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 To evaluate the effects of four licorice plant  growth-promoting bacteria 

(PGPB), i.e. Pantoea agglomerans (S72), Serratia rubidaea (S28) 

Pseudomonas azotoformans (E101), Pseudomonas frederiksbergensis 

(E56) on licorice seed germination and seedling growth, two 

experiments were conducted at the Research Laboratory and 

Greenhouse, University of Tehran in 2019. Treatments were bacterial 

strains in eight levels (sole or in combination) and growing media at 

four levels of M1 (sand + perlite (1: 1)), M2 (soil + cow manure), M3 

(soil + mycorrhiza fungi) and M4 (soil + mycorrhiza fungi+ cow 

manure). Germination quality criteria and some morphological traits of 

two-month-old seedlings were evaluated. The results of seed 

germination showed that in most of the evaluated traits, bacterial 

treatments performed better than the control, although in some cases, 

there were no significant differences with the control. Also, in some 

cases, endophytic bacteria had an effective role in improving seed 

germination index compared to rhizospheric bacteria. According to the 

experiment results of seedling growth, M4  in combination with two 

endophytic bacteria (E101 and E56), of the Pseudomonas genus in 

licorice plants, had a superior performance in improving the initial 

growth and establishment qualities of the licorice plants. Regarding 

most of the traits, the co-application of mycorrhiza with S28 (M3B3) 

showed the lowest values. The results of this study indicated the 

potential use of licorice endophytic bacteria as a source of biofertilizer 

for the improvement of licorice seed germination and growth and, if 

possible, for similar applications in other plant species. 
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Introduction1 
Glycyrrhiza glabra L. is one of the oldest and most 
well-known medicinal plants in the Fabaceae 
family, with nearly 30 species reported so far 
(Zhang and Ye, 2009; Pastorino et al., 2018). The 
distribution of this plant is reported in semi-
tropical and tropical regions of the world, 
including Southern Europe, Central Asia (Sharma 
et al., 2005). 
Because of valuable compounds in licorice roots 
and rhizomes, such as saponins (glycyrrhizin and 
glycyrrhizinic acid) (Fuggersberger-Hein and 
Franz, 1984; Omar et al., 2012; Yu et al., 2015; 
Pastorino et al., 2018), flavones and flavonoids 
(glabridin) (Rizzato et al., 2017; Chouitah et al., 
2011) and volatile oils (essential oils) (Chouitah 
et al., 2011), raw materials and root/rhizome 
extracts of licorice have great economic 
importance in global markets (Ozturk et al., 
2017). The therapeutic effects of licorice are anti-
inflammatory, anti-allergic, anti-cancer, anti-
hypertensive, antispasmodic, laxative, and anti-
depressant which have been reported in the 
available literature. Furthermore, the antiviral 
effects of licorice against a number of viruses (
Hosseinzadeh and Nassiri Asl, 2007), especially in 
some cases against COVID-19 (Sinha et al., 2020) 
has been confirmed.  
Due to the favorable and variable climatic 
conditions of Iran, Iranian licorice (G. glabra L. 
var. violacea) (Kokate et al., 2004) is one of the 
best licorice varieties in the world, with 
important economic values in the country. Most 
licorice roots and rhizomes are harvested from 
their natural habitats, mostly in an unsustainable 
manner. Due to the susceptibility of root crops 
that is usually actualized as a result of over-
harvesting, as well as the reduction of wild 
populations, unsustainable harvests can be a 
threat to genetic extinction, especially in arid and 
semi-arid regions (Srivastava et al., 2013; Sharma 
et al., 2014). Thus, the provision of sustainable 
licorice raw materials, with excellent and uniform 
quality, can be a valuable endeavor for relevant 
industries. Such approaches, however, may have 
to take into account the domestication and 
introduction of this plant into agricultural lands. 
Important factors that tend to limit licorice 
cultivation include poor and slow seed 
germination along with growth season 
dependency of the seeds, as well as cuttings and 
rhizomes cultivation (Gupta et al., 1997). Also, in 
vegetative propagation, crop quality may be 
affected by bacterial, fungal, and systemic viruses 
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(Sharma et al., 2010) which may waste most of 
the rhizomes for propagation. Furthermore, the 
tissue culture of licorice is expensive, so 
propagation by seeds and vegetative organs are 
still the most common methods of its cultivation. 
Due to physical dormancy, which is mainly 
induced by a hard seed-coat, seeds should be 
treated before planting (Abudureheman et al., 
2014). Seed priming is a strategy to increase seed 
germination percentage, speed and uniformity 
(Mousavi and Omidi, 2019) which can be used as 
a technical and cost-effective method to increase 
plant seed germination in adverse conditions 
(Ataei Somagh et al, 2016). Positive effects of 
temperature (Ghanbari et al., 2006), mechanical 
stresses (boiling water) (Rafieiolhossaini et al., 
2014), chemical scarification (sulfuric acid) (Jin 
et al., 2004) and co-application of temperature 
and scarification (Ghadiri et al., 2000) have been 
reported and, as such, these effects have the 
ability to break the dormancy of licorice seeds. 
Nonetheless, it has to be stated that some 
treatments, such as chemical scarification with 
sulfuric acid in licorice seeds, can damage the 
seed testa (Jin et al., 2004). 
Seeds bio-priming with plant growth-promoting 
bacteria (PGPB) can affect seed germination 
characteristics and seedling growth positively, 
negatively, and neutrally, depending on the 
variety of bacterial strains (Ghorbanpour and 
Hatami, 2014). PGPB affected plant growth, plant 
physiology and plant metabolism through 
production of plant hormones such as auxin and 
ethylene and their regulation, facilitating the 
absorption of nutrients such as phosphorus and 
iron through solubilization, siderophore 
production, biological stabilization of nitrogen 
and increasing plant resistance to biotic and 
abiotic stress (Aarab et al., 2015; Ayyaz et al., 
2016; Islam et al., 2016; Kesaulya et al., 2015; 
Majeed et al., 2015; Scagliola et al., 2016). The 
positive effects of PGPB on seed germination as 
bio-priming was reported in the case of Celosia 
cristata L. (Dutta et al., 2019), Glycyrrhiza inflata 
Bat. (Zhao et al., 2018) and Dracocephalum 
moldavica L. (Khosravi et al., 2018). In this regard, 
the positive effects of rhizospheric and 
endophytic growth-promoting bacteria in the 
initial establishment of seedlings in greenhouse 
conditions were reportedly diverse (Deepa et al., 
2010; Majeed et al., 2015; Das et al., 2016). For 
example, the application of Pseudomonas 
aeruginosa (MCC 3198) isolated from the 
rhizosphere of the medicinal plant Celosia 
cristata L. showed significant improvements in 
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seedling growth criteria and some plant defense 
enzymes (Dutta et al., 2019). It was reported that 
the ability of these bacteria to produce IAA, a 
hormone with positive effects on root growth and 
development, led to an increase in plant nutrient 
uptake (Khalid et al., 2004) and, subsequently, 
improved plant growth. Although these 
microorganisms show a wide range of plant 
growth stimuli in vitro, in some cases, however, 
researchers have suggested that PGPB can 
negatively affect seed germination under stress 
and non-stress conditions through the production 
of plant hormones such as IAA and gibberellins. 
Also, there could be direct effects of these 
hormones on the activity of α-amylase 
(Brimecombe et al., 2007; McPhail et al., 2010; 
Lee et al., 2013: Tabatabaei et al., 2016). 
Preventing seed germination usually comes into 
contradiction with the growth promoting effects 
of these microorganisms. Therefore, it is 
necessary to conduct more experiments to 
understand the nature of these bacteria. 
Regarding the importance of licorice 
domestication programs, while considering poor 
seed germination and slow patterns of initial 
establishment by this plant, the aim of the present 

study was to evaluate the behavior of seed 
germination criteria and seedling growth of 
licorice through an eco-friendly method by the 
application of its indigenous, superior, endophytic 
and rhizophytic bacteria that were isolated from 
its natural habitat in semi-arid regions.  
 

Materials and Methods 
Effect of bacterial seed treatment on 
germination quality criteria of licorice 
In order to evaluate the selected rhizospheric and 
endophytic bacteria, which were previously 
isolated from the rhizospheric soil and rhizome of 
licorice plants (Table 1), their effects were 
measured on seed germination characteristics. 
Thus, an experiment was performed in a 
completely randomized design with three 
replications at the Soil Science Biology 
Laboratory, University of Tehran in 2019. The 
treatments included bacterial isolates, B1 
(Pantoea agglomerans (S72)), B2 (Serratia 
rubidaea (S28)), B3 (Pseudomonas azotoformans 
(E101)), B4 (Pseudomonas frederiksbergensis 
(E56)), B5 (B1 + B2), B6 (B3 + B4), B7 (B1 + B2 
+ B3 + B4) and B8 (no bacteria). 

 
Table 1. Characterization of selected bacterial strains isolated from the rhizosphere and rhizome of licorice (G. glabra 

L.) 
Isolates 

Characteristics 
E56 E101 S28 S72 

    
Morphological 

characteristics 

Cream Milky Red Bright yellow Colony color 

- - - - Gram reaction 

    PGP traits 

+ + + + Phosphate solubilization 

- + + + IAA production 

+ + - + Siderophore production 

+ + + + Water stress resistance 

- + + - Salinity stress resistance 

+ + + + 
Growth on nitrogen free 

medium 

Pseudomonas  

frederiksbergensis 

Pseudomonas 

azotoformans 

Serratia 

rubidaea 

Pantoea 

agglomerans 
16  S rRNA identification 

99.36 99.64 97.19 98.23 Identity (%) 

MN636330 MN698729 MN698726 MN698728 
Gene Bank Accession 

number 

30 0 46.91  N 

52 0  32.41 E 

30 0 44.52 N 

51 55 27.13 E 

3019.99 N 

515859.16E 

30 0 36.9 N 

521 28.04 E 
Geographic origin 
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To prepare the bacterial suspension, a pure 
bacterial colony was first cultured in a plate 
containing NA and, after the growth of bacteria, a 
clone of the bacterium was put in Erlenmeyer 
flasks containing 100 ml of NB culture medium 
which was shaken at 120 rpm for 72 h (26-30 C). 
Pure bacterial suspensions had an adjusted 
population (5×108 CFU / ml) and were isolated 
from the culture medium by centrifugation at 
15000 rpm for 1 min at 4 C. 
Surface sterilization of the seeds, which were 
collected from a wild population in Fars province, 
was performed according to a relevant protocol. 
First, the seeds were soaked in 96% ethyl alcohol 
for 10 seconds and, after washing by sterile 
distilled water, they were soaked for a second 
time in sodium hypochlorite (0.5 %) for 2 
minutes. Then, the seeds were thoroughly washed 
with sterile distilled water and, finally, 25 seeds 
were placed in each sterile petri dish (8 cm 
diameter) containing 25 ml of water agar 
medium. Then, 5 l of the bacterial suspension 
was dropped on each seed. The petri dishes were 
placed in an incubator under 28 C and a 
photoperiod of 12 h, with light/darkness each 
spanning 12 h. The relative humidity averaged at 
70%. 
Germinated seeds were counted every 24 hours. 
Counting continued until the cumulative number 
of germinated seeds reached a stable state (up to 
21 days). Seeds with visible radicles of about 2 
mm were considered as germinated. Seedling 
length was also measured and the germination 
percentage (Gmax), germination rate (GR), 
germination uniformity, (GU) and time to 5, 10, 
50, 90 and 95% of germination (D5-D95) were 
calculated using the Germin program. 
 

Effect of bacterial treatment and growth 
media on the licorice seedling growth criteria 
In order to evaluate the combined effects of 
rhizospheric and endophytic bacteria, which 
were isolated from licorice plants (Table 1), and 
to measure the effects of different organic, growth 
media on the growth of licorice seedlings, a 
factorial experiment was conducted based on a 
completely randomized design with three 
replications in the Research Greenhouse of 
Department of Horticultural Science, University 
of Tehran in 2019.  
First, the dormancy of licorice seeds was broken 
by scarification with 75% sulfuric acid for 20 
minutes, which was aimed at removing the hard 
seed coat (Ghadiri et al., 2000). Then, the scarified 
seeds were thoroughly washed several times with 
sterile distilled water and were planted in 
sterilized 70 cell seedling trays which were filled 

with sterilized perlite and sand (1: 1 ratio). To 
maintain proper humidity, the seeds were 
irrigated daily with sterile distilled water during 
the growth period. 
Four weeks after seed sowing, the four-leaf stage 
seedlings (with similar sizes) were transferred to 
the growth media treatments according to the 
following: M1 (sand + perlite (1:1)), M2 (1000 g 
soil + 100 g cow manure), M3 (1000 g soil + 40 g 
mycorrhizal fungi (a combination of three species 
of Rhizophagus irregularis, Glomus mosseae and 
Glomus etunicatum)) and M4 (1000 g soil + 100 
g cow manure + 40 g mycorrhizal fungi). 
After transplanting, each pot was inoculated with 
10 l of bacterial suspension with an adjusted 
population (5×108 CFU /ml) at 8 levels as follows: 
B1 (no bacteria), B2 (S72), B3 (S28), B4 (E101), 
B5 (E56), B6 (B1+B2), B7 (B3+B4), B8 
(B1+B2+B3+B4). After inoculation, the pots 
were weighed daily and irrigated with distilled 
water to the extent of 80% field capacity. Two 
months after transplanting, the seedlings were 
taken out of the pots and were washed with water. 
Then, morphological traits were measured, 
including seedling height, root depth, root 
diameter, total root length (with the Digimizer 
software), stem diameter, number of nodes, as 
well as fresh and dry weights of shoots and roots.  
 

Statistical analysis  
Statistical analyses were performed using SAS 
software version 9.4. The data were reported as 
means ± SD (standard deviation) for 3 
replications. The results were subjected to 
analysis of variance (ANOVA) according to 
Fisher’s protected LSD test (p≤0.05) using the 
Stat Graphics Plus version 4.0. 
 

Results 
Germination quality criteria 
Licorice seed germination was initially very low 
due to its hard seed coat. According to variance 
analysis, rhizospheric and endophytic bacteria 
significantly affected seed germination 
characteristics (Table 2). The results of control 
seeds showed that seed germination percentage, 
seed germination uniformity and time to 95% of 
germination were 28%, 16.6 and 17.98 days, 
respectively (Table 3). 
Based on the results, the use of endophytic 
bacteria improved germination, compared to 
rhizospheric bacteria, so that the highest 
germination percentage (30.66%) was obtained 
by E56 bacteria and then E101 bacteria (29.33%). 
However, they did not show a significant 
difference with the control (28%) (Table 3). As 
shown in Table 3, the mixture of endophytic 
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bacteria (E101 + E56) had the highest 
germination rate (0.32 per day) and did not show 
a significant difference with the control (0.27 per 
day) and E101 bacteria (0.27 per day). In general, 

the results showed that endophytic bacteria were 
more effective than rhizospheric bacteria in 
improving the germination rate and germination 
percentage.  

 
 

Table 2. Analysis of variance (ANOVA) regarding the application of indigenous rhizospheric and endophytic bacteria 
on seed germination characteristics of licorice (G. glabra L.) 

Sources of 

variance (S.O.V) 
df 

Mean square 

Gmax GR GU D05 D10 D50 D90 D95 SL 

Isolates 7 62.47* 0.013* 25.87* 0.51* 0.93* 9.27* 22.6* 22.74* 0.94* 

Error 14 5.5 0.001 0.43 0.009 0.019 0.6 1.089 1.004 0.15 

CV (%)  9.5 16.72 5.04 13.02 6.51 13.19 7.49 7.01 6.64 

G max: Germination percentage     GR: Germination rate    GU: Germination uniformity     D05: Day to 5% germination    D10: 

Day to 10% germination    D50: Day to 50% germination    D90: Day to 90% germination    D95: Day to 95% germination     SL: 

Seedling length 

*significantly different at 5% level 

 

Table 3. The effect of indigenous rhizospheric and endophytic licorice (G. glabra L.) PGP on its seed germination 

SL(cm) D95 D90 D50 D10 D05 GU GR (day-1) GMAX(%) Bacteria 

4.77±0.36 14.4±0.36 14.13±0.69 7.46±0.35 0.93±0.04 0.63±0.06 13.2±0.49 0.17±0.006 24±2.82 S72 

5.65±0.26 13.35±1.22 12.7±1.34 9.42±0.42 2.3±0.14 1.65±0.07 10.4±0.58 0.12±0.022 25.33±0.94 S28 

6.47±0.16 13.97±0.44 13.6±0.42 4±0.40 0.95±0.07 0.64±0.031 12.65±0.69 0.27±0.036 29.33±1.88 E101 

5.9±0.46 17.28±0.42 16.9±0.4 5.92±0.531 0.42±0.031 0.21±0.028 16.47±0.28 0.17±0.015 30.66±2.35 E56 

6.18±0.54 9.72±0.77 9.43±0.74 5.33±0.84 0.78±0.13 0.56±0.11 8.65±0.81 0.19±0.012 22.66±1.88 S72+S28 

6.04±0.12 11.77±0.062 11.53±0.12 4.75±0.93 1.03±0.14 0.85±0.14 10.5±0.37 0.33±0.022 18.66±1.88 E101+E56 

6.47±0.15 15.77±1.4 15.53±1.39 5.33±0.23 0.8±0.14 0.57±0.04 14.73±0.24 0.20±0.06 18.66±1.24 MIX 

6.053±0.18 17.98±0.87 17.63±0.8 4.43±0.89 1.03±0.12 0.68±0.047 16.6±0.48 0.27±0.02 28±1.63 CON 

0.69 1.80 1.85 1.37 0.25 0.16 1.21 0.65 4.35 LSD(P<0.05) 

 

S72 (MN698728 Pantoea agglomerans), S28 (MN698726 Serratia rubidaea), E101 (MN698729 Pseudomonas azotoformans), 

E56 (MN636330 Pseudomonas  frederiksbergensis), Control (Non-inoculated seeds) 

G max: Germination percentage    R50:Germination rate    GU: Germination uniformity    D05: Day to 5% germination    D10: Day 

to 10% germination    D50: Day to 50% germination     D90: Day to 90% germination    D95: Day to 95% germination    SL:  

Seedling length 
  
 
According to Table 3, the control seeds (non-
inoculation with bacteria) had the highest value 
of germination uniformity. Given that a higher 
value of germination uniformity indicates 
synchronization in the process of seed 
germination, the mixture of rhizospheric bacteria 
(S72 + S28) had the most positive effect on 
increasing the synchronization and uniformity of 
the germination process of licorice seeds, which 
showed a significant difference with the control. 
In general, the use of most bacterial treatments, 
compared to the control, had an effective 
contribution to the improvement of germination 
uniformity. 

The results revealed that the time to 5, 10 and 
50% of germination in rhizospheric bacteria 
(S28) was higher than in other treatments. This 
significant difference showed that the longer seed 
germination time was affected by this treatment 
(Table 3). However, the control seeds took more 
time to reach 90 and 95% of germination. The 
control treatment also differed significantly from 
other bacterial treatments, except in the case of 
E56 bacteria. It should be noted that in this 
regard, a mixture of rhizospheric bacteria (S72 + 
S28) was associated with the shortest time to 
reach 90 and 95% germination, which indicates 
the beneficial role of these bacteria in reducing 
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the time to 90 and 95% of germination. It showed 
a significant difference with other treatments 
(Table 3).  
Based on the results, the maximum seedling 
length was obtained by using E101 bacteria and a 
mixture of all bacteria, followed by a mixture of 
rhizospheric bacteria, although there was no 

significant difference with the control. For a 
better comparison of seed treatments, the 
germination process of licorice seeds is shown in 
the conditions of non-inoculation with bacteria 
(control) and inoculation with rhizospheric and 
endophytic bacteria of licorice plants (Fig. 1). 

 

 

Fig. 1. The effect of indigenous rhizospheric and endophytic licorice (G. glabra L.) PGP on its seed germination 

 

Seedling growth criteria  
The results indicated that the simple and 
interaction effects of bacterial treatments and 
growth media were significant on seedling height, 
stem diameter, number of nodes, root diameter, 

root depth, total root length, shoot and root fresh 
and dry weights (Table 4). 
 

Seedling height 
The results showed that the highest seedling 
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height (33.25 cm) was obtained by applying 
M2B8 (soil + cow manure and inoculation by a 
mixture of bacteria) with an increase of 44.46% 
and 13.67%, compared to M1B1 and M2B1. 
Nonetheless, there was no significant differences 
between most other treatments and M2B8 (Fig. 
2). 

Based on the results, it can be concluded that 
using M2 (cow manure + soil) and M4 (cow 
manure + soil + mycorrhiza fungi), in 
combination with bacteria, played an effective 
role in increasing plant height, compared to the 
control and also M3 and M1. 
 

 
Table 4. Analysis of variance (ANOVA) regarding the different levels of bacteria and growth media on the 

morphological characteristics of licorice (G. glabra L.) seedlings 
Sources of variance 

(S.O.V) 
df 

Mean square 

SH SD NN RDI RDE TRL HFW RFW HDW RDW 

Growing media 3 393.34* 0.18* 31.18* 8.85* 212.73* 322336.46* 2.013* 0.048* 0.24* 0.079* 

Isolate 7 40.22* 0.036* 17.9* 1.56* 49.31* 16932.09* 0.0224* 0.33* 0.015* 0.027* 

Growing media* 

Isolate 
21 50.79* 0.038* 8.69* 0.81* 32.43* 18428.16* 0.515* 0.12* 0.044* 0.021* 

Error 64 10.77 0.0097 1.81 0.15 1.98 2421.87 0.017 0.008 0.0039 0.0026 

CV(%)  13.76 9.74 8.65 11.02 7.03 28.81 13.35 12.36 20.96 24.41 

SH: Seedling height, SD: Stem diameter, NN: Number of nodes, RDI: Root diameter, RDE: Root depth, TRL: Total 

root length, HFW: Shoot fresh weight, RFW: Root fresh weight, HDW: Shoot dry weight, RDW: Root dry weight. 

*significantly different at 5% level 

 
 

 

Figure 2. Interaction effect of different levels of bacteria and growth media on height of licorice seedlings 

 

Stem diameter 
As can be seen in Table 5, the mixture of cow 
manure, soil and mycorrhizal fungi (M4), that 
were inoculated by E56, resulted in the highest 
stem diameter (1.31 mm) with an increase of up 
to 36.64%, compared to the control (M1B1). 
However, this treatment had no significant 
difference with the effects of M4B4, M2B3, M3B8, 

M2B5, M2B8. 
 

Number of nodes 
Among the different culture media, M1B2 and 
M2B8 resulted in the highest number of nodes 
(20 nodes) which showed a 35% increase in the 
number of nodes, compared to the control. 
Nonetheless, these two treatments did not differ 
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significantly with the effects of M4B2. The lowest 
number of nodes was observed in response to 
M3B3 (soil + mycorrhiza + S28) (Table 5). 
 

Root diameter 
According to Table 5, the highest value of root 
diameter was observed in response to M4B5, 
M2B5 and M4B4 treatments. These treatments 
increased the percentage of root diameter up to 
61.42, 59.06 and 56.20%, respectively, compared 
to the control. The application of sand + perlite 
without bacterial inoculation (M1B1) resulted in 
the lowest root diameter (2 mm). 
 

Root depth  
The deepest roots were observed in response to 
M4B4 (inoculation of mixture of cow manure + 
soil + mycorrhizal with E101), M1B5 (inoculation 
of sand + perlite with E56), M1B4 (inoculation of 
sand + perlite with E101) and M1B7 (inoculation 
of sand + perlite with E101 + E56), which 
resulted in an increase of 24.77, 24.43, 1.24 and 
21.99%, compared to the control, respectively 

(Table 5). 
As mentioned above, the maximum depth of the 
roots was observed in seedlings that were 
inoculated with endophytic bacteria, either alone 
or in combination with both M4 and M1 media. It 
could be proposed that, due to a lack of soil and 
nutrients in the M1 medium, the roots grew more 
extensively and were able to absorb more 
nutrients from the soil. Similar to root diameter, 
in the case of this factor, the effect of endophytic 
bacteria was obviously efficient in comparison 
with the effect of rhizospheric bacteria. 
 

Total root length 
The results showed that the highest total root 
length, measured by the Digimizer software, was 
597.14 cm in response to the growth media of 
sand + perlite, inoculated with S28 (M1B3), 
which increased significantly up to 85.41%, 
compared to the control. The lowest total root 
length was obtained by the application of soil + 
mycorrhiza + cow manure, without bacterial 
inoculation (M4B1) (Fig. 3 and 6). 

 
 

 

Figure 3. Interaction effect of different levels of bacteria and growth media on total root length of licorice seedlings 

 

Shoot fresh weight  
The application of M4 medium, inoculated with 
S72 bacteria and a mixture of bacteria (B8), 
resulted in the highest shoot fresh weight (with 
an increase of 58.2 and 57.75 %, compared to the 

control, respectively). Meanwhile, they did not 
have significant differences with the effect of 
M4B4. Also, the lowest shoot fresh weight was 
observed in response to the growth media of soil 
+ mycorrhiza which was inoculated by S27 
(M3B2) and/or S28 (M3B3) (Table 5). 
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Table 5. Comparison of morphological characteristics of licorice (G. glabra L.) seedlings at different levels of bacterial 
presence and growth media 

Growing 

media 

Bacteria SD 

(cm) 

NN RDE 

(cm) 

RDI 

(cm) 

RFW 

(gr) 

HFW 

(gr) 

M1 B1 0.83±0.077 13±2.4 21.25±0.2 2.006±0.033 0.36±0.02 0.79±0.04 

 B2 0.96±0.29 20±0.8 24±1.63 3.20±0.038 0.91±0.008 1.01±0.075 

 B3 0.91±0.03 17±0.8 22±0.82 2.85±0.37 0.72±0.69 0.74±0.07 

 B4 0.82±0.054 15.66±1.2 28±1.41 2.52±0.4 0.65±0.03 0.5±0.029 

 B5 0.81±0.07 14.33±0.5 28.12±0.62 2.40±0.07 0.75±0.03 0.6±0.03 

 B6 0.88±0.065 17.33±05 24.5±2.04 2.87±0.1 0.47±0.032 0.94±0.06 

 B7 1.04±0.043 17.33±0.9 27±0.81 2.88±0.16 1.06±0.080 0.98±0.06 

 B8 0.83±0.1 16±00 20.5±0.4 2.48±0.18 0.49±0.28 0.75±0.32 

M2 B1 0.9±0.069 15±2.4 14.5±0.4 3.67±0.18 0.67±0.036 1.55±0.24 

 B2 1.15±0.11 16±0.8 17.5±0.4 3.73±0.3 0.52±0.04 1.89±0.03 

 B3 1.21±0.02 15±0.81 15.66±0.94 4.09±0.22 0.79±0.01 1.53±0.02 

 B4 0.96±0.03 14±0.81 19.75±1.83 3.45±0.26 0.58±0.04 0.54±0.05 

 B5 1.17±0.05 14.66±0.47 22.33±1.69 4.9±0.24 0.86±0.15 0.77±0.048 

 B6 0.98±0.01 15.33±0.94 18.5±0.4 4.03±1.07 0.89±0.14 1.53±0.11 

 B7 1.11±0.12 17.66±0.94 22.33±2.05 3.7±0.24 1.015±0.085 1.44±0.004 

 B8 1.15±0.14 20±0.81 21±1.63 3.81±0.12 0.91±0.11 1.87±0.17 

M3 B1 1.05±0.06 11.66±0.47 21±0.81 3.6±0.36 0.51±0.081 0.5±0.11 

 B2 0.96±0.11 13.66±0.47 18.5±0.4 3±0.63 0.8±0.036 0.4±0.1 

 B3 0.95±0.08 11.33±1.24 16±0.81 3.03±0.34 0.34±0.04 0.33±0.11 

 B4 0.96±0.05 13.66±0.047 19.66±0.47 3.45±0.11 0.66±0.087 0.58±0.048 

 B5 1.006±0.11 14±1.63 14.66±1.24 4.03±0.06 0.67±0.77 1.01±0.4 

 B6 0.99±0.07 14.66±0.47 19±0.81 4.44±0.26 0.76±0.93 0.93±0.89 

 B7 1.11±0.11 16.5±0.4 18±0.81 4.36±0.31 1.13±0.1 1.1±0.15 

 B8 1.19±0.08 15.33±1.24 15.66±0.23 3.81±0.11 0.7±0.08 1.23±0.12 

M4 B1 0.87±0.01 14±0.81 16.33±1.24 2.42±0.08 0.24±0.004 0.51±0.02 

 B2 0.97±0.08 19±1.63 23±0.81 3.45±0.24 0.56±0.36 1.035±0.23 

 B3 0.92±0.03 16±1.63 16.33±1.69 3.75±0.11 0.57±0.028 0.66±0.12 

 B4 1.22±0.008 16.33±0.47 28.25±102 4.58±0.47 1.09±0.04 1.71±0.21 

 B5 1.31±0.098 17.66±0.94 16±0.81 5.2±0.23 1.22±0.12 1.57±0.09 

 B6 1.07±0.099 16±2.16 22.33±1.24 3.65±0.32 0.71±0.12 0.95±0.14 

 B7 1.09±0.09 16±00 12.5±1.22 4.39±0.037 0.79±0.043 1.04±0.077 

 B8 0.94±0.81 13.33±0.47 16.66±1.24 3.85±0.14 0.55±0.009 0.54±0.021 

LSD(0.05%)  0.15 2.22 3.01 0.63 0.145 0.19 

SD: Stem diameter, NN: Number of nodes, RDI: Root diameter, RDE: Root depth, HFW: Shoot fresh weight, RFW: Root fresh weight. 
M1: Sand: perlite (1:1), M2:1000gr soil + 100gr  cow manure, M3: 1000gr soil + 40gr mycorrhiza and M4: 1000gr soil + 100gr  cow manure 

+ 40gr mycorrhiza 

B1 (no bacteria), B2 (S72), B3 (S28), B4 (E101), B5 (E56), B6 (B1+B2), B7 (B3+B4), B8 (B1+B2+B3+B4) 

 
 
 

Root fresh weight 
The highest amount of root fresh weight was 
observed in the growth media of soil + 
mycorrhiza fungi + cow manure inoculated with 
E56 bacteria (1.22 gr) with an increase of 
70.49%, compared to the control. Nonetheless, 
there was no significant difference between the 
effects of M4B5, M3B7 and M4B4 treatments 

(Table 5). 
The lowest root fresh weight was measured in 
M4B1, M3B3 and M1B1 treatments. Thus, a 
positive effect of bacterial use on root weight was 
quite evident, compared to the conditions of non-
inoculation (M4B1 and M1B1 treatments). Root 
weight loss in response to the M3B3 may be due 
to antagonistic effects between mycorrhizal fungi 
and Serratia bacteria (Table 5). 



Goudarzi, Tabrizi, Alikhani, Nazeri and Najafi Int. J. Hort. Sci. Technol. 2023 10(1): 53-68 
 

62 

Shoot dry weight  
According to Fig. 4, the highest shoot dry weight 
was observed in response to the M2B2 (soil + 
cow manure inoculated with S27) and M4B4 
(inoculation of a mixture of cow manure + soil + 
mycorrhizal fungi with E101) (0.57 and 0.56 gr) 
which resulted in an increase of 43.85 and 
42.85%, compared to the control, respectively. 
However, these treatments were not significantly 
different from the effects of M2B7, M4B5, and 
M2B3. In addition, the inoculation of soil + 

mycorrhiza with S28 bacteria led to the lowest 
shoot dry weight. 
 

Root dry weight 
The results revealed that the application of soil + 
mycorrhiza fungi + cow manure (M4) with E56 
bacteria increased the root dry weight up to 
51.21%, compared to the control, while using soil 
+ mycorrhizal fungi + cow manure as the 
medium, without bacterial inoculation, which 
caused the lowest root dry weight (Fig. 5). 

 
 

 

Figure 4. Interaction effect of different levels of bacteria and growth media on shoot dry weight of licorice seedlings 

 

Figure 5. Interaction effect of different levels of bacteria and growth media on root dry weight of licorice seedlings 
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Figure 6. The highest and the lowest total root length in licorice (G. glabra L.) seedlings that were affected by 
indigenous licorice rhizospheric and endophytic PGP and by growth media (analyzed by the Digimizer software) 

 

Discussion 
Soil organic matter deficit, excessive use of 
chemical fertilizers and increased successive 
tillage are factors that reduce the amount of soil 
organic matter and subsequently cause a 
decrease in soil quality (Dinesh et al., 2010). 
Improving soil fertility is one of the common 
strategies in increasing agricultural production. 
Also, proper fertilizer management has an 
important effect on improving crop yield and 
quality. The use of organic fertilizers and 
biofertilizers effectively contributes to the 
development of microbial carbon biomass, 
nitrogen mineralization, soil respiration and 
enzymatic activity. In this regard, the results of 
our study showed that the co-application of 
biological and organic fertilizers in the soil had a 
positive effect on two-month-old seedlings of 
licorice. According to the results, it can be stated 
that the best treatment for the initial growth and 
establishment of licorice seedling is M4B4. Then, 
the M4B5 treatment was evaluated as the second 
best treatment. In other words, the M4 medium 
(soil + cow manure + mycorrhizal fungi) that was 
inoculated with two endophytic bacteria, 
belonging to the genus Pseudomonas (E101 and 
E56), showed the best performance in the 
evaluated traits. Soil microorganisms and their 
activity play an important role in nutrient 
availability. They also help to improve soil fertility 
via proper regulations of metabolic activity 
(Leaungvutiviroj et al., 2010). In this regard, the 

use of PGPR is a reliable strategy for uniform 
production, lower risk and lower dependency on 
chemical fertilizers. 
E101 (Pseudomonas azotoformans) and E56 (P. 
frederiksbergensis) are endophytic bacteria that 
were isolated from licorice with milky and cream 
color colonies in the growth medium, 
respectively. Isolate E101 showed a significant 
potential in inorganic phosphate solubilization, 
IAA production, N fixation, siderophore 
production and salinity stress. Also, E56 led to 
inorganic phosphate solubilization, N fixation, 
siderophore production, and drought resistance 
(Table 1). 
In plant-microorganism symbiosis, the 
production of plant hormones and bacterial 
metabolites is the most important factor in 
stimulating plant growth. Improving the biomass 
and yield of plants that were inoculated with 
PGPR is related to their capacity to produce 
hormones, especially auxins and gibberellins, 
which increase hairy roots and growth of aerial 
parts (Riefler et al., 2006). Auxin is an important 
plant hormone with multiple physiological roles 
(Tsavkelova et al., 2006; Spaepen and 
Vanderleyden, 2011). In response to the presence 
of tryptophan and other small molecules in plant 
root exudates, some bacteria that coexist with the 
root have the ability to synthesize and secrete 
phytohormone indole-3-acetic acid (IAA) (Glick, 
2014). These IAAs, together with the endogenous 
IAA, which are synthesized by plants, affect plant 
function in various ways (Glick, 2014). These 

  

M1B3 

M4B1 
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ways include proliferation of plant cells, 
stimulation of cell elongation (Spaepen and 
Vanderleyden, 2011), plant enzyme catalysis, ACC 
synthase and ACC formation. In this case, IAA 
plays a role in stimulating ethylene synthesis 
(Glick, 2014). Other aspects include the processes 
of causing cell wall loosening (Glick, 2014) and 
increasing root secretion, which tend to provide 
excess nutrients for the growth of rhizospheric 
bacteria (Elvira-Recuenco & VanVuurde, 2000; 
Glick, 2014). Since IAA, produced by bacteria, 
stimulates the root system (Salamone et al., 2005) 
through over-production of hairy roots, it causes 
the expansion of lateral roots and the release of 
saccharides from the cell wall during the root 
elongation process. As a result of hairy root 
expansion, a greater access to nutrients occurs for 
the plant (Widawati and Suliasih, 2018). In this 
regard, it is reported that inoculation of 
Achyranthes aspectra L. with Serratia marcescens 
AL2-16 caused increases in growth factors such 
as leaf area, root length, seedling length and aerial 
parts (dry weight) in this plant (Devi et al., 2016). 
In another study, the largest aerial biomass was 
observed in maize plants treated with 
Pseudomonas putida and S. marcescen and, in the 
case of underground parts, the largest biomass 
was observed in plants inoculated with S. 
marcescens and Bacillus panthetonicu (Amogou 
et al., 2018). Also, Bacillus and Serratia strains 
resulted in a significant increase in the length of 
seedlings and corn roots (Koo and Cho, 2009). 
The properties of two endophytic bacteria (E101 
and E56) from this study are in agreement with 
these previous cases of research.  
In this study, although two Pseudomonas 
endophytic bacteria had a significant positive 
effect on most seedling growth factors in the 
greenhouse, the results of seed germination in 
vitro showed that in most of the traits, bacterial 
treatments performed better than the control 
group, but in some cases, there was no significant 
difference when compared with the control. In all 
bacterial treatments, endophytic bacteria were 
considered as effective agents in improving the 
quality of licorice seed germination, compared to 
rhizospheric bacteria. The ability of PGPB to 
produce or modify plant hormones, e.g. 
gibberellins, IAA and ethylene, led to evaluations 
of their behavior regarding seed germination.  
According to the results of previous in vitro 
experiments, growth-promoting bacteria led to 
increases in germination and seed growth indexes 
in plants (Hameeda et al., 2006; Niranjan et al., 
2007). Seed bio-priming of medicinal plants such 
as Codonopsis pilosula (Franch.) Nannf. with 
Bacillus subtilis bacterial (Zhao et al., 2016), 
Dracocephalum kotschyi Boiss., with Bacillus 

polymixa (Bidabadi and Mehralian, 2020) and 
Cuminum cyminum L., with Pseudomonas sp. and 
Bacillus sp. (Moradi and Piri, 2018) all positively 
affected seed germination criteria and seedling 
growth. During the germination process, 
respiratory metabolism increases to produce 
energy and biosynthetic processes (Perata et al., 
1997). Enzymes and hormones play an important 
role in relieving seed dormancy. Hydrolytic 
enzymes such as α-amylase play an important 
role in converting stored carbohydrates into 
soluble sugars (Perata et al., 1997). Therefore, α-
amylase activity is required to maintain seed 
metabolism and seed germination. Thus, the 
presence of the amylase enzyme in the allerun 
layer is critical for seed germination, which is 
regulated by hormones produced during the 
embryonic stage (Uniyal et al., 2017). The positive 
effect of PGPR on seed germination was relevant 
to the ability of bacteria to produce or modify 
plant hormones, e.g. gibberellins, by reducing 
ethylene in stressful and non-stressful conditions 
through the production of ACC diaminase (Safari 
et al., 2018). This latter enzyme plays a key role in 
seed germination (Noumavo et al., 2013). 
However, Kennedy et al. (2001) and Ghorbanpour 
and Hatami (2014) reported that some species 
and strains of bacteria may completely prevent 
seed germination or reduce seed germination 
ability. For example, P. aeruginosa bacteria, which 
were isolated from corn and barley, reportedly 
inhibited seed germination but, in some cases, 
had a promoting effect on growth (Tiwari and 
Singh, 2017). The effect of growth-promoting 
bacteria on seed germination inhibition may be 
due to the production of IAA and unknown 
metabolites caused by bacteria or by stress 
factors induced by the application of bacteria 
(Tabatabaei et al., 2016). Therefore, IAA appears 
to play a dual role based on its concentration 
(Chauhan et al., 2009). In this regard, a significant 
correlation was observed between the 
concentration of auxin produced in bacteria and 
the degree of inhibition of seed germination in 
wheat plants when used in association with 
different bacterial strains (Tabatabaei et al., 
2016).  
Despite the positive results obtained by the 
application of growth-promoting bacteria on seed 
germination in previous cases of research, the 
results of this study were not so effective on 
germination, although the positive roles of these 
bacteria were confirmed in the initial phase of 
plant establishment herein. It should be noted 
that the colonization of plant roots by endophytes 
was evaluated and confirmed. Also, it has to be 
stated that the possibility of antagonistic effects 
between rhizospheric bacteria and mycorrhizal 
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fungi would require further assessments for a 
better interpretation of the results. This is 
assumed in light of the fact that, in most traits, the 
lowest values were observed in M3B3 (soil + 
mycorrhizal fungi + S28).  
 

Conclusion 
Despite the low seed germination percentage in 
this study, we attempted to provide a new 
strategy for the cultivation of this plant by eco-
friendly methods. In this study, the effect of 
rhizospheric and endophytic bacteria, isolated 
from licorice, were tested on seed germination 
characteristics and initial establishment of the 
seedlings. Overall, the results of the present study 
showed that two Pseudomonas endophytic 
bacteria performed better than rhizospheric 
bacteria in improving seed germination rate, 
germination percentage and early seedling 
growth. Also, the inoculation of combined 
planting substrates (M4) with endophytic 
bacteria improved most of the growth factors of 
seedlings, compared to the control. Therefore, it 
seems that endophytic isolates can be considered 
as a potential option for incentives to increase the 
growth of licorice seedlings and to improve the 
yield of this plant. 
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