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Abstract: 

Plant growth-promoting rhizobacteria and their metabolites are considered alternatives to chemical pesticides 

for managing plant diseases. Additionally, light spectra directly affect plant growth and response to stress, as 

well as the growth and physiology of plant-associated bacteria and fungi. This study aimed to investigate the 

role of different light spectra on the growth of beneficial bacteria and pathogenic fungi and their antagonistic 

relationships. This research investigated the effect of full spectrum, red, blue, far-red, UVA, green light and 

dark conditions on the growth of the antagonistic bacterium Bacillus pumilus INR7 and the plant pathogenic 

fungus Alternaria brassicicola and the interaction between these two micro organisms under laboratory 

conditions. The results showed that the light spectra significantly affected the growth of the antagonistic 

bacterium. Green light had the greatest effect, while UVA had a small effect on the population growth of the 

bacterium. The light spectra also affected the growth and spore production of A. brassicicola. Blue light 

increased colony growth, while dark conditions reduced it in the pathogenic fungus. UVA, red, green and 

blue light showed no significant differences compared to the full spectrum in spore production, dark 

conditions reduced the spore population. Conversely, UVA increased growth, whereas dark conditions 

reduced growth of A. brassicicola in the inhibition halo test. Furthermore, green light had the greatest effect 

and dark conditions the least effect on mycelial growth of A. brassicicola in the presence of volatile 

compounds from the antagonistic bacterium. The results of these experiments showed that light spectra can 

influence the physiology of beneficial bacteria and pathogenic fungi, affecting bacterial populations, fungal 

growth, sporulation rates and their interactions. 

Keywords: Biological Control, Volatile Organic Compounds, Population Growth, Inhibition Halo, Bacillus 

pumilus INR7 
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Introduction 

Pathogenic fungi significantly reduce crop yields, 

cause mycotoxin contamination and reduce product 

marketability (1, 2, 3, 4). Members of the genus 

Alternaria are necrotrophic plant pathogens that 

affect important economic crops (5). The use of 

chemical pesticides is a common strategy to control 

these diseases. In addition to chemical control, new 

methods such as biological control, heat treatment 

and natural products (including chitosan, essential 

oils, isothiocyanates, plant defence inducers and 

short wavelength light spectra) are essential. 

However, a combination of efficient methods that 

are compatible with the environment and human 

health is recommended in modern agriculture (6, 7). 

Considering the destructive effect of Alternaria 

brassicicola on cabbage family crops, it is 

necessary to find appropriate and practical methods 

to reduce disease severity in the field, greenhouse 

and storage (8, 9). The overuse of chemical 

pesticides in recent decades has led to several 

problems, including environmental contamination 

and the emergence of resistant races of the 

pathogen (9). Consequently, researchers are 

exploring alternative management strategies for the 

integrated management of fungal diseases (10). 

Plant growth-promoting rhizobacteria can assist 

and protect the host against pathogens by producing 

volatile compounds, siderophores, antibiotics and 

other secondary metabolites. These metabolites can 

enhance plant resistance to pathogens both directly 

and by activating the host defence system (11). One 

method of biological control involves the use of 

volatile organic compounds (VOCs). These 

compounds can diffuse into the soil and aerial parts 

of plants and play an essential role in plant 

physiology and pathogen control (12). 

Volatile compounds act as signalling molecules, 

facilitating communication between the plant and 

neighbouring microbes. In some cases they enhance 

the resistance of the host plant. These compounds 

can be rapidly dispersed in the air and, at low 

concentrations, can induce resistance in plants to a 

wide range of pests and plant pathogens (13, 14). 

Volatile compounds produced by Bacillus species 

have been evaluated as a novel method to control 

pathogens, particularly fungal diseases in plants 

(15, 16). 

Several studies have investigated the effect of 

light spectra on the biology and physiology of 

various fungi, including Alternaria spp. However, 

the results have been variable and sometimes 

contradictory. This variation can be attributed to the 

specific light spectrum used and the duration of 

exposure (17, 18, 19, 20). 

Light spectra can induce sporulation (18) and 

conidial germination (20) in Alternaria spp. Light 

intensity, particularly blue light, negatively 

modulated spore production in A. alternata. 

However, the effect of light on the inhibition of 

spore formation was reversible after one day of 

incubation in the dark. In A. alternata, light 

regulates mycotoxin production and sporulation in 

opposite ways. When spore formation is 

significantly reduced under blue light, the 

alternariol production increases two to three times 

(21). Alternaria spp. can sense and respond to light 

(18). Deletion of the white-collar 1 (WC-1) gene 

suppressed spore production in both dark and light 

conditions. Similarly, spore production in Botrytis 

cinerea is induced by near-UV light, whereas blue 

and green light had no effect on sporulation rate 

(22). 

In A. alternata, conidia germination was 

reduced by 25 % after exposure to UVC light for 10 

seconds. A. alternata was the only species able to 

grow under UVC light for 300-600 seconds. In 

contrast, Penicillium janthinellum spores were the 

most sensitive, with UVC light causing inactivation 

of all conidia after 30 seconds of exposure (20). 

Light spectra also have a significant effect on 

the mycelial growth of pathogenic fungi. Blue and 

violet light inhibited the mycelial growth of B. 

cinerea by up to 22.3 and 15.16%, respectively. 

Moreover, red and violet light irradiation inhibited 

the growth of B. cinerea on tomato leaves by up to 

32.08 and 36.74 %, respectively (23). Treatment of 

fava-beans with different light spectra prior to 

inoculation with Alternaria tenuissima showed that 

pathogen invasion was suppressed in plants 

pretreated with red light for 24 hours. Results 

indicated that the inhibition of disease in the leaves 

was due to the induction of resistance by the light 

treatment (19).  

Light spectra also affect the virulence 

characteristics of pathogenic fungi, including toxin 

biosynthesis (18, 24, 25). Blue light suppressed the 
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mycotoxins alternariol and alternariol monomethyl 

ether by 69 and 77 %, respectively. Both toxins are 

polypeptides produced by A. alternata. Red light 

did not reduce toxin levels. When the fungi were 

grown under blue light, the total lipid content 

increased by 25 % compared to red light (24).  

The aim of this study was to investigate the role 

of different light spectra in the growth of beneficial 

bacteria and pathogenic fungi and their antagonistic 

relationships. To our knowledge, the interaction of 

different light spectra and bacterial volatile 

compounds in the growth of the pathogenic fungus 

A. brassicicola needs to be investigated.  

 

Materials and Methods 

Preparation of antagonist bacterial isolate  

Bacillus pumilus INR7 was obtained from the 

bacterial collection of the Department of Plant 

Pathology, Razi University. This strain was 

obtained from Prof. Kloepper, Auburn University, 

USA. It was originally isolated from the endo-

rhizosphere of cucumber and is effective against 

several diseases. This strain has been formulated 

under the trade name The Yieldshield® (26). 

 

Preparation of pathogenic fungal isolates 

The fungal pathogen A. brassicicola was obtained 

from the fungal culture collection of the 

Department of Plant Pathology, Urmia University, 

kindly provided by Dr. Abdullah Ahmadpour. The 

isolate was isolated and identified Dr. Yubert 

Ghosta. 

 

Light spectrum equipment 

Six light spectra were used, including full spectrum 

with a maximum wavelength of 650 nm, blue light 

with a maximum wavelength of 447 nm, red light 

with a maximum wavelength of 660 nm, green light 

with a maximum wavelength of 517 nm, far red 

light with a maximum wavelength of 741 nm, UVA 

with a wavelength of 365 nm and a dark 

environment. To uniform the light spectra, the PFD 

value of all lights except UVA was set to 50 

μmol/m2/s using an optical spectrometer (UPRteck 

PG100N, Taiwan) (Fig.1). The characteristics of 

the UV spectrum were determined using another 

instrument (Lutron, UV-340A). The full spectrum 

light was considered representative of natural light 

and the dark condition represented the absence of 

light. The effect of the light spectra on the growth 

of antagonistic bacteria and pathogenic fungi was 

tested on a light shelf with six separate boxes to 

prevent collision of the spectra. 

 

 
Fig. 1: Light shelf with six separate boxes. A: full spectrum light; B: far red; C: red light; D: UVA; E: blue light; F: green 

light 
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Determination of bacterial CFU by optical 

density 

To determine bacterial CFU, a loop of the fresh 

bacterial culture on nutrient agar was transferred to 

a bottle containing 80 ml of nutrient broth medium 

and incubated overnight (12 h) at 25 °C on a shaker 

at 155 rpm. Then, the optical density of the sample 

was measured using a CamSpec M106 

spectrophotometer. A bacterial dilution series in 

physiological serum was then prepared in 1 ml 

Eppendorf tubes. Then, 50 µl from 5 and 6 tubes 

were spread on three 8 cm Petri dishes. After 24 h, 

the number of colonies was counted. This process 

was repeated for different optical densities and a 

standard curve was fitted from the optical density 

and CFU/ml data (27). 

 

Investigation of the population of the B. pumilus 

INR7 in the presence of different light spectrums 

B. pumilus INR7 was transferred to a bottle 

containing 80 ml of nutrient broth and incubated as 

described  above. The absorbance was then 

adjusted to an optical density of 0.45, equivalent to 

a population of 5.6×107. A 500 µl bacterial 

suspension was transferred to 20 ml screw capped 

tubes. Then, the tubes were transferred to the light 

boxes at a temperature of 22-25 °C. The tubes were 

gently shaken every hour until the population 

reached equilibrium throughout the tube. The 

optical density of the bacterial suspensions was 

then measured every three hours for each tube 

using a spectrophotometer at 600 nm. This test was 

performed for 12 h with three replicates, and the 

results were reported based on the AUGC formula 

(28, 29, 30). 

 

 

 

 
 
Ai...An =  nnerp flthaw lnap tpahppm aht or  plpma 

pmnr nartm arnps 

G1 ...Gn = slnap rm or  plpma  nnerp flthaw

pmnr nartm time 

T1...Tn = or  plpma  nnerp pmnr nartm times 

AUGC = atanr flthaw lnap t  awp  nnerp rm 

or  plpma pmnr nartm  nmo arnp  

Investigation of the effect of different light 

spectra on the growth of A. brassicicola 

A. brassicicola was cultured in the center of an 8 

cm Petri dish containing 20 ml of PDA medium and 

transferred to the light shelf at 22-25 °C. After one 

week, the Petri dishes were collected and the 

surface area of the fungal colony was measured 

using Digitizer software (v 6.3.0). The colony 

diameter was measured and the spore population 

was counted using a haemocytometer (31, 32) 

Slide. This experiment was conducted for one week 

and in three replicates (18, 23, 33). 

 

Investigation of the integrated effect of light 

spectra and volatile compounds of B. pumilus 

INR7 on mycelial growth of A. brassicicola 

A loop of the fresh culture of B. pumilus INR7 was 

transferred to part of an 8 cm I-plate containing 10 

ml NA. Then, a plaque from a fresh culture of A. 

brassicicola was transferred to the other part of the 

I-plate containing the PDA. The Petri dishes were 

transferred to the light boxes under the temperature 

conditions mentioned in the previous experiments. 

After 12 days, the Petri dishes were collected and 

the colony size was measured. This experiment was 

carried out for one week and in three replicates 

(33). 

 

Investigation of the combined effect of light 

spectra and B. pumilus INR7 on mycelial growth 

of  A. brassicicola in the inhibition halo test 

A loop of fresh culture of B. pumilus INR7 was 

streaked as a line on the 8 cm Petri dish containing 

20 ml of the mixture of NA and PDA in a ratio of 

1:1. Then, a plaque of fresh culture of A. 

brassicicola was then transferred to the center of 

the Petri dish. The dishes were transferred to light 

boxes at 22-25 °C. After ten days, the petri dishes 

were collected and the inhibition range between the 

antagonistic bacterium and a pathogenic fungus 

was investigated (34, 35, 36). 

 

Data analysis 

Analysis of variance and comparison of means 

were performed using the least significant 

difference (LSD, P < 0.05) method and generalized 

linear model (GLM) with SAS (SAS 9.4 TS Level 

1M6). All experiments were conducted in a 
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completely randomized design (CRD) with at least 

three replications. 

 

Results 

The effect of light spectra on the population of 

B. pumilus INR7 

The light spectra had a significant effect on the 

population growth of the antagonistic bacteria. The 

green light with an area under the growth curve 

(AUGC) of 2.53 had the most significant effect 

compared to dark conditions and the full spectrum 

with indices of 1.91 and 1.66. Similarly, the far-red 

and red lights with AUGCs of 2 and 1.83, 

respectively, had no significant difference with dark 

conditions (Fig. 2). There was no statistically 

significant difference between full spectrum and 

red light. The blue spectrum and the UVA effect 

were significantly lower than the full spectrum, 

with AUGCs of 1.10 and 0.28, respectively. 

 

 
Fig. 2: The effect of different light spectra on the population growth of B. pumilus INR7 compared to full spectrum and dark 

treatments after 12 h. The experiment was conducted in a 22-25 °C light box. The numbers are the average of three replicates 

for each treatment and the error bars represent the standard deviation (SD). Comparisons of means were made using the least 

significant difference (LSD) at the 5 % probability level. Population growth was recorded at several time points to calculate 

the area under the growth curve (AUGC). 

The effect of light spectra on mycelial growth of 

A. brassicicola 

The blue light with an average mycelial growth of 

51.3 mm, followed by the UVA and green together 

with an average of 47.6 mm, increased the growth 

of A. brassicicola significantly more than the full 

spectrum with an average of 1.44 mm (Fig. 3 and 

4). The far red spectrum had less effect than the full 

spectrum with an average of 36.5 mm. Dark 

conditions, with an average of 33.1 mm, had the 

least effect on the growth of pathogenic fungi 

compared to other light spectra. 

The effect of light spectra on the sporulation of 

A. brassicicola 

As shown in Fig. 5, the UVA, red, green and blue 

light spectra showed no statistical difference from 

the full spectrum in the logarithm of the spore 

population. However, far red light with an average 

of 6.81 reduced the spore population compared to 

the full spectrum. Dark conditions, with an average 

of 6.53, had the least effect on the logarithm of the 

spore population in A. brassicicola compared to all 

light spectra. 
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Fig.3: Effect of different light spectra on mycelial growth of A. brassicicola grown on potato dextrose agar at 22-25 °C 

compared to full spectrum and dark treatments after one week. 

 

 

 
Fig. 4: The effect of different light spectra on mycelial growth of A. brassicicola compared to full spectrum and dark 

conditions after one week. The experiment was conducted in a 22-25 °C light box. The numbers are the average of three 

replicates for each treatment and the error bars represent the mean standard deviation (SD). Comparisons of means were 

made using the least significant difference (LSD) at the 5 % probability level. 
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Fig. 5: The effect of different light spectra on the spore population of A. brassicicola compared to full spectrum and dark 

conditions after one week. The experiment was conducted in a 22-25 °C light box. The numbers are the average of three 

replicates for each treatment and the error bars represent the mean standard deviation (SD). Comparisons of means were 

made using the least significant difference (LSD) at the 5 % probability level. 

 

 
Fig. 6: Antagonistic effect of B. pumilus INR7 bacteria against A. brassicicola in the presence of different light spectra during 

ten days. The experiment was conducted in a light box at 22-25 °C. The numbers are the average of three replicates for each 

treatment and the error bars represent the mean standard deviation (SD). Comparisons of means were made using the least 

significant difference (LSD) at the 5 % probability level. 
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Fig. 7: Antagonistic effect of B. pumilus INR7 against A. brassicicola in the presence of different light spectra after 10 days 

compared to full spectrum and dark treatments. The culture medium used was a combination of potato dextrose agar and 

nutrient agar in a 1:1 ratio. 

The combined effect of different light spectra 

and B. pumilus INR7 on mycelial growth of A. 

brassicicola 

The mutual effect of UVA, blue and green light 

spectra and antagonistic bacteria with colony 

growth areas of 2146.7, 1598.9 and 1386.8 mm2 

respectively increased the growth of the fungus 

compared to the full spectrum with an average of 

1068.4 mm2 (Fig. 6). However, the far-red light 

spectrum with an average of 822.5 mm2 had a 

significantly lower effect than the full spectrum. 

Dark conditions with an average of 666.4 mm2 had 

the least effect on increasing fungal colony area in 

the presence of antagonistic bacteria. Notably, the 

antagonistic bacterial colony was weakly formed in 

the presence of the UVA light spectrum. However, 

fungal growth was highest in the presence of UVA 

light (Fig. 7). 

 

 

 

The combined effect of different light spectra 

and volatile compounds from B. pumilus INR7 

on the mycelial growth of A. brassicicola 

The highest growth of A. brassicicola, with an 

average increase of 42.3 mm, was observed under 

the combined effect of green light and bacterial 

volatile compounds, surpassing the full spectrum, 

which had an average increase of 39.3 mm. Blue 

light, with an average growth of 40.6 mm, showed 

a statistically significant difference from the full 

spectrum in promoting the growth of the pathogenic 

fungus. The UVA, red and far red spectra with a 

mean of 39, 38.6 and 38.3 mm, respectively, did 

not show a  statistically significant difference 

compared to the full spectrum. Dark conditions 

gave the lowest mycelial growth of pathogenic 

fungi, with an average of 35.3 mm having the 

lowest effect on mycelial growth of pathogenic 

fungi compared to light spectra. The colony of B. 

pumilus INR7 was weakly formed in UVA light, 

consistent with the results of the inhibitory halo test 

(Fig 8 and 9).  
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Fig. 8: Effect of different optical spectra and volatile compounds of B. pumilus INR7 in inhibiting the growth of A. 

brassicicola after 12 days. The experiment was conducted in a  light box at 22-25 °C. The numbers are the average of three 

replicates for each treatment and the error bars represent the mean standard deviation (SD). Comparisons of means were 

made using the least significant difference (LSD) at the 5 % probability level. 

 

 

Fig. 9: Effect of different light spectra and volatile compounds of B. pumilus INR7 on the mycelial growth of A. brassicicola 

compared to full spectrum and dark conditions after 12 days. The culture medium used to develope the antagonistic bacteria 

in this test was a mixture of nutrient agar and potato dextrose agar in a 1:1 ratio. Potato dextrose agar was also used as a 

fungal culture medium.
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Discussion 

Light receptors are known to modulate many light-

dependent processes in A. alternata. Interestingly, 

blue light prevents sporulation in A. alternate, 

whereas red light reverses this negative effect. It 

has been reported that A. alternate has a complete 

set of blue and red photoreceptors (18, 21). 

However, in the current study, the effects of blue 

and red light spectra were statistically similar. 

Light spectra also influence spore production (18) 

and germination (20) in Alternaria spp. Light 

intensity, particularly blue light, negatively 

modulates spore formation in A. alternata (18). In 

the present study, there was no significant 

difference in the spore population between the light 

spectra; only the dark treatment reduced the spore 

population. Furthermore, alternating periods of 

light and dark conditions maximizes mycelial 

growth compared to continuous exposure to light or 

dark exposure (37).  

Research on Neurospora crassa shows that blue 

light has the greatest effect on the growth and 

physiology of the fungus, whereas red light plays a 

dominant role in Aspergillus nidulans. The 

physiological difference between these fungi can 

explain this variation (21). In the current study, 

blue light also significantly promoted the growth of 

pathogenic fungi, whereas red light had less effect.  

In a separate investigation of the effect of red, 

green, blue and full spectrum light on mycelial 

growth and spore germination of Colletotrichum 

acutatum, it was found that red and green light 

increased mycelial growth ,whereas blue light, full 

spectrum, and dark conditions decreased growth 

(38). Some of these findings differ from those of 

the present study, where blue light had a more 

significant effect on the growth of pathogenic fungi 

than red and green light. Additionally, green light 

increased the growth of pathogenic fungi more than 

dark conditions in this study. 

The effect of light on colony growth and 

sporulation was investigated for three isolates of 

Monilinia laxa and showed that the highest 

mycelial growth occurred in the presence of red 

light, followed by green light, daylight and dark 

conditions (39). This finding contrasts with the 

results of the present study, where blue light had 

the highest effect on the mycelial growth of the 

pathogenic fungus compared to green, full 

spectrum, and dark conditions. 

In Alternaria cichorii, conidiophores are 

induced by UV radiation with a wavelength of less 

than 340 nm, especially at higher temperatures. 

Conversely, sporulation is inhibited by exposure to 

black light blue (blb, 310-420 nm) and blue light 

(530-360 nm), especially at lower temperatures. 

The inhibition of sporulation by blb is associated 

with blue spectra and increases with rising 

temperature. Prolonged exposure to blb (≥ 3 days) 

results in a temperature-dependent increase in the 

spore population (40). These finding were similar 

to those of the present study, without taking into 

account the mentioned temperature conditions and 

the fungal species studied, because blue light 

positively affects sporulation in A. alternata. 

The near UV light spectrum induced sporulation 

of B. cinerea. Infrared, red and yellow light have 

little effect on fungal sporulation, while blue and 

green light have no effect (22). This finding is some 

what similar to our results, as UV light had a 

positive effect on the sporulation of our fungus. In 

contrast, red, blue and green light, similar to UV 

light, also had a positive effect on sporulation in 

our study. 

The results of our experiments indicate that 

light spectra can significantly affect  the physiology 

of beneficial bacteria and pathogenic fungi. 

Specifically, light spectra affect bacterial 

population, the growth of pathogenic fungi, the rate 

of sporulation and their interactions. Future 

research should focus on determining the minimum 

exposure time required to achieve optimal effect of 

light on disease management. Our findings can be 

applied to storage and greenhouse conditions. 

Light spectra affect bacterial physiology and 

responses. Blue light inhibits the twitching 

movement of Acinetobacter baylyi ADP1 bacteria 

at a maximum temperature of 20 °C (41). An 

engineered Pseudomonas aeruginosa strain (called 

pctm) with light-dependent intracellular cAMP 

levels, by inducing a light-activated adenylate 

cyclase (bPAC) gene into the bacteria, caused a 15-

fold increase in expression of the responsive 

promoter after exposure to blue light. cAMP and an 

8-fold increase in twitching activity (42). 
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Light stimulated the growth of Bacillus 

amyloliquefaciens JBC36 compared to dark-grown 

treatments. Red light regardless of intensity, 

increased swarming and caused significant biofilm 

formation at 240 μmol/m2/s (43). 

Exposure to low intensities of the UVA 

spectrum increases biofilm formation in P. 

aeruginosa. This is  the result of the present study: 

UVA light increases biofilm formation after green 

light, as do other light spectrums. In addition, 

placing bacterial cells near the UVA spectrum can 

increase two known characteristics of bacterial cell 

adhesion, including cell surface hydrophobicity and 

swimming motility. This contradicts the results of 

this study, as the antagonistic bacteria did not swim 

in the vicinity of the UVA spectrum. The results of 

other findings show that the UVA spectrum can, to 

some extent, influence the formation of bacterial 

biofilm by affecting the early stages of growth 

development (44). 

Blue light regulates motility and biofilm 

formation in many species of the genus 

Acinetobacter, including Acinetobacter 

calcoaceticus. In several Acinetobacter species, 

blue light is a critical factor in determining the 

balance between motility and quiescence at 24 °C. 

In contrast, in Acinetobacter baumannii, blue light 

prevented both motility and biofilm formation, a 

finding that is consistent with the results of this 

research, in which blue light influenced biofilm 

formation by antagonistic bacteria and showed no 

significant difference compared to the other spectra 

used, except for green light. Light-dependent 

regulation of motility was observed not only at 24 

°C but also at 37 °C in species other than A. 

baumannii (45). 

In the pathogen Pseudomonas syringae pv 

Tomato DC3000 (Pto), both full and blue light 

spectra suppressed motility while enhancing 

bacterial adhesion to plant leaves. These effects 

were reversed by mutation of the blue light receptor 

(46). 

The antimicrobial effect of the UVA LED 

spectrum (365 nm, 0.28 mW/cm2, in tap or 

continuous mode) on biofilm formation of Candida 

albicans and Escherichia coli has been reported. 

This was determined by assessing colony forming 

units and observing morphological changes of 

bacterial cells within the biofilm using a scanning 

electron microscope. The results showed that after 

five minutes of exposure to the UVA light 

spectrum, more than 90% of the living micro-

organisms in the biofilms were destroyed. Tap 

irradiation at 1 to 1000 Hz showed greater 

antimicrobial efficacy than continuous irradiation. 

Tap irradiation at 100 Hz for 60 min almost 

eliminated the microorganisms in the biofilm 

(>99.9%), whereas 20 min irradiation caused 

significant damage to both microbial species. These 

results are in agreement with the results of the 

present study(47). 
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