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Abstract 

Background:  Common bean (Phaseolus vulgaris L.) is a source of antioxidant-containing vegetable protein that 
is beneficial to human health. The intense cultivation of common bean may result in environmental degradation. 
Thus, environmentally friendly cultivation methods that use an endophyte to improve productivity are needed. An 
entomopathogenic fungus, Beauveria bassiana, can serve as an endophyte that stimulates the growth of Gossypium. 
Therefore, we isolated and identified B. bassiana and also examined its function as a beneficial endophyte that pro-
motes the growth of common bean.

Results:  An entomopathogenic fungus, B. bassiana, was collected and identified based on macroscopic and micro-
scopic characteristics that were observed during morphological examination. B. bassiana was propagated and inocu-
lated into common bean via seed soaking, soil wetting, and leaf spraying. The soil-wetting and leaf-spraying methods 
used to inoculate B. bassiana effectively enhanced the growth of common bean, which was observed at day 10 post-
inoculation. However, no significant growth enhancement of common bean was observed when the seed-soaking 
inoculation method was used.

Conclusions:  These results suggest a positive correlation between the B. bassiana inoculation method and growth 
enhancement of common bean. This study showed the endophytic potency of the fungus that may be used in the 
development of environmentally friendly cultivation methods of common bean.
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Introduction
Common bean (Phaseolus vulgaris L.) is a source of anti-
oxidant-containing vegetable protein and is widely con-
sumed in various countries. Beninger and Hosfield [5] 
showed that pure flavonoid compounds that are present 
in the seed coats of common bean, such as anthocyanins, 
quercetin glycosides, and proanthocyanidins (condensed 
tannins), have significant antioxidant activity that is 
related to butylated hydroxytoluene (BHT), a commercial 
antioxidant used in foods. Consumption of common bean 
may increase levels of antioxidants, which is beneficial to 

human health. However, intense cultivation of common 
bean may result in environmental degradation, as well 
as planting of beans (Phaseolus vulgaris L.) in Northern 
Nicaragua [21]. Thus, environmentally friendly cultivation 
methods that improve productivity, such as using Beauve-
ria bassiana as an endophyte, are needed.

Biological agents can be a positive trigger of plant 
growth. Entomopathogenic B. bassiana is thought to 
have a broad host range and has the potential of being 
used as a biological control agent by serving as an endo-
phyte capable of protecting plants. For example, coloniza-
tion of the sweet pepper Capsicum annum by B. bassiana 
could suppresses aphids in controlled greenhouse con-
ditions as part of an Integrated Pest Management (IPM) 
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approach [8]. Moreover, B. bassiana may also be isolated 
from common bean by PDA media [16].

According to Lopez and Sword [12], the endophytic 
ability of B. bassiana can stimulate the growth of Gos-
sypium hirsutum by suppressing the population of Heli-
coverpa zea and by helping to transfer nutrients from the 
soil into the roots of the plant. Endophytic fungi can be 
introduced onto plants by seed-soaking, leaf-spraying, 
and soil-wetting initiation methods using suspensions of 
B. bassiana. The seed-soaking method has been demon-
strated to effectively promote endophytic development 
of B. bassiana on bean plants [4]. Leaf-spraying and soil-
wetting methods successfully introduced endophytic B. 
bassiana onto peanut plants [16]. In this study, B. bassi-
ana inoculation methods and its function as a growth-
promoting endophytic fungus in the common bean 
(Phaseolus vulgaris L.) were evaluated.

Materials and methods
Plants and endophytic fungi
Common bean varieties of balitsa 2 were obtained from 
the Unit of Seed Sources of Vegetable Research Institute, 
Bandung. The plant optimally grows 400–500  m above 
sea level, with a productivity yield of 20–23.8 tons per 
hectare. Isolates of B. bassiana were obtained from our 
collection in the Plant Protection Laboratory, Universitas 
Brawijaya, Malang. B. bassiana was grown in PDA media 
[16] and was identified according to genera of imperfect 
fungi [3].

Inoculation of B. bassiana onto common bean
This study used a completely randomized design that 
consisted of six groups of treatments and four replica-
tions. Twenty-four plants were divided into six groups 
that were inoculated with B. bassiana by three methods: 
seed-soaking, leaf-spraying, and soil wetting; the remain-
ing three groups were used as controls for each method. 
The number of colonies and plant growth parameters 
were determined at 10  days and 20  days post-inocula-
tion to monitor the effects of the treatments. B. bassiana 
suspensions at a concentration of 1 × 108 conidia per ml 
with greater than 80% viability were used as inoculants. 
The seed-soaking method consisted of soaking common 
bean seeds with 0.5% sodium hypochlorite (NaOCl) with 
constant shaking, soaking the seeds in 70% ethanol, then 
rinsing the seeds with distilled water three times (2 min 
per rinse) [16]. The seeds were then soaked for 30  min 
with B. bassiana (1 × 108 conidia per ml) or with 10 ml 
of sterile water as a control treatment. Leaf-spraying and 
soil-wetting were performed 14 days after planting. Leaf-
spraying was performed by manually spraying leaves with 
10 ml of a B. bassiana suspension and then covering the 
plants with a plastic bag for 24 h to maintain humidity. 

Soil-wetting was performed by irrigating the soil with 
10 ml of a B. bassiana suspension and then covering the 
top of the soil with aluminium foil.

Measurement of plant growth
Observations of plant growth were performed at 10 and 
20  days following inoculation. Measurements included 
plant height, root length, and number of leaves.

Bassiana colonization
Beauveria bassiana colonization tests were performed 
on leaves, stems, and roots. Each leaf, two pieces of root, 
and two pieces of stem were taken from the common 
bean plant and were then planted on PDA medium. Mac-
roscopic and microscopic examinations were conducted 
to confirm that colonized B. bassiana were endophytes.

Statistic analysis
The following formula was used to calculate B. bassiana 
colonization:

The results were then analyzed by analysis of variance 
(ANOVA) at 95% confidence level.

Results
Identification of B. bassiana
Beauveria bassiana grows on the edges of roots, stems, 
and leaves on PDA medium and is white and round in 
appearance with a smooth edge texture (Fig.  1). Dur-
ing growth, B. bassiana colonies spread regularly. Mac-
roscopic and microscopic identification was based on a 
previous publication [3]. Macroscopic characteristics 
of endophytic B. bassiana include white color, textured 
smooth edges, irregular scattering, and a diffuse distri-
bution. The surface texture of a colony is rather coarse 
and the colony grows rather tightly (Fig.  2a). Micro-
scopically, endophytic B. bassiana are characterized 

% Colonization =
Number of pieces exhibiting fungal growth

Total number of pieces planted
× 100%

Fig. 1  Results of B. bassiana isolation. a Common bean plant leaves, 
b common bean roots and stems
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by hyaline-colored sectional hyphae with a width of 
1.10  μm, round-to-oval hyaline-colored conidia with a 
diameter of 1.47 μm, and a collection of conidia clustered 
in Konidiofor (Fig. 2b).

Bassiana colonization
Three inoculation methods (seed-soaking, leaf-
spraying, soil-wetting) were tested using three differ-
ent B. bassiana inocula amounts and two different 
post-inoculation times (10 and 20  days). At 10  days 
post-inoculation with the seed-soaking method, root col-
onization was 37.50 ± 12.50 colonies, stem colonization 
was 25.64 ± 12.50, and leaf colonization was 33.34 ± 16.67 
(all controls were 0.00 ± 0.00). At 10  days post-inocu-
lation with the leaf-spraying method, root colonization 
was 62.50 ± 23.94, stem colonization was 62.50 ± 12.50, 
and leaf colonization was 66.92 ± 18.00 (all controls were 
0.00 ± 0.00). At 10  days post-inoculation with the soil-
wetting method, root colonization was 87.50 ± 12.50, 
stem colonization was 62.50 ± 23.94, and leaf coloniza-
tion was 46.09 ± 10.65 (all controls were 0.00 ± 0.00).

At 20  days post-inoculation with the seed-soaking 
method, root colonization was 16.67 ± 12.50, stem colo-
nization was 12.50 ± 12.50, and leaf colonization was 

8.34 ± 9.62 (all controls were 0.00 ± 0.00). At 20  days 
post-inoculation with the leaf-spraying method, root 
colonization was 25.00 ± 12.50, stem colonization was 
25.00 ± 14.43, and leaf colonization was 33.59 ± 30.80 
(all controls were 0.00 ± 0.00). At 20  days post-inocu-
lation with the soil-wetting method, root colonization 
was 37.50 ± 12.50, stem colonization was 25.00 ± 14.43, 
and leaf colonization was 25.00 ± 16.67 (all controls were 
0.00 ± 0.00).

The results of these experiments showed that B. bassi-
ana was present in common bean tissue and that B. 
bassiana colonies grew in roots, stems, and leaves. The 
highest level of B. bassiana colonization was observed in 
the roots at 10 days post-inoculation using the soil-wet-
ting and leaf-spraying methods (Table 1).

Soil‑wetting method significantly enhanced common bean 
growth
Inoculation of B. bassiana by soil-wetting and leaf-spray-
ing resulted in enhanced plant growth, which was not 
observed with the seed-soaking method. Common bean 
growth parameters differed significantly based on the 
inoculation method at 10 days post-inoculation (Table 2).

In this work, three different inoculation methods and 
two different inoculation times were used. The param-
eters of plant growth that were measured included 
plant height, leaf number, and root length. At 10  days 
post-inoculation with the seed-soaking method, plant 
height was 20.00  cm (control height was 17.75  cm), the 
number of leaves was 6.50 sheet (control number was 
6.50 sheet), and root length was 9.50 cm (control length 
was 8.75 cm). At 10 days post-inoculation with the leaf-
spraying method, plant height was 43.50  cm (control 
height was 32.25 cm), number of leaves was 16.75 sheet 
(control number was 11.75 sheet), and root length was 
30.00 cm (control length was 21.75 cm). At 10 days post-
inoculation with the soil-wetting method, plant height 
was 49.25 cm (control height was 25.25 cm), the number 
of leaves was 19.25 sheet (control leaf number was 9.00 

Fig. 2  Morphology of B. bassiana isolated from common bean. a 
Macroscopic (14 days post-inoculation), b microscopic (400×) (1) 
conidia, (2) conidiophore, (3)  hyphae

Table 1  Colonization percentages of B. bassiana in leaves, stems, and roots at 10 and 20 days post-inoculation

Means followed by the same letter in a column are not significantly different at the Duncan test (p = 0.05); data are transformed using the formula (√ (x + 0.5)) for the 
purposes of statistical analysis

Inoculation methods Average root ± SE Average stem ± SE Average leaf ± SE

10 dpi 20 dpi 10 dpi 20 dpi 10 dpi 20 dpi

Control of seed-soaking 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Control of leaf-spraying 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Control of soil-wetting 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Seed-soaking 37.50 ± 12.50b 16.67 ± 12.50ab 25.64 ± 12.50ab 12.50 ± 12.50a 33.34 ± 16.67b 8.34 ± 9.62ab

Leaf-spraying 62.50 ± 23.94bc 25.00 ± 12.50ab 62.50 ± 12.50c 25.00 ± 14.43a 66.92 ± 18.00c 33.59 ± 30.80b

Soil-wetting 87.50 ± 12.50c 37.50 ± 12.50b 62.50 ± 23.94bc 25.00 ± 14.43a 46.09 ± 10.65bbc 25.00 ± 16.67b
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sheet), and root length was 32.25 cm (control root length 
was 24 cm) (Table 2).

At 20  days post-inoculation with the seed-soaking 
method, plant height was 51.00  cm (control height was 
41.75 cm), the number of leaves was 20.75 sheet (control 
number was 15.75 sheet), and root length was 31.00 cm 
(control length was 23.25  cm). At 20  days post-inocu-
lation with the leaf-spraying method, plant height was 
67.75 cm (control height was 54.50 cm), number of leaves 
was 29.00 sheet (control number was 21.75 sheet), and 
root length was 38.25 cm (control length was 33.25 cm). 
At 20  days post-inoculation with the soil-wetting 
method, plant height was 68.50  cm (control height was 
60 cm), the number of leaves was 29.75 sheet (control leaf 
number was 25.25 sheet), and root length was 40.5  cm 
(control root length was 36.00 cm).

Based on the results of these experiments, a post-inoc-
ulation time of 10 days was the most effective application 
time. Plant growth enhancement was observed with soil 
wetting and leaf spraying but not with seed-soaking.

Discussion
Identification of B. bassiana
Macroscopic and microscopic identification of B. bassi-
ana in this work correlated with the following obser-
vations made by Barnett and Hunter [3]: B. bassiana is 
known as a white muscardine because its mycelium 
and conidium (conidia) are white, its single oval-shaped 
conidia are oval-like eggs, and its conidiophore grows 
in a zigzag pattern. Vega et  al. [23] stated that B. bassi-
ana was found in the seeds, leaves, and shoots of coffee 
plants. B. bassiana not only infects insects but can also 
be a symbiont of plants. Thus, when B. bassiana conidia 
are inoculated into plants, the conidia may become an 
endophyte of the common bean plant. Application of B. 
bassiana resulted in endophytic colonization of roots, 
stems, and leaves of tomato and cotton plants, which 
protected against the plant pathogens Rhizoctonia solani 
and Pythium myriotylum. The degree of disease control 

depends upon the population density of B. bassiana 
conidia [15].

Colonization by B. bassiana
This study examined three methods of inoculating the 
entomopathogenic fungus B. bassiana. The method of 
inoculation can impact the endophytic characteristics of 
B. bassiana in plants. Factors that influence the devel-
opment of entomopathogenic fungi into endophytes are 
entomopathogenicity, fungus inoculation method, envi-
ronmental compatibility, fungus life cycle, and plant reac-
tion to the fungus [18]. The production of metabolites by 
fungi can help exploit these endophytic entomopatho-
genic properties to support plant resistance to pest and 
disease attacks. According to Qayyum et  al. [18], B. 
bassiana can enter and form colonies on plant tissue via 
inoculation techniques. Many factors can influence the 
specific outcome of experiments that aim to establish a 
fungal entomopathogen as an endophyte. Biological fac-
tors of interest that can be addressed experimentally 
include the crop species or cultivar and the fungal 
entomopathogen species, strain, or isolate. Other factors 
to consider include the concentration of the inoculum, 
the age of the plant during inoculations, and the growth 
conditions of the plant [16].

The soil-wetting and leaf-spraying methods used in this 
study generated positive but the seed-soaking method 
did not. The soil-wetting-facilitated B. bassiana conidia 
attach to the root surface, then penetrate to grow and 
develop, then spread to the stems and roots. With the 
leaf-spraying method, B. bassiana attaches to the top 
and bottom leaf surfaces and grows and develops, then 
spreads to stems and roots. It is not yet clear why B. 
bassiana colonization is more effective using leaf-spray-
ing in leaves and stems, but this may reflect different 
physiological conditions and microbial states in differ-
ent parts of the plant. The tissue specificity of endophytic 
fungus may also play a role in the ability of different parts 
of plants to cope with and adapt to particular conditions 

Table 2  Average plant growth parameters at 10 and 20 dpi (days post-inoculation)

Numbers followed by the same letter in a column are not significantly different at the Duncan test (p = 0.05); data are transformed using the formula (√ (x + 0.5)) for 
the purposes of statistical analysis

Treatment Plant height (cm) Number of leaves (sheet) Root length (cm)

10 dpi 20 dpi 10 dpi 20 dpi 10 dpi 20 dpi

Control of seed-soaking 17.75a 41.75a 6.50a 15.75a 8.75a 23.25a

Control of leaf-spraying 32.25bc 54.50abc 11.75ab 21.75ab 21.75b 33.25b

Control of soil-wetting 25.25ab 60.00bc 9.00a 25.25bc 24.00b 36.00b

Seed-soaking 20.00ab 51.00ab 6.50a 20.75ab 9.50a 31.00ab

Leaf-spraying 43.50cd 67.75c 16.75bc 29.00c 30.00c 38.25b

Soil-wetting 49.25d 68.50c 19.25c 29.75c 32.25c 40.50b
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[11, 17]. Based on previous research, for seed-treatment 
to increase growth of maize, high nutrient conditions are 
mandatory. If nutrients are not high enough, then the 
fungus tended to reduce plant growth [14].

Colonization levels of B. bassiana in cassava roots were 
higher when plants were sampled at 7–9 days post-inocu-
lation (84%) as compared to 47–49 days post-inoculation 
(40%) [7]. All colonizing fungi detected by fungal cell wall 
(CW) staining are metabolically active in young plants, but 
this may not be the case in older plants (Smith et al. 1990; 
Abdel-Fattah 2001) in [9]. According to Yoo and Ting [25], 
the success of endophytic fungal inoculation, including 
colonization and growth, depends on the host plant.

According to Parsa et al. [16], a higher degree of colo-
nization was observed for soil-wetting as compared to 
leaf-spraying. In coffee, foliar sprays favor leaf coloniza-
tion whereas soil drenches favor root colonization [16]. 
According to Behie et al. [4], of a total of 514 Beauveria 
isolates at Ontario field sites, 74.3% were from roots, 
11.9% were from the hypocotyl, and 13.8% were from 
the stem and leaves. The conidia of the fungus may stick 
to the root surface, then enter through the roots to the 
xylem vessels to spread to the stems and leaves [6]. The 
spread of B. bassiana in plants occurs through the vas-
cular tissues of the xylem [10]. The ability of Beauveria to 
colonize above-ground plant tissues could allow for sub-
sequent infection of above-ground herbivorous insects 
[4]. Beauveria is also capable of infecting insects found 
beneath the soil surface; however, host plants upon which 
the insects feed could potentially influence fungal patho-
genicity (Santiago-Alvarez et al. 2006). According to Tef-
era and Vidal (2009), spraying with conidial suspensions 
of B. bassiana was the best method for introducing the 
fungus into sorghum leaves. When a B. bassiana conidia 
solution was sprayed onto maize, the fungus colonized 
the leaves and translocated to other tissues (Wagner and 
Lewis 2000 in Mantzoukas et al. 2015). Once hyphae on 
the leaf surface penetrate the cuticle, they follow the leaf 
apoplast and move through interconnected vascular tis-
sues to colonize the entire plant (Mantzoukas et al. 2015).

Soil‑wetting method significantly enhanced common bean 
growth
Our results demonstrated that inoculation of 
entomopathogenic B. bassiana improved growth of com-
mon bean plants. Inoculation of B. bassiana had a posi-
tive effect on plant growth parameters, which included 
plant height, number of leaves, and root length. Saik-
konem et al. [19] stated that B. bassiana helps to trans-
fer nutrients from the soil into the plant that helps to 
stimulate plant growth. Several studies have shown that 
inoculation of entomopathogenic B. bassiana had a posi-
tive effect on growth of cotton plants [15]. According to 

Akutse et  al. [2], the Beauveria endophyte able to colo-
nize the roots, stems, and leaves of P. vulgaris plants by 
soil-wetting treatment. Soil-wetting inoculation of conid-
ial suspensions close to cassava stem cuttings resulted in 
endophytic colonization of cassava roots by B. bassiana 
and Metarhizium anisopliae, although neither was found 
in the leaves or stems of the treated cassava plants [7].

Conclusions
Inoculation of B. bassiana into Phaseolus vulgaris L. 
via seed-soaking, leaf-spraying, and soil-wetting dem-
onstrated the potential of this fungus to function as a 
growth-promoting endophytic agent. Use of soil-wetting 
to inoculate B. bassiana conidia maximally increased the 
growth of Phaseolus vulgaris L. at 10 days post-inocula-
tion. Compatibility of B. bassiana with plant parts (roots, 
stems, leaves) was demonstrated by macroscopic and 
microscopic identification.
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