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Colonizing Pattern of Fluorescent Pseudomonads on the
Cucumber Seed and Rhizoplane
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ABSTRACT : Number of bacterial isolates were collected from high mountainous areas at
various locations in the whole country to select promising biocontrol agents. Most of selected
isolates belonged to fluorescent pseudomonads. Population densities of fluorescent pseu-
domonads were examined by DLF method. All selected isolates rapidly multiplied on sper-
mosphere after seed inoculation upto 24, and then the population abruptly declined. When se-
eds were germinated fully, bacteria moved to newly emerging radicle. The good root colon-
izing isolates, B16 and V13 proliferated on the growing root and moved down to the root tip
and lateral roots. But the poor root colonizing isolates, MC07 and X01 moved much slower.
Scanning electron microscopic observations showed that the cells of the good colonizing iso-
lates were arranged linearly on the growing root and parallel to growing root axis and con-
tinuously existed on the root tip, Whereas the cells of poorly colonizing isolates were gathered

and scattered randomly on the root surface.
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Application of biocontrol agents to the seed is an at-
tractive approach to introduce a biocontrol agent into
soil instead of supplying greater amounts of bio-ma-
terial to a large area. Applied biocontrol agents were
proliferated on the seed, then transferred and colonized
the subterraneous plant parts, e.g., roots to cause enhanc-
ed plant growth and also results in disease suppression
by a rhizosphere-competent organism (1,3,5,8,9,12,
14,17, 18). Therefore colonization is a significant re-
lationship between population size and the degree of
disease suppression (15, 16).

Pseudomonas spp. are receiving much attention with
regard to their biocontrol properties because of their po-
tential to colonize the rhizosphere after seed ino-
culation and suppress a wide range of plant pathogens
(4,15, 16).

Root colonization by bacterial strain involves traits
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not only related to cell dispersal, but also to at-
tachment, growth, competition and survival. The in-
trinsic growth rate or generation time of given bacteria
on the host roots is considered one of the key factors
for root colonization.

Knowledges of the colonization abilities of biocon-
trol agents and scientific information on the population
dynamics in the rhizosphere are essential to understand
microbial interactions and mechanisms for disease
suppression by specific strains against specific patho-
gens. Throughout this study, we tried to investigate the
process of root colonization via seed treatment and to
elucidate factors which might be involved in root
colonization abilities of fluorescent pseudomonads se-
lected as biocontrol agents

MATERIALS AND METHODS

Screening of root colonizing isolates of fluores-
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cent pseudomonads. A total of 422 bacterial isolates
were collected from the alpine and high mountainous
areas at various locations in the whole country, mainly
from rhizosphere of monocotyledonous plants. Out of
these isolates, more than 100 bacterial isolates were
selected as biocontrol agents under low temperature
condition during 1994.

Selection of Pseudomonas fluorescens isolates. Four
isolates of P. fluorescens were selected to investigate
the factors involved in root colonizing abilities. The
isolates, B16, V13, MCO07 and X01 showed no diff-
erence in colony type, physiological characters and a-
bility to produce antibiotics in vitro. However, in prel-
iminary experiments, B16 and V13 were shown to be
the good root colonizers, while MC07 and X01 were
the poor root colonizers.

Growth rate of selected isolates. Growth rate of
the selected isolates were examined in King's B broth
at 27°C. Bacterial cells grown on King's B medium
were harvested and resuspended in 0.1 M MgSO, solu-
tion. The cell densities of the suspension were adjusted
to 25% transmittance at 660 nm with spectrophoto-
meter (Spectronic 20, Milton Roy Co.). This optical
value is equivalent to 1x 10° (cell/m)). 2.5 m!/ of bac-
terial suspension was added to 250 m! of King's B
broth in 500 m/ Erlenmeyer flasks and incubated in ro-
tary incubator (KHF-0830, Kum Hwa Industrial Co.)
with 150 rpm at 27°C. The optical densities of the cell
suspension at 660 nm were measured every hour at 27
°C. The measurement was recorded until the bacterial
growth of each isolate reached to the maximum sta-
tionary growth phase.

Seed treatment. Cucumber (Cucumis sativus L. cv
‘Shinpung” Hungnong Seed Co.) seeds used through-
out the study. Surface disinfection was made with 1%
NaOCl solution for 10 min, washed with sterile dis-
tilled water and air-dried. The seeds were then soaked
in each of the bacterial suspension for 15 min and air-
dried at the room temperature. Root colonizing abilities
of bacterial isolates were examined by DLF method (2).
The cell densities of the suspension was adjusted to
60% transmittance at 660 nm with spectro- photometer
(spectronic 20, Milton Roy Co.).

Population densities on main root and lateral
root of cucumber. The population densities of select-
ed root colonizing isolates on main root and lateral
root of cucumber were examined by DLF method. Aft-
er 72 hours of incubation, the top 1 cm-segment of the
root was taken with sterile scalpel. Lateral root was de-

tached from top 1-cm segment of root. Each of the
root segments were transferred into a test tube contain-
ing 9 m/ 0.1 M MgSO,. The test tubes containing root
segment were vigorously stirred on a vortex mixer.
The colony forming units were determined by plating a
series of 10-fold dilution on KB agar. Cell colony
number was counted after 3 days incubation.

Scanning electron microscopy. Cucumber roots
colonized by bacteria were obtained by DLF. The root
segments were fixed overnight in 5% glutaraldehyde in
0.05 M phosphate buffer (pH 7.0) at 4°C. The speci-
mens were carefully rinsed three times with sterile dis-
tilled water, post-fixed in 2% OsO, (Sigma Co., U.S.A)
in 0.05 M phosphate buffer (pH 7.0) solution for 2 h
at room temperature and rinsed carefully three times
with sterile distilled water. The specimens were dehy-
drated through a series of ethanol gradient (20, 40, 60,
80, 90, 100%) and then dehydrated twice through 100%
amylacetate. Dehydrated specimens were dried in Cri-
tical-Point Drier (E3300, BioRad, USA) with CO, gas,
and coated by an Ion Coater (Jec-1100, Jeol Co., Japan)
with gold. Prepared specimens were observed in a
Scanning Electron Microscope (JSM-6400, Jeol Co.,
Japan)in 10 Kv.

RESULTS

Growth rate of the selected isolate in vitro. The
results obtained from the preliminary experiments, 4
fluorescent Pseudomonas isolates such as B16, V13,
MCO07 and X01 showed almost the same characteristics
in many aspects except root colonizing ability. General-
ly, the selected isolates were fast growing bacteria.
They reached maximum stationary phase within 17 hrs.
However, The cell growth of B16 and V13 started ear-
lier than those of MC07 and X01. The growth of X01
did not enter the logarithmic growth phase upto 11 hrs
after inoculation (Fig. 1).

Root colonizing abilities of the selected isolates.
The bacterial population dentisities of the isolates test-
ed rapidly increased on the surface of cucumber seed-
coat 24 h after seed inoculation. The population den-
sities of the good colonizing isolates B16 and V13 on
seed coat were much higher than that of poorly colon-
izing isolates, MCO7 and X01 By the time most of the
seeds were fully germinated, bacterial cells of the iso-
lates tested moved to newly emerging root tips. The
transfer rate of isolates B16, V13, MC07 and XO01
from the seed-coat to the radicle were 3.80%, 18.89%,
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Fig. 1. Growth curves of isolates tested in the King's B
broth at 27°C.

0.89% and 0.33%, respectively (Table 1).

The population densities of B16 and V13 colonized
on cucumber roots were much higher than those of
MCO07 and XO01 at 72 hr after seed treatment. General-
ly, colonizing bacterial densities were sharply di-
minished with the increase of root depth. The colon-
izing population of B16 and V13 on first 1-cm of root
segment were 3.66% 10° and 30.64 < 10° cfu, respec-
tively. While the population densities of MC07 and X
01 on first 1-cm of root segment were 1.70x 107, 0.43x
10° cfu, respectively. The population densities of B16
and V13 on all part of cucumber root were higher than
that of MC07 and XO01. Especially the bacterial po-
pulation of B16 and V13 on the last 1-cm segment
part of cucumber roots were much higher than those of
MC07 and X01. The colonizing density of V13 was
higher than that of any other colonizing strains on all
part of the root surface (Table 2).

At 72 hrs after seed treatment, bacterial populations

Table 1. Population densities of the isolates tested on
the seedcoats and radicles of cucumber plant 24 hr after
seed inoculation

Population densities

Table 2. Spatial differences of population densities of
the isolates tested that colonized on each part of the cu-
cumber root 72 h after seed inoculation

Population density on root (X 10° cfu/cm)

Isolate st Lem’ (mi‘:jl:‘;‘ ary  Last 1om
B16 366.0° 3.88° 0.54°
V13 3064.0° 6.16° 1.48°
MCO07 170.0™ 0.92° 0.15°
X01 43.0% 047 -

“In each column, values followed by the same letter do
not differ significantly(P=0.05) according to Duncan's
multiple range test.

were detectable on lateral roots. Less than 1/100 of the
population colonized on the main root moved to lateral
roots (Table 3). The isolates V13 and B16 showed re-
latively higher populations on lateral roots in pro-
portion to their population density on the main roots.
About half of the total populations colonizing the first
1-cm root segments were missing when the bacterial
population of main and lateral roots were analysed
separately.

Existing patterns of B16 on the cucumber seed-
coat and emerging roots. Soon after seed inocula-
tion of B16, the cells of bacteria were randomly scatt-
ered on cucumber seed coat. At 24 h after seed treat-
ment, the cells of B16 were greatly increased, and new
cells were gathered on the groove of cucumber seed
coat. Then bacterial cells moved to the emerging rad-
icle from the seed. Some bacterial cells already colon-
ized and proliferated on root cap of emerging radicles.
With the progress in time, the bacterial cells of B16
were arranged linearly toward the elongated root axis
(Fig. 2).

Existing pattern of root colonizing isolates on the

Table 3. Population densities of tested isolates colonized
on the top 1-cm segments main and lateral root

Isolat Seedcoat Radicle Translocation
A (x10° chunit) (X107 cfu/unit)  rate (%) lolate FoPulation density on root (x10° cf/l-cm root
solate

Oh 24 h 24 h Main root Lateral root Total
B16 1.677 9.75 37.05° 3.80" B16 32.02° 245 68.90"
V13 6.00° 5.77° 109.00° 18.89° V13 533.33" 3.55° 576.00°
MC07 1.67° 3.0 2.68° 0.89° MC07 11.87" 1.39% 32.10%
X01 2.00° 1.00° 0.33° 0.33° X01 420" 0.09° 8.00™

*In each column, values followed by the same letter do
not differ significantly (P=0.05) according to Duncan's
mul- tiple range test.

“In each column, values followed by the same letter do
not differ significantly (P=0.05) according to Duncan's
mul- tiple range test.
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Fig. 3. Scanning electron microscopic observations of the
cells of root-colonizing isolates on middle part of cu-
cumber rhizoplane 96 hr after seed inoculation( X 3500).
A) the cells of the good colonizing isolate B16. B) the
cells of the poorly colonizing isolate X01.

cucumber rhizoplane. Bacteria inoculated to the seed

began to move along the emerging root and colonize

Fig. 2. Scanning electron microscopy of the cells of Pseudomonas fluorescens B16 on cucumber seed-coat and radicle
(X 3000).

the root surface. Fig. 3. illustrated the different patterns
of rhizosphere colonization by the good colonizing iso-
late B16 and the poorly colonizing isolate X01 in the
middle part of cucumber roots. The isolate B16 had
most of its cells inside the grooved lines of the rhizo-
plane and much higher numbers of bacterial cells were
arranged linearly and parallel along the growing root
axis (Fig. 3A). In contrast, the cells of isolate XO01
were randomly associated with smooth surface of roots
and the cell numbers were much less than that of B16
(Fig. 3B).

When primary root axis began to give rise to lateral
root after 48 hrs, the bacterial cells moved along to the
newly emerging lateral root axis. The good colonizing
isolate B16 not only grew on the top 1-cm segment of
the cucumber rhizoplane, but also readily moved to the
lateral roots. In top 1-cm segment of root, the cells of
B16 vigorously multiplied on the whole root surface
and many cells moved to lateral roots and also ar-
ranged linearly along the axis of root growth (Fig. 4A,
4C). But, quite a few cells of isolates X01 were in la-
teral roots. They were not arranged continuously along
the axis of root growth (Fig. 4B, 4D).

DISCUSSION

Biocontrol agent should colonize the surface of the
plant which it protects, and colonization is widely be-
lieved to be essential for biocontrol (9). Generally, the
term rhizosphere competence or root colonization abi-
lity of bacteria and fungi are practically used for quan-
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Fig. 4. Scanning electron microscopy of the root-colonizing bacterial isolates on the main(A, B) and lateral(C, D) roots
of cucumber 96 hr after seed inoculation. A) and C) cells of the good colonizing isolate B16. B) and D) cells of the

poorly colonizing isolate X01 (X 3500).

tification of the numbers of colony forming units es-
tablishing on the root system per unit of root such as
length, weight, number of roots, and so on (1,2,14).
In this study, we employed the DLF method permitting
convenient assessment of population densities of tested
isolates colonized on the specific site of the root sys-
tem, especially in the carly stage of growth (2). It as-
sumed that rapid multiplication and adherence on the
seed surface was probably the first step of the root
colonization. Harman et al. (7) also reported that root
colonizing bacteria were determined during the first 24
hr after plating. The seed treated with the good root
colonizing bacteria effectively protected the plant from
plant deleterious soilborne microorganisms.

The rhizosphere competent isolates B16 and V13
showed rapid growth on the surface of seed coat and
moved to the newly emerged roots. The population
densities of good colonizing isolates on seed coat near
emerging root already exceeded the carrying capacity
to the root.

The thizosphere competent isolates B16 and V13
showed higher population densities and rapid move-
ment along with the root tips and the lateral roots. It

could be assumed that the root colonizing bacteria prol-
iferate at the juncture or lateral roots because rich or-
ganic materials were available.

Biocontrol agents are needed to protect the juncture
or lateral roots because this sites are very important for
the root pathogens to invade host plants (8, 10, 12, 13).
Loper et al. (11) suggested that the ability of rhizo-
sphere bacterial strain to establish a significant popula-
tion size along an elongation root system is a key de-
terminant in its effect on plant growth. In our previous
studies, rhizosphere competent isolates also showed
consistently better plant growth and more efficient
discase suppression than rhizosphere incompetent iso-
lates (9, 14).

Scanning electron microscopy of bacterial colon-
ization on rhizoplane are generally conducted in a stat-
ic state. Foster et al. (6) observed that only 7~15% of
the actual root surface is occupied by microbial cells
which were on the grooves of epidermal cells of the
host roots, despite huge numbers of bacteria were ex-
isted in the rhizosphere.

The cells of isolate B16 were linearly arranged and
parallel with growing root axis, while the cells of poor-
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ly colonizing isolate X01 were randomly scattered on
the root surface, and the number of bacterial cells was
also limited. The parallel arrangement of bacterial cells
with the root growing axis partially illustrated that
thizosphere competent bacteria were not aggregated at
certain spots, but continuously move to the newly
growing root system when they multiply in the rhizo-
plane.

Our results suggest that the root colonizing bacteria
might have a distinct effect of expelling other microor-
ganisms from the colonization on plants. Therefore, the
bacteria should be applied to the plants in the ger-
minating stage. Because the seed application procedure
makes the bacteria reach firstly to the roots, so that the
root growth promoting action by the bacteria can be
significant.
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