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The biotechnological potential of Streptomyces ambofaciens is highly strain-dependent, yet practical evaluations of how dif-

ferent strains influence the effects of microbial complexes used for agricultural bioformulations remain unstudied. In this investi-

gation, we evaluated two microbial complexes differing only in their Streptomyces component: complex A1 containing 

S. ambofaciens ONU 1016, and complex A3 containing S. ambofaciens ONU 561, both combined with Bacillus subtilis ONU 

1125 and Trichoderma harzianum LBX-181. Barley grains were inoculated with microbial suspensions across a concentration 

range to reveal how Streptomyces strain selection affects complex-mediated plant growth responses. Our findings showed that 

S. ambofaciens strains acted differently when applied alone versus in microbial complexes, reshaping the plant growth responses. 

S. ambofaciens ONU 1016 and ONU 561, as single inoculants, increased the fresh weight of the barley seedlings by 9.0–51.4% 

when applied as 75% suspensions. This gain in weight was the result of ability of the studied strains to increase leaf area and 

height of the barley seedlings at this concentration. PCA showed that the effects of S. ambofaciens ONU 1016 and ONU 561 on 

plant growth, similar at 10–50% concentrations (distance in PCA space 0.1–0.5), began to diverge when 75% suspensions were 

applied: ONU 1016 acted evenly across height, leaf area, and roots, whereas ONU 561 shifted away from root promotion, with 

the distances between them in PCA space 1.7 at 75% and 2.1 at 100%. When included into microbial complexes with B. subtilis 

ONU 1125 and T. harzianum LBX-181, differences in phytostimulatory effects became more pronounced. The A1 complex 

consistently promoted both aboveground biomass and roots at all concentrations, although increases in fresh weights were signif-

icant only at 10% and 25%. The A3 complex increased fresh weight only at 10% due to improved leaf growth, but at higher 

concentrations it only promoted root development while suppressing aboveground biomass growth. PCA confirmed that the A1 

and A3 were far apart, with distances of 4.0–5.4 across concentrations, reflecting their fundamentally different orientations. Thus, 

the inclusion of either strain determines whether multi-microbial mixtures support balanced plant growth (A1) or only root-

focused responses (A3). The selection of an appropriate S. ambofaciens strain is crucial for enhancing the performance of micro-

bial fertilizers.  

Keywords: plant growth promotion; barley; mono-strain inoculants; multi-species inoculants; biofertilizers.  

Introduction  

 

Among plant growth promoting bacteria (PGPB) strain-specific 
differences are known (Matselyukh et al., 2020; Ramírez-Pool et al., 
2024; Kulik et al., 2025). Multi-strain or multi-species inoculants for 
plant growth promotion are carefully investigated with regard to the 
character of interactions between their participants (Prigigallo et al., 
2023). Consortia demonstrating microbial synergy are selected for 
greenhouse and field experiments. Such complexes can exert much 
stronger beneficial influences than their single components. Thus, 

global meta-analysis of 51 live-soil studies showed that microbial 
complexes improved plant growth by 48% and pollution remediation 
by 80%, whereas the effects of single-strain inoculants did not reach 
such a high extent, although they were also very favorable: 29% and 
48%, respectively (Liu et al., 2023). Microbial consortia do not be-
have like the average effects of their participants – complex, subtle re-
lations between microorganisms make the actions of multi-strain 
complexes unique (Sharma et al., 2025).  

Being known as PGPB, Streptomyces act as effective stimulators 

and protectors by producing beneficial compounds (Kirubakaran 
et al., 2025), promoting plant- and soil-beneficial microbiota (Gates 
et al., 2023; Sun et al., 2025), and by activating plant defense systems 
(Ankati et al., 2021) alone and in consortia (Dev et al., 2024). Thus, 
Streptomyces sp. STD57 showed antagonistic activity against Ral-
stonia solanacearum and enhanced growth of tomato, wheat and rice 
via the synthesis of indoleacetic acid (IAA) (He et al., 2024). Im-
provement of tobacco seedling development by almost 100% was 

explained by the action of antifungal volatile compounds 2,4-bis(1,1-
dimethylethyl)-phenol and hexanedioic acid dibutyl ester produced by 

Streptomyces sp. TOR3209. Presence of these compounds regulated 
the expression of genes in plant genomes (He et al., 2022). Different 

strains of Streptomyces were able to solubilize phosphorus and pro-
duce siderophores (Orouji et al., 2023).  

Strain-specific differences of Streptomyces determine the possi-
bility of using certain inoculants in agriculture. For instance, strain 
S. microflavus AtB-42 could exhibit beneficial synergistic activity 
(Staropoli et al., 2021) or antagonistic activity with different strains of 
T. harzianum (Prigigallo et al., 2023). Among 17 Streptomyces 
strains, four strains increased the dry weight of cucumber roots and 

shoots. Three of these strains were able to solubilize phosphorus and 
produce siderophores, and all synthesized IAA. Use of the strain 
SS12 with the best activity made it possible to reduce the dosage of 
NPK fertilizers and increase the yield of fruits by 40% (Orouji et al., 
2023).  

Despite vast genome analyses conducted for several S. ambo-
faciens strains (Nguyen et al., 2010; Fondi et al., 2017), information 
about the diversity and biotechnological potential of this species is 
still scarce in the literature. It is known that strains of S. ambofaciens 

differ in antagonistic activity (Potapenko et al., 2025). S. ambofaciens 
S-2 was effective against Colletotrichum gloeosporioides in red chilli 
fruits (Heng et al., 2015). S. ambofaciens HCIG17 synthesized IAA 
but did not show the ability for phosphate mobilization (Özdemir Ko-
çak, 2019). In contrast, S. ambofaciens 63 was characterized by phyt-
ate-degrading activity (Ghorbani-Nasrabadi et al., 2012). Thus, inves-
tigations into the biotechnological potential of S. ambofaciens strains 
remain highly relevant today.  

Representatives of the Bacillus genus tend to enhance plant 
growth and soil health when mixed in corsortia, including the mono-
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genus complexes (Ali et al., 2021; Liu et al., 2025). Treatment with 
Streptomyces pactum Act12 and consortium of bacilli, including B. 
subtilis and B. licheniformis in a ratio 1:1, improved uptake of metals 

in polluted soil, increased content of enzymes, and promoted plant-
based bioremediation (Ali et al., 2021).  

Moreover, consortia including Bacillus, Streptomyces, and other 
PGPB are known to influence the plant microbiome by changing the 
number of certain bacterial and fungal groups, shifting toward the 
thriving of beneficial microorganisms (Schmidt et al., 2014; Vuolo 
et al., 2022). A consortium based on eight strains of Streptomyces and 
Bacillus promoted plant growth, increased availability of nutrients in 

soil, inhibited phytopathogens, and enhanced the amount of beneficial 
microorganisms in experiments with apple seedlings (Qiao et al., 
2024).  

Fungi of the Trichoderma genus are part of many commercial 
formulations – both mono-species and poly-species consortia (Jin & 
Alberti, 2025), and new strains with effective properties are currently 
being discovered (Kuang et al., 2024). In consortia and in soil Tricho-
derma species interact with numerous microbiota representatives, par-

ticipating in bacterial-bacterial or fungal symbioses (Reid & Gifford, 
2024).  

Trichoderma and Streptomyces enhanced plant biomass accumu-
lation and increased the content of nutraceutical metabolites 
(Staropoli et al., 2021; Kabir et al., 2024). Complexes of Trichoderma 
and Bacillus spp. improved plant health, growth, and resilience to 
stress, as shown, for instance, in the remediation of saline soils (San-
toyo et al., 2024). Treatment of seeds with a complex of B. subtilis 

and T. harzianum clearly enhanced the biomass and height of soy 
bean plants, and positively affected the Rhizobiaceae (Rigobelo et al., 
2024).  

The aim of our research was to investigate the strain-dependent 
differences in Streptomyces ambofaciens included in two microbial 
complexes with bacilli and trichodermas.  

 

Materials and methods  

 

Streptomyces ambofaciens ONU 1016 and S. ambofaciens ONU 
561 were initially isolated from mussels Mytilus galloprovincialis ga-
thered in the Black Sea, Odesa Bay, and B. subtilis ONU 1125 – from 
the deep bottom sediments of the northern-western part of the Black 
Sea (Shtenikov et al., 2018). Trichoderma harzianum LBX-181 was 
isolated at the Scientific and Production Association 'AgroBioInnova-
tion'. These strains were chosen as microbial fertilizers due to their sa-
fety and significant antagonistic activity (Shtenikov et al., 2018; An-

driushchenko et al., 2024).  
The complexes named “A1” and “A3” included B. subtilis ONU 

1125 and T. harzianum LBX-181, and differed in Streptomyces 
strains: A1 included S. ambofaciens ONU 1016, while A3 included 
S. ambofaciens ONU 561.  

Bacilli were cultivated for three days, and Streptomyces – for 
7 days, in a liquid nutritional medium containing (g/L): corn extract – 
25.0; beetroot molasses – 25.0; malt extract– 20.0; yeast extract – 

15.0; demineralized whey – 12.0; KH2PO4 – 2.0; K2HPO4 – 1.5; 
KNO3 – 5.0; MgSO4 – 0.5; FeSO4 – 0.01; rapeseed oil-based antifoa-
ming agent – 0.001; pH 6.5–7.0. Conditions of cultivation: 28 ± 1 °C, 
210 rpm.  

Trichoderma were cultivated on wheat bran for four days at 
+28 ± 1 °C, and subsequently washed with sterile distillated water 
(SDW).  

Bacterial cells and conidias were adjusted to 109 CFU/mL using 

SDW. Such suspensions, containing cultural liquid, cells and spores, 
were used for treatment of the grains alone and in complexes (1:1:1 
ratio) at different percentages.  

Spring barley (Hordeum vulgare L.), cultivar "Irina", grains were 
treated for 15 min with mono-strain or poly-species suspensions, and 
then sown in soil-filled trays (Chernozem soil) in ThermoStable GC-
1000 plant growth chambers.  

Each variant of treatment included 1000 grains. The next variants 

were simultaneously investigated:  
– water control (grains were soaked in SDW);  

– S. ambofaciens ONU 1016 (10%, 25%, 50%, 75%, 100%);  
– S. ambofaciens ONU 561 (10%, 25%, 50%, 75%, 100%);  
– B. subtilis ONU 1125 (10%, 25%, 50%, 75%, 100%);  

– T. harzianum LBX-181 (10%, 25%, 50%, 75%, 100%);  
– A1 complex (10%, 25%, 50%, 75%, 100%);  
– A3 complex (10%, 25%, 50%, 75%, 100%).  
Temperatures in the cultivation chambers ranged from +18 ± 

1 °C at night to +25 ± 1 °C during the day, and relative air humidity 
was maintained at 50%. Lighting conditions corresponded to the pho-
toperiod typical for April and were controlled automatically.  

Three independent experiments were carried out with all variants 

mentioned above.  
Seedlings were randomly selected (100 from each variant) on the 

5th, 7th, 10th, 13th, 16th, 19th, 22nd, and 25th days of the experi-
ment. Fresh weight of the whole plant (g), height (mm), root length 
(mm) and leaf area (mm²) were estimated. Leaf area was evaluated as:  

leaf area = leaf length × leaf width × 0.65 (Yuvchyk, 2023).  
Mean values (x) ± standard errors (SE) were calculated across 

three independent experiments (n = 300). A one-way analysis of va-

riance (ANOVA) with Tukey’s Honest Significant Difference (HSD) 
test (P < 0.05) was performed separately for each experimental day to 
evaluate treatment effects.  

Principal component analysis (PCA) was applied to the standard-
ized mean values of the measured traits in order to reduce the dataset 
into two main components (PC1 and PC2). The proportion of total 
variance explained by each component was determined. A PCA bi-
plot was then constructed to illustrate both the treatment centroids and 

the corresponding feature vectors (arrows). To improve interpretabil-
ity, the feature vectors were scaled in relation to the PCA scores.  

Scipy.stats, Math, Pandas, Sklearn.decomposition, Numpy, Mat-
plotlib, and Seaborn libraries in Python 3.9 (Python Software Founda-
tion, USA, 2024) were used for analysis and graphical outputs.  

 

Results  

 
The effect of microbial suspensions – both mono- and polyspeci-

es – clearly depended on the concentration of the inoculum used. 
When comparing the average root length of seedlings on the final, 
25th day of the experiment, treatment with the A3 complex resulted 
in 30.0–48.0% improvement in average root length at suspension 
concentrations of 25–75% (Fig. 1).  

The A1 complex was efficient at all applied concentrations, incre-
asing root length by 55.1–102.0%. The best result was obtained with 
the suspension of 25% concentration.  

When investigating the dynamics of root growth, at all concentra-
tions except 25%, the influence of the A1 complex occurred earlier 
than that of the A3 complex, starting already on the 5th day – the first 
time point of the experiment. At 25% concentration, by contrast, the 
effect of the A3 complex appeared earlier and was equal to or higher 
than that of the A1 until the 19th day of the experiment.  

As for S. ambofaciens alone, in contrast to the complexes, both 
strains were not effective in enhancing root length. T. harzianum 

LBX-181 alone showed a root growth-promoting effect at 25–50% 
(16.0–27.6% increase, respectively). Higher concentrations were not 
effective. Inoculation of seeds with B. subtilis ONU 1125 enhanced 
root growth by 32.4–58.0% when suspensions of 25–75% concentra-
tions were applied. A 100% concentration decreased the average root 
length of barley seedlings.  

Average height of barley seedlings increased after treatment of 
seeds with all tested concentrations of the A1 complex. In contrast, 

application of the A3 complex retarded plant height (Fig. 2).  
Surprisingly, the same decreasing effect was observed in seed-

lings after the treatment with low (10%, 25%) concentrations of mo-
no-strain suspensions (S. ambofaciens ONU 1016 and ONU 561), 
while treatment with 50–75% concentrations had a clear positive ef-
fect. In the case of S. ambofaciens ONU 1016, the increase reached 
19.3–23.5%, in the case of S. ambofaciens ONU 561 – 26.0–34.0%. 
S. ambofaciens ONU 1016 alone also improved seedling height by 

34.5% at 100% of suspension.  
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Fig. 1. Effect of barley grain inoculation with microbial suspensions at different concentrations (a – 10%, b – 25%, c – 50%, d – 75%, e – 100%) 
on the average root length of seedlings (x ± SE; n = 300): different letters above the bars indicate statistically significant differences between 

treatment variants within each day (P < 0.05, one-way ANOVA with Tukey’s HSD test)  

 

Fig. 2. Effect of barley grain inoculation with microbial suspensions at different concentrations (a – 10%, b – 25%, c – 50%, d – 75%, e – 100%) 
on the average height of seedlings (x ± SE; n = 300): different letters above the bars indicate statistically significant differences between treatment 

variants within each day (P < 0.05, one-way ANOVA with Tukey’s HSD test)  
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The mono-species suspension of B. subtilis ONU 1125 inhibited 
barley height at all concentrations, whereas T. harzianum LBX-181 
had a positive impact on this morphological parameter at 25–100% 

concentrations of the fungal suspension.  
Treatment with the A1 complex at concentrations of 10–75% in-

creased the average leaf area by 18.4–45.0% (Fig. 3).  
The A3 complex positively influenced this morphological trait 

only at 10% of suspension, resulting in a 26.1% increase, whereas 
higher concentrations of the A3 reduced average leaf area.  

Mono-strain treatment with S. ambofaciens ONU 1016 was ef-
fective at 75% suspension, enhancing leaf growth by 34.1%. Impro-

vement after the treatment with S. ambofaciens ONU 561 reached 
12.6–14.0% at 50–75% concentrations of bacterial suspensions 
(Fig. 3).  

Inoculation of grains with 10–75% suspension of B. subtilis ONU 
1125 led to 10.0–23.1% increase in average leaf area per plant. Treat-
ment with 25–75% suspension of T. harzianum LBX-181 resulted in 

11.1–45.0% enhancement of leaf area growth.  
On the final day of the experiment, the gain in fresh weight after 

the treatment with 10% suspension was nearly the same – 11.2% and 
12.2% for the A1 and A3 complexes, respectively (Fig. 4).  

However, investigation of growth dynamics showed that the 
sharp increase in weight caused by the A1 complex at 10% occurred 
as early as the 5th day, whereas the phytostimulating activity of the 
A3 complex was first detected on the 13th day. Starting from this 

time point, the effects of the two complexes on seedling fresh mass 
followed similar patterns, with stable growth enhancement from the 
22nd day (Fig. 4).  

 

 

Fig. 3. Effect of barley grain inoculation with microbial suspensions at different concentrations (a – 10%, b – 25%, c – 50%, d – 75%, e – 100%) 

on the average leaf area of seedlings (x ± SE; n = 300): different letters above the bars indicate statistically significant differences between  
treatment variants within each day (P < 0.05, one-way ANOVA with Tukey’s HSD test)  

Increasing concentrations of the inoculate revealed different phy-
tostimulating potentials of the studied complexes. Treatment of seed-
lings with 25% suspension retarded the promoting effect of the A1, 
which appeared only on the 13th day, whereas the enhacement due to 
the A3 complex occurred earlier – starting from the 7th day – but dis-
apperead by the 16th day of the experiment. Further increases in con-

centration (50%, 75%, 100%) had a negative effect in the case of the 
A3 complex, preventing the manifestation of its stimulating activity 
on any day of the experiment. In the case of the A1 complex, phyto-
stimulatory activity with a fresh weight gain of 26.2% was detected at 

25% concentration. Higher concentrations did not produce a clear 
promoting effect, as the average weight was not significantly different 
from  that of the water control.  

Mono-strain treatments had different impacts clearly depending 
on concentration. At 10% and 100%, a decrease in weight was detec-
ted in case of all inoculates. Mono-strain treatments with S. ambofaci-

ens ONU 1016 and S. ambofaciens ONU 561 showed similar dyna-
mics at 10%, 25%, 50%, whereas at 75% and 100% the results of the 
two treatments belonged to statistically different groups. S. ambofaci-
ens ONU 1016 had the strongest stimulating effect on fresh weight at 
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75%, while at this concentration S. ambofaciens ONU 561 did not 
differ significantly from the water control. T. harzianum LBX-181 
was effective only at 25%, and B. subtilis ONU 1125 promoted fresh 

weight of the plants at concentrations of 25–75% (Fig. 4).  
PCA revealed that S. ambofaciens ONU 561 and ONU 1016 

clustered closely at low doses but diverged strongly at higher ones 
(Fig. 5). At 10% both strains occupied close positions in PCA space 
(ONU 1016: PC1 = –1.74, PC2 = –0.98; ONU 561: PC1 = –1.85, 

PC2 = 0.03) indicating similar effects on seedlings. At 25% and 50%, 
they remained nearly indistinguishable (PC1 separation < 0.5; PC2 
separation < 0.2), which allowed us to suggest that at these concentra-

tions their contributions to plant growth were very close.  
However, at 75%, their profiles began to diverge sharply with 

ONU 561 (PC1 = –0.50, PC2 = –1.39) shifted in the opposite directi-
on from root promotion as compared to ONU 1016 (PC1 = –1.78, 
PC2 = –0.20). At 100% this divergence was the greatest.  

 

 

Fig. 4. Effect of barley grain inoculation with microbial suspensions at different concentrations (a – 10%, b – 25%, c – 50%, d – 75%, e – 100%) 
on the average fresh weight of seedlings (x ± SE; n = 300): different letters above the bars indicate statistically significant differences  

between treatment variants within each day (P < 0.05, one-way ANOVA with Tukey’s HSD test)  

The A1 complex consistently aligned with both aboveground 
plant biomass and root vectors (for instance, PC1 = 2.75, PC2 = 1.08 

at 25%; PC1 = –1.56, PC2 = 2.06 at 75%), showing improvements 
across all traits at all concentrations except 100% (Fig. 5).  

In contrast, the A3 complex separated along the root axis at the 
majority of concentrations (for instance, PC1 = –1.11, PC2 = 2.02 at 
25%; PC1 = –2.45, PC2 = 1.34 at 100%), showing strong root pro-
motion (Fig. 5). Other traits (leaf area and fresh weight) were clearly 
promoted only after the treatment with 10% of suspension. Surpris-
ingly, at this concentration root growth was not stimulated.  

 

Discussion  

 
Strain-specific differences of S. ambofaciens are known (Ghorba-

ni-Nasrabadi et al., 2012; Özdemir Koçak, 2019; Potapenko et al., 
2025), still the information about this species remains scarce. In our 
study, concentration was a key in barley seed treatment. Both S. am-
bofaciens strains improved fresh weight (increase of 9.0–51.4%) 

when applied as 75% mono-strain inoculates. This reflected their abi-
lity to increase leaf area (12.6–34.1%) and height (19.3–26.0%) of the 

seedlings at 75% concentration. When lower or higher amounts of 
cells were applied for seed treatment, no improvement of fresh weight 
was observed.  

S. ambofaciens ONU 1016 was more effective in increasing the 
average height of the seedlings, reaching a 34.5% gain at 100% of 
inoculate concentration. Despite the similarity in weight gain at 75%, 
PCA revealed that while the effects of S. ambofaciens strains on plant 
growth were very close at lower concentrations, they began to diverge 

at 75%. S. ambofaciens ONU 1016 influenced all the studied mor-
phological traits – average height, leaf area, and root length of the 
seedlings – in a more balanced way (PC1 = –1.78, PC2 = –0.20), 
whereas S. ambofaciens ONU 561 diverged in the opposite direction 
from root growth enhancement (PC1 = –0.50, PC2 = –1.39). Thus, 
with increasing concentrations, the difference between the effects of 
the studied strains on plant growth became more obvious.  
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Fig. 5. PCA biplot of morphological traits of barley seedlings (n = 300) inoculated with microbial suspensions at different concentrations  
(a – 10%, b – 25%, c – 50%, d – 75%, e – 100%): treatment centroids are shown as colored points, while arrows represent feature  

loadings (root length, shoot height, leaf area, fresh weight)  

Interactions between microorganisms in complex inoculates 
change the initial phytostimulating activities of the strains (Prigigallo 
et al., 2023). Indeed, more differences in strain effects could be revea-

led when S. ambofaciens ONU 1016 and S. ambofaciens ONU 561 
were included in the multimicrobial mixtures. Being parts of the in-
oculates together with B. subtilis ONU 1125 and T. harzianum LBX-
181, Streptomyces strongly shaped the effect of the microbial mixtu-
res on the seedling growth. Thus, addition of S. ambofaciens ONU 
561 into the A3 mixture improved the fresh weight of the barley by 
12.2% only when a low 10% concentration of the complex was ap-
plied. Most probably, such positive effect occurred due to the increase 
in leaf area (26.1%). PCA supported this, showing that the A3 at 10% 

(PC1 = 0.48, PC2 = 1.66) clustered closer to leaf area. At higher con-
centrations, the A3 was not effective in improving aboveground 
growth (PC1 consistently negative at 25–100%) while shifting toward 
root orientation (PC2 = 1.34 at 100%). Higher concentrations decrea-
sed the total fresh weight of the seedlings by inhibiting leaf area and 
height of the seedlings.  

Thus, it can be seen that being a leaf growth stimulator at 50–
75% when applied alone, S. ambofaciens ONU 561 lost this activity 

when used in the complex with B. subtilis ONU 1125 and T. harzi-
anum LBX-181. Moreover, bacilli and trichodermas were also leaf 
stimulators when applied as mono-strain suspensions, but the result-
ing mixture – the A3 complex, did not show a positive effect on the 
aboveground plant growth except for 10% suspensions. It was the 
gain in leaf biomass (by 26.1%) that resulted in fresh weight im-
provement after seed treatment with 10% concentration. Strong root 
development (41.1–48.0% increase) was achieved after the treatment 

with 25–75% concentrations of the A3, as reflected by the positive 
PC2 loadings for root length at these levels.  

The same improvement in root development was also found for 
the A1 complex with S. ambofaciens ONU 1016 included – even to a 
greater extent (55.1–102.0%) – together with remarkable improve-
ments in height (16.5–36.6%) and leaf area (18.4–45.0%). Thus, in-
clusion of S. ambofaciens ONU 1016 in the bacilli-trichodermas com-
plex resulted in strong aboveground and root growth at all concentra-

tions of the suspensions. PCA confirmed this, placing A1 consistently 
on the positive side of PC1 (for instance, PC1 = 2.81 at 100%) indica-

ting its combined promotion of aboveground plant biomass and roots. 
Our findings are consistent with the study of Haring et al. (2019) 
describing that while Streptomyces sp. strain by itself had no signifi-

cant impact on growth of shallots, treatment with both Streptomyces 
sp. and Trichoderma sp. resulted in higher positive effect that treat-
ment with Trichoderma alone. Changes in transcriptomes of Strepto-
myces and Trichoderma in consortia were described proving their 
clear mutual influence (Prigigallo et al., 2023).  

The gain in fresh weight of the seedlings in the case of the A1 
complex occurred at 10% and 25% concentrations, reaching 11.2–
26.2%. The present results are in accordance with the literature data 
about strain-dependent beneficial characteristics of PGPB. Thus, the 

positive effect of T. harzianum T22 on sorghum growth was promo-
ted by S. griseus (Kabir et al., 2024). Consortium of T. harzianum 
T22 and Streptomyces microflavus AtB-42 enhanced the growth of 
shoot biomass of parsley and increased the content of metabolites 
with nutraceutical value (Staropoli et al., 2021). The same strain of 
Streptomyces and another T. harzianum strain (M10) already exhibi-
ted reciprocal antagonism on a solid nutrient medium. Trichoderma 
decreased the growth of Streptomyces in a liquid medium. No effect 

on tomato seedling height was observed after the treatment with 
S. microflavus AtB-42 + T. harzianum M10 consortium, still the root 
growth of tomatoes was hindered. Alone, T. harzianum M10 increa-
sed shoot fresh weight while S. microflavus AtB-42 could reduce root 
weight and height depending on the scheme of treatment. Still, re-
sistance response in tomato seedlings were stronger in case of treat-
ment with consortia compared to the treatment with single strains 
(Prigigallo et al., 2023). Streptomyces could promote growth of benefi-

cial plant bacteria as it was shown for Bacillus spp. (Nonthakaew 
et al., 2022). In other studies this effect was not detected, as in the 
case of Bradyrhizobium japonicum in soy bean roots (de Andrade et 
al., 2025).  

Future investigations of molecular bases of strain-specificity of 
S. ambofaciens intended for agricultural biotechnology are needed.  

 

Conclusion  
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The present study demonstrated that S. ambofaciens exerts highly 
strain-dependent modulation of phytostimulatory effects in microbial 
complexes. Inclusion of S. ambofaciens ONU 1016 or S. ambofaciens 

ONU 561 distinguished their single-strain activity by redefining the 
phytostimulatory effect of the microbial mixtures, determining whe-
ther plants respond to seed inoculation with balanced growth impro-
vement (the A1 complex) or mainly root development (the A3 com-
plex). The concentration-dependent effects observed in this study fur-
ther highlight that the efficacy of bioformulations containing S. ambo-
faciens is determined not solely by strain identity but also by amount 
of cells, indicating that optimization of inoculum concentration must 

be strain-specific. To our knowledge, this is the first study to examine 
how inoculation of grains with S. ambofaciens suspensions affects 
barley growth. The results highlight the importance of rational selecti-
on of S. ambofaciens strains and optimization of inoculum dosage in 
developing microbial fertilizers. Future investigations should focus on 
identifying the molecular mechanisms that enable individual S. ambo-
faciens strains to regulate the effects of microbial complexes on plant 
growth.  
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