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Abstract: 
Cucumber (Cucumis sativus L.) is an important vegetable valued for its edible 
fruits and antioxidant properties. This study evaluated ten seed inoculation 
treatments of cucumber with plant growth-promoting (PGP) bacteria, Bacillus 
subtilis (two strains), Bacillus paralicheniformis, Bacillus safensis, Bacillus 
pumilus, Bacillus mojavensis, Microbacterium testaceum, Glutamicibacter 
halophytocola, Pseudomonas putida, and Enterobacter cloacae, on germination 
and early seedling development. A 7-day germination test assessed germination 
rate (GR), radicle and plumule length (RL, PL), fresh and dry weight (FW, 
DW), and vigor index (VI). Data were analyzed by one-way ANOVA and LSD 
tests. Glutamicibacter halophytocola showed the highest GR (91.7 ± 0.0%), RL 
(7.6 ± 0.9 cm), FW (127.5 ± 15.9 mg), and VI (867.8 ± 87.1) compared to the 
control (GR: 69.4 ± 12.7%, RL: 5.8 ± 0.6 cm, FW: 95.2 ± 17.7 mg, VI: 506.1 ± 
117.5). These findings indicate the potential to improve cucumber germination 
and seedling vigor for sustainable agriculture.
Key words: 
plant growth-promoting bacteria, cucumber, germination assay, sustainable 
agriculture
Apstrakt: 
Uloga korisnih bakterijskih inokulanata u unapređenju klijanja i ranog 
razvoja krastavca (Cucumis sativus L., porodica Cucurbitaceae)
Krastavac (Cucumis sativus L.) je važna povrtarska kultura zbog jestivih 
plodova i antioksidativnih svojstava. U ovoj studiji ispitivano je deset tretmana 
inokulacije semena krastavca bakterijama koje podstiču rast biljaka (PGPB), 
uključujući Bacillus subtilis (dva soja), Bacillus paralicheniformis, Bacillus 
safensis, Bacillus pumilus, Bacillus mojavensis, Microbacterium testaceum, 
Glutamicibacter halophytocola, Pseudomonas putida i Enterobacter cloacae, 
u cilju procene klijavosti i ranog razvoja sadnica. Sedmodnevni test klijanja 
obuhvatao je procenat klijanja (GR), dužinu radikule i plumule (RL, PL), 
svežu i suvu masu (FW, DW) i indeks vitalnosti (VI). Podaci su analizirani 
pomoću ANOVA i LSD testa. Glutamicibacter halophytocola je pokazao 
najveći GR (91,7 ± 0,0%), RL (7,6 ± 0,9 cm), FW (127,5 ± 15,9 mg) i VI 
(867,8 ± 87,1) u poređenju sa kontrolom (GR: 69,4 ± 12,7%, RL: 5,8 ± 0,6 cm, 
FW: 95,2 ± 17,7 mg, VI: 506,1 ± 117,5). Ovi rezultati ukazuju na potencijal za 
poboljšanje klijavosti krastavca i vitalnosti sadnica u održivoj poljoprivredi.

Ključne reči: 
bakterije koje podstiču rast biljaka, krastavac, test klijavosti, održiva 
poljoprivreda
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Introduction
Cucumber (Cucumis sativus L., family 
Cucurbitaceae) is a widely grown and economically 
significant vegetable crop. With a water content 
exceeding 90% and a naturally low caloric value, 
it is appreciated for its refreshing flavor and its 
applications in salads, pickled products, and 

traditional medicinal practices. It has antimicrobial, 
antioxidant, and metabolic benefits, supporting skin 
health and immune function (Sharma et al., 2020). 
However, despite its nutritional and medicinal 
significance, successful cultivation largely depends 
on optimal growing conditions and healthy seedling 
formation. Its germination and early seedling 
development are often limited by unfavorable 
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environmental conditions, soil-borne diseases, 
and nutrient deficiencies, which can reduce crop 
establishment and yield (Bewley & Black, 2013).

Improving seed germination and early growth 
is therefore essential for enhancing cucumber 
productivity and promoting more sustainable 
production. Good germination and early plant 
development significantly influence subsequent 
plant growth, which can reduce the need for 
fertilizers and pesticides (Ceritoglu et al., 2024). 
Reducing the use of synthetic fertilizers and 
pesticides is also important, as their excessive use 
can degrade soil health, disrupt microbial balance, 
contaminate water sources, and pose risks to human 
health and the environment (Savci et al., 2012). 
This can be achieved by eco-friendly approaches, 
such as applying beneficial bacteria that stimulate 
seed vigor, protect against pathogens, and enhance 
nutrient uptake (Yadav et al., 2017; Ahirwar et al., 
2020; Kartik et al., 2021).

Seed inoculation with plant growth-promoting 
bacteria (PGPB) has emerged as an effective 
strategy to enhance early plant development. By 
stimulating physiological processes within the 
seed and promoting colonization of beneficial 
microbes in the spermosphere (Taylor & Harman, 
1990), PGPB can improve seed performance even 
before germination. Natural microbial communities 
present on the seed surface can also penetrate 
internal tissues, while increased hydration efficiency 
shortens the imbibition process, collectively 
accelerating germination (Mahmood et al., 2016). 
These early interactions not only enhance seedling 
vigor but also suppress pathogenic microorganisms 
and strengthen overall plant resistance (Callan et al., 
1990; Mahmood et al., 2016). 

The growth-promoting effects of PGPB occur 
through both direct and indirect mechanisms. 
Directly, they produce phytohormones such as 
indole-3-acetic acid, gibberellins, and cytokinins, 
and facilitate the solubilization of nutrients like 
phosphorus and zinc (Hayat et al., 2010). Indirectly, 
they protect plants by suppressing phytopathogens 
through the production of antibiotics and 
siderophores or by inducing systemic resistance  
(Hassen et al., 2016; Islam et al., 2016). 

Several studies have demonstrated the positive 
effects of PGPB on cucumber germination. Pérez-
García et al. (2023) reported that cucumber seeds 
inoculated with selected beneficial bacteria had 
up to 20% higher germination and a 60% increase 
in seedling vigor. Similarly, Mangmang (2016) 
found that strains of Azospirillum brasilense, 
Herbaspirillum seropedicae, and Burkholderia 
phytofirmans improved germination and hypocotyl 
length in cucumber. Seeds treated with Bacillus 

subtilis and Pseudomonas fluorescens exhibited 
higher germination and improved root and shoot 
growth compared to controls (Islam et al., 2016; 
Sharma et al., 2023). 

The aim of this study was to evaluate the effects 
of ten bacterial isolates from the Soil Collection 
of Fertico (SCF, Inđija, Serbia) on cucumber 
(Cucumis sativus L.) germination and early seedling 
development. By assessing the plant growth–
promoting potential of these isolates and their 
influence on the initial stages of plant development, 
this research contributes to the development of 
environmentally sustainable, eco-friendly strategies 
to improve cucumber production.

Materials and Methods
Preparation of bacterial inoculants
Ten selected plant growth-promoting (PGP) 
bacterial strains from the Soil Collection of Fertico 
(SCF, Inđija, Serbia), preserved at –80 °C in glycerol 
stocks, were restored by streaking onto nutrient agar 
(NA, Himedia, India) and incubating overnight at 
28 °C. The strains were previously characterized 
for their plant growth-promoting (PGP) activities 
and identified through 16S rDNA sequencing 
(Anđelković et al., 2025), as detailed in Tab. 1.

All revitalized cultures were subsequently 
transferred into nutrient broth (NB, Himedia, India) 
and incubated at 28 °C with shaking at 150 rpm on a 
rotary shaker (E-20, Biosan, Latvia) for 24 h. After 
incubation, the cultures were centrifuged at 4000 
rpm for 5 min at 4 °C, washed twice with sterile 
sodium chloride (0.9% NaCl), and resuspended in 
the same solution. The bacterial suspensions were 
then adjusted to 0.5 McFarland using a turbidimeter 
(DEN-1, SIA Biosan, Riga, Latvia).

Seed surface sterilization
Cucumber (Cucumis sativus L., fam. Cucurbitaceae 
— cv. Dugi zeleni, Bioprodukt, Čačak, Serbia) 
seeds were visually selected for uniformity (size, 
shape, and color) and surface-sterilized to remove 
epiphytic microflora (Lupo et al., 2001) using 
sequential immersion in 80% (v/v) ethanol (1 min), 
4% sodium hypochlorite (2 min), and 80% (v/v) 
ethanol (30 s), followed by three rinses with sterile 
distilled water. The sterilized seeds were then dried 
on sterile filter paper under laminar airflow for 15 
min prior to inoculation.

Experimental design
Seed inoculation
Sterilized cucumber seeds were individually 
immersed in 1 mL of the respective bacterial 
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suspension (0.5 McFarland) for 60 min, with gentle 
shaking to ensure uniform coating of the seed 
surface. Control seeds were treated with sterile 
0.9 % NaCl solution under identical conditions. 
Sterile 0.9% NaCl solution is commonly used 
as an isotonic medium for bacterial maintenance 
and seed inoculation, and short-term exposure is 
generally not considered to impose significant stress 
on seeds (Mesa-Marín et al., 2019). Following 
inoculation, the seeds were air-dried on sterile 
filter paper under laminar airflow to remove  
excess moisture before germination.

The experiment included ten seed-inoculation 
treatments and a control. The treatments were: 
T1 – Bacillus subtilis SCF1, T2 – Bacillus 
subtilis SCF2, T3 – Bacillus paralicheniformis 
SCF3, T4 – Microbacterium testaceum SCF4, 
T5 – Glutamicibacter halophytocola SCF5, T6 
– Bacillus safensis SCF6, T7 – Bacillus pumilus 
SCF7, T8 – Bacillus mojavensis SCF8, T9 – 
Pseudomonas putida SCF9, and T10 – Enterobacter  
cloacae SCF10 (Tab. 1).

Germination assay
For each treatment, three replicates of 12 inoculated 
seeds were placed on sterile Whatman No. 1 filter 
papers moistened with 5 mL sterile distilled water 
in Petri dishes (90 mm diameter) and incubated in a 
growth chamber at 25 ± 2 °C under a 12 h light/12 
h dark photoperiod. Sterile water was added when 

necessary to maintain proper moisture levels.
Seed germination was assessed after 7 days, 

with seeds classified as germinated when the radicle 
reached at least 2 mm in length, and the plumule was 
visibly developed. The total numbers of germinated, 
abnormal, and non-germinated seeds were recorded. 
Germination rate (GR) was calculated using the 
formula described by Fahsi et al. (2021): 

Assessment of seedling growth parameters
At the end of the experiment (seventh day), all 
normally germinated seedlings were further 
evaluated by measuring radicle and plumule length 
(in cm), fresh weight (in mg), and dry weight (in 
mg) (after drying at 60 °C for 24 h). Early seedling 
development was quantified using the vigor index, 
which reflects both germination and initial seedling 
growth. The vigor index (VI) was determined 
following Sharma et al. (2023) using the formula:

Statistical analysis
Data were analyzed using one-way analysis of 
variance (ANOVA), and treatment means were 
compared using the LSD test at p<0.05. All statistical 
analyses were performed using SPSS software (IBM 
SPSS Statistics, Version 19.0).

Seed treatment Strain (SCF) Plant Growth-Promoting (PGP) Characteristics

C (Control)

T1 Bacillus subtilis SCF1 Ammonia and siderophore production

T2 Bacillus subtilis SCF2 Siderophore production

T3 Bacillus paralicheniformis SCF3 Biofilm formation; indole acetic acid (IAA) production

T4 Microbacterium testaceum SCF4 Phosphorus solubilization; IAA production

T5 Glutamicibacter halophytocola SCF5 IAA production

T6 Bacillus safensis SCF6 Ammonia, hydrogen cyanide (HCN), and IAA 
production; phosphorus solubilization

T7 Bacillus pumilus SCF7 Phosphorus solubilization

T8 Bacillus mojavensis SCF8 IAA production

T9 Pseudomonas putida SCF9 Ammonia and HCN production; 1-aminocyclopropane-
1-carboxylate (ACC) deaminase activity

T10 Enterobacter cloacae SCF10 Ammonia, siderophore, biofilm, and IAA production; 
phosphorus solubilization

Table 1. Bacterial strain from the Soil Collection of Fertico (SCF) used in cucumber seed inoculation and 
their plant growth-promoting (PGP) characteristics (Anđelković et al., 2025)
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minimal increase in radicle length (6.0 ± 1.4 cm). In 
contrast, the treatments did not affect plumule length 
(PL), which was slightly higher than the control in 
all treatments except T6. However, these differences 
were not statistically significant (Tab. 3). 

Fresh weight (FW) was significantly affected 
by the treatments, with the highest values observed 
in T7 (133.8 ± 9.8 mg), followed by T10 (133.0 ± 
4.4 mg) and T5 (127.5 ± 15.9 mg), all statistically 
different from the control (95.2 ± 17.7 mg) (Tab. 3). 
The other treatments resulted in slight increases in 
fresh weight, but these changes were not statistically 
significant. Treatments T5 and T10 also produced 
the highest seedling dry weight (DW) (18.3 ± 1.0 
and 18.2 ± 1.8, respectively), although these values 
were not statistically different from the control 
(17.4 ± 1.9, Tab. 3). All other treatments, except 
T4, resulted in only slight increases in seedling dry 
weight. Fig. 2 shows seedlings from the control 
group and the T5 treatment, which produced the 
best results for seedling morphological parameters, 
clearly demonstrating that T5-treated seedlings 
exhibited significantly enhanced development. 

The vigor index (VI) displayed a treatment-
dependent pattern similar to that observed for 
germination rate. Treatment T5 had the highest vigor 
index value (867.8 ± 87.1), followed by T8, T1, 
T10, and T3 (Fig. 3). All other treatments resulted in 
values that were not significantly different from the 
control (506.1 ± 117.5). 

Discussion
This study highlights the significant impact of 
inoculating cucumber seeds with selected PGPB 

Results
This study examined the effects of ten bacterial 
strains with different PGP traits on cucumber seed 
germination and early seedling development. 
The results revealed significant variations in 
germination rate, seedling growth, and vigor  
among the different treatments.

The treatments affected germination, with 
varying numbers of germinated, abnormal, and non-
germinated seeds observed, with varying among 
treatments (Tab. 2). In all treatments except T7, the 
number of germinated seeds was higher than in the 
control group, while the number of abnormal seeds was 
lower. The highest number of abnormal seeds (7) was 
found in both the control group and the T7 treatment, 
while slightly higher numbers of abnormal seeds (4)  
were recorded in the T1 and T2 treatments. 

Treatments T5 and T8 resulted in the highest 
germination rate (both 91.7%) compared with the 
control (69.4 ± 12.7%) (Fig. 1). Treatments T1, T2, 
and T3 also had a positive effect on germination, 
with significantly higher germination rates than 
the control. Treatments T4, T6, T9, and T10 led 
to moderate, but statistically non-significant, 
improvements in germination rate.

Radicle length (RL) and fresh weight (FW) 
were the parameters most affected by bacterial 
inoculations, as shown in Tab. 3. Treatment T5 
induced the greatest radicle elongation (7.6 ± 0.9 
cm), while treatments T1, T2, T3, T4, T6, T8, T9, 
and T10 promoted moderate increases in radicle 
length that were not statistically different from the 
control (5.8 ± 0.6 cm). Treatment T7 resulted in the 

Treatment
Total 

number of 
germinated 

seeds*

Total 
number of 
abnormal 

seeds*

Total number of 
non- germinated 

seeds*

C 25 7 4
T1 32 4 0
T2 31 4 1
T3 31 2 3
T4 29 3 4
T5 33 2 1
T6 29 2 5
T7 24 7 5
T8 33 1 2
T9 30 1 5
T10 30 2 4

Table 2. Effect of bacterial treatments on cucumber 
seed germination

three replicates
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Fig. 1. Influence of bacterial treatments on germi-
nation rate (GR%) of cucumber seeds after 7 days. 
Results are expressed as means ± standard devia-
tions of three replicates. Different letters indicate sig-
nificant differences among treatments (ANOVA, LSD 
test, p<0.05).
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strains from the SCF collection 
on germination and early seedling 
development. The improvements 
observed in germination rate, 
morphological parameters, 
and vigor index suggest that 
these strains enhance seedling 
performance, potentially through 
PGP mechanisms.

Among all treatments, G. 
halophytocola SCF5 promoted the 
highest germination rate, radicle 
elongation, fresh weight, and vigor 
index, indicating a strong capacity to 
enhance seedling development. The 
strain G. halophytocola SCF5 has 
the ability to synthesize IAA (Tab. 
1), which probably contributed 
to its favorable effect on seed 
germination. IAA acts as a signaling 
molecule in seeds, accelerating 
metabolic activity by activating 
hydrolytic enzymes, intensifying 
energy metabolism, stimulating 
DNA, RNA and protein synthesis, 
and promoting cell growth, 
ultimately leading to enhanced germination and 
stronger early seedling development (Davies, 2004; 
Elhaissoufi et al., 2020). Root growth is crucial for 
seedling development, as robust radicle formation 
directly supports more efficient water and nutrient 
uptake during early seedling development, which in 
turn enhances overall plant vigor, promotes faster 
shoot growth, and increases the seedling’s ability 
to withstand environmental stresses (Wang, 2016). 
The observed increase in fresh weight suggests 
that SCF5 stimulates not only root elongation but 
may also promote cell growth, potentially through 
its ability to synthesize IAA (Zhao, 2010). Since 
differences in dry weight remain minimal after 7 
days of germination, the observed increase in fresh 
weight can be mainly attributed to enhanced water 
uptake mediated by the more developed root. As 
previously documented, IAA production and the 
activity of phosphate-solubilizing bacteria primarily 
enhance root development during the initial stages 
of seedling growth, thereby improving water 
uptake and overall seedling vigor (Davies, 2004; 
Elhaissoufi et al., 2020). The positive correlations 
among germination rate, radicle length, and vigor 
index indicate a synergistic relationship among 
these parameters, in which improvements in one 
aspect of growth enhance the overall strength 
and resilience of seedlings. These findings align 
with earlier reports showing that PGPB enhances 
germination and vigor in cucumber (Mangmang et 

Treatment PL 
(cm)

RL
(cm)

FW
 (mg)

DW
 (mg)

C 1.5 ± 0.1 a 5.8 ± 0.6 a   95.2 ± 17.7 a 17.4 ± 1.9 a

T1 1.6 ± 0.2 a 6.4 ± 0.4 ab 109.3 ± 6.3 abc 18.0 ± 0.4 a

T2 1.6 ± 0.2 a 6.2 ± 0.3 a 100.0 ± 28.1 a 18.0 ± 0.4 a

T3 1.7 ± 0.2 a 6.4 ± 0.5 ab 105.2 ± 2.8 ab 17.4 ± 1.1 a

T4 1.6 ± 0.1 a 7.0 ± 1.2 ab 103.2 ± 17.2 ab 17.0 ± 0.8 a

T5 1.8 ± 0.1 a 7.6 ± 0.9 b 127.5 ± 15.9 bc 18.3 ± 1.0 a

T6 1.5 ± 0.4 a 6.2 ± 1.3 ab   99.8 ± 4.5 a 17.8 ± 2.0 a

T7 1.7 ± 0.2 a 6.0 ± 1.4 a 133.8 ± 9.8 c 17.5 ± 0.7 a

T8 1.7 ± 0.2 a 6.4 ± 0.4 ab 100.3 ± 22.0 a 18.1 ± 2.0 a

T9 1.7 ± 0.2 a 6.4 ± 0.4 ab 100.3 ± 22.0 a 18.1 ± 2.0 a

T10 1.8 ± 0.2 a 6.7 ± 1.2 ab 133.0 ± 4.4 c 18.2 ± 1.8 a

Table 3. Effect of bacterial treatments on seedling growth parameters 
of cucumber

PL — plumule length; RL — radicle length; FW — fresh weight of 
seedling; DW — dry weight of seedling. The results for PL, RL, FW, 
and DW are expressed as the means ± standard deviations of three 
replicates, and the different letters show that values are significantly 
different (ANOVA, LSD test, p ˂ 0.05) among treatments.

Fig. 2. Comparison of seedlings between 
non-inoculated cucumber seeds (control) 
and seeds inoculated with Glutamicibacter  
halophytocola SCF5 (T5)
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al., 2016). Additionally, Pérez García et al. (2023) 
reported that seed inoculation of cucumber with 
Acinetobacter radioresistens stimulated radicle and 
plumule growth, resulting in higher germination 
rates and enhanced seedling vigor.

The beneficial effects of G. halophytocola 
and related strains have been documented in 
various plant species. Xiong et al. (2019) showed 
that inoculation of tomato seedlings with G. 
halophytocola enhanced plant performance under 
salinity by increasing biomass, stimulating root 
growth, elevating proline accumulation, boosting 
antioxidant enzyme activity, and improving ion 
homeostasis, thereby mitigating salt-stress damage. 
Chen et al. (2023) reported improved tomato seed 
germination and early seedling development, with 
increased plant height, root length, and the number 
of fibrous roots, under stress conditions following 
inoculation with G. halophytocola. Inoculation with 
Glutamicibacter sp. enhanced shoot dry weight, 
shoot proline, polyphenols, K⁺, N, and the K⁺/Na⁺ 
ratio, while reducing Na⁺ accumulation, contributing 
to the tolerance of Suaeda fruticosa L. to high salinity 
(Hidri et al., 2022, 2025). Likewise, co-inoculation 
of Azospirillum and Bacillus strains synergistically 
enhanced plant growth-promoting traits, including 
seed germination, root development, and seedling 
vigor, in pearl millet (Pennisetum glaucum L.) 
under both normal and moisture-deficient conditions 
(Yaadesh et al., 2023).

The strains B. subtilis SCF1, B. paralicheniformis 
SCF3, and B. mojavensis SCF8 also significantly 
increased germination rate and vigor index in 
seeds. This effect can be explained by their ability 
to solubilize phosphate and produce IAA (Tab. 
1). Similar growth-promoting effects of bacteria 
that can produce IAA and solubilize phosphate on 

germination and seedling vigor have been previously 
reported (Bahadir et al., 2018; Fiodor et al., 2023), 
supporting the role of these bacterial mechanisms in 
improving overall seedling performance.

The increased fresh biomass, along with a 
higher number of abnormal seedlings and reduced 
germination in the B. pumilus SCF7 treatment, may 
be associated with hormonally mediated effects, such 
as excessive or unbalanced hormonal production, 
leading to developmental abnormalities (Dobrzyński 
et al., 2022). Variable responses across PGPB 
treatments may also reflect strain-dependent effects, 
dosage effects, and differences in seed colonization 
efficiency (Swarnakar & Chakraborty, 2025).

Fresh seedling weight and vigor index were 
also markedly increased in the Enterobacter 
cloacae SCF10 treatment. Enterobacter cloacae is 
considered a potential opportunistic pathogen and 
falls under biosafety level 2 according to the French 
and German risk group classifications. Therefore, 
despite its previously demonstrated PGP activity 
(Tab. 1), its application in conventional agricultural 
practices requires caution and thorough evaluation.

On the other hand, plumule length and dry 
weight did not differ significantly across treatments 
compared to the control. This might indicate that the 
benefit of inoculation is more pronounced in the root 
system than in shoot elongation at this early growth 
stage. It has been reported that seed inoculation 
primarily affects root development, as PGPB 
capable of solubilizing phosphate or producing IAA 
stimulate root elongation and branching, thereby 
enhancing nutrient and water uptake (Davies, 2004). 
Differences in plumule length and seedling dry 
weight, related to photosynthesis and shoot biomass 
accumulation, usually become apparent only after a 
longer seedling growth period (Davies, 2004). 

Conclusion
The significant improvements in germination rate, 
radicle length, fresh biomass, and vigor index under 
selected strains from the SCF collection highlight 
the potential of these PGP bacterial inoculants to 
enhance germination and early cucumber seedling 
establishment. These results emphasize the value 
of these bioinoculants in promoting sustainable 
agriculture by reducing reliance on chemical inputs, 
improving nutrient use efficiency, and supporting 
robust, uniform crop establishment. Co-inoculation 
of G. halophytocola with additional bacterial strains 
that promote growth during later developmental 
stages and under field conditions could further 
improve overall plant performance. Future research 
should investigate the long-term effects of these 
bacterial treatments on plant growth, yield, and 
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Fig. 3. Effect of bacterial treatments on vigor 
index (VI) of cucumber seeds after 7 days. 
Results are expressed as means ± standard 
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indicate significant differences among treatments  
(ANOVA, LSD test, p<0.05)



119

BIOLOGICA NYSSANA ● 17 (1) June 2026: Anđelković et al. ● Influence of Beneficial Bacterial Inoculants on 
Cucumber (Cucumis sativus L.) Germination and  

Early Seedling Development
resilience to biotic and abiotic stresses.
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