~ oo
o o [=] (2]
£* _ Wi B B E o Ma s e e 288 gy n A 2 og | FOF
& L D N D T B B . N . B o e s mm m momom@ @™ A v © e
ﬂ>n3dmoamuw§ﬁ c 12 10 7 4 9 8 10 9 11 11 11 3 17 5 3 5
tumefaciens  Z 26 32 27 15 24 28 26 28 30 27 26 8 35 8 7T 26
_ g/ 2.2 3.2 3.9 3.8 2.7 3.5 2.6 3.1 2.7 2.5 2.4 C 2.7 2.1 1.6 2.3 5.2
Erwinia cl 6 9 10 8 10 ¢ iz 11 1015 11 10 9 10 11 9 1n 4 T 6 6 6 10 7
‘etroseptica , % (17 17 17 24 28 27 28 25 28 33 29 27 271 27 28 27 22 12 9 10 14 16 16 25
; _ z/C |2.8 1.9 1.7 3.0 2.8 3.C 2.6 2.6 2.8 2.2 2.6 2.7 3.0 2.7 2.6 3.0 2.0 3.0 1.3 1.7 2.3 2.7 1.6 3.6
Erwinia c |10 13 15 13 12 10 ¢ 10 13 13 11 12 12 9 9 12 g 13 13 5 6 2 6 5 6 26 13 5 7
‘carotovora z |20 22 25 32 30 2% 26 25 32 27 29 30 30 22 25 31 23 26 28 1218 37 14 12 15 38 =22 21 16
ﬁ 2/C 2.0 1.7 1.7 2.5 2.5 2.9 2.9 2.9 2.5 2.1 2.6 2.5 2.5 2.4 2.8 2.6 2.9 2.0 2.2 2.4 3.0 1.5 2.3 2.4 2.5 1.9 1.7| 4.2 2.3
Streptomyces ¢ 10 12 11 14 9 1 13 13 14 16 13 13 14 12 14 14 12 11 T 5 21 5 6 22 19 8 4
‘scobies 2|21 32 25 28 27 33 37 36 37 3T 35 36 36 30 31 37 33 31 22 16 43 14 18 44 44 20 a2
“ 2/C | 2.7 2.7 2.3 2.0 3.0 3.0 . 2.5 2.5 2.6 2.3 2.7 2.8 2.6 2.5 2.2 2.6 2.8 2.8 3.1 3.2 2,0 2.8 3.0 2.0 2.3 2.5 8.0 A
A T .
|
| a.r.p.a. 1.9 1.6 1.4 2.4 2.9 3.2 0.9 2.8 2.¢ 2.6 1.7 2.8 2.7 2.7 1.9 1.9 2.7 1.9 1.2 1.3 1.6 0.8 2.2.2.0 2.4 3.0 1.7 1.5 3.9 0.6

C = Dismeter of antagonistic colony (in mm.) after 48 hr. incubation.
2 = Diameter of 4inhibition zone (in mm.) after 48 hr. from spraying.
2/C = Relative power of sntibiosis.
a.r.p.a.= Average relative power of ectibiosis.
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the tested phytopathogenic bacteria since the spect-
rum of affected phytopathogenic bacteris comprised
all of the tested pathogens.Igolates By and B435howed

the highest average value of relative power of enti-
biosis (3.2 and 3.0, respectively).

Among actinomycetes, isolate 541, showed the highest
average value of relative power of antibiosgis although
it had no antagonistic effect against Agrobacterium
tumefaciens. So, isolates Bl’ 43 and 841 were con-
sidered to have the highest antagonistic efficiency
against the tested phytopathogenic bacteria,and were
subjected to identification tests and pot experiments.

Figs. 6, 7, 8 and 9 show  sensitivity of each phyto-
pathogenic bacterium towards ' some antagonistic igo-

lates.

Preliminary examination of the thirty-one antagoni-

stic isolates indicated that 28 of them were aerobic spore-

formers, whereas 3 isolates were actinomyoetes. For the most

efficient isolates (i. e« By , By -,

and S41 )

cultural, morphological and physiological properties were

tesbed in order to nominate these organigms according to
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39

Fig. (6): Sensitivity of Agrobacterium tumefaciens
towards some antagonistic isolates

(entagonistic isolates are designated
with code numbers).
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Fig. (7): Sensitivity of Erwinia atroseptica towards
gome antagonistic 1isolates (antagonistic
isolates are designated with code numbers).
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Fig. (8): Sensitivity of Erwinia carotovore

towards some antagonistic isolates

(antagonistic isolates are designated
with code numbers).
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Sengitivity of Streptomyces scabies

towards some antagonistic isolates
(antagonistic isolates are designated
with code numbers).
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Bergey's Manual of Determinative Bacteriology (Buchanan
& Gibbons, 1974). Tables (5), (6), and (7) present the

data obtained in these experiments.

Comparing the data given in Tables 5, 6, and 7 with
those reported by different investigators (Buchanan &
Gibbons, 1974 end Smith et al., 1952), the following could

be concluded :

i) Isolate B1 showed morphological and biochemical char-
acteristics (Table 5) identical to those known for

Bacillus megaterium de Bery.

ii)Isolate B43 showed morphological and biochemical

characteristics (Table 6) identical to those known

for Bacillus brevis Migula.

iii)Isolate S41 showed morphological and biochemical

characteristics (Table 7) similar to Streptomyces 8p.

Waksman and Henrici .
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Table (5): Morphological characteristics and biochemical
. activities of the antagonistic isolate Bl

Test

Result

Shape of cells

Size of cells on glucose agar
Sporulation

Motility

Gram reaction
Catalase activity
Aerobiosis

Indole formation
Gelatin liquefaction
Casein hydrolysis
Nitrate reduction
Starch hydrolysis

Acetyl methyl carbinol
production (V.P.)

Growth in: 7% NaCl
10% NaCl
Growth on : 56 °C
65 °C
Products of action on glucose:
Acid
Gas
Anaerobic growth on glucose
Citrate utilization
Urea decomposed
Egg yolk reaction

Gas production from nitrate
under anaerobic condition

Rods,single or in short chain
l.2 x 2.1 um

Cylindrical, central.

Motile

n o+

+

+ = positive.
- = negative.

-/+ = slight positive.
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Table (6): Morphological characteristics and biochemical
activities of the antagonistic isolate B43

Test

Result

Shape of cells

Rods ,single or in short chein.

Size of cells on glucose agar 0.6 - 0,8 x 1.6 nm.

Sporulation Elliptical with distended
sporangium
Motility Motile
Gram reaction +
Catalase activity +
Aeroblosis +
Indole formation -
Gelatin liquefaction +
Casein hydrolysis +
Nitrate reduction +
Starch hydrolysis -
Acetyl methyl carbinol
production (V.P.) -
Growth in : 7% NaCl -
10% NaCl -
Growth on : 56 °C -
65 °C -
Products of action on glucose:
Acid =/t
Gas -
Anaerobic growth on glucose -/+
Citrate utilization +
Urea decomposed -
Egg yolk reaction +
Gas production from nitrate
under anaerobic condition -
+ = posgitive.
- = negative.
-/+ = slight positive.
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Table (7): Morphological characteristics and biochemical

activities of the antagonistic isolate S

-41°

Test

Result

Colonies

Mycelium

Spore color en masse

Production of melanoid
pigment

Aerobiosis

Gram reaction
Nitrate reduction
Gelatin liquefaction
Casein hydrolysis

Starch hydrolysis

Initially small,discrete,lichenoid;
and smooth surfaced colonies,which
turn powdery at later stages.

Well developed branched mycelium
carrying cylinderical spores in long
straight chains.

Gray

+ = Pogitive .
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3- Antibiosis between phytopathogenic bacteria:

)  This experiment aimed to determine whether the
tested phytopathogenic bacteria could inhibit each
other. Data presented in Table (8) show that there
was no inhibitory action of any of the tested phyto-
pathogenic bacteria against each other,and all of them

were capable to survive side by side.
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Table (8): Antibiosis between the tested phyto-
pathogenic bacteria.

o
Phytopathogenic % ] g o
ol + (=] 3
bacteria 3 2 2 o
&4 @ o o
© a o] g
g 5 3
4 -] o ‘
4 @1 o= wl
Agrobacterium tumefaciens - - -
Erwinia atroseptica - . - -
E. carotovora - - -
Streptomyces scabies - - -

- = no antiblosgis .
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II- In yivo experiments:

The fungicide "Homai-80" and the antagonistic
isolates Bl’ 43 and 841 proved in vitro experiments

to be highly effectlve against Agrobacterium tumefaclens,

Erwinia atrosptica, E. carotovora and Streptomyces scabies.

Therefore, pot experiments were conducted to evaluate their
éfficacy to control the diseases caused by those phyto-

pathogenic bacteria.

1- Crown~-gall disease:

Results presented in Table (9) show that chemical
treatment of sunflower transplants with"Homai-80" at the
rate of 0.25% and O. 50% prior to the infection with Agro-
bacterium tumei‘aclens gignificantly inhibited the gall

formation. Percentages of gall inhibition (G.I.P.) measured
4 weeks after transplanting were determined fd be about T6%
énd 83 %, respectively. There was no significant difference
between the two used -preparations (0.25% and 0.50%) of
"Homai-80" on the formation of galls. - '

Significant but lower inhibition of disease incidence

could also be achieved upon treatment of the trangplents with

6

suspensions containing 10~ - 108 cfu/ml of the antagonistic

isolates Bl (Bacillus megaterium) . or B43 (B. brevig) prior
to the infectiun with A. tumefaciens. Percentages of gall
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Table (9): Effect of chemical treatment with "Homai-80" and
treatment with the antagonistic isolates Bl and
B43 prior to the infection with A. tumefaciens on
the incidence of crown-gall disease on sunfl ower

seedlings .
Concentration Mean of gall xx
Treatment or cell wt.i G.I.P.
density gu/plant
A. tumefaciens 107 cfu/ml 1.23 a
Isolate By 108 cfu/m1 0.0
Isolate Byq 108 cfu/m1 0.0
Homai-80 0.25 % 0.30 bad 75.9
+ 0.50 % 0.21 b 82.9
A. tumefaciens 107 cfu/m1
Isolate By : 10% & 107 cfu/m1 0.66 ¢ 46.5
A. tumefaciens 107 3 107w 0.71 ¢ 42.1
108 : 107 " 0.60 ¢ 51.0
Isolate By : 20 : 107 cfu/m1 0.43 a 64.5
A.tumefaciens lO7 s 107 o 0.43 4 64.9
] 108 ; 107 w 0.44 & 64.5

x Gall weights were determined 4 weeks after transplanting.
x% G.I.P.=gall inhibition percentage.
xxx Means designated by the same letter are not significantly
different at the 5% level according to Duncan'sg Multiple
Range Test.
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inhibition were about 47% and 65%, respectively. In

both of the antagonistic isolates, there were no signi-
ficant differences between the three used cell densities
(106’ 107 and 108 cfu/ml) on gall formation.Samples of -the

different treatments are illustrated in Fig. (10).

2~ Potato black-leg disease:

Results presented in Table (10) show that treat-

ment of potato seed-pieces with "Homai-80" before infec-

tion with Erwinia atroseptica increased the developing
healthy plants. Seed-pieces treated with 0.25% and 0.50%
preparations of "Homai-80" produced 80% and 100% healthy
plants, respectively; whereas in the check treatment(seed-
pieces treated with E. atroseptica only), no plant free
from black-leg symptoms could develop during 6 weeks after
planting.

Treatment of seed-pieces with suspensions containing
106 - 108 cfu /ml of the antagonistic isolate S41 (Strepto-
myces sp.) prior to the infection with E. atroseptica gave.
the highest efficacy (100%) . All of the treated seed-pieces
developed to healthy plants.

Lower efficacy was obtained upon treatment with the

entagonistic isolate By (Bacillus megaterium) . It renged

between 60-80% according to the cell density of the
antagonistic isolate. Higher cell densities resulted in
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Table (10): Incidence of black-leg disease as affected by

treatment of potato seed-pieces with "Homai-go"

and with the antagonistic isolates B1 and S

41
prior to the infection with E.atroseptica.
Concentration From 10 pots =x
or cell Not Dise-~ Heal- Efficac
Treatment density emer-  ased thy U of wx
ged plants plants tre%fment

Not treated 0.0 0.0 10
E.atroseptica 107 cfu/ml 2 8 0.0
Homai-80 0.25 % 0.0 0.0 10

0.50 % 0.0 0.0 10
Isolate B, 108 cfu/m1 2 0.0 8
Isolate S, 10% cfu/mi 0.0 0.0 10
Homai-80 0.25 % 0.0 2 8 80

+ 0.50 % 0.0 0.0 10 100

E.atroseptica 107 cfu/ml
Isolate B; t  10°:107 cfu/md 1 1 8 80
E.atroseptica 107:107 " 1 1 8 80

108;107 3 1 6 60
Isolate 541 : 106:107 cfu/ml 0.0 0.0 10 100
E.atroseptica 107:107 " 0.0 0.0 10 100

108:307 0,0 0.0 10 100

x Data were taken weekly for 6 weeks after planting.
=¥ Efficacy of treatment =
% healthy plants in treatment - % healthy pl
, " in control Yy plants i
% healthy plants in trewbment x 1
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lower efficacy, presumably via their effect oh emergence
of seed-pieces. This adverse effect on emergence was

detectable in all seed-pieces treated with igolate Bl

(B. megaterium) . only.

3~ Soft-rot disease:

) Results presented in Table (11) indicate that treat-
ment of potato seed-pieces with "Homai-80" at the rate of
0.25% and 0.50% prior to the infection with Erwinia
caébtovora pfotected them against rotting . Percentage

of emergence increased and reached 100%.

Comparable efficacy could be achieved by treatment
of seed-pieces with the antagonistic isolate S41(Strepto-
myces sp.). The adverse effect of isolate B, (Bacillus
megaterium) on the emergence of the seed pieces was also
observed in this experiment , and lower efficacy of the

treatment (60-80%) were - obtained.

4~ Common scab disease of potato:
' Results presented in Table (12) show that soil treat-
ment with "Homai-80" at the rate of 2.5 and 5 g/kg prior

to the soil infestation with Sireptomyces scabies completely

suppressed the incidence of scab. However, deleterious eff-

ects were observed on the developing plants grown in soil
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Table (11): Effect of chemical treatment with "Homai-g80" and
treatment with the antagonistic i1solates }31 and
S41 prior to the infection with E. carotovora on
the incidence of soft-rot disease in potato

geed-pieces.
Concentration From 10 pots*
m & & or cell Not , Efficacy
reatmen density ot Emerged trgftm:f:t
f - a
emerged  (phealthy)
(rotted) %
Not treated 0.0 10
E.carotovora 107 cfu/ml 10 0.0
Homai-80 - 0,25 % 0.0 10
0.50 % 0.0 10
Isolate By 108 cfu/m1 2 8
Isolate S, 108 cfu/m1 0.0 10
Homai-80 0.25 % 0.0 10 100
+ 0.50 % 0.0 10 . 100
E.carotovora 107 cfu/ml
6,107
Isolate By : 10°:10° cfu/ml 2 8 80
E.carotovora 107:10'7 " 4 6 60
108:207 n 4 6 €0
Isolate S, 109:107cfu/m1 0.0 10 100
E.carotovora 107:107 0.0 10 100
108:107 w 0.0 10 100

x Data were taken weekly for 6 weeks after Planting.

¥ Efficacy of treatment =

% emergent seed-pieces in treatment - % emer
seed-pieces in control gent

% emergent seed-pieces in treatment

x 100
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Table (12): Effect of soil treatment with "Homai-80" and
" with the antagonistic isolates Bl and 841 on
the common-scab incidence and yield of potato

grown in soil infected with S. scabies.

Concentration x Yield
Treatment or cell D.I.P. (gm/pot)

dengity

Not treated 0.0 160 b

S, scabies 107 cfu/ml 20.3 & 175 b

Homai-80 2.5 gm/kg 140 b

5-0 "_ 80 a8

Isolate B; 108 cfu/ml 0.0 155 b

Isolate S, 108 cfu/m1 0.0 166 b

Homai-80 2.5 gm/kg 0.0 e 151 b

+ 5.0 " O'O 9 85 a
S- scabies 107 cfu/ml

Isolate By : 10°:107 cfu /m1 6.1 ¢. 165 b

S. scabies 107:107 n 5.8 ¢ 161 b

108;107 » 6.2 ¢ 168 b

Isolate S, 10°:107 cfu/m1 9.4 b 171 b

S. scabies 107:107 " 9.1 D 169 p

108107 10.3 p 171 b

x D.I.P. = disease index percentage.

=¥ S0il treatment with "Homai-80" was carried out prior

" to planting.
=xx Soil inoculation with the antagonistic isolates and/or

" infestation with S: scabies were carried out immediately

after planting . ‘

#xex Means designated by the Bame letter are not significantly
different at the 5% level according to Duncan's Multiple
Range test.
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treated with the higher dose of "Homai -80" (5 g/kg).
Plants were deformed, and the yield of tubers was
significantly lower.

Inoculation of soil with the antagonistic isolate
B, (Bacillus megaterium) significantly reduced the dis-
ease index percentage (D.I.P.). Thig D.I.P. became about
6 % whereas .in the check treatment (s0il infested with
S. scabies only), it reached about 20 % . The game result,

but to a lesser extent, was observed upon inoculation with

the antagonistic isolate 541 (Streptomyces sp.) where dis—

ease index percentages were about (9 - 10 %). Inoculation

of soil with either isolate B, or isolate 841 did not

adversely affect the yield of tubers-Figure (11)illustrates

samples of different treatments.
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DISCUSSION

It has been suggested by many investigators that
certain groups of fungicides might be valuable in the
control of certain bacterial diseases (El'KaZZaz,IBGG;
Shneider et al., 1968 ; Rushdi et al., 1972; Shihata,
1974 and Seif El-Yazal, 1980) . Moreover, promising
informations have been obtained about the use of fungi-
cides in the control of combined infections with bacteris
and fungi (Crossan, 1959; Line and Eide, 1960; Robingon
et al., 1960; apd Weinéartﬁer and Shumaper, 1974).

Other investigators suggested the adventitious
inhibition action of herbicides on microbial phytopatho-
genic agents (Altman and Campbell, 1977). So, on the
aforementioned concepts, the first aim of this study
"Chemical control" was built. Therefore, the effect of
5 fungicides (Benlate, Homai-80, Rovral, Tecto, and
?itavax/Captan) and 5 pre—emergence herbicides (Bladex
Enide, Eptam, Liuronland'Sencor) were tested In vitro.

againsi Agrobaéterium tumefaciens, Erwinia atroseptica,

Erwinia carotovora and Sireptomyces scabies the caussa]

agents of crown gall, potato black leg, soft fot and potato

common scab diseases,respectively.

Although the tested herbicides showed no or negli-
gible direct inhibitory effect upon the growth of the
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tested phytopathogenic bacteria, this result, however,
resembles an attempt, which may be of importance in the
field of utilizing herbicides as antiphytopathogenic
bacterial agents. The remisseness of the used herbi-
cides to have direct effect on the test phytopathogenic
bacteria is not surprising in light of reports declaring
that population of microorgenisms including Pseudomonas-
l1ike bacteria increase in soll receiving herbicides
(Carter & Camper, 1973 ;  Ulasevich, 1978). Further-
more, numerous reports ;uggested the microblological
degradation and utilization of herbicides as carbon and
n}trogen gources by bacterial isolates (Mickovski, 1970;
Srgrama Raju and Rangaswami, 1971; Carter & Camper ,
'1973; Rosenburg & . Alexander, 1978, Walker, 1978; and
Berry et al., 1979).

On the other hand, results of In vitro experiments
indicated that the fungicide "Homal-80" surpassed all the
.%ested chemicals concerning the inhibitory effect on
the growth of the phytopathogenic bacteria under investi-
gation. Although "Homai-80" was inferior to the antibiotic
st;gptbmycin in this respect, its application in pot
experiments as pre-planting seed-pleces, seedlings, or
soil treatments showed obvious effectiveness in controll-
ing crown gall, potato black leg, soft rot and potato

common scab diseases. Dipping the lower part of sunflower
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seedlings for 5 min. in 0.25 % and 0.50% aqueous solu-
tions of "Homai-80%prior "to the infection with A.
tumefaciens inhibited about 76% and 83% of galls formed
on the infected seedlings , respectively. More effective
protection (100%) could be achieved against potato black
leg disease by dipping the seed-pieces for 5 min. in
0.50% aqueous solution of "Homai-80" prior to the in-
fection with E. atrosegtica} "Homai-80" exhibited similar
efficiency (100%) against soft rot disease caused by E.
carctovora even at lower concentration (0.25%). No symp-
toms of common scab disease could be detecfed on potato
tubers grown in soil simultaneously infested with S.

gscabies and treated with "Homai-80".

The economic beneficial use of "Homai-80" in
controlling the bacterial diseases under investigation
gseems to be hopeful, since beside its effectiveness, it
is also well tolerated by plant. No symptoms of toxicity
were detected on sunflower and potatoplants developed
from seedlings and seed-pieces dipped for 5 min. in 0.25%
or 0.50% aqueous solutions of it. However, malformation
of leaves and decreased tuberance were observed on potato
grown in soil treated with high doses (5 g/kg) of "Homai-
80", These deleterious effect were not detectable at
lower doses (e.g. 2.5 g/kg). Since there were no signi-
ficent differences between the two used doses (2.5 g/kg
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and 5 g/kg) on the incidence of common scab disease,
this.might lead us to suggest 2.5 g/kg a8 a suitable
dose for soil treatment. Howevér; further informations
about the persistence of "Homai-80", its effect on soil
microflora, and toxicity to mammals -are necesgary

before it can be recommended for general use.

Begide efficiency, control of plant diseases must
be more concerned with improving and maintaining human
heelth and environment. We were and stin1 depending on
chemicals for control of plant diseases despite the
threatening.reports about the extensive use of chemicals
in this field. Residues of these chemicals on plants may
carry over into foodstuffs and many become health hazar-
dous or may accumulate in soil and disturd its biological
eqﬁilibrium. One of the potential solutions of this prob-
lem would be the exploitation of nature's biological
potency to have sufficient biocontrol of phytopathogens:
with no toxic residues, safe for application and also

cheap in cost.

These goals in mind, in addition to the frequent
reports implicating antagonists as a factor influencing
the pests and plant pathogens (Backer & Cook, 1974 ;
and Burges , 1981), prompted proceeding the second part

of our study as "biological control®, Therefore,several
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hundreds rhizosphere-soil semples collected from 4iff-
erent locations were screened for antagonists against
the phytopathogenic bacteria under investigation .
Thirty-one bacterial isolates exhibiting marked anti-
biosis against one or more of the tested phytopathoge-
nic bacteria were isolated. The predominant antegonists
isolated were Bacillus and Actinomycetes bacteriel types.
This result is in agreement with numerous reports re-
vealing the efficiency of the two types as microbial
antagonists (El-Leithy & Monib, 1961; Weinhold & Bowman,
1968; Cooksey & Moore, 1979 ; Mahmoud et g1., 1981 ;and

" The antagonistic isolates obtained in the prelifi- -
nary séreening were subjected to standardized tests to
gelect those having the highest efficiency against the

phytopathogenic bacteria under investigation. Criteria

congidered in the efficiency estimation were :

a) spectrum of the affected phytopathogenic bacteria,
and b) relative power of amntibiosis against each patho-
gen. The isolates By, B,y and S41» which were identified

as Bacillus megaterium;'§. brevis and Sireptomyces sp.,

resbectively, proved In iig;g to have the highest effici-
encj suggesting the béneficial employment of these 1go-
lates in controlling the bacterial diseases under investi-
gation .
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Results of pot experiments confirmed the aforemen-
tioned suggestion.Treatment of the lower part of sun-
flower transplants with cell suspension of igolate B43
(g.gsgggs)prior to the infection with A. tumefaciens
reduced galling by about 65% . The level of control
achieved with isolate B43 tE- brevis) is somewhat lower

compared to that reported by New & Kerr (1972) and Cook-

sey & Moore (1980) using strain 84 of Agrobacterium

radiobacter . However, isolate B,5 (B. brevis) may be
of importance for control of A.tumefaciens strains not
subject to control by strain 84. Some strainsg of A.
tumefaciens were reported to be insensitive to the bac-
teriocin (Agrocin 84) produced In vitro by strain 84
(Kerr & Panagopoulos , 1977) . It is plausible that
guch strains may be sensitive to other %bacteriocins
having different chemical structures . Agrocin 84 was
ideptified as a phosphoramidate of an adenine deoxyara-
binoside (Roberts et sl., 1977) . B. brevis , to which

isolate B,y belongs, was reported to produce a cyclié

decapeptidé antibiotic (Gramicidin S) which is chemically

different from Agrocin 84 (Vandamme & Demain, 1976).

However , this speculation remains to be tested.

A complete protection (100%) against black-leg

disease of potato could be achieved by dipping seed-pieces
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for 5 min. in washed cell suspension of isolate S

1
6 4

(Streptomyces sp.) containing 10~ - 108 cfu/ml prior

to the infection with E. atroseptica. This igolate
(S4l)seems to have an outstanding efficiency. In case
of soft rot disease, treatment of seed-pieces with

this isolate as described above prior to the infection
with E. carotovora protected the seed-pieces completely

against rotting and 100% emergence could be achieved.

Severity of potato common scab could be reduced
to about 30% of check treatment, when soil was inocul-
ated with washed cell suspension of isolate B, (B.
megaterium) and simultaneously infested with S. scabies
in the ratio of 10°-108 : 107 cfu/ml, respectively. This
result is of particular importance, since most available
reports implicating Bacilli as an antagonistic factor
influencing scab incidence were more or less speculative,
(Weinhold & Bowman , 1968; Mahmoud et al., 198l1a and
1981b). Some Bacilli , which proved In vitro %o be enta-
gonistic to §3 . scabies failed to control potato common

scab (Mohamed, 1974). .

Beside the marked efficlency of the three anta-
gonistic isolates Bl (Bacillus megaterium, B

1o b3 (@
brevis) and 341 (Streptomyces sp.) in controlling bac-

terial disease mentioned before , they are not patho-

genic to plants used throughout the experiments;treated
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plants were as healthy as untreated plants. An excep-
tion was in case of potato seed-pleces treated with
isolate B, (B. megaterium), where about 20% of repli-
cates rotted and failed to emerge. Since this effect
was not observed using whole tubers instead of seed-
pieces, it can be attributed to the growth of B.
megaterium on the wounded surfaces of seed-pieces as
well as to the strong starch-hydrolyzing activity char-

acterizing this bacterium.

The results of biological control indicate that
control levels achieved in cases of potato black leg

and soft rot diseases using the antagonistic isolate

341 (Streptomyces sp.) were comparable to those achieved
by using "Homai-80". In cases of crown gall smd potato
common scab diseases, biological control was generally
inferior , though satisfactory, to chemical control.
This is not surprising since the action of antagonists
in contrast to chemicals, is time-dependent. Antagonists
have to grow and to be established before they can exp-
ress their efficiency. In addition, they are subject, as
living organisms, to thé environmental conditions. Since
infection with the pathogens were carried out in our ex-
periments almost directly after treatment with the anta-
gonists, therefore, it is debatable,that control levels
achievable could be improved under conditions permitting
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better establishment of antagonists before infection
with the pathogens.

An additional advantage encouraging the empioy_
ment of these antagonistic isolates is their long-term
persistence in soil as saprophytes or as protectable
dormant- spores . Seed, seedling, or soil inoculation
with such isolates would lead to a predominance of these
antagonistic populations in the rhizosphere of developing
plants and suppress the phytopathogenic bacterial agents.The
success of bacterial colonization programmes ,however, will
ultimately depend on several aspects such as cost-benefit
ratios, wide spread applicability,and development of prac-

tical delivery systems.

The present study is a novel attempt offering suffi-
cient evidence about the tremendous possibilities of bio-
logical control of bacterial plant diseases. Further
studies about the nature of the produced inhibition sub-
stance(s) as well as about influence of environmental fac-
tors on biological control are essential. Biotechnological
studies dealing with mass production, handling and storage
of antagonists are also needed in order to realize the con-

cept of biological control.
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SUMMARY

The present investigation was planned to study the
chemical and biological control of the following phyto-
pathogenic bacteria:- Agrobacterium tumefaciens , the

causal agent of crown-gall disease, Erwinia atroseptica,

the causal agent of potato black-leg disease,E.carotovoras

the causal agent of soft-rot disease ; - Streptomyces

scabies, the causal agent of potato common-scad disease.

For chemical control, experiments were carried out
In vitro to study the inhibitory effect of five fungi-
cides and five (pre-emergence) herbicides on the growth
of the tested phytopathogenic bacteria. Fungicides were
Benlate, Homai-80, Rovral, Tecto,and Vitavax/Captan .
Herbicides were Bladex, Enide , Eptam, Linuron , and

Sencor. Streptomycin was used for comparison.

~Results revealed that the fungicide "Homai-g80"
was more effective than the other tested chemicals. The
minimal inhibitory concentrations of "Homai-80" landed
under 1 ppm in the case of S. scabies and was between
20-25 ppm in the cases of E. atroseptica and E.carotovora.
"Homai-g0" exhibited a stronger inhibitory effect even
then Streptomycin in the case of A. tumefaciens , where
the minimal inhibitory concentrations were 20-25 ppm and
100-200 ppm, respectively. -
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For biological control, screening of several hund »-
eds rhizosphere~soil samples collected from different
locations resulted in the isolation of 31 bacterial iso-
1lates exhibiting antagonisms In vitro against the tested
phytopathogenic bacteria . Twenty-eight of these anta-
gonistic isolates belonged to the rod-shaped, spore-
former bacteria and the remain four isolates belonged
to Actinomycetes. Isolates Bl’ B43, emd S41 which showed
the highest antagohistic efficiency were identified as

Bacillus megaterium, B. brevis, and Streptomyces sp. ,
T SR—— - CESST——

respectively according to their morphological,cultural,

and biochemical characteristics.

Pot experiments were carried out to determine the
efficacy of “"Homai-80" and of the isolates B,, B43 and
S41 in decreasing the incidence of the bacterial diseases

caused by the tested phytopathogenic bacteria.

In case of crown gall disease, dipping the lower part
of sunflower tramsplants for 5 min.in 0.25% and 0.50 %
aqueous solutions of “Homai;BC" prior to infectibh with
A. tumefaciens resulted in gall inhibition of about 76%
end 83%, respectively. Lower levels of control weré achieved
using'the antagonistic isolates Bl and B43; dipping of
the lower part of transplents for 5 min. in suspension of

By and By, containing 106—108 cfu/ml prior to the infect-
ion reduced galling by about 46% end 65%,respectively.
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In case of potato black leg disease, dipping of
seed-pieces for 5 min. in 0.25% and 0,50% aqueous solu-
tions of "Homai-80" prior tb'infection with E.atroseptica
achieved the healthy development of 80% and 100 % of in-
fected seed-pieces, respectively. Comparuble levels of
control could be obtained using the antagonistic iso-
lates Bl and S41; dipping of seed-pieces for 5 min. in

6-108 cfu / ml

prior to the 1nfection caused the healthy development

suspenéions of ‘B, and S41 containing 10

of about 73% and 100% of infected seed-pieces,respectively.

In case of soft rot disease, potato seed-pieces
could be completely protected againsgt rotting by dipping
them for 5 min. in 0.25% aqueous solution of "Homai-g80"
prior to infection wiéh E. carotovora. Comparable level
of control could alsoc be obtained using the antagonistic
isolate 541; 100% emergence could be achieved by dipping
of seed-pleces for 5 min. in suspensiong of 541 contain-~
ing 106.108 cfu/ml ’priof to infection. Lower emergence
percentage (60-80%) were obqerved using the antagonistic
isolate Bl'

In case of potato common-scab disease,a complete
control could be achieved by treating the soil with
"Homai-80" at the rate of 2.5 g/kg . However,soil treated
with higher doses of Homai;BO 5 g/kg) produced deformed
plants with significantly lower tuber yield. Biological
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control of common-scab disease through-:l_noculation
of infested soil with the antagonistic isolates Bi
or 841 gave satisfactory results ; disease index per-
centages were about 6% and 10%, respectively, while
disease index percentage of check treatment was about

20 % .
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