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ABSTRACT

Chemical s , ant a g o n i s t i c  b a c t e r i a  (A g r o ba c t e 1 1. u m 
radiobacter strain 84), and cultural practices were 
tested as possible controls of crown gall on roses. 
Although growers in Arizona routinely use a preplant dip 
of 250 ug Al/ml streptomycin sulfate, this chemical 
concentration was not effective in vitro tests. 
Tetracycline HC1 and MBR 10995 3-S were more effective 
than streptomycin sulfate in vitro. Both tetracycline and 
MBR were translocated in rose stems at least 2.5 cm; both 
were retained in the plant for at least 23 days, neither 
chemical was overly phytotoxic, and both offered some 
protection from crown gall on roses planted in the field. 
Shafter rootstocks, are much less susceptible to crown 
gall than are Multiflora. While some callus tissue 
reduces infection byjL. tum efaciens, callus tissue, when 
wounded, is susceptible to infection. A. radiobacter 84: 
reduced the incidence of crown gall on roses in greenhouse 
tests, and apparently in the field. In the latter case, a 
high mortality rate in the field prevented adequate 
assessment.

vi



INTRODUCTION

Crown gall, caused by A grobacterium tumefaciens 
(Smith and T o w n s e n d ) , is the primary disease of 
commercially grown,, field roses (Rosa multiflora (Thumb) 
and Rosa s pPo "Shafter") in Arizona* Losses range from 5- 
40% (personal communication with growers). In Arizona, 
rose canes to be propagated as rootstocks are generally 
cut between October and December* The 1-1*5 m long canes 
are stripped of leaves, thorns, and side branches and cut 
into approx 25 cm lengths* Cuttings are bundled together, 
stored inverted, with frequent misting, at approx 10-12 C 
for 1-4 wk, then planted (personal communication)„ Time 
of cutting and planting vary yearly due to such factors as 
weather and soil conditions*

Cuttings are generally spaced at 30 cm intervals in 
rows that are 60 cm apart* Cuttings are inserted approx 
7-8 cm into wet soil through prepunched, black paper*

Rootstocks, cv Shafter and Multif1ora, are T- 
bud: grafted in April, Budded plants are removed for sale 
the following winter. Although cuttings may have several 
wounds below ground, where leaves, thorns and/or side 
branches were removed, the majority of the galls occur



this time, often being left in the field.
Comme r c i a l  growers in Arizona have tried to 

control crown gall by: (1) frequent rinsings of all
cutting tools in a 10% sodium hypochlorite solution to 
minimize contamination of noninfected cuttings? (2) dip 
treatments to thou roughly wet the basal ends of the 
cuttings with a 250 ug active ingredient (AI)/ml solution 
of streptomycin sulfate prior to planting, and (3) 
rotation of planting sites. None of these practices has 
provided consistently effective cbntrol of crown gall. 

Although crown gall has been a long recognized 
disease (1,2,7) knowledge of the relationship of suscep
tibility to the stage of callus tissue is not well 
understood. One of the objectives of this study was to 
determine this relationship.

Certain chemicals (including antibiotics) 
have been tested against this bacterium (2,3,4), However, 
there are no data for translocation or retention of such 
chemicals in rose cuttings. Therefore, another objective 
of this study was to d e t e r m i n e  the comparative 
effectiveness of selected chemicals against var ious 
isolates of Agrobacterium in vitro. The most effective 
chemicals in vitro were subsequently tested in vivo.
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In recent years, jL*. rad i obac ±e% strain 84 
(Beijernick and van Delden) has been shown to be effective 
in reducing the incidence of galls in various woody 
plants (5 f 6 f7 ,8,9), A third objective, then, »ŵ as to 
determine if this isolate was effective in inhibiting 
Arizona isolates of A. tumefaciens in vitro and in vivo.



GENERAL METHODS AND MATERIALS

Inoculum for each test was prepared from 24^48 hr 
cultures grown on potato-dextrose peptone agar (PDF) at 
30 C, To prepare PDF, 40 g of potato-dextrose agar and 5 
g of agar were added to 500 ml of distilled water and 
brought to a boil,, A solution containing 10 g peptone in 
5 00 ml of distilled water was added to the liquid agar and 
the pH adjusted to 7,60 After autoclave sterilization the 
pH of the media approximated 7,2

Isolate RGl.V from a galled rose in Arizona, was 
used for all inoculations unless otherwise noted. 
Inoculum was removed from the surface of agar plates and 
diluted with sterile tap water to approx 1x10^-1x10- 
colony forming units (CEU) per ml. Concentrations were 
determined by developing a standard curve, using a Bausch 
and Lomb model 340 Spectronic 20 (at a wavelength of 510 
nm) to measure relative opacity. These readings were cor
related with concentrations Of bacteria as determined by 
standard plate count dilution series. Isolate RG1 in this 
concentration range, when inoculated into stems of tomato 
plants (Lvcooersicon esculentum(Mill) cv "Bonnie Best" 
induced galls within 20 days in the greenhouse.
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Cuttings of roses, cv Multiflora and Shatter were

obtained from Desert Rose InCc, Peoria Ar i zbna»
The potting mix used in the greenhouse, consisted of three
parts of a soil mix (1 part soilslpart sandsl part peat)
to one part vermiculite in 15 cm diameter pots.



IN VITRO CHEMICAL .TESTS

' Procedures  ̂ Chemicals tested in vitro were? tetracycline 
HC1 (Nutritional Biochemicals Corp., Cleveland, Ohio), MBR 
10995 3-S (3-M Chemical Corp.),streptomycin sulfate (Sigma 
C h e m i c a l  C o r p . , St Lou i s , M o .) , and. v a n c o m y c i n  
hydrochloride 0AY55 (Eli Lilly Chemical C o r p ). All 
chemicals were dissolved in distilled water to provide the 
desired concentrations of active ingredient (AI).

Absorbent, paper discs (13 mm diameter) were soaked 
in. a given chemical then air dried for approx 30 min.. Two 
discs were placed on each petri dish containing PDF 
previously seeded with 0.5 ml of a turbid suspension of A. 
tumefaciens 3„ Plates were air dried for. 30 min prior to 
placement of the discs0, Treated plates were stored at 30 C 
for 24-48 hr and then read for the presence or absence of 
a clear zone (halo) around each disc. Tests using three to 
five plates per chemical tested, were repeated a minimum 
of 15 times for each chemical concentration.

Additionally, these chemicals were tested against 
12 isolates of A. tumefaciens, two isolates each of A. 
rhizocenes and A„ rubi, and isolate 84 of. A. radiobacter.



were tested against each chemical (two discs/plate)„ Tests 
were repeated once* , -

Results. In the initial tests Acrobacterium tumefaciens 3 
was found to be sensitive only to tetracycline HC1 and MBR 
10 9 95 3-S at the concentrations tested (Table I K  When 
tests were repeated with additional isolates of 
Agrobacterium and greater concentrations of MBR r 
streptomycin, and vancomycin only A*, rubi 2 was sensitive 
to 50 0 ug Al/ml of vancomycin (Table 2). Ac. radiobacter 
and six isolates of A. tumef aciens were not sensitive to 
250 or 500 ug Al/ml of MBR and eight of 13 A. tumef aciens 
also were not sensitive to 2 50 ug Al/ml of streptomycin 
(Table 2 K
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Table lo Sensitivity of Agrobacteriuin tumefaciens-3 to 
tetracycline HCl, vancomycin HC1, streptomycin sulfate, 
and MBR 10995 3-S.

CHEMICAL
Name

CONCo 
ug Al/ml

TOTAL
Tests3

NUMBER
Discs

Discs
with
halosb

%

Tetracycline HC1 250 35 284 100
MBR 10995 3-S 100 17 164 100

250 18 120 100
Vancomycin HC1 250 15 150 V  ° ;
Streptomycin sulfate 250 19 230 0 v  "
Control. H2O 27 228

a. Three to five A. tumefaciens seeded plates, each with 
two chemical saturated, 13 mm discs, were used per test. 
Plates were incubated 1-2 days at 30 C before reading„
b 0 Clear zones (halos) around discs were at least 14 mm . 
in diameter? isolated colonies occasionally occurred 
within a given halo.
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Table 20 Sensitivity of isolates of various Aarobacterium 
son, to tetracycline HC1 (TET), M B R . 10995 3-S (MBR), 
streptomycin sulfate (STREP), and vancomycin HC1 (VANCO).

Isolates
TET,
250 250

Inhibition Zones3
MBR STREP V M C O  

500 250 500 250 500

A. radiobacter 84 +c -C 4 4
A. rhizogenes 1 ■+ 4 4 4 - > —

2 " + 4 4 4 . 4 — -
A. rubi : i 4* 4 4 4 4- ■ e”

2 + 4 4 4 4 —3- 4
A. tumefaciens 1 4 4 — 4 . - ■ —

2 > 4 4 4 -
3 + 4 4 . — 4 -
4 4- - 4 - 4 - -
5 : ■ + 4 • - 4 — -
6 + —■ - 4 4 -
7 . -f — 4 4 —
8 •f — ■- , 4 - - .

9 4* 4 — - —
: ■ m 1 + 4 d 4 4

2 4- 4 a d d d d ■
3 4- 4 d 4 "e-
4 4 4 d • 4 ”

Controls (HgO)

a. Each test consisted of five plates of each isolate, 
each with two antibiotec discs. Tests were repeated once.
b. Concentration in ug Al/ml,
c. += inhibition zones around discs? -= no inhibition 
zone.
d. Not run. - -



IN VIVO CHEMICAL TESTS

Translocation

Pro c e d u r e s . Based on results from the in vitro 
experiments, rose cuttings were treated with tetracycline 
HC1 (250 ug Al/ml) or MBR (25 0 ug Al/ml) to determine if 
these.chemicals could be translocated in the cuttings and 
retained for significant periods, if they caused 
.phytoxicity, and if they could prevent infection by A. 
tumefaciens.

For 1 hr, cuttings were placed upright in beakers 
containing the test chemicals such that the liquid 
initially covered the basal 7 cm of each stem. After 
treatments, cuttings were removed, rinsed with tap water, 
and bioassayed. For this, cross sections of cuttings QoS- 

1.2 cm thick, were removed at 2.5 cm intervals beginning; 
at a section approx 15 cm above the base of the stem and 
finishing with the basal section. Sections were placed on 
PDF plates seeded with As. tumefaciens. 3. and handled as 
described for the in vitro disc assays.

In a given t e s t , five Bhafter c u t t i n g s .were 
treated with each chemical; tests were repeated 10 times.

10
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Results. Tetracycline could be detected at least 5„0 cm 
from the base in 80% of the treated Shatter cuttings, On- 
the-other hand, MBR was detected in only 16% of the 
treated cuttings at that distance (Table 3) „

Retention Chemicals

Procedures. To determine how long tetracycline HC1 
(250 ug Al/ml) and MBR (2 50 ug Al/ml) can be retained by 
stem-tissues, cuttings were exposed to these chemicals for 
1,2, or 4 hr, as in the translocation study. However, 
instead of being immediately bioassayed the treated 
cuttings were planted three per 15-cm diameter plastic pot 
and maintained in the greenhouse. Cuttings were then 
bioassayed, as described earlier, at various time 
intervals.

Results. Both MBR and tetracycline were detectable in 
rose cuttings 23 days after treatment. (Table 4)

. Phytbtoxicitv

Procedures. Cuttings were exposed to the test chemicals 
for 1 hr (as described in the translocation study) and 
then planted three per 15-cm pot and kept in the 
greenhouse. At intervals through 55 days, three cuttings 
per chemical were pulled, and assessed for degree of callus 
formation, presence of root initials or roots, and lateral
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bud or leaf development.

Numerical values were assigned the various degree 
of callus development. Mean values then were calculated to 
determine relative development. These values w e r e : 0=no 
macroscopically visable callus tissue; l=visable incipient 
callus tissue scattered over the wound surface; 
2=cont.inuous callus tissue encircling the stem at the 
wound surface but not completely covering th,#g,w,ound; 
3=callus tissue completely covering the wound surface.

Root development was similarly, .categorized: Os=no
root initials present; l=root initials present; 2=roots 
present (longer than 1 cm),

Leaf devel opment was ranked ass 0 = no bud 
formation; l=buds visable; 2=leaf expanded.

Results, Compared to the controls, MBR inhibited callus 
development throughout the test period while tetracycline 
related inhibition persisted for 21 days. Root development 
was similarly inhibited by both chemicals for 21 days, MBR 
reduced leafing-out of rose cuttings for at least the 
first 21 days. Generally, tetracycline did not inhibit 
leaf development (Table 5)„



Table 3, Tr ansi oca tion of tetracycli ne HC1 and MBR 10995 
3 - S in the rose cul ti var Shaf ter following; 1 Mir 
treatments.

Max, distance 
translocated3 
(cm)

Tetracycline^
%

. MBR 
.%

Controls
%

o 10 46 0
2,5 10 38 0
5.0 54 16 0
7.5 26 0 0
10.0 , 0 0 0
12.5 0 0 0
15.0 0 0 0

a. Each stem was bioassayed at 2.5 cm intervals } 0=base?
five cuttings were used per test, repeated 10 times,
b. Percent of stems with translocation terminating at 
this position. Concentrations of both chemicals were 250 
ug AX/ml.
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Table 4. Retention of tetracycline HC1 and MBR 10995 3-S 
(MBR). in Shatter and Multiflora rose cuttings0

Treatment
time
hr

a Controls
C/Tb
(H20)

Tetracycline
Duration C/T 

days

MBR
Duration

days
C/T

1 0/5 23 3/5 23 3/5
2 0/5 23 5/5 23 3/3
4 0/5 6 6/6 6 3/6
4 0/3 14 2/3
4 0/5 23 4/4 23 5/5

a. In a single experiment cuttings were placed in 250 ug
AX/ml of each, of the chemicals such that the basal 7 cm 
were covered. Cuttings were then planted in the greenhouse 
and bioassayed at various time intervals. Tests Vwerex
terminated on the indicated days following treatment,
b, C= number of cuttings retaining the chemical 

T= Total cuttings tested



Table So Phytotpxic effects on rose cuttings Ccv Multiflora) of a 1 hr dip 
.treatment in tetracycline HCl (TET) or MBR 10995 3-S(MBR)o

Phytotoxic assessment- days after treatment

Treat
ment3 7 14 21

CalluSb 
29 41 55 7

Roots0 
14 21 29 41 55 7 14 21

Leaves^ 
29 41 55

MBR 0 0 06 .3 0 o 6 ,6 .6 1,3 2 1 o 3e 1,3° ,3 0 0 1,3 .6 1.3
TET 0 .6 ,3 1.3 1 1 .6 .3 1,3 1,6 2 2 1 1 ,6 1.6 2 2
Control^0 .6 o6 06 ,6 1 1,3 2 2 2 2 2 1 1 1,3 1.6 2 2

a. The basal ^.y cm of cuttings were exposed to 250 ug Al/ml of the test
chemicals then planted in vermicu1ite. At each inspection date, three cuttings 
were rated for callus, root, and leaf formation (see below)? numerical 
averages are presented0
be 0- no mac rose op i c a11y visable callus tissue; 1= incipient callus tissue 
scattered over the wound surface; 2= continuous callus tissue encircling, but 
not completely covering the wound surface; 3= callus tissue completely 
covering the wound surface,
Co 0- no roots; 1- roots less than 1 cm in length; 2= roots longer than 1 cm, 
do 0= no leaf buds; 1- leaf buds expanding; 2= leaf unfolded.
e. One of three cuttings dead.
f. Dipped in tap water.



EFFECTIVENESS OF CHEMICALS 
IN CONTROLLING CROWN GALL 

ON ROSE CUTTINGS IN THE FIELD

Procedure. Shafter and Multiflora rose canes were taken 
from a field near Phoenix, Arizona on 12/15/77C Cuttings 
were wrapped in. wet newspaper, placed in plastic bags, and 
stored at approx 11 C in Tucson for 2 wk. Following 
storage, the basal 5 cm were; removed from approx one-half 
of the cuttings of each cultivar in order to remove any 
incipient callus developed during storage.

Freshly severed and intact cuttings from each 
cultivar were placed in tetracycline HC1 or in MBR (both 
containing 250 ug Al/ml) such that the chemical covered 
the basal 7 cm of each cutting for 1 hr. Cuttings then 
were removed and drained for 5 min. One hundred and fifty 
each of freshly cut and intact cuttings from each cultivar 
were dipped in water and served as controls.

Immediately following the treatm.ents, 50 each of 
the chemical treated and nontreated cuttings from each . 
cultivar were inoculated by dipping the basal 7 cm of the 
cuttings for approx 5 min in. a suspension of 10^-10® CFU 
of A. tumefaciens RG1, The inoculated cuttings then were 
planted in the field, as were the remainder of the 
chemical and water treated cuttings. Fifty each of these



noninoculated,, chemical-treated and water-treated cuttings 
were pulled 2, 1, and 14 days after the initial planting, 
inoculated with A„ tum e faciens as described, then 
immediately replanted,, After each inoculation, remaining 
inoculum was applied to stab injuries on tomatoe stems to 
confirm the pathogenicity of the isolate.

Rose cuttings were pulled and checked for the 
presence of galls in September, 1978, approx 9 mon after 
inoculations.

Results, All tomatoe plants inoculated with the test 
suspensions developed - galls wi thin 20 days in the 
greenhouse,

Multifiora cuttings were much more susceptible 
than Shafter to infection by A, turnefaciens, In most, 
cases, tetracycline reduced the number of cuttings 
infected by A. tumefaciens when compared with untreated 
controls. This difference was most apparent with the 
Multiflora cuttings. Nonwounded Multiflora cuttings were 
better protected by tetracycline than. MBR, Tetracycline 
initially afforded better protection ; of f reshly cut , 
Multiflora stems than did MBR, However, protection of 
freshly cut stems by MBR was better when plants were 
inoculated 7 or 14 days after treatment, Shafter cuttings 
were, approx equally protected by both chemicals (Table 6),.



Table 60 Effectiveness of tetracycline HGl(TET) and MBR 10995 3-S (MBR) in 
preventing crown gall on cuttings of cys Shafter and Multiflora roses in the. fielde

T r e a t 
ment

In t e r 
val

days

FRESH 

(no,)^

|
CUT
inf
%

SMARTER
INTACT

, inf, 
(no.) %

FRESH

(no.)

MULTIFLORA 
CUT INTACT
inf. inf. 
% (no.) %

TET 0 47 0 49 8.2 47 53.2 46 39.1
2 49 4,1 47 0 47 57.4 46 34.8
7 48 8,3 50 0 46 78.3 46 32.6

14 49 0 40 5.0 48 60.4 48 41.7
MBR 0 e 45 4.4 94 80.9 48 66.7

2 e 48 o 97 73.2 48 45.8
7 e 47 o. 88 55.7 43 44.2 ,

14 e 38 0 86 37.3 47 45.9
Control 0 33 6,1 36 13.9 40 82.5 33 75.8

2 40 7,5 36 5.6 34 82.4 40 , 47.5
(H90) 7 40 0 28 7.1 20 65.0 30 50.3

14 32 12.5 29 13.8 26 88.5 30 73.3
av Cuttings stored 14 days at 11 C0 Basal 5 cm of the cuttings were removed (fresh 
cut) or not (intact) before the basal 5 cm of cuttings were placed in 250 ug M / m l  of 
the chemicals for 1 hr. Cuttings were either inoculated immediately after treatment 
or planted? removed for inoculation? and replanted. Inoculation involved placing the 
basal 7 cm of cuttings in. 10'-108 CPU/ml of A* tumefaciens for 3-5 min. Data from one 
experimente ;
b 6 Interval between treatment and inoculation, H
c 0 Percentage of surviving plants infected (galled) oo
do Number of surviving cuttings 9 mon after treatment,
e. Cuttings obtained as Shatter were in fact Multiflora,



CULTURAL CONTROL 
OF CROWN GALL

It was observed that rose cuttings wrapped in wet 
newspaper, placed in plastic bags, and stored horizontally 
at 0 C for 6 mon rapidly developed callus tissues after 
being planted in vermiculite in the greenhouse. Such 
callus usually covered the end of the cuttings within 14 
days.

Tests, therefore, were conducted to determine if 
the presence of callus tissue on cuttings at the time of 
planting could prevent infection by JL-u tumefaciens and, if 
so what degree of callus development was necessary.

Greenhouse Tests

Procedures, Multiflora cuttings were wrapped in wet paper, 
as previously described, and stored at either 12 C for 2 
wk or at 0 C for 6 mon. Only sufficient Shafter cuttings 
were available to be stored at 0 C for 6 mon. All cuttings 
were removed from storage and planted five per 15 cm pot 
at the same time; pots were kept in the greenhouse.

Multiflora cuttings held at 12 C were inoculated 
at intervals through 84 days, Shafter and Multiflora 
cuttings held at 0 0 were separately inoculated

19 .



at intervals through 18 days* Cuttings were inoculated by 
pouring 40 0 ml of 5x10^ CPU/ml of A« tumefa.ciens RG1 on 
the soil in each poto As controls, Shafter cuttings with 
the basal 5 cm freshly removed were similarly inoculated 
each time that "stored" cuttings were inoculatedo There 
was no obvious callus tissue on any of the cuttings when 
they were removed from storage.

Cuttings were checked for galls 6 mon after 
planting. The test was not repeated.

R e s u l t s , All of the surviving, freshly wounded and 
inoculated Shafter cuttings developed galls, Shafter 
cuttings stored at 0 C for 6 mon in nearly all cases did * 
not form galls.

However, Multiflora cuttings again proved very 
susceptible to infection by A, tumefaciens when inoculated 
imme d i a t e l y  following storage at 0 C or. at 12 C, : 
Susceptibility was reduced as time after planting 
increased? after 11 days in vermiculite Multiflora 
cuttings also failed to develope galls. Incipient callus 
formation was noted on one of five cuttings .4 days after 
planting on both Shafter and Multiflora (Table 7),



Table 7. Susceptibility of Shafter and Multiflora rose cuttings in the greenhouse to 
Aqrobacterium tumefaciens when inoculated at various time intervals following 6 mon 
storage at 0 C or 2 wk at 12 Ce

Days from 
planting to 
inoculation^

SHAFTER 0 C
Tb S 
(no.) (no.)c (%)<

T
(no.

0 C
S

) (no

MULTIFLORA 
G

o) (%)
T
(no.)

12 C 
S

(no.)
G

0 19 14 0 10 5 100 40 34
70.6

1 10 ■ 8 ' ; o 10 6 83
2-3 ' 10 7 54
4 10 8 0 10 7 14
7 10 8 0 10 6 16 10 9 11
10 5 4 0
11-12 20 18 ' 5 15 13 0
18 f 10 6 0 113 e 0
Control1* 19 ■ 11 100

-

a. Afl cuttings were removed from storage and planted in the greenhouse on the same
day.
b. T= Treated; S= Survivors? G= Plants with galls.
c„ Number of rose cuttings checked for galls 6 mon after inoculation.
d. Percent of (c) with galls.
e. Accumulative figure for inoculations made after 18 days.
f. The basal 5 cm was cut off of each stem just prior to inoculation.



Field tests

Procedures,. Shafter and Multiflora cutttings were, stored 
(as described in the. preceding section) at 0 C for 11 days 
or at 12 C for 14 days. Additional Multiflora cuttings 
were stored at 0 C for 62 days and some Shafter cuttings 
were stored at 12 C for 29 days.. Storage at 0 C was in the 
Phoenix area. All cuttings stored in Phoenix were 
transported at the same time in their original wrappings 
in ice chests to Tucson, where they were stored at 12 C 
for 3 days, then planted.

The basal 5 cm were removed immediately prior to 
planting from approx one-half of all cuttings, stored at 12 
C. This removed any callus. tissue initiated in storage. 
There was no macroscopic evidence of callus tissue on 
cuttings removed from storage at 0 C.

Approximately 50 each of Multiflora and Shafter 
cuttings stored at 12 C and at 0 C were inoculated with A. 
tum efaciens at the time of planting, as previously 
described.

Cuttings were planted at 15 cm intervals in rows 
60 cm apart. At various intervals through 54 days, 30-60 
noninoculated cuttings per cultivar per storage condition 
were pulled, inoculated, arid replanted. Cuttings were ■
. ■ . 1' : - - 2 2  r i 1;..
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checked for galls 8 mon after the initial inoculation* The 
test was hot repeated.

R e s u l t s , As a whole, Shafter cuttings were less 
susceptible to Ac. turaefaciens than were Multiflora (Table 
8, 9), irrespective of storage conditions. Also, there was 
in general, a higher mortality of cuttings of both 
cultivars following storage at 0 C, Of 274 cuttings (cv 
Shafter) stored at 0 C for 62 days, 91% died. Freshly cut' 
Multiflora cuttings had a higher mortality rate as well as 
a higher percent of galls than did similarly treated but 
uncut stems of Multiflora,

There was an unexplainable high number of 
galled, noninoculated, Multiflora control plants (Table
9) o • .



Table 8= Susceptibility of Shafter cuttings in the field to Agrobacterium tumefaciens 
when prior storage was either at 0 C or at 12 C for 11-29 days.

0 C[ 12 G
Inoc
inter
val
Daysa P1

11 days0 
. NoC d
: d9. Gih f6C '

14 days

V '

29 days

D ,C-G P 8 -S'
0 50 26 8 60 18 4 40 10 14 50 14 48 8 5
2 41 2 8 40 10 6 50 6 50 12 5
7 50 12 5 40 • O' 0 30 6 7 50 18 5 49 29 3
14 32 0 13 30 3 14 50 34 9 38 8 6
40 50 58 10
45 50 26 34
54 : 50 40 7
Cont,i 50 24 0 90 46 2 88 23 ' 1
a. Inoculation time, days after planting. Cuttings were pulled from their planting 
sites, dipped in inoculum for 5 min and then replanted, 
be Storage temperature
c, Days in Storage at given temperature
d, N,C„= no cut prior to initial planting
e, F,G,= fresh cut prior to initial planting
f, P= number of cuttings planted
g, D= % died : '
h, G= % of living plants with galls. Readings made 8 mon after the first plantings,
i, Control plants were treated exactly as others except they were not inoculated.

toA
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Table 9o Susceptibility of Multiflora cuttings in the 
field to Agrobacterium tumefaciens when prior storage was 
either at 0 C or at 12 C for 11-62 days.

0 Cft— 12 c
Inoc 11 days0 62 days 14 days.
interval

N,C,d N, C, F,C,e M,C,
Days3 Pf Dg Gh P D G P D G P D G

0 50 26 89 50 46 70 50 20 83 40 18 76
2 40 15 82 41 2 48
7 50 44 89 50 54 52 30 33 65 30 0 50
14 30 88 13 30 0 73
40 50 54 100 50 86 57
45 50 48 81 50 82 78
54 50 68 19 49 63 44
Control1 40 44 88 39 59 80
a« Inoculation time, days after planting. Cuttings were 
pulled from their planting sites, dipped in inoculum for 5 
min and then replanted, 
b,. Storage temperature.
■Co Days in storage at given temperature
d, N,C,= no cut prior to initial planting :
e, F,C,= fresh cut prior to initial planting
f, P= number of cuttings planted,
g, D= % died
h, G= % of living plants with galls. Readings made 8 mon 
after the first plantings,
i, Control plants were treated exactly as others except 
they were not inoculated.



BIOLOGICAL CONTROL WITH AGROBACTERIUM 
RADlOBACTER STRAIN 84

The purpose of these tests was to determine if
Ao radiobacter 84 could inhibit various isolates of A„
tumefaciens in vitro, and could protect rose cuttings in 
the field from infection by this bacterium*.

In Vitro Tests

Procedure. Three 1. cm diameter smears of A. radiobacter 
84 were equally spaced on a PDF plate* Plates were stored
at 30 C for 72. hr, then inverted over-an.open dish of
chloroform for 1 hr, after which they were air-dried for 
45 min* (Bacteria streaked from the•chloroform-treated 
smears did not grow when placed on PDF plates and were 
therefore presumed to be dead*)

A turbid suspension of a given isolate of 
Acrobacterium spp„ was deposited dropwise (to equal approx 
1 ml/plate) around the perimeter of each smear of A* 
radiobacter* . The plate was then tilted to spread the 
suspension across the plate. Plates were stored at 30 C 
for 24-48 hr and then read for the prescence or absence of 
a halo around the mounds of As. radiobacter 84* Five plates 
per isolate were used and:the tests were repeated twice.
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R e s u l t s * Isolates tested were iL*. radiobacter 84, Aa. 
rhizoaenes 1 and 2, Ao rubi 1 and 2, and Ao tumefaciens 1, 
2 , 3 ,  4, 5, 6, 1, 8, 9, RG1, At5f 14, 18C, 21; 24, and 25 = 
All showed zones of inhibition around the A= radiobacter 
84 smears.



In Vivo Greenhouse Tests

Procedures. Shatter cuttings that were stored at 0 C for 6 
mon developed massive callus tissue within 35 days after 
being planted in vermiculite in the greenhouse. Callus 
tissues were wounded either by slicing off approx one- 
fourth of the tissue or by repeatedly striking them 
against, a table.

Thirty stems so treated, and 10 other cuttings 
with callus that was not wounded were inoculated with a 
turbid suspension of A. tumefaciens RG1 as previously 
described. Inoculated cuttings were planted in the 
greenhouse soil mix, five per 15 cm pot.

Thirty-one other Shafter cuttings, with massive 
callus development, were similarly wounded, then dipped 
into a suspension of 1x10** CFU/ml of A. radiobacter 84 for 
3-5 mi ho Subsequently, the cuttings were drained for 5 
min, placed into a suspension of 5x10^ CFO/ml of A. 
tumefaclens RG1 for 3-5 min, and then planted five per 15 
cm pot. The same A. tumefaciens and A. radiobacter 84 
suspensions were also used to inoculate separate tomato 
plants. All rose cuttings were checked 4 mon later for 
galls.

28
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Results. All tomato plants inoculated with A.. tumefaciens 
RG1 developed galls within 20 days; those inoculated with 
A/ radiobacter 84 did not develope galls. Results from 
the treatments weres (1) Injured plus A. tumefaciens- 30 
cuttings were inoculated; 16,7% of 25 surviving plants had 
galls; (2) I n j u r e d  plus jL*. J L a . d i . g b  ac t££ plus 
tumefaciens- 31 cuttings were treated; 27 survived; none 
had galls; (3) Uninjured plus A. tumefaciens- 10 plants 
were inoculated; none died or developed galls.



In Vivo Field Tests

Procedures. Multiflora and Shatter cuttings (2 50 each) 
were taken from the field near Phoenix on 20 Jan 19.7 8, and 
held, at 12 C for 11 days. Subsequently, they were taken to 
Tucson and placed under, approx the same storage conditions 
for an additional 9 days. Following,storage, the basal 5 
cm were removed from each of 125 cuttings from each 
cultivar. One hundred of the freshly cut stems from.each 
cultivar were immediately placed upright in a turbid 
suspension (3x10^ CFU/ml) of jL. radiobacter 84, such that 
the basal 7 cm were covered for 5 min. The cuttings were 
drained for 5 min and then similarly placed in a 1x107 
CFU/ml suspension of A. tumefaciens RG1 for 5 min.

The remaining 25 cuttings from each cultivar were 
treated only with Ao. tumefaciens RG1.

The same procedure was followed with, the 125 
cuttings each of Multiflora and Shafter that were not 
freshly cut.

All cuttings were planted at 15 cm intervals in 
rows 75 cm apart on 2/9/78 and all were checked for gall 
development 6 mon later. The test was not repeated.

30
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Results. In these tests the overall mortality was greatest 
with Multiflora ■ cuttings. Wounded or nonwounded survivors 
were more susceptible to A. tumefaciens than were those of 
Shafter. The loss of all freshly cut, A*, tumefaciens- 
inoculated Multiflora plants and most of those similarly 
treated with radiobacter 84 prevents an assessment. of 
the latter as a control. However, A. radiobacter 84 did 
reduce from 86% to 70% the. incidence of crown gall on 
nonwounded Multiflora plants. JL*. radiobacter markedly 
reduced the number of freshly cut Shafter cuttings with 
galls. However, the incidence of crown gall on nonwounded 
Shafter cuttings was too low to make comparisons (Table
10) „ •



Table 10o Effectiveness of Ao radiobacter 84 (A0r,) in controlling crown gall (A0t0) 
bn Muitiflora and Shatter rose cuttings planted in the field.

Treatment. Treated 

(no,)

MULTIFLORA
Dead Living 

plants 
galled 

(%) (%)

Treated 

(no,)

SBAFTER 
Dead

(%)

Living
plants
galled
(%)

Fresh cuty 
(A,r,)+(A„t,) 100 96 100 100 15 6
Fresh cut. 
(A, t,) 100 25 28 33
No cuty 
(A,r,)+(A,t,) 100 77 70 100 14 1
No Cut- 
(A,t,) 25 44 86 28 14 0
a. All cuttings were held at 12 C for 20 days prior to treatment,
b. After storage the basal 5 cm of the stems were removed. The cuttings were dipped 
in 3x10j CPU/ml of A, radiobacter 84 for 5 mln, drained and then placed in IxlO-i 
CPU/ml of A, tumefaciens RG1 for 5 mln,
c. Same as (b) except no radiobacter dip
d. Same as (b) except no fresh cut after storage,
e. Same as (d) except no A, radiobacter 84 treatment



DISCUSSION

At the present time, growers in Arizona are 
using both Multiflora and Sh after rose cultlvar.s as 
rootstocks. These data show that Shafter is much less 
susceptible to A, tumefaciens and, therefore, should be 
the preferred rootstock. Discussions with rose growers 
indicated that using only Shafter rootstocks would be 
acceptable from their viewpoint.

Observations and greenhouse tests (Table 7) 
indicate that the greater the degree of callus formation, 
the less chance of infection by A, tumefaciens. This same 
effect has been noted by Moore in working with stone fruit 
(7), in his case, wound healing was accelerated by heat 
treatment of pruned roots of mazzard seedlings. Only 6 
percent of the heat treated seedlings developed galls 
compared with 64% of the nonheated seedlings.

H o w e v e r , our field tests did not clearly 
corroborate these conclusions. In the field the incidence 
of crown gall generally appeared to decrease after 1 wk 
and then to increase. This is probably . an artifact. 
Injured callus tissue is susceptible to As. tumefaciens 
(Results, page 25), More extensive damage to developing 
Callus tissue was probable in the field tests than in the
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greenhouse tests due to the. soil texture and harsher 
conditions, I believe such damage probably occurred to 
plants removed for inoculation after 1 wk in the field,.

Following this premise, then, some callus on 
cuttings at the time of planting is desirable. Although 
callus formation was facilitated by the long term storage 
of cuttings at 0 C, subsequent mortality was high. 
Therefore, additional tests are needed to determine the 
conditions optimal for callus formation. It is my opinion 
that this storage regime should include storage at or near 
0 C for a short, period of time in order to put the plants 
into a state of dormancy, ,

Commercial rose growers in Arizona dip cuttings 
into streptomycin sulfate (250 ug Al/ml) for 10-30 min 
prior to placing cuttings in storage. My tests indicate 
that at that strength streptomycin is not effective 
against all isolates of Acrobacterium tumefaciens tested 
in vitro. Tetracycline and MBR are more effective. Further 
there is evidence that these chemicals can persist for 
several days in plants and that phytotoxicity is minimal, .

' G r e e n h o u s e  and f i e l d  tests s h o w  that .A , : 
radiobacter 84 was effective in reducing the number of 
galled rose cuttings when used as a preplant dip and then 
immediately inoculated with A, tumefaciens. These, findings 
concur with observations, made by many researchers, in



' ■ ■ ■: : ■ . vdifferent parts of the world using Aa. radiobacter 84 
versus various indigenous strains of As. tumefaciens (10). 
While some Aa. tumefaoiens isolates are insensitive to the V 
bacteriocin produced by An radiobacter, the majority of 
the pathogenic isolates appear to be sensitive (10)»

In testing various isolates of Aorobacterium
spPn against Aa. radiobacter 84, all showed zones of
inhibition. However, bacteria inhibited included A. . 
radiobacter itself and isolate MG 18, recovered from a 
rose gall. It is doubtful if NG 18 is an Aorobacterium
sppn. because: (1) it is capable of turning PDF plates a
bright yellow color. Such a color has not been caused by 
any of the twenty-five other Aorobacterium isolates tested 
involving hundreds of PDF plates; (2) it is unlike all 
other Agrobacterium isolates that I have observed in terms 
of colony characteristics. The overall appearance is not, 
rounded and lustrous. These two observations (i.e. an 
organism that appears to be sensitive to a self-produced 
toxin, and bacteriocin sensitivity that is not genus 
specific) .suggests that the bacteriocin sensitivity test 
used does not truely indicate a reaction to the 
bacteriocin produced by A& radiobacter 84.

Perhaps a clue to this question can be found in 
the work of Dr. L. W. Moore (10) ; "Recent eyidence 
demonstrates that nutrition can affect the strain 84-
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pathogen interaction in vitro o«e Apparently glucose 
differentially affects sensitivity of the test strains to 
agrocin 8400<." I feel that this, or a similar type of 
reaction was responsible for these positive test results.

/
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