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Abstract

Colonization of tobacco seedling roots by
fluorescent pseudomonad suppressive to black root
rot caused by Thielaviopsis basicola

M. S. Reddy* and Z. A. Patrick’

"Esso Chemical Canada-Ag Biologicals, 402-15 Innovation Bivd, Saskatoon, Saskaichewan,
Canada 57N 2X8 and 'Department of Botany, University of Toronto, 25 Wilcox Street, Toronto,
Ontario, Canada M5S 382

Fluorescent pscudomonad strain RD: 1, isolated from soil containing decomposing rye residues, wus
introduced into the rhizosphere of tobacco seedlings by root bacierization. Bacterized and non-bacterized
scedlings were planted in non-sterilized fallow soil and in soil containing decomposing rye residues artificially
infested with the chlamydospores of Thielaviopsis basicala. Root bacterization with strain RD : 1 significantly
increased shoot and root dry weights of tobacco seedlings after 45 days when planted in fallow seil and in sl
containing decamnposing rye residues, compared with non-bacterized controls. Strain RD: | established
pepulation densities ranging from 1.0x 10° to 3.6 x 10°c.fu. g~ ' dry weight of roots on rhizosphere of
tobacco seedlings following introduction. 1t also significantly reduced the severity of black root rot discase in
both soils. Populations of fluorescent and non-fluorescent pscudomonads and total aerobic bacter
associated with the seedling rhizospheres were significantly reduced by root bacterization with RD ; 1. Sirain
RD: 1 also inhibited vegetative growth of T. basicola in vitre. The growth-promoting and discase-suppressing

cffeets of RD: | make it potentially useful in biocontrol of T basicolu.

Keywords

Introduction

Black root rot of tabacco, caused by the soil-borne fungus
Thielaviopsis basicolas (Berk. & Br.) Ferraris, atfects a wide
variety of crop plants (Lucas, 1975). The fungus is capable
of survival in soil cven in the absence of host plants (Lucas,
1975). Soils that appear to be naturally conducive or
suppressive to T. basicola have been described, but the
specific factors involved are mostly undefined (Hsi, 1978;
Stutz, Defago and Kern, 1986).

Black root rot is one of the mujor diseases of tobacco in
Canada, particularly in southwestern Ontario, and may
also occur on legumes and other crops. Effective control of
black root rotin tobacco is generally obtained by the use of
resistant cultivars. Disease severity may be reduced by crop
rotation with non-host crops (Smith 1960: Hsi, 1978);
however, various investigators have shown that non-host
plants, such as wheat, corn, rye or sorghum, have little
influence on population densities of T. basicola in field soils
(Bateman, 1963; Hsi, 1978; Reddy and Patrick, 1989).
Reddy and Patrick (1988, 1989) have suggested that the
disease-suppressing effects of rye occur during its growth
and during its decomposition and are associated with
microbial antagonism and antibiotic production with rye
as a substrate. Antagonistic rool-colonizing rhizobacteria
might therefore have a role in suppression of black root rot
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In recent years there have been many reports on the role
of fluorescent pseudomoenads that promote plant growth
and control soil-borne pathogens (Broadbent er al., 1977;
Burr, Schroth and Suslow, 1978; Howell and Stipanovic,
1979, 1980; Kloepper, Schroth and Miller, 1980; Schroth
and Hancock, 1981; Suslow, 1982; Cook and Baker, 1983;
Weller, 1983, 1988; Schroth, Loper and Hildebrand, 1984
Kloepper er al., 1986; Stutz ef af., 1986; Weller and Cook,
1986; Kloepper et «f.. 1988; Sivamani and Gnana-
manickam, 1988; Reddy and Rahe, 1989a). These pseudo-
monads are often referred to as ‘plant growth-promoting
rhizobacteria” (PGPR) (Kloeper et al., 1980). One mech-
anism of action postulated for PGPR is suppression or
displaccment of deleterious micro-organisms or inhibition
of pathogens that are associated with the plant root-soil
ecosystem (Klocpper and Schroth, 1981: Suslow and
Schroth. 1982; Weller. 1983; Burr and Caesar, 1984;
Schippers, Bakker and Bakker, 1987; Reddy and Rake,
1989b}. Whether similar mechanisms are invelved in the
control of black root rot of tobacco and other plants has
not been fully explored. Keel ¢f af. (1989) reported signifi-
cant reduction of black root rot of tobacco by a strain
(CHAQ) of Pseudomonas fluorescens under gnotobiolic
conditions. In earlier studies {Reddy and Patrick. 1989
fluorescent pseudomonads that were antagonistic to T,
hasicola were isolated [rom soil. The purpose of the study
described here was to test the disease-suppressive and plant
growth-promoting properties of one of the fluorescent
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pseudomonad strains, RD: 1, on tobacco seedlings under
greenhouse conditions.

Materials and methods
Pathogen source and inoculum production

The isolate of T basicolu used in this study was obtained
from naturally infested soil collected near Delhi, Ontario
using the carrot disc method described by Yarwood ( 1946)
and was maintained on V-8 agar or stored in sterilized
sandy loam soil at 25°C. The inoculum (chlamydospores)
of . hasicola was produced according to the procedure
described by Reddy and Patrick (1989).

Bacterial source and hacterization method

The fluorescent pseudomonad strain RD : | was originally
ootained from soil with decomposing ryc residues, as
described in earlier studies (Reddy and Patrick, 1989). The
strain was  purified by repeated streaking on King’s
medium B (K B) (King, Ward and Raney. 1954) and stared
at =80°Cin tryptic soy broth (TSB) and 10% glycerol. The
strain was  marked with resistance to rifampicin
(100 pgml™ ')y in KB according to the procedure of Reddy
and Rahe (1989a). Thirty-day-old tobacco seedlings (cv.
Coker 319), which is highly susceptible to black root rot,
were used for the root bacterization experiments. Fresh
cuhures of marked RD: 1 were grown in slerile 500 ml
flasks containing 300 ml sterilized TSB on a continuously
reciprocating shaker at 24-25°C for 72 h. Following centri-
fugation for 30min at 2000g. the bacterial pellet was
washed with sterile distilled water and suspended in 50 ml
0.1 MgSO, buffer. The optical density of the suspension
was adjusted to 0.5 at 780nm; this density equalled
L0x107cfu.ml 1.

Chlamydospores of T. hasicola were added to soils with
or without decomposing rye residues and mixed thor-
oughly. This procedurc resulted in an initial concentration
of log 6.8 chlamydospores ¢ ! dry weight in cach soil
sample. The appropriate treated soils were placed in plastic
pots (15cm diameter). Each pot received 85U g of the
appropriate soil. The treatmcents were fallow soil with and
without 7. bausicola and soil containing decomposing rye
residues with and without T. basicola. The roots of 30-day-
old tobacco seedlings were bacterized with strain RT3 : | by
dipping the roots into the bacterial suspension prepared as
described above. The seedlings were then planted (four
sezdlings per pot) into the appropriate treated soils. Each
trealment was replicated four times and treatments were
arranged in a randomized complete block design on a plant
growth bench in the greenhouse maintained at 23 25°C,
The soil moisture was maintained in the range of 60% of
field capacity throughout the experiment by adding sterile
distilled water periodically on a weight basis to the pots to
replace moisture lost (Johnson and Curl, 1972). Tobacco
roots treated with an identical amount of sterile 0.1 m
MgSQ, solution as above served as non-bacterized con-
trols. The experiments were run for 45 days and were
repeated twice,

Soils

Experiments were conducted in sandy loam soil (fallow
soil) collected from tobacco fields from two locations
around Delhi, Ontario. In all cases, composite samples
were collected from the upper 15cm profile, bulked and
stored moist at 18-22°C in covered containers until use.
Two soil treatments were used: (1) soil without decompos-
ing rye residues (fallow soil}; (2) soil with decomposing rye
residues. The latter was prepared by incorporating grow-
ing rye plants, collected from fields near Delhi, into the soil,
as tollows. Rye plants at a height of ~20-25 cm were cut
into small pieces (2 cm long), and either used immediately
or stored in autoclavable bags at 4°C until use. The scctions
were incorporated into the soil at a ratio of 1 : 4 (w/w). The
soils were placed in clay pots (30 cm diameter), using ~2kg
ryc and soil mix per pot). Enough tap water was added to
cach pot to attain 60% moisture content. Soil without ryc
material was placed in similar pots and treated as controls.
The pots were placed outdoors for a 30-day decom position
period before being used in the experiments. The outdoor
temperatures during this period fluctuated between 10°C at
night and 20°C during the day.

Tests for antagonism on agar plates

Primary tests for antagonism in vitro against 7. pasicola
were made as foltows. Strain RD : | was streaked ~2.5¢m
from the edge of a Petri plate (9 cm diameter) containing
potato dextrose agar (PDA) (Difco, Detroit, MI), and
allowed to grow for 24h. A disc (5mm diameter) taken
from the edge of an actively growing colony of T basicola
on V-8 agar was then placed in the dish 2.5¢m from the
edge on the opposite side. The plates were incubated in the
dark for up to 15 days at 25°C. The zones of inhibition of
vegetative fungal growth were estimated.

Enumeration of population densities of RD : 1 and
indigenous bacteria from the tobacco seedling
rhizosphere

Population densities of RD: 1 and indigenous bacterial
populations associated with the rhizosphere of tobacco
seedlings planted in the appropriate treatment soils
described above, were enumerated 15, 30 and 45 days after
planting. The method used in the enumeration of bacterial
populations was the standard dilution plate technique
(Johnson and Curl, 1972). The population of R} I was
determined on KB supplemented  with rifampicin
(100pgmi™ 1), cycloheximide {100 ug ml = *) and benomyl
(30pgml ). Total counts of root-colonizing aerobic bac-
teria were made on dilute tryptic soy agar. 1/10 strength
(Difeo tryptic soy broth, 3.0g: Difco agar, 1.5 g and
deionized water, 1000ml). Total counts of fluorescent
pscudomonads were assessed by plating on to KB supple-
mented with novobicein (45pgm! ), chloramphenicol
(100pgml '), cycloheximide (75pugml~ '} and benomyl
(30 pgml ). After incubation for 48 h, fluorescent colo-
nies were differentiated from non-fluorescent ones under a
u.v. light {366 nm).
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Figure 1. a, Inhibition of vegetative growth of Thielaviopsis basicola
by fluorescent pseudomonad RD :1. Plate on left without RD : 1and on
righl with RD : 1 on potato dextrose agar. b, Effect of root bacterization
with RD : 1 on growth of tobacco seedlings 45 days after transpianting.
Leflt to right tobacco seedlings inoculated with 7. basicola; not
inoculated; seedlings bacterized with RD:1 and inoculated with T.
basicola, ¢, Roots of plants of tobacco seedlings as shown above

To sample the bacteria from tobacco seedlings, plants
were carefully dug from the soils and roots were shaken to
remove excess soil. The entire root system with soil
adhering after gentle shaking was detached from the shoot
and designated as rhizosphere. The roots were cut into
segments ( ~ 5mm) using a surface-sterilized surgical blade
for easy washing. The segments were placed in 250 ml
flasks containing 10 mi sterile 0.1M MgSQ, and washed for

somin by gentle magnetic stirring. The resulting suspen-
sions were serially diluted in a tenfold series. Aliquots of
0.1 ml of the appropriate dilution were spread with a glass
rod on well-dried plates in triplicate on the various medi
described above. Plates were incuated at 25°C. Colonics of
RD: 1 were counted after 72 h. Total pseudomonads and
aerobic bacteria were counted 3-5 days after incubation.

I

L

The data of the results were presented as c.fu. g 'dr
weight of roots. The relative proportions of bacteria o
roots of tobacco in tallow soil and soil containing decont
posing rye residues were estimated, as well as that of the

RD: I. The experiments were repeated once. '

Assessment of growth of tobacco seedlings in
response to root bacterization

The response of the scedlings to bacterization was deter '
mined by measuring the growth of shoots and roots and by
assessing severity of black rot caused by T. hasicola 45 days
after transplanting in the appropriate treatments, Individ- |
ual scedlings were carefully removed from the pots ineach
trcatment and shaken to remove excess soil. Roots and |
shoots were separated, washed, air dried and weighed. The '
roots were first scored for disease severity on a 03 scale(l. |
healthy; 5, severe infection). The disease index was calo-
lated by averaging the rate of infection in four replications
involving 20 plants per replication per treatment. The
experiments were repeated once. ,
The data of all experiments were transformed and were P
analysed by analysis of variance (ANOVA) and Studenl
Newman-Keuls’ test at the 5% level of significance.

Results

Effect of root bacterization on black root rot severity .
and on plant growth 5

Strain RD : | significantly reduced the vegetative growth of :
T. basicola in dual culture tests (Figure /a). There was also
an increase in shoot and root growth of tobacco seedlings
(Figure 1) and a reduction in severity of black root ral
induced by 7. basicola, by root bacterization with stram
RD: 1 (Figure {c). The roots of tobacco seedlings hac
terized with isolate RD: 1 had significantly less (p=00} ii
root rot than the non-bacterized controls (Fahfe ). Root ’
bacterization significantly increased shoot and roal .
weights of tobacco seedlings over thosc of the non !
bacterized controls (Table {). Root-rot severity decreased |
and growth of the plants increased significantly in sol
containing decomposing rye residues, compared with
fallow soil, for bacterized as well as non-bacterized seed-
lings (1able I).

Enumeration of RD: 1 and of indigenous bacterial
populations from the rhizosphere of tobacco
seedlings

The population density of RD: 1 on the tobacco seedling
rhizosphere declined 15 days after planting. Approxi-

mately 10%c.fu.g™' dry weight (d.wt) of roots wert
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Table 1. Stimulation of tobacco seedling growth and suppression of black root rot caused by Thielaviopsis basicola by fluorescent pseurdomonad
strain AD ;1

Percentage
Shoot Percentage change Root dry change
‘ dry weight” compured with weight” compared with Discase
Soil Treatment TB” (g) control (g) control index”
Fallow RD: 14 - 4.50b 14.2 2100 12.9 Oc
+ 523a 327 2.50a 344 2.6b
Control” - 3.94¢ 0 1.86¢ 0 Oc
+ 2.00d —46.7 0.95d — 489 4.1z
Containing RD: 14 - 5.801 3801 3140 30.8 0c
decompaosing -+ 6.60u 57.2 l6da 51.7 1.3h
rye Control? - 4.20¢ 0 2.40¢ 0 Oc
residues + 2.65d —36.9 1.64d —31.7 3.2a

“TB. chlamyduspores of Thiefaviepyis basicota: +, soilinfested with TB; - _ soil uninfested with TB. #45 days after planting. “Numerical index of severity of bluck root rot
ctused by 7, basicolu on tobaceco cv. Coker: roots were assessed on a 0-5 scale. 45 days after planting; 0, no disease. 5, roots severely infected. “30-day-old tobaceo seedling
ronts were bacterized before planting with strain RD: 1. a fluorescent pseudomonad marked with resistance 1o rilampicin, “Non-bacterized control seedlings. "Mean of

cembined data lrom two experiments cach having four replications per treatment: means within a column for each soil followed by the sume letier do not differ significanty
awording (o Student Newman—Keul's test (#=0.085)

Table 2. Population densities of RD: 1 and of associated indigenous bacteria on roois of tobacco seadlings planted in fallow soil

Population densities of bacteria (c.fu. g~ ! dry weight of roots)”

Time aller RD:1 FP Towal P Total acrobic
planting (days} Treatments" TR” (% 104y (< 109y (x 107 (% 07K
13 RD:- — 16.3b 6.6d 11.24 1.9¢
+ 26.6a 9. 4b 16.9b 2.4¢
Control — ¢ 7.9¢ 13.8¢ 5.8b
+ Oc 13.4a 20.3a 9.4a
30 RD:1 4.8b 2.5d 4.9d 0.8d
+ 13.2a 5.7¢ .4c l.4c
Control — N 9.8b 21.8b 19.2b
+ 0c 11,3a 39 4a 26.6a
45 RD:1 - 0.1b 0.1d 0.2d 0.1c¢
+ 0.64 0.5¢ 0.9c 0.2¢
Control - [\ 16.4b 13.4b 21.6b
+ Oc 27.8a 56 9a 46.5a

“RD: 1, 30-day-0ld tobacco seedling rootls were bacterized before planting with a strain of antagonistic Auorescent pseudomonad marked with resistance to rilampicin;
Contrel, non-bacterized control seedlings. "Chlamydospores of Fhiciaviopsis basicola (TB): +, soil infested with TB; — . soil uninfested with TB. “Mean of combined duta
from Lwo experiments each having four replications per treatment, and five plants per replication. Means within a column for each time peried followed by the same letter do
not difler significantly according to Student Newman—Kcul's test {p=0.05). “Populations of marked isolate RID: 1. “Populations of fluorescent pseudomonads. FTotal
populations of pseudomonads. #Total populations of acrobic buacteria

Table 3. Population densities of RD: 1 and associated indigenous bacteria on rools of tobacca seedlings planted in soil containing decomposing
rye residues

Population densities of bacteria (¢c.f.u. g~ ! dry weight of roots)

Time after RD:1 FP Total P Taotal aerobic
planting (days) Trcatments” TB* (% 1077 (x 109 {x 10V (x 1)7)*
15 RD: | 36.0b 5.9b 18.6d 1.9d
I 94 3a 14.2a 35.5b 5.7c
Control - 0Oc 6.8b 25.8¢ 8.6b
+ Oc 15.4a 63.6a 14 3a
RlYj RD:! - 13.2b 3.7d 11.4d 1.9d
+ 36.7a 9.7c 21.7c 3.9¢
Control - Oc 16.4b 63.8b 36.5b
+ Oc 24,54 94.9a 56.4u
45 RID-1 - 3.7b 1.5d 4.0d 1.U¢c
+ 9 Ba 2.7¢ 6.8c l.4c
Control - Oc 267 76.8b 64.7b
+ Oc 51.8a 99.4a 86.3a

FAY In Tuable 2
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Table 4. Proportion of RD: 1 in total fluorescent pseudomonads, pseudomonads and aerobic baclerial papulations recovered from roofs o :
lobacco seedlings which were preinoculated with the marked strain RD: 1 and planted in fallow soil and in seil containing decompasing e
residues

Percentage of RD: [ populations (c.fu. g ' dry weight of roots) in:

Timc after -

) planting Total FP¢ Total P Total aerobic bacten

Soil (days) [+ TBY {—TBY¥ (+TB) (—TB) (+TB) (-Th
Fallow 135 28.3 24.7 15.7 14.6 1.1 0y
30 232 19.2 14.0 9.8 0.9 A
45 12.0 {0.0 6.7 5.0 0.3 il

Containing 15 66.4 61.2 26.6 19.4 1.7 ny
decomposing 30 37.8 357 16.9 1.6 1.0 03
rye residucs 45 36.3 24.7 14.4 v.3 0.7 04

AFP. luorescent pseudomonads; “P. pseudomonads; soil infested with chlamydospores of Thivluviepsiv hasivela (TB), “Soil withoul 7. hasicela

recovered in fallow soil and soil containing decomposing
rye residues, with or without incorporation of T. hasicola
{Tubles 2 and 3). The ranges of population densities of
strain RD: 1 recovered from the tobacco seedling rhizo-
sphere in appropriate treatments were as follows:
16.3x 10%c.fu.g ™ d.wt of root without 7. hasicola and
26.6 x [0*c.tu. g ' d.wtof root with T basicola for faliow
and  36.6x10%cfu.g ' dwt of reot and
943 x 10*c.fu.g™ ! dwt of root, respectively, for soil
containing decomposing ryc. The population density of
RD:1 on roots of tobacco plants was higher in soils
containing decomposing rye residues compared with
fallow soil (Tubles 2 and 3). In addition, the population of
the RD:1 strain on roots of plants was higher in soil
infested with 7. pasicola. The higher population of the
RI>: | strain on the diseased roots was associated with
less-severe black root rot. Populations of fluorescent
pseudomonads, other pseudomonads and total aerobic
bacteria were significantly reduced by root bacterizalion
with RD: 1 in both soils { Tables 2 and 3).

The percentage of RD: 1 compared with the other
bacterial populations on the tobacco roots was greater in
soil containing rye residues than in fallow soil (Tuble 4).

Discussion

The results presented here showed that a fluorescent
pscudomonad strain RD: 1 isolated from soil containing
decomposing rye residues, when introduced into the rhizo-
sphere of tobacco seedlings by root bacterization,
increased growth of the plams and reduced severity of
black root rot caused by T. basicole under greenhouse
conditions. Bacterial strain RD: 1, was detected on the
roots and in the rhizosphere ol tobacco plants 45 days after
planting. The population density of RD: 1 in the rhizo-
sphere appeared to be stimulated when rye was used as a
green-manure cover crop. The population density levels of
RID: 1 ontoots of tobacco were comparable to the levels of
PGPR reported on roots of potato (Burr et al., 1978
Kloepper er al., 1980), radishes (Kloepper and Schroth,
1978), sugar beet (Suslow and Schroth, 1982) and tobacco
(Keel er af., 1989) following seed bacterization. Root
colonization is ulways considered to be a major factor in

successful inoculation of crop plants by benelicial rhizo
bacteria (Suslow, 1982).

The RD: 1 suppressed the activity of T. bavicols on
tobacco roots in both fallow seil und soil containing
decomposing rye residues; however, this activity wa
significantly higher in the latter. This phenomencn w
associated with the higher population density of RD: lin
soil containing decomposing rye residues compared wilk
fallow soil. The fact that RD: [ was stimulated by rye, ad
that rye is widely used as a green-manure cover crop
southwestern Ontario and elsewhere, increases the poten
tial usefulness of this beneficial rhizobacterium. The wag:
nitude of suppression of black root rot by RD: [ inboth !
the soils was demonstrated by its qualitative ability to :
inhibil mycelial growth of T. hasicola in vitro (Figuel).
Antibiosis of bacteria to soil-borne pathogenic fung i -
vitro has often been demonstrated: however, only a faw )
reports relate such activities to antagonism in field sal ‘
{Howell and Stipanovic, 1980; Kloepper and Schroth,
1981).

The growth observed under the influence of root bacter
ization with RIY:1 is similar to that described in the
published reports on stimulation of plant growth by
fluorescent pseudomonads in various crops (Burr ¢ dl.
1978; Kloepper and Schroth, 1978; Suslow ¢f al.. 1979,
Howell and Stipanovic, 1979, 1980; Schroth and Hancock,
1981: Scher and Baker, 1982; Weller. 1983; Burr and
Cacsar, 1984; Schroth er af., 1984; Kloepper ¢t af.. 198,
1988; Weller and Cook, 1986; Whipps and Lynch, 1986; :
Keel et al., 1989; Reddy and Rahe, 1989a.b). The studies
also revealed that rhizosphere populations of some of the
indigenous soil bacteria associated with tobacco seedling
roots were significantly inhibited by RD: 1. The relative
degree of suppression of indigenous soil bacteria caused by
RD: | was correlated with its qualitative ability to inhibit -
mycelial growth of T basicola in dual culture, These resuls
partially support the hypothesis that the mechanism of
growth enhancement evaluated in this study was indirect
and resulted from effects of the introduced bacteria o
indigenous root zone microflora. Kloepper and Schroth
(1981) reported that inoculation of polalo seed pieces with
PGPR resulted in generally decreased populations of
indigenous microflora in the root-zone soil. Suslow (1982]
observed both a reduction in the total population density
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of root-colenizing {ungi and a shift in the populations of
particular componenls of the fungal microflora tollowing
inoculation of sugar-beet seed with PGPR.

Investigations with thizobacteria suggest that there are a
large number of relatively weak pathogens that damage
roots and reduce plant growth (Suslow er af. 1979).
Parasitic and non-parasitic bacteria and fungi colonizing
plant roots can cause disease or reduced plant vigour
(Woltz, 1978: Salt, 1979). Others have specuiated that
reduction of parasitic and non-parasitic rhizosphere
microflora by fumigation or chemical sced treatments
contributes in part to the generally associated cnhance-
ment of plant growth (Merriman er af., 1974: Bowen, 1979,
1980 Salt. 1979). The capacity of RD:1 (o modify
significantly the indigenous microflora reveals the possi-
bilities offered by root bacterization for affecting the
rhizosphere microflora and plant growth and health. The
selection of potential strain RD: I and elucidation of the
mode of action in a tobaceo crop management system pose
immense and exciting challenges,
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