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Abstract Conserving arable soils is a major challenge in
agronomy. Using beneficial native microorganisms such as
plant growth-promoting bacteria contributes to sustainability
in agricultural systems and helps maintain stable yields and
product quality. However, the growth-promoting effects of can-
didate strains observed in pot trials often disappear under field
conditions. Therefore, we studied here the bacterial coloniza-
tion of Kosakonia radicincitans, a known plant growth-
promoting bacteria, and the effect ofK. radicincitans on radish.
We measured plant growth and glucosinolate profile when
plants were grown under glasshouse and field conditions.
K. radicincitans cells were applied onto seeds or plants when
two leaves had emerged. Our results show an increase of up to
25% of leaf and tuber weights of inoculated radish plants under
glasshouse and field conditions, compared to non-inoculated
plants. Glucosinolate contents remained unchanged, except
when leaves were sprayed withK. radicincitans. We also found
that K. radicincitans suppressed aromatic 2-phenylethyl gluco-
sinolates in leaves. To sum up, we demonstrate for the first time
the capability of K. radicincitans to persist and promote plant
growth in a member of the Brassicaceae family under field
conditions. Therefore,K. radicincitans is a promising candidate
for further processing as a growth-promoting product in sus-
tainable agriculture.

Keywords Kosakonia radicincitans . DSM 16656 . Plant
growth-promotingbacteria .Raphanus sativus .Glucosinolate
profile

1 Introduction

Beneficial microorganisms such as plant growth-promoting
bacteria (PGPB) are found to strengthen plant growth and
increase yield without loss of quality. Therefore, PGPB are
attractive for sustainable plant cultivation and inoculants
based on beneficial strains have been developed. Among com-
mercially applied bacterial species are varieties of
Agrobacterium, Azospirillum, Azotobacter, Bacillus, and
Pseudomonas (Glick 2012). In an attempt to identify potential
PGPB in the Northern Hemisphere, Kosakonia radicincitans
was isolated from winter wheat; after establishing cultivation
of the strain under laboratory conditions, biological atmo-
spheric nitrogen-fixing and phytohormone-producing ability
was demonstrated (Ruppel andMerbach 1995). Due to chang-
es in the bacterial taxonomy of the genus Enterobacter and
reclassification processes, the strain DSM 16656, formerly
known as Pantoea agglomerans or Enterobacter
radicincitans (Kämpfer et al. 2005), is now designated as
the strain K. radicincitans, a member of the newly defined
genus Kosakonia (Brady et al. 2013).

Systemic application of K. radicincitans on glasshouse-
grown plants revealed significant growth-promoting effects
on various vegetables. Shoot, root, and tuber growth of kohlrabi
(Brassica oleracea) increased by up to 47, 36, and 37 %, re-
spectively (Ruppel et al. 2006). Moreover, root or shoot growth
of 5-week-old tomato plants (Solanum lycopersicum) increased
by up to 80 or 50 % (Berger et al. 2013), which emphasized
K. radicincitans’ role as potent PGPB for various vegetables.

Although plant pot studies provide information on the po-
tential of beneficial bacterial strains, requirements for bacterial
use in agriculture must be tested in the field, as endorsed
recently (Glick 2012). To minimize the risk of PGPB failure
and to determine conditions for PGPB success, a twofold
strategy combining fundamental research on bacterial
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mechanisms and an intensive survey on the PGPB of interest
under different plant growing conditions seems reasonable.

PGPB use various strategies for plant promotion, such as
suppressing plant disease by competitive colonization, im-
proving nutrient uptake, or stimulating phytohormone pro-
duction (Glick 2012). In pure bacterial culture and in leaf
and root sap of winter wheat, K. radicincitans cells were
shown to fix atmospheric nitrogen (Ruppel and Merbach
1995), produce phytohormones (auxin-like compounds such
as indole-3-lactic acid and indole-3-acetic acid and cytokinin-
like compounds such as N6-isopentyladenosine and N6-
isopentyladenine) (Scholz-Seidel and Ruppel 1992), and sol-
ubilize calcium phosphate (Schilling et al. 1998). Bacteria
and plants are challenged by a constantly changing environ-
ment. Knowledge about which environmental factors boost
or inhibit bacterial beneficial properties for plants will decide
on the success of PGPB in field cultivation. Nevertheless,
mechanisms involved in PGPB functions are not fully
deciphered in detail.

Members of the Brassicaceae family are economically im-
portant crops, characterized by a group of secondary metabo-
lites called glucosinolates. Glucosinolates and their hydro-
lyzed breakdown products not only create the typical flavor
of Brassica species but also serve as mediators in plant-insect
(Giamoustaris and Mithen 1997) and plant-pathogen (Pedras
and Hossain 2011) interactions, although their role in plant
growth regulation is controversially discussed (Redovnikovic
et al. 2008). Some studies indicate that indole glucosinolates
are linked to the plant growth hormone indole-3-acetic acid
(IAA) (Ljung et al. 2002).

K. radicincitans is able to colonize aerial parts of various
brassicaceous plants when grown in growth chambers. It was
discovered that the colonization by K. radicincitans was me-
diated by the glucosinolate profile. The bacterial colonization
in the phyllosphere was affected by its aromatic and aliphatic
glucosinolate pattern (Schreiner et al. 2009). It is known that a
plant’s glucosinolate profile is strongly regulated by ecophys-
iological factors, such as nutrition and water availability
(Verkerk et al. 2009), and biotic stressors (Halkier and
Gershenzon 2006). To date, nothing is known about how con-
ditions in the field impact the growth-promoting effect of
K. radicincitans in Brassicaceae species. Glucosinolates
might be synthesized in different concentrations and compo-
sitions as a result of the plant-PGPB relationship.

Here, we continued and intensified former studies on
PGPB-Brassicales interactions (Schreiner et al. 2009; Brock
et al. 2013) to bridge the current gap of knowledge about
K. radicincitans colonization behavior, performance, and its
impact on glucosinolate patterns, both under field and glass-
house conditions, to minimize the risk of PGPB failure in
agricultural practice. Therefore, we tested whether bacterial
application influenced plant growth and especially tuber for-
mation of radish (Raphanus sativus L. var. sativus) under

glasshouse and field conditions. Furthermore, we quantified
the colonization and persistence of our target bacteria. We also
determined the bacterially mediated change on the glucosino-
late profile and concentration in radish leaf and tuber, assum-
ing activation of chemical defense.

2 Material and methods

2.1 Plant and bacterial material

Radish (R. sativus L. var. sativus) seeds cv. Rondar (F1 Hy-
brid; S & G GmbH, Kleve, Germany) were used in all exper-
iments. Seeds were surface sterilized with a 10 % sodium
hypochlorite solution for 5 min and rinsed four times in sterile
water before further treatment.

K. radicincitans (DSM 16656) colonies were maintained
on ENDO agar (Merck, Darmstadt, Germany) at 4 °C. For all
experiments, K. radicincitans cells were grown in standard
nutrient solution (Merck, Darmstadt, Germany) in a rotary
incubator (100 rpm) at 29 °C for 24 h. Cells were spun down
at 8000 rpm for 20 min and washed with 0.05 M NaCl to
completely remove all nutrients from the growth media; the
procedure was repeated two times before inoculation. The
bacterial cell density of 107 and 108 cells ml−1 was adjusted
as needed in 0.05 M NaCl.

2.2 Glasshouse pot experiments

Inoculation of radishwas performed as follows: (a) seeds were
incubated with a 0.05 M NaCl (control) solution or with a
107 cfu ml−1 of K. radicincitans solution for 2 min, and (b)
seedlings at the two-leaf stage were sprayed with a solution of
0.05 M NaCl (control) or 107 bacterial cells per plant (Fig. 1).
Seeds were placed in pots filled with 1.5 l of 1:1 (v/v) sand/soil
mixture of Fruhlsdorfer Erde/Quarzsand and randomly placed
on trivets to avoid transfer of bacteria between single pots.
Seedlings were irrigated and fertilized manually with
Hoagland solution (Hoagland and Arnon 1950). Plants were
harvest 5 weeks after germination. Temperature and humidity
were recorded over the growth period, with an average tem-
perature of 17 °C in 2010 and 20 °C in 2011 and with an
average air humidity of 87 % in 2010 and 63 % in 2011.

2.3 Field experiments

Field experiments were conducted at the field plot in
Grossbeeren, Germany (52° 20′ N, 13° 19′ E) (Fig. 1, right
panel). Field plots (5.4 m2 each) were established on a loamy
sandy soil in a randomized block design. Seed bed preparation
and weed control using Butisan® (BASF, Limburgerhof, Ger-
many) (1 l ha−1) were followed by drilling radish seeds cv.
Rondar with a distance of 2 cm within the lane and a lane

1522 B. Berger et al.



distance of 13 cm. Plants were regularly irrigated using the
BEREST-90 program. Application of 0.05 M NaCl or
108 cfu ml−1 K. radicincitans was performed at the two-
leaf stage by pouring the solutions on the plants. We choose
a higher concentration of bacteria in the field application
than in the glasshouse experiments to counteract unpredict-
able dilution effects. Five weeks after germination, 1 m2 of
radish plants from the center of each plot was harvested.
Total fresh mass of tuber and leaf material of each plot
was measured. Twenty radish plants per plot were randomly
chosen to determine leaf and tuber fresh and dry weight as
well as the tuber diameter of those plants. Samples from
three different spots per plot were taken and flash frozen
for isolation of nucleic acid and glucosinolate analysis. Field
experiments were conducted in May–June 2010 and 2011.
Plants were harvested 5 weeks after germination according
to BBCH code 15-16 for radish.

2.4 Desulfoglucosinolate extraction and analysis

Desulfoglucosinolate extraction and analysis were carried out
as described recently (Wiesner et al. 2013). In short, 20-mg
aliquots of leaf and tuber tissue were extracted with 750 μl
70 % (v/v) hot methanol and 100 μl of 0.1 mM 2-propenyl
glucosinolate internal standard (BCR-367R; Community
Bureau of Reference, Brussels) for 10 min in boiling water.
Samples were then centrifuged and re-extracted. Supernatants
were loaded onto DEAD-Sephadex A-25 columns condi-
tioned with 2 M acetic acid and with 6 M imidazole formate
solution, followed by washing with 0.02 M sodium acetate
buffer. For overnight incubation, a 75 μl aryl sulfatase
(Sigma-Aldrich, Steinheim, Germany) solution was added.
Desulfoglucosinolates were eluted with 1 ml Milli-Q water
and analyzed by HPLC using a Merck HPLC system
(Merck-Hitachi, Darmstadt, Germany) with a Spherisorb
ODS2 column (Bischoff, Leonberg, Germany) with the

following HPLC conditions: solvent A,Milli-Q water; solvent
B, 20 % v/v acetonitrile in Milli-Q water; and solvent C,
100 % acetonitrile. Desulfoglucosinolates were detected at a
wavelength of 229 nm and identified according to a glucosin-
olate library from previous work. Determination of
desulfoglucosinolates was performed in duplicate.
Desulfoglucosinolate concentration was determined in six
replicates per treatment.

2.5 Nucleic acid extraction

Leaf and tuber samples for nucleic acid extraction were har-
vested 5 weeks after germination, flash frozen in liquid nitro-
gen, and stored at −80 °C until further analysis. Frozen tuber
tissue was ground in liquid nitrogen in a RETSCH mill
(RETSCH, Haan, Germany), and aliquots (approx. 50 mg)
were transferred into 1.5-ml Eppendorf tubes for deoxyribo-
nucleic acid (DNA) extraction. Genomic DNAwas extracted
with the DNeasy Plant Kit from Qiagen (Düren, Germany).
DNA quantity and quality were checked photometrically with
the NanoDrop© (Thermo Scientific, Bonn, Germany) system.

2.6 Quantification of K. radicincitans population density

The 16S ribosomal DNA (rDNA) gene copy number of
K. radicincitans was determined by real-time quantitative
PCR and a TaqMan probe as described before (Ruppel et al.
2006) using the following primer pair: 519f (lane 1991) and
E.radr (5′-CGT GGA CTA CCA GGG TAT CTA ATC-3′)
and the fam-labeled probe ([6-FAM] CTC CCC ACG CTT
TCG CAC CTG AGC [BHQ-6-FAM]). The copy number of
the 16S rDNA gene of K. radicincitans was expressed as a
relative value using the gene copy number of actin as a refer-
ence. The LeActin primer pair (Penninckx et al. 1996) was
chosen to amplify actin. PCRs for 16S rDNA and LeActin
were performed using the SYBR Green qPCR kit (Bio-Rad,

Fig. 1 K. radicincitans colonization analyzed under both glasshouse and
field conditions. Left glasshouse-grown radish plants inoculated with 107

Kosakonia radicincitans cells per plant a applied before germination or b
applied at two-leaf stage and their respective controls inoculated with

0.05 M NaCl. Right c field-grown radish plants sprayed with 108

K. radicincitans cells per plant at the two-leaf stage or 0.05 M NaCl as
a control
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Munich, Germany). All measurements were performed in trip-
licates on a CFX96 machine (Bio-Rad, Munich, Germany).

2.7 Statistics

Data were analyzed using the SigmaPlot 12.3 software. Nor-
mality was tested using the Kolmogorov-Smirnov test follow-
ed by one-way or two-way ANOVA.

3 Results and discussion

The benefit of PGPB in sustainable plant cultivation is indis-
putable. Nevertheless, for each potential beneficial strain, the
challenge is to establish reliable values in crop cultivation
systems. To provide information on the potential of
K. radicincitans for commercial use, we performed a study
on radish under glasshouse and field conditions. We tested the
bacterial effect on plant growth and yield and associated this
to bacterial capability to colonize the plant and alter the plant
glucosinolate pattern under various growth conditions
(Fig. 1). In summary, we found thatK. radicincitans promotes
growth in radish plants and suppresses aromatic glucosino-
lates in K. radicincitans-inoculated leaves.

3.1 K. radicincitans promotes growth in glasshouse-
and field-grown radish plants

Generally, plant growth promoted by K. radicincitans was
observed in all radish plants inoculated with the bacteria com-
pared to plants that were not inoculated (Fig. 2a). In glass-
house pot experiments, tuber and leaf weight was 50% greater
than that in the respective control plants when radish seeds
were inoculated with K. radicincitans directly before germi-
nation. In contrast, the increase in tuber and leaf weight in
bacteria-treated plants at the two-leaf stage was only 25 or
20 % (Fig. 2b). The total weight increase was doubled in
seed-inoculated plants compared to two-leaf sprayed plants.
In line with weight gain, the diameter of the radish tuber was
also increased by K. radicincitans (P<0.001) (Fig. 2c).

When K. radicincitans was applied to the aerial part of
young kohlrabi plants growing in glasshouse chambers, the
plants increased their dry matter leaf and tuber material by
36 % (Ruppel et al. 2006). In kohlrabi plants, a similar per-
centage of weight gain was detected for leaf and tuber mate-
rial, whereas in radish plants, we found a greater weight in-
crease for tubers over leaves in inoculated plants.

Interestingly, radish plants gained more weight if they were
exposed to the bacteria from germination rather than when
leaves were sprayed as two leaves emerged (Fig. 2b). There-
fore, exposure time seems to determine the magnitude of
growth increase. Differences in nitrogenase activity could be
an explanation, since higher nitrogenase activity was detected

in wheat sap when seeds where treated with K. radicincitans
before germination compared to plants treated when two
leaves had emerged (Scholz-Seidel and Ruppel 1992).

In a second setup, we conducted field experiments and
treated plants at the two-leaf stage to test the applicability of
the bacteria under field conditions. So far,K. radicincitans has
been tested in a field study on winter wheat and pea. In that
context, the grain yield gain in six different winter wheat cul-
tivars growing under field conditions was demonstrated to be
up to 20 % higher when plants were inoculated with
K. radicincitans (Remus et al. 2000). Moreover, bacteria-
treated peas increased dry matter yield by about 100 % on a
loamy sandy soil (Höflich et al. 1992). Kloepper and Schroth
(1978) described several potential PGPB tested on radish
plants growing in glasshouse pot experiments using clay loam
from field sides. Astonishing increases in radish growth of up
to 500 % were shown by some of the bacteria they used.
However, in the field, the effects of the bacteria were lowered
by more than 50 %. Although the growth-promoting potential
of K. radicincitans in our experiments appears to be small
compared to the findings of Kloepper and Schroth (1978),
the drastic decline of 50 % in weight gain of bacteria-treated
field-grown plants as observed by Kloepper and Schroth did
not occur in our study.

To evaluate the bacterial impact on radish yield, we har-
vested 1 m2 from each of 12 replicated plots from the respec-
tive treatment. Over two consecutive years, we found 14–
23 % more tuber mass and 20–23 % more leaf mass when
plants were treated with bacteria (P<0.001) (Fig. 2d), similar
to the findings in winter wheat.

It seems that K. radicincitans also retains the growth-
promoting traits observed in glasshouse experiments under
field conditions. However, to maximize the growth-
promoting potential of K. radicincitans and for easy han-
dling, a bacterial application before germination might be
preferred. Schoebitz et al. (2013) reviewed the formulation
of a process for encapsulating microbial inoculates, which
could improve soil-plant fertilization with microbial prod-
ucts. In our study, we directly treated seeds with
K. radicincitans cells and demonstrated in a glasshouse pot
experiment the potential of seed inoculation methods, which
now have to be verified under field conditions.

3.2 Glucosinolate profile in K. radicincitans-inoculated
radish

Only a few reports investigate the effect of PGPB on gluco-
sinolate synthesis (O’Callaghan et al. 2000; Bending and Lin-
coln 2000). We therefore measured glucosinolates in leaf and
tuber material of radish plants that were inoculated with
K. radicincitans compared to non-inoculated control plants
at the time of harvest. We detected indolic indol-3-ylmethyl
(glucobrassicin), 4-methoxy-indol-3-ylmethyl (4-methoxy-

1524 B. Berger et al.



glucobrassicin), 1-methoxy-indol-3-ylmethyl (neoglucobrass-
icin), and aliphatic 4-methylsulfinylbutyl (glucoraphanin), 2-
h y d r o x y - 4 - p e n t e n y l ( g l u c o n a p o l e i f e r i n ) , 5 -
methylsulfinylpentyl (glucoalyssin), 3-butenyl (gluconapin),
4-pentenyl (glucobrassicanapin), 4-methylthiobutyl
(glucoerucin), 7-methylthioheptyl, and 2-hydroxy-3-butenyl
glucosinolate (progoitrin). Most abundant glucosinolates
found in the tubers were glucoraphanin and glucoerucin, and
in the leaves, they were glucoraphanin and glucobrassicin.

The only detectable aromatic glucosinolate was 2-
phenylethyl (gluconasturtiin).

Former studies on potted Brassica species showed no
changes in glucosinolate concentration in their leaves when
inoculated with K. radicincitans (Schreiner et al. 2009). Like-
wise, we found no statistically significant differences between
inoculated leaves and their respective controls in glasshouse-
and field-grown radish plants (Fig. 3), except for the aromatic
glucosinolate 2-phenylethyl in leaves, with lower

Fig. 2 K. radicincitans promotes
plant growth in inoculated radish
plants. a Glasshouse-grown
radish plants either inoculated
with a 0.05 M NaCl control
solution or 107 cfu ml−1

K. radicincitans cells before
germination. b Fresh mass of
leaves and tuber of glasshouse-
and field-grown radish plants
inoculated with 0.05 M NaCl
(control, light green/pink bars) or
107 (glasshouse)/108 (field)cfu
K. radicincitans cells
(K. radicincitans, dark green/red
bars) before germination (seed
treatment) or when two leaves had
emerged (two-leaf treatment), n=
10–20. c Tuber diameter of
glasshouse- and field-grown
radish plants inoculated with
0.05 M NaCl (control, pink
circles) or 107 cfu
K. radicincitans cells
(K. radicincitans, red circles), n=
8–10 tubers. d Effect of
K. radicincitans on tuber and leaf
yield in field experiments.
Asterisks indicate statistically
significant differences between
control and K. radicincitans-
inoculated plants. *P<0.05;
**P<0.01; ***P<0.001
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concentrations in K. radicincitans-inoculated plants than in
the controls (Fig. 3b, c) (P<0.05). In fact, these values were
lower in both glasshouse- and field-grown radish plants colo-
nized by the bacteria. Conversely, a high content of the aro-
matic 2-phenylethyl glucosinolate in leaves was found to be
associated with a low colonization rate of K. radicincitans
(Schreiner et al. 2009). Since 2-phenylethyl tends to simulta-
neously accumulate in tubers in our study, we suggest that
K. radicincitansmight cause a shift of this aromatic glucosin-
olate towards the rhizosphere. When glucosinolates and their
corresponding breakdown product, 2-phenylethyl isothiocya-
nate, are rhizosecreted into the soil, they were shown to be
responsible for microbial defense (Vig et al. 2009).

Hydrolyzed 2-phenylethyl glucosinolate was shown to be
very toxic in vitro against major soil-borne pathogens in ce-
reals (Sarwar et al. 1998), and a shift of 2-phenylethyl gluco-
sinolate towards the roots might be reasonable since its hydro-
lysis products are more effective against pathogens in the soil
(van Dam et al. 2009).

Other glucosinolates belonging to the aliphatic group al-
ready demonstrated to play an important role in the
Arabidopsis-Pseudomonas pathosystem (Fan et al. 2011)
were not significantly different in K. radicincitans-inoculated
leaves compared to the control plants and showed no consis-
tent pattern in tubers. Our findings are in contrast to recent
results from Arabidopsis thaliana leaf inoculated with

Fig. 3 Suppression of aromatic
glucosinolates byK. radicincitans
in radish leaves. Aliphatic,
indolic, and aromatic
glucosinolate content of leaves
and tuber in a seed inoculated and
glasshouse grown; b potted,
glasshouse grown, and inoculated
at the two-leaf plant stage; or c
sown in the field and inoculated at
the two-leaf plant stage with
either 0.05 M NaCl control
solution (light bars) or with
107 cfu ml−1 (glasshouse)/
108 cfu ml−1 (field)
K. radicincitans cells (dark bars)
per plant, n=5–6. *P<0.05
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K. radicincitans. There, 10 weeks after inoculation with
K. radicincitans, increased aliphatic glucosinolates were
found in leaves and a potential priming role in Arabidopsis
by K. radicincitans has been shown (Brock et al. 2013). Ob-
served differences possibly indicate a species-specific interac-
tion of bacterial treatment, plant age, and induction of gluco-
sinolate biosynthesis. In contrast, the absence of altered levels
of indolic glucosinolates supports findings from the
Arabidopsis-K. radicincitans system that jasmonic acid sig-
naling is not involved, since indolic glucosinolates were found
to be induced by jasmonate (Brader et al. 2001; Wiesner et al.
2013). It seems that a plant’s response to K. radicincitans is
species specific, and whether it is a wild plant or cultivar
appears to have a minor influence.

3.3 K. radicincitans prefers to colonize tuber tissue

At the time of harvest, the colonization of tuber and leaf
tissue by K. radicincitans was determined to test whether
and where the bacteria persist on the plant. On the whole,
K. radicincitans was successfully established under glass-
house as well as field conditions. However, after a period
of 5 weeks, K. radicincitans 16S rDNA mainly accumulated
in the tuber tissue rather than in the aerial parts of the plant
(Fig. 4). Leaves of K. radicincitans-treated plants were not,
or only sporadically, colonized (data not shown). This is in
line with findings from other inoculated vegetables (Ruppel
et al. 2006; Berger et al. 2013). Whereas previous data was
only obtained from pot experiments, here, we show the col-
onization pattern by K. radicincitans of both field- and pot-
grown plants. Changes in total bacterial population numbers
were not detected in K. radicincitans-treated plants (data not
shown). This could be due to substitution of other bacteria
by K. radicincitans, since numbers of K. radicincitans were
greater in inoculated plants. Moreover, at a late stage of
plant development, the pattern of colonization by

K. radicincitans was found to be similar in plants from
bacteria-treated seeds and those whose leaves had been
sprayed (Fig. 4).

We conclude that the site of application has a minor
influence on the long-term colonization ability. Therefore,
seed treatment before germination does not seem mandato-
ry for the success of bacterial colonization. However, pot
studies in legumes showed that coating pea seeds with
bacteria such as Rhizobium strains and Pseudomonas
fluorescens resulted in prolonged survival times of the bac-
teria on the plant (Höflich et al. 1992). Whether coating
induces prolonged survival times of K. radicincitans on
plants needs to be evaluated. At the same time, it should
be tested whether seed coating can further increases plant
growth promotion. Therefore, seed coating studies with
K. radicincitans are planned for the future.

4 Conclusions

In conclusion, we demonstrate the capability ofK. radicincitans
to colonize and persist in a member of the Brassicaceae and to
promote radish growth under glasshouse as well as natural
conditions. No apparent effect was found in glucosinolate con-
tent and composition after bacterial application, except for aro-
matic 2-phenylethyl glucosinolate levels in leaves. Therefore,
K. radicincitans is a promising candidate for further processing,
specifically biotechnological processing ofK. radicincitans for-
mulations for sustainable agriculture.
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Fig. 4 Accumulation of
K. radicincitans DNA in
inoculated radish tubers. Relative
K. radicincitans 16S rDNA gene
copy number in tuber tissue of
non-inoculated control (pink
bars) and K. radicincitans-
inoculated (red bars) radish plants
grown in a glasshouse pot
experiment (GH) and in the field.
The relative change was
calculated using an actin gene
copy number (LeActin PCR) as a
reference, n=4–6
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