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Abstract:

Bacterial diseases of potatoes constitute major problems in the potato industry. Among these, blackleg
of potato, caused by Erwinia carotovora var. atroseptica and var. carotovora has been especially severe.
Many methods have been proposed for its control and irradica-tion, including chemical seed piece
treatment, stem cutting, field roguing, and the use of chemotherapeutic agents. It is the use of
chemotherapeutic agents, particularly those with systemic properties, that seems to be gaining
momentum at the present time. The utilization of antibiotics as a viable alternative to, or as an
enhancement of the other systems currently in practice, is of much interest.

The development of a basic assay model for the use of systemic chemotherapeutic agents on potatoes,
particularly for control of economically important diseases such as blackleg, was of primary concern.
The assay system worked on included five major steps as listed below: 1) Antibiotics were selected on
the basis of known activity, possible plant uptake, and availability on the market.

2) An in-vitro plate bioassay was performed against Erwinia with each antibiotic to be used.

3) An in-vivo plate bioassay of the antibiotic was utilized to determine the proper drug dosage and
observe phytotoxicity, if any.

4) All useable antibiotics were checked for systemicity in the plant using a hydroponic system and an
in-vitro plate bioassay of the plant parts in question.

5) Upon passing the criteria set by the preceding four steps, plants were subjected to differentially
timed antibiotic treatments and challenged by the Erwinia organism to observe the effectiveness of the
system.

6) A dye marker was utilized in conjunction with the plant-antibio-tic uptake system to assure proper
water uptake and thus antibiotic uptake. Follow-up biochemical tests were performed to be sure of
bacterial irradication.

The use of a mist chamber for an easy, practical way to compare the effectiveness of chemical seed
piece disinfectants was also discussed. It was found to give reproducible, accurate results and have
good potential for implementation into a potato certification program.
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ABSTRACT

Bacterial diseases of potatoes constitute major problems in the
potato industry. Among these, blackleg of potato, caused by Erwinia
carotovora var. atroseptica and var. carotovora has been especially
severe. Many methods have been proposed- for its control and irradica-
tion, including chemical seed piece treatment, stem cutting, field
roguing, and the use of chemotherapeutic agents. It is.the use of
chemotherapeutic agents, particularly those with systemic properties,
that seems to be gaining momentum at the present time. The utilization
of antibiotics as a viable alternative to, or as an enhancement of. the
other systems currently in practice, is of much interest.

The development of a basic assay model for the use of systemic
chemotherapeutic agents on potatoes, particularly for control of econom-
ically important diseases such as blackleg, was of primary concern. The
assay system worked on included five major steps as listed below:

1) Antibiotics were selected on the basis of known activity, pos-
sible plant uptake, and availability on the market.

2) .An in-vitro plate bioassay-was performed agalnst Erwinia with
each antibiotic to be used.

3) An in-vivo plate biocassay of the antibiotic was utilized to
"determine the proper drug dosage and observe phytotoxicity, if
any.

4) All useable antibiotics were checked for systemicity in the
plant using a hydroponic system and an in-vitro plate bioassay
of the plant parts in question. '

5) Upon passing the criteria set by the preceding four steps,
plants were subjected to differentially timed antibiotic treat-
ments and challenged by the Erwinia organlsm to observe the’
effectiveness of the system.

6) A dyemarker was utilized in conjunction with the plant-antibio-
tic uptake system to assure proper water uptake and thus anti-
biotic uptake. Follow-up biochemical tests were performed to
be sure of bacterial irradication.

The use of a mist chamber for an easy, practical way to compare
the effectiveness of chemical seed piece disinfectants was also dis-
cussed. It was found to give reproducible, accurate results and have
good potential for implementation into a potato certification program.
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CHAPTER 1
INTRODUCTION

Potato blackleg, associated with either of two bacterial soft-
rotting pathogens, is a disease that is prevalent wherever potatoes are
growﬁ. Disease éymptoms include a blackening of the lower stem area on
infected plants, an ooze and severe tissue damage near the necrotic
site, and, in later stages, léaf yellowiﬁg and wilting of.the entire
plant. The disease is responsible for severe losses in many areas and
can cause justifiable remov&l of a seed potato field from certifica-
tion. Stand losses and late? plant inféction resulting in decreased.
tuber set are common. In storage, tuber losses due to the soft-rof and
the water reduction associated with it, as well as, the séread of the'
pathogen to previously uninfected tubers can become problems in the fol-
lowing year's crop. The diSease‘is most severe Qheh condﬁcive envirbn-
mental conditions are met. These include periods of higﬁ rainfall and/
or humidity céupled with cool nights and fairly warm days. Any damage

to the .crop, such as that associated with hail or machinery, can gréatly

increase the chances for blackleg occurrence.

The blackleg éathogens, Erwinia carotovora var. atroseptica (Van
Hall) Dye and E; carotovora var. carotovora (Jones) Dye, ébbreviéted as
Eca and Ecc réspectively, are tﬁber bérne and soil borne, with a£tendant
control very difficult. Mostlcdrrent cqntrol measures incorporate crop

rotation for at least three years to eliminate the organism from the
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soil, the use of chemical agents such as formaldeh?de, mercury or pro-
tective chemotherapeutic compounds as tuber disinfectants, roguing
infected planté, and the. growth of pathogen-free mother.plants. A pro-
gram of culturing the mother plant meristems to avoid the lpwer stem
area where the bactgria are.most prevalent, rooting and subgequent
placement in the field may also be performéd.

The goal of this research was to develop a system of studying sys-
temic antibiotics that potentially couid'be used as a chemothgrapeutic
control measure for blackleg disease in the potato's vaséular tissue.
The system was approached in a way tbét would be éppligable for use by
certified potato growers as an integral part of their operation, either
by enhanqing existing techniques (stem cutting), or as a prophylaqtic
measure for their seed plots;' Thus; the main objeétives of the research
were as follows:

1) ;o select antibiotics through comprehensive resegrch for deter-
minatién of their effectiveness agaipst Eca and Ecc and'fortheir
performance in an in-vitro pléte bioassay.. ‘

2) to develop an in-vivo plant assay for determinatioﬁ of both
plant reaption to the phytotoxic aﬁtibiotics‘and the ‘maximum
ﬁon—phytotoxic dosage levels for potato.

3) té ascertain system;city of compoupdé in the plant utilizing a

\

hydroponic system and an in-vitro plate biocassay of selected

s

plant parts.’
N 4) to utilize differential, timed antibiotic treatments of potato

.and éubsequent challenge of the plants with Erwinia to observe

the system's effectiyéness.
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5) to use a dye marker in the antibiotic su;pension as a vérifica—
tion that general water and chemical transport has occurred.

6) to analyze the use of a'mist chamber system for its effective-
ness in comparing tubef disinfectaqts against the blackleg
d}éease.

This methodology could be integrated into a grower's certified seed
potato operation in a numﬁer of ways. Thesé techniques could be épplied
during the stem cutting procedure as a protective dip of fhelstem cut-
tings prior to rooting or just after rooting, or as a rooted plant dip
into the antibiotic during the summer growth of the mother plants.
Plants would be replanted in the field to grow the remainder of the
season. Either of these applications may help assure blackleg-free
plants for use in future cfops, especially if iﬁtegrated into well-

managed programs.




CHAPTER 2
LITERATURE REVIEW

Blackleg of potato (Solanum tuberosum I.) caused by Erwinia caroto-

vora var. atroseptica and E. carotovora var. carotovora has been a major

problem in potato crops since their ipception as a food sdurce. Eco-
nomic losses caused by this disease amount to millions of dollars every
yeér (79) and £he wqud-wide distribution makes‘it.a concern or at least
a potential threat in most potato producing aréas. The bacteria are
known to ?e seed~-piece borne (60) and weed and soil borne (43,44), but
the main conérols of the disease and spread of the pathogen are focused
toward con;;ol of the seed-piece inoculum (fl). Control measures are
varied and will be Qiscussed in more detail later.. A major p;oblem with
the bacterium is that i# can enter into .the plant and tuber and become
systemic where noﬁe of the more conveﬁtional controls exert any effect
(114, 121). These aspects, more than any others, may promote the wide-
spreéd uses of systemic chemotherapy in the future of the potato indus—‘

try.

Certified Seed Potato Programs

Certified.seed potatoes are grown in almpst every étate in théIU.S.
(5). Their importanée to the potato inaustry as a whole is‘immenséf
Without strong certified séed programs, the potato industry would be
plagued with severe Qisease problems and probable reductions in potato

quality. The overriding concern of all certified seed programs is to
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produce seed of desirable cultivars that are~as disease-free as poséible
(102). When dealiﬁé with topics pertaining to certified seed and the-
formal structure of the programﬁ, it is important to keep the disease
prevention aspects at the forefront. To trul?'understand the makeup of
a certified seed program, it is necéssary to take an in—depth'ldok at

the principle constituents of a seed plot.

‘Seed Plots -- Origin of Quality Seed

Most. managers of certified_seed programs feel that clean disease-
free . seed starts at the seed plot level (ll).. This entails the use of
sméil, manageable plots of potatoes whiéh can be tested.and checked
throughout the season to assuré the highest quality possible. Seed
plofs can be small due to the reproductive ability of the potato. In
most cultivars, each hill of potatoes will tend to set tubers'at én

average ‘rate of three to ‘four per stem or about ten per hill. From each

hill it is pbssible to hérvest the tubers, store, and, the following

" season, cut each tuber into four pieces which permits the planting of

qpproximately forty né& hills versus the one hill of the previous year.
Thus, major increases in production can be implemented while the origi-
nal seed plot "is kept to a minimum size (124).

Usually the plot coﬁsists of plants individually selected for qual-
ity characteristics, including yield and tuber size.' The plot is har-
vested by hand and the tubers:are sacked individually for storage. The
seed plot is isoiated from other fields (the distance varies from grower
to grower, but usually is not less than 20 feet) to reduce the chancé

for disease infestation and the harvested seed is kept isolated from

all other seed stocks to assure continuity and to avoid disease crdss
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contamination. The tgbers used as seed in the plot may be the progeny

of mother-plants\either field grown or greenhouse grown the previous

year. These are plants which are line selected, i.e., One plant or

group of agronomically uniform plants'are grown through successive

years thus perpetuating the genetic and phenotypic continuity of a

’

single cloﬁe (11). They may also be from stem cut tubers (32) which
have been grown in the grethouse'from which stem cuttings were taken.
They are then transplanted to the field to be grown, harvested, and
stored for the following year's use in the seed plot. These tubers are
again hand Seleéted, harvested, individually baggéd, and stored in iso-
lation. |
Seed plots are plantgd with a double tuber unit's.w&rth of space
between each tubefyunit or hill unit. A tuber unit is one iﬁ which the
identity of the tuber is maintained through the cutting operation with
gll'of the pieces from the tuber planted és an iﬂdividual unit, Hill
uhits, on the other hand, permit identity of all of the tubers taken

from the mother plant the previous year as these are cut and planted

“together as a unit. This system of hill or tuber unit planting allows

t

for individual testing of each unit for the presence of many different
pathodens. These include the presence of viruses, mainly Potato Virus
X and Y (PVX and PVY) and Potato Leaf Roll Virus (PLRV), the presence

of bacterial pathogens such as Erwinia and Corynebacterium sepedonicum,

the presence of fungal .pathogens such as Fusarium, Verticillium and

Alternaria, and various nematodes. Also, the overall quality of the

crop is closely observed (11). Many of these tests are accomplished‘by.

visual means through field inspections; but many plants are also
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examined utilizing testing programs such és the PVX summer testing lab-
oratory (123) and, more recently, the utilization of the ELISA -tech-
nique for detection of potato viruges and bacteria in the tuber (30).
The;e tests are run by the certifying agency.

Upon completion of the testing and the removal of all infected or
suspect plants, the plot is visually inspectéd for diseaées during the
remainder of its grgwth. Disinﬁeétion of equipment and san%tation of
personnel entering the field is crucial to minimize pathogen spread.
Signs and dip pans (pans filled with disinfectants for the dipping of
shoeg) are kept at all entrances to the plot and intensive fieldAroguing
is performed during the season. Acéepted pract}ce dictates that either
the seed plot is the first planfed and the firét harvested to insure
proper eguipment sanitatién,’or separate equipﬁent is utilized.

All of the above steps aie necessary to inéuré’the highegt quality,
cleénest seed possible. ' Thus, because of the growe?'s care and the
limited nature of the seed plot's size, many things can be done to the
poéatoes that would no£ ordinarily be performed in larger fields. 1In-
troduction of new techniques is possible, such as, systemic éhemotherapy
and the laboratory use.of the mist chamber. Major concerns about the

\

toxicity of the chemicals can be reduced at this level as this seed is
never allowed to enter'iﬁto the commercial potato market (11). These
procedures, being iﬁtrodﬁcgd with the éegd plot, insure the‘most-éost
productive use of time, chemicals, and.land, as-well as, the most man;
ageabie program for the average giower. This program will enhqnce the

economic stability of the crop while increasing quality énd.proauctivity.

The grower needs economic leverage in order to sell his seed crop at a
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prbfi£, and the use of systemic chemotherapy can insure a cleaner épd
thus higher value seed. As'quality of the seed rises, especially where
disease-free status is observed, it sets the basis for.commanding a
higher price on the seed market (11). The seed business is a high risk

venture, with commensurate high rewards.

Beybnd the Seed Plot

Future crops grown from the,potatoes derived_from.the seed plot
can, at best, onl§ be equal in quality to the seed used. If all neces~-
sary measures have been observed at the seed.plot level, then as the
acreage is increased, seed hand;ing, field roguing, and harvest become
much less costly. Disease incidence increases cause a disproportionéte
increase in time spent correcting the problem. Thus, the importénce éf
clean séed is generally only perééived when a problém with the seed

arises (124).

e

The Blackleg Disease

Blackleg has become a disease of world-wide concern, because of
its destructive ability (yield and storage losses) and the ease with

which its uncontrollable nature allows it to occur from year to year

(71) . Two varieties of the bacterial species, Erwinia carotovora, are.
the causal organisms. .The abbreviations Eca  and Ecc, as discussed in
the Intrddﬁction, will be used throughout this thesis; Both varieties.
are able to infect pofato and cause the classic blackleg‘disease symp-
toms. Under  the proper conditions either maylinfect the ﬁlant or tuber.
Eca has not only been shown té infeét potato, but sunflower and sugar-

beets as well (71). Ecc is known to infect many additional species of
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p}ants,.including most families of fruits and vegetables (114). Economic
losses from Eca and Ecc may be very extensive; with over l6 states re-
porting these organisms as ﬁheir number one causal agent for éiseése
loss in 1980. This ranks a close secdhd behind E. amylovora on the

list of most important bacterial pathogens in the most states and ranks

"sixth overall in the U.S. for causing economic loss on all craps (79). -

Disease Symptoms

Any stage of thé .potato plant is susceptible to the biackleg patho-"
gen.’ Tﬂese include ére— and post-emergence of thé shoots, seed pieces
before and after shoot formation, leaves and petioles on the growing
plénts, and daughter tubers before harvest or during £heir subsequent
stérage (71) . Symptdms are characterized by a blackéned, necrotic area
heér fhe infeétion site on the seed piece or stem, hence the name black-
leg. Aan accompgnying soft rot of the infeéted areas may élso bepresent.
Bacterial ooze, creamy.to clear in color, may appear at any stage of
symptom expression. It is possible to oéserve wilt of th; infected
stem. Death of the plant often occurs in the later'stageé. A charac-
teristic strong odqr is usually present when symptéms are visible.

The infection generally originates from the seed piece and ﬁhen_
extends up tﬁe stem for a few centimeters or for its entire length.

Vascular discoloration is evident above the blackened area and the planf

may show a stunted, stiff erect type of growth. The leaves tend to roll

- upward at the margins and may become chlorotic in the later stages of

the disease. The stem may also become infected in relation to damage
from wind (118), Hail, or machinery (114). It may show typical black-

legAsymptoms even though the seed piece is sound. The bacteria can be
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found in most seed stocks as shown by Perombelon (109) and may remain
latent (69,75) causiné an outbreék of disease only 'when proper environ-
mental cond}tions-occu;. These studies alone_indicate the ﬁeed.for a
program as encompassing as systemic chemotherapy.

The most common meéns of daughter tuber infeption is bacterial
movement along the stolon from the seed piece or infected stem, tHus
most infected tﬁbers show a-black rotted area around the stolon end
(43) . Infection may aiso occur through lenticles (1), Qounds (54j,
stem scars or petioles on the plant (114), or'ienticles and Qounds on
the tuber (86). Soft-rot'symptoms iqclude vascular discoloration and
tuber rot. The decay is clearly delineated from'£he healthy tissue and,
when washed with water, the i;fected tissue sluffs off and the intact,
healthy tissue remains (71). Bacterial ooze may be present inside the

tuber, but there is generally no odor aséociated,with phis infection.

In its later stages, a distinctive strong odor may result because of

secondary invasion by Clostridium, Pseudomonas and/or Bacillus (87).

Causal Organisms
E. carotovora are Gram negative bacteria with a rod shape and peri-
trichous flagella. They are about 0.7 x 1.54 mm in size, are .non-spote

forming, and are facqltatively anaerobic (25). E. chrysanthemi- should

-

be included in the group for. its involvement in some blaqkleg-liké

diseases in . Peru (77). These organisms are easily cultured. The usual
media contain sodium pdlYpectafe (polygalacturoﬁic acid) . The bacteria
form deep pits or wells in the medium as a result of pectin hydrolysis.

The best known media for blackleg isolation and growth are Cuppels' and

Kelman's Crystal Violet Pectinate (CVP) (39), Stewart MacCénkey's medium
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(133), and Miller and Schroth's Brom Thymol Blue medium (94). Anaerobic
incubation of the medium, followed by :direct observation of colony mor-

phology, results in exclusion of the majority of contaminants.

Table 1. Differentiations between. the two Varietiee of E. carotovora
and E. chrysanthemi (114). '

Test ' Ecc Eca - E. chrysanthemi

Sensitivity to - - . -
erythromycin (50 g/ml)

Reducing substance - . + +
from sucrose

Phosphatase . ‘ - - ’ _ ' +

Gas from glucose : - - _ +

Pectin degradation + + +
Gelatin liquification - : + + v*

Potato soft rot - + + +
Acid from: lactose _ + + e

-methylglucoside - + . -

palatinose - + -

*V = Variable

Disease Cycle

The disease cycle begins when an infected seed piece is planted.ﬂ
The bacteria-ﬁay reside in or on the potato seed piece. They are spread
to other seed pieces @uringﬁthe cuetiﬁg process, pianting and cultiva-
tion, and by small.flies and other insects. At this time, pre—emer@ehce
blackleg may take effect and cause stand losses and/or deseroy pri@éry
sprouﬁs. Infected plaets which do dpow to .produce daughter tubers may
help spread the bacteria. to these tubers.' Even if the plant deee‘not

survive, the bacteria may be spread to other tuber surfaces durlng the
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season or harvest §67). After harvest and storage, the organisms over-
winter in the tuber pile. The amount of iﬁfectioﬁvin the fieldgwill
often dictate the amount of spread in the storage unit. Tuber 5reakdown

may be hastened by high respiration or increased CO2 levels (143). Ex-

cessive condensation on the tuber surface during storage is particularly

harmful, as it may set up a moisture fi;m on the outside resulting in an

.effect similar to that artificialiy obtained in a mist chamber, where

oxygen potential is reduced and the rotting potential ié dramafically
increased (87). ‘Spread of the -bacteria to proximai tubers in the tuber
pile often occurs. Any infected tubers afe then carried on as the'fol4‘
lowing year's mother tugers allowing for disease spread during the.
planting and grow;ng season és prévioﬁsly described. The bacteria may
overwinter in the soil, bu? only‘under ver§ unusual.circqmsténces whicﬁ

include predisposing temperature and moisture conditions (114).

?

" Bpidemiology

Eca is spread to daughter tubers usually under moist soil condi-
tions and fairly .cool soil temperatures (18-20°C). It is more of a

problem in areas where these conditions exist for long periods of time,

" as in the northern regions (71). Survival of Eca in the soil varies

with the soil conditions. When'the'bacterié do not originate in the

~infected seéa piece, their subsequent survival is greafly affected by

soil temperature and moisture. Molina and Harrison (99) found‘that thé
cells may survive- for 80-110 days at 2°c, but as the temperature became
higher, thé survival time decreased sharply. Warm and drf soil condi-~-
tions not only favor a -low blackleg iﬁcidence, but also tend to reduce

7

bacterial migration in the soil from tuber.to tuber (110). On the other
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hand, cool températures- and wet soils céupled with high daytime temper-
atures during or aﬁter plant emergence and growth tend to predispose the
potato to post-emergence blackleg infe?tion (4). Tﬁus, since high tem- .
peraturés favor a decay of the seed piece and alsc can cadse.greater
pre-émergencé damage, the losses attributed to blacklgg éfe ﬁsually
higher in the warmer climates (71). This may also favor infection by.
Ecc, especially when‘soil temperatures approach the 30-35°C range. It
appears that survival of the pathogenimay be bette; at cooler‘temgeraT
tures, but infection may pe better in the warmer temperatures.

Spread of the'bacteria in'other ways also occurs. Several insect
species are known-vectofs,‘spreading the pathogen from cull piles and
dumps to clean fields (66).. Graham in England (62) showed that aero-
sols created by rain and/or sprinkler irrigation systems can dissemin-
ate the blackleg pathogen and that mechanical vine destruction, as well
as seed piece cutting operations, can also enhance its spreaa. In Ari—
zona and ;dého, seed piece rot by Fusarium‘can predispose the potato
tuber to invasion by both Eca and ﬁcc and may result in ﬁore tubers
showing blacklég, eveﬂ whén coﬁditiqﬁs are otherwise.not favoraSle for
disease expression (104).

Ecc 1is spread in a siightly different manner than‘Ecé due fo varia;
tions in tempergture response and organism characteristics. Soft-rot
development ié influenced by several faqtors. Immafure tubers show a
greater infection rate tgan do mature tubers as they have thin skins
and greéter predisposition to infection-(?li. .Wouﬁds, éolér irradiatibn
(103), and high temperature coupléd with high ;oil hoisture‘céﬁtent

which tends to reducé the oxygen potential and thus increase the chance
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for infection (143) aré also factors. Harvesting of seed potatoés above
a soil temperature of 20-25°C may enhance infection of thé next genera-
tion, -especially if bruising occurs (1135. The optimum range of tem-
perature for soft-rot deday‘is.25-30°c and is also the best growing
range for Ecc in-vitro (71). Conditions associated with high nitrogen
. fertilization, poor soil aeration, £lood irrigafion, and the presence
of a water film over the tuber after washing can favor development of
soft rot (87). |

In summary; both Eca and Ecc are favorably influenced by'soil tem-
peratures in the range of 18;22°C for the former and 20-30°C for the
latter, by high soil moisture, and by the ;tage of the potato's growth.
Inféction by Eca is.optimum during cool temperatures and moist soil
conditions causing seed piece decay, pre- and post-emergence damage,
and tuber rots.:  Ecc, on the other hand, shows optiﬁum infection at
slightly higher temperatures (30~35°C) while resulting in plant.responSes
similar to thoéé brought about by Eéa. Either pathogen may be the~
‘causal organism of biackleg s&mptoms iq the field, but in many cases,

disease spread and infection can be circumvented by proper handling of

the tubers dufing harvest and storage.

Current Control Methods

Disease contfol methods are reviewed 'in the Compendium of Potato
Diseases (71). Control of Eca within a certified seed program\includes
the following: - plantfcéftified seed; free qf the blackleg pathogen;
plant in well-drained soii; avoid excessive_irrigaﬁion; treat the seed

with registered fungicides or.allow cut seed to suberize properly to

avoid contamination with other pathogens such as Fusarium, which may
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predispose the seed to blackleg infection; utilize stem cut seed if
.available; plant in fields which have been‘out of potato‘prodﬁctidn for
at 1§ast three yeérs to avoid recontaminétion of healthy stocks; remove
potato cull piles, refuse dumps, or any other inoculation source wﬁich
may allow insect transmission qf the pathogen to the field; do not wash
the seed if possible and handle in such.a.way that bruising and wounds
are kept to a minimum; maintain a balanced fertilizer program to prevent
plant stress; rogue and carry from the_field all infected plants and
tubers and their neighbors,'as they appear, to reduce the qhance of
spread to healthy plants. .

Control for Ecc includes the following procedures in addition to
the steps given for Eca: Lenticle infection may be reduced by harvest-
ing only when soil moisture is low; tubers should be harvested‘only
when they have reached maturity and then only when soil températures
are less than a daily maximum éf 20°C; maintain proper care and handling
of the tubers dur;ng harvest to keep wounds and tuber damage to a mini-~
mum; keep tﬁbers from béing exposed to solar irradiation and-excessive
drying; store tubers gt cooi temperatures (1.6-4.5°C or‘about 38-42°F)
and be sure they-are codled as rapidly as possible to the storage teﬁ—
perature; proper curing of the'tubers is essential; keep water films

and CO, from accumulating-by proper regulation of storage air flow fans

2
and temperature control; condensation may develop from high humidity in
storage and a very low pulp temperature in the potato; do not wash
tubers before storage, but if they are washed for shipping, use clean,

chlorine disinfected water, dry the tubers rapidly, and keep them well

_aerated throughout the shipping process.
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Many of these controls are applicable in today's seed programs,
but there are also many controls that are not totally effective and may
only be the lesser of two evils. Surface disinfection of the tubers
is one such example. Even though all bacteria may be killed on the sux-
face and in the lenticles, unless the bacteria within the tuber are
reached, blackleg can still manifest itself in tﬁe crop. As bacteria
'within the tuber cannot be eliminated by conventional methodology (11),°

development and use of systemic chemotherapeutants may be in order.

History of Plant Protection with Antibiotics

‘Chemotherapeutic treatment of bacterial plant diseases has been
used in agr;culture for the last 30-40 years. The years following the
discovery of penicillin in 1929 and streptomycin in 1944 by Waksman et
al. (139) were the pe;iod of peak research activity for the use of anti-
biotics on.plgnts and during tﬁis time, many of the systemic compounds
were discovered. Uée bf these compounds has been relati&ely slow in
recent years due to many factors. These include the prolonged use of
many broad spectrum biocides like the mercurials and formaldehyde. Also,
one of the problems witﬁ early antibiotics Qas their'inability‘to mee£
standard animal health requirements and still show plant pathogen con-
trol. Now, hawever, with suspended use of mercury and the major dis-
advantages associated with fdrmaldehyde, pyrroliaine apq;other broad
spectrum chemicals, ihcluding a disagreeable smell coupled with pre-
sumptive health hazards, thé use of chemotherapeutic agents may become

more widespread,

Several researchers worked with antibiotics and studied their role

in plant protection'in the early 1950's and 1960's. One of the foremost

'
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was Peter Ark. His work with fhe strgptomycin comppunds was éuite ex-
tensive. He demonstrated systemic action in many plants (2,3(9,10),

as well as control of many plant pathogens in-?itro and in-vivo (10).
He also examined one of the major problems of systemic plant protectants,
that of mutability of the pathogen toward antibiotic resistance. He
found that streptomycin incited high mutability of the pathogen (57).
Later researchers have substantiated these results and have shown that
control of most bacterial pdthogens is a dose dependent phenomenbn_(zs,
57). Pramer et al. (116) demonstrated for the first time stkeptomycin
inhibition of the pathogen in a airect manner. Using a streptomycin

resistant strain of E. chrysanthemi, he was able to establish a plant

infection and maintain the pathogen in a viable state aftgr an inhibi-
téfy concentration of streptomycin was applied. Jéffreys (74) demon-
strated that antibiotic 'stability in soils was very low. Even sand
could bind large amounts of streptomycin and penicillin, effectively
reducing their concentratigns in the soil. Organic compounds wére
rapidly.metaﬁolized by the soil normal flora and absorption by colloids

.

in the soil was found to inactivate many compounds.

Methods of Applying -Antibiotics

Methods for applyiné antibiotics to plants are quite varied. Bonde
(14,17,18,19), in the early 1950's, worked extensively with potato' tuber
treatments using.streptomycin and oxytetracyeline (Terramycin). He
found that they prévided very effective control of the blackleg organ-
ism, but increased susceptibility to Fusarium seéd piéce decay. This
research stressed the importance of combined chemical treatments deal-

ing with more than one problem at the -same time.

2
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Spray treatments, such as.those used for the control of the fire-
blight pathogen E,.amquvora, are quite common and-veryleffective (58) .
Also, injection of antibiotics into stems and tfunks has shown some suc-
cess in the treatment of crown gall tumors, walnut blight, and.ceftain
'diseases caused by Mycoplasma-Like Organisms (57,116). Systemic chemi-
cals, dusfs, and topical applications caﬁ,also be quite useful. How-
ever, there are~still many problems associéted with the use of Anti—
biotics. Important poinﬁs concern stability énd persistence of the
compounds used, compatibility with other .agricultural chemicals, effec-
tive bioassays, and phytotoxicity. Although all are important, phyto-

s

toxicity is probably the most serious.

Phytotoxicity

Many chemicals have demonstrated systemic activity, adequate sta-
bility in the tissue, and a high level of compatibility with other
che&icals, but, unfortunately, they also have ex;essive phytotoxicity
(57). The antibiotics must show reésonable effectiveness against the
pathogen in questidn, but not damage the treated plgnt beyond certain
limits. ’

Phytotoxic symptoms, caused by antibiotié application to the plant,
include, gérmination’inhibition, root‘thickening; lack of root growth,
‘stuntiﬁg of the stem, reduced leaf expansion, and chlorosis of the leaf
tissue. Chlorosis'and rﬁot growth inhibition are the mosf common toxic
effects aé listed by Brian (23). Streptomycin induceg all of.these
symptoms to some exteht, while oxytetracycline and chloramphenicol tend

to cause only decreased root and shoot growth and leaf chlorosis.

Several authors have demonstrated phytotoxic‘effectg on many vegetables,
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most often with gtreptomycin (23). Marlett outlined the folié£ symptoms
on many plant spécies (9L) . ‘Gray, on the.other hand, showédflarge in=-
hibitions of root growth Qith streptomycin (63). Reversal of the in-
hibition was obtained with manganese applications.

Antibiotics affect various metébolic target sites of procaryotic
cells, but in eucaryotic cells they tend to affect the chloroplasts,
resulting in pigment destruction or chloroplast degradation and thus
chlorosis ofAthe‘leaf tissue (57)."While the overéll health of the
plant is desired, at reasonable levels,.temporary reductions in plant
health and vigor may be a permissible tradeoff for guaranteeingiclean

seed.

Factors Affecting Systemic Action

Nelson and Hwang in 1975 (101) explored water usage in potéto
plant; at different growth stages. They found that the most rapid water
.usage occurred 'during the young blant stage, from emergence to tuber
initiatioﬁ. Afger this stage, it remained établé and finally tapered
off during senescence‘and'death. This is an impo?tant consideration
"when using systemic compounds, as the young plant stage becomes the mpst
appropriate, effective.fime for root application. Root barriers can
pose a problem in some antibiotic uptake systems.(as in the'case of
streptomycin) (7); so thé stage ‘of plaﬁt,growth at application time,
as well as the method of application can become important. Absorption
through the roots c;h be increased by the addition of wetting agents
and, in the case of streptomféin, l%.glyceré} (64) or KZHPO4 (57) .

Root aﬁtib}otic uptake is generally slower than that seen with stém

cuttings. Pramer (116) suggests that streptomycin is accumulated agaihst
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a concentration gradient or that active transport may be necessary. He
also showed enzyme inhibitors could reduce streptomycin uptake, provid;
ing further evidence for agtive uptake. Absorption of antibiotics has
been demopstrated in seeds, stem tissue,. foliar applications, and by
root ubtake. In the case of potato, a root dip treatment 'will probably
provide the ﬁost effective, cost productive method of antibiotic uptake,
particularly since acropetal xylem movement\is the best explanation té
date for antibiotic translocation in the plant. However, some movement

through the phloem in a basipetal direction is known to occur and the

possibility of using foliar sprays- does exist (57).

Antibiotic Mode of Action

The mode of action of an antibiotic on a bacterial cell can be on
a single site or on many different metabolic processes (135). 1In addi-
tion to direct action of the drug upon the pathogen, as in the case of

. hJ
streptomycin against Erwinia carotovora (19), antibiotics can have in-

direct éffects. - These include the neutralizing of toxins secreted by
the pathogen, a chemical gonversion of the antibiotic within the«plant
to a substance having a greater or different action on the pathogen, ér
a diréct action of the cémpound-Upon the host; e.g., s£feptomycin elicit-
ing the host polyphenolase system response resulting in control of late
blight of potatoes (1365. The antibiotic may also show_enhancement
within the s&stem with the use of non—antibio£ic substances such as
glycerol (64).to imprgve‘uppake and-thus deliver more of the drug to

the site: of infectiqn. The antiﬁiotié may also eliminate other syner-

gistic or antagonistic bacteria present in the plant.
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Development of Resistance

Of the many potential problems that exist with éystemic antibiotic
use, the most’ serious concern for the plant pathologist is the'patho—.
gen's ability to‘deveiop resistance. Early worklwith antibioéics was
based on the germ theory of disease: "Specific infectioﬁé are caused
by specific'microbes ana é drug is bést sélecte§ for its ability to
destroy them" (137). -Howevet, even though a:given microbe may be the
causal agent of a disease, repeated use of a certain drug for control
may result in bacterial resistance to treatment. Within modern medi-
cine, mutability and/or transfer of the R factors for.resistﬁnce to
chemotherapeutic agents are always major concerns (6). Likeﬁise, muta-
bility of plant pathogenié bacteria should be of primary importance to
any plaht pathologist working with anfibiotics. No R factors have beén
observed in planf_pathogenic bacteria from the field, although they can
be intrbauced in the lab %nto phytopathogenic strains. Nonetheless,
as antibiotic use increases, we might expect R factors to appear,in'
nature. In.most cases, only high pathogen poéulations.will }ead to
mutations. - If antibiotics are used in o£herwise clean seed programs,

there is probably less likelihood of’ resistance developing (57).

R Factors

Resistance to compounds in an oréanism can occur in two ways. It
may be thg result of ; point mutation or. other change in the structure
of the genetié information of the bacterium or it may be the exchange
of genetic information from one bacteriuﬁ to another_via-transduction
of conjugation. By far the most important method for spreading resist-

ance is the exchange of genetic information, denoted infectious drug
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résistance, because sensitive bacteria become infected with the resist-
ance factors. These are able £o move from one bacterium to another
even though the antibiotic is-ﬁot presént (140). Plasmids arevqsu@11§
responsible for this exchange of informatiph and in Gram negéti&e cells
such as Erwinia they are known as R factprs.

There are two major types of 3 factor genes: those carrying the
determinants for antibiotic resistance and those carrying the transfer .
factors to move the plasmid from cell to cell. Ehese are labeled re-
sistance determinant (RD) and resistance transfer factor (RFT) respec-
tively. The number of antibiotics that resistance is built against is
détermined by the number of RD's attached to a given RTé (6);. As many
as seven genes for resistance to seven different antibiotiés have been
found on Qne.R factor. Also, R factors may combine to produce more
RD's on one R facto; and thus more drug resistance in a given cail (96) .

There is no one single factor for determining bacterial resistance.
The most common mode oflresiétance is a step-wise series of reductions
in the organism's ability to %bsorg the drug:or a corresponding inéreése
in cell permeability which makes it impossible to accumulate enough of-
the drug to effectively control the bacteria- (115). Another factor re-
sults when the pathogen develops an enzyme to destray or inactivate the
drug, as in the case of penicillinase which opens the B-lactam ring
(21). DevVelopment of an alternate enzyme system to metaboiizé products
by an alternate pathway may be of importance, as in thé,case of the
sugar derivative antibiotics like stfeptomycin.4 Also, -a mutation lead-

ing to alteration of the active site in the target organism is common

(57).
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Resistance by diréét organism chromosomal changes is not often
seen. The changes usually occur in only one out of every 107-1012 pac-
teria and are generally aifficultito detect (140). In this regard,
streptomycin ranks as the number one problem antibiotic as, only a
singie step mutation can mask the attachment site on the ribosome and
create almost tatal resistance (139). This can play an important role

in disease control if streptomycin is the drug of choice.

Drug Combinations

Combinationé are important when déaling with antibiotics for many
reasons as outlined by Waksman (139).

1) A more effective bacteriostatic or bacteriocidal action ﬁay be
obtained.

"2) The danger from the development oflresistAnce is reauced,

3) Resistant_organisms may be aestroyed by using a small fraction
of the drug which the organism is resistant to instead of the
huge dose which may be required. | |

4) The'toxicity of the drug (in our case phytotoxicity) may be
minimized due to the iower concentration used in combination
for the same degree of activity.

5) There is the potential for longer treatment times for a more
‘complete control gnd an improved host response.

All of these can play a role in how well a given drug or drug combina-
tion works. When dealing with plants, it can become imperative to

utilize combinations. Often a growet may be using a dip treatment and,

as he uses it, the compound mixture becomes more and more dilute due to

organic matter and binding of the antibiotic, heat, sunlight, and the
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removal of the active ingredient onto the plant surface. These can
reducé.the compound's effectiveness. It may even set up a 'sequence
conducive to mutation Qf the pathogen. Bonde (19) found that he could
dip up.to 2000 cwt. (sacks) of potatoes in the same Agrimycin (strepto—‘
mYcin) treatment with veéy little loss in activity; however, the potatoes
were washed first.v New techniques for,develppiné combinatory studies
are now avéilable aﬁd can be utilized in programs of.this sort (13).

"By using drugs in combination, the above concerns can be reduced. Also,
use éf different compounds each growing season provides a scheme where
mutations may become less likely. With éntibiotics as potential.threats
to human health, combinétory studies can become extremely useful in that
_drug dosages can be kept fo a minimum.

Formulation of antibiotics also.becomes a key. factor. For uptake,
they should be in a soluble form; that is, not bound to a‘clay carrier,
and they should be buffered as many antibiotics are unstable in alkaline

solutions. Similarly additives such as manganese can reduce phytotox-

icity and permit higher dosages (63).
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CHAPTER 3

BACTERIAL IN-VITRO PLATE ASSAYS

Bacteriocide Selection, Assay for Effectiveness,

and Phytotoxicity

The basic premise in developing any assay system for testing anti-

biotic agents against a micro-organism is that there are compounds which

_will work effectively against the organism in question. The key goals

AY

in this study were: 1) to determine which compounds are effective
against the blackleg organism, 2) to test their effectiveness by an in-
vitro p}ate bioéssay, and 3) to use this information to incorporate the
qualifying compounds into an iﬁ;vivo test to observe plants fog phyto-

toxic effects.

Materials and Methods

Selection of the Antimicrobial Agents

A fast, efficient way to check for a compound's antibiotic activity
was to survey the literature. Generally included was information on the

main groups of compounds, their uses, structures, modes of action, and

brief histories. Some references .also had information pertaining to

possible problems within groups of compounds (sﬁch as mutative proper-
ties) and their overall relationship with the other groups. The com-
pounds selected éhowed potential activity against Erwinia. They also
were selected from mofe than oné antibiotic group, offsetting the chance -’

for a'single mutation by Erwinia around a given compound or group of
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compounds and consequential loss of disease control.

The antibiotics selected are listed in Table 2 in alphabetical
order. Included is a brief summary on their basic activity, mode of
action, and the group they belong in. Other general pertinent informa-
tion is listed‘in Table 3. (21,57,117). Ail compounds were obtained

from Sigma Biochemicals, St. Louis,‘Missouri unless otherwise noted.

In-vitro Plate Bioassay for Compound Effectiveness

Against Blackleg' -- Experimental Design
The method utilized was similar to the Bauer-Kirby single disc zone
measurement using Bacto-Mueller Hinton Medium (Difco) X12). Bacteria

were grown 72 hours before use on Crystal Violet Pectate (CVP) medium

' to assure their identity. They were then transferred to Nutrient Agar

oy

and allowed to grow for 36 hours before removal for suspension in sterile
water. Plates of Mueller Hinéon medium were overlayered with Eca and
Ecc or both at a rate of 0.1 ml. of 4 x 108 cfu/ml. (OD.gyg = 0.1) and
allowed to dry for 15 minutes. At this poinf, white, 12.? mm., sterile
antimicrobial sensitivity testing discs were soaked iﬁ given amounts of
the antibiotic being tested and placed on the plates in a standardized
pattern as dictated in the Difco Lab bulletin #0345 (1980). The plates

were then incubated at room temperature (22-240C) for 48 hours. Subse-

. quent zones of microbial growth inhibition, that is, the distance from

the outer edge of the disc to the outer edge of the grbwth inhibition,

were measured .in millimeters. Each antibiotic was used in suspension at

© 1000 yg/ml., 500 wug/ml., and 100 ng/ml. Antibiotié éombinations'were

performed using suspensions of 500 ug/ml. of each. Combinations were

rated on the basis'of enhancement, lack of change, or reduction in the
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Table 2. Summary of. antibiotics tested.

Antibiotics " Activity. Mode of Action Group
" albamycin (Novobiocinf Gram (+) & (-) Miscellaneous
bacitracin . Gram (+) Interference with Cell Wall The Peptides

‘Bayer #1-4 (Bayer Co.) )

chloramphenicol . Broad spectrum
Gram (+) & (-)

erythromycin Gram (+) but re-
. ’ sistant to penicil-
’ ’ linase
fluorocytosine : Anti-fungal with some

anti-bacterial"

G 418 Sulfate (Schering Co.)

'3 1-20 (Schering Co.) No available information - - = = = = = = = = = = - - = - -
kasugamycin Gram (-) Similar to aminoglycoéides
‘naladixic acid Gram (-) bacilli
oxytetracycline - ) Broad ‘spectrum Impaired function of ribosomes
{Terramycin) Gram: (+) & (=) by blocking the binding of the
' : 7 ". tRNA at the 30s unit.
pgnicillih G Mainly Gram {(+) Inhibits incorporation of amino

but some Gram (-)

synthesis

Inhibitory to protein synthesis. |
Competes with mRNA for ribosomal

. binding at 50s site,

Similar to chloramphenicol

Blocks-thymidylate'synthetésé
to help prevent nucleic acid
synthesis.

Similar to the aminoglycosides

acids into the bacterial cell wall
creating a defective mucopeptide.

Chloramphenicol.

The Macrolides

—LZ._

The Aminoglycosides

The Tetracyclines

The Peptides




Table 2. (Continued).

Antibiotics Activity Mode of Action Group
Rondomycin (methacycline) Gram (-) Similar to oxytetracycline. The Tetracyclines
Sch 15445 (Schering Co.) No available information = = = = = = = = = = = = = © = = & 0 0 0 = =0 = - - = -
streptomycin (Agrimycin) Broad spéctrum Blocks the 30s ribosomal unit The Aminoglycosides
Gram (+) & (=), causing early leaving of the.
Anti-fungal and Anti- m RNA. Also, interferes with
tuberculin. tRNA binding.

S-2 amino ethyl-L- ) -Anti-bacterial

cysteine hydrochloride

D-L tartaric acid Anti-bacterial
(500mM at pH-3.0)

trimethoprim | _Anti-bacterial
2, 3-5 triphenyl tetra- \Included as a dye
zolium chloride (TZC) marker

tylosine tartrate’ Anti-bacterial

The Diaminopyrimi-
dines

The Macrolides

|
N
[s0]

i




Table 3. General information about some of the antibiotics tested.

Antibiotics

naladixie acid
oxytetracycline

pénicillin G

\streptomycin'

D-L . tartaric ac1d

2, 3-5 triphenyl tetra-f

zolium chloride

Discbvery—-l950

Discovery--1929

‘Discovery--1944

General Infotmation
albamytin Discovery--1956
bécitracin Discovéry-—l945 Consists of types A (most active), B, D, E, and F.
. Useful for the synergistic response with penicillin.
chloramphenicol Discovery-—l§47 Dérivaﬁie from one amino acid. Préveh élant systemic.
erythromycin Discovery=-1952 Derived from proprionate ot_apetate units.

Used in selective media due to its narrow band of actiQity.

Derived from ‘proprionate or acetate units. Low toxicity
and a proven plant systemic.

Not resistant to pen1c1lllnase. Derived from two amino
acids and is a proven plant systemic.

" Derived from sugars. Water soluble with bacteriostatic

action in low concentrations and bacteriocidal action in
high concentrations. Extreme mutational problems with
the target pathogens. Extensively used in agriculture
and a proven plant systemic. '

Used. in the control_of fireblight, E. amylovora 158).

Used to enhance Gram (-) detection on certain media as a
red precipitate forms when this is broken down.

Other compounds wh1ch exhibit particularly strong Gram (-) activity include kanamycin, neomycln, and some
of the penicillinase resistant penicillins.
of limitations of experimental material and as duplicate representatives of the same groups.

These were excluded from the experimental design only because

i
8]
O

[
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size éf the growth inhibition zoné as compared with either of the two
‘antibiotics used alone. Three separate pla@es or replications were per-
formed with each antibiotic test. The growth %nhibition zones as re-

corded in the results were the average of the replications.

In-vivo Phytotoxic Check of the Active
Antibiotics~Experimental Design

A hydroponic system for phytotoxicity testing was employed. In-
corporation of organic matter into the system was kept to a minimum by
washing the roots of the plants to be used. This was neceésar? to de-
crease the chance for non-specific binding of the antibiotic while in
suspension and thus keep the antibiotic le&els as high as possible for
entry into the plant. Beakers with a capacity of 250 ml. were used as
receptacles fof the antipiotic suspensions. . A mixture of the compound
to be tested was suspended in‘50 ml. of water. Some compounds required
ethanol for soldbilization'and in these cases it was élways used at a
rate of less than BﬂO% to avoid poésible plant side effects. The potato
plants used were grown in" flats containing a-1:1:1 mixture of peat moss,
sand and soil. Eyes from the main tuber were removed with a melon. bal-
ler (eyeballed) and planted. This produced a singie stemmed plant..
Russet Burbank seed tuberé grown by John Séhuttei, a Manhattan, Montana
area grower, were used.: This pérticular seed had a very  low natural in~
cidence of blackleg. Plants approaching the 10-15 cm. heigh£ were used
in the test. Selection criteria included a healthy appearance, a thick
stem, and a good'root system. After placement of the plants in the
beakers containing the antibiotic suSpensions,Aeacﬁ unit was gllowed'

to sit at room temperature (22-24°C) in a greenhouse for three days.

X S -
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The units were checked every 12 hours for the appearance of phytotoxi--
city. |
Phytotoxicity was deferminéd by observing plant symﬁtoms. . These

included &ilting, leaf chlorosis, and a-lack of growth or general non-
hardiness of.the plant as compared with'thé healthy_contiol. Starting
‘with-the lowést concentration showing phytotoxicity, each comédund was
ldiluted by-increments of 200 ug/ml. and the experiment repeated'for
lanothér three day interval. That dosage of the compéund to bé used in’

further testing was the highest concentration demonstrating no observ-

able phytotoxic symptoms after a period of three days.
Results

In-vitro Plate Bioassay

i

A serigs of cultures were used for the in-vitro testing sequence,
e.g., Eca (SR-8), Ecc (AK-241), and a mix Qf.the two. The mixture wés
useful in determining any major changes apparent in.thé'antibidtié's
activity with both bacﬁeriél variéties p?esent. Table 4, wifh;the
most active dompbunds given at the top of the table, shows‘the results ;
obtained with_the plate biocassay. Streptomygin, oxytetracycline,‘chlqrf

amphenicol, Rondomycin, and penicillin G, were the most active compounds-

currently on the market. G 418 Sulfate and J 1-20, two expefimental

gentamycin derivatives, were also quite effective. Smaller zones were
formed by késﬁgamycin, trimethoprim, and fluorocy%osine. This was an
indication that their activity.against the E. carotqvofa varietieé was
_limited, and in fact, only kasugamycin was carr}ed over into the ngxt-

.stage of the in-vivo plant check. ‘The remainder of the compounds showed
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Table 4. Zones of bacterial growth inhibition with the in-vitro -
plate biocassay of individual antibiotics.

Inhibition zone (mm)

D-L Tartaric Acid

(500 mM pH-3.0)
naladixic acid.
Bayer #l-4

Antibiotic Concentration  ( g/ml.)
1000 "~ 500 ‘ 100
Eca - Ecc Mix Eca Ecc Mix Eca Ecg Mix
penicillin G 12 14 15 8 11 12 6 7 7
streptomycin 10 9. 9 10 8 8 5 . 3 5.
-oxytetracycline 9 9 9 7 7 7 5 5 3
. chloramphenicol 5 9 9 -5 6 7 - 1 3
S J 1-20 : 11 9 10 1r - 8 9 7 5 5 .
Rondomycin 10 8 9 9 6 7 6 5 5
G 418 sulfate 11 9 9. 9 7 7 5 4 4
fluorocytosine 3 2 2 2 1 - - - -
trimethoprim*’ 5 .5 5 - 3 .2 - - -
kasugamycin 1 1 1 1 - - - - -
Sch 15445 - - - - - - - - -
exrythromycin¥* 2 3 2 - 2 2 - - -
TzC - - - - - - - - -
S-2 - - - - - - - - -
Tylosin Tartrate - - - - - - - - -
albamycin - - - - - - ~ - -
bacitracin - - - - - - - - -

*All zones showed extensive clearing of the bacteria but not total in-
hibition except at the 1000 yg/ml. concentrations. ' ) ’
Growth inhibition zones are read in millimeters of radius extending
from the outer edge of the inhibition to the edge of the disc. Eca and °
Ecc overlayer was 4 x 108 cfu/ml. while the mix of the two eqgualed

8 x 108 cfu/mi.
after overlayer.

The plates were incubated at 24°C and read 48 hours
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little or no activity in the test and thus wefe dropped from furthef
tésting. ”

Combination studies showed some increase in the activities of the
antibiotics as seen in Tabie 5. In all but three cases, there was a
zone of growth inhibition at least as large as that produced By the
least active antibiotic of the. pair. The three exceppidns were.tﬁe
:combinations of streptomyéin-chloramphenicol, ka;Ugamycin—chlorampheni-

col, and G 418 Sulfate-chloramphenicol.

In-vivo Phytotdxicity Check

All antibiotics taken ﬁp by the plant produced some phytotoxicity,
either‘externaily observab%e, or internally'nonjobservable except as
refiected in plant vigor (57). Table 6 lists-the results of the fests
for phytoto*icity with each antibiotic showing some\activity agéinst Eca
and Ecc as'determingd with the in-viﬁro pléte bioassay.- It should be
noted that these are barely sub—léthql dosages and'that in practice,
the chemicals should be used at lower doncenprations. These figurgs

did set the basis for a workable starting point for further research

witﬁ-specific antibiotics to be used for plant uptake.
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Table 5. Zones of bacterial growth inhibition with the in-vitro

plate bioassay of-antibiotics in combination.

Zone of inhibition (mm)

Antibiotic Eca Ecc Mix Rating**
streptomycin-oxytetracycline 11 10 7 NC
(6-8 mm,)"" -penicillin G 13 14 14 +
~Rondomycin 13 9 9 +
-kasugamycin 10 7 9 +
-chloramphenicol 8 7 7 -
-G 418 Sulfate ' 11 10 10 +
-trimethoprim 10 10 °] +
-J 1-20 - 12 10 11 +
oxytetracycline-penicillin G 12 10 10 NC
(7 mm.)"" -Rondomycin © 13 10 7 NC
-kasugamycin g* 8* 8* +°
-chloramphenicol g* 9 6 NC
-=G 418 Sulfate 11 11 8 NC
-=trimethoprim 6 o* 8* NC
-J 1-20 12 - 11 10 +
penicillin G-Rdndomycin 13 .13 13 +
(11 mm.)"" -kasugamycin 11 12 11 NC
~chloramphenicol 14* 10 11 NC
-G 418 Sulfate 13 14 - 13 +
-trimethoprim 11 ‘12 12 +
-J 1-20 13 13 12 +
-bacitracin 12 11 12 NC
Rondomycin~kasugamycin 10 8 S5* NC
(7 mm.)"" -chloramphenicol 1l .8 7 NC
-G 418 Sulfate 11 10 10 -+
-trimethoprim 9 8* 7* NC
=J 1-20 12 10 10 +
kasugamycin-chloramphenicol 5 6 5* -
(O mm.)"" -G 418 Sulfate 8 8*" 7% NC
-trimethoprim 4 9 - 3 +
-J 1-20 10 9. 9 NC
chloramphenicol-G 418 Sulfate 7 6 5 -
(6-7 mm.)"" -trimethoprim 5 7 7 NC
' -J 1-20 6 7 NC .
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Table 5. . (Continued)

Zone Of inhibition (mm)

.Aptibiotic ' Eca Ecc Mix Rating*¥
G 418 Sulfate-trimethoprim (2 mm.)"" 10 en o" NC
(7 mm.)"" -J 1-20 (9. mm.)"™ 10 11 11 +
Control (O mm.)"" 0’ O - 0

QA
i1

*Slight zone of bacterial growth on the outer margin of the zone. -

"Mutation evident around the disc with the antibiotic present.

Growth inhibition zones are read in millimeters of radius. All com-

" binations are mixed at 500 Ug/ml. each. 'Eca and Ecc overlayer was
4 x 108 cfu/ml. while the mix of the two equaled 8 x 108 cfu/ml. The
plates were incubated at 24°C and read 48 hours after overlayer. NC =
No change. ‘

**Rating -~ the change in the zone of bacterial growth inhibition result-
ing from the combinatory effect of the antibiotics versus the single
antibiotic. ’

""Individual antibiotic inhibition zone measurements for use in the
combination effectiveness comparison.
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Table 6. In-v1vo phytotoxicity on potato plants treated with
" specific antibiotics.

Antibiotic - Highest concentration in pg/ml. without
- observable phytotoxic symptoms

streptomycin . . . 3500

oxytetracycline . 2000
"chloramphenicol 250-300
penicillin G 2000
G 418 Sulfate 3000
Rondomycin . 4500
kasugamycin - : 300-500
trimethoprim - ' , No effect
: to 11,000
Bayer ‘#2 1000 -
Bayer #3 200

Replicated with .5 plant/antibiotic treatment. The'experiménts were
conducted until the non-observable phytotoxic dosage was reached.

Discussion

Antibiotic Selection

All compouﬁds wefe sglected preferentially for known Gram ﬁeqative
activity, proven or suspected systemiCruétake in plahté, and.régdy
availability. Most major groups of antibiotic compounds were repre-
sented. It must be/emphasized £hat this study was mainiy concerned with
the development of a simple, uéeable system for a cerfified seed pro-
gram. It is important to note that several hundred additional énﬁi—
bioticé ér; now-available, mény con£aiﬁingi§éa£urés which may be attrac-
tive for use as‘plant protectants. These in a sense can be considered
a resource, but proper program guidelines are a necessity if a survey
of the compounds is to lead to utilization. Also, even though many

‘antibiotics demonstrated useable activity in-vitro, but were not sys-

temic, they should not be discarded as having no use. The possibility
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exists that they migh£-be extremely effective tuber disinfectants or
have éome other currently unknown applicatibn.

Positive gntibacterial activity at.lOOO ug/ml. or below-was con-
sidered.acceptable for advancement into the next stages of the procedure.
Use ofihigher ddsaées would be unsafe and impractical since plant health.
was negatively affected by many compounds. There were similar zbnes of

growth inhibition using Eca, Ecc, and the mixture of the two, thus, it

was feasible to utilize the mixed overlayer in the remainder of the

exgeriménts. This faciiitated ease of handling .and unnecessar? duplica-
tion by using'each bacteria alone. A routine tegt of this nature is
extremely important before advancing further .into the assay, as is evi-
denced by the fact that neither aibamycin nor naladixic acid showed any
activity against Erwinia, even though both have demonstrated effective-
ness against Gram negative organisms. ‘

_The in-vitro -plate biocassay performed,quite'éatisfactorily, however,
some precautions mustibe taken. Many researchers agree thqt the sensi-
tivity of thé test is dependent upon numerous factors inclﬁding the
teméeréture at which it is performed, assurind consistent organism
growth, the amount of agar in the plates as well as the type of agar,
which méy affect the diffusabiiity of the aﬁtibiotic, and the amount of
bacteria used for the plate overlayer (12,33,34,35,41,100). Once these
factors have been taken into account, the test can be quite consistent.

The combinatién stqdies did not feally show what was Fctually hap-
pening with the antibiotics. -It was. impossible to tell whether or not'-

there was synergism or antagonism as there was no dose-response curve

generated. for each antibiotic individually. To calculate synergy or
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antagonism, it would be necessary to utilize several points of'the dose-
.response curves of‘eéch of the antibiotics while in combinations. This
could be accomplished through the use of an isobolographic curve. Also,
therelarelinhefgnt probléms in the use of the plate biocassay system for
combination stddieé.‘lOne 6f the most crucial effects was that the anti-
biotics-were'on a diffusion concentration gradient and failed to aiffuse
past the specifié point in the plate as dictated by the gradient.(33).
This meant that s?nergiém or antégénism could bé impossible to detect,
even if it was p?esent. ‘In addition to phis, the drugs might form com-
plexes with each other and céuld resuit in not'necessarily a gain or
loés of activity, but a possible loss of diffusébiligy into the agar.

One positive point obsérved én the plates used fdr the cambination
studies was the clarity of the'growtﬁ inhibition zones'in the m;jority
of the céses. There were usually no outer zones ;f bacteria present,
ﬁeaning that ;he antibiotics in cbmbinatipn £en&ed to inhibit'bgth'Eca
énd Ecc equally. In the case of G 418 Sulfate when combined Qitﬂ anti-
biotics of lesser activity, fhere was an extremely-high réte ofbactérial
(Ecc) mutation afound the discs. See Figures 1 and 2.. This might
help explain some observafiéns'noted léter in qhapte;‘S when the cém—
.pound G 418 Sulfate resulted in a faster g@verall spread of the bacteria-
in the_élant. Thé possibility of its béing a mytagen is high. The com-
binations, whilé ﬁot demonstrating pos%tive'syneré? or‘antagpnism,_did
_show zones §f growth inhibition which'Wefe_for the most part at least
as large as the least a&give antibiotic. of the pair, thus assu?ing.no

real loss of activity.
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Figure 1.

Eca and Ecc mixed inoculum overlayered on akplate of NA
and allowed to stand for 24 hours. The antibiotic disc
was placed on the plate 15 minutes after overlayer and

the resulting zone of inhibition is apparent.
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Figure 2.

, The same plate as in Figure 1 after 72 hours incubation.
Antibiotic resistance is evidént in the colonies growing
in the zone of inhibition.
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The antibiotics varied ;n their ability to ellicit a phyto£oxic
response in potato. However, the antibiotic could not be useful unless
it had activity against the pathogen at or beloQ thg highesﬁ concentra-
tion which did not show visible phytotoxicity. An example of this woﬁld
be tﬁe compoﬁnd Bayer #3. At 300 ug/ml. it féused,plant death, but
showed only very limited activity against Erwinia at 1000 ug/ml. Be-

cause of the phytotoxicity to the plant, the compound is probably use-

less as a systemic protectant. When using antibiotics in combinations,

there appeared to be higher phytotoxicity in the plants (57). 1In the

case of the streptomycin—oxytetfacycline combination, there was in-
creased phytotoxicit§ at the 1000 ﬁg/ml. level while individually each
showed only moderate levels‘of phytotoxicity at this concentratién.
However, by reducing the dosage of each .slightly, this_problem was over-—
come and the effectivé protection of the plant was greatly increased.
Thus, by using phytotoxicity és a tool for evaluating the antibiotic-
plant relationship, the researcher can better decide whether the anti-

1

biotic .could become an effective systemic agent.

Conclusions

Information-on antibiotiés to be used in the test prbceduré was
coﬁpiled from textbooks . and refereﬁces, research papers, and ;hémical
company manufacturing data. The in—yitro platelbioassay turned out to
be a very effective method for gssaying antibiotic effectiveness against
the blackleg pathogen. It proved to be gﬁ a;curate, réliable,indicatioh
of antibiptic activity and was reproducible whén replications were per-

formed. Using each antibiotic individually, seven were found which
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demonstrated any substantial activity against Erwinia. . These were peni-
. cillin G, streptomycin, oxytetracycline, cﬁloramphenicol, Rondomycin,
J 1-20, and G 418 Sulfate. With the drug combinations, it was deter-
mined that a liquid assay system providing intimate contact between the
bacteria and antibiotics would have been preferential to the use of the
in-vitro plate biocassay. All of the antibiotics utilized did show phy-
totoxic symptoms on~pota;a. Some produced more plant Qamage thanbthers,
but all had the'basic symptomology, including, germipation and root in-
hibition, root and shoot stunting,-root thickeﬁing, wilt, and leaf
chlorosis. Dosages of the promising antibiotics were determinéd'wﬁich
were below the concentrations producing visib;e phytotoxic . plant effects.
These were then utilized in tests reported in Chapter 4 for in-ino

plant assays on the activity of the antibiotic in the plant.
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CHAPTER 4

ASSAY FOR ANTIBIOTIC SYSTEMICITY

in-vivo Bioassay for Antibiotic Systemicity

Thé use of é‘bipassay to aetermine antibiotic activity in a plant’
is essential. The antibiotic should be shown to bg systemically c;rried
into the plant for the assay to be meaningful. The compound must, reach
distal areas of the plént, the upper stem and leaf, in high enouéh con-
centration, to be effective in control of the pathogen.' This, of course,
varies from one antibiotic to the next, but a plant-plate bioassay

should help give an accurate picture of drug movement in the plant.
Materials and Methods

Experimental Design

The hydroponic éystem, described in Chapter 3, was used and the
seed sodrce was the same. Plants were grown from'eyeballed seed pieces
until they reached the 10-15 cm. stage. Only Fhoge with thick, healthy
stems and leaves were used. Also, stem cuttings we?e taken from the |
plants. With the rooted plants, the seed piece‘was removed to Siﬁulate
field conditions. Both rooted plants and stem‘cuttingé were placed in
an antibiotic solution as discussed iﬁ Chapter 3. Each unit Wés.allowed
%o sit at room temperature (22-24°C) in a greenhouse for a periéd of 48
hours. Plants wére sampled at intervals of 2, 4,16, 8, 24, and 48 hours.

\

Six plants were utilized per antibiotic treatment allowing. only One
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replicatioﬁ pef time period. Both the upper stem and midd}e to top-

_ mosp leaves of the plant were used at e;ch interval for.observation. As
é diffefent plant from each unit was used at each time interval, some

inconsistencies in antibiotic uptake were observed.

Data Cbllection : ) .

The harvested tissue was placed in a press plate .for use in a
Greenard‘paboratory 30 ton press. One half of eaéh tissue sample was
squeezed and assayed'fresh, while the other half was équeezed, placed
in a freezer for 24 hours, énd then assayed. An in—vifro plate bioassay
as described in Chapter 3 was then performed. Antibiotic sensitivity
testing discs were sbaked'in the plant juice and plaéed on plateé of
Mueller Hinton medium overlayered with.the biackleg organism, The
pathogen mix of Eca and-Ecg was overlayered at an.inoéulum density of
0.1 ml. of 8 x 108 cfu/ml. The procedure followed from this point on
. was the same as described in Chaéter 3. Eacﬁ assay plate also included
a control disc soaked with 1000 ug/ml. of the antibiotic being tested.
Growth inhibition zone radii were megsured in millimeters from the edge
of the sensitivity disc tg the outer edge of the zone. .Measurements
were compared with previous zones obtaiﬁed in Chapter 3 to establish an

approximate concentration of antibiotic in the tissue.
Results

The results of these experiments are tabulated in Tables 7 and 8.
Table 7 shows data obtained using rooted plants with the fresh plant
juice listed first and the frozen plant juice listed in brackets. Table

8 shows data obtained from the stem cuttings with the fresh plant




Table 7. The uptake of»antibiotics.in-vivo-by rooted plant samples as determinéd by -an -

in-vitro plate bioassay.

Inhibition Zones (mm)

~-Gb-.

~ **Each unit is given with the fresh squeezing first followed
Growth inhibition zones are read in millimeters of radius.

in brackets by the frozen.squeezing.

Antiobiotic Dose ypg/ml. Time Intervals for Treatment (hours)
2 6 8 24 48
*T, S L S° L S L S L S L ]
streptomycin | 2000 **0(0) 2(1) 0(2) 5(4) 2(1) 4(5) 8(7) 6(9) 2(1) 5(8) 9(2) 7(10)
1000 0(0) 0(0) 0(0) . '0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(7) 0(0)
. 500 0(0) 04(0) 0(0) 010) 0(0) 0(0) 0(0) o(O 0(0) 0(0) 0(0) 0(0)
oxytetracycline 2000 3(3) 2(3) 3(2) 4(3) 34{0) - 3(4) 3(0) 5(7) 6(3). 3(5) 5(2) 2(5)
. 1000 2(0)y 0(O) 2(0) 2(2) 3(09) 3(2) 3(0) 3(2) 5(1) 0(4) 0(2) 1(3)
500 0{(0) 0(0) 2(0) 0(0) 2(0) 0(0) 4(0) o0(0) 5(0) 0(2) 0(0) 0(1)
streptomycin-- : :
oxytetracycline 1000 2(2) 2{2) . 3(L) 2(1) 6(2)  -4(5) 2(0) 1(5) 4(2) 4(3) 3(3) 5(4)
kasugamycin 1000 0(0). 0(0) 0(0) 0(0) 1(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(1) 0(0)
chloramphenicol 1000 6(3) 3(2) 6(6) '6(5) 81(5) 3(8) -5(8) 7(8) 8(10) 9(8) 4(7) 5(5)
~Rondomycin 1000 - 0(0) 0(0) 0(0) 0(o) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 04{0)
penicillin G 1000 11(6) I(2) 13(12) 5(5) 11(1l1) "2(4). 9(11) 4(7) .12(12) 3(6) 11(1ll) 2(2)
streptomycin . o
with 1% glycerol 1000 0(0) 0(0) 0(0) 0(0) o0(0) 0(0) 0(0) 0(0) -0(0) 0(0) 0(0) 3(0)
*I, = Leaf portion - 8 = Stem portion

Eca--Ecc mix overlayer was 8 X 108 cfu/ml.
The plates were kept at a temperature of 24°C and read 48 hours after overlayer. -




Table 8. The. uptake of antibiotics in-vivo by stem cut,plant samples as determined
by an in-vitro plate bioassay.

Inhibition Zones (mm)

Antiobiotic Dose yg/ml. ' Time Intervals for Treatment (hours)
2 4 6 8 24 48
*1 S L - S L - S L S L i L S
streptomycin 2000 " **2(4) 4(2) oL 4(2) 6(5) 5(6) 5(3) 6(4) 7(8) 2(7) 4(10) 3(8)
- 1000 0(0) 1(0) 1(4) 2(4) o(0) 2(2) 2(0) 4(4) 7(7) 2(7) 2(6) 6(4)
500 0(0) 0(0) 0(0) 0(4) 0(0) 1(3) 0(0) 2(0) 5(0) 5(4) 0(0) 4(0)
oxytetracycline 2000 3(2) 2(3) 3(0) 5(1) &(3) . 2(4) 0(0) 2(4) 7(3) 0(2) 3(5) 0(0)
1000 - 1(0) 1(L) 5(3) 3(2) 442) 1(4) 6(3) 2{2) 5(4)  1(5) 0(0) 0(1)
500 0(0) 0(0) 2(0) 1(1) 0(0 0(2) 1(0) 2(0) 5(0) - 1(3) 0(0) 0(1)
streptomycin-- . . : - R
oxytetracycline 1000 0(0) 0(3) 0(4) 3(4) 7(4) 4(6) 1(1) 1(4) 6(6) 7(7) 7(2) 6(7)
vrkasugamycin 1000 0(0) 0(0) 0(0) 0(0). 0(0) 010) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) ¢
chloramphenicol 1000 0(0) 2(3) .0(7) 5(6) .6(8) 4(8) .6(8B) 3(8) - 8(9) 9(8) 0(7) 0(5)°
Rondomycin A 1000 0(0) o(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(O) 040) 0{0).- .0(0) 0(0)
penicillin G - 1000 7(9) 5(5) 11{11) 4(9) 9(l0) 6(7) 9(15)10(9) 9(7) B8(9) 11(11) e6(8)
streptomycin ) :
with 1% glycerol lOOO . 0(0) o0(2) 010) 0(3) 2(0) 3(4) 3(0) 6(9) 2 (0) 6(7) 24(7) 2(8)
*], = lLeaf portion S = Stem portion

**Each unit -is given with the fresh squeézing flrstfollowed in- brackets by the frozen squeezing.
Growth inhibition zones are read in millimeters of radius. Eca--Ecc mix overlayer was 8 x 108 cfu/ml
The plates were kept at a temperature of 24°C and read 48 hours after overlayer.
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juice readings also {}sted first and the frozen plant‘juice listed in
brackets. Differences are evident between the antibiotics at the out;
set. Streptomycin, as reported by Ark (10), did take time to,séturate
the ava;lable root sites and thus shows a low initial'reading but in-
creases after 8 hours. Aalso, streptomycin at lOOQ.1Jg/ml. with 1%
glycerol added shpwed similar uptake patterns as streptomycin at 1000
_ug/mlzwithout-the glyéerol even thouéh glycerol was reported tb improve
uptake (64). Oxytetra;ycline, chioramphenicol, and penicillin G showed
early uptake into the plants well within the first 4 hoﬁrs, with peni-
cillin G having entered the plant in the highest EOncentration_relative
to the stérting dosage. Freezing versus utilizing the tissue fresh did
not seem to demonstrate any méjor differences. it should be noted that
several of the penicillin checks showed some bacterial growth around
the disc iﬁdicative of possible resistance to the antibiotic. Also,
neither Rondqmycin nbr késugamycin showed any. activity during this phase'

of the testing and were dropped from further expefimentation.
Discussion

Based upon the results obtained, it is evident that the stem- cut
stocks showgd a faster ovefall uptake of the antibiotics than‘did the
robted stocks. AS stem cuttihgg are not under the influence of a root
system, this is to be ekpécted. It is important to remember, however,
that any compromise of the water transpoft system caﬁ dramatically
affect antibiotic uptake iﬁto the plant gnd thus limit its potential
for entry and protection. Most antibiotics are taken into the plant

through the transpoit system in a passive manner and move through the
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xylem throughout the plant. Streptomycin is the exception, being able
to utilize the active transport\system for uptake k57). The results
indicate that thesé ideaé are correct ag the levels of ﬁhe antibiotics
tended Fo increase in the upper regions of the plants as time went on,
or at the least remain the same.

In-vivo uptake of antibiotics is dependent upon'many factors in
both the plant and the assay system. The staée of plant growth is
critical for antibiotic uptake. Root gréwth must have proceedéd far
enough that the seedpiece is no longer necessary as it may act as a
reservoir for blackleg bacteria and conseguent reinfection after treat-

. \ .
ment (114). The first stage of plant growth (emérgence to tuber initia-

tion) is also the period of fastest water uptake and would be the

natural period in growth for rapid antibiotic entry and delivery to all

‘parts of the plant (10l1). Young plants are easily infected (71) and

treatment at this stage can help ‘assure the.plant a blackleg~free.status
as it grows into the more resistant maturing stages.

Root barriers bose the next problem for the assay system. Many
chemicals are not absorbed throﬁgh the root system and thus, other de-
livery methods must be devéloped. The firsf thought was the use of
stem cuttings in place of the rﬁoted plants as.a means for avoiding
the barrigr iq the roots.- ngever, the main arawback to the use of
the stem cuttings is the reduction or iﬁhibition of root formation that
occurs after treatment ag many antibiotics can be very pronounced in
these respects (23). . . , !

.The assay system i£§elf posed the most pertinent problems. The

system was developed so that inhibition of antibiotic uptake attributed
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to extraneous féctors, such as soii binding and excessive heat or liéht
breakdown, was minimized (74). A hydroponic system was accepted, as it
gave thé fewest probiems with eithér the plants or the antibiotics.
Plants washed free of debris before placement in the system wére effec-
tively freé of antibiotic binding by anything other than the roots
themselves.

Plant parts were checked at the locatgons of natﬁfally occurring
infections. The roots, being saturated with the antibiotic, were not
assayed. Leaves and stems were squeezed as described by Crowdey and
Pramef (38). They reported the pfess able to recovér 53-74% of the
sap from the plant part squeezed. This, along with the fact that liquid
uptake by the sensitivity testing di#cs was uniforﬁ, showed that most
of the inconsistencies which were evident were the result of plant to
plant variation. Factors such as leaf size, stem thickheés, and the
amount of absorbing root surfaée all make a difference in antibiétic
uptake and the amount present in the plant tissue. Time interval sam-
pling was employed, painting a picture of antibiotic uptake'rates and
partial longevity in both the rooted and the stem cut plants. This
allowed for the determinatioﬁ-of an optimum treatment time of the piant
in the antibiotic. It might be reiterated at this point, however, that
the main objective of this phase of the research was not to precisely
identify the améunﬁ of'antibiotic being taken up by the plant,-but to

establish a definite pattern of plant uptake.-
One final caution with the in-vivo plant assay should be addressed. -

There are definite limitations associated with sap removal from the

plant. As 100% of the plant juice cannot be removed and there will be
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some binding of the an;ibiotics to thé plant parts (57), there is the -
possibility of obtaining a negétive readipg for the chemiéal in the '
plant, when there may bélléw levels‘présent. - An acceptance 6f theée
inherent prqblems may provide explanatiops as to why some antibiotics .

which show poorly in the in-vivo éssay do show some control in the

~challenge with Erwinia as reported in Chapter 5.
Conclusion

It appeared'that all of the antibiotics used except Rondomycin
and kasugamycin did show some uptake into the plant system. ‘Strepto—
mycin had a definite lag period Before éﬁtering the plént while the
other antibiotics showed more-rapid entry and uptake into the system,‘
ﬁsually within the first four hours.. Both rooted and stem‘cut plénts
were utilized. Rooted planﬁgitend to be slower in their .uptake of the
antibiotic;, most likely due .to the root barrier. This was‘especially
true in the case of streptomycin. In all cases, the stem cutting's
uptake of water and chemical was faster than its rooted cbunterpart.

Freezing of the tissue versus usihg fresh tissue in the plant sap

extraction pfocedure showed very minimal differences. Some variability

was noted among individual plants or time periods and treéatments, but
these may be accounted for by the differences in the aﬁount of plant
tissue used as well as the inherent difficulties in the squeeziﬁg tech-

nique.' More than one plant per time interval/treatment should be used

to alleviate some of these problems and give a clearer picture of anti-

biotic uptake patterns.
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CHAPTER 5

EXPERIMENTS IN CHEMOTHERAPY

The Use of Chemotherapeutié Agents to Control Erwinia in Potato
and Follow-up Assay for Bacterial Presence

The final phase of tesfing an antibiotic's:effectiveneés in patho-
gen control is the use oftinfected plants. A ;h?ee-phase approach was
utilizgd. The first phase was direct plabement of the plant in the
antibiotic suspension for 24 hdurs (&osage as determined by Chapter'4
results) and the subsequent challenge of the plant with an Erwinia
inoculation. Plant placement in the antibiotic suspensioﬁ and immediate
challenge with the bacterial inoculation was the seéond phase. The
third phase consisted of an inoculation with Erwinia, waiting for
visible symptoms to appear, and then, placement in. the antiobiotic sus-
"pension to demonstratela 1esseniﬁg of symptoms or remission.

To implement a program of chemotherapy into a certified potato
grower's operation, it must be cost effective and show iittle or no

‘pathogen survivability in the plant. Levels of disease which have

dropped to insignificance may be acceptable.
Materials and Methods

Plant Selection and Pathogen Storage

Potato plants produced from eyeballed seed pieces weré used at the

10-15 cm. stage of growth. Only those with thick, healthy stems, and
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leaves and well-established root systems were acceptable. Both stem
cutting plants and rooted plants were used in the first teét, while only

rooted plants were used in the second test. The Erwinia organism uti-

s

lized for inoculation was first grown on CVP to check for pectin hydrol-

ysis and then transferred to Nufrient Agar for growth and subsequent
suspension in stefile water for injection purposes. This step was
critical in that-a fresh preparation of inoculum is needed to assure a
good infection. in the plant.

‘For short term studies with the organism, an effective way to store
the Erwinia inoculum consists of placing a suspension of at least 4 x
108 cfu/mi. (QD.640 = 0.1) in sterile water stored in the refrigeraﬁor
(50C) to be reisolated each time use is necessary. The inoculum can be
maintained in this fashion for a period of 3 to 5 months. Longer term
storége involves blacément of the organism in sterile Nutrient Broth,
sﬁgsequent growth, and then the addition of 10% sterile glycerol to the
medium and placement in the freezer (-5°C). Our strains of Erwinia

carotovora survived in this frozen state for at least one year.

Antibiotic Preparation and Plant Inoculation

Thé antibiotic 'suspensions were prepared in the same manner as
given in Chapter 3. The plants were kept in 250 ml. beakers in éither
water or the antibiotic suspension except in the case of phaée 3 where
an entire flat of potatoes‘was placed in the humidity chamber (100% RH)

during the inoculation period. This humidity chamber was in a green-~

house with average temperatures at 24°c for the Eca inoculation and 30°C -

for the Ecc inoculation. Both Eca and Ecc weré used, even though the

antibiotics demonstrated similar activities toward both. Inoculum den-

sities between 4 x 108 to 8 x lO8 cfu/ml. were used throughout the
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testing as they were the most reliable for expression of symptoms. A

10 ml. Leur Lock syéipge with é 22 gauge needle was used for the inocu-
lation procedures. The bacterial suspension was drawn inéo a syringe
and injected intolthe stem of the.plant at a marked spot on the surface,
above the lowest leéves but well beldw the upper leaves. A hanging drop
was suspended from the needle and plaéed on the surface of the inocula=
tion site. ‘The needle was pushed tthugh the stem at.this poiﬁt and the
drop was drawn into the stem. ©On the other side of the stem, another
hang;ng‘drop was expressed and the needle waS'drawp back through the
stem and removed. At this point, the plant was placed either in a mist
chaﬁber‘at 100% RH. or a plastic bag was placed over the plant and beaker
to maintain a high humidity. Temperature was a critical factor at this

stage. Eca must be kept in the range of 18-24°C and can only go as low

~as 16°C, while Ecc does well at room temperature (24°C) with an optimum

of 30°C. Unless both the teméerature énd humidity are kept well with

thesé tolerance leﬁels, infection will not occur.

Experimental Design

Each phase was set up in a similar manner, but with enough minor
differences to make a separate discussion'of,each appropriate.

Phase 1) Potato plants werevplgced in antibiotic suspensibns for
a period of 24 hours as determined in‘Chapter 4 and then inoculated as
stated ‘above. Five plants were placed in each beaker with a total of
ten plants used in the rooted form and five plantg stem cut for a total
of fifteen plants/treatment. Prior tovinoculation, each beaker was
filled with ciean water and the plant roots washed. After inoculation,

the beakers were placed in the mist chamber at 100% RH as stated earlier.

Temperatures and greenhouse conditions were as described earlier for
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Eca and Ecc. An untreated,luﬁihoculated.control for both the stem cut-
tings and the roofed plants was inéluded as well as an hntféated, unin-
ochlated control for both.

Phase 2) Potato plants were placed in antiBiotic suspeﬁsions for
24 hours as described in phage 1, but at the same time as they were
inoculated. The same number.of plants‘éer treatment'wgre used and all
beakers were placed in similar conditions'as in phase 1. Controls were
also inc¢luded.

Phase 3) Potato plants were ipocgla£ed indjividually and the entire
flat qf,potatéeé.placed under cqnducive environmental cénditions until
the first sign of visisle infection (Figure 3)1 Ihe-infected plants |
were then removed and placed in the antibiotic suspensions for a period
of 24 hou?s oﬁtside of ghe humidity chamber, at the specific tempera-
turés as.described earlier for Eca and Ecc. They were theﬁ transferred
to tap water and placed .back in tHe humidity chambeg for another 48
hours. Proper controls as inen above-were'utilized_throughou£ this.

procedure. Also, a similar number of plants per treatment were utilized.

Data Collection

A seriés‘of'two experiménts for each phase was performed with Ecg.
The first experiment included rooted plants and stem cuttinés, while
the second experiment only included rooted plants. Antibiotics were
.changea between experiﬁents as informatiqn was accumylated showiég anti—
‘biotic ineffectivenéss. -In the case of Eca, only phase 3 was performed
even though information from Ecc demopstraéed that’phase 1 had the beét

initial control with this type of experiment. Because inoculation and

. subsequent symptom development were ‘extremely inconsistent with the Eca
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Figure 3. Typical inoculated blackleg infection showing the top rot
symptoms associated with the stem inoculation technique.




. - =56~
organism, only phase 3, where symptoms could be previewed before using
the plants was utilized. It was expected that Eca .and Ecé would show“
similar results in any case és determined by results given in Chépters.
3 and 4. Again, two experiments were done, with no stem'cuttings in-
cluded. The reaéoning behind these decisions is in ;he discussion sec-
tion.

Data were collected on the basis of a viéible infection in the
cases of phases l.and 2 or a remission Ar maintenance Qf'the.symptoms
in phase 3. .The plants were scored on the basis of whether symptoms
.could still be seen or haa remissed and the overall appearance of the
plants. -Symptoﬁs included a whitish ooze coming from the interior of
the infection site, a blackening of the stem around the inocuiation
.site, and a definite wilting of the piénf as;the infectién’becamé sys-
temic. All plants were sliced with a clean,- sterile razor blade down
the ceﬁter‘of'the infection site to observé systemic conditioﬁé and,
any which appeared négative, were transferred to CVP medium for testiﬁg.
The plates were held anaerobically and a positive reaction was con-
sidered as evidence of viable organisms remaining. Two appfoaches‘were
followed to determine a viabie_infection. The hegative inoculation
site was.cut oﬁt with afsterile knife and placed in a mortar and pestle
to be ground up in sterile water releasiné any baéteria which may have
been présent. This mixture was treated'ESvdescribéd above. If fhe'in—
éculation site appeared.to be totally clean and‘h;rdened,:an enrichment
technique was utilizea. In this case, the'iﬁjection‘site was removed

and treated as above, .but was then placed in Nutrient Broth and allowed

‘to incubate for 48-72 hours at 24°c. At the end of the time period,
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the NB culture was traﬁsferred to a CVP plafe, incubated anaeropically
for‘72.hours, and read élong With the othersf Once again, pectin hydrol-
.ysis was taken to bé a positive reaction. Results wefe récorded and’
each antibiotic treatment was then given a rating of from 0 to 3. This

- rating waé the culmination of all of the testing performed on a given
antibiétic;- 0 indicated no control of the blackleg organism while 3
showed‘optimum.control and no evidence -of living bécteria still remain-

ing.

Results

'

.Tabies é through 12 give the data comparing diseasé reactions
undexr each condiﬁion as described in the materials and methods.. Tﬁese
tables include dat; from both stem cuttings and rooted plants. Each
table will be explained separately and, on tﬁé basis'of these resﬁlts,
ah overall picture of the critigal factors necessary for aﬁ antibiotic
system will be developed.

When there was é siﬁulténequs éﬁplica£ion of the antibiotic and
the inoculum (Table 9), there was variability evident in the data. A_
delaygd entry time as well as a 1éck-of chemiéal éentry in é high enough
concentration té be .effective with'the lower dilutions Qf;streptomycin
allowed a definite increase in disease symptoms.‘ Oxytetracyqliﬁe at
both dosages ellicited symptom development in only 3 of 10 plantsvghow—
ing‘séme dgfinitive control of-blaékleg as compared with the 9. qut of 10
élanfs showing symptoms in the check. Some phytoto#icity was evident

when streptomycin and oxytetracycline were mixed, but overall disease

control was excellent, In the second experiment of the series, the
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Table 9. Effect of simultaneous antibiotic treatment and inoculation
with Erwinia cgrotovora var. carotovora on blackleg symptom:
development in potatdes.

Antibiotic Dose ( yg/ml.) Number of Plapts with Symptoms Per
' Total Number of Plants Used

Experiment One _ Rooted CVP . Stem CVP
Reaction Cuttings . Reaction

streptomycin © 1000 4/10 - . 0/5 -
500 5/10 - 2/5 -
oxytetracycline 1000 2/10 . - "0/5 -
500. 1/10 - 0/5 ' -

streptomycin-- ‘
oxytetracycline 1000 ea. 0/10 - 0/5 -
kasugamycin 1000 0/10* - 0/5* -
chloramphenicol 1000 0/10 - 0/5 -
+ 5/5 ND* *

_Control (no treatment) 9/10

Experiment . Two

streptomycin 1000 9/10 -
: 500 10/10 ND
oxytetracycline 1000 4/10 -
500 9/10 -

streptomycin- .
oxytetracycline 1000 ea. 3/10 .-
- " 500 ea. 4/10 -
chlorampheniéol 1000 4/10 - -
500 3/10 -

penicillin G : 1000 1o0/10 ND
500 10/10 ND

Control (no treatment) 15/15 ND
Control (no inject) 0/5 -

_*Some phytotoxicity evident in the plants, especially the leaves.
_ **ND = Not determined as there were no negative readings obtained.

All samples were left: in the mist chamber after treatment for a period |
of 51 hours to allow for symptom development.
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Table 10. Effect of 24 hour antibijotic treatment and subsequent inocu-
lation with Erwinia carotovora var. carotovora on blackled:
symptom development in potatoes.

Antiobiotic Dose ( yg/ml.) Number of Plants with Symptoms Per
Total Number of Plants Used

Experiment One Roaoted Ccvp Stem CVP
: Reaction Cuttings Reaction

streptomycin 1000 . 1/10 -, 0/5 . -
500 0/10 . - 0/5 . -
oxytetracycline 1000 ‘ 2/10 - . o/5 . -
500 0/10 - 0/5 -
streptomycin- .
oxytetracycline 1000 ea. 0/10% - ' 0/5%* -
kasugamycin 1000 0/10* - 0/5% -
chloramphenicol 1000 0/10* - ' 0/5%. -
Control (no treatment) i 7/10 o+ . 4/5 +

Experiment Two

streptomycin 1000 1/10 : -

500 9/10 -

oxytetracycline 1000 0/10* -

' 500 "1/10 -

streptomycin-

oxytetracycline 1000 ea. 0/10%* -

500 ea. - 0/10%* -

chloramphenicol 1000 0/10* -
500 0/10* - . \

penicillin G 1000 0/10 -

' 500 0/10 -

Control (no treatment) 15/15 ND* *

Control (no inject) 0/5 -

T

*Some phytotoxicity evident in the plants, espec1ally the leaves.
Some wilting was also evident.
**ND = Not determined as there were no negative readings obtained.
All samples were left in the mist chamber after treatment for a period
of 48 hours to allow for symptom development.
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Table 1l.. Effect of antibiotic treatment on blackleg éymptbm develop~
ment in potato plants previously inoculated with Erwinia®
carotovora var. atroseptica until visible symptoms were

evident..
Antibiotic Dose ( yg/ml.) - Number of Plants with Symptoms Per
' Total Number of Plants Used
Experiment One Rooted CVP Reaction
streptomycin 1000 , 1/10 | -
. 500 -+1/10 -
oxytetracycline 1000 6/10% -

500 . 0/10* ‘ -
chloramphenicol 500 . 0/10 ' -

: _ 250 0/10 : -
penicillin G 500 ‘ - .0/10 ' -

250 , 2/10 -
streptomycin- ‘ ‘ '
penicillin G 500 ea. . - - 0/10 : -
chloramphenicol- : -
penicillin G 250 ea. } . 1/10 -
streptomycin- . ] . _" -
oxytetracycline 500 ea. 0/10%* -

Control (no treatment) ’ ) © 5/10 2 (=) & 3 (+)

Experiment Two

streptomycin © 1000 1/10 -
, 500 ° . 1/10 . -
oxytetracycline 1000 7/10%* - -
500 ~ 0/10% . -
chloramphenicol 500 - 2/10 ’ -
. 250 1/10 -
penicillin G 500 . 0/10 ‘ -
' 250 ' 2/10 - ‘ -
streptomycin- : )
penicillin G "~ 500 ea. 3/10 : -
chloramphenicol~ :
penicillin G 250 ea. : 4/10 -
streptomycin- : ' '
oxytetracycline . 500 ea. . 0/10* -

Control (no treatment) 6/10 1 (=) & 3 (+)

*Some phytotoxicity evident in the plants, especially in the leaves.
All samples were left in the mist chamber after treatment for a period
of 48-60 hours to allow for symptom remission or disappearance.
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Table 12. Effect of antibiotic treatment on blackleg symptom develop-
ment in potato plants previously inoculated with Erwinia
carotovora var. carotovora until visible symptoms were

evident.

Antibiotic Dose ( ng/ml.)

Number of Plants with Symptoms Per

Total Number of Plants Used

Experiment One Rooted cvp Stem CvVP
Reaction Cuttings Reaction
streptomycin 3500 0/10 - 1/5 -
1000 0/10 - 1/5 -
500 0/10 - 0/5 -
oxytetracycline 3500 1/10 - 1/5 ’ -
1000 0/10 - " 3/5 T
) 500 0/10 - 1/5 -
streptomycin- '
oxytetracycline 1000 ea. 1/10 - 2/5 -
kasugamycin. 1000 0/10. - , 1/5 -
chloramphenicol . 1000 1/10 ' - 1/5 -
G 418 Sulfate © 1000 10/10 ‘ND** 5/5 ND
Control (no treatment) 10/10 ND 3/5 +
Experiment Two -
streptomycin 1000 2/10 -
500 2/10 -
. oxytetracycline 1000 3/10%* -
: 500 2/10 -
streptomycin-
oxytetracycline 1000 ea. - 3/10%* -
500 ea. 2/10 - -
‘chloramphenicol 1000 3/10%* -
500 1/10%* -
penicillin G 1000 3/10 -
500 4/10 - .
Control (no treatment) 7/15 2 (=) & 6 (+)
Control (no inject) 0/10 -

*Some - phytotoxicity evident in the plants, especially the leaves.
**ND = Not determined as there were no negative readings optained.
All samples weré left in the mist chamber after treatment for a period
of 48-60 hours to allow for symptom remission or disappearance,
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infection rate was much:higher.. Explanations for.this will be gi?en
in the discussion.

Thé stem cuttings of the first e#periment éhowed good control of
the patﬁogén‘and thus probably demonstrated good antibiotic uptake.
Only plants tregted with the low concentration of streptomycin (500

g/ml.) showed any symptom dgvelopment.

Table 10 lists the results.of the antibiotic dip for 24-hours and -
then subseqﬂent cﬁallénge with Erwinia (phase.l). Extremely consistent
results were.obtained'in this procedure with bdth stem cuttings and
rooted plants. If the antibiotic was able to penetrate into the stem,
then protection from infection was evidént; Some phytotokicity Qas
evident‘with boéh chloramphenicol and tﬁe oxytetracycline—streptomycin
mixture, but these symptomé might have beén allevia;ed wifh lowe? dos~
ages of eacﬁ. Streptqmycin at 500 ng/ml: demonstrated efféctive con-
“trol of the pathogen in the fi?st experiment, but"not in the second.
This may point to erratic uétake,‘particulafly with the lerr dosages.

Results from the antibiqtic treatment aﬁfer visual syﬁptoms have .i
begn obtained‘(pﬁase 3, Table 11) using Eca and rooted plant; showed
varying resulté; Cdntrol éf the pathogen was quite high éxcept in the
casé of oxytgtracycline at iOOO ug/ml, where the plénts.showed exten-
sive Aecay in both éxperiments.. It was prgbasle that the plants were
unable to provide any effective resistance against the blackiengrganism,
even with‘the‘antibiotic present. lThis was due to the excessive phyto- ‘
toxicity.e%ideﬁt) érqbably resulting from a reaction to a high ethanol

concentration in the antibiotic suspension.
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The poorest overall control of the Ecc pathogen was obtained using

"the antibiotic treatment after visual symptoms had been ellicited.

"Table 12 outlines the results. Plants utilized in the first experi-

mept demonstrgféd reasonable control of the pathogen in ‘the rooted form,
but they developed high 'infection rates in the stem cuttiﬁg form. All
plants in the first expefiment were placed in the antibiotic suspension
at the first indication of visible symptoms. Each plant was observed - -
6n a‘six hour basis to preview symptom expression.before antibiotic
treatment. of all the.treatments in the first experiment, the.G 418
Sulfate was the one exception to good contro;. There was actually a
spread of the blackleg bacteria to ail.pafts of the élant and there was
a 100% infection fate. .There was a strong indication that the compéqnd
adversely affected the plant's defense sysﬁéﬁ andfwas érobably a mﬁta—
geh as it is related to the gentamycin cémpounds.which are strong muta-
gens. In thé_secoﬁd experiment, symptoms were allowed to progress t6 a.
more advanced state and then the plants were utilized.. Higher levels
of infection were seen as ;ompared to the reéults of the first e#peri—
ment. Inlall cases, at iéast one plapt of the ten samples sﬁowed.symp—

toms still remaining after treatment, and in the case of penicillin G

at. 500 ug/ml., a total of four plants showed symptoms.

Results obtainéd With.the cvp inqqulations from the plants with
negative readiﬁgs a?e listed in each of the respective tagles.' In all’
cases, visible stem symptoms were taken as‘positive readings and re-
corded. A}l other stem readings were considered as visual negatives
and were biochemically checked to assire no viable organisms were

present. As is evident, all of the follow-up checks proved to be

|
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negative with the-exception of the controls, which were not treated.
Table 13- summarizes the ratings of the antibiotics aftér.examining all
» of the precéding results throughout'thé thesis. It is evident ﬁbat the
four systemic compounds, streptomyéin;’peﬁiciiiin G, chloramphenicol,
and oxytetrécycline as well as the streétomycin-oxytetracycline'mixture
were ‘rated the highest. .The remaindexr of the cheﬁicals were rated quite
low because df mutggénic properties, phytotoxicity problems and lack of
plant uptake. . | |
. Table 13. Summary of the antibiotic ratings (0;3) basea,upon the

antibiotic's overall performance in the control of black-
leg of potatoes.

Anfibiotic . Ratlng (0-3 with 0 = lowest
: and 3 = hlghest)

penicillin G 3.

streptomycin o . 3 (higher dosage)
oxytetracycline 2°
chloramphenicol ' 3!

streptomycin- 3

' oxytetracycllne ‘
streptomycin ) o 1 (lower dosage)
kasugamycin 1’

Rondomycin¥ 0

G 418 Sulfate . Y0

*There was no uptake demonstrated, but this particular'antibiotic may
show some promise as a- tuber disinfectant.

'These antibiotics showed phytotoxicity at the dosages used and should
be tested at lowered dosages to see if phytotoxicity can be decreased
without losing effective pathogen control.
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Discussion

Lé?ge differences were obtaiged between experiment one and two
with the simgltanepus antibiotic application and inoculation as far as
sympfdm development was_cqncernedT These eould be explained quite sim-
ply. When the jars were bl;ced in the mist chamber for the.secqﬁd\ex—
pefiment,.they éollec£ed large quantitiés of water witﬁin the beakers
and the'antibibtics may have been diluted to concentrations below the
protective lgvel.“ As far as the overall system wés concerned, it‘érqb—
ably was not ideal. ﬁxpectation of high water uptake by the plént when
surrounded by an atmosphere of 100% relative humidity was unrealistic.
The plant was unableito establish a wétér transp;%atiénal pu;l to amount
to anything as tﬁere wa% essentially a non-existent humidity gradient,
thus.chemicai upéake was probably kept to a very basic diffuéionlgradi—
’ ent.’ Unles; the antibiotic was able to enter tﬁeiplant‘rapidly and in
very high igitiél concentrations, as with penicillin G or chlorampheﬁi—
col, there was little prdtection‘égainst_ﬁacterigl.infection. Also,
once- the systemic infeétion was establisﬁed,~actual water transport
may have been cut to a minimum, hampering the gntibiétic's ability to
enter the plahf and its corresponding ability for protection.

The data given in Table 10 shéwed'that by far the most effective
means of dé£ermihing anfibiotic éffec£ivépe§s waé the 24 hour antibiotic
treatment and subsequent inoculation with Erwipia.. Use of this method
allowed antibiotic entry inﬁo the plants'at lgvels which érov%ded very
effective control pf Ecc. Based upoﬁ the resuits seen with this‘phase,"

if'was reasonable to expect that if antibiotic uétake occurred with a
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fully operational water transport sisteﬁ, the blackleg organism could
be contrélled. Therefore, antibiotic control of £he blackleg pathogen
seems a very real possibility. It should bé mentioned that there was
control of the pathogens with antibiotics which showed little gr no up-
take in-vivo, streptomycin at 500 ypg/ml. being a good example. This
serves to illustrate limitations present in antibiotic detection'in the
plants with this system.

Phase 3 or the effect of antibiotic treatment‘on potato plants
after obtaining a visible infection proééss Kas shown in Tables 1l and

. ?

12) gave interesting insights into the workings of the plant-antibiotic
system. Differences were eQident in the results obtained between the
first and éecond experiment and the stem cuttings showed a much higher
infection rating than in £he other two phases. in the first experiment,

the plants were removed and utilized at the first sign of visible infec-

tion. At this point the water transport system was still reasonably

intact and fairly good antibiotic uptake occurred. In the second ex-

periment, plants were not' taken until the visible infection cpuld be
clearly seen. The water transport system was - compromised and thus

pathogen control was not as effective as-in the first experiment. 1In

‘the case of stem cuttings, the water transport system was glso involved,

bﬁt in a different manner. Because of the éevere_upper:leaf wilt, it
was evident that little Qater transport occurred into the stem éuttings
and thus antibiotic movement was probably'ﬁinimal as Was_pathogen con-
trol. If there was any malfunction of thg water transport systémi.vafy—
ing rates of antibiotic uétake would most likely occur, and protection

ﬁo the plant would be minimized. 1In a grower's situation, plants should
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be selecteq for treatment which are healthy éna vigorous, allowing for
good uptake to occur. Nonetheless, even .with lowered uptake rates, the
systemic movement of the pathogen into the plant was slowed somewhat as
compared with the control and did show siightly 1ess-diéintegration of
the surrounding tiésue, -

fhé use of enrichment'techniques coupled with inoculation of the
plant juice to CVP medium érovides a suitable systém for‘assayiﬁg bac-
terial popuiations whicb may remain in the plant after treatment. As
all of the EVP readings were negative, one of two conclugions could be
drawn. Either.tﬁere were novlivihg bacgeria present (Erwinia) at the
infection site, .or they were in such low numbers that detection with
this method was not possible. As £his test has proven to be guite re-
liable, it is probably safe to assume that there were insignificant
numbers of Erwinia present, -if any. ‘This also points to the effecﬁive-
ness of reading visible symptoms as a means for diagnosing bacterial
presence -in the planf. By slicing.the stem lengthwise above and bélow
the inoculum site, a fairly accurate picture of the infection process
was gained. It might be noted tHat a browning reaction around the inoc-
ulation site as well as a walling off proceés by the plant tissues was
the common indication of failure qf~the bacterium to infect.

Antibiotic ratings provided an overall assessment of the ability
to systemicgily protect a potato plant from blackleg. Antibiotics which
were rated high (2-3) were all systemic in action. The other antibiotics
which were ratéd lower demonstrated problems ranging from no uptake at

all in the case of Rondomycin, to excessive phytotoxicity with kasuga-
mycin, and no pathogen control with G 418 sulfate. These types of prob-

lems show a definite need for assay programs of this type whenever
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working with antibiotic-plant systems. Also, the importance of anti-
biotic combination studies becomes evident, as effective antibiotic

dosages can be lowered and reduce phytotoxicity.

Conclusions

Thrée different challenge experiments were conducted with the
selected an;ibiotics. -Of the three, the ant}biotic aip for 24 hours
'with a subsequenf challenge'of Erwini; was the most accurate méthod‘for
determiniﬁg antibiotic ac?ivity in-vivb. Onee tﬁe antibiotic entered
the plant, coﬁtro; was éasy’to obtain.’ Using the simultaneous. anti-
biotic dip and Erwinia chéllenge was somewhat effective, but ieft one
unsure whether or not proper chemical uptake had occurred. qut infec-
tion treatment of the.plaﬁts was the most severe test of the three aﬁd
also the least accurate method for determination of.antibiotié effec~
tiveﬁess. Probably once the.water transport system was ‘compromised,
compound uptake became m;nimal and céntrol was marginal. 1In all cases,
excepting G 418 Sulfate, there was a lessening of disease severity
- and symptom expression after antibiotic¢ treatment. With the use of G
418 sulfate, there was actually a spread of .the pathogen throughout the
plant, showing a much more severe reaction than even thé infected con-
trols which were untreated. This may be due to the mutative properties
of the compound aslseép in the in-vitro festing deéhe angibiotic with
vEcc, or, to a possible breakdown in the plant defenses when in contact
with ghe compound. Vgry good control of the qhailéngé organism was,

observed in all but the third phase with the stem cuttings. Little

difference was observed between the rooted and the stem cut stock,
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other than the fact tha; the stem cuttings allowéd a more rapid anti-
biotic uptake. Also, similaritigs were evident in the reaction of Ecc
and Eca to each antibiotic. -Overall,lthe best situation for in-vivo
testing of an antibiotic's effectivenegs is éo first allowifor plant
uptake and then challenge thg plant with thé test organism.

In the determination of thé presence of viable Erwinia at the
injection sites which were-sympfomless, it Wa§\concluded that no living
bacteria were found using a biocheniical ‘system. Given the proper con-
ditioﬁs, including temperatureland humidity, the inféctionf if viable,
should manifest itself in a viéible manner. Symptoms generally Qere
very clear cut indicatiqns of a living Erwinia oiganism. It was con-
cluded that Erwinia presence as dictated by visible symptbms was as
accurate a method of detection as the biochemical CVP method.

Using a rating procedure which took into account all factors in
the assay of an antjbiotic for systemic action againgt'Erwinia, foﬁr
antibiotics were found to be‘quiﬁe éfféctiﬁé. These were streptomycin,
oxytetracyéline, penicillin G, chloramphenicol, and a streptomycin-

oxytetracycline mixture. o
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CHAPTER 6
PLANT WATER UPTAKE VERIFICATION

Utilization of a Dye Marker for the Assurance
- of Proper Water Uptake

A dye marker, or a compound which will show its presence in the
plant when proper uptake has occurred, is of importance in the system

as a way of making.certain that all of the plants take iup antibiotics

through a viable water transport system.
Materials and Methods

Experimental Design of the Dye Marker
System and Data Collection

To determihe opfimum concentrgtions of the acid fuchsin dye, a
‘hydroponic system similér:to the one performed in the previous chapters
was utilized. Eleven concentrations of dye rénging from 0.001% to 1.0%
were checked for uptake into the plant and amount of color in the leaves.
The dyé.was.mixed with 50 ml. of Qater'in 250 ml. beakers and individual
16—15 cm._potato‘plants produced from eyeballediseed pieces were placed
in the solutions. The plants were observed at‘30 minupes, 2, 8{ and
24 hours. At the end of the obéervation‘ﬁeriod, the plants'were removed
from the dye, the roots washed; and thé'plants placed back into beakers
filled with clean tap water. 'Théy were again observed for a périod of
3 days to look'fér the displgcement of the dye residue from tﬂe interior

of the 'leaves and stem to the outer margin of the leaves. Each

‘
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concentration of dye was analyZed for its time to reach the leaves, the
amount of'color it left in the leaves, and the time it took for fhe dye
residue to be displaced to the outer leaf mafgins if it”occurred. Also
important was the appearance of the plant after the dye treatment, i.e.,
that no phytotoxicity was evident. These experiments were carried out
in a greenhouse at temperatures of 24-33°C and atla relative humidity
of approximately 50%.

These results-wére'compared with the time it took selected .anti-
biotiecs to reach adequate levels in the plants. Thé optimum dye con-
centration was then selected and mixed.with the different antibiotics
at the dosage utilized in the testing given in Chapter 5 aqd a compari-
son of the dye uptake versus antibiotic uptake.was maée. Again a hydr&-
ponic sysfem was utilized with five plants per treatment. In each
treatment, one plant was sampled at each-timg interval of 4, 8, 12, and
24 hours,.with the last plant left for a total périod‘of 72 hours to
observe any déveloping phytotoxic reactibns. The in;vitrq plate bio-
assay was used to determine levels.of the antibiotic present at the
time intervals corresponding to color build-up in the 1ea§es of the
plants. Both f?esh tiésue and frozen tissue from each plant were

squeezed similar to the method utilized in Chapter 4.
Results

Results of the dye uptake into potato plants were quite consistent.
" The plants with the lower dye concentrations of 0;001%, 0.01%, and 0.02%
showed no visible uptake evident in the leaves after a 48-hour period.

The plants with the dye concentration of 0.04% demonstrated the first




_‘%2_.
visible effects in the leayes after 8 hours. There was never more than
.a very partial involvement of the leaves as far.gs color was cbncerned.
The planfs with dye ranging from 0.06% Fo 0.2% and.in;luding 0.08% and
0.1% showed color build-up inthe leaves after 2 houys. However, all
but the 0.2% level shqwéd only partiél invol?ement of the color.in the
leaVes._ Partiai involvemen£ meant that the leave§ were not totally
inundated;ﬁith.the dye. The plants wi?ﬁ dye concentrations of‘0.4%,
0.6% and 1.0% had color evident in.thé leaves after 30 minutes. All of
these concentrations demonstrated a fu}l involvement of the plant tis-
sue, with the dye build-up totélly blocking any normal.green color in
the leayes. When the plants were washed and placed into tap water; all
of the dye was displaced to the outer leaf margins in a mat#er'of hours;
before the 72-hour time period was up. Thé exception to this was the
two upper dye concentrations which did not show.any nérmal 1éaf color

after the time period was finished. “The dye congentration chosen for

potato plant uptake was 0.1% w/v. Dye uptake was most consistent at

' this level without observed damage to the plant. Figures 4 and 5

show the appearance of the plant during dye ﬁptake (figure 4)

after dye displacement from the leaves (Figurels). Table 14 lists

the déta obtained from the‘infvitro plate bioassay of the plants.taken
from the dye—agtl-blotic mixture experiment. Both leaves and stems were

shown to have enough of the antibiotic present tc inhibit the Erwinia

-

.pathogen after 4 hours of treatment. Dye uptake was also complete after

4 hours and a definite red color could be observed. There appeared to
be little difference between zones obtained with the fresh squeezed tis-

sue and the frozen, then squeezed tissue.

























































































































