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Abstract: Biological control plays an increasingly important role in various aspects of modern agri- 9 

culture and forestry. Identifying biocontrol strains with commercial potential for effective disease 10 

management is currently a focal point in biological control research. In this study, Bacillus atrophaeus 11 

XHG-1-3m2, a strain with significant biocontrol potential against Wilsonomyces carpophilus causing 12 

shot hole disease in wild apricots, was developed. The study determined the antibacterial activity 13 

of the fermentation broth, the optimal fermentation medium composition and conditions, and ex- 14 

plored its effectiveness in controlling Wilsonomyces carpophilus. The optimal fermentation medium 15 

for strain XHG-1-3m2 comprises 12.5 g/L yeast extract, 12.5 g/L soy peptone, 10.0 g/L sodium chlo- 16 

ride, 1 g/L ammonium chloride, 1 g/L potassium dihydrogen phosphate, 1 g/L disodium hydrogen 17 

phosphate, and 0.5 g/L magnesium sulfate heptahydrate. With an initial pH of 7.0, a liquid volume 18 

of 40%, an inoculum volume of 3%, and shaking incubation at 28 °C for 24 hours, the viable cell 19 

count reached 14×109 cfu/mL. In vitro and in vivo tests on leaves revealed that the fermentation 20 

broth and the biocontrol biofertilizer derived from this strain inhibited the leaf lesions caused by 21 

Wilsonomyces carpophilus on wild apricots, achieving inhibition rates of 94.62% and 82.46%, respec- 22 

tively. 23 
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1. Introduction 34 

The Tianshan wild fruit forests in the Ili region of Xinjiang are an important 35 

germplasm gene bank for studying the genetic diversity and gene evolution of temperate 36 

fruit trees globally. The development and protection of these ecological resources are cru- 37 

cial [1]. In recent years, the fungal shot hole disease of wild apricots caused by Wilsonomy- 38 

ces carpophilus has occurred frequently [2], posing a significant risk to the germplasm re- 39 

sources of wild apricots and the stability of the ecosystem [3]. Therefore, in the context of 40 

sustainable utilization and conservation of the rare and relict broadleaf forest ecosystems 41 

in the wild fruit forests of Tianshan, studying the green control of Wilsonomyces carpophilus 42 

and its damage to wild apricots has both practical and scientific significance. 43 

Biological control is gaining widespread attention in modern green control systems 44 

due to its effectiveness in avoiding environmental pollution and resistance development 45 

in pathogens [4,5]. Bacillus spp. has been extensively studied for its antagonistic potential 46 

in controlling various plant diseases. As early as 1991, researchers evaluated the antago- 47 

nistic effect of Bacillus subtilis against Aspergillus flavus [6]. Subsequently, numerous 48 

studies have demonstrated that the application of Bacillus strains or their antagonistic for- 49 

mulations in the field yields positive results [7–9]. Additionally, Bacillus spp. have shown 50 

specificity in controlling certain plant diseases [10]. Thus, using Bacillus spp. as a biologi- 51 

cal control agent against various plant diseases holds tremendous potential. 52 

The fermentation of antagonistic strains serves as a bridge between laboratory re- 53 

search and field applications of biocontrol agents. The optimization of fermentation aims 54 

to increase the number of viable cells or the content of antibacterial metabolites in the 55 

fermentation broth, ensuring the efficacy of biocontrol agents against plant diseases [11]. 56 

The efficacy of biocontrol agents is influenced not only by the intrinsic properties of the 57 

strains but also by the fermentation medium and conditions. Therefore, optimizing the 58 

fermentation medium and conditions is a prerequisite for the commercial production of 59 

biocontrol agents [12]. Currently, microbial fermentation optimization primarily employs 60 

single-factor, orthogonal, and response surface methodologies [13]. For instance, Zhong 61 

et al. [14] optimized the fermentation medium and conditions for the biocontrol bacterium 62 

FDHY-MZ2, increasing the bacterial biomass by 10.92 times. Dai et al. [15] reported an 63 

87.04% inhibition rate of Sphaeropsis sapinea growth using fermentation filtrate of Bacillus 64 

pumilus HR10 cultivated in an optimized medium. Ahsan et al. [16] identified and fer- 65 

mented the antagonistic strain Bacillus amyloliquefaciens BAM (TL-6), which holds promise 66 

for agricultural applications. Ahmady [17] investigated the fermentation of antagonistic 67 

bacteria in various liquid media. Additionally, Li et al. [18] studied the optimization of 68 

fermentation conditions for antagonistic bacteria targeting specific plant pathogens. 69 

Bacillus atrophaeus XHG-1-3m2, isolated from infected wild apricot leaves in the Ili 70 

region of Xinjiang, has shown promising biocontrol potential against shot hole disease of 71 

wild apricots [19]. Due to Xinjiang's unique geographic location and climatic characteris- 72 

tics, as well as the distinct biological traits of the microorganisms, there are significant 73 

challenges in applying biocontrol agents in this region. To better develop and utilize this 74 

biocontrol agent, this study optimized the fermentation medium and conditions for Bacil- 75 

lus atrophaeus XHG-1-3m2. The optimized fermentation broth was further developed into 76 

a biofertilizer, and its efficacy in controlling shot hole disease in wild apricots was evalu- 77 

ated through both in vitro and in vivo assays. The aim is to provide technical parameters 78 

and theoretical basis for the further development and application of this biocontrol agent. 79 

2. Materials and Methods 80 

2.1. Experimental materials 81 

1. Wilsonomyces carpophilus: The Wilsonomyces carpophilus strain XJAU-G052-5m2 was 82 

isolated from wild apricot leaves in the Tianshan wild fruit forests. Species identifi- 83 

cation was completed in a previous study [3]. 84 

Админ
Подсвеченный

Админ
Пишущая машинка
Phytopatogenic bacteria:

Админ
Пишущая машинка
which caused .... disease  

Админ
Подсвеченный

Админ
Пишущая машинка
italics



Microorganisms 2024, 12, x FOR PEER REVIEW 4 of 25 
 

 

2. Antagonistic Bacteria: The antagonistic strain Bacillus atrophaeus XHG-1-3m2 was iso- 85 

lated from infected wild apricot leaves collected in the Yili region of Xinjiang. The 86 

strain is preserved in the Forest Protection and Pathology Laboratory, College of For- 87 

estry and Landscape Architecture, Xinjiang Agricultural University [19]. 88 

3. Host Plant: 2-3 year-old wild apricot plants. 89 

2.2.  Experimental medium 90 

Potato Dextrose Agar (PDA) Medium: 200 g potatoes, 20 g glucose, 17 g agar, 1000 91 

mL distilled water, natural pH. 92 

Luria-Bertani (LB) Solid Medium: 10 g tryptone, 5 g yeast extract, 10 g NaCl, 17 g 93 

agar, 1000 mL distilled water, pH 7.0-7.2. 94 

LB Liquid Seed Medium: 10 g tryptone, 5 g yeast extract, 10 g NaCl, 1000 mL distilled 95 

water, pH 7.0-7.2. 96 

Fermentation Medium 1 (Modified LB Liquid Medium): 10 g tryptone, 5 g yeast ex- 97 

tract, 10 g NaCl, 1 g NH4Cl, 1 g KH2PO4, 1 g Na2HPO4, 0.5 g MgSO4·7H2O, 1000 mL dis- 98 

tilled water, pH 6.7-7.0. 99 

Fermentation Medium 2 (Nutrient Broth, NB): 10 g peptone, 3 g beef extract, 5 g 100 

NaCl, 1000 mL distilled water, pH 7.4. 101 

Fermentation Medium 3 (PDB Medium): 200 g potatoes, 20 g glucose, 1000 mL dis- 102 

tilled water, natural pH. 103 

Fermentation Medium 4 [20]: 30 g cornmeal, 30 g soybean powder, 4 g K2HPO4, 1.5 g 104 

MgSO4·7H2O. 105 

Fermentation Medium 5 [21]: 3% cornmeal, 6.0% soybean meal, 0.3% KH2PO4, 1000 106 

mL distilled water, pH 7.0. 107 

Fermentation Medium 6 [21]: 15 g wheat bran, 5 g soybean peptone, 0.1 g MnSO4, 3 108 

g CaCO3, 1000 mL distilled water, pH 7.0. 109 

Fermentation Medium 7 [21]: 5 g maltose, 10 g yeast extract, 5 g NaCl, 1000 mL dis- 110 

tilled water, pH 7.0. 111 

Fermentation Medium 8 [22]: 22.64 g glucose, 11.93 g peptone, 1.86 g yeast extract, 3 112 

g  NH4Cl, 1 g KH2PO4, 1 g Na2HPO4, 0.5 g MgSO4·7H2O, 5 g soybean powder, 1000 mL 113 

distilled water, pH 7.0. 114 

Fermentation Medium 9 [23]: 5 g glucose, 20 g cornmeal, 40 g soybean meal, 3 g 115 

K2HPO4, 1 g KH2PO4, 2 g (NH4)2SO4, 0.20 g MgSO4·7H2O, 0.020 g MnSO4, 1000 mL distilled 116 

water, pH 7.0. 117 

All media was sterilized at 121 °C for 30 minutes in an autoclave before use. 118 

2.3. Antagonistic Activity Test 119 

2.3.1. Preparation of Seed Culture, Fermentation Broth, and Sterile Filtrate 120 

After reactivating the Wilsonomyces carpophilus pathogen stored at -4°C, it was placed 121 

in the center of a PDA plate and incubated at a constant temperature of 25°C in the dark 122 

for 7–14 days until use. Bacillus atrophaeus XHG-1-3m2, stored at -70°C, was streaked onto 123 

an LB solid medium with an inoculation needle for reactivation. The inoculated LB plates 124 

were incubated upside down in a 37°C incubator for 24 hours in the dark. A single colony 125 

from the LB plate was picked with an inoculation loop and transferred to a 250 mL Erlen- 126 

meyer flask containing 100 mL LB liquid medium, which was incubated at 30 °C and 180 127 

r/min for 24 hours in a shaking incubator to obtain the seed culture of Bacillus atrophaeus 128 

XHG-1-3m2. Under single-factor variable conditions, the seed culture was inoculated into 129 

the optimized fermentation medium at a 2% inoculation volume and incubated by shak- 130 

ing for 24 hours to produce the fermentation broth. The fermentation broth of strain XHG- 131 

1-3m2 was filtered through a 0.22 μm microporous membrane to obtain the sterile filtrate. 132 

2.3.2. Determination of the Inhibitory Activity of Fermentation Broth Against Pathogenic 133 

Mycelial Growth 134 
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To further investigate the inhibitory properties of strain XHG-1-3m2, the following 135 

experiments were conducted to assess the antibacterial activity of the fermentation broth, 136 

sterile filtrate, and volatile compounds produced by the strain. A modified confrontation 137 

method using fermentation broth on plates was employed [24], with uninoculated me- 138 

dium serving as the control. Each treatment was repeated three times, and the plates were 139 

incubated at 28 °C. Once the diameter of the control colonies reached 85% of the plate or 140 

covered the entire plate, the inhibition rate of mycelial growth was calculated. 141 

Inhibition Rate (%) = [(Colony Diameter of Control Group - Colony Diameter of 142 

Treatment Group) / Colony Diameter of Control Group] × 100% 143 

2.3.3. Measurement of Inhibitory Rate of Volatile Compounds 144 

The inhibitory activity of volatile compounds produced by Bacillus atrophaeus XHG- 145 

1-3m2 was determined using the double-dish inverted method, with modifications based 146 

on Zhao et al. [25] Uninoculated medium was used as the control, and each treatment was 147 

repeated three times. The plates were incubated at a constant temperature of 28°C. Once 148 

the control plates were fully colonized, the colony diameters were measured, and the in- 149 

hibition rate was calculated using Once the control plates were fully colonized, the colony 150 

diameters were measured, and the inhibition rate was calculated using the above formula. 151 

2.4. Determination of the Growth Curve of the Antagonistic Strain 152 

One milliliter of the prepared seed culture was inoculated into fresh LB liquid me- 153 

dium and incubated in a shaking incubator at 30 °C, 180 r/min. Measurements were taken 154 

every 4 hours for the first 24 hours and then every 12 hours afterward. The optical density 155 

(OD) at 600 nm and the viable cell count were measured to determine the growth curve 156 

of the antagonistic strain. The viable cell count was determined using the plate dilution 157 

method. 158 

The seed culture was inoculated into different liquid fermentation media and incu- 159 

bated in a shaking incubator under constant conditions. The optical density (OD600) of the 160 

fermentation broth was measured using a spectrophotometer at 600 nm, with uninocu- 161 

lated fermentation medium as the control. Higher OD600 values indicate higher biomass, 162 

while lower OD600 values indicate lower biomass. The viable cell count in the fermentation 163 

broth was determined using the plate dilution method [26]. Each gradient was repeated 164 

in parallel three times, and after 24 hours of incubation at 30 °C in an inverted position, 165 

the colonies were counted. The viable cell count was calculated as: 166 

Viable Cell Count (cfu/mL) = Number of colonies on plate × dilution factor / volume 167 

of plated inoculum (mL) 168 

2.5. Screening of Fermentation Media 169 

2.5.1. Screening of Basic Fermentation Media 170 

The basic fermentation medium was selected from nine initial fermentation media 171 

(as described in 2.2.). The medium pH was set to 7.0, and the liquid volume in the shaking 172 

flask was 100 mL in a 250 mL flask. The seed culture of Bacillus atrophaeus XHG-1-3m2 was 173 

inoculated at a 2% (v/v) inoculum size and incubated at 30 °C, 180 r/min in a shaking 174 

incubator for 24 hours. The biomass and viable cell count in the fermentation broth were 175 

measured, and the medium with the highest biomass and viable cell count was selected 176 

as the basic fermentation medium for Bacillus atrophaeus XHG-1-3m2. 177 

2.5.2. Screening of Fermentation Medium Components 178 

The optimal carbon sources (yeast extract, glucose, sucrose, maltose, cornmeal), ni- 179 

trogen sources (tryptone, peptone, soy peptone, yeast extract, potassium nitrate), and in- 180 

organic salts (sodium chloride, potassium chloride, calcium carbonate, manganese sulfate, 181 

copper sulfate) for Bacillus atrophaeus XHG-1-3m2 were determined using a single-factor 182 

analysis method. The biomass and viable cell count were measured according to the meth- 183 

ods in 2.4. 184 
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2.5.3. Screening of Optimal Concentrations for Fermentation Medium Components 185 

Using the optimal fermentation medium from 2.5.1 as the base, the original carbon 186 

source concentration was replaced with concentrations of 2.5, 5.0, 7.5, 10, 12.5, and 15 g/L; 187 

the nitrogen source concentrations were replaced with 7.5, 10, 12.5, 15, 17.5, and 20 g/L; 188 

and the inorganic salt concentrations were replaced with 2.5, 5.0, 7.5, 10, 12.5, and 15 g/L. 189 

The fermentation of Bacillus atrophaeus XHG-1-3m2 was carried out under the conditions 190 

described in 2.5.1. The concentration yielding the best results was selected as the optimal 191 

component concentration for Bacillus atrophaeus XHG-1-3m2 fermentation. 192 

2.5.4. Orthogonal Screening of Fermentation Medium Component Ratios 193 

Based on the results of single-factor experiments, an orthogonal experiment was de- 194 

signed to further determine the optimal fermentation medium formulation by testing the 195 

optimal medium components selected in 2.5.2-2.5.3. 196 

2.6. Optimization of Fermentation Conditions 197 

2.6.1. Single-Factor Screening of Fermentation Conditions 198 

The optimal fermentation volume (50, 70, 100, 120, 150 mL), inoculum size (1%, 2%, 199 

3%, 4%, 5%), initial pH (5, 6, 7, 8, 9), temperature (24, 27, 30, 33, 36 °C), and shaking speed 200 

(100, 120, 150, 180, 200 r/min) for Bacillus atrophaeus XHG-1-3m2 were determined using a 201 

single-factor analysis method. The biomass and viable cell count were measured accord- 202 

ing to the methods in 2.4. 203 

2.6.2. Orthogonal Experiment for Fermentation Volume, Inoculum Size, Initial pH, Tem- 204 

perature, and Shaking Speed 205 

Based on the analysis of single-factor experiments, it was found that fermentation 206 

volume, initial pH, and temperature significantly influenced the growth of the antagonis- 207 

tic strain during shaking flask fermentation. Therefore, an L9(33) orthogonal experiment 208 

was designed to determine the optimal fermentation conditions by testing the fermenta- 209 

tion volume, initial pH, and temperature. 210 

2.7. Preliminary Preparation of Bacillus atrophaeus XHG-1-3m2 Biofertilizer 211 

Using calcium carbonate as the carrier, the fermentation broth was mixed with the 212 

carrier in a 1:1 ratio by mass (m=1:1) to prepare Bacillus atrophaeus XHG-1-3m2 powder. 213 

The powder was air-dried in a cool, ventilated place. After drying, the powder was mixed 214 

with an organic water-soluble fertilizer (Si Talin, containing amino acids and trace ele- 215 

ments) at a mass ratio of 100:0.3 to produce biofertilizer [27,28]. A certain amount of the 216 

biofertilizer was dissolved in water, diluted, and the biomass and viable cell count were 217 

determined using the same method. 218 

2.8. Determination of Biocontrol Efficacy 219 

The biocontrol efficacy of the antagonistic strain fermentation broth was determined 220 

in the laboratory using a preventive protection method and a therapeutic method. The 221 

efficacy was evaluated by inoculating detached and live wild apricot leaves [29]. 222 

Preventive (Protection) Method: Fresh wild apricot leaves were cut using sterilized 223 

scissors, and the leaves were punctured with sterilized needles. Different fermentation 224 

broths were sprayed until the liquid dripped from the leaves [30]. This process was re- 225 

peated three times at 3-hour intervals. After 24 hours, a 5 mm-diameter pathogen plug 226 

from a 7-day-old culture was inoculated at the wound sites, and the leaves were wrapped 227 

in sterile wet cotton and plastic wrap. Leaves inoculated only with the pathogen served 228 

as the control, and each treatment was repeated with three leaves. After 24 hours of incu- 229 

bation at room temperature, the pathogen plugs, plastic wrap, and sterile cotton were re- 230 

moved from the leaves. Disease lesion area changes were observed daily for approxi- 231 

mately 9 days, and the inhibition rate was calculated. The in vivo experiment followed the 232 
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same method, except the leaves were not cut, and the treated live plant leaves were ob- 233 

served for changes in lesion area to calculate the inhibition rate. 234 

Therapeutic Method: Fresh wild apricot leaves were cut using sterilized scissors, and 235 

the leaves were punctured with sterilized needles. A 5 mm-diameter pathogen plug from 236 

a 7-day-old culture was inoculated at the wound sites, and the leaves were wrapped in 237 

sterile wet cotton and plastic wrap. After 24 hours of incubation at room temperature, the 238 

pathogen plugs, plastic wrap, and sterile cotton were removed, and different fermentation 239 

broths were sprayed until the liquid dripped from the leaves. This process was repeated 240 

three times at 3-hour intervals, followed by wet cotton humidification treatment. Disease 241 

lesion area changes were observed daily for approximately 9 days, and the inhibition rate 242 

was calculated. The in vivo experiment followed the same method, except the leaves were 243 

not cut, and the treated live plant leaves were observed for changes in lesion area to cal- 244 

culate the inhibition rate. 245 

2.9. Data Analysis 246 

Experimental data was organized using Excel 2021 and analyzed using SPSS 26.0 for 247 

independent t-tests or one-way ANOVA. Duncan's new multiple range test was used to 248 

assess the significance of differences, and figures were generated using Origin 2021. 249 

3. Results 250 

3.1. Determination of Antagonistic Activity and Inhibition Effect of the Antagonistic Strain 251 

 252 

Figure 1. Inhibitory effects of different treated fermentation broths on the pathogen after 30 days of 253 
confrontation culture at 25 °C. Note: A: CK (control); B: Fermentation broth; C: Supernatant after 254 
centrifugation; D: Fermentation broth diluted 10 times; E: Fermentation broth diluted 100 times; F: 255 
Sterile filtrate (supernatant filtered through a 0.22 μm membrane); G: Sterilized fermentation broth 256 
(autoclaved). 257 

Table 1. Effect of different treatments of fermentation broth with antagonistic strains of bacteria on 258 
the inhibitory activity of the bacteria. 259 

Treatment 
Mean colony diameter 

( mm ) 

Inhibition rate 

( % ) 

CK 76.73±1.99 a  — 
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Fermentation broth 9.51±0.64 h 87.60±0.95 a 

Supernatant after centrifu-

gation 
14.40±1.29 g  81.24±1.58 b 

Fermentation broth diluted 

10 times 
16.66±0.97 f  78.28±1.24 b 

Fermentation broth diluted 

100 times 
19.84±1.83 e  74.14±2.36 c 

Sterile filtrate (supernatant 

filtered through a 0.22 μm 

membrane) 

20.44±2.29 e  73.35±3.11 c 

Sterilized fermentation 

broth (autoclaved) 
— — 

Volatiles from fermenta-

tion broth with live bacte-

ria 

29.44±1.89 d  61.58±3.15 d 

Volatiles from centrifuga-

tion supernatant 
30.86±2.37 d  59.78±2.86 d 

Volatiles from 10-fold dilu-

tion of fermentation broth 

with live bacteria 

49.75±1.21 c  35.11±3.02 e 

Volatiles from 100-fold di-

lution of fermentation 

broth with live bacteria 

57.41±1.59 b  25.16±1.99 f 

"-" indicates no inhibitory effect; "+" indicates a weak inhibitory effect, but it cannot be measured. 260 
Different lowercase letters in the same column indicate a significant difference at p＜0.05 level as 261 
determined by a Duncan’s new multiple range test. 262 

After fermenting Bacillus atrophaeus XHG-1-3m2, its fermentation broth, supernatant 263 

of the fermentation broth, 10-fold diluted fermentation broth, 100-fold diluted fermenta- 264 

tion broth, and sterile filtrate all significantly inhibited the growth of Wilsonomyces car- 265 

pophilus mycelium (Figure 1). Clear inhibition zones were observed on the confrontation 266 

culture plates, with the fermentation broth and supernatant of Bacillus atrophaeus XHG-1- 267 

3m2 showing the best inhibitory effects, achieving inhibition rates of 87.60% and 81.24%, 268 

respectively. The 10-fold and 100-fold diluted fermentation broths, as well as the sterile 269 

filtrate, showed slightly lower inhibition rates of 78.28%, 74.14%, and 73.35%, respectively. 270 

The sterilized fermentation broth showed no inhibitory effect (Table 1). 271 

 272 

Figure 2. Inhibitory effects of volatile compounds from different treated fermentation broths on the 273 
pathogen after 30 days of confrontation culture at 25 °C. Note: A: CK (control); B: Supernatant after 274 
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centrifugation; C: Fermentation broth; D: Fermentation broth diluted 10 times; E: Fermentation 275 
broth diluted 100 times. 276 

The results of the inhibitory activity test of volatiles produced by Bacillus atrophaeus 277 

XHG-1-3m2 showed that the volatiles generated from the fermentation broth of XHG-1- 278 

3m2 could significantly inhibit the growth of Wilsonomyces carpophilus mycelium (Figure 279 

2), with inhibition rates ranging from 25.16% to 61.58%. The experiment found that the 280 

volatiles produced by the fermentation broth and the supernatant after centrifugation had 281 

the highest inhibitory rates, at 61.58% and 59.78%, respectively. The 10-fold diluted fer- 282 

mentation broth had a moderate inhibition rate of 35.11%, while the 100-fold diluted fer- 283 

mentation broth had a lower inhibition rate of only 25.16% (Table 1). 284 

3.2. Determination of the Growth Curve of the Strain 285 

As shown in the figure, the concentration of Bacillus atrophaeus XHG-1-3m2 in the 286 

culture followed an "S"-shaped curve over time (Figure 3). From 0 to 2 hours, the bacterial 287 

concentration was relatively low and showed almost no change, representing the lag 288 

phase of bacterial growth. From 4 hours onwards, the bacterial growth rate began to in- 289 

crease, and the concentration of bacteria gradually increased with time. Therefore, 4 to 24 290 

hours marked the logarithmic growth phase, during which the bacteria grew at the fastest 291 

rate. The period from 24 to 48 hours was the stationary phase, where bacterial growth 292 

slowed down, and the bacterial concentration tended to stabilize. At 48 hours, the bacte- 293 

rial concentration of Bacillus atrophaeus XHG-1-3m2 reached its peak, with an OD600 value 294 

of 1.88, corresponding to a viable cell count of 28 × 107 cfu/mL. After 48 hours, the bacterial 295 

concentration began to gradually decrease, marking the decline phase of growth. There- 296 

fore, from the perspective of viable cell count, it is recommended to select 24-hour-old 297 

cultures as the optimal seed culture age. 298 

 299 

Figure 3. Growth curve of Bacillus atrophaeus XHG-1-3m2 and the linear relationship between its 300 
viable cell count and OD600. 301 

3.3. Fermentation Optimization 302 

3.3.1. Screening of Fermentation Media 303 

Among the nine tested media, Bacillus atrophaeus XHG-1-3m2 exhibited the best 304 

growth in Test Medium 1, with an OD600 value of 1.75 and a viable cell count of 28 × 107 305 

cfu/mL. This was followed by Test Media 6 and 7, with OD600 values of 1.6 and 1.4, and 306 

viable cell counts of 21 × 107 cfu/mL and 19 × 107 cfu/mL, respectively. Growth of Bacillus 307 

atrophaeus XHG-1-3m2 was poor in Test Media 3 and 4, with OD600 values of 0.19 and 0.01, 308 

and viable cell counts of 8 × 107 cfu/mL and 6 × 107 cfu/mL, respectively. The large discrep- 309 

ancies in OD600 values and viable cell counts between Test Media 3, 4, LB medium, and 310 

Test Media 6, 7 indicated that different fermentation media had a significant effect on the 311 
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growth of Bacillus atrophaeus XHG-1-3m2 (Figure 4g). Therefore, Test Medium 1 was se- 312 

lected as the basic fermentation medium for Bacillus atrophaeus XHG-1-3m2. 313 

3.3.2. Screening of Fermentation Medium Components and Optimal Concentrations 314 

The effects of different fermentation medium components on the growth of Bacillus 315 

atrophaeus XHG-1-3m2 were investigated, and the results are shown in Figure 4 Carbon 316 

sources had a significant effect on the growth of Bacillus atrophaeus XHG-1-3m2, with yeast 317 

extract being the most effective. The OD600 value reached 1.86, and the viable cell count 318 

was 14 × 108 cfu/mL, significantly higher than other carbon sources. This indicates that 319 

Bacillus atrophaeus XHG-1-3m2 utilizes yeast extract more efficiently as a carbon source. 320 

Therefore, yeast extract was selected as the carbon source for the fermentation medium of 321 

Bacillus atrophaeus XHG-1-3m2. 322 

Similarly, nitrogen sources also had a significant impact on the growth of Bacillus 323 

atrophaeus XHG-1-3m2. The best fermentation results were obtained with soy peptone as 324 

the nitrogen source, with an OD600 value of 1.89 and a viable cell count of 18×108 cfu/mL, 325 

followed by tryptone and peptone. The poorest results were observed when ammonium 326 

chloride was used as the nitrogen source, with an OD600 value of 0.369 and a viable cell 327 

count of only 5 × 108 cfu/mL. Considering the effects, sources, and costs of tryptone, soy 328 

peptone, and peptone, soy peptone was chosen as the nitrogen source for the fermentation 329 

medium, as it is more conducive to the practical fermentation effect and production effi- 330 

ciency. 331 

The effects of different inorganic salts on the fermentation of Bacillus atrophaeus XHG- 332 

1-3m2 were explored using sodium chloride, which was present in the basic fermentation 333 

medium. After 24 hours of incubation, Bacillus atrophaeus XHG-1-3m2 exhibited the high- 334 

est OD600 value and viable cell count in the medium with sodium chloride, significantly 335 

different from the other inorganic salts tested. The lowest OD600 values and viable cell 336 

counts were observed when calcium carbonate and copper sulfate were used as inorganic 337 

salts. Therefore, sodium chloride was selected as the inorganic salt for further optimiza- 338 

tion. 339 

To assess the effect of fermentation medium components such as carbon sources, ni- 340 

trogen sources, and inorganic salts on the growth rate of Bacillus atrophaeus XHG-1-3m2, 341 

the original concentrations of yeast extract, soy peptone, and sodium chloride in the LB 342 

medium were replaced with different concentrations to fully evaluate and optimize the 343 

LB medium formulation. As shown in the figure, the bacterial concentration in the fer- 344 

mentation broth increased initially and then decreased as the concentrations of yeast ex- 345 

tract, soy peptone, and sodium chloride were raised. The optimal concentrations of yeast 346 

extract, soy peptone, and sodium chloride were 10, 10, and 12.5 g/L, respectively. There- 347 

fore, for the subsequent orthogonal experiment with three factors and three levels, the 348 

concentrations of yeast extract were set to 7.5, 10.0, and 12.5 g/L, soy peptone to 7.5, 10.0, 349 

and 12.5 g/L, and sodium chloride to 10.0, 12.5, and 15.0 g/L, which were considered rea- 350 

sonable. 351 

 352 
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 353 

Figure 4. Effects of different fermentation medium, medium components, and their concentrations 354 
on the viable cell count and OD600 of Bacillus atrophaeus XHG-1-3m2. Note: (a): Carbon sources; (b): 355 
Carbon source concentration; (c): Nitrogen sources; (d): Nitrogen source concentration; (e): Inor- 356 
ganic salts; (f): Inorganic salt concentration; (g): Fermentation medium. Different lowercase letters 357 
in the same column indicate a significant difference at p＜0.05 level as determined by a Duncan’s 358 
new multiple range test. 359 

3.3.3. Optimization of Fermentation Medium Components via Orthogonal Experiment 360 

Based on the results of the single-factor experiments, an orthogonal experiment was 361 

designed. The optimal medium components for the growth of Bacillus atrophaeus XHG-1- 362 

3m2, selected from sections 2.5.2-2.5.3, were subjected to orthogonal experimentation to 363 

further determine the optimal medium formulation (Table 2). 364 
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Table 2. Results of the orthogonal experiment on the optimal medium components and their con- 365 

centrations for the antagonistic strain. 366 

Treatment 

Factor 

OD600 
Yeast extract 

Soybean pep-

tone 
NaCl 

1 7.5 7.5 10 1.674 

2 7.5 10 12.5 1.736 

3 7.5 12.5 15 1.815 

4 10 10 10 1.754 

5 10 12.5 12.5 1.885 

6 10 7.5 15 1.704 

7 12.5 12.5 10 2.078 

8 12.5 7.5 12.5 1.718 

9 12.5 10 15 1.771 

K1 5.224 5.096 5.506  

K2 5.344 5.261 5.339  

K3 5.567 5.778 5.290  

k1 1.741 1.699 1.835  

k2 1.781 1.754 1.780  

k3 1.856 1.926 1.763  

R 0.114 0.227 0.072  

The effects of different concentrations of carbon sources, nitrogen sources, and inor- 367 

ganic salts on the fermentation of Bacillus atrophaeus XHG-1-3m2 were explored, and the 368 

results are shown in the figure 5. The orthogonal experiment results for carbon sources, 369 

nitrogen sources, and inorganic salts showed RB > RA > RC, indicating that changes in the 370 

nitrogen source (soy peptone) had the greatest impact on the growth rate of strain XHG- 371 

1-3m2, followed by yeast extract and sodium chloride. The optimal orthogonal combina- 372 

tion was A3B3C1, which corresponds to the optimal medium formulation (optimized LB 373 

medium) consisting of 12.5 g/L yeast extract, 12.5 g/L soy peptone, and 10.0 g/L sodium 374 

chloride. The final optimized medium formulation includes 12.5 g/L yeast extract, 12.5 g/L 375 

soy peptone, 10.0 g/L sodium chloride, 1 g/L ammonium chloride, 1 g/L potassium dihy- 376 

drogen phosphate, 1 g/L disodium hydrogen phosphate, and 0.5 g/L magnesium sulfate 377 

heptahydrate. 378 
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 379 

Figure 5. Effects of different fermentation medium components and their concentrations on the vi- 380 
able cell count and OD600 of Bacillus atrophaeus XHG-1-3m2. Different lowercase letters in the same 381 
column indicate a significant difference at p＜0.05 level as determined by a Duncan’s new multiple 382 
range test. 383 

3.3.4. Optimization of Fermentation Conditions 384 

Bacillus atrophaeus XHG-1-3m2 was cultured under various fermentation conditions, 385 

and the results indicated that agitation speed, inoculation volume, liquid volume, initial 386 

pH, and temperature all affected the biomass and viable cell count of the fermentation 387 

broth (Figure 6). As agitation speed increased, the bacterial concentration in the fermen- 388 

tation broth first increased and then decreased. The highest OD600 value and viable cell 389 

count were observed at 180 r/min, reaching 2.02 and 27 × 108 cfu/mL, respectively. When 390 

the agitation speed was higher or lower than 180 r/min, the bacterial concentration de- 391 

creased. Therefore, 180 r/min was selected as the optimal agitation speed for Bacillus 392 

atrophaeus XHG-1-3m2 (Figure 6d). 393 

Different inoculation volumes had a minimal effect on the viable cell count of strain 394 

XHG-1-3m2, with the most similar values observed at 3% and 4% inoculation volumes, 395 

both averaging 29 × 108 cfu/mL. This indicates that an inoculation volume between 3% 396 

and 4% is suitable for the growth of the strain. However, at lower (1%) or higher (5%) 397 

inoculation volumes, the viable cell count decreased. Therefore, a 3% inoculation volume 398 

was selected as the optimal inoculation volume for Bacillus atrophaeus XHG-1-3m2 (Figure 399 

6e). 400 

Liquid volume, initial pH, and temperature had a more significant effect on the bio- 401 

mass and viable cell count of the fermentation broth, all showing a trend of first increasing 402 

and then decreasing. The highest biomass was observed at a liquid volume of 100 mL, an 403 

initial pH of 7, and a temperature of 30 °C, with corresponding OD600 values of 2.05, 1.86, 404 

and 2.06, respectively (Figure 6b, 6c). Therefore, in subsequent orthogonal experiments, 405 

liquid volumes of 70, 100, and 120 mL, initial pH levels of 6.0, 7.0, and 8.0, and tempera- 406 

tures of 28, 30, and 32 °C were considered reasonable choices. 407 
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 408 

Figure 6. Effects of different fermentation conditions on the viable cell count and OD600 of Bacillus 409 
atrophaeus XHG-1-3m2. Note: (a): Rotation speed; (b): Inoculum; (c): Liquid loading; (d): Initial pH; 410 
(e): Temperature. Different lowercase letters in the same column indicate a significant difference at 411 
p＜0.05 level as determined by a Duncan’s new multiple range test. 412 

3.3.5. Orthogonal Experiment for Fermentation Condition Optimization 413 

Based on the analysis of single-factor experiment results, it was found that liquid volume, 414 
initial pH, and temperature had a significant impact on the growth rate of Bacillus atrophaeus 415 
XHG-1-3m2 during shaking flask fermentation. Therefore, an L9 (3³) orthogonal table was de- 416 
signed, and a three-factor, three-level orthogonal experiment was conducted to determine the opti- 417 
mal liquid volume, initial pH, and temperature for the growth of Bacillus atrophaeus XHG-1-3m2 418 
based on the factors screened in Section 2.6.1 (Table 3). 419 

Table 3. Results of the orthogonal experiment for optimal fermentation conditions of the antagonistic strain. 420 

Treatment 

Factor 

OD600 Liquid loading 

( mL ) 
Initial pH 

Temperature 

(°C ) 

1 70 6 28 2.133 
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2 70 7 30 2.032 

3 70 8 32 1.952 

4 100 7 28 2.151 

5 100 8 30 2.054 

6 100 6 32 1.980 

7 120 8 28 2.104 

8 120 6 30 2.014 

9 120 7 32 1.935 

K1 6.117 6.128 6.388  

K2 6.185 6.118 6.100  

K3 6.053 6.110 5.867  

k1 2.039 2.043 2.129  

k2 2.062 2.039 2.033  

k3 2.018 2.037 1.956  

R 0.044 0.006 0.174  

The effects of different fermentation conditions on the fermentation of Bacillus 421 

atrophaeus XHG-1-3m2 were explored, and the results are shown in the figure 7. The or- 422 

thogonal experiment results for liquid volume, initial pH, and temperature indicated RC > 423 

RA > RB, suggesting that temperature had the greatest impact on the growth rate of Bacil- 424 

lus atrophaeus XHG-1-3m2, followed by liquid volume and initial pH. The optimal combi- 425 

nation was A2B2C1, meaning the best fermentation conditions were a liquid volume of 426 

100 mL, an initial pH of 7.0, and a temperature of 28 °C. 427 
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 428 

Figure 7. Effects of different fermentation conditions on the viable cell count and OD600 of Bacillus 429 
atrophaeus XHG-1-3m2. Different lowercase letters in the same column indicate a significant differ- 430 
ence at p＜0.05 level as determined by a Duncan’s new multiple range test. 431 

3.4. Biocontrol Efficacy 432 

To evaluate the effect of Bacillus atrophaeus XHG-1-3m2 in controlling Wilsonomyces 433 

carpophilus on wild apricot leaves, the biocontrol efficacy of different concentrations of the 434 

antagonistic strain fermentation broth was tested on detached wild apricot leaves with 435 

shot hole disease. Three days after inoculating W. carpophilus in the CK treatment, visible 436 

lesions appeared on wild apricot leaves. After nine days of pathogen inoculation under 437 

different treatments, untreated wild apricot leaves displayed severe shot hole disease 438 

symptoms (Figure 8). However, in the leaves treated with the fermentation broth of the 439 

antagonistic strain, the disease development was significantly restricted, and this effect 440 

was amplified by increasing concentrations of the fermentation broth. Clear inhibition of 441 

lesion development was observed with different treatments on wild apricot leaves (Figure 442 

8). 443 

As shown in Table 4, the preventive treatment was generally more effective than the 444 

therapeutic treatment in controlling wild apricot shot hole disease. Interestingly, in both 445 

the preventive and therapeutic treatments, the inhibition rate of lesion development in- 446 

creased with higher concentrations of the antagonistic strain fermentation broth. In the 447 

preventive treatment, when the fermentation broth of Bacillus atrophaeus XHG-1-3m2 was 448 

at a concentration of 109 cfu/mL, the optimized fermentation broth, the initial biofertilizer 449 

derived from the fermentation broth, and the 1000-fold dilution of carbendazim had com- 450 

parable effects, with lesion areas of 1.74 ± 0.40, 1.10 ± 0.43, and 0.62 ± 0.32 mm², respectively, 451 

and the highest inhibition rates of 94.62%, 96.61%, and 98.06%. At a fermentation broth 452 

concentration of 105 cfu/mL, the 100-fold diluted fermentation broth resulted in a lesion 453 

area of 5.70 ± 0.28 mm², with the lowest inhibition rate of 82.35%. Although the therapeutic 454 

treatment also showed the highest inhibition rates (89% ~ 92%) with the optimized fer- 455 

mentation broth, carbendazim, and biofertilizer, the difference was not statistically 456 
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significant (P < 0.05). However, the inhibition rates in the therapeutic treatment were 457 

about 5% ~ 6% lower compared to the preventive treatment. These findings indicate that 458 

the fermentation broth of Bacillus atrophaeus XHG-1-3m2 can inhibit the growth and pen- 459 

etration of the pathogen's mycelium and effectively limit disease development. 460 

 461 

Figure 8. Biocontrol efficacy of different treated fermentation broths of the antagonistic strain on 462 
detached wild apricot leaves with shot hole disease using preventive (A) and therapeutic (B) meth- 463 
ods. Note: a: CK; b: Carbendazim; c: Biofertilizer; d: Fermentation broth; e: Fermentation broth di- 464 
luted 10 times; f: Fermentation broth diluted 100 times; g: Optimized fermentation broth; h: Opti- 465 
mized fermentation broth diluted 10 times; i: Optimized fermentation broth diluted 100 times. 466 

Table 4. Biocontrol efficacy of different treated fermentation broths of the antagonistic strain on 467 
detached wild apricot leaves with shot hole disease using preventive and therapeutic methods. 468 

Treatment 

Methods and indicators 

Preventive Therapeutic 

Area of disease 

spots 

( mm2 ) 

Inhibition 

Rate 

( % ) 

Area of disease 

spots 

( mm2 ) 

Inhibition Rate 

( % ) 

CK 32.85±5.26 a  — 38.83±5.32 a — 

Fermentation broth 

（107 cfu/ml） 
3.64±0.95 bcd 88.67±3.79 cd 7.53±1.69 bcd 80.51±3.96 bc 

Fermentation broth 

diluted 10 times 

（106 cfu/ml） 

4.47±0.68 bc  86.27±2.26 d 9.26±0.92 bc 75.88±3.91 cd 
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Fermentation broth 

diluted 100 times 

（105 cfu/ml） 

5.70±0.28 b  82.35±2.89 e 10.95±0.47 b 71.53±2.99 d 

Optimized fermenta-

tion broth 

（109 cfu/ml） 

1.74±0.40 cd  94.62±1.52 ab 4.15±0.72 de 89.12±2.60 a 

Optimized fermenta-

tion broth diluted 10 

times（108 cfu/ml） 

2.62±0.69 bcd 92.12±1.20 bc 6.99±1.15 cd 81.90±2.66 b 

Optimized fermenta-

tion broth diluted 

100 times（107 

cfu/ml） 

 3.43±0.51 bcd  89.35±2.09 cd 8.27±1.09 bc 78.69±0.18 bc 

Carbendazim 

（0.5g/L） 
1.10±0.43 cd 96.61±1.33 a 3.29±0.21 e 91.43±1.88 a 

Biofertilizer 

（109 cfu/ml） 
0.62±0.32 d 98.06±1.01 a 2.96±0.54 e 92.39±0.67 a 

Different lowercase letters in the same column indicate a significant difference at p＜0.05 level as 469 

determined by a Duncan’s new multiple range test. 470 

To study the biocontrol efficacy of the fermentation broth of the antagonistic strain 471 

against shot hole disease in wild apricot, leaves inoculated only with the pathogen were 472 

used as the control, and monitoring was conducted over a 10-day period (Figure 9). Dur- 473 

ing the experiment, we observed that the control treatment started to show symptoms and 474 

lesions on day 3 after inoculation with the pathogen. By day 9, the lesions had reached 475 

their maximum size and were accompanied by perforation symptoms. The results showed 476 

that there were clear differences between the leaves treated with the fermentation broth 477 

of the antagonistic strain and the control leaves. Similar to the results for detached leaves, 478 

the preventive method was significantly more effective than the therapeutic method. Ad- 479 

ditionally, the inhibition rate of lesion development increased with the concentration of 480 

the fermentation broth, and the lesion area on the leaves gradually decreased. 481 

As shown in Table 5, the biocontrol efficacy on live leaves was generally lower than 482 

on detached leaves, but the overall trend was similar. When the concentration of the fer- 483 

mentation broth was 109 cfu/mL and applied using the preventive method, the optimized 484 

fermentation broth, the initial biofertilizer derived from the strain, and the 1000-fold di- 485 

luted carbendazim had the best effects, with lesion areas of 4.35 ± 0.28, 2.93 ± 0.70, and 486 

2.13 ± 0.34 mm², respectively, and the highest inhibition rates of 82.46%, 86.30%, and 487 

90.07%. At a fermentation broth concentration of 105 cfu/mL, the lesion area was the larg- 488 

est, and the inhibition rate was the lowest, with values of 9.42 ± 1.46 mm² and 61.79%, 489 

respectively. In the therapeutic method, the lesion inhibition rate on the leaves was lower, 490 

with the optimized fermentation broth showing a 3.61% lower inhibition rate compared 491 

to the preventive method, and the 100-fold diluted fermentation broth treatment being 492 

1.18 times less effective. Therefore, in the biocontrol efficacy of the fermentation broth of 493 

the antagonistic strain against shot hole disease on live wild apricot leaves, the increase in 494 

the concentration of the fermentation broth significantly reduced the lesion expansion 495 

caused by further infection of the leaves by Wilsonomyces carpophilus. 496 
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 497 

Figure 9. Biocontrol efficacy of different treated fermentation broths of the antagonistic strain on 498 
live wild apricot leaves with shot hole disease using preventive and therapeutic methods. Note: A: 499 
CK; B: Carbendazim; C: Biofertilizer; D: Fermentation broth; E: Optimized fermentation broth. 500 

Table 5. Biocontrol efficacy of different treated fermentation broths of the antagonistic strain on live 501 
wild apricot leaves with shot hole disease using preventive and therapeutic methods. 502 

Treatment 

Methods and indicators 

Preventive Therapeutic 

Area of disease 

spots 

( mm2 ) 

Inhibition 

Rate 

( % ) 

Area of disease 

spots 

( mm2 ) 

Inhibition 

Rate 

( % ) 

CK 21.81±2.76 a — 24.92±1.90 a — 

Fermentation broth 

（107 cfu/ml） 
5.51±0.35 cd 

77.77±2.84 

bcd 
6.72±0.71 bc 72.81±4.70 cd 

Fermentation broth 

diluted 10 times 

（106 cfu/ml） 

7.50±1.24 bc 69.53±7.24 def 7.40±1.76 bc 70.50±4.86 cd 

Fermentation broth 

diluted 100 times 

（105 cfu/ml） 

9.42±1.46 b 61.79±8.70 f 8.26±1.20 b 66.86±4.28 d 

Optimized fermenta-

tion broth 

（109 cfu/ml） 

4.35±0.28 de 
82.46±1.76 

abc 
5.26±0.55 cd 78.85±1.87 bc 

Optimized fermenta-

tion broth diluted 10 

times（108 cfu/ml） 

6.21±1.60 cd 
74.71±8.40 

cde 
6.57±1.28 bc 73.55±1.32 cd 
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Optimized fermenta-

tion broth diluted 

100 times（107 

cfu/ml） 

8.63±0.57 b 65.26±3.26 ef 7.75±1.06 b 68.80±4.55 d 

Carbendazim 

（0.5g/L） 
2.93±0.70 e 86.30±4.21 ab 4.15±1.05 d 83.11±5.53 ab 

Biofertilizer 

（109 cfu/ml） 
2.13±0.34 e 90.07±2.44 a 3.36±0.33 d 86.53±0.50 a 

Different lowercase letters in the same column indicate a significant difference at p＜0.05 level as 503 

determined by a Duncan’s new multiple range test.  504 

4. Discussion 505 

The wild fruit forests in the Yili region of Xinjiang, China, are an important global 506 

distribution area for wild fruit forests and serve as a rare natural gene bank for fruit trees. 507 

They are also an important germplasm resource for genetic diversity and gene evolution 508 

of temperate fruit trees. The green, non-polluting control of tree diseases and biological 509 

control are essential for the protection of these wild resources. Currently, the control of 510 

shot hole disease caused by Wilsonomyces carpophilus in this region is still limited to labor- 511 

atory and chemical methods [19,31]. Exploring the inhibitory mechanisms of antagonistic 512 

bacteria and how to use their fermentation broths and metabolites to effectively control 513 

diseases is a hot topic in the field of biological control [32–34]. Zheng et al. [35] found that 514 

P. jilinensis strain D25 and its fermentation broth effectively inhibited the growth and 515 

spore germination of Botrytis cinerea and altered its mycelial morphology, thereby pre- 516 

venting the spread of the pathogen. In the study by Siahmoshteh et al. [36], the sterile 517 

filtrate of Bacillus subtilis exhibited a growth inhibition rate of up to 92% against Aspergillus 518 

and showed excellent proteolytic activity. Bacillus species mainly inhibit pathogen 519 

growth through competition, antagonism, and the induction of systemic resistance (ISR) 520 

in plants [37–39]. In this study, we found that the fermentation broth, supernatant, diluted 521 

fermentation broth, sterile filtrate, and volatile compounds produced by Bacillus 522 

atrophaeus XHG-1-3m2 could all effectively inhibit the growth of Wilsonomyces carpophilus, 523 

which is consistent with the findings of Vicente-Díez et al. [40] and Le et al. [41]. Antago- 524 

nistic bacteria may inhibit the growth of pathogens through their cells and metabolites, 525 

demonstrating that Bacillus atrophaeus XHG-1-3m2 has significant potential for biological 526 

control and could be further developed. 527 

Optimizing the microbial fermentation process is key to industrializing microbial fer- 528 

mentation products, ensuring their effectiveness as biopesticides. In the research and pro- 529 

duction of biological control agents, reducing costs is usually achieved by using inexpen- 530 

sive raw materials and improving the effectiveness of the fermentation broth. Enhancing 531 

fermentation efficiency requires technical expertise, and significant resources are often in- 532 

vested in exploring fermentation processes. Various experimental techniques and design 533 

methods have been applied to optimize fermentation processes [42,43]. However, due to 534 

the complexity of medium composition and fermentation conditions, relying solely on 535 

single-factor methods may not yield the expected results. This approach increases work- 536 

load, lengthens the experimental cycle, and may lead to unreliable or incorrect conclu- 537 

sions due to variations in experimental conditions and batches [44]. Therefore, combining 538 

single-factor methods with orthogonal experiments allows for the rapid identification of 539 

optimal fermentation medium ratios. For example, Shi et al. [45] significantly increased 540 

the viable cell count of Velezensis YH-18 through optimization and enhanced the antibac- 541 

terial activity of the sterile filtrate. Dai et al. [15] optimized the fermentation conditions of 542 
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Bacillus pumilus HR 10, achieving an inhibition rate of 87.04% against Sphaeropsis sapinea. 543 

Wu et al. [46]screened a low-cost medium and significantly improved the production of 544 

fibrinolysin by Bacillus subtilis WR 350 using single-factor and orthogonal experiments, 545 

reducing the cost of the optimized medium to just 8.5% of the initial cost. While orthogo- 546 

nal experiments may yield results similar to those obtained using single-factor methods, 547 

they offer advantages such as reasonable factor-level distribution, no need for repeated 548 

experiments to estimate errors, and higher accuracy, making the results more scientific 549 

and convincing [47]. A preliminary assessment of the fermentation medium and circum- 550 

stances for Bacillus atrophaeus XHG-1-3m2 was carried out in this work using a combina- 551 

tion of single-factor and orthogonal experiments. The results indicated that the optimal 552 

fermentation conditions for this strain were: 12.5 g/L yeast extract, 12.5 g/L soy peptone, 553 

10.0 g/L sodium chloride, 1 g/L ammonium chloride, 1 g/L potassium dihydrogen phos- 554 

phate, 1 g/L disodium hydrogen phosphate, 0.5 g/L magnesium sulfate heptahydrate, an 555 

initial pH of 7.0, 40% liquid volume, 3% inoculum volume, and shaking incubation at 556 

28 °C for 24 hours. These fermentation conditions are similar to those found by Pan et al. 557 

[48], likely because this strain efficiently and rapidly absorbs organic nutrients such as 558 

yeast extract and peptone, indicating that fermentation optimization has a significant im- 559 

pact on the viable cell count of the strain. In Ma et al. [49] study, the fermentation condi- 560 

tions included wheat bran (35%), rice husks (40%), cornmeal (20%), soybean meal (15%), 561 

corn starch (1.5%), beef extract (2.5%), and magnesium sulfate (1.5%). Under these condi- 562 

tions, fermentation at 32°C and pH 7.0 for 44 hours yielded 4.577 × 1013 CFU/mL. Ahsan 563 

et al. [12] used coarse flour and peanut extract as the carbon and nitrogen sources for 564 

Bacillus velezensis BP-1, and the optimized LB medium achieved a 90% inhibition rate 565 

against Pseudomonas aeruginosa. Although all the studies mentioned focus on Bacillus spe- 566 

cies, their fermentation conditions differ significantly from this study, often using low- 567 

cost agricultural raw materials. In the initial stages of this study, similar materials were 568 

selected, but the fermentation results were unsatisfactory. This discrepancy may be due 569 

to differences in the origin, characteristics of the strain, and the target pathogen. 570 

The actual biocontrol efficacy of antagonistic strains and their related products is a 571 

critical step toward commercialization and large-scale application. Fermentation broths 572 

and products of antagonistic strains have been shown to inhibit the development of vari- 573 

ous diseases. For example, the fermentation broth of Bacillus mojavensis UTF-33 signifi- 574 

cantly inhibited the growth of rice blast, and leaf spot counts from fermentation filtrate- 575 

treated leaves were significantly lower than those treated with sterile water or LB, com- 576 

parable to carbendazim [50]. This is consistent with the biocontrol pattern observed in this 577 

study using the fermentation broth and biofertilizer of Bacillus atrophaeus XHG-1-3m2, fur- 578 

ther demonstrating the trend of antagonistic bacterial products replacing chemical pesti- 579 

cides. This provides feasibility for the commercialization and large-scale field application 580 

of this strain. In another study, the fermentation broths of three antagonistic strains 581 

showed biocontrol efficacy against root rot in Codonopsis, with a disease inhibition rate 582 

of 59.24% using a fermentation broth concentration of 1 × 109 CFU/mL [26], which is con- 583 

sistent with the concentration used in this study for biocontrol biofertilizer. Furthermore, 584 

the screening of endophytic antagonists has shown promising results in controlling wheat 585 

stripe rust, with the fermentation broth achieving a control rate of 55.97% [51]. In the study 586 

by Sun et al. [52], strain LHS11 effectively antagonized S. sclerotiorum, achieving an inhi- 587 

bition rate of 85.71%. In vivo experiments with a composite agent (LHS11 + FX2) achieved 588 

a control efficiency of 80.51%. 589 

The use of antagonistic microorganisms for green, non-polluting biological control of 590 

plant diseases aligns with the principles advocated by global environmental organizations 591 

in maintaining ecological balance and environmental protection. This study made signif- 592 

icant progress in controlling shot hole disease caused by Wilsonomyces carpophilus on wild 593 

apricots. Not only were the fermentation formula and conditions for Bacillus atrophaeus 594 

XHG-1-3m2 optimized, but both detached and live leaf tests demonstrated that the fer- 595 

mentation broth and its products were effective in controlling the disease. The biocontrol 596 
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efficacy of Bacillus atrophaeus XHG-1-3m2 provides a foundation for its development as a 597 

commercial biocontrol agent and its large-scale field application. Future studies should 598 

focus on identifying the strain’s inhibitory metabolites and elucidating the biocontrol in- 599 

teraction mechanisms between Bacillus atrophaeus XHG-1-3m2 and Wilsonomyces carpophi- 600 

lus through omics approaches. 601 

5. Conclusion 602 

This study further confirmed the inhibitory effect of Bacillus atrophaeus XHG-1-3m2 603 

on Wilsonomyces carpophilus, the pathogen causing shot hole disease in wild apricots. It 604 

was also found that the fermentation broth, sterile filtrate, and volatile compounds pro- 605 

duced by strain XHG-1-3m2 could effectively inhibit the growth of the pathogen's myce- 606 

lium. The results of the fermentation optimization showed that the optimal fermentation 607 

medium for Bacillus atrophaeus XHG-1-3m2 was an optimized LB medium with the fol- 608 

lowing composition: 12.5 g/L yeast extract, 12.5 g/L soy peptone, 10.0 g/L sodium chloride, 609 

1 g/L ammonium chloride, 1 g/L potassium dihydrogen phosphate, 1 g/L disodium hy- 610 

drogen phosphate, and 0.5 g/L magnesium sulfate heptahydrate. The optimal fermenta- 611 

tion conditions were: 24 hours, 28 °C, pH 7.0, 180 r/min shaking speed, 40% liquid volume, 612 

and 3% inoculum volume. The biofertilizer derived from the fermentation broth of Bacillus 613 

atrophaeus XHG-1-3m2 achieved inhibition rates of 94.62% and 82.46% for lesion develop- 614 

ment on detached and live wild apricot leaves, respectively, against shot hole disease 615 

caused by Wilsonomyces carpophilus. 616 

6. Patents 617 

This section is not mandatory but may be added if there are patents resulting from 618 

the work reported in this manuscript. 619 

Author Contributions: Conceptualization, R.M. and Z.X.; methodology, R.M. and Z.X.; software, 620 
Z.X. and H.L.; validation, Z.X.; formal analysis, Z.X.; investigation, W.S., J.R. and Y.Z.; resources, 621 
J.R., Y.Z. and R.M.; data curation, Z.X.; writing—original draft preparation, Z.X.; writ-ing—review 622 
and editing, R.M.; visualization, Z.X.; supervision, R.M.; project administra-tion, R.M.; funding ac- 623 
quisition, R.M.. All authors have read and agreed to the published version of the manuscript. 624 

Funding: This research was funded by the Outstanding Natural Science Foundation of Xinjiang 625 
Uygur Autonomous Region, grant number 2022D01E47 and the Third Xinjiang Scientific Expedition 626 
Program, grant number 2021xjkk05005.   627 

Institutional Review Board Statement: Not applicable. 628 

Informed Consent Statement: Not applicable. 629 

Data Availability Statement: All data were included in the paper. 630 

Acknowledgments: In this section, you can acknowledge any support given which is not covered 631 
by the author contribution or funding sections. This may include administrative and technical sup- 632 
port, or donations in kind (e.g., materials used for experiments). 633 

Conflicts of Interest: The authors declare no conflict of interest. 634 

References 635 

1.  Shan, Q.; Wang, Z.; Ling, H.; Zhang, G.; Yan, J.; Han, F. Unreasonable Human Disturbance Shifts the Positive Effect of Climate 636 

Change on Tree-Ring Growth of Malus Sieversii in the Origin Area of World Cultivated Apples. Journal of Cleaner Production 637 

2021, 287, 125008. 638 

2.  Ivanová, H.; Kaločaiová, M.; Bolvanský, M. Shot-Hole Disease on Prunus Persica – the Morphology and Biology of Stigmina 639 

Carpophila. Folia oecologica 39, 21. 640 



Microorganisms 2024, 12, x FOR PEER REVIEW 23 of 25 
 

 

3.  Ye, S.; Jia, H.; Cai, G.; Tian, C.; Ma, R. Morphology, DNA Phylogeny, and Pathogenicity of Wilsonomyces Carpophilus Isolate 641 

Causing Shot-Hole Disease of Prunus Divaricata and Prunus Armeniaca in Wild-Fruit Forest of Western Tianshan Mountains, 642 

China. Forests 2020, 11, 319. 643 

4.  Bacon, C.W.; Hinton, D.M. Endophytic and Biological Control Potential of Bacillus Mojavensis and Related Species. Biological 644 

Control 2002, 23, 274–284. 645 

5.  Li, Y.; Wu, P.; Che, Z.; Cai, J.; Wen, S.; Yan, O.; Zhan, X.; Ma, J. Effects of Organic Farming on Soil Probiotics of Double Rice 646 

Cropping System in South China. American Journal of Agriculture and Forestry 2024, 12, 232–241. 647 

6.  Ono, M.; Kimura, N. Antifungal Peptides Produced by Bacillus Subtilis for the Biological Control of Aflatoxin Contamination. 648 

Mycotoxins 1991, 1991, 23–28. 649 

7.  Kupper, K.C.; Corrêa, F.E.; Azevedo, F.A. de; Silva, A.C. da Bacillus Subtilis to Biological Control of Postbloom Fruit Drop 650 

Caused by Colletotrichum Acutatum under Field Conditions. Scientia Horticulturae 2011, 134, doi:10.1016/j.scienta.2011.11.019. 651 

8.  Mercado-Flores, Y.; Cárdenas-Álvarez, I.O.; Rojas-Olvera, A.V.; Pérez-Camarillo, J.P.; Leyva-Mir, S.G.; Anducho-Reyes, M.A. 652 

Application of Bacillus Subtilis in the Biological Control of the Phytopathogenic Fungus Sporisorium Reilianum. Biological Control 653 

2014, 76. 654 

9.  Salman, Ö.; Boyraz, N. Efficacy of Some Trichoderma Isolates as Biocontrol Agents against Rhizoctonia Solani Kühn in Bean 655 

(Phaseolus Vulgaris L.). Selcuk Journal of Agricultural and Food Sciences 2023, 37, 133–144. 656 

10.  Wang, X.Q.; Zhao, D.L.; Shen, L.L.; Jing, C.L.; Zhang, C.S. Application and Mechanisms of Bacillus Subtilis in Biological Control 657 

of Plant Disease. In Role of Rhizospheric Microbes in Soil; Meena, V.S., Ed.; Springer Singapore: Singapore, 2018; pp. 225–250 658 

ISBN 978-981-10-8401-0. 659 

11.  Pan, M.; Wang, Y.; Tan, J.; Liu, F.; Hu, J. Optimization of Fermentation Conditions for Bacillus Pumilus LYMC-3 to Antagonize 660 

Sphaeropsis Sapinea. Fermentation 2023, 9, 482. 661 

12.  Ahsan, T.; Liang, C.; Yu, S.; Pei, X.; Xie, J.; Lin, Y.; Liu, X.; Umair, M.; Zang, C. Screening and Optimization of Fermentation 662 

Medium for Bacillus Velezensis BP-1 and Its Biocontrol Effects against Peyronellaea Arachidicola. Applied Sciences 2023, 13, 663 

4653. 664 

13.  De Andrade Carvalho, A.L.; De Rezende, L.C.; Bertoldo Costa, L.; Halfeld-Vieira, B.D.A.; Vegette Pinto, Z.; Boechat Morandi, 665 

M.A.; De Medeiros, F.H.V.; Bettiol, W. Optimizing the Mass Production of Clonostachys Rosea by Liquid-State Fermentation. 666 

Biological Control 2018, 118, 16–25. 667 

14.  Zhong, Y.; Zheng, W.; Shi, X.; Guo, Y.; Wang, Q.; Lv, P.; Chen, J. Pilot-Scale Fermentation of Pseudoalteromonas Sp. Strain FDHY- 668 

MZ2: An Effective Strategy for Increasing Algicidal Activity. Biology 2023, 12, 1447. 669 

15.  Dai, Y.; Wang, Y.-H.; Li, M.; Zhu, M.-L.; Wen, T.-Y.; Wu, X.-Q. Medium Optimization to Analyze the Protein Composition of 670 

Bacillus Pumilus HR10 Antagonizing Sphaeropsis Sapinea. AMB Express 2022, 12, 61. 671 

16.  Ahsan, T.; Zang, C.; Yu, S.; Pei, X.; Xie, J.; Lin, Y.; Liu, X.; Liang, C. Screening, and Optimization of Fermentation Medium to 672 

Produce Secondary Metabolites from Bacillus Amyloliquefaciens, for the Biocontrol of Early Leaf Spot Disease, and Growth Pro- 673 

moting Effects on Peanut (Arachis Hypogaea L.). Journal of Fungi 2022, 8, 1223. 674 

17.  Ahmady, E.N.N.E. Isolation, Screening and Identification of Actinobacteria with Uricase Activity: Statistical Optimization of 675 

Fermentation Conditions for Improved Production of Uricase by Streptomyces Rochei NEAE-25. International Journal of Pharma- 676 

cology 2015, 11. 677 

18.  Li, X.; Li, C.; Liu, H.; Qiu, R.; Zhao, H.; Hu, Y.; Bai, J.; Li, S. Screening and Fermentation Condition Optimization for Antago- 678 

nistic Bacteria to Phytophthora Nicotianae. Chinese Tobacco Science 2019, 40, 68–74. 679 

19.  Chen, S.; Xiao, M.; Di, L.; Sun, T.; Abasi, A.; Ma, R. Identification and Screening of a Biocontrol Agent against  Wilsonomyces 680 

Carpophilus. Journal of Fruit Science 2023, 40, 2229–2240. 681 



Microorganisms 2024, 12, x FOR PEER REVIEW 24 of 25 
 

 

20.  Qu, Y.; Guo, Q.; Li, S.; Xuan, L.; Zhang, X.; Ma, P. Screening and Optimization of Bacillus Subtilis HMB19198 Fermentation 682 

Medium. Chinese Journal of Pesticide Science 2022, 24, 509–519. 683 

21.  Zhu, J. Optimization of Fermentation Condition of Bacillus Atrophaeus  XW2. Master thesis, Beijing Forestry University, 2020. 684 

22.  Huang, H.; Wu, Z.; Tian, C.; Liang, Y.; You, C.; Chen, L. Identification and Characterization of the Endophytic Bacterium 685 

Bacillus Atrophaeus XW2, Antagonistic towards Colletotrichum Gloeosporioides. Annals of Microbiology 2015, 65, 1361–1371. 686 

23.  Dai, B.; Hu, J.; Yin, S.; Li, J.; Wei, Y. Optimization of Fermentation Medium Composition for Bacillus Atrophaeus BsR05 by 687 

Response Surface Method. Shandong Science 2017, 30, 31–37. 688 

24.  Cheng, C.-H.; Yang, C.-A.; Peng, K.-C. Antagonism of Trichoderma Harzianum ETS 323 on Botrytis Cinerea Mycelium in Culture 689 

Conditions. Phytopathology 2012, 102, 1054–1063. 690 

25.  Zhao, P.; Li, P.; Wu, S.; Zhou, M.; Zhi, R.; Gao, H. Volatile Organic Compounds (VOCs) from Bacillus Subtilis CF-3 Reduce 691 

Anthracnose and Elicit Active Defense Responses in Harvested Litchi Fruits. AMB Express 2019, 9, 119. 692 

26.  Liu, Y.; Zhang, W.; Zhang, Z.; Kou, Z.; Wang, X.; Wang, Y.; Su, X.; Zhang, J.; Liu, L.; Yan, F.; et al. Biocontrol Effects of Three 693 

Antagonistic Bacteria Strains against Codonopsis Pilosula Wilt Disease Caused by Fusarium Oxysporum. Biological Control 2024, 694 

190, 105446. 695 

27.  Fu, L.; Cai, R.; Feng, Z.; Song, X.; Zhu, Y.; Shi, F.; Liu, J. Screening of Biocontrol Bacillus Spp. and Its Suppression Efficacy on 696 

Grape Gray Mold. Chinese Journal of Biological Control 2022, 38, 440–446. 697 

28.  Ling, N.; Zhang, W.; Tan, S.; Huang, Q.; Shen, Q. Effect of the Nursery Application of Bioorganic Fertilizer on Spatial Distri- 698 

bution of Fusarium Oxysporum f. Sp. Niveum and Its Antagonistic Bacterium in the Rhizosphere of Watermelon. Applied Soil 699 

Ecology 2012, 59, 13–19. 700 

29.  Jiao, R.; Munir, S.; He, P.; Yang, H.; Wu, Y.; Wang, J.; He, P.; Cai, Y.; Wang, G.; He, Y. Biocontrol Potential of the Endophytic 701 

Bacillus Amyloliquefaciens YN201732 against Tobacco Powdery Mildew and Its Growth Promotion. Biological Control 2020, 143, 702 

104160. 703 

30.  Zhang, J.; Xu, S.; Li, J.; Ma, Y.; Jing, Z.; Guo, Z.; Zheng, G. Optimization of Fermentation Conditions of Biocontrol Bacteria 704 

HMQ20YJ04 and Evaluation of Its Effect on Botrytis Cinerea. Chinese Journal of Biological Control 2023, 39, 1418–1433. 705 

31.  Azmy, M.K.; Korra, A.K.M. Management of Shot-Hole Disease of Stone Fruit Trees Caused by Stigmina Carpophila. Journal of 706 

Plant Protection and Pathology 2010, 1, 973–989. 707 

32.  Shen, Y.-C.; Korkor, N.L.; Xiao, R.; Pu, Q.; Hu, M.; Zhang, S.-S.; Kong, D.-D.; Zeng, G.; Hu, X.-F. Antagonistic Activity of 708 

Combined Bacteria Strains against Southern Blight Pathogen of Dendrobium Officinale. Biological Control 2020, 151, 104291. 709 

33.  Ting, Y.; Chengzhong, W.; Chenjie, L.; Rui, S.; Mingguan, Y. Antagonistic Effects of Volatile Organic Compounds of Saccharo- 710 

myces CerevisiaeNJ-1 on the Growth and Toxicity of Aspergillus Flavus. Biological Control 2023, 177. 711 

34.  Zhang, J.; Gu, Y.; Chi, F.; Ji, Z.; Wu, J.; Dong, Q.; Zhou, Z. Bacillus Amyloliquefaciens GB1 Can Effectively Control Apple Valsa 712 

Canker. Biological Control 2015, 88, 1–7. 713 

35.  Zheng, L.; Zhang, J.; Wu, X.; Gu, X.; Wang, S.; Zhang, H. A Novel Biocontrol Strain Pantoea Jilinensis D25 for Effective Biocontrol 714 

of Tomato Gray Mold (Causative Agent Botrytis Cinerea). Biological Control 2021, 164, 104766. 715 

36.  Siahmoshteh, F.; Hamidi-Esfahani, Z.; Spadaro, D.; Shams-Ghahfarokhi, M.; Razzaghi-Abyaneh, M. Unraveling the Mode of 716 

Antifungal Action of Bacillus Subtilis and Bacillus Amyloliquefaciens as Potential Biocontrol Agents against Aflatoxigenic Asper- 717 

gillus Parasiticus. Food Control 2018, 89. 718 

37.  Choudhary, D.K.; Johri, B.N. Interactions of Bacillus Spp. and Plants – with Special Reference to Induced Systemic Resistance 719 

(ISR). Microbiological Research 2009, 164, 493–513. 720 

38.  Millan, A.F.-S.; Gamir, J.; Larraya, L.; Farran, I.; Veramendi, J. Towards Understanding of Fungal Biocontrol Mechanisms of 721 

Different Yeasts Antagonistic to Botrytis Cinerea through Exometabolomic Analysis. Biological Control 2022, 174, 105033. 722 



Microorganisms 2024, 12, x FOR PEER REVIEW 25 of 25 
 

 

39.  Zhang, H.; Zhang, R.; Qiao, J.; Yu, J.; Qi, Z.; Du, Y.; Yu, M.; Cao, H.; Song, T.; Pan, X.; et al. Optimization of Bacillus Amyloliq- 723 

uefaciens Lx-11 Suspoemulsion by Response Surface Methodology to Control Rice Bacterial Blight. Biocontrol 2023, 68, 169–179. 724 

40.  Vicente-Díez, I.; Carpentero, E.; Pou, A.; Campos-Herrera, R. Exploring Bacterial Cell-Free Supernatants, Unfiltered Ferments 725 

and Crude Bacteria Uses of Xenorhabdus and Photorhabdus(Morganellaceae) for Controlling  Botrytis Cinerea (Helotiales: Scle- 726 

rotiniaceae). Biological Control 2023, 183, 105259. 727 

41.  Le, K.D.; Yu, N.H.; Park, A.R.; Park, D.-J.; Kim, C.-J.; Kim, J.-C. Streptomyces Sp. AN090126 as a Biocontrol Agent against Bac- 728 

terial and Fungal Plant Diseases. Microorganisms 2022, 10, 791. 729 

42.  Ahuja, S.K.; Ferreira, G.M.; Moreira, A.R. Application of Plackett-burman Design and Response Surface Methodology to 730 

Achieve Exponential Growth for Aggregated Shipworm Bacterium. Biotechnology and Bioengineering 2004, 85, 666–675. 731 

43.  Cao, K.; Chen, J.; Lu, X.; Yao, Y.; Li, L.; Huang, R. Matrine-Producing Endophytic Fungus Galactomyces Candidum TRP-7: Screen- 732 

ing, Identi Cation, and Fermentation Conditions Optimization for Matrine Production. Biotechnology Letters 2022, 45, 209–223. 733 

44.  Zalila-Kolsi, I.; Kessentini, S.; Tounsi, S.; Jamoussi, K. Optimization of Bacillus Amyloliquefaciens BLB369 Culture Medium by 734 

Response Surface Methodology for Low Cost Production of Antifungal Activity. Microorganisms 2022, 10, 830. 735 

45.  Shi, H.; Ye, J.; Wang, Y.; Lu, L.; Shi, J. Optimizing Spore-Producing Medium and Culture Conditions of Bacillus Velezensis Strain 736 

YH-18 by Response Surface Methodology. Journal of Nanjing Forestry University (Natural Science Edition) 2023, 47, 209–218. 737 

46.  Wu, R.; Chen, G.; Pan, S.; Zeng, J.; Liang, Z. Cost-Effective Fibrinolytic Enzyme Production by Bacillus Subtilis WR350 Using 738 

Medium Supplemented with Corn Steep Powder and Sucrose. Scientific Reports 2019, 9, 6824, doi:10.1038/s41598-019-43371-8. 739 

47.  Saudagar, P.S.; Singhal, R.S. Optimization of Nutritional Requirements and Feeding Strategies for Clavulanic Acid Production 740 

by Streptomyces Clavuligerus. Bioresource Technology 2006, 98. 741 

48.  Pan, M.; Zhu, M.; Jiang, H.; Zhang, X.; Tan, J. The Characterization of the Inhibitory Substances Produced by Bacillus Pumilus 742 

LYMC-3 and the Optimization of Fermentation Conditions. Fermentation 2023, 9, 966. 743 

49.  Ma, T.; Yang, C.; Cai, F.; Cui, L.; Wang, Y. Optimizing Fermentation of Bacillus Amyloliquefaciens 3–5 and Determining Disease 744 

Suppression and Growth in Cucumber (Cucumis Sativus). Biological Control 2022, 176, 105070. 745 

50.  Zhang, Y.; Yang, Y.; Zhang, L.; Zhang, J.; Zhou, Z.; Yang, J.; Hu, Y.; Gao, X.; Chen, R.; Huang, Z.; et al. Antifungal Mechanisms 746 

of the Antagonistic Bacterium Bacillus Mojavensis UTF-33 and Its Potential as a New Biopesticide. Frontiers in Microbiology 2023, 747 

14, 1201624. 748 

51.  Saimi, A.; Zhang, Q.; Liu, Q.; Li, G.; Gao, H.; Chen, J. Screening of Endophytic Antagonistic Bacteria in Wheat and Evaluation 749 

of Biocontrol Potential against Wheat Stripe Rust. Plants 2024, 13, 1366. 750 

52.  Sun, G.; Yao, T.; Feng, C.; Chen, L.; Li, J.; Wang, L. Identification and Biocontrol Potential of Antagonistic Bacteria Strains 751 

against Sclerotinia Sclerotiorum and Their Growth-Promoting Effects on Brassica Napus. Biological Control 2017, 104, 35–43. 752 

 753 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au- 754 
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 755 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 756 


