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Microbial contaminants were isolated from in vitro callus cultures of garlic Allium sativum L. and Allium longicuspis
Regel and identified as Bacillus circulans, Staphylococcus xylosus and Staphylococcus warneri. The isolation procedure
was based on microbial enrichment in different media and on microscopic preparations using Gram- and Methylene
Blue stainings. Pure cultures of isolates were grown and then identified using commercially available identification kits
(API 50 CHB and API Staph) as well as a series of specific physiological tests. Screening experiments with a broad

spectrum of antibiotics have shown that the growth inhibition of contaminants was strain-dependent, thereby display-
ing different minimum inhibitory (bacteriostatic effect) and critical bactericidal concentrations. Phytotoxicity effects
and persistence of the antibiotics were examined with a selection of three substances (erythromycin at 10 mg/l, gen-
tamycin at 10 mg/l, imipenem at 5 mg/l) supplemented to the in vitro media and subsequently used for culturing of
the calii. Neither phytotoxic effects nor visibie bacterial growth (colony formation) were observed with the cultures,
but rod-shaped bacteria identified as B. circulans could still be isolated from microbial enrichment samples of the plant
material. Although the antibiotics exhibited pronounced bacteriostatic effects, endospores from bacilli may survive

such a treatment.
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1. Introduction well as medicinal (e.g. Ref. [3]) properties. Garlic
is a sterile plant which does not form seeds, except
Ga .r!. (Allium sativum L) is a crop traditionally in very few cases [4]. It is, therefore, propagated
used a essential ingredient of various foods. It almost exclusively asexually by means of under-
is well recogmzed because of its antibiotic [1,2] as ground cloves or vegetative topsets in the inflores-

cence. The problem of garlic sterility was reviewed
recently by Pooler and Simon [5]. These authors

have put f forward the hvr\nthemc that mvcopnlasma-
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reproducibility [6,7). Furthermore, vegetative
reproduction of garlic may lead to chronic con-
tamination with viruses [8,9] and other micro-
organisms. The absence of sexual reproduction of
garlic also lessens its genetic variability. For these
reasons, regeneration of plants from in vitro cul-
tures and particularly garlic protoplasts may be a
useful method to overcome the inability of sexual
reproduction. Garlic is known to contain some an-

tibacterial substances 101 Nr\mpvpr cultures
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often exhibit a chronic contamination by micro-
organisms possibly involved in growth defects of
the plant [11]. Although comprehensive papers
conceming Allium cultures have been published
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regarding the nature and the persistence of
microbial pathogens hosted in the plants. As
demonstrated in previous studies [13,14], in vitro
cultures of sterile species A. sativum and Allium
;o‘ng:cusp‘is were uighl'y' COi‘itc’iﬁ‘ui’iaLcu, whereas
with fertile species of Allium porrum and Allium
schoenoprasum only a low contamination level was
evident. To avoid such problems with in vitro cul-
tures of the genus Allium, Fellner [15] proposed to
use antibiotics as growth-inhibiting supplements
to the plant medium.

This study was undertaken primarily to examine
the nature of microbial contaminants present in
callus cultures of two garlic species, i.e. cultivated
A. sativum and its putative progenitor wild type A.
longicuspis. Additionally, the suitability of dif-
ferent antibiotics to inhibit the growth of the isola-

ted and identified bacteria was examined.
2. Materials and methods

2.1, Plant material

Cultivated garlic Allium sativum L. cv. ‘Mora-
van’ and wild type garlic Allium longicuspis Regel
(collected in the area of Issyk-Kul lake in

Uzhekistan) from the eermnlasm collection of the
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Department of Botany, University of Palacky,
Olomouc, were used. 4. sativum is a pollen sterile
plant, while its progenitor A. longicuspis [5,16,17]
has fertile pollen but sterile ovules. Virus-free gar-
lic nlants, originallv obtained from the meristem-
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tip [8] were used as the source of in vitro cultures.

They germinated and grew in the greenhouse
under natural light conditions at 23-27°C.

2.2. Callus cultures

For isolation and identification of microbial
contaminants from garlic callus cultures derived
from basal parts of young leaves on culture, MS

medium [18] supplemented with 2.5 uM 2,4-D, 10
uMIAA and 10 M kinetin HA] was used, Derived

M IAA and 10 M Kkinetin [14] was used. Deriv
garlic calli were maintained in the dark at 25°C on
BDS medium [19] supplemented with 30 g/l
sucrose, 1 gM 2,4-D and 5 uM kinetin (adjusted to
pH 5.7 before autoclaving) and solidified with agar
(0.8% w/v). Calli were transferred to fresh media
monthly. During long-term culture, some of those
calli of both species showed visible microbial con-
tamination appearing as yellowish turbidity (for-
mation of microbial colonies) at the point of
contact of the calli with the medium. Con-
taminated calli as well as calli free of visible infec-
tion were used as the source material for the
experiments presented in this paper. In addition,
visibly non-contaminated calli of A. longicuspis
maintained under light (16-h period, 3200-3600
Ix) were also used.

2.3. Isolation and identification of microbial con-
taminants

2.3.1. Isolation procedure

One-gram portions of the subcultured calli were
harvested and transferred into 100-ml Pyrex bot-
tles containing 50 ml sterile physiological sodium
chioride solution. The botties were closed and
shaken vigorously for approximately 2 min and
left for another 10 min, before pipetting aliquots of
0.5 mi into a second series of bottles containing 50
ml Caso broth (Merck) (enrichment of bacteria)
and Worth broth (Merck) (enrichment of yeasts).

The samples were incubated in duplicates for 2
weeks at 25°C and 30°C, rpcmt‘hvplv During this
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period, the enrichment flasks were inspected daily
for their turbidity indicating microbial growth,
under defined light conditions. In cases of highly-

contaminated plant material already exhibiting
visible colonies on the surface of the callus culture
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medium, swabs were drawn and directly transfer-
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red into flasks with Caso broth, followed by in-
cubation under analogous conditions. From those
enrichment broths showing turbidity, 100-ul
amounts were taken and used for preparing Gram
and Methylene Blue stainings for microscopic
evaluation (total magnification 1000 X ). In addi-
tion to the macroscopic examination of colonies of
isolates produced on the agar medium and the
morphological criteria checked microscopically
(i.e. shape of cells and colonies, Gram reaction),
different tests were carried out to identify the
micro-organisms. For this purpose, pure cultures
containing single bacterial strains were produced
by using fractionated loop-streakings on a solid
substrate. For Gram-positive rods, the medium
described by Mundt and Hinkle [20] (1 1 medium
contained the following ingredients: peptone from
meat, 5 g; meat extract, 5 g; yeast extract, 3 g; glu-
cose, 5 g; cycloheximide 2 g, agar-agar, 17 g) and,
for Gram-positive cocci, Caso agar (Merck) was
used.

2.3.2. Identification of Gram-positive rods
Identification of Gram-positive rods was carried
out based on the API 50 CHB identification kit
(BioMérieux, Marcy-I’Etoile, France), in com-
bination with the APILAB software. In addition
to this basic differentiation, further morphological
and physiological tests as outlined in Bergey’s
Manual of Systematic Bacteriology [21] were
necessary to identify the isolates. Pure cultures
were checked microscopically for their motility,
based on hanging-drop slides prepared from 24-h-
old cultures grown in Caso broth. To detect and to
localize endospores, endospore stainings were
prepared from surface cultures of the same age
grown on Caso agar, using aqueous solutions of
Malachite Green 5% (w/v), Eosin G 2.5% (w/v)
and Safranin 0.5% (w/v). Catalase activity was
detected on a slide, based on the observation of
oxygen bubbles during mixing of bacterial cells
(taken from the agar surface) with a drop of 3%
(v/v) H,0, with a loop. Tubes containing 5 ml
standard I broth (Merck) were used for examining
the growth behaviour of the bacteria at different
temperatures. For this purpose, tubes were in-
spected for their turbidity caused by bacterial
growth, after incubation for 48 h at 10, 30, 40 and

50°C, respectively, using thermostated water-
baths. The same basal medium was taken for test-
ing the compatibility of the bacteria to different
sodium chloride concentrations. Five-millilitre
portions of broth supplemented with 2%, 5%, 7%
and 10% (w/v) NaCl were inoculated with a loop
of a 24-h-old bacterial culture, then incubated for
48 h at 30°C and then checked for bacterial
growth. Amylolytic activity of bacteria was
detected based on loop-streakings on Standard
Plate Count agar (Merck) enriched with 2% (w/v)
soluble starch (Merck). After incubation for 48 h
at 30°C, starch hydrolysis was examined based on
the formation of a clear halo around the bacterial
colonies when layering 2 ml of Lugol’s solution on
the surface. Calcium caseinate agar according to
Frazier and Rupp (Merck) and enriched with 0.5%
(w/v) skim-milk powder was used for the assess-
ment of the proteolytic activity of isolates. After
loop-streaking the isolates on the agar and in-
cubated for 48 h at 30°C, proteolytic bacteria pro-
duced a clear hydrolysis zone around the colonies.

2.3.3. Hdentification of Gram-positive cocci

The API Staph identification kit (BioMérieux)
was used for basic identification of the isolated
cocci. Catalase activity of pure cultures was exam-
ined as described for the rod-shaped bacteria. Fil-
ter disks impregnated with dimethyl-p-phenyl-
enediamine (BioMérieux) were used for detecting
oxidase activity. Columbia mutton blood agar
(BioMérieux) served as a medium indicating
haemolytic activity of isolates, Kanamycin-
aesculin-azide medium (Oxoid) was used for
visualizing the aesculinase activity. Lysostaphin
resistance of bacterial strains was checked by
means of agar diffusion testing. For this purpose,
0.1 ml of a 24-h-old bacterial culture were
suspended in liquefied Caso agar at 50°C in a Petri
dish. After solidification of the medium, sterile fil-
ter disks impregnated with an aqueous lysostaphin
(Sigma Chemicals, St. Louis, USA) solution at 0.5
mg/ml were transferred onto the agar surface using
sterile forceps. Plates were incubated at 37°C for
48 h and then checked for a halo appearing around
the disks. A clear inhibition zone was taken as an
indicator for a bactericidal effect of lysostaphin
(i.e. non-lysostaphin resistance) against the isolate
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examined. The Slidex Staph agglutination kit
(BioMérieux) was applied to distinguish within the
genus Staphylococcus by assessing coagulase and
clumping activities. Growth behaviour of cocci at
15°C and 45°C and at NaCl concentrations of
10%, 12% and 15% was examined under conditions
analogous to those applied for the examination of
the rods.

2.4. Maintenance of bacterial isolates and prepara-
tion of endospore suspensions from bacilli cultures

Cultures of bacterial isolates were maintained in
Caso broth throughout and propagated either 24
h before being used in different test series or at
least weekly, by inoculating a freshly prepared me-
dium with the preceding culture. In the latter
mode, cultures were stored intermittently at 5°C
until reactivation. Endospore suspensions of
bacilli were produced by pasteurizing a suspension
of bacilli for 10 min at 80°C in a thermostated
water-bath. The suspension of bacilli was prepared
from surface cultures on Caso agar which were
transferred with a loop into a sterile 0.85% (w/v)
sodium chloride solution.

2.5. Viable count determination

For the examination of bacterial counts as well
as endospore counts, appropriate decimal dilu-
tions of bacterial and endospore suspensions in
sterile 0.85% (w/v) sodium chloride solution were
prepared and transferred into liquefied Caso agar.
Solidified plates were then incubated for 72 h at
30°C.

2.6. Antibiotic sensitivity of bacterial isolates

Growth inhibition of bacteria by antibiotics was
screened using different techniques. In a series of
agar diffusion tests, bacterial cultures pre-grown
in Caso broth for 24 h at 30°C were streaked
radially on the agar surface, beginning at the cen-
tre of the plate. Filter disks impregnated with an
inhibitory substance were placed on these sectors.
They contained cefotaxime, cephalothine cipro-
floxacine, cloxacillin, chloramphenicol (200, 100,

50, 20 ug/ml, respectively), imipenem (20, 10, 5, 2
pg/ml, respectively), kathon (30, 15, 7.5, 1.5 ug/ml,
respectively), neomycine, novobiocin, polymyxine
B (200, 100, 50, 20 ug/ml, respectively), plumbagin
(10, 5, 2, 0.5 ug/ml, respectively) and streptomycin
(200, 100, 50, 20 ug/ml, respectively). Antibiotics
were of analytical grade and purchased from
Sigma, except imipenem which was provided by
Merck-Sharp and Dohme (Rahway, USA) and
kathon by Rohm and Haas (Vienna, Austria).
Plates were incubated for 48 h at 30°C and then
checked visually for inhibition zones around the
filter disks. From these tests, the inhibitory effect
as well as the effective concentration of the antibi-
otics were estimated. In a second test series, the
commercially available ATB G+ antibiogramme
kit was used. For these tests, the advice given by
the manufacturer was followed throughout.

Based on the above described screening tests,
the minimum inhibitory concentration (MIC) in-
dicating the critical bacteriostatic concentration of
an antibiotic was determined as described by
Drews [22]. For this purpose, serial dilutions of
tubes containing 6 ml nutrient broth (1 I of medi-
um contains: tryptone 5.0 g; yeast extract 1.5 g;
meat extract 1.5 g; glucose 1.0 g; NaCl 3.5 g;
KH,PO, 3.5 g; KH,PO, 3.7 g) supplemented with
different antibiotics were inoculated with 24-h-old
bacterial cultures at a strength of 0.01% (v/v).
Tubes were checked visually for bacterial growth
after incubation for 48 h at 30°C. Besides the MIC,
the critical bactericidal concentration (CBC) of the
inhibitory substances was also examined by per-
forming plate counts on Caso agar of aliquots
taken from the incubated antibiotic-containing
broths as used for MIC testing. A viable count
reduction of at least S log-units compared with the
non-antibiotic-containing blind sample was ac-
cepted as an indicator for a distinct bactericidal
effect.

Tubes containing 10 mi Caso broth enriched
with antibiotics selected (erythromycin, gen-
tamycin and imipenem) were used for additional
inhibitory tests under long-term storage condi-
tions. Bacterial growth was checked based on tur-
bidity of the medium as well as on the formation
of surface colonies when plating sub-cultures on
Caso agar (incubation conditions: 72 h at 30°C).
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2.7. Phytotoxicity and bacterial inhibitory effects of
antibiotics supplemented to the in vitro medium

Callus cultures were grown on MS as well as on
BDS medium containing selected antibiotics at
defined concentrations, based on above described
inhibitory tests. Cultures were inspected for
growth defects of the plant material as well as for
the appearance of bacterial colonies on the medi-
um during an incubation period of 12 weeks.
Microbiological samples were drawn from the col-
onies by using the swab method (see Section 2.3)
and from rinsing-solutions obtained when washing
5-g portions of the calli with sterile aqueous sodi-
um chloride solution 0.85% (w/v), after 6 and 12
weeks of incubation. Samples were enriched
bacteriologically under analogous conditions and
then examined microscopically.

3. Results and discussion

3.1. Identification and characterization of con-
taminating micro-organisms

Turbidity of microbial enrichment broths was
taken as a primary indicator for microbial growth
and only observed with those callus cultures that
showed microbial colonies on the in vitro culture
medium, regardless of the incubation temperature
used. Plant cultures exhibiting no visible contami-
nation were found to be microbiologically sterile.
Purified single cultures from the turbid enrichment
broths were differentiated bacteriologically as
listed in Table 1. No yeasts were found in the ma-
terial examined. Callus cultures of Allium sativum
were contaminated with a single strain of rod-
shaped bacteria producing endospores, those of 4.
longicuspis contained two different strains of cocci.
Based on further biochemical testing (Table 2), the
rods were identified as Bacillus circulans and the
cocci as Staphylococcus xylosus and Staphylococ-
cus warneri. As reported by other authors [23-26],
bacteria of these species are associated frequently
with in vitro plant cultures.

3.2. Bacterial growth inhibition and phytotoxicity
by antibiotics

To suppress microbial contamination it is com-
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Table 1
Basic identification results of bacterial isolates A, B and C

Test criteria Isolates?
A B C

Gram reaction + + +
Morphology of Short rods  Cocci Cocci

cells
Endospores + n.d. nd.

Position Central

Shape Ellipsoidic

Sporangium Swollen
Motility + - -
Starch hydrolysis + n.d. n.d.
Casein hydrolysis + nd. nd.
Catalase activity  + + +

Oxidase activity  n.d. - -
Aesculinase activity n.d. - ~
Haemolytic activity —
NaCl tolerance

|
|

2% + + +

5% + + +

7% (+) + +

10% - + +

12% - + +

15% - (+) (+)
Temperature tolerance

10°C - - +

15°C + + +

30°C + + +

40°C + + +

45°C - {+) +

50°C - - (+)
Lysostaphin n.d. - -

resistance
Nitrofurantoin n.d. - -

resistance
Resuit Bacillus Staphylo- Staphyio-

circulans coccus coccus
xylosus warneri

%0ne rod-shaped bacterium designated A was isolated from
cultures of Allium sativum, two strains of cocci designated B
and C were isolated from cultures of Allium longicuspis.

+, positive reaction; (+), weakly positive reaction; —, nega-
tive reaction.

n.d., not determined.

mon to use antimicrobials as supplements to the
plant culture medium [27,28]. Supplementation
with antibiotics may, however, lead to phytotoxici-
ty problems and to the resistance of micro-
organisms against the inhibitory substance. It
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Table 2
Additional identification results of bacterial isolates A, B and

C as obtained using specific test kits API 50 CHB and API
Staph

Test criteria Isolates®
A B C

Glycerol + n.d. nd.
Erythrol - n.d. n.d.
D-Arabinose - nd. n.d.
L-Arabinose + nd. n.d.
Ribose + n.d. n.d.
D-Xylose - nd. nd.
Adonitol - n.d. nd.
B-Methyl-xyloside + n.d. n.d.
Galactose + nd. n.d.
D-Glucose + + +
D-Fructose + + +
D-Mannose + + +
L-Sorbose - n.d. n.d.
Rhamnose - n.d. n.d.
Dulcitol - nd. nd.
Inositol - nd. n.d.
Mannitol + + +
Sorbitol - nd. n.d.
a-Methyl-p- - n.d. n.d

mannoside
a-Methyl-D- - - -

glycoside
N-Acetyl-glucos-  + + -

amine
Amygdaline + n.d. n.d.
Arbutine + nd. nd
Esculine + n.d. n.d.
Salicine + n.d. n.d.
Cellobiose + n.d. nd.
Maltose + + +
Lactose + + +
Melobiose + + -
Sucrose + + +
Trehalose + + +
Inuline - n.d. nd.
Melizitose - n.d. nd.
D-Raffinose + - -
Amidon + n.d. nd.
Glycogen + n.d. n.d.
Xylitol - + -
B-Gentibiose + n.d. nd.
D-Turanose + nd. nd
D-Lyxose - nd. n.d
pD-Tagatose - nd. nd
D-Fucose - nd. nd
D-Arabitol - n.d. n.d
L-Arabitol - nd. n.d
Gluconate - n.d. nd

Table 2 (Continued)

Test criteria Isolates?

A B C
2-Ketogluconate - n.d. n.d.
5-Ketogluconate - n.d. nd.

Nitrate reduction n.d. - -
Phosphatase alka- nd — -

line
Acetylmethylcar-  n.d. + +
binol
Arginine dihydro- n.d + +
lase
Urease n.d. + +
Result Bacillus Staphylo-  Staphylo-
circuians coccus coccus
xylosus warneri

# One rod-shaped bacterium designated A was isolated from
cultures of Allium sativum, two strains of cocci designated B

and C were isolated from cultures of Allium longicuspis; results
shown in Table ).

+, Positive reaction; -, negative reaction.
nd., not determined, depending on the necessity to be in-
cluded for bacterial identification.

should, therefore, be applied to a reduced extent
l?Q] Nevertheless. alternatives to this technigue

levertheless, alternatives to this technique
are obviously limited so far.

A representative spectrum of antibiotics were
screened for growth inhibition of bacterial
isolates. As can be seen from Table 3, various sub-
stances were, in principle, capable of affecting the
growth of the bacteria. To obtain more detailed in-
formation about the effect of antibiotics on the
bacteria, the bacteriostatic (MIC) as well as bac-
tericidal (CBC) properties of selected antibiotics
were examined. Fig. 1 demonstrates that the bacilli
were, in general, more resistant against the antibi-
otics than the staphylococci. As expected, a bac-
tericidal effect of nearly all substances was
obtained at distinctly higher concentrations than
that sufficient for bacteriostastis. Since survival

and germination of endospores of bacilli is a pro-
blems during lone-term culturing and/or storage of
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plant cultures, the inhibitory effect of the antibi-
otics on the endospores was checked separately.
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Table 3
Inhibitory effects of various antibiotics on the bacterial isolates

199

Antibiotics Concentration Isolates
(ug/ml)*
A B C
Bacillus circulans Staphylococcus Staphylococcus
xylosus warneri

Loop streak (agar diffusion) iesting
Cefotaxim 20 - + +
Cephalothin 20 - + +
Ciprofloxacin 20 - + +
Cloxacillin 20 - + +
Chloramphenicol 20 + + +
Imipenem 5 + + +
Kathon 1.5 + + +
Neomycin 20 + + +
Novobiocin 20 + + +
Polymyxin sulphate 50 + + +
Plumbagin 10 + + +
Streptomycin 200 - + +
ATP antibiogramme testing
Penicillin G 0.125 - - -
Oxacillin 2 - + +
Kanamycin 8 + + +
Tobramycin 8 + + +
Gentamycin 4 + + +
Tetracycline 4 + + +
Minocyclin 4 + + +
Erythromycin 4 - + -
Lincomycin 8 + + -
Pristinamycin 2 + - -
Fosfomycin 32 - - -
Nitrofurantoin 100 - - -
Quinolone 4 - - +
Rifampicin 16 + + +
Fusidinic acid 16 + + +
Vancomycin 4 + + +
Teicoplanine 4 + + +
Cotrimoxacole 8 + + +

%Only the lowest concentrations exhibiting an inhibitory effect on at least one of the isolates are shown.

+, Inhibitory effect observed; —, no inhibitory effect observed.

Freshly prepared endospore suspensions from
isolates of B. circulans were transferred into Caso
broths to give endospore counts of around 10°
CFU/ml; broths were supplemented with selected
antibiotics and then checked for MIC and CBC,
after incubation for 48 h at 30°C. It was found that

novobiocin exerted a sporicidal effect at a concen-
tration which was five times higher than that
necessary for inhibiting the vegetative cells, while
no pronounced differences were observed with the
other antimicrobials examined (data not shown).

In another test series, tubes containing 10 ml
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Table 4

Effect of three selected antibiotics supplemented to the in vitro medium on the plant material and on bacterial growth in/on callus
cultures of Allium sp. at 25 and 30°C; cultures were inspected during an incubation period of 12 weeks; microbiological tests were
performed after 6 and 12 weeks

Antibiotic Concentration  Allium sativum Allium longicuspis
(mg/)
Phytotoxicity? Bacteriological examin-  Phytotoxicity' Bacteriological ex-
ation® amination®
Erythromycin 10 - NP, NT - NP, T, G+R
Gentamycin 10 - NP, NT - NP, T, G+R
Imipenem 5 - NP, NT - NP, T, G+R

32—, No visible effect of antibiotics on growth of the callus cultures.

YNP, no plaque on the culture medium; P, plaques on the surface of the culture medium; NT, no turbidity of bacterial enrichment
broth; T, turbidity of bacterial enrichment broth; G+R, Gram-positive rods were identified by microscopical examination of the en-
richment broth.

Caso broth supplemented either with 10 mg/l
erythromycin, 10 mg/l gentamycin and 5 mg/l im-
ipenem, respectively, were inoculated with the bac-
terial isolates to give inmitial viable counts of
approximately 10 CFU/ml. Vials were incubated
for 6 weeks at 30°C and inspected weekly. No tur-
bidity appeared in the media and no surface cul-
tures were observed when plate-cultures were
prepared from the broths.

The same antibiotic levels were also applied for
assessing phytotoxicity and antimicrobial effects
during culturing of contaminated calli of A.
sativum and A. longicuspis, on MS and BDS medi-
um and under different temperature conditions.
As can be seen from the results summarized in
Table 4, no toxic effects on the calli were evident
mgl at the antibiotic concentrations used. No colonies
appeared on the surface of the culture media, i.e.
these antimicrobials were capable of inhibiting the
growth of contaminating cocci and bacilli. Despite
this bacteriostasis, the antibiotics applied were,
however, not effective enough to exert a bacterici-
dal/sporicidal effect, since turbidity appeared in
the enrichment broths containing samples drawn

mgl'1

12F M'c

B circulans
A Staph. xylosus
CJStaph. warneri

NNNNNNNNNNN
TONANNNNNNNNY

B. circulans
EAstaph. xylosus
ClStaph. warneri

50 F

Fig. 1. Minimum inhibitory concentrations (MIC) and critical
bactericidal concentrations (CBC) of selected antibiotics ex-
erted against bacterial isolates; a, chloramphenicol; b,
ciprofloxacin; c, erythromycin; d, gentamycin; €, imipenem,; f,
kanamycin; g, kathon; h, neomycin; i, novobiocin; k, penicillin

Antibiotics G.

b c d e g i
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after 6 and 12 weeks of incubation. As a confirma-
tion of these results, Gram-positive rod-shaped
contaminants could be again isolated from this
material and identified accordingly. It should,
therefore, be taken into consideration that no visu-
al defects of the plant or the substrate is not a
guarantee for a real germ-free material since bac-
terial endospores may survive long-term periods
under adverse conditions, even in media contain-
ing antibiotics. Moreover, the nature of the medi-
um whether optimized for microbiological or plant
culturing obviously affects the viability and resis-
tance of the bacterial contaminants.
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