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Summary: This study assesses the potential of antibiotics-producing Pseudomonas chlororaphis strains to increase potato
yield and to inhibit the mycelial growth of phytopathogenic fungi Fusarium oxysporum (Fo) isolated from potato. P.
chlororaphis subsp. aurantiaca strain Q16 (PchlQ16) caused the highest growth inhibition (67.07%) of FOA2 isolate in
vitro. In field trials the effect of PchiQ16 was measured as the number of stems, number and weight of tubers and a
total potato yield of the Rudolph potato variety. Application of P. chlororaphis and the number of treatments exhibited a
significant effect on the yield. Two treatments of PchlQ16 increased the total yield of tubers from 4.9% to 33.05%,
while four treatments from 9.3% to 92.35%, compared to the control. Based on our field results we can recommend a
frequent application of PchlQ16 (4 times) during potato growth season. The results of our in vitro experiment support
these findings as the bacterial strain suppressed growth of F. oxysporum. In this investigation PchlQ16 was confirmed
as an effective growth promoting agent in potato production and can be highly effective in prevention of F. oxysporum

infection.
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Introduction

Potato (Solanum tuberosum L.) is one of the most
important globally grown crops and has a significant
role in human nutrition. The potato is the world's
fourth largest food crop after wheat, rice and corn. In
Serbia, potatoes are grown on approximately 40,000 ha,
with relatively low average yields of around 7 t ha-1in
2016 (FAOSTAT 2018). Such modest yield is the result
of low output of the small farms that prevail in Serbia.
At the same time, much higher yields of 30—40 t ha-1are
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obtained by a more intensive production on larger farms
(Brodi¢ et al., 2016).

About 40 soil-borne diseases affect potato
worldwide and cause severe damage especially on
tubers, the economically most important part of the
plant (Gudmestad et al., 2007). Fusarium dry rot is
caused by several Fusarium species, among them F.
sambucinum, F. culmorum Fuckel, F. avenaceum (Fries)
Saccardo (Secor & Salas, 2001; Daami-Remadi &
Mahjoug, 2006; Peters et al., 2008) including F.
oxysporum Schlech (Venter et al., 1992; Esfahani, 2005;
Ocamb et al., 2007). Potato dry rot usually occurs
during storage and can lead to losses in crop quality and
yield. It is responsible for severe vascular wilts, and can
cause tuber rot. Reduction of the yield caused by dry rot
is on average 6%, with possible losses up to 25%
(Gashgari & Gherbawy 2013), while almost complete
loss of stored commercial potatoes varieties was
reported in Turkey (Eken et al., 2000).

Fusarium wilt is mainly managed with chemical soil
fumigation and resistant cultivars (Recep et al., 2009).
However, synthetic fungicides used to fumigate soil
before planting, particularly methyl bromide, lead to
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residue problems and accumulation of toxic pollutants
in soil and water (Bunker & Mathur 2001). The issues
with controlling Fusarium wilt have led to research in
biological control, resulting in the development of
biopesticides for controlling Fusarium wilt without causing
environmental pollution (Organisation for Economic Co-
operation and Development 2009). Some strains of
Bacillus subtilis and Pseudomonasfluorescens are reported to
have reduced Fusarium wilt of different plants host
(Jamali et al., 2004; Khorsani & Safaie, 2008).

Plant growth promoting (PGP) rhizobacteria have a
potential for improving yield and for suppressing soil-
borne pathogens (Backer et al., 2018). Many soil
microorganisms, including Pseudomonas spp., produce
different compounds with antifungal and antibacterial
properties such as antibiotics, iron-chelating siderophores,
cyanide and enzymes (Sindhu & Dadarwal, 2001; Backer et
al, 2018). These secondary metabolites have been
involved in plant growth stimulation and disease control
and their combination is essential for effectiveness of
some strains against phytopathogens (Costa et al,
2009; Selin et al., 2010). Susilomati et al. (2011) reported
that screening of Pseudomonas sp. indigenous to
rhizosphere of soybean showed biocontrol activity
against soil-borne fungi, mainly F. oxysporum. Many
Pseudomonas strains are known to produce antibiotics
such as phenazines (PHZ), pyrrolnitrin  (PRN),
pyoleuteorin (PLT), and 2,4-diacetyl phloroglucinol
(DAPG). The role of PHZ in biological control of three
Colletotrichum lindemuthianum races using P. chlororaphis
PCL1391 and P.fluorescens WCS365 (Bardas et al., 2009)
and cypress canker by P. chlororaphis subsp. aureofaciens
strain M71 (Raio et al., 2011) were reported. Different
DAPG-producing P. fluorescens were involved in growth
suppression of the different F. oxysporum subspecies:
Fo f. sp.pisi (Landa et al., 2002), Fo f. sp. ciceri (Saikia et
al., 2009), Fo f sp. lycopersici (Manikamdan et al,
2010) and Fo f. sp. cubense (Selvaraj et al., 2014).

In Serbia, phenazines production of Pseudomonas spp.
was assessed and significant amounts of phenazine-1-
carboxylic acid (PCA) and 2-hydroxy-phenazine-1-
carboxylic acid (2-OH-PCA) were quantified. A PCR
confirmation of the presence of phenazines was revealed.
All phenazine-producers, including P. chlororaphis strain
Q16, were effective against phytopathogenic fungi (Josi¢ et
al, 2012; 2015). Additional high enzymatic activities, a
production of siderophores, HCN, IAA and AHLs, as well
as good phosphosolubilization capacity placed it among
the most promising PGP strains (JoSi¢ et al., 2015).

In this study we tested the inhibitory effects of five
PGP Pseudomonas chlororaphis strains to F. oxysporum
isolated from potato (FoA2) and the effect of
metabolites of P. chlororaphis subsp. aurantiaca strain Q16
(PchlQ16), as the best antagonist, on this fungal
pathogen. In field trials, we tested treatment frequency
of PchlQ16 on the growth promotion and yield of
potato (variety Rudolph).
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Materials and Methods

Microorganisms and growth conditions

The Fusarium oxysporum isolate A2 (FoA2) used in
this  experiment (GenBank accession number
MK621298) was previously isolated from potato tubers
in Laboratory of Plant Disease in the Institute for Plant
Protection and Environment in Belgrade, Serbia. FOA2
was maintained in Potato Dextrose agar (PDA) and
used to assess antifungal activity of P. chlororaphis
strains.

The complete genome sequences of used bacterial
strains P. chlororaphis B25 (CP027753), three strains of
P. chlororaphis subsp. aurantiaca Q16 (CP027718), K27
(CP027745) and M12 (CP027715) and P. chlororaphis
subsp. aureofaciens strain C50 (CP027722) were
deposited earlier (the accession numbers in DDBJ/503
EMBL/GenBank) (Biessy et al., 2019). Bacterial strains
were grown on King B and Waksman media (JoSi¢ et
al., 2012).

In vitro antifungal assay

The screening test for antagonism in vitro was
performed on Waksman agar medium by dual culture
method (Wolf et al., 2002). Overnight cultures (ON) of
the bacteria were optimized to 107 CFU mL-1 on the
basis of spectrophotometric data and placed (10 pL) on
the edges of Petri dishes, 3 cm distance from fungal
mycelia placed as 1 cm plug in the center. The control
variants contained only mycelia of F. oxysporum on
WA plates. The cultures were incubated at 25 °C, and
growth of the fungi was allowed for 7 days after
incubation for each of four replicates. The percentage
inhibition of the growth of the fungi was calculated
using the following formula: 100*(1-R2/R1), where R1
was the radial distance growth of the fungus in a control
plate and R2 was the radial distance growth of the
fungus in the bacterial treatment.

PchlQ16, showing the highest percentage of growth
inhibition of FoA2, was selected for further
investigation. The effects of ON culture, extracellular
metabolites in cell-free supernatant (CFS), CFS treated
with EDTA (ethylenediaminetetraacetic acid disodium
salt dehydrate) (CFS-EDTA) and heat-treated cell-free
supernatant (HT-CFS) on fungal growth were recorded.
To obtain the supernatant fraction, optimized ON
culture (108 CFU mL-) was centrifuged twice at 13000
rpm for 5 min., without and with filtration (filter tubes
with microporous membrane 0.22 pm) (Merck Millipore
Ltd.); one aliquot was treated with 1mM EDTA and
one aliquot was heated at 70 oC for 30 min. The control
variants contained only mycelia of FoA2 on WA and
WA with ImM EDTA added instead of bacterial
culture/fraction. The assay was done as described for
the screening test. All fungal inhibition assays were
performed in four replicates and repeated three times.
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Table 1. Meteorological conditions during the potato growing season (2013 and 2014) in the area of western Serbia

Month 2013 2014
Temperature (oC) Rainfall (mm) Temperature (oC) Rainfall (mm)

April 111 44.8 104 160.6
May 13.8 149.2 131 288.2
Jun 174 75.7 17.6 126.3
July 205 52.8 19.4 1158
August 21.6 51.9 19.0 1745
September 14.7 83.1 151 156.0
Average /Total 16.5 4575 15.8 1021.4

The effect of P. chlororaphis strain Q16 on potato growth

andyield

The effect of PchlQ16 and the frequency of
treatments on potato yield of Rudolph variety were
tested during two years: 2013 and 2014. The experiment
was set up on a plot in Jagodnja in Macva district,
western Serbia (44°19 '33 "N, 19°20'33" E, 759 m a. s. |.)
Field experiments were conducted in a split plot method
with four replications. The total size of the experimental
field was 144 m2 divided in 12 equally sized partitions
(12 m2 each). 40 tubers were planted in each partition.
Spacing between rows was 0.7 m and 0.35 m between
plants in row. Potato tubers cv. Rudolph were planted
manually in the first two weeks of April (5 April 2013
and 11 April 2014).

The soil on the experimental field was a type of acid
and brown podzolic soil. The humus content in the
surface layer was 3.40%. The total nitrogen content of
0.27% classifies this as rich soil. The soil was acidic as
the pH value in H20 was 4.35, and 3.80 in nKCl. The
top soil layer provided readily available phosphorus
(19.96 mg 0.1 kg-1 soil) and potassium (K20 of 36.04
mg 01 kg1 of soil) (personal communication).
However, the content of the soluble potassium was
insufficient to achieve high yield of potatoes, and this
had to be compensated by adding fertilizers. According
to the carbonate content, this is a poor calcareous soil.
The precipitation level in the growing season was 457.5
in 2013 and 1021.4 mm in 2014, while the average
temperature in those growing seasons was 16.5 and
15.8°C, respectively (Table 1). Immediately prior to
planting, the tubers were submerged in a 1L culture (106
CFU mL-) of PchlQ16 (first treatment). During the
vegetation period of potato, plants are watered at the
stage of intensive vegetative development (second
treatment); intensive tuber bulking (third treatment),
and after flowering (fourth treatment) using a total of
5L (105 CFU mL-) culture. During the vegetation
period, standard technology methods of growing
potatoes were applied and six fungicide treatments were
performed in May, June and July using mixture of
Metalaksil-m (40 g kg-) and Mankozeb (640 g kg-]) to
protect from Late blight and Early blight. The number
of primary stems per plants was measured 65 days after
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planting, while after harvest (6 September 2013 and 19
September 2014) the number of tubers per plant and
the average weight of tubers per plants were measured.
The total yield of tubers was calculated as fresh weight/
ha of the harvested tubers.

The obtained results were processed by the analysis
of variance (ANOVA, F-test; P< 0.05 and P< 0.01) and
the effect of factors. Correlations between the observed
parameters were determined by Pearson correlation
coefficients (r). Data were processed by the
STATISTICA program, version 8 (StatSoftinc, Tulsa,
OK, USA).

Results

In vitro antifungal assay

Fungal growth inhibition screening test showed the
inhibition ranging from 29 to 72% (Fig. 1). Four
bacterial strains of PchlQ16: P. chlororaphis B25, P.
chlororaphis subsp. aurantiaca M12 and P. chlororaphis
subsp. aureofaciens C50 inhibited FoA2 isolate more than
50%. The PchlQ16 was selected as the most effective
strain for further study due to production of
extracellular inhibitory substances.

Antagonistic activity of PchlQ16 against FOA2 was
confirmed by additional testing using ON culture, cell-
free supernatant, as well as CFS-treated with 1mM
EDTA and heat-treated. The maximum inhibition rate

Figure 1. The effect of Pseudomonas chlororaphis strains on the
growth of F. oxysporum A2
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was observed in the ON culture and was in
concordance with a screening test, even when different
concentrations of bacteria were used. FoA2 was
inhibited by 67.1% in screening test (105CFU mL-1
inoculum) and 67.5% in the second test, with a 10 x
higher concentration (Table 2). All CFS fractions
showed a significant decrease of F0A2 growth
inhibition comparing to the ON culture. EDTA did not
influence fungal growth at all, showing the same values
as controls.

The effect of P. chlororaphis strain Q 16 on thegrowth and

yieldpotato

Weather conditions during the vegetation period in
2014 (Table 1) were much more favourable for the growth
of potatoes, compared to 2013. Analysis of the results
regarding the number of primary stems per plant showed
significant differences from the effect of PchlQ16 (factor
A) or the number of treatment (factor B) as well as their
interaction (AxB) (Table 3). Applying PchlQ16 twice
during the potato growing season increased the number of
stems per plant by 15.5% (in 2013) to 30.21% (in 2014)
compared to the control. Using PchlQ16 four times during
the growing seasons was even more effective, increasing
the number of stems by 27.5% (in 2013) to 49.65% (in
2014) relative to control.

The lowest number of stems per plant in both years
was recorded on a control variant (K) without the use of
PchlQ16 (Table 3). Number of stems per plant largely
depends on the variety, cultivation technology, the size of
seed tubers and physiological age. Number of stems per
plant affects the development of above-ground weight, i.e.
assimilation surface, the number of set tubers, or total yield
(Posti¢ et al., 2012, Momirovi¢ et al., 2016).

Similar results were obtained when the number of
tubers per plant was counted. Our results showed a very
significant difference when either PchlQ16 (factor A) or
the number of treatment (factor B) were taken into
account as well as their interaction (AxB) (Table 4).
Applying PchlQ16 twice during the potato growing
season increased the number of tubers per plant by
16.3% (in 2013) and 38.43% (in 2014) compared to the
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Table 2. The effect of P. chlororaphis strain Q16 on F. oxysporum A2

F. oxysporumA2

Treatment o
Growth (mm) Inhibition (%)

Control/ EDTA 80.0 = 0.82 /
ON culture 260 +1.63 67.5*
CFS 338 +£0.96 57.8

Q16

CFS- EDTA 355 +£129 55.6
HT-CFS 350 +£141 56.2

* - significant at 0.05

control. Using PchlQ16 four times during the growing
seasons was found to increase the number of tubers per
plant from 32.7% (in 2013) to 91.14% (in 2014),
relative to control.

The lowest number of tubers per plant in both
study years was recorded on the control variant (C)
without the application of PchlQ16. Number of tubers
per plant is a trait that largely depends on the variety,
agro-ecological conditions, cultivation technologies and
the size of seed tubers (Tadesse et al., 2001, Posti¢ et
al., 2012, Momirovic¢ et al., 2016).

In contrast, the analysis of the average weight of
tubers per plant (Table 5) showed no statistically
significant difference caused by PchlQ16 (factor A), the
number of treatment (factor B), and their interactions.
Although the average weight of tubers is a varietal
characteristic, it largely depends on the agro-ecological
factors, cultivation practices, the number of above
ground stems per plant and the number of tubers per
plant (Tadesse et al., 2001).

The effect of PchlQ16 on the average weight of
tubers per plant in both years was absent (Table 5), due
to an increased number of tubers per plant (Table 4).
Although the number of tubers per plant had grown,
the average tuber weight per plant decreased and vice
versa (Postic et al., 2013).

The analysis of the total yield of tubers showed a
highly significant difference with application of

Table 3. The number of primary stems per plant affected by P. chlororaphis Q16 and the frequency of treatment in 2013 and 2014

Year 2013
Treatment (B) 2 4
Mean No 3.57 3.94
Index (%) 115.50 127.50
A B
F 8.15%* 7.89%*
LSD0,05 0.45 0.36
LSD0,01 0.62 05

P. chlororaphis Q16 (A)
2014
C 2 4 C

3.09 3.75 431 2.88
100.00 130.21 149.65 100.00

AB A B AB
4.12** 4.93** 49.48** 4.25**

0.63 0.35 0.28 0.49

0.84 0.47 0.39 0.67

** - significant at 0.01; * - significant at 0.05; ns - not significant; C -- control variant
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Table 4. The number of tubers per plant affected by P. chlororaphis Q16 and frequency of treatment in 2013 and 2014
P. chlororaphis Q16 (A)

Year 2013 2014
Treatment (B) 2 4 C 2 4 C
Mean No 8.21 9.37 7.06 9.69 13.38 7
Index (%) 116.30 132.7 100.00 138.43 191.14 100.00
A B AB A B AB
F 4,50** 10.88** 3.47** 21.66** 129.76** 21.49**
LSD0,05 121 0.99 171 0.84 0.68 118
LSD0,01 1.66 136 2.25 115 0.94 1.62

** - significant at 0.01; * - significant at 0.05; ns -not significant; C -- control variant

Table 5. Average weight (g) of tubers per plant affected by P. chlororaphis Q16 and frequency of treatments in 2013 and 2014
P. chlororaphis Q16 (A)

Year 2013 2014
Treatment (B) 2 4 C 2 4 C
Mean weight (g) 75.10 81.70 83.20 53.02 54.94 55.58
Index (%) 90.30 98.20 100.00 95.39 98.85 100.00
A B AB A B AB
F 0.03ns 2.75ns 0.38ns 0.09ns 0.25ns 0.08ns
LSDO0,05 10.99 8.98 15.55 6.68 5.45 9.44
LSDO0,01 15.08 12.31 21.33 9.15 7.48 12.95

** - significant at 0.01; * - significant at 0.05; ns - not significant; C - control variant

Table 6. Total yield of tubers (t ha-1) affected by P. chlororaphis Q16 and the frequency of treatment in 2013 and 2014
P. chlororaphis Q16 (A)

Year 2013 2014
Treatment (B) 2 4 C 2 4 C
Mean yield (t ha-) 28.10 29.30 26.80 20.53 29.68 15.43
Index (%) 104.90 109.30 100.00 133.05 192.35 100.00
A B AB A B AB
F 121.38** 76.96** 50.50** 88.67** 396.56** 88.83**
LSDO0,05 0.93 0.76 131 1.02 0.83 1.44
LSD0,01 1.27 1.04 1.80 1.40 1.14 1.98

** - significant at 0.01; * - significant at 0.05; ns - not significant; C - control variant

Table 7. A correlation between evaluated traits of potato (n=6)

No. ofprimary stems perplant ~ No. oftubersperplant ~ Average tuber weight ~ Total yield

No. of primary stems per plant - 0.918** -0.156 0,653
No. of tubers per plant -0.427 0.473
Average tuber weight 0.569
Total yield

Pearson correlation coefficient: *** P< 0.001, ** P< 0.01, * P < 0.05, reispectively

PchlQ16 (factor A) and the number of treatment (factor ~ genetic potential of the varieties, the number of above
B), as well as their interaction (AxB) (Table 6). ground stems and the number of tubers per plant
Applying PchlQ16 twice during the potato growing (Knowles et al., 2003, Bus & Wustman 2007, Posti¢ et
season increased the yield by 4.9% (in 2013) and 33.05% al., 2012, Momirovi¢ et al., 2016).
(in 2014) compared to the control. Based on the correlation analysis, the
The lowest total tuber yield in both study years was correlation between the number of tubers per plant
recorded on the control variant (C) without the use of  and the number of above-ground stems is high (p
PchlQ16. The yield of potato tubers depends on the =0.01) (Table 7).
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Discussion

Although no natural infection with Fo was observed in
the field trial during the two years, PchlQ16 can be applied
to prevent infection with Fusarium spp. This conclusion is
based on the inhibition rate of 67% and 56% for FoA2,
when ON culture and different cell-free supernatants were
applied respectively. In experiments on the cardoon
(Cynara cardunculus L.) disease caused by A. tenuissima (JoSi¢
et al,, 2012), PchlQ16 exhibited a very similar inhibition
rate for in vitro mycelial growth on WA and for the disease
suppression in vivo under gnotobiotic conditions (about
43%). The value for heat-stable antifungal factors was
lower (34%), similarly to results in this assay, with a
decrease from 67 to 56% for FOA2.

Cell-free supernatant significantly reduced the
inhibition percent of FOA2 mycelial growth comparing
to ON culture. Heat-treated cell-free supernatant (HT-
CFS) was used in order to explore the thermo-resistance
of the molecule responsible for antagonistic activity of
PchlQ16. Similar results for CFS and treated CFS
suggest that resistance to EDTA, as non-specific
inhibitor of neutral- or metallo-proteases, and the
thermo-resistance of extracellular metabolites indicate to
non-protein  antifungal factors. One possible
explanation could be that more than one compound is
responsible for the inhibition of Fo. The mycelial
growth inhibition of about 40 and 55% caused by all
CFS fractions and more than 67% of ON culture for
FoA2, identify a potential of PchlQ16 for biological
control of Fo in field conditions.

All P. chlororaphis strains in this study showed the ability
to reduce F oxysporum growth, four of them more than
50%. In our previous study, we reported the highest
phenazines production by PchlQ16 among tested strains
(JoSi¢ et al, 2012). Most research on P. chlororaphis has
focused on antibiotic production and its antifungal
activities to phytopathogens. Fungal growth inhibition and
reduction of F. oxysporum f. sp. radici-lycopersici pathogenicity
on tomato plantlets are reported for P. chlororaphis M71
(Puopolo et al., 2011). P. chlororaphis strain PA23, which is
able to protect canola against sclerotinia stem rot caused by
Sclerotinia  sclerotiorum, produced several antibiotics -
pyrrolnitrin, PCA, 2-hydroxy-phenazine, and other
exometabolites such as hydrogen cyanide (HCN) and
degradative enzymes protease, lipase and chitinase
(Poritsanos et al., 2006; Selin et al., 2010).

Besides antibiotic production, other extracellular
metabolites are important in effective biocontrol and plant
growth stimulation. During assessment of DAPG-
producing P. fluorescens for the management of F.
oxysporum on watermelon, Meyer et al. (2016) demonstrated
that P. fluorescens strains, even in vitro inhibiting F.
oxysporum f. sp. niveum, resulted in some inhibition of vine
growth in the field and were not effective for enhancing
plant vigor or suppressing fungal infection on watermelon.
In our earlier study of the capability to control powdery
mildew in wheat, seeds treatment with P. chlororaphis Q16
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improved the plant biomass and N content and decreased
powdery mildew disease incidence (Pivi¢ et al., 2015). The
antibiotics production, in addition to other PGP traits, can
be the favorable traits of PchlQ16 for the biocontrol of Fo
in potato production.

Field experiments indicated a positive effect of this
strain on the potato growth in two growing seasons.
Favourable average temperatures in July and August,
accompanied by an optimal amount of precipitation in
2014, contributed to the higher crop productivity then in
2013 as the potatoes were at the stage of intensive tuber
bulking. In addition, the higher precipitation value and
optimum temperature in 2014 resulted in the increased
activity of the microorganisms.

During 2013 PchlQ16 application increased the
number of above ground stem per plant by 15.5% and
27.5%; the number of tubers per plant by 16.3% and
32.7%; and the total yield of tubers by 4.9% and 9.3%
when applied twice and four times, respectively. In 2014
PchlQ16 application was significantly more effective as the
number of above ground stem per plant increased by
30.21% and 49.65%; the number of tubers per plant by
38.43% and 91.14%; and the total yield by 33.05% and
92.35% compared to untreated control, when was
applying twice and four times, respectively.

Using PchlQ16 four times during the growing seasons
led to an increase in yield ranging from 9.3% (in 2013) to
92.35% (in 2014) compared to the control.

Based on our comprehensive results, we can
recommend the use of PchlQ16 as a biological agent
during the potato growth season. Further work is
recommended to test the inhibition of Fusarium spp. in
field conditions.
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Uticaj Pseudomonas chlororaphis subsp. aurantiaca soja Q16 koji inhibira rast
Fusarium oxysporum na prinos krompira

Dobrivoj Posti¢ mDragane JoSi¢ mZorica LepSanovi¢ mGoran Aleksi¢ m
Dragana Latkovi¢ mMira Starovic¢

Sazetak: U ovom radu je ispitan potencijal sojeva Pseudomonas chlororaphis koji produkuju antibiotike da povecaju
prinos krompira i da inhibiraju razvoj micelije fitopatogene gljive Fusarium oxysporum (Fo) izolovane sa krompira. P.
chlororaphis subsp. aurantiaca soj Q16 (PchlQ16) izazvao je najvecu inhibiciju rasta micelije (67,07%) gljive Fo izolata
A2 invitro. U poljskim ogledima utvrdivan je uticaj PchlQ16 na broj stabala po biljci, broj krtola i prose¢nu masu
krtole po biljci i ukupan prinos krompira sorte Rudolph. Primena PchlQ16 i broj tretmana imali su znacajan uticaj na
prinos krompira. PchlQ16 je pove¢ao ukupan prinos krtola od 4,9% do 33,05% (dva tretmana), odnosno od 9,3% do
92,35% (Cetiri tretmana) u poredjenju sa kontrolom. Na osnovu ovih rezultata preporu¢ujemo primenu PchlQ16
Cetiri puta tokom vegetacionog perioda krompira. Rezultati in vitro ogleda u kojima je ovaj soj izvrSio supresiju
razvoja F. oxysporum podrZzavaju ovu preporuku. U ovom istrazivanju pokazano je da PchlQ16 deluje kao efektivan
stimulator rasta biljaka u proizvodnji krompira i moZe biti efikasan u prevenciji infekcije gljivom F. oxysporum.

Key words: Fusarium oxysporum, Pseudomanas chlororaphis, rizobacterija, Solanum tuberosum L., uticaj inhibicije
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