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ts was compared to that of the wild-type K84 parent. Treatment
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two or more plasmids. The results observed with strains deficient
ggest that this product may play an important role in the biological control of 4.
nvolvement of plasmid pAgK84b in biological control has not previously been
rts the conclusion that multiple factors are involved in the success of strain K84 as

- Crown gall is an economically important disease caused by
Agrobacterium spp., which infect a wide range of crops, such as
stone fruit, roses, and grape vines (5, 8, 21). Biological control
of pathogenic strains of Agrobacterium has been successful for
many years, with the nonpathogenic strain Agrobacterium rhi-
zogenes (formerly Agrobacterium radiobacter) K84 and, more
recently, a genetically engineered derivative of K84 designated
K1026 (8, 13, 18, 19, 25, 30, 31). Both strains K84 and K1026
produce an antibiotic-like product, agrocin 84, which specifi-
cally inhibits the activity of many Agrobacterium pathogens (13,
20, 21). A number of researchers have suggested that other
mechanisms of control may also be involved, including com-
petition for nutrients or for attachment sites and production of
additional inhibitory agents (8, 9, 22, 39). Early evidence for
the involvement of factors other than agrocin K84 was ob-
tained when control was observed with pathogenic strains in-
sensitive to agrocin 84 (8,22, 25, 38). One of these factors may
be the effect of another antibiotic, agrocin 434, which is pro-
duced by the A. rhizogenes strains K84, K1026, and K434, a K84
derivative strain lacking the agrocin 84 genes (9). Agrocin 434
is less inhibitory to agrocin 434- and 84-sensitive A. rhizogenes
pathogens than is agrocin 84 in vitro but inhibits a wider range
of pathogens. Penalver et al. (28) have also described a third
product, ALS84, produced by strains K84, K1026, and a deriv-
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ative of K84 lacking pAgK84, which inhibited a range of bac-
terial pathogens in in vitro tests.

Strain K84 carries three plasmids: PAgK84 (48 kb), which
encodes production of and immunity to agrocin 84; pAgK434
(300 to 400 kb), involved in agrocin 434 production; and
PAtK84b (173 kb), a plasmid which encodes nopaline catabo-
lism. It has been previously suggested that plasmid pAgK84b
may be a derivative of a pTiC58-like Ti plasmid which has
undergone deletion of the T-DNA and Vir regions (7). The
genes involved in biosynthesis of agrocin 84 have been char-
acterized and localized to a 21-kb segment of pAgKS84 (39).
Donner et al. (9) provided evidence that genes involved in
production of the novel agrocin 434 are carried on the large,
previously cryptic plasmid pAgK434.

The objectives of this study were to construct a range of
derivatives of strain K84 with every combination of the three
resident plasmids and to test the efficacy of these strains in the
biological control of an A. rhizogenes pathogen by using al-
mond seedlings. Evidence is presented that all the resident
plasmids in strain K84 may play a role in biological control of
susceptible pathogens. In addition, the role of agrocin 434 in
the biological control process was examined by using Tn5-mob
insertion mutants which were defective in agrocin 434 produc-
tion.

MATERIALS AND METHODS

Bacterial strains and growth media. The bacterial strains and plasmids used in
this study and their relevant characteristics are shown in Table 1. The media used
for maintenance of Agrobacterium strains and for filter matings were Bergensen’s
medium (3) and TY medium (tryptone [5 g/liter], yeast extract [3 g/liter], CaCl, -
6H,0 [1.3 g/liter], Difco Bacto Agar [15 g/liter]).

Bacterial conjugations. Bacterial conjugations were conducted on 25-mm-
diameter, 0.22-wm-pore-size nitrocellulose filters on TY plates, with donor and
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TABLE 1. Bacterial strains and plasmids used in this study

Species and strain Plasmid(s) Agrocin(s) Description and source and/or reference
A. rhizogenes
K27 pTiK27 None Pathogenic strain sensitive to agrocins 84 and 434; A. Kerr collection
pAtK27
K84 pAgKS84 84,434 Peach gall, S. Australia (26)
pAtK84b
pAgK434
K434 pAtK84b 434 Spontaneous mutant of K84 lacking pAgK84 (9)
pAgK434
K1143 pAgK434 434 K434 cured of pAtK84b (9)
K1347 None K1143 cured of pAgK434; this study
K1352 pAgK34 o84 Transconjugant of mating K1347 X K325; this study
K1353 pAgK34 84 Transconjugant of mating K1347 X K325; this study
pAtKS84b
K1355 pAgK84::Tn5 84 Transconjugant of mating K1143 x K1295; this study
pAgK434 434
K1351 pAtK84b None Transconjugant of mating K1347 X K815; this study
K1356 pAgK434::Tn5-mob None Tn5-mob insertion mutant in pAgK434; this study
K1357 pAgK434::Tn5-mob None Tn5-mob insertion mutant in pAgK434; this study
A. tumefaciens
K325 pAgK84 84 Derivative of A. tumefaciens C58; Rif" Str" Spe" Ery"; constitutive for
pAtK84b octopine and nopaline catabolism and transfer; A. Kerr collection
pAtC58
K815 pAtK84b None Derivative of C58CIRS (10); A. Kerr collection
K1295 pAgK84::Tn5 84 Derivative of NT1 (39); Km"; S. Farrand
E. coli
S17-1 pSUPS5011 Tn5-mob transposon donor strain (32)
C600 pNJ5000 Unstable mobilizing plasmid; Tc" (14)

recipient strains grown overnight on mating filters before being plated onto
selective medium. For selection of transconjugants from bacterial matings with
Agrobacterium tumefaciens as donor and A. rhizogenes as recipient, a medium
selective for A. rhizogenes was used (6). Multiple patch matings were conducted
with a multipronged metal replicator.

Growth tests to differentiate between A. rhizog and A. tumefaci (i)
3-Ketolactose production. Confirmation of the identity of 4. rhizogenes transcon-
jugants was done by using a series of tests which differentiate between A. rhizo-
genes and the A. tumefaciens strains used in this study. Although the differential
tests are not appropriate for all A. rhizogenes and A. tumefaciens strains, they
were suitable for the strains used in this study. To test 3-ketolactose production,
the method of Bernaerts and De Ley (4) was used. The A. tumefaciens (formerly
biovar 1) strains used in this study give a bright yellow-orange zone around
colonies which produce 3-ketolactose.

(ii) Growth on 2% NaCl. Sensitivity to high salt concentrations (4. rhizogenes
strains are inhibited on media with high levels of salt) was assessed by growing
the strains on Oxoid nutrient broth medium with 2% NaCl for 10 days.

(iii) Maximum growth temperature. Nutrient agar plates were inoculated with
each strain and incubated at 37°C for up to 10 days. Growth of A. rhizogenes
strains is inhibited at 37°C. The donor strains used were capable of poor growth
at3 e,

Plasmid isolation and electrophoresis. Plasmids from Agrobacterium strains
were isolated by an adapted miniprep method essentially as described by Farrand
et al. (12). Agarose gel electrophoresis was carried out by standard methods.

Agrocin 434 purification. Crude extracts of agrocin 434 from culture super-
natants were obtained by using the method described by Donner et al. (9). Crude
extracts were dissolved in deionized water for use in bioassays or characterization
by high-voltage paper electrophoresis (HVPE) (35).

HVPE. HVPE of agrocin 434 was carried out with a high-voltage electrophore-
sis apparatus (35) under conditions, and with detection of agrocin 434 by UV
absorbance, as described previously (9).

Agrocin 84 and 434 bioassays. To test agrocin 84 production, the method of
Kerr and Htay (20) was used, in which zones of inhibition were detected in lawns
of a sensitive strain (4. rhizogenes K27) on killed producer colonies with Stonier’s
agar medium (34). For agrocin 434 bioassays the producer colonies were re-
placed by filter paper discs with 20 pl of crude agrocin recovered from 1.5 to 3.0
ml of culture supernatant as described above.

Preparation of almond seedlings. Fresh almond seeds, Prunus amygdalus cul-
tivar Fritz (a gift from Ali Vezvaei), were soaked in distilled water containing 1 g
of the fungicide benomyl/liter and incubated for 3 days in the dark at 4°C to
initiate germination. The seeds were then planted, one per pot, in 7-in. pots in

University of California soil mix and were maintained moist under field condi-
tions for 5 months. The seedlings were then used for almond seedling assays.

Almond seedling assay for biological control of crown gall (root inoculation).
The method of Htay and Kerr (17) was used for root inoculation of almond cv.
Fritz. Unsterilized soil (standard University of California soil mix) was placed in
72 pots (27-cm diameter), with eight replicates for each treatment, and inocu-
lated with 3-day-old cultures of K27 at about 107 cells/ml to give approximately
10° cells per g of soil. The actual distribution of K27 in the soil was not examined.
The soil was kept for 2 days prior to planting. The 3-day-old cultures of biological
control test strains were suspended in 3 liters of nonchlorinated water. The
suspensions were estimated by optical density measurements to contain about
107 cells/ml (optical density at 600 nm of approximately 0.02). The 5-month-old
almond seedlings were removed from their pots, the soil was shaken gently from
their roots with water, and the taproots were trimmed to a length of approxi-
mately 10 cm. The plants were dipped in water or a suspension of the biocontrol
strains. They were then replanted in the K27-infested soil. The pots were watered
regularly when necessary. After 6 months of incubation outdoors, the plants were
removed and the roots were washed in running water. Assays with genetically
altered bacterial strains (those containing Tn3 insertions) were conducted in a
containment greenhouse with separate control treatments. The experiments
were set up with a randomized complete block design.

Statistical analysis. An analysis of variance was performed on the data with
the Genstat 5 statistical package and, if the variation permitted (P < 0.05), the
residual degrees of freedom and residual mean square were used to calculate
Tukey’s honestly significant difference (HSD) (15). Tukey’s statistic was used for
multiple comparison of means, with means differing by more than the calculated
HSD value considered significantly different at the 5% significance level.

RESULTS

Construction of K84 derivatives. Donner et al. (9) described
the isolation of strains K434 and K1143. Strain K434 was a
spontaneous cured derivative of strain K84 lacking pAgK84
(agrocin 84~ agrocin 434™), and strain K1143 was obtained by
curing strain K434 of the nopaline-catabolic plasmid pAtK84b.
New derivatives of K84 carrying various combinations of the
three resident plasmids were isolated as follows.
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Tn5 mutagenesis of plasmid pAgK434. Tn5-mob insertions
in pAgK434 were obtained as follows. Transposon Tn3-mob
was transferred into strain K1143 by using the suicide donor
plasmid pSup5011 as described previously (9, 32). Transconju-
gants carrying inserts in plasmid pAgK434 were isolated by
identifying transconjugant strains capable of transferring the
Tn3-encoded kanamycin resistance at high frequency in mul-
tiple patch matings with A. tumefaciens K749 as a recipient. As
PAgK434 is not thought to be self-transmissible, it was neces-
sary to transfer the mobilizing plasmid pNJ5000 (14) from
Escherichia coli C600 into all the transconjugants in a multiple
patch mating as the first step of this process. The selection used
was Bergensen’s medium (3) with 200 p.g of kanamycin/ml and
10 pg of tetracycline/ml. Multiple patch matings were then
conducted with strain K749 as a recipient, and the strains
giving high rates of transfer in patches on TY agar with ri-
fampin (25 pg/ml), streptomycin (250 pg/ml), and kanamycin
(200 pg/ml) were putatively identified as carrying plasmid in-
sertions. Several independent filter matings between E. coli
S17-1(pSup5011) and A. rhizogenes K1143 resulted in the iso-
lation of approximately 4,000 transconjugants carrying inser-
tions either in the chromosome or plasmid pAgK434. Of these,
300 were capable of transfer of kanamycin resistance to strain
K749 at high frequency. After purification, the K749 transcon-
jugants were screened by HVPE for their ability to produce
agrocin 434. Two of the transconjugants did not produce ag-
rocin 434, and the corresponding K1143::Tn5-mob donors
were also deficient in agrocin 434 production. Loss of ability to
produce agrocin 434 was confirmed by bioassay, and plasmid
analysis showed that these strains r&tained plasmids indistin-
guishable in size from plasmid pAgK434 (data not shown).
This was important, as a previous attempt to isolate TnJ inserts
in pAgK434 had resulted in isolation of a strain in which loss
of agrocin 434 production was accompanied by a large deletion
in pAgK434 and a coincidental insertion of Tn5 in a chromo-
somal location. The two Tn5 insertion derivatives of K1143
were designated K1156 and K1157. Southern hybridization
analysis of the insertions in these two strains, which were iso-
lated in independent transposon mutagenesis experiments, has
confirmed the presence of different, single Tn5-mob insertions
in pAgK434 (data not shown), and further analysis of the sites
of insertion is in progress.

Isolation of plasmid-free strain K1347. The isolation of a
plasmid-free derivative of strain K1143 was achieved by heat
curing of a derivative of K1143 carrying a Tn5-encoded kana-
mycin resistance marker on plasmid pAgK434 isolated as de-
scribed above. Little or no growth of strain K1143 or its deriv-
atives was observed at temperatures of 35°C or above, and
therefore the heat curing was carried out at a temperature of
34.5°C. After 3 days of subculture at this temperature loss of
the kanamycin resistance marker was observed at frequencies
of 5 to 10%. Kanamycin-sensitive colonies were tested by
HVPE and bioassay for the ability to produce agrocin 434,
and all of the strains tested had lost the ability (data not
shown). One representative strain, K1347, was tested for
plasmid content and was shown to have lost plasmid pAgK434
(Fig. 1). Strain K1347 was then used as a recipient to complete
the range of derivatives of K84 which carried all possible com-
binations of the three plasmids pAgK84, PAtK84b, and pAgK434.

Isolation of strain K1351(pAtK84b). Plasmid AtK84b was
transferred from K815 [A. tumefaciens(pAtK84b)] as the donor
to K1347 in a filter mating on TY agar medium with nopaline
(125 mg/liter) at 28°C overnight. Transconjugants were select-
ed on A. rhizogenes-selective medium with nopaline (125 mg/
ml) as the sole nitrogen source. After purification on the same
medium, the transconjugants were tested by agarose gel elec-
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FIG. 1. Plasmid profiles of A. rhizogenes K84 and its derivatives. Lanes: A,
K1352; B, K1143; C, K1351; D, K434; E, K1353; F, K1355; G, K84; H, K1347.
Chr. DNA, chromosomal DNA.

trophoresis for 3-ketolactose production, growth on 2% NaCl
medium, growth at 37°C, and the presence of PAtK84b plas-
mid. One resulting transconjugant was designated K1351, and
the presence of the single plasmid, pAtK84b, is shown in Fig. 1.

Isolation of K1352(pAgK84). Plasmid pAgK84 was trans-
ferred from K325 [4. tumefaciens(pAgK84, pAtK84b)] as do-
nor to K1347 in a filter mating on TY agar at 28°C. Transcon-
jugants were selected on A. rhizogenes-selective medium (6).
As there was no direct selection for transfer of pAgKS4, 300
colonies arising on the selective plates (either recipient strains
or transconjugants) were screened for production of agrocin 84
by using a bioassay with K27 as the indicator. Transconjugants
which inhibited strain K27 were then tested for 3-ketolactose
production, growth on 2% NaCl, and growth at 37°C. One
resulting transconjugant, which inhibited strain K27 in the bio-
assay and had growth characteristics of 4. rhizogenes, was des-
ignated strain K1352. Gel electrophoresis of plasmid DNA
isolated from strain K1352 confirmed that it contained a single
plasmid, pAgK84.

Isolation of K1353(pAgK84, pAtK84b). Plasmids pAtK84b
and pAgK84 were transferred from K325 to K1347 in a patch
mating on TY agar medium with nopaline (125 mg/liter) at 28°C
for 24 h. Transconjugants of this mating were selected on
A. rhizogenes-selective medium minus NH,NO; with nopaline
(125 mg/liter). The transconjugants were then purified on the
same medium and were screened for agrocin 84 production,
as described above. One resulting transconjugant, designat-
ed strain K1353 and having growth characteristics of A. rhizo-
genes, was shown to contain the two plasmids pAgK84 and
PAtK84b (Fig. 1).

Isolation of K1355(pAgK434, pAgK84::Tn5). Plasmid
PAgK84::Tn5 was transferred from A. mumefaciens K1295 to
strain K1143, and transconjugants were selected on medium
selective for A. rhizogenes with 200 ng of kanamycin/ml. The
resulting transconjugants were tested for agrocin 84 and 434
production and confirmed as A. rhizogenes by growth tests. One
representative transconjugant, designated strain K1355, was
shown to have plasmids pAgK84::Tn5 and pAgK434 (Fig. 1).

Assessment of biological control of pathogen A. rhizogenes
K27 by almond seedling root bioassay. The A. rhizogenes strain
K27 is sensitive to both agrocin 84 and agrocin 434 in in vitro
assays. The ability of the K84 derivatives described above (ex-
cept strain K1355, which was isolated at a later date) to inhibit
gall formation by strain K27 on almond seedling roots was
tested. Injured roots of almond cv. Fritz seedlings were inoc-
ulated with Agrobacterium strains by dipping them prior to
planting them in pathogen-infested soil. This experimental de-
sign mimics the practical application procedure for the com-
mercial K&4-derived biological control products. Two sets of
experiments were performed: seedlings treated with deriva-
tives without Tn5-mob insertions were incubated in the open
air under ambient conditions, whereas the seedlings treated
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TABLE 2. Effect of pretreatment of almond roots with strain K84
or its derivatives on gall formation (number of galls and
gall dry weight) after incubation of almond trees
(cv. Fritz) in soil inoculated with pathogen
A. rhizogenes K27

Inoculant strain(s)

dimocin(s) prochiced) No. of galls™? Gall dry wt**
None 0.1! <01
K27 pathogen 11.4° 42>
K27 pathogen + K84 (84 + 434) 0.9! 0.1
K27 pathogen + K434 (434) 1.6" 0.3!
K27 pathogen + K1143 (434) 3.6! 0.6!
K27 pathogen + K1347 (none) 9.9%? 3.9
K27 pathogen + K1351 (none) 5= 0.9!
K27 pathogen + K1352 (84) 4.0* 0.9
K27 pathogen + K1353 (84) 23! 0.4

@ Superscript numbers indicate strains which are significantly different (P <
0.05); i.e., a strain with superscript 1 is significantly different from a strain with
superscript 2, and a strain with superscript 1,2 is not significantly different (P <
0.05) from strains with superscript 1 or 2.

b Tukey’s HSD, 5.5.

¢ Tukey’s HSD, 2.5.

with the TnS-mob insertion mutants, K1356 and K1357, were
incubated in a separate experiment in a containment green-
house with control strains. There were eight replicates for each
treatment. After 6 months, the galls were removed from the
roots, counted, dried (3 days at 65°C), and weighed individu-
ally.

The results for strain K1347, K1143, K1351, K1352, K1353,
K434, and the wild type, K84, are shown in Table 2. Although
a high level of variation was observed in the bioassay test, there
was a significant difference (P < 0.05) in biological control
ability between strains which contained one or more plasmids,
compared to treatment with the pathogen alone. There was no
significant difference between treatment with the pathogen
alone and treatment with the pathogen plus the plasmid-free
strain, K1347, based on either number of galls or gall dry
weights. The highest level of control was observed with the
wild-type strain, K84, followed by the strains carrying two plas-
mids, K434 and K1353.

Gall formation was significantly reduced on treatment with
K1351 compared with treatment with the pathogen alone,
which suggests that plasmid pAtK84b, which does not encode
any known agrociris or alternative inhibitory agents, may play a
role in the biological control process.

Comparison of pathogen inhibition by strain K1143 and
TnS5 insertion mutants deficient in agrocin 434 production.
Strain K1143, which carries only plasmid pAgK434 (involved in
agrocin 434 production), had a significant effect on the number
and dry weight of galls compared to treatment with the patho-
gen alone, whereas the plasmid-free strain, K1347, had no
significant effect on either the number or dry weight of galls in
either experiment, compared to treatment with the pathogen
alone. Although the only function which has been ascribed to
plasmid pAgK434 is involvement in agrocin 434 production, it
is possible that additional factors involved in the biological
control process may be encoded by this large (300- to 400-kbp)
plasmid. To determine whether production of agrocin 434 it-
self was the major control factor encoded by pAgK434, the
ability of two TnS-mob insertion mutants, strains K1356 and
K1357, to control the pathogen K27 was also assessed in al-
mond seedling root bioassays. These experiments were carried
out in a separate experiment in a containment greenhouse,
with strain K1347 as an additional control. Only strain K1143
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exhibited a significant effect (P < 0.05) on inhibition of the
pathogen K27 compared to treatment by the pathogen alone,
on the basis of number of galls and gall dry weights (Table 3).
As both K1356 and K1357 are derivatives of strain K1143, with
distinct single insertions in pAgK434 and the accompanying
loss of ability to produce agrocin 434, it is likely that reduced
biocontrol ability is correlated with loss of production of ag-
rocin 434.

DISCUSSION

The successful biological control of crown gall pathogens by
A. rhizogenes K84 is probably the result of a number of activ-
ities exhibited by this strain. Factors which have been identified
to date include the potent agrocin 84, effective against patho-
gens which carry nopaline-agrocinopine A-type Ti plasmids
with associated acc genes (16). Donner et al. (9) also described
a second agrocin produced by strain K84 and its derivatives,
which inhibited all A. rhizogenes strains tested except producer
strains. A third product, ALS84, produced by strain K84, in-
hibited a range of phytopathogenic bacteria in addition to
Agrobacterium spp. in vitro (28), although the nature and ge-
netic basis of this product have not yet been determined, to our
knowledge. Attributing biological control ability to specific fac-
tors or activities is complicated when test strains produce a
range of products which may act synergistically. In this study,
we isolated a range of derivatives of strain K84 which were
deficient in the production of one or both of the known agro-
cins 84 and 434 and carried the Ti plasmid pAtK84b, with the
T-DNA and Vir regions deleted. The derivatives included
strains with every combination of the three plasmids present in
strain K84, allowing differences in pathogen inhibition to be
attributed to the presence or absence of a single plasmid.
These strains included a plasmid-free strain, K1347.

Strain K1347 was ineffective as a biological control strain
against the pathogen K27, as shown by the almond seedling
tests used in two independent long-term greenhouse and pot
experiments. This strain does not produce agrocin 84 or 434,
and the results suggest that chromosomally determined char-
acteristics alone do not play an important role in biocontrol
with this pathogen and test system. A number of workers have
suggested previously that blockage of or competition for infec-
tion sites may explain the biological control of strains resistant
to agrocin 84 (8, 11, 22, 38). Other possible mechanisms which
may play a role in control include substrate competition in soil
(22) and a superior root colonizing ability of biocontrol strains

TABLE 3. Effect of pretreatment of almond roots with strain
K1143 or its derivatives on gall formation (number of galls
and gall dry weight) after incubation of almond trees
(cv. Fritz) for 9 months in soil inoculated
with pathogen A. rhizogenes K27

Inoculant strain(s <

aracie ducé d)) No. of galls*® Gall dry wt*
Pathogen K27 19.5! 4.8
K27 pathogen + K1143 (434) 4.42 0.7
K27 pathogen + K1347 235 4.3
K27 pathogen + K1356 15.0'* 1.812
K27 pathogen + K1357 20.7* 4.9

“ Superscript numbers indicate strains which are significantly different (P <
0.05); i.e., a strain with superscript 1 is significantly different from a strain with
superscript 2, and a strain with superscript 1,2 is not significantly different (P <
0.05) from strains with superscript 1 or 2.

b Tukey’s HSD, 12.4.

¢ Tukey’s HSD, 3.9.
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(31). However, there is little direct evidence to support these
explanations, and the results from this study suggest that ef-
fective biological control may require the presence of one or
more of the plasmids in strain K84. It is possible that the
presence of one or more plasmids may enhance the potential
for competition with pathogens at or near injury sites. This
could occur, for example, if activities important in initial
stages of the pathogenic process are still encoded on plas-
mid pAtK84b, although there is no direct evidence for this.

The ability of strains producing only agrocin 84 or 434
(strains K1352 and K1143, respectively) to control the patho-
gen K27 shows that both of these agents may play an important
role in the inhibition of Agrobacterium pathogens in vivo. For
agrocin 434, this conclusion was supported by the reduced
efficacy of strain K1356 and K1357, derivatives of K1143 which
were deficient in agrocin 434 production only, presumably due
to a Tn3-mob insertion into genes required for agrocin 434
production. Further characterization of these strains and con-
firmation of the basis of this deficiency is in progress and will
play an important part in the characterization of the genetic
basis for agrocin 434 production. There was little difference
between the inhibitions observed with strains producing agro-
cin 84 and those producing agrocin 434, taking into account the
large variation observed with the bioassay test used. This is the
first evidence for a role for agrocin 434 in biological control in
an in vivo test. There was a significant effect on both the
number of galls and gall weight (P < 0.05) following treatment
of roots with the pathogen K27 and strain K1143 compared to
treatment with the pathogen alone. This effect was seen in both
experiments, and the mean numbBers of galls and gall dry
weight were consistent following treatment with strain K1143
under both test conditions (in the greenhouse trial and in the
open air). The test strain used was sensitive to both agrocin 84
and agrocin 434 in vitro. In the past the inhibition of pathogens
resistant to agrocin 84 has been attributed to factors such as
competition for nutrients and for attachment sites. An alter-
native explanation for A. rhizogenes or biovar 2 pathogens
could be inhibition by agrocin 434, which, although apparently
a less potent agent than agrocin 84 in in vitro tests, is effective
against all A. rhizogenes strains tested to date except producer
strains (9).

The involvement of plasmid pAtK84b in the control of strain
K27 was a novel result and warrants further investigation.
Plasmid pATKS84b is thought to be a pTiC58-type Ti plasmid,
disarmed in the oncogenic T-DNA and Vir regions but retain-
ing genes involved in catabolism of nopaline (7). A number of
explanations are possible for the effect of plasmid pAtK84b.
The ability of host strains to catabolize nopaline is unlikely to
be important, as this would take effect only after infection and
gall formation; however, it may provide a mechanism for com-
petition with pathogens in the soil following initial infection,
reducing further infection and gall formation. A more likely
reason is that pAtK84b carries genes which are important in
early stages of the pathogenic process, e.g., attachment and the
potential for competition with or inhibition of pathogens. This
possibility is supported by studies which have shown that no-
paline-type Ti plasmids enhance attachment (23, 29). Alterna-
tively, pAtK84b may enhance chemotaxis to wound sites, as Ti
plasmids have been shown to play a role in chemotaxis to
wound exudates (1, 2). Both of these possibilities would en-
hance the potential for competition or inhibition of pathogenic
strains at the site of infection. Thus, competition may play a
role in the control effect but may require the presence of
pAtK84b-encoded activities for effective pathogen inhibition.
As both chromosomal and plasmid-borne genes are thought to
play a role in the early stages of the pathogenic process (23, 24,
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27, 29, 36), the role of pAtK84b in the biological control
process is likely to be complex.

A further possibility which cannot be discounted is that
pAtK84b encodes production of an additional, unknown inhib-
itory agent. The activity of ALS84 (28) has been demonstrated
only in in vitro tests, and the product itself and the genetic
basis for its production have not been identified. In this study
we did not test the ability of derivative strains to produce
ALS84 and so cannot rule out the possibility that this or other
inhibitory agents are encoded on pAtK84b.

It should also be noted that derivatives which did not retain
PAtK84b but which produced agrocin 84 or 434 (strains 1352
and 1143, respectively) were effective inhibitors of gall forma-
tion by the pathogen K27. This suggests that pAtK84b is not
absolutely necessary for pathogen inhibition when other potent
inhibitory compounds are produced by control strains. The
highest level of control was exhibited by strains which pro-
duced multiple agents; thus, strain K84 itself was the most
effective inhibitor, followed by strains which retained two of
the three plasmids, although the variability observed in the test
assay means that these differences were not statistically signif-
icant.

The biological control of Agrobacterium pathogens by strain
K84 is a complex process with a number of factors playing roles
in the inhibition process. The relative contribution of individ-
ual factors in any control situation will depend on the patho-
gens present, the ratio of the pathogens to the biocontrol
strain, the host plant, and the method of application of the
control strain used. Thus, in the control of agrocin 84-resistant
A. rhizogenes pathogens, agrocin 434 is likely to be an impor-
tant component, whereas in the control of A. tumefaciens
pathogens, agrocin 434 is unlikely to play a major role. This
study has confirmed the efficacy of agrocin 84 as a potent
inhibitor and has presented evidence that agrocin 434 may
also be an important component in the biological control of
A. rhizogenes strains. As would be expected, the presence of
multiple control factors appears to enhance the control effect.
The role of pAtK84b in the control process has yet to be
elucidated. Studies are being undertaken to examine the at-
tachment and interaction of pathogens and biocontrol deriva-
tives directly on plant surfaces, using strains tagged with fluo-
rescence markers. This may provide an explanation for the role
of pAtK84b and lead to an enhanced understanding of this
complex but successful biological control system.
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