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EXPERTMENTAL RESULTS

I - Pathological studice @

A = Pathogenicity trails @

Ten isolates (I, II, IIT, IV, V, VI, VII, VIII,IX,and X)
of noti.e, rodwshaped; Gram negatbtive bacteria were isolated,
on nutrient glucose agar; from 10 different field-grovn plants

of Brassica oleraceae Il vaf.cagitéfa. cultivar Kahira Hagin

showing typical head soft rot symptoms { Fig.1 ) .

Bach of these idolates was inoculated once into the stem
(by means of contaminated needle) and once into the head ( by
dropping the bacterial suspension into an opening artificially
made at the top of the head) of Kahira Hagin cabbage. Ten

plants were inoculated in each case .

Al]l plants inoculated with any of the isolates showed
head soft pot symptoms (Fig, 2), whereas control ones remsined
unaffected, When the pathogen was introduced into the head,
the incubation period ranged from 3 to 5 days, whereas this
period was 5 = 7 days upon stem inoculation.

In case of stem inoculation, the first symptoms appeared
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Fige. & 3 Kahira Hagin cabbage plants, transplanted from the
field, showing natural infection with head soft rot;
isolate VII was secured from plant on the right .
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Figs 24 Symptoms (soft rot and disintegration of tissues)
- incited by the isolated bacteria on inoculated
heads of Brassica oleraceae L. var. capitata .
1) Healthy plant; 2, 3, 4) plants inoculated with
isolates I, ITI, and VII, respectively .
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2) Moderate-isolates 2

These are represented by isolates IIT, IV, V, and VI.
Infection with these isolates was characterized by the appear—
ance of water—sosked areas, followed by light brown discolour-
.ation of the affected areas. Later, the disease progressed to

involve *“he whole plant head.

3) Milder isolates :

Isolates T and IT showed the mildest symptoms in compar=
ison with those incited by the above-mentioned ones. Symptoms
appesred as wabter-soaked areas, followed by light brown dise
colouration, changing to dark brown at the borders; of the
affected areas. In this case the disease progressed slowly

and was oonfined to small areas .

In case of stem inoculation, with any isolate of the
ébove groups; the discolouration of affected tissues corres—

ponded with that appearing after head inoculation .
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B — Host range 3

The reactions of 12 plant species belonging to 9 farilies
to three (I, IIT, VII) bacterial isolates (each representing

on of the above nentioned groups) were debernined in this study.

The nain synpbtors that appeared on susceptible plents

arc illustrated in Table 3 and Figse. Z -6 oa

Resulbts could be sumarized in the followings 3

1) Canna plants appeared to be immune to all tested
bacterias

2) The nost severe bacterial isolate according to_pathogené
icityltests on Kahira Hagin cabbage; i:e,;_isolate VII; appearé
ed to be of wider host range in conparison with thelother two
tested onese I infected 11 plant species out of 12 tested onese
This isolate infected calla and cauliflower; whereés both other

igolates were not able to parasitize these plant speciesSe

3) Isolate III was unsble to infect onion, whereas isolate
I infected its bulbs only, and isolate VII infected its tubular

green leaves only .

4) The severity of gymptons induced on susceptible plants

was nobt a pernenent feature of the isolate; in other
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Figs 3 s Rot symptoms produced on maize var. Amricani Badry
after leaf inoculation with isolates VII (left)

and IIT ( center ); healthy seedling right »



Fige & 3 Rot symptoms produced on lettuce after leaf
inoculation with isolate VII ( left ) and
isolate III ( center ); healthy plant right.
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Fig, 5 : Rot symptoms on leaves and roots of raddish
after root inoculation with isolate VII(1left)

&nd isolate III (center); healthy plant rights




Fige 6 : Soft rot symptoms caused by the pacterial isolates on

a) fruit of Black Balady eggplant infected with isolate
VII b) Eskandarani sq uash fruits infected with isolates

o snd d) potato tubere and tomsto

I’ III’ and VII.
infoocted with the sane isolates;

fruits, respectively,
healthy conbtrols laft .
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words isolates vary independently as regarfls severity of
symptons they induced on different hosts. For example;
isolate VII,induced the mnost severe rot symptoms in
letbuce, whereas in potato and squash such symptoms were

incited by isolate III »

5) Generally, except in cases where calla and cauli-
flower were inoculated with isolate VII through 1eaves;

symptons took the form of soft rotl .
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Teble 3.~ Symptor expression obtained with the tested
igsolates on different hoats

-l

‘Site of Dlsease express;on
Test plant inocur —————"
' 1usion Isolate Isolate Isolate
v I III Vit
Maige (éoa nggs T vesns . Tesf )7e R R
Arricani Bedry, - Sten - = om
TalTs (Caaberescina Teat - < Brown spobs
ae’c.h_l.ﬂp_l.ba Bhreng) Corm - - R
Canna (Canng iz :Ln.d:ma L.) . Leaf - - T - i
. Rhizome - - - o
abhuce ( Laguus ativa Le . - .
var lo 0. y -M ) *  Leaf r* R g+
Tomare (yoopersicon . . .. N - N
gsculentun var.Pritchard) Fruit R - R R
- . i ppmtainiliiit
Pobato (Solenum buberosum L. Tuber rt gt (R)
vars "Alphs - | :
Bggplant (8. melongens L. Fruit r* -7 r
vare Black el E; ‘ o
Squash (Qucurbita pepo Le Fruit r* R rt
vare. Eskandaranl '
Onion (Allium cepa L, Tubular
vare. Giza proved) reen
Bulb R - -
Cauliflower (Bragssica .. Leaf - - Snall silvery
oleraceae L. vals OOPLytif green Spots
cTJI‘Eivar Orgival) at the sites
of moculat-
. . ion __ -
Raddish (%pgg; us sabivug L. Leaf R R N
vare. Bala '* Reot (R) (R) - (R)
Carrot { Daucus carota L. Leaf
var. sgtiva cultivar (unwounded) - R
Ghantenay Root {®) ® B
=

- ¢ MO :Lnfection; (R) ¢+ mild roty R ¢ moderate rot} R t severe
rots RT : extremely severe 1ot .
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¢ - Formation of hyper;sensitive reaction (HR) in tobacco

leaf tissues ¢

In order to test the possible development of hyper4
sensitive reaction (i.ef; formnation of necrotic area at the
sites of infection), in White Burley tobacco leaf tissue,
suspensions of the bacterial isolates I, III; and VII, as
well as sterilized tap water (for conbrol) were injected
intercellularly ab different sections of each of five

leaves

The results obtained by injecting the tested isolates
into tobacco leaves are shown in Table 4. No symptoms .
appeared in case of inoculation with isolate I or III;
whereas clear hypersensitive reaction apﬁeared 24 hours
after injecting tobacco leaves (in the mesophyll) with
jsolabe VII.Three days later, the necrotic avea became

greenish violet or brown in colour .




Table 4 = Reaction induced by basterial isolales

in the tobacco lwuf three days after

injection
Bacterial species HyperwSensitive reaction -
Isolate I - %
Isolate III -
Isolate VII +

Gontrol (injection with

gsterilized water ) -

< = negative reaction whereas + = positive reaction . -




~ 55 =

Fige 7 3 Reactions of a White Burley tobacco leaf injected by
different bacteria : Left half; no reacticn with
isolate IIT; right half, hypersensitive reaction
with isolate VII .
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D = Determination of infection route @

Kahira Hagin cabbage plants were inoculated with
isolate VII by measns of rool, sten, or leaf inoculation
tLechniques (as described under the section of MATERTALS
AND MECHNDS) in order to peveal the main route of infection

by this head soft—-rot pathogen

Neither root nor stem inoculation techniques had
given head rot gympboms during the experimental period
which extended up to 4 weeks after inoculation. Only leaf
inoculation technique could produce head rot symptons
on leaves within 7 - 10 days .

The above results indicate that leaves are the main
route for natural infection with isolate Vil .
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E - Interaction between head soft-rot pathogens :

a = On media (in vitro) 2

Isclates I, III and VII were tested against each other
for their possible antagenistic action. For this purpose
perpendicular streaking method (used by El-Helaly gﬁ.gk.;

1973) was used as follows .

After 4 days growth on nutrient-glucose agar {of the
isolate to be tested for antagonistic action), another iso-
late was perpendicularly streaked on the same plate and the
growth inhibition zone was checked after 3 days incubation
at 30 °C .

The obtained results (Fig. 4) show that only isolate
VII has inhibitory effect against both other ones .
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Fig. 8 : Antsgonistic reaction of isolate VII against
isolates I (a) and IIT (b) in vitro .
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b - Interference between bacterial isolates in green=—

house bLests ¢

In order to study the possible jnteraction between
isolates when simultaneously inpculated ©o the host, the
effect oF inoculating cabbage lLeaves with 1 3 1 mixtures
of certain isola_tes, as well as with single 1solates, on
development of disease symptoms was determineds Four days
sfter inoculation the dismeber of rotted areas in different

treatment was measured e

The results are shown in Table 5. It 1is clear that
i1noculation with mixtures of isolates T and VII or of ITY
and VII resulted in a reduction of bacterial rot symptoms
as compared to inoculation with any of the three involved
isolates when tested alonee This jndicates that in mixtures

the isolates are not synergistic but slightly antagongstice.
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Table 5 o= Effect of inoculating leaves of Kahira 7
Hagin cabbage with single bacterial isow
lates or with their mixtures on developé

ment of rot symptoms B

Isolabes Diameter of rotted area (cm): 4 days
' after inoculation .
I+ VII - 1a2
IIIT VII 1445
1 1.75
1L 2.10
Vi 2.80

None (sterilized

water as conbtrol) 0.00
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F - Insect transmission of infection with isolate VIT 3

An attempt to transmit infection with isolate VII by

the cotton leaf worm (Spodopbera litterslis, Biosd,) and

the cabbage aphid (Brevicoryne brassicae IL.) was carried

oubte Insects, after being contaminated with the bacterial
isolate, were transferrcd to feed on detached and singly

caged leaves of Kahira Hagin cabbage

Results are summarized in Table 6. Rotted areas- about
3 = 5 cm in diameter sppeared within 3 - 5 days in all tests
with mechanical inoculation or with contaminated cotton.hQaF
worns. No rot developed in tests with uncontaminated leaf
worns. The cabbage aphids were not able to transmit the rot

disease under the conditions of the experiment .,
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Table © o= Mechanical and insect transnission of

jnfection with isolate VII

Treatnent No. of infected leaves out of

10 treated ones -

PP il — I A ol

Mechénical inoculation 10

Contaminated Sggdogterg
littoralis Biosd. ) 10

Uncontaminated S. litto-
ralis Biosd, | 0

Contaminated Brevi¢o£igé
brassicae L. : | 0

Uncontaninated B. brase
sicae L. ‘ 0
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2 — Morphological and oultural characters of the

organisms ¢

St

The folloﬁ&ng description of the head soft=rot organisms
of Bradclca gleraceae- L. var.__pltata cultivar Kahira Hagin
are based on studies.of characters of the 10 isolates. Accord-
3ng to these studles, it was p0551b1e to cla551fy The ten
isolates into three groups

a) Group 1 includes isolates iand IT .

b) Group 2 includes isolates 111, IV, V, and VI ,

6) Group 3 includes isolates VII, VIII, X and X .

All isolates in each group appeared to have gimilar

characters .

A ~Jﬁ0rphological characters :

Light microscopic examination revealed the following
description :-

Form of cells : All isolates are short rods, nonsporee

forming, with rounded ends, Isolates of groups 1 and 2 mostly
occur as single rods, whereas those of groups 3 are frequent-

ly in chains of up to 3 cells .

Size of cells : Using ocular micrometer, the cell Size
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Fige 9 3 Photoﬁicrographs of the isolated bacteria .
a) Isolate I, b) isolate III,‘c)'-isola:be‘VII_,_
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of isolates 6f the three groups was approximately as follows s
Group 1 : 0.6 to 0«7 by 0.8 to 0,90 ,
Group 2 ¢ 0«5 by 0.8 %o 0.95 I o
Group 3 : O« to 0.5 by 14 to 2.2 4

Motility : Isolates of all groups are motile; group 1
and 2 by 2 - 6 peritrichous flagella, and group 3 by 1 -2
polar flagella .

Staining : All isolates of the three groups arc Gram

nagative and not acid fast .

Capsulation : Isolates of groups 1 apd 2 are surrounded
by sline layer, but those of group 3 are not.

B Gultural_characters :

Cultural characters of the bacterial isolates were stud=
ied on different solid and 1liquid media .

a = Growth on s0lid media :

" 1) Nutrient-glucose agar 3

All isolates grow well on this medium .

Colonies of groups 1 and 2 are creamy white, opalescent,
_convex with eatire margins. Colonies are round, appearing
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after a4 hrs at 30 °C, 2 = 3 mm in diameter, ‘beconiing 3 = 5 mm
Withln 72 hrs. Golonles are wabery,changing to slimy and op=.
aque with age
CGolonies of group 3 are divty Wﬁite, opalescent, smooth,

slightly raised with regular margin becoming irrigular in old
culbures. Colonies are 1rr1gularly round gppearing after
o4 - 48 hrs at 30 °C, 1 = 2 mn in diameter, becoming 2 - 3 mn
within 72 hrs., They are watery, changing to some what glirys .
transparent, changing o yellow, thenm to green on day 3 of
inoculations A soluble fluorescent green pigment is secreted
into the mediun within 3 - 5 days; with age the pigment

changes to dark brown .

2) Nubrient-glucose agar containing 0.3'%‘yeaét

extract :

On this medium growth of all isolates is rapid. Colonies
of 1 - 3 mm . diameber appear within 24 hrs and reach 3 - 5
mm within 72 hrs. Colonies of all isolates have centers darker
than margins. Isolates of grour 3 produce fluorescent pigment

efter 36 « 48 hrs .

3) Nutrient agar medium @

Colonies are comparable to those obtained on nutrient

glucose agar but growth was poorer .
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4) Potato dextrose agar @

Isolates of groups 1 and 2 are moderate in growth, Col=
onies are creamy white, tranziucent and slightly raised,
ranging from 1 to 2 mm in diameter after 24 hrs and from 3 =

4 mn after 72 hrs .

Grovith of group 3 isolates is very poor or absent; and

no pignenvation ls observed .

5) Glucose asparagine agar :

Growth of all isolates is generally well .

Colonies of groups 1 and 2 are round, convex with entire
margin. Colonies are grayish white, opalescent becoming semi-
opaque with age+ Colonies of group 3 are round;v large (3 -4
mm in diameter within 7 days), slightly raised with entire
margin; Colonies are white produce a fluorescent green , water

solubale, | pigment .

b ~ Growth in liquid media

1) Bouill®m glucose ¢

e

Good growth appears after 48 hrs at 30 *C..In all cases;
a fine sediment and a clear pellicle are formed, except with

group 2 isolates which can not form pellicle .
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When yeast extract is added to the latter mediunm, betTer
growth of all isolates is obaerved after 48 hrs. In all cases,
a thick pellicle is formed, and a considerable amount of Vis-
cous (isolates of groups 1 and 2) or unviscous (group 3) pre-

cipitate is observed at the bottom s

2) Nutrient broth i

Poor growth appears for isolates of groups 1 and 2 after

48 hrs at 30 °C. A moderate amount of viscous sediment is for-

med but no pellicle is observed .

Growth of group 3 isolates is well but neither sediment

nor pellicle is observed .

3) Glucose asparagine 1t

Good growth is observed after 48 hrs. All isolates form
pellicle except those of group 2. A fine sediment is formed
in cases of groups 1 end 2, while it is moderate in case of

group 3 isolates .

In all above mentioned liquid media, isolates of group
3 only could produce a fluorescent green pigment .
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4) Asparagine-nineral solution

In this medium pooT turbidity is observed within 48 hrs.
The growth becomes thick with age and the cultures graduslly
turn alkaline. 4 fine sediment is formed in cases of groups
1 and 2, while it 1s moderate in cases of groups 3. All iso-

lates form pellicle except those of group 2 .

% = Nutritional and biochemical characters @

411 teste reported in this gsection were carried out on
the 10 bacterial isolates. In all cases, results obtained

with the isolates of each group (1 , 2, or 3) were similar.

A _ Bffect of different media on bacterial growth :

Different solid media, adjusted to pH 7, Were preparede
Media were inoculated, by streaking with uniform loops of a
standard bacterial suspension, then incubated at 3 ©°C for

3 days . Bacterial growth was visually evaluated .

The obtained results (Table 7) indicate that nutrient~

glucose-yeast extract agar (NGYA) followed by nutrient =
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Table 7 o= Bffect of differsnt solid media on bacterial

growth as determined visually

Group Isolate Mediumn

noe Bos  (NGY4)  (NGA) (Na)  (Gas)  (PDA)

1 i e +++ ++ ++ +

2 +b++ +4+ ++ ++ +

2 3 F4++ ++ ++ ++ ++

4 LR o +++ ++ ++ ++

5 4+t bt ++ ++ +4
6 ++++ +++ 4+ ++ ++

3 7 ++4 i+ P ++ -

Al ot +++ ++ -

9 +++d +++ +++ -+ -

10 rar— 4+ +++ +4+ -

% The intensity of growth is indicated by the number of
+ signs; - indicates absence of growth .
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glucose agar (WGA) were the best media for growth of all iso=
latess Nutrient agar (ﬁﬁ) cane ﬁéi% td'tﬁé aﬁové mecdia in thié
respect; but growth of isolates of group 3 on this medium was
better than that of all cther iszolates. Growtk of all tested
isolates on glucode~asparagine agar (GAA) was moderate; Where«
as it wos noleratie (isolates of group 2); scanty (isolates of
grour 1), cr oven sbsent( isolates of group 3) on potato dex-

trose agar (PDA) .

B « Utilization of different carbon compounds :

a = Sugars, alcohols, starch, and drganic'Salté :

Different sugars, alcohols and organic salts, as well as
starch were tested as sole carbon sources by incorporation in
basal solution. Data were taken after 48 hrs and up to 3 weeks
of incubation at 30 °C .

Tt will be remembered that all isoletes of each of the

three tested groups behaved sinilarly .

Data obtained are presented in Table 8, which is selfw
explanstory. Generally, results point out to the following :
1 - A8 regards ubtilization of different carbon compounds,
isolates of group 1 and 2 differ slightly from each other
but considerably from those of group 3 .
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2 — 411 isolates of groups 1 and 2 are able to produce acia
and gas from many of the tested compounds (particularly
sugars), whereas those of group 3 produce acid but no gas

from some of these compounds (mainly sugars also) .

3 = Group 1 and group 2 isolates produce acid but no gas
from sodium citrate, sodium tartarate, salicin and aesculin,
Whereas group 3 isolates were not able to produce neither
acid or gas from these compounds. In case of sodium citrate,

isolates of group 3 changed the medium PH to alkalinity .

4 - Differences between isolates of group 1 and 2 can he-
suﬁmed up in the following : a) isolates of group 1 could
utilize sorbose (producing acid and gas) but not dulcitol,
whereas with isolates of group 2 the reverse is true; b) from
lactose and manitol, acid and gas were produced by group 1
isolates and acid but not gas by group 2 isolates, and ¢) isow
lates of group 2 were not able to mbtilize ethanol but in case

of group 1 isolates weak production of acid occurred .

b =~ Miscellaneous :

411 isolates were not able to hydrolyse starch (in starch
hydrolysis medium, Manual of Microbiological Methods, 1957)

or %o deeompose cellulose (filter paper). Potato slices were
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disintegrated DPossibly due to the action of pectolytic enzynes

but group % was less active in this respect .

C = Nitrate reduction :

A1l isolates reduced nitrates to nitrites .

D - Gelatin liquefaction :

Gelatin is liquefied. However, isolates of dlfferent
groups conslderably vary as regards degree of activitys
those of group 3 are highly active and show Positive reaction
withil 24 hrs, whereas those of group 1 and 2 are feebly act—

ive and showed weak reaction after the elapse of 3 weeks .,

E - Hydrogen sulphide Production :

Isolates of groups 1 and 2 produced hydrogen sulphide,

wWhereas those of group 3 could not .

F « Indol formation :

Indol was not detectable in all cases ..

G - Voges-Proskaur (V.E) ‘and methyl red (M.R) tests :

Acetyl methyl carbinol (acetoin) is produced (V,P. posi-
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tive) after 48 hrs growth at 30 °C by isolates of both 1 and
2 groups. These isolates are negative to MR test after 2 - 5
days growth at same temperaturec. Isolates of group 3 are
negative to V.P. test and positive to M.R. test .

H - Action on litmus nilk :

Cream-free litmus milk gradually became alkaline and
turned deep blue within 3 days in case of group 3, while it
became acid (red) in cases of group 1 or 2. Four days later,
the blue or red colour was completely reduced, No ¢lotting
was observed and the milk cleared off slowly, becoming trans-

lucent within 3 weeks .

I~ Lipolytic action :

Nutrient agar medium containing 0.2 % cotton seed oil
was plabeds Medium was inoculated at the center with a loopful
of standard suspension of the isolate to be tested. Inoculated
Plates were incubated at.30 °Ce Lipolytic action was checked
at three intervals, i,e,; 2; 7, and 21 days after incubation.

Results showed that only isolates of group 3 are lipo~-
lyt;ic .
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4 - Conditions for growth @

A - Aerobiosis ¢

The group 3 isolates are aerobic as the growth in nut-
rient-glucose agar shake cultures was invariably superficial;

while sroups 1 and 3 isolates are facultative aerobic .

B - Temperature relations @

Eight isolates (Nor 1 to 8) were tested in this experi-
ment. Bouillon glucose tubeé(lo ol Aubs)were inogulated (one
loopful per tube) with a standard water suspension (1080e11/
ml) of the isolate to be tested, and were then incubated for
48 hrs at 5, 10, 15, 20, 25, 30, 35 and 40 °C. Four replica-
tes were used for each treatment. The rate bf growth was
measured after 3 days by determining the pptical density

using a universal colourineter with a green filter.

The obtained result;b (Table 8 and Fig. 10) show that
growth of isolates of eacﬁ particular group was almost
| similarly affected by theitemperature at which cultures were
incubated. However, isolaﬁes of different groups were var—

iably affected by this tebperature .
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Table 9 .« Effect of tenperature on growth of bacterial

igclates B

Group Isolate Average % of rel

incubation s :

A s

ative absorption after 48 hrs

Laliaian e

Tt 500 15 w2 300 35 5w
L I 040% 8.5 31.75 56.5 64.0 81.0 8045 044 -
T 00 8.75 35,0 57.5 65.5 80.0 79.0 0.0
III 0.75 18475 3440 56425 65.0 620 68.5 0.0
5 0425 14,0 33,5 54.5 60,75 68.5 66.0 0.0
V. 0.40 10.0 26.0 61.75 65.25 64.5 64,25 0.0
VI 0:50 9.0 16475 62.5 6€4.0 68.0 65.5 0.0
3 VII 0.0 0.0 0.0 32475 41.5 59.0 58.25 52,25
VIII 0.0 0.0

0.0 36.75 40.75 55.25 52.5 54,25

® Data represent averages of 4 replicates of original readings
in a universal colourimeter. The original readings were re-
lated to : O percent absorption of the uninoculated tubes.

held at the same temperabure conditions .
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As shown in Table 10'? the mininum, optimum; and naximum
temperaturcs were ¢ 5-'-10; 30 and 35 = 40 °C (group 1); < 5,
30, and 35 °C (group 2); 15 -~ 20, 30 = 35 and > 40 °C(group 3).

Table 10 e~Minimum, optimum, and maximum Gemperatures
- of bacterial isolates -

Isolctes o Minimum . . Opbtinum Maximum %emp.(°C)
. group : . . . . . . P . T _" . P
1 5 =10 30 35 = 40
2 < 5 30 35

3 ' 15~ 20 30 - 35 S 40

C « Thernmsl death point @

The same 8 isolates used in the preceeding test were
employed in this experiment. Thermal death point was deter—
nined by heating l-cn sanples, contained in thinewalled best
tubes with internsl diameter of about 7?7 mm, of a dense water
suspension of the isolate to be tested at certain temperatures
for 10 minutes. Two series of experiments were carried out; in
the first series the temperatures ranged from 40 to 60 °C, in
5 degree steps, whereas in second series the range was 50 to
60 °C, in one-degree steps. At the end of heat treatment, the
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tubes were immediately cooled wunder tap waber. Four replicates
were used in each treatnent. Viability of the bacteria was
checked by transferring loopsvlls of the treated.éuspension to

nutrier’ giucose agar slants ead incubation at 30 °C.

The thernal death point of all isolates of both 1 and 2

groups ajpeared to be'55'°G; whereas that of group 3 isolates

WwWas 57 °C .

D'~ Effect of pH value on growth :

Isolates I, IIT and VII (representative of group 1, 2
and 3,respectively) were selected for this experiment. Nutr-
ient broth tubes adjusted to certain pH values (4.6, 6.2, 6.8,
7+8 and 9.4), using potassium phosphate buffer, were inoculated
with uniform loopfuls of standard bacterial suspensions. Four
replicates were used for each isolate. Relative amounts of
growth were determined photometricaily after 2 days incubation
at 30 °C, using a mwniversal colourimeter (Lichtelektrisches
Kolorineter Model VII) .

Deta obtained and presented in Teble 11 and Fig, 12
point out to the following : '
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All tested isolates could grow within a wide range of
PH values (from 6.2 t0 Se4)e Neutral to alkaline range of pH
(648 = 7.8) was nore favoursble for isolates 1 and 3 (repre_s;
entatives of groups 1 and 2. respectively). Isolate 7 (rep2-
‘esentative of group 3) aloso could grow well at this pH range,
but its best growth occurred at pH 6',2_, None of isolates could
grow in the extremely acid medium (pH 4.6) .

Table 11 _.- Effect of pH value on the growth of
bacterial isolates

Bacterial Average % of relative absorption after 2 days
growth in bouillon-glucose medium adjusted to
isolate ‘The indicated pH; ce

446 . 642 6.8 7.8 BT
1 0,0% 4,0 6.0 8475 4,5
III 040 2,5 5.0 4,75 3.0

VII 0.0 18,2 1645 16.0 12,0

@ Data represent averages of four original readings (four
replicates) in a universal colourimeter. The original
readings were relatied to : 0 percent absorption of the
winoculated tubes having the same pH value .







- 8!

5 = Enzymatic activitloes @

A = Pectolytic activity ¢

Tests for liquefaction of pectate gel, and production of
pectin nethylesterase; pectin polygalacturonase; and proto=
pectinase were carried oubt to determine and compare the

mectolytic activities of the organisms under investigation .

a = Liquefaction of pectate gel :

Data obtained (as shown in Table 13) indicabe that isoclate
VII is a strong liquefier of pectate, whereas both of isolate
I and TIT gave a weak Teaction. Control plates remained un~-
affected during the experimental period that extended up to
5 days .

b = Pectin methylesterase (PME) :

The organisms to be tested were grown in nutrient broth

at 30 °cg

4 preliminary trial using the test solution described
under the section of MATERIALS AND METHODS was carried out .

Table 13 shows the results and the time required by cul-
tures to produce FME. All of the tested bacterial isolates
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gave a clear reaction after 2 days incubation in the growth
mediun (nntrienx broth). Isolate I wWas the must activé in '
this respect . '

¢ - Peotin polygalacturciass (PG)

Wnen the pectin agar plates were flooded with hydro;
chloric acid 5 N, a narrow clear zone surrounded by a pre-
cipitate of pectic acid was obtained with each of isolabtes I
and III, whereas in case of isolate VII a wider (3 - 4 mm)

clear zone appeared .

When the plates were flooded with calcium chlorider(lq%);
isolate VII only gave a positive reaction (a clear zone; 2=3
mn wide, surrounded by a precipitate, about 3 — 5 mm in width).
All isolates gave negative reaction (no precipitate or clear

zone) when flooded with 5 % lead acebates

Using information given by Dingle.éf ng (1953) the _ro~
actions expected from flooding the pectin agar plates with
hydrochloric acid, calcium chloride, or lead acebate were sug-~
gested by Dye (1960) to be as shown in Table 13.

Thus, the obtained results (see Tables 12 and 13) clea?ly
demonstrate that all bacterial isolates are active in hydro~
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lyzing low netlioxgl pectin (i.e., possess enzynes of the

polygalachuronase type)

The isolates, however, differed in the degree of hydro=
lysis they causede Isolate VII is the nost active since it
hydroly=:s low methoxyl pectin to lower uronides and/or
galacburcoic acid; isolate III followed by isolate I came
next to it (in their case; hydrolysis does not proceed to the

production of uronides) .

d= Protopectinase (FP)

Dats obbained and presented in Table 12 and Fig. 12 show
that all tested bacterial isolates produce protopectinasee.
When potato slices (vare Alpha) were used, isolates I and III
induced maceration (which resulted in dropping of the unsup-w
ported end of the sl:.c.es to the glass) within 12 - 15 hrs,
whereas isolate VII gave the seme result: 15 = 2% T after |

inoculation. " ' C e N G

—

When lettuce: afen sl:.ces viere used, all 'besﬁed b&cterial
isolates ma.qei-crted- then rithin 12 - 15 hrs 8




sctivity o
$“l)) Lettuce
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B -~ B—glucos@@ase_activity-:

Plates of nutrient agar nmediun containing 1 7% W/
aesculin and 0.05 7% (W/V) ferric citrate (Rushdi gﬁ.g;.;
1972) were inoculated with sbtandard inocula prepared by
adding equal volumes of shkeride distilled water to 2-day=old
cultures of each isolates Bach plabe was inoculated in the
cenber with a loopful from single isolate. Five plates were
used for each isolate, After 3 days incubation at 30 °G, the
diameter of the black zone (resulting from reaction bétWeen
ferric citrate and the phenol liberated from the aesculine

glucoside) around the colonies was measured.

Results presented in Table 14 and Fige 13 show that both
isolates I and IIT could produce B-glucosidase, whereas isolate
VII could mot. It is o be mentioned that the highest Beglucos
gsidase activity associated .the Jless virulent bacterial

strain (i.eg' isolate I) .

Table 14 .- B-glucosidase activity of the bacterial
isolates :

Iséléﬁe Average dliameter of the black zone areun-the
‘no, colonies after 3 days incubation at 30°C(in mm)

I 55
111 - 50
- VIT ' Q0
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C - Catalase activity :

Quantitétive test Tor catalase activity (Collowick and
Kaplaﬁ: 1955) of the three bacterial isolates was carried outb
by adding 2 ml of standard ¢sll suspension (16 ng dry weight/
ml) of the isolate to be tested to 4 ml of 0.6 % hydrogen
peroxice: Flasks containing the mentioned mixture were kept
in water Lsth at 30 °C and the reaction was stopped after in—
bervals of 5, 10, or 15 minutes by adding 10 ml of 1 N H,S0,,
The deconmposition of H2c2 was measured by titrating the Tew
naining substrate with 0.01 N potassium permanganate. Four

replicates were used for each isolate .

From the dsba presented in Table 15 and Fig. 14, it can
be seen that all isolates were able to produce catalase. How=
ever, isolate VII had higher catalase activity then both

others, which showed almost same activity .

Table 15 ié Catalase activity of bacterial isolates

Isoiaﬁe T Milligrams hydrogen_peroxide deconposed after

nos 5 10 15 minutes
I 3,06 4454 5,36
IIT 2.60 3470 4,86

VII 10,60 12.00 12,00




6 — Toxicity of phenols and quinones %o the bacterial

isolabtes @

Pyrocatechol, resoreinol, hydroquinone, and p-benzo-
quinone were tested for toxicily against the bacterial

isolates I, III,and VII .

Aqueous stock solution of the corpounds were sbterilized
through Sietz filter, then predetermined amounts of the 501-
ubions were asepticaliy added to previously autoclaved nutr—
j ent=glucose agar medium to provide the desired final concen#
trations of each compound. The treated and control (without
compounds) media were plated. Plates were streaked with uni-
form loops from standard inocula of the bacterial isolates.
Inoculations were ?erformed in quadruplicates. Flates were

incubated at 30 °C for 4 days .

Dats obtained and presented in Tabe 16 point out %o the

following :

1 - The most effective compound in inhibiting the growth of
all isolates was p-benzoquinone, at 125 ppm of this compound

none of the three isolates was able to grow.

2 = Hydroquinone and pyrocatechol followed p~benzoquinone as
regards effeciency to inhibit bacterial growth; isolates I
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Table 16 = Toxicity of phenolic compounds and guinimes

+to the bachterial isolates

‘ . . . GOIlCeI.‘.';;‘-" 4 L
Compound rabion, I?_qla;te..s- e
- »pH I o oIm VI
125 +F * | B
Pyrocatichol 220- - - =
500 - U - R
1000 - - -
125 + + -
250 - - -
Hydroquinone ‘ : :
500 - - -
1000 - | - e
125 ++ ++ +
250  + +* (+)
Resorcinol 500 (+) (+) -
1000 (+) ) <
1500 - - T
p~benzoquinone 125 - - '7 -
- . Gomtrol S T

* .+ Abundant growth. + Moderate growth. (+) Scanty growths
-~ No growth . . T T




S0k -

and III were unable to grow at 250 ppm concenbration of these

compounds, and isolate VII even gt 125 ppi <

% = Resorcinol also showed inhibitory effect, but it cane

next to the above corpounds

4 — Tsolate VII was the most semsitive one %o all tested com=
poundse T%& showed no growth at 125 ppn p—benzoquiﬁone; pyro-'-

catichol; or hydroguinone and at 500 ppn resorcinol; whereas

other isolates showed moderate or scanty growth at the in—

dicated levels of the latter three compounds .
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7 - Control experinments 3

A = Laboratory tests *

Fungicides and antibiotice listed in Table & Were tested
ot different concentrations against jsolates I, III, VII in
nutrient~zglucose agar nediunm adjusted to pH 7a Calbulated alié
quots from stock solution or suspension of the funigicide or
antibiotic to be tested were added aseptically to the mediunm
to give the desired f£insl concentration. Antibiotics (pure)
were tested at concentrations of 10, 25, 50, and 100 ppm,
whereas fungicides were tested at 200, 300, 400, 500, and
1000 ppn of the active ingredient . Control mediun was treated
W1th distilled waters Standard bacterial suspension of the
isolates were prepared in gterile distilled water from 2-day-
old nubtrienteglucose agar cultures. Plates of different treat-
nents (4 per treatment) were streaked with the pathogen, and

then ineubated at 30 °C for 3 days .

Data presented in Table 17 show the minimal dose of the
gested compounds thab caused complete inhibition of the growth

of the tested bacteria: 1t is to be seen that :

1 - The tested entibiotics were substanbially more effect-

{ve in inhibiting bacterial growth than any of the tested fungi-
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cldes. Oxybetracycline chloride caused complete inhibition of
isolate I and III at the lowest concentration used (10 ppn)
and of isolate VII at 25 PPI:L; whereas Neomycifn sulphate in-
cited such effect to the former isolates at 25 ppm and to the
latter at 50 ppm

2 = Dithane Z-78 followed the agbove compounds in efficiency

to inhibit bacterial growth ,

3 - Copper oxychloride was also highly effective but came
next to Dithane Z-78 .

4 - Benlate; Topsin, and Terracolor were the least effect—
ive compounds in inhibiting bacterial growth; none of them
caused complete inhibition of any isolabe even abt its highest
concentration used (1000ppm) s
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Table 17 .~ Toxicity of sone fungicides and antibiotics

to the bacterial isolabes

Minirs. concentrations(ppm of active
ingrecient) affecting conplete ine

Compounds nibiticn of tested isolates

I III - VII
Fungicides @
Dithane Z-78 300 200 500
Copper oxychloride 500 200 500
Terracolor = = [ 3
Benlate * E
Bavisitin x E E 3
Topsin i 3 e 3 3
Antibiotics @
Oxytetracycline chloride 10 i0 25

Neomycin sulphabe 25 25 50

‘% gomplete inhibition was not acheived at 1000 ppm
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B » Chemical control of disease in tthe £ield 3

varsimaiein
Pithane Zw78 Copper oxychloride, Oxytetracycline chloride
and Neomyciﬁ sulphate were tested for controlling the head soft

=rot of Brassica oleraceae L. var. capitata plants incited by

isolate I or VII of the pabthogea .

Meld-growm Kahira Hagin cabbage plants were given only
one #pray with a suspension (or solution) of the tested COMm
pound or with stérilized water for the control. Tests included
three different times of applications (3 or 7 days before ino=
sulation, or one day after inoculation) and three different:
levels (shown in Table 18 and 19) of each compound, Leaf
inoculation technique was employed by spraying a standard_sus—r
pension of the desired inoculum on a round scratched area; 15
mm in diameter. Fifteen replicates (each consisting of one
plant) were used in each treatment. Data were recorded; in the
form of diameter of rotted area, 5 days after inoculation. The

experiment was replicated in two successive years (1974 & 1975).

Data obtained and presented in Table 18 clearly show that
all the antibiotics and fungicides tested in this experiment
are effective in decreasing disease severity. However; anti-

biotics in nost cases preceded fungicides in antibacterial action,
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In alnost all cases-;' disease severity decreased with in-

creasing the concentration of the compound.

Data in Table 18 also show that the compounds varied as
regards the best bime of application. With both pathogens,
contact Ffungicildes (i e6s, Dithane Z-78 and Copper oxychloride)
gave best results when sprayed 3 days before incculation.
Both anbtivioctics were most effective against isolate I when
applied 3 days before inoculation, but againgt isolate VIL

when used one day after inoculation .

Lastly, the antibiotic oxytetracycline chloride was the
most effective compound used; in 1974 it 6ompletely inhibited
infection incited by either isolat¢ when sprayed at 75 ppm

3 days before, or 1 day after, inoculation (Table 18) and in
1975 it either strongly or complebely inhibited infection at
the mentioned concentration and times of application (Table 19).s
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DIBCUSSION

The present work was conducted te identify the causal
organisn(s) of a severe head soft roﬁ disease of Kahirg
Hagin cabbage plants and to obtain necessary infprmations on
the pathogen(s).

Ten isolates of motile, rod-shaped, Gram negative bacte
eria were obtained from 10 different fieldw-grown cabbage |
plants. A1l these isolates were pathogenic to cabbage plants
and were reisolated from artificially infected plants, Arti-
ficial inoculation of gabbage heads revealed certain differences
as rcgards bhel severiby and type of symptoms induced by
different isolatess According to these differences; the iso-
lates could be classified into the following three grou?s H
1) Mild isolates : isolates I and II showed the mildest symp—
toms in comparison with those incited by the members of the
other 2 groups. Symptoms appeared as water—soaked areas;
followed by light brown discolouration, changing to dabk brown
at the borders, of the affected areas s

2) Moderate isolates ithliis group involved isolates III, IV, V
and VI, Infection with any member of this group was character—

»
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ized by the gppesrance of watep-soaked areas, followed by light

brown discolouration of the affected areas .

3) Severe isolates : this group included isolates VII; VIIT, I¥
and X, Infection with any of them appeared as rapidiy increas;
ing water-soaked areasi which colour changed to greenish violet
then %o blackish violets In addition, small necrotic spots
appeared on the nidrib, and the veins and veinlets becane

necrotic .

Morphological; cultural; nutritionsl and biochemical
behaviour of the aforementioned isolates showed that the isoe

lates of each group have similar characters .

Bergey's Manuals of Determinative Bacteriology (1957
and 1974) were consulted for identification of isolates I, III
and VII, i.e, the representatives of the three groups of

bacteria under investigation .

Table 20 lists most of the examined characteristics of
isolates I aﬁd III in comparison with those reported for g
Zrwinias carotovors in the 7th edition (1957) and for Erwinia
égggtovora var. carotovora in the 8th edition (1974) of Bergey!'s
Manual of Determinative Bacteriology. Regardless of some 5light
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Table 20 o« Morphological, bicchemigﬂ, physiod: gaj_
and cultural characters of the bacterial
isolates I and III in comparison with those
reported for Erwinila garotovora var.garotovora

G;:raoter Isolate T Isolate III .Ij.,_f}‘_gg_g___mr_g_i;g
Bhape of cells Short rods  S8hort rods
8ize 0,6-0.7 x  0.5x0.8 . 0,7x 1.2
0:8-0,0 1 ='0.95 j e
Motility * + -+
Piguentation - - -
Moo pegmie ghpmn g
Grem reaction ~ - -
Mucoid grawth + Faint a
8pores . - - -
Catalase activity + + +
Anaerobic growth + + +
V.P. test + + - or
M,R; test - - + Vary
Starch hydrolysis - - -
Cellulose decompositiorn = - -
Action on litmus milk 4eid Acid Coagulation
Nitrate reduction + + +
Gelatin liquefaction + + +
HZS production + + + .
] (from cysteine)
Indol formation - - -
Optimum growth vemp, 30 30 27 & 30 °C
Maximum growth temp. 35 — 40 35 37 - 40 °C
Pectatbe degradation + + o
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Table 20 .- Conbtinued

- -

.Acid production from organic compounds @

4Arabinose + > +
- Xylose + * +
Glucose % + +
Fructose + + +
Galactose + + +
Lagtose + + +
Sucrose + + +
Maltose + + +
Dextrin - - -
Starch - - -

Glycerol + Jeak (=)
Dulecitol - + (<)
Mannitol + + +
Sorbitol k2 + +
Ethanol Weak - +
Salicin + + +
+

Aesculin + +

+ = positive reaction; » = negative resction; (=) 20 % or

lese strains postive; 4 = 21 ~ 79 % of strains positive .
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differences in certain characteristics, it is clear that both

isolates conforn with E. carotovora var. garotovora. Therefore,
it is belleved that isolate I represents a mild form, and isolabe
III a more severe form of Hhe aforenaned Phytopathogenic bacter—

ial orgaonisn.

1t is to be mentioned here that Rudakov gt al.(1950);
Maller (1953); Sabet (1954); Del Prado (1959); Oshima and Dick-
ens (1968); Gorlenko (1970); and Chakrevarti and Hegd: (1972)
reported E. carotovora as the causal organisn of the soft ot

of cabbage o

Isolate VII was found to have the following main properties:
strait rods, (Ol = 0.5 x 1t = 2.2 A). Motile by polar flagella
(1 to 3)e Gram negative. Strictly aerobic. Produced diffusible
fluorescent pigment (green changing to brown). These character—

istics obviously show that it is a species of Pseudomonas .

Although the strain under investigation cannot be assigned to
any well characterized species of Pseudomonas » yet it has many
points in common with P, polycolor » These are shown in Table 21.

It is worth mentioning here that in Bergey's Manual of
Determinative Bacteriology (1957 and 1974) P. polycolor is
reported as animal pathogen (wound, burn and urinary tract
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Table 21 = Certain characteristics of isolate VII in

comparison with those reported for ¥, polycolor

Character

Isolate VII

£e polycolor

S8hape of cells
Size

Motility
Pignmentation
Flagellation

Chains (short)

Gram reaction
Capsule

Catalase activity
Anaerobic growth
Starch hydrolysis
Action on litmus millk
Iipolytic action

Production of anmonia
fron nitrate

Gelatin liquefaction
HéS Production
Indol formation

Rods
0.4~0.5 x
l.4~2}2,ﬂ
+
+

1 « 3 polar

-

Optimun growth temperature 30 - 35

Growth at 40 °¢C
Alkali from citrate

+
+

Rods

0.5=0.8 x

1i5«333 1
-
+*

12 polar;
or more
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‘Table 21 ¢~ Continued

Utilization of organic compounds 3

Arabinose + . +
Xylose + &
Glucose + +
Fructose + +
Galactose + +
Lactose - -
Sucrose - -
Maltose - -
Glycerol Weak +
Mannitel 7 Weak F
Sa. _cin - -

.+ positive reaction - negative reaction
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infections) and occasionally pathogenic for plants (isolated

fron spots of tobacc0o).e

Pe maculicola and e cir'horii were reported as pathogens

affecting cabbage heads (Summer, 1972), but greab differences
between these organisns and that under consideration do exist

and need nct be discussed here .

It will be renembered that most of the experimental work

was made with isolates I, III (i.e. strains of E. carotovora)

and VII (a suspected strain of P. polycolor).

As regards the host range of these strains, all of them
could induce rot symptoms; but of varying severit_y',‘ in the
following hosts : Zea mays L. ver Aoricani badry, Lactuca
sativa L. vere onglfolla, Lycopersicon esculentum Mille. Var.
Pritehard, Solanunm tuberosun Le vaTe Alpha, Se meloggeni? Le VaTe
Black Balady, Cucurbita pepo L. Vars Esksndarani, Rap hanus

sativus L, var Balady and Daucus carota L. VaTe satlva .

The strain of B« R olyeok or appeared to be of wider host
range in comparison with the two strains (I and III) of E.
carotovoras it infected 11 plant specles out of 12 tested onesSe
This isolate infected calla and cauliflower whereas both iso=-

lates of Erwinia were nob able to parasitize these plant specles.
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Isolate III was unable to infect onion whereas isolate I
infected its bulbs only, and isolate VIT its tubular green
leaves only. Canna plants appeared Yo be immune to all tested

bacteria .

In general, host range studies showed that isolates
vary independently as regards severity of symptoms they in-
duced on different hosts: For example, isolate VII“tnduced the
most severe rot symptoms in lettuce, whereas in potato and

Squash such symptoms were incited by isolate IIT ,

Clear hypersensitive reaction appeared 24 hrs after in-
Jjecting White Burley tobacco leaves (in the mesophyll) with
the Pseudomonas isolate (i.e, isolate VII) only, whereas no
symptomns appeared in case of inoculation with the two isolates
of Erwinia . Klement et sl.(1964) found bhat pseudomonads,
bPathogenic to plants other than the Tobacco, induced hyper-
sensitive reaction when introduced into intracellular spaces
of tobacco leaf, whereas P. tabaci (pathogenic to tobacco)

did not initiate such effect ,

It was found that the head (leaves) of Kahira Hagin
cabbage was the main route of infection with the strain of
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P. polycolor (isolate VII), Similar results were obtained with .
other head~-rot pathogens of cabbage or Chirese cabbage (Ruda-
kov et al., 1950; Togashi and Uakamoto, 1963; 196C; 1970)

Waen the three bacterial isolates were tested, on nutrient
glucose azar, against each other for Possible antagonistic

acticn, cnly isolate VIT (Eseudomonas) appeared to have inhibe

itory effect against both other ones .

When studying the interference between isolates in greens
house tests, it appeared that simultaneous inoculation with

any of the Erwinia isolates and the Pseudomonas strain resulted

in a reduction of bacterial rot symptoms as compared to inocul-
ation with any of the three involved igolates when tested alone.,
Thls indicates that in mixtures the isolates are not synergistic
but slightly antagonistic .

Soherff (1973) inhibited the bacteyial blight of soybean
caused by Pseudomonas glycinea by mixing it with yellow bact-

erium (YB - 3), at 1 : 9 ratio, befare inoculation into 8Qy—

bean leaves .

Under the conditions of the present work, the Pseudomonas

isolate was transfitted by a biting insect (cotton leaf woxrm)
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but not by a sucking insect (cabbage aphid). This could be
explained assuming that large insects would carry 70re€ inocului
and their activity in scratehing the leaves would imply greater

effectiveness at introducing the bacteria into the head tissuesSe

Beaterial growth on different media (solid and liquid)
and utiiization of different orgam.c compounds are adequately

described .

Generally, good growth of all isolates Was obtained on
nutrient-glucose agar, nutrien’c-?glucose agar contairing 0.3 %
veast extract , glucose asparagine agar, bouillon glucose,
T - 3 (particularly if supplemented With 0.3 % yeast

extract), and glucose asparagine solution.

The minimum, optimum, and maximum temperatures for growth
of the tested bacteria were : 3 -~ 10, 30, 35 = 40 °C for isom=
lates of group 1 (M&),@ 5, 30, 35 °C¢ for :Lsolates of
group 2 (_m_::lga.;i.__); and 15 = 20, 30 - 35, ~40 °C forwn_.sqlates
of group 3 (& geudeggggg). The thermal death o.f all ]}:gv_n__n.:l.a

isolates was found to be 55 °¢, whereas that of Pseudomohas

isolates was 57 °C. The opbinum pH velue for growth of the

Erwinia isolabes Wwas 6,8 4 7.8, but for the tested Pseudomonas

e ——itee e —

isolate (No. VII) it was 6.2 .




- 113 -

The enzynatic-—activity study revealed that all tested
isolates of Erwiria and Pscudoncnas (i.e.. isolates I, III,
and VII) were positive for ,2sbolytic enzymes (liquefaction
of pootste gel and produchsca of PME, FG, and PP) and for
catalass proluction. With coacern to B-glucosidase; the
Brvisis fuvnlabus were the only ones which showed activity .

Bduile abttempts have been nade to correlate virulence of
phytopathogenic bacteria witt their enzynmatic activities
(Sabet and Dawson, 1951; Sabet, 1952; Smith, 1955, Dye, 1960;
Welton and Ceppellini, 1962; Harborne, 1964; Hildbrand and
Schroth, 19643 Rudolph and Stahmann, 1964; Digate, 19713

Abo~El—-Dghab $nd El~Goorani, 1972; Zalewski and Sequeira,
1973; Shihata; 1974; and El-Sedek, 1967) .

The Pseudomonas isolate, which, in comparison with the
Erwinia isolafes, caused the most severe symptoms in patho-
genicity test |appeared to be the most active isolate in
liquifying pe¢tate gel and in breaking down of pectin. In
this respect, |Sabet (1952) reported that certain specles of
both genera liquified pectate gel and that liquefaction of

pectate gel céuld be considerable as a oreberion on which to
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distinguish phytopathogenic fron nonpathogenic organisis .

GeneralIv the present work shows tkhat no direct relation-
gl ip exist bgbween PP activity and FiE,PG or liquefaotion of a
pectate gel. fhis comes in close agreement with the previously

reported resfits on pectolytic activity in Xanthomonas

(Dye, 1$60)

Concerning B-glucosidase activity it was found that both

Erwinia isolftes secreted the enzyme, whereas the Pseudomonas

isolate did pot. Such result partially supports those of
Shihata (19’7 ) who found that less virulent strains of Strepto-—
myces scabiep Was more active in B-glucosidase activity.
Shihata concjuded that B~glucosidase activity could play a role
in virulence| by means of releasing plant phenols (which, as
cited by himl after Harborne (1964), occur in plants as
glucosides free compourds) and thus rendering the host

tissue more [toxic to the invader .

Generajjly, the auther is inclined to support the con-'--
clusion made* by El-Sadek (1976) that no generalization may
yet be adoptied as far as correlation between virulence of
phytopathogdnic bacteria and their enzymatic sctivities is

concerned .
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The toxicify of different phenolic compounds (i.e., pyro-

catéchol, resorpinol, hydroquinone, p-benzoguinoe) to the

bacterial isolates was bested under laboratory conditions .
The most activd compound was found to be p-benzoquihone,
followed by hydroquinonc and then pyrocatechol. p-Benzo;
quinons inhibitjed the growth at all three tested isolates

at 125'ppm; whereas hydroquinone and pyrocatechol suppressed
the growth of Hhe Pscudomonas isolate at 125 ppm and of bqth

Erwinia isolatds at 250 ppm .

Previous Workers found that phenols and, particularly;
quinones were Highly active against the bacteria they tested
(Schasl and JoHnson, 1955; Darwish, 1966; Shihata, 1974; and
El-Sadek, 1976) .

El-Sadek {1976) found that pwbenzoquinone was the most

active phenoliq compound among those he tested against a

nember of the

The preseft study showed that the Pseudomonas isolate

was more sensifive to the tested compounds than the Erwinia

isolates .«
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The susceptifility of 2 Erwinia (mo. I and III) and 3
Esﬁﬂdp@pas (no. il) to some antibiotics and PungiBides was
I

investigated in

o and in vivo .
[T e )

Six fungicidde (iees, Dithane Z-78, CGopper oxychloride,

Terradlor, Benlafe, Bavistin, and Topsin) znd 2 antibiotics

(Oxytetracycline ghloride and Neomycin sulphate) were tested

in vitro. It was found that Oxytetracycline and Neomycin were

nore effective in
tested fungicides,

cane next to antih

inhibiting bacterial growth than any of the
Dithane Z-78 followed by Copper oxychloride

liotics in the antibacterial action .

Oxytetracycline and Neomycin have been previously reported

as being highly ag

tive against other soft-rot inducing Erwinias

(Morgan and Goodngn, 1955; Belltykova et ale, 1966; and Rushdi

gt al., 1972) and
(Katznelson and Sy
Goodman, 1955; Kng

and Weaver, 1970) !.

against some phytopathogenic Pseudomons

frton, 1951; Shewan,et al., 19543 Morgan and
sel and Thill, 19663 Knosel, 1967; and Keil

As regards ft}ngicides; Dithane Z~78 was reported to be

ineffective When Yested in mediun against E. carotovora at low

concentration (El4Helaly et al., 1969); however, at relatively
higher concentration (1000 ppm) this fungicide completely in-
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E. aroidese, Ee garotovora, and E. gtro-

septica (Rushdi e} al., 1972) .

The antibiotics Oxybetrasycline and Neomycin, and the

contact Ffungicidep Dithane Z-78 and Cu oxychloride (which all and

in " the order nanefl proved to be highly toxic to the bacteria

in vatre) “rere selected for trials to control the head soft

rot of B. gieracepe L. var capitata oultivar Kshira Hagin

plants incited by

isolate I (Erwinia carotoirora) and isolate

VII (Eseudomonas polycolor).

Field~-grown
one spray with a
poundes Tests incl
or 7 days before :
and three differ

All antobiot]
were effective in
biotics in most c
actione In most c3

ing the concentrat

ira Hagin cabbage plants were given only
uspension (or solution) of the tested come
ded three different times applications ( 3
oculation, or one day after inoculation)

t levels of each compound .

¢s and fungicides tested in this experiment
decreasing disease severity. However, anti-
es preceeded fungicldes in antibacterial

es, disease severity decreased with increass

ion of the compound .
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3 days before inc

when used one dajf

The antibiof
effective compowr
fection inecited Y
days before, or ]
strongly or comp]

concentration ang
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s varied as regards the best tine of appli-~

| pathogens, fungicides gave best results

lys before inoculation. Both antibiotics

ve against the Brwinia isolate when applied
culation, but against the Pseudomonas isolate

after inoculabtion .

ic oxybetracycline chloride was the most

4 used; in 1974 it completely inhibited in-
)y either isolates when sprayed at 75 ppm 3

| day after, inoculation and in 1975 it either
letely inhibited infection at the mentioned

| tines of applicatian .
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SUMMARY

var «oapii35e culltiver Kakhira Hagin was encountered in the

fapns of Facultly of agriculture, El-Minya University and

Secondary Schoqll of sgriculture at El-Minya. The purpose

of this investigation was to identify, to study the pro-

perties of, and to find sone control neasures against; the

pathogenic orggnisn (s) »

Results

-

dould be surmarized in the folloings @

1 = Ten bacteria were isolated fron ten naturally infected

2

cabbage p;ants:.Ancording to norphological, physiological

apd pathological charactaors they could be classified into

3 groups.|Isolates of group 1 ( I and IT ) and group 2

( III to

VI ) appeared to be representatives of the

~ genus Erwinis, whereas those of group 3 ( VII to X ) of

the genus Pseudoronas s

- Isolates;

straight

of groups 1 and 2 are non-sporeforming; single
rods neasuring 0.6 = 047 x 0.8 - 0.9 JL (group 1)

and 0,5 = 0.8 x 0:95,H.ﬁgroup 2), motile by 2 f 6 peri-
trichous [flagella, surrounded by a sline jayer, Gran -
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negabtives Npt lipolytice Do not hydrolyze starch. Reduce

nitrate to pitrite; indol negative. Produce acid and gas

from glucosp, frutose, and galactose. They are faculte

ative aerobps. Not plgnented., Produce Hgs .

The Pspudononas isolabes are non-sporeforning, single

strelght rofls, sonetines in pairs or short chains, neasur-

ing Oc¢4 = 045 x 1.4 = 2.2 Jl, notile by 1 - 3 polar flagella,

non-capsulafed, Grarl-Fnegative, Not lipolybic , do not hydro-

lyze starch, Reduce nitrate to amnonia, indol negative.

Produce acif but no gas fron glucose, fructose and galactose.

They are st3
pignent. Do

rictly aerobic and prbduce fluorescent green

not produce HZS .

The mu[lmum, optimun, and naxinun tenperatures for

growth of tli‘
for isolatesi
lates of grq
for isolateq

point of al]

Pggudononas |
of the Erwin

the tested g‘

5 - 10, 30, 35 - 40°C
of group 1 (Brwinia);{ 5, 30, 35 °C for isé-l
up 2 (Erwinia); and 15 - 20, 30 - 35;> 40 °C
of group 3 (Pseudomonas)_, The thernal deafh
Erwinia isolates is 55 °C whereas that of

¢ Tested bacteria are :

isolates is 57 °C. The optimum pH for growth
ia isolates (I and ITI) is 6.8 — 7.8, but for

seudomonas isolate (VII) it is 6.2 o
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Good [rowth of all isolabes was obtained on nutrient

—glucose epar, nutrient - glucose agar containing 0.5 %

yeast extr
(particula

and glucous

khct, glucose asjparagine agar, Bouillon glucose
rly if suppleiizated with 0.3 % yeast extract);
e asparagine soiubtione. They utilized different

cohols, as well as citrate and tartarate »

| characteristics are also reported »

The organisns do not decompose cellulose; but rob

potato slices. They cause soft rot and necrosis in heads

of infected plants .

3 - Morpholog]
" isolate
Val‘_. CEI‘OH

polycolor
group 2 ex

iological

4 w Artificial
difference
tons incit
differenoce

noderate |

cal and physiological characters revealed that
s of group 1 and 2 Gonforn with Erwinia carotovora

lovora, whereas those of group 3 with Pseudononas
+ Differences between isolates of group 1 and
isted nainly in virulence and slightly in phys=—

characters

inoculation of cabbage heads revealed certain

s as regérds the severity and type of ro¥ Symp—
ed by different isolates. According o these

s isolates could be classified to mild (group 1),
group 2) and severe (group 3) ones. Rot symptons
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were associfted with light brown discolouration (groups
1 and 2) or with blackish violet discolouration plus

tissue necrpsis (group 3) .

- Host range ptudy revealed that the tested isolates (I, IIT
énd VII) colld produce rot sympboms, but varying severity;

in +tnz follpwing hosts s naize, lettuce, tomato, potato,
egglant, stuash, raddish, and carrot. The strain of E.
polycolor (ho. VII) appeared to be of wider host range

in comparispn with the 2 strains (I and III) of E.carotiovora.
1% infected calla and cauliflower whereas both isolates of

Erwinia did| not .

. Clear hyperSensitive reaction appeared 24 hours after ine
jecting Whilte Burley tobacco leaves (in the nesophyll)
with the Egeudomogaé isolate (i.e., isolate VII) only,
whereas no symptoms appeared in case of ingculation with

the 2 isolstes of Erwinia .

It was fourld that the head (leaves) of Kahira Hagin cabbage

was the main route of infection with the strain of P. poly-
color (isolate VII) .




8 = When the Y

10 =

on nubrier
antagonist

appeared {

When-
grs2ninuse
with any ¢
resulted J
compared 1

isoplates v

Undexr the

-.123 ~

acterial isolates I, ILT, and VII were tested,
\t-_glucose agar, against each other for possible

ic action;_ orlv isolate VII (Pseudomonas)

6 have inhibitcry effect a,ga:.nst bofli!o"ther_ oness
studiying the interference between isolabtes in
tests, it appeared that simultaneous inoculation

£ the Erwinia isolates and the Pseudomonas strain

n a reduction of bacterial rot s;y:r;zptoms as
o inoculation with any of the three involved

rhen tested alone.

conditions of the present work, the Pseudomonas

isolate wiks transmitted among cabbage plants by the cotton

leaf wornm

Enzymatic
lates of ]

but not By cabbage aphid .

activities study revealed that all tested iso=

-

and Pseudomonas (i.e., isolates I, III

and VII) were positive for pedtolytic enzymes (liquefaotion

of pectatb:

catalase

gel and production of PME, PG, and FP) and for
productions With concern to Beglucosidase, the

Erwinia ipolates were the only ones which showed activity.




11 - Tests on tcxicity of some phenclic compounds (1scey pyio~

catechol, rlesorcinol, hydroquincne, and p=ber zoquinone)

erial isolates

to the bast iy IIT and VII revealed that the

nost inhibito;r:y substan: zs were sp-benzoquinune followed by

Lydroquinong and then ,jyruccatechcl. p-benzoquinone in-

hibited the| growth of all 3 tested isolates abt 125 ppum,

Wheiens hydrcquinone and pyrocatechol suppressed the growth

OFf tiue Dseufiomonas isolate at 125 ppm and of both Erwinia
isolates at|250 ppm .-
12 - Experiments on the in yitro and in vivo sffects of 2 anti-

€& fungicides againgt the bacterial isolates
II showed that

biotics and
I, IIT and Vv

-
-

i = Oxytetracycline chloride and Néomycin sulphate were
more effective in inhibiting bacterial growth than any of
pgicides (i.es, Dithane Z-78, Copper oxychloride,
enlate, Bavistin,and Topsin). Oxybetracycline
sed completie inhibition of the Brwinia isolates

¢ concentration used (10 ppm) an of the Pgeudo-

the tesed fu
w2rraclor, B
chloride cau

at the lowes

bongs isola
cited such e
the latter o

(Dithane Z-7!

e at 25 ppm, whereas Neomycin sulphate ine-
Ffect to the former isolates at 25 ppr and to
be at 50 ppm. The most effective fungicides
p and Copper oxychloride) showed such effect




