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MAY  THE  POST-CULTURE  LIQUIDS  OF  BACTERIA 
INFLUENCE  ON  SOYBEAN  [Glycine max (L.) Merrill] 
HEALTHINESS? 

Elżbieta Patkowska, Marzena Błażewicz-Woźniak 

University of Life Science in Lublin 

Abstract. Soybean is one of he most valuable plants cultivated in the world. Soybean 
seeds and its products contain fibre, lecithin, vitamins, especially from the B group, min-
eral elements, isoflavones (genistein and daidzein), phytic acid, proteanase and saponin 
inhibitors. The object of the studies were the plants of soybean ‘Aldana’ cv. grown from 
the seeds dressed directly before the sowing with post-culture liquids Pseudomonas sp. 
Ps 255 and Bacillus sp. B 73. The studies also considered a combination with chemical 
seed dressing with Zaprawa Oxafun T and a combination without any dressing. The effec-
tiveness of post-culture liquids of antagonistic bacteria was estimated in protecting soy-
bean from soil fungi. Post-culture liquids had a positive effect on the number, health 
status and yielding of the studied plants. Soybean was mainly infected by Fusarium cul-
morum, F. oxysporum, Phoma exigua, Rhizoctonia solani and Sclerotinia sclerotiorum. 
Species Phomopsis sojae was additionally isolated from the infected plants. Those fungi 
were isolated much less frequently from the plants in combinations with post-culture liq-
uids of antagonistic bacteria than from reference plants. A reverse relation was observed 
in the case of the occurrence of saprobiotic fungi from genera Gliocladium, Penicillium 
and Trichoderma.  
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INTRODUCTION 

In the protection of cultivated plants, including the Fabaceae, which soybean [Gly-
cine max (L.) Merrill] belongs to, chemical methods are more and more frequently re-
placed by the biological methods based on the use of biotechnical preparations [Or-
likowski and Skrzypczak 2003, Shovan et al. 2008, Kurzawińska and Mazur 2009, 
Patkowska 2009a, 2009b, Ye Li-min et al. 2009, Kućmierz et al. 2010] or by the micro-
biological material of antagonistic microorganisms [Abanda-Nipwatt et al. 2006, 
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Domenech et al. 2006, Dipali et al. 2007, Khilari et al. 2008, Akhukorala et al. 2009, 
Dehestani et al. 2010, Patkowska 2010, Patkowska and Pięta 2010]. Biological methods 
are mainly used in ecological cultivations. The efficiency of such methods in controlling 
pathogenic fungi towards soybean was shown, for example, by Rajeswardi and Kumari 
[2009] and Zhang and Xue [2010]. 

The literature of the subject provides information on controlling phytopathogens 
species by antagonistic fungi (Gliocladium spp., Trichoderma spp.) and bacteria (Bacil-
lus spp., Pseudomonas spp.), whose effect is based on antibiosis, competition or parasit-
ism [Abanda-Nipwatt et al. 2006, Domenech et al. 2006, Srivastava and Shalini 2008, 
Dehestani et al. 2010, Farhan et al. 2010, Pedersen et al. 2010]. The commonly known 
antagonists of genera Pseudomonas and Bacillus include such species as P. fluorescens 
(Flügge) Migula, P. putida Trevisan, P. cepacia Kluyver, P. aureofaciens Kluyver, 
P. chlororaphis Guign. et Sauvag., B. subtilis Ehrenberg, B. mycoides Cohn, B. po-
lymyxa (Prazmowski) Mace [Saniewska et al. 1995, Abanda-Nipwatt et al. 2006, 
Domenech et al. 2006, Chincholkar et al. 2007, Srivastava and Shalini 2008, Akhu-
korala et al. 2009, Sandikar and Awasthi 2009/2010, Dehestani et al. 2010, Farhan et al. 
2010, Pedersen et al. 2010, Selin et al. 2010, Thasana et al. 2010]. 

The microbiological material prepared from antagonistic microorganisms and their 
post-culture liquids containing secondary metabolites can be used in dressing the propa-
gative material [Roberti et al. 2002, Khilari et al. 2008, Patkowska 2010]. These meth-
ods were used, for example, in limiting the occurrence of fungi pathogenic towards 
runner bean [Patkowska 2010, Patkowska and Pięta 2010]. High effectiveness of the 
post-culture liquid of bacteria Bacillus spp. and Pseudomonas spp. in limiting the 
growth and development of phytopathogens species results from the effect of secondary 
metabolites such as iron chelating compounds (siderophores), antibiotics, substances 
inducing plant resistance (salicylic and antranil acids), enzymes degrading the elements 
of cell walls of fungi (glucanases, endochitynases) and hormonal substances [Roberti  
et al. 2002, Dipali et al. 2007, Dehestani et al. 2010, Patkowska 2010, Pedersen  
et al. 2010]. 

The purpose of the paper was to establish the effectiveness of post-culture liquids 
Bacillus sp. B 73 and Pseudomonas sp. Ps 255 in protecting soybean from soil-borne 
pathogenic fungi.  

MATERIALS AND METHODS 

The object of the field studies conducted in the years 2009–2011 in the field of the 
Experimental Station in Felin belonging to the University of Life Sciences in Lublin 
were the plants of soybean ‘Aldana’ cv. grown out of the seeds dressed directly before 
the sowing with the post-culture liquids of Bacillus sp. B 73 and Pseudomonas sp. 
Ps 255 [Patkowska 2010]. The bacteria used in the experiment came from the soil envi-
ronment of soybean cultivation, and their antagonistic effect towards fungi pathogenic 
for this plant was established using the method described by Pięta and Patkowska 
[2003]. The post-culture liquid of the bacteria was obtained as a result of their culture 
on a liquid medium PDB (Difco) at the temperature of 24°C for 4 days [Saniewska et al. 
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1995]. The studies also considered a combination with chemical seed dressing with 
Zaprawa Oxafun T (active ingredient: carboxin 37.5% + thiuram 37.5%) and a control 
combination, i.e. one with no dressing. Each experimental combination included 4 plots 
(4 replicates) with the area of 1.25 m2. 100 seeds were sown in each plot.  

In each year of the studies, observations were carried out twice – at the phase of the 
seedlings and at anthesis – determining the number of plants in the plots and evaluating 
their healt status. Five plants with apparent signs of necrosis on the roots and the stem 
base were taken for a laboratory mycological analysis. Fragments of infected plants 
were laid on mineral medium with the aim of isolating the fungi [Patkowska and Kono-
piński 2011]. After collecting the plants and drying up the seeds, the yield size and was 
established and the proportion of infected seeds in the total yield determined. Both the 
seeds with spots obtained after collecting of plants and those without any spots on the 
seed cover were subject to mycological analysis (100 seeds in 4 replicates for each 
combination). The mycological analysis of the plant material and the seeds was con-
ducted according to the method described by Patkowska and Konopiński [2011]. The 
obtained fungi were taxonomically determined to the species level using the accessible 
keys and monographs of different taxons listed in the paper by Patkowska and Konopiń-
ski [2011]. In the case of fungus Phomopsis sojae, the species identification was on 
a PDA medium with an addition of carnation leaves at the temperature of 24°C [Casti-
llo-Pando et al. 1997]. 

The obtained results on the number, health status and yielding of plants were statis-
tically analyzed and the significance of differences was determined on the basis of 
Tukey’s confidence intervals [Oktaba 1987]. 

RESULTS AND DISCUSSION 

Field observations conducted at the seedling stage and at anthesis found out different 
numbers and health status of soybean (fig. 1, 2). The best density of seedlings was 
found after sowing the seeds dressed with a chemical preparation Zaprawa Oxafun T 
(the mean number of 91 per plot from three years of studies) (fig. 1). Slightly worse 
emergence were only obtained after using the post-culture liquids of Pseudomonas sp. 
Ps 255 and Bacillus sp. B 73 (on average, 89 and 84, respectively). The fewest seedlings 
grew from the seeds without any dressing (on average, 72). In each studied year, seed-
lings with inhibited growth and with yellowing leaves were observed in particular plots 
(photo 1). Their proportion in a plot ranged, on average from 6.5% do 18.4% (fig. 2). 
The greatest number of infected seedlings was observed in the control combination. 
After dressing the seeds with the chemical preparation and with the post-culture liquids 
Pseudomonas sp. Ps 255 and Bacillus sp. B 73, the number of infected seedlings was 
small, and their proportion was, respectively, 6.5%, 6.9% and 7.2% (fig. 2). 

In the anthesis stage, a slight loss of plants in particular plots was observed and 
a small increase of the proportion of infected plants, with distinct necrotic spots on the 
stem base and on the roots (fig. 1, 2). The greatest number of plants in the plot was 
observed after the application of the post-culture liquid Pseudomonas sp. Ps 255 and 
Zaprawa Oxafun T (on average, 87 and 89, respectively), while the lowest in the control  
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Fig. 1. Number of soybean plants (mean from the years 2009–2011): 1 – post-culture liquids  
of Bacillus sp. B 73, 2 – post-culture liquids of Pseudomonas sp. Ps 255, 3 – Zaprawa 
Oxafun T, 4 – control 

 
combination (65, on average) (fig. 1). The proportion of infected flowering plants on the 
plot ranged, on average, between 7.1% and 20.5% (fig. 2). The greatest number of in-
fected plants were found in the control combination. 

The size and quality of the obtained seed yield was directly proportional to the num-
ber and healthiness of plants (tab. 1). In particular years of studies, the yield of seeds 
ranged between 145 g from a plot (in the control) and 512 g from a plot (after dressing 
the seeds with the post-culture liquid of Pseudomonas sp. Ps 255) (tab. 1). The highest 
mean yield of seeds was collected from plants after using the post-culture liquid of 
Pseudomonas sp. Ps 255 (the mean value from three years of studies, 429 g from 
a plot). A good yield was also found for the plants grown from the seeds dressed with 
a post-culture liquid of Bacillus sp. B 73 (the mean value 370 g) and Zaprawa Oxafun T 
(on average, 393 g). Significantly, the lowest yield of seeds was harvested from the 
plants in the reference combination (on average 205 g from a plot) (tab. 1). 

The obtained yield contained small seeds, with necrotic spots on the seed cover 
(photo 2). In particular years of studies, the proportion of such seeds in the total yield 
ranged between 3% and 10% (tab. 1). The greatest number of infected seeds was col-
lected from the plants in the reference combination, and their proportion was 9.2%, on 
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average, from three years of studies. A slightly smaller proportion of infected seeds was 
found after the application of Zaprawa Oxafun T (on average, 5.8%). Significantly, the 
smallest number of infected seeds was observed for the combinations with the post-
culture liquids of Pseudomonas sp. Ps 255 and Bacillus sp. B 73 as their proportion 
was, on average, 4.3% and 4.5%, respectively (tab. 1). 

Post-culture liquids of the studied antagonistic bacteria used in the pre-sowing dress-
ing of soybean seeds proved effective in protecting this plant from soil-borne patho-
genic fungi, which is confirmed by good emergence, the healthiness of plants and their 
yielding. A similar effect of post-culture liquids of other bacteria as well as antagonistic 
fungi of Trichoderma spp. and Gliocladium spp. was observed in earlier studies on the 
protection of runner bean from soil-borne fungi [Patkowska 2010, Patkowska and Pięta 
2010]. The protective effect of Pseudomonas spp. Ps 255 and Bacillus spp. results from 
their antagonistic effect on plant pathogens through antibioses and competition 
[Abanda-Nipwatt et al. 2006, Domenech et al. 2006, Srivastava and Shalini 2008, De-
hestani et al. 2010, Farhan et al. 2010]. Such properties probably characterized the bac-
teria whose isolates were used in the present studies.  
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Fig. 2. Proportion of infected plants on the plot (mean from the years 2009–2011): 1 – post-
culture liquids of Bacillus sp. B 73, 2 – post-culture liquids of Pseudomonas sp. Ps 255,  
3 – Zaprawa Oxafun T, 4 – control 
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Table 1. Weight and quality of soybean seeds yield 

Yield of soybean seeds in g 
from the plot 

Percentage of infected seeds 
in the total yield Experimental combination 

2009 2010 2011 mean 2009 2010 2011 mean 

Seeds soaked in post-culture liquids  
of Bacillus sp. B 73 

342b 279b 490c 370b 4.0a 3.5a 6.0a 4.5a 

Seeds soaked in post-culture liquids  
of Pseudomonas sp. Ps 255 

427c 348c 512c 429c 4.5a 3.0a 5.5a 4.3a 

Seeds dressed with Zaprawa Oxafun T 450c 361c 368b 393b 5.5b 4.5b 7.5b 5.8b 

Control 264a 145a 205a 205a 9.0c 8.5c 10.0c 9.2c 

 

* Means in columns followed by the same letters are not significantly different at P ≤ 0.05 

 
 
The species composition of fungi isolated during the mycological analysis from the 

infected roots, the stem base and the seeds obtained after the harvest is presented in 
tables 2 and 3. This composition was similar in particular experimental combinations, 
whereas differences were observed in the quantitative composition of the isolated fungi. 
Totally, 405 isolates were obtained from the infected seedlings and 503 from the plants 
at anthesis (tab. 2), while 537 fungi isolates were obtained from the studied seeds 
(tab. 3). Despite the pre-sowing dressing of the seeds, the following species were often 
or very often isolated from the seedlings and plants at anthesis: Fusarium oxysporum 
f. sp. glycines (12.5% in the total association of the isolated fungi), Rhizoctonia solani 
(10.3%), Alternaria alternata (8.1%), Fusarium culmorum (7%) and Phoma exigua 
(6.3%) (tab. 2). Besides, soybean seedlings were frequently infected by Pythium irregu-
lare (5.4% in the total fungi population), while older plants were often infecting by 
Sclerotinia sclerotiorum (4.7%). The fungi enumerated above had been more frequently 
infected soybean in the combination with Zaprawa Oxafun T and in the reference than 
after using the post-culture liquids of antagonistic bacteria. A converse relation was 
observed in the case of saprobiotic fungi from genera Gliocladium, Trichoderma and 
Penicillium. Genus Gliocladium was represented by the species of G. catenulatum and 
G. roseum, whereas genus Trichoderma was represented by T. hamatum, T. harzianum, 
T. koningii and T. viride. Penicillium spp. included P. meleagrinum, P. verrucosum 
var. cyclopium and P. verrucosum var. verrucosum. 

A similar relation was observed during the mycological analysis of the studied soy-
bean seeds. The greatest proportion in the total population of fungi isolated from the 
seeds was made up of the species of Phomopsis sojae (14.4%), Fusarium oxysporum 
(8%), F. culmorum and F. equseti (po 6.7%), A. alternata (6.4%), S. sclerotiorum 
(6.4%) and R. solani (6.2%) (tab. 3). The smallest number of those fungi was obtained 
from the seeds after protecting soybean with post-culture liquids of Pseudomonas sp. 
Ps 255 and Bacillus sp. B 73. 

Post-culture liquids of Pseudomonas sp. Ps 255 and Bacillus sp. B 73 proved effec-
tive in protecting the germinating seeds, and then  the  roots  and  the  stem  base  of  the  
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Phot. 1. Necrosis on the roots and stem base of soybean seedlings (photo by E. Patkowska) 

 

  

Phot. 2. Healthy (A) and infected (B) of soybean seeds (photo by E. Patkowska) 

 
seedlings and older plants from infection by soil-borne pathogenic fungi. The big effec-
tiveness of those liquids was probably based on the activity of secondary metabolites. 
Such properties were confirmed in many studies [Roberti et al. 2002, Dipali et al. 2007, 
Dehestani et al. 2010, Patkowska 2010, Pedersen et al. 2010]. An important role in the 
protective effect is played, for example, by enzymes present in the post-culture liquids 
[Roberti et al. 2002, Dipali et al. 2007]. The application of post-culture liquids of an-
tagonistic bacteria in seed dressing of runner bean was also effective in protecting the 
seedlings and the roots of older plants from infection by soil-borne fungi [Patkowska 

A B 
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2010, Patkowska and Pięta 2010]. Besides, secondary metabolites of B. subtilis SB 24 
effectively protected soybean plants from infection by S. sclerotiorum [Zhang and Xue 
2010]. On the other hand, soaking the seeds of lentil in post-culture filrates of P. fluo-
rescens inhibited the plants’ infection by F. oxysporum f. sp. lentis [De et al. 2003]. 

The obtained results point to the possibility of practical application of post-culture 
liquids of Pseudomonas sp. Ps 255 and Bacillus sp. B 73 in protecting soybean from 
soil-borne fungi as an alternative to chemical protection. Applying the microbiological 
material on the surface of seeds, grain, bulbs, tubers or roots of soybean is considered to 
be the most effective method preventing the process of infection. It allows the antago-
nistic microorganisms to colonize the surface of the propagative material, and then – as 
a result of their permanent growth – to protect the sprawling root system throughout the 
vegetation period, thus becoming a specific biological protection ageinst plant pathogens 
[Yedidia et al. 2000, Patkowska 2010, Patkowska and Pięta 2010, Zhang and Xue 2010].  

CONCLUSIONS 

1. Post-culture liquids of antagonistic bacteria used in pre-sowing seed dressing of 
soybean can improve the healthiness and yielding of this plant. 

2. The application of post-culture liquids of antagonistic bacteria to the surface of 
soybean seeds can limit the plant infection by Fusarium culmorum, F. oxysporum, 
Rhizoctonia solani, Sclerotinia sclerotiorum and Phomopsis sojae. 

3. There is a possibility of using the post-culture liquids of Pseudomonas sp. Ps 255 
and Bacillus sp. B 73 in the protection of soybean from soil-borne fungi as a method 
alternative to chemical protection. 
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CZY  PŁYNY  POHODOWLANE  BAKTERII  MAJĄ  WPŁYW   
NA  ZDROWOTNOŚĆ  SOI  [Glycine max (L.) Merrill]? 

Streszczenie. Soja jest jedną z najbardziej wartościowych roślin uprawnych na świecie. 
Nasiona i produkty sojowe zawierają błonnik pokarmowy, lecytynę, witaminy, zwłaszcza 
z grupy B, składniki mineralne, izoflawony (genisteina i daidzeina), kwas fitynowy, inhi-
bitory proteinaz i saponiny. Przedmiotem badań były rośliny soi odm. 'Aldana' wyrosłe 
z nasion zaprawianych bezpośrednio przed wysiewem płynami pohodowlanymi Pseudo-
monas sp. Ps 255 i Bacillus sp. B 73. W badaniach uwzględniono również kombinację 
z chemicznym zaprawianiem nasion Zaprawą Oxafun T oraz kombinację bez żadnego za-
prawiania. Określono skuteczność płynów pohodowlanych bakterii antagonistycznych 
w ochronie soi przed grzybami odglebowymi. Płyny pohodowlane wpłynęły korzystnie na 
liczebność, zdrowotność i plonowanie badanej rośliny. Soja porażana była głównie przez 
Fusarium culmorum, F. oxysporum, Phoma exigua, Rhizoctonia solani, Sclerotinia scle-
rotiorum. Z porażonych nasion wyosobniono dodatkowo gatunek Phomopsis sojae. Grzy-
by te izolowano znacznie rzadziej z roślin w kombinacjach z zastosowaniem płynów po-
hodowlanych bakterii antagonistycznych, aniżeli z roślin kontrolnych. Odwrotną zależ-
ność stwierdzono w przypadku występowania grzybów saprotroficznych z rodzajów 
Gliocladium, Penicillium i Trichoderma.  
 
Słowa kluczowe: biologiczna ochrona, Bacillus sp., Pseudomonas sp., fitopatogeny 
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