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ABSTRACT 

Application of beneficial bacterial strain B125 (Enterobacter sp.) and strain PZ9 (Bacillus sp.) in let-

tuce transplants production significantly enhanced seed germination and plant biomass. The best effect was 

obtained when the mixture of B125 and PZ9 was used. Combined application of these bacteria significantly 

increased transplants biomass, which was about 45% higher than that in the control. However, after planting 

these transplants in organic field, generally, there were no differences in yield and nutrient content in plants 

treated and not treated with the bacteria, except for nitrogen and vitamin C. The lettuce grown from trans-

plants treated with bacterial mixture B125 + PZ9 contained significantly higher nitrogen than plants from 

other treatments. Opposite to nitrogen, bacterial applications decreased the amount of vitamin C. The 

growth and organic lettuce composition was affected by planting time. The yield was higher in spring, but 

the concentration of nutrients in these plants was lower than that in plants harvested in autumn. Climatic 

and light conditions in the late season were the reasons for increased dry matter content, minerals, phenolic 

compounds, and vitamin C, as well as high concentration of nitrates. 
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INTRODUCTION 

 

Organic farming is expanding worldwide and 

supported by regional and national governments. 

However, this system is facing many problems, 

mostly related to nutrient supply limitation and dis-

ease control management. Plant growth in organic 

system greatly depends on organic matter inputs and 

the functions performed by soil microorganisms (Tu 

et al. 2006). The microorganisms are responsible for 

releasing nutrients from organic matter and can pos-

itively influence the plant growth. Especially, plant-

growth-promoting bacteria (PGPB) may be benefi-

cial to plants because of the increase in seed germi-

nation rate, plant growth, tolerance to abiotic stress, 

enhancing nutrients availability, producing plant 

hormones, disease suppression, and plant-mediated 

induced resistance (Compant et al. 2010; Figueiredo 

et al. 2010). The use of PGPB as inoculants offers 

an attractive way to improve efficacy or replace 

chemical fertilizers and pesticides, especially in or-

ganic farming, where chemicals are not accepted. 

According to Mahdi et al. (2010), biofertilisers are 

essential components of organic farming and play 

a vital role in maintaining long-term soil fertility and 

sustainability by fixing atmospheric dinitrogen, mo-

bilizing fixed macro- and micronutrients, or convert-

ing insoluble P in the soil into forms available to 

plants. There are examples of commercialized bacte-

rial inoculants (Figueiredo et al. 2010; Bhattacharyya 

& Jha 2012). However, the linkages between soil mi-

crobes and nutrients availability or disease suppres-

sion in organically managed soils are still not well 

understood, and farmers should be aware of the spe-

cific needs of these microorganisms and their limi-

tations. There is need for implementation of the 
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knowledge on the effectiveness of microbial inocu-

lants in field conditions. 

Production of vigorous transplants, which 

would be tolerant to changeable conditions even 

a few weeks after transferring to the field, is very 

important in organic production, where plant sup-

port with agrochemicals is limited. Therefore, the 

aim of this work was to find effective bacterial inoc-

ulant for lettuce transplants production and to study 

whether the seedling growth promotion will expand 

as a long-term effect in the field, in organic farming 

system, affecting yield and nutrient content. 

 

MATERIALS AND METHODS 

 

Bacterial strains B125 (Enterobacter sp.) and 

PZ9 (Bacillus sp.) were taken from the collection of 

Laboratory of Microbiology in the Research Insti-

tute of Horticulture in Skierniewice, Poland. Strain 

125 was isolated from vermicompost and PZ9 from 

the rhizosphere of tomato plant. The bacteria were 

screened for plant-growth-promoting traits. B125 

was able to produce siderophores and indole-3-ace-

tic acid (IAA). This strain intensively degraded cel-

lulose. PZ9 produced siderophores and IAA and 

strongly solubilized phosphate. The strains were 

classified to a genus using biochemical and molec-

ular methods. For biochemical classification, Gram 

reaction, anaerobic growth, fluorescent pigment, 

catalase test, and indole production were examined 

according to Schaad et al. (2001). Then, biochemi-

cal API 20E and API 50CHB tests (BioMérieux) 

were used. According to API 20E, strain B125 was 

identified as Enterobacter, and API 50CHB classi-

fied PZ9 as Bacillus. This preliminary identification 

was confirmed by molecular classification with pol-

ymerase chain reaction (PCR), using 

ERIC1f/ERIC2 starters, and based on the sequence 

of 16S rDNA gene. The sequences were compared 

using BLASTn program (www.ncbi.nlm.nih.gov). 

To prepare the inoculum, bacteria were grown 

in nutrient broth (100 ml) on the rotary shaker for 

48 h at 30 ºC. After incubation, bacterial cultures 

were diluted with 0.85% NaCl water solution to ob-

tain the inoculum with the final cell density of about 

1010 cfu cm-3. 

Iceberg lettuce cv. ‛Królowa Lata’ (PNOS 

Ożarów, Poland) was sown in planting trays (56 

pots, each of volume 100 cm3) filled with non-ster-

ile growing medium. Bacteria were applied by 

drenching of the medium in a dose of 10 cm3 of bac-

terial suspension per one cell. The suspensions of 

single strains B125 and PZ9 or their mixture 

(1 : 1 v/v) were used for inoculation. Control was 

treated with water. Bacterial inoculation was re-

peated after two weeks. Each treatment included 

four trays arranged in a randomized blocks. Lettuce 

was grown in the greenhouse at ambient tempera-

ture for four weeks. The number of plants in each 

tray was counted to estimate the germination rate, 

and randomly chosen plants (10 items from each 

treatment) were harvested by cutting the stems at the 

soil level. The plants were then weighted to measure 

their fresh weight. There were five cycles of trans-

plants production: two during spring 2009 and 2011 

and three during autumn in the years 2009–2011. 

Field experiments were carried out in the years 

2009–2011 at the experimental, certificated organic 

farming field of Research Institute of Horticulture 

in Skierniewice. Each year, the lettuce was grown 

during two cropping seasons: spring and autumn. 

Compost (20 t·ha-1) and green manures (mulched 

mustards) were added to the soil (pseudopodzols) 

before planting. Chemical properties of the soil 

were as follow: pH = 6.7; N (NO3
−) = 28; P = 142; 

K = 99; Mg = 89; Ca = 871 (mg·dm-3). The experi-

mental field was divided into plots with an area of 

3.4 m2 with 14 plants per plot. Lettuce transplants 

used for field experiments were obtained from the 

greenhouse production described earlier. The trans-

plants were inoculated with PGPB during their 

growth in planting trays, and they were not bacter-

ized additionally in the field. The experimental ob-

jects were control, not bacterized transplants; trans-

plants bacterized with B125; transplants bacterized 

with PZ9; and transplants bacterized with B125 + 

PZ9. Each treatment included four replica-

tions/plots arranged in randomized complete block. 

When plants reached their commercial size, they 

were harvested by cutting the stems at the soil level. 

The yield of lettuce was calculated for square meter. 

Four randomized lettuce heads were collected from 
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each treatment for chemical and biochemical anal-

yses of plant material. 

For chemical analysis, the lettuce was dried at 

65 °C, homogenized with mill, and mineralized in 

a mixture of concentrated acids in a microwave 

oven (Walinga et al. 1995). N content in plant sam-

ples was analyzed using the Kjeldahl method. Se-

quential plasma spectrometer model Optima 2000 

DV (Perkin-Elmer) was used to measure the macro-

nutrients content (P, K, Mg, Ca) (Boss & Fredeen 

1999). The elements were measured at a wavelength 

characteristic of the analyte. Nitrates (V) were de-

termined with the use of flow-injection system after 

homogenization of plant material in aqueous solu-

tion (Mikuška & Večeřa 2003). Dry matter content 

was measured after drying of plant material at 

105 °C to a constant weight. Total sugars were esti-

mated by the common Luff–Schoorl’s method and 

ascorbic acid by Tillman’s method (according to 

PN-90A-75101/07). The results were expressed on 

a fresh weight basis. The polyphenols content was 

determined by spectrophotometric method at 

725 nm with the use of Folin–Ciocalteu reagent 

(Ragazzi & Veronese 1973) with catechin as 

a standard. The values were expressed as mg cate-

chin equivalents per kg of fresh weight (mg·kg-1). 

Data were analyzed by means of the linear 

mixed model with variant, season as the fixed ef-

fects and year, block as the random effects. The 

Box–Cox transformation for infestation data was 

used before analysis. Means were separated with the 

Duncan multiple comparison procedure at signifi-

cance level of p = 0.05. All calculations were done 

with the statistical software STATISTICA 10.0 

(StatSoft, Inc. 2013). 

 

RESULTS AND DISCUSSION 

 

Production of uniform and vigorous trans-

plants is very important in organic farming, because 

such plants can better establish in less favorable 

conditions after planting in field. The application of 

beneficial bacteria may be a way to improve the 

growth of young plants. In this work, we used 

a combination of pot and field investigations to 

study bacterial impact on lettuce transplants growth 

and then on the yield and nutrient uptake in organic 

production. For the study, two bacterial strains 

B125 and PZ9 were chosen. In previous experi-

ments, these bacteria promoted growth of vegetable 

plants (tomato, cucumber), even in growing media 

infested with pathogens (Szczech & Dyki 2007; 

Szczech & Dyśko 2008; Szczech et al. 2009). In 

presented experiments, application of the bacteria 

enhanced germination of lettuce seeds (Table 1).  

 

Table 1. The effect of bacterial inoculation on lettuce ger-

mination and transplants growth. Data represent means 

±SE of the results obtained in five consecutive experi-

ments conducted in the years 2009–2011 
 

Inoculation 

treatment 

Seed 

germination 

(%) 

Fresh mass 

of transplants 

(g) 

Control 62.5 ± 1.72 b 4.64 ± 0. 27 c 

B125 69.6 ± 1.72 ab 5.11 ± 0. 21 b 

PZ9 70.0 ± 1.84 ab 4.43 ± 0. 44 c 

B125 + PZ9 76.6 ± 2.49 a 6.71 ± 0. 31 a 

Values in a column followed by the same letter are not 

significantly different according to the Duncan multiple 

range test at p = 0.05. 

 

Single strains had not stabile effect, and they only 

slightly influenced germination and transplants 

growth. The best effect was obtained when the mix-

ture of both bacteria B125 and PZ9 was used. Com-

bined application of these bacteria significantly in-

creased seed germination and transplants biomass, 

which was about 45% higher than in control. The 

beneficial effect of PGPB for plants was described 

in many papers (Glick 1995; Lucy et al. 2004; 

Ahemad & Kibret 2014). Inoculation of crops by 

PGPB may result in the improvement of early plant 

growth: enhancement of seedling germination, stand 

health, shoot and root weight of seedlings, as well as 

further plant development and yield (Saharan & 

Nehra 2011). Mangmang et al. (2015) reported posi-

tive effect of Azospirillum brasilense on seedling 

growth of lettuce, tomato, and cucumber. The growth 

of roots of lettuce seedlings was also significantly 

promoted by the inoculation of the seeds with Rhizo-

bium leguminosarum (Noel et al. 1996). In our study, 

mixture of two bacterial strains gave the most stable 

effect of plant growth promotion, and this result 

confirms the findings that combination of several 
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microorganisms may be more effective in agricul-

tural practice than single strains (Szczech 2008). 

Five consecutive experiments proved that ap-

plication of bacterial strains B125 and PZ9 is 

a promising way to improve lettuce germination and 

to produce strong, uniform seedlings. The bacteria 

accelerated growth of young plants, thus such treat-

ment may reduce time necessary for transplants pro-

duction. The next goal was to determine if the early 

responses in plant growth after the application of 

these bacteria would persist when seedlings had 

been transplanted to organic field. However, three 

years of field experiments have shown that even se-

rious promotion of plant growth by PGPB during 

transplants production had no effect on the yield of 

lettuce. It was only found that application of the 

mixture of B125 + PZ9 had a prolonged influence 

on nitrogen uptake in the field. The lettuce heads 

grown from transplants treated with these bacteria 

contained significantly higher nitrogen than plants 

from other treatments (Fig. 1). It could be also a rea-

son for lower concentration of vitamin C in treated 

plants than that in not bacterized lettuce (Fig. 2). 

According to Worthington (2001) and Herencia et 

al. (2011), when plants present high nitrogen con-

tent, the production of vitamin C is reduced. High 

nitrogen causes an increase in protein production 

and decrease in carbohydrates, which are the base 

for the synthesis of vitamin C. The concentrations 

of other macronutrients in lettuce, including nitrates 

(V), were not affected by inoculation treatments. 

Dry matter, sugars, and polyphenols were not af-

fected as well. The results have shown that benefi-

cial effect of bacteria obtained during early stages 

of plants growth generally diminished in field con-

ditions. The possible reason was that the application 

of bacterial inoculum during transplants production 

was not sufficient to support bigger plants in field.  

In planting trays, in limited volume of growing 

medium, the bacteria were concentrated and it was 

enough to stimulate plants. In field, introduced bac-

teria might face strong competition with indigenous 

microorganisms, especially in organically culti-

vated soil, where microbial biodiversity is higher 

and nutrient availability is lower than that in con-

ventionally fertilized soils (Srivastva et al. 2007; 

Moeskops et al. 2010). Similar results were ob-

tained by Russo and Perkins-Veazie (2010) while 

studying the effectiveness of bacteria and arbuscu-

lar mycorrhizal fungi applied in the production of 

bell pepper transplants, which were then cultivated 

in an organic system. The yield obtained from con-

trol and treated pepper was comparable, despite sig-

nificant transplants stimulation by used microorgan-

isms. However, there are also reports that various 

bacteria have increased lettuce growth in pot and 

field experiments (Sottero et al. 2006; Chamangasht 

et al. 2012). 
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Fig. 1. Effect of inoculation treatments and vegetation 

season on total nitrogen content in lettuce head (means ± 

SE). Bars followed by the same letter for each season sep-

arately are not significantly different at p = 0.05 accord-

ing to the Duncan multiple range test 
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Fig. 2. Effect of the season and inoculation with PGPB 

on vitamin C content in lettuce heads (means ± SE). Bars 

followed by the same letter for each season separately are 

not significantly different at p = 0.05 according to the 

Duncan multiple range test 
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Perhaps consecutive applications of active microor-

ganisms during growing season would improve 

their effectiveness. Kowalska and Remlein-Starosta 

(2012) reported that multiple treatments of potato 

with bio-preparate containing fungus Trichoderma 

asperellum significantly inhibited potato late blight 

and increased the yield in organic production. 

In this work, the factor affecting growth and 

lettuce composition was time of planting. The yield 

obtained in spring was about 25% higher than that 

in autumn (Table 2). Higher lettuce production in 

spring cultivation was also reported by Pavlou et al. 

(2007) and Rolbiecki et al. (2013). The main reason 

for seasonal differences was weather. In spring, 

rainfalls and daily temperatures were higher than 

those in autumn. Kosma et al. (2013) described that 

higher fresh biomass may also be enhanced in rela-

tion to light exposure. In opposite, decreased growth 

rate and reduced plant biomass in autumn resulted 

in enhanced dry weight of lettuce and accumulation 

of nutrients (Table 2). According to Herencia et al. 

(2011) and Kleiber et al. (2013), in less favorable 

conditions during autumn, synthesis of N-poor mol-

ecules (e.g., polyphenols, cellulose, starch) may in-

crease dry matter content.  

 

Table 2. The differences in yield, dry matter content, and 

chemical properties of lettuce, according to the time of cul-

tivation (the data are presented as mean values ±SE calcu-

lated for all treatments in the seasons spring and autumn) 

 

Trait Spring Autumn 

Yield (kg m-2) 2.32 ± 0.07 a 1.75 ± 0.11 b 

Dry weight (%) 4.31 ± 0.06 b 7.67 ± 0.42 a 

Total sugars (%) 2.05 ± 0.05 b 2.49 ± 0.03 a 

Polyphenols 

(mg 100 g-1) 
21.5 ± 0.63 b 66.4 ± 7.42 a 

Nitrates (V) 672 ± 50 b 1.626 ± 152 a 

P (mg kg-1) 3.410 ± 150 b 4.420 ± 198 a 

K (mg kg-1) 42.866 ± 966 b 44.217 ± 2.994 a 

Mg (mg kg-1) 1.906 ± 39 b 2.440 ± 87 a 

Ca (mg kg-1) 4.696 ± 116 b 9.528 ± 383 a 

Values in a row followed by the same letter are not sig-

nificantly different according to the Duncan multiple 

range test at p = 0.05. 

A significant correlation between higher dry matter 

content and increased amount of macro- and micro-

nutrients in lettuce was observed by Fontanetti et al. 

(2001) and Koudela and Petříková (2008). In our 

study, the strongest accumulation in lettuce leaves 

was obtained for polyphenols, calcium, and nitrates 

(Table 2). Nitrate content in plants is mainly af-

fected by nitrogen fertilization and light intensity 

(Pavlou et al. 2007). It also varies with plant species 

and cultivar, and leafy green vegetables are the most 

sensitive to nitrate accumulation. In Poland, during 

autumn, light intensity and number of sunny days is 

limited. Under low-light conditions, lettuce may ac-

cumulate relatively large amounts of NO3− as a re-

sult of an excess uptake over reduction (Demšar et 

al. 2004). The seasonal differences in nitrates con-

tent for lettuce were observed in other experiments 

(Muramoto 1999; Herencia et al. 2011). In our 

study, organic lettuce harvested in October con-

tained over twofold more nitrates than in plants col-

lected in July. However, there is an opinion that or-

ganically grown vegetables have lower nitrate con-

tent than conventionally grown crops (Stopes et al. 

1989; Muramoto 1999; Herencia et al. 2011). 

 

CONCLUSIONS 

 

Application of the mixture of bacterial strains 

PZ9 and B125 at the early stage of lettuce growth 

increased young plants biomass for 45% compared 

to control. It suggests that this mixture of bacteria 

may be successfully used for transplants production. 

However, this strong beneficial effect was not pro-

longed during further growth of the lettuce in or-

ganic field. Finally, the yield was not affected by the 

used bacteria. The only trace of bacterial activity 

was higher nitrogen uptake in treated plants. Proba-

bly, the application of active bacteria only during 

transplants growth may not be sufficient to obtain 

better yield, and the treatments should be continued 

during vegetation. Moreover, three-year experi-

ment with lettuce grown in organic system has 

shown that cultivation of these plants in late season 

of vegetation (August–October) resulted in low 

yield quality. The lettuce heads were small and 

with high nitrates concentration. It is possible that 

lower light intensity and temperatures, typical for 
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this time, affected negatively growth and plants 

composition. Therefore, there is a question about 

the reasonability of lettuce cultivation in the late 

season of vegetation in Polish climatic condition. 
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