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ABSTRACT 
The aim of the study was to evaluate the impact of Streptomyces lavendulae HHFA1 (Acc. No. HQ702485) on 

the extent of survival of the blackleg potato pathogen, Pectobacterium atrosepticum P3 (Acc. No. PQ588453), 

in sandy and clay soil types, along with characterization of the metabolites secreted by S. lavendulae that may 

be detrimental for the pathogen. The short term survival of P. atrosepticum was significantly recorded in clay as 

compared to sandy soils. A significant decrease in the survival of P. atrosepticum was observed in S. 

lavendulae-treated soil compared to non-treated ones, with a strong evidence on long term survival of the 

pathogen in sandy soil. Meanwhile, the survival of S. avendulae was higher in sandy compared to clay soils. 

The most abundant metabolites in S. lavendulae (PQ588453) trials were determined by Gas Chromatography-

Mass Spectrometry (GC–MS). The results showed Isochiapin B (39.67%), Octadecenoic acid derivatives (9-

Octadecenoic acid (Z)-, methyl ester (Isomers), and 9-Octadecenoic acid (Z)- (9.15%)), 1,2-

Benzenedicarboxylic acid and their derivatives (1,2-Benzenedicarboxylic acid, and Benzenedicarboxylic acid 

butyl octyl ester (7.51%)), Retinoic acid, 5,6-epoxy-5,6-dihydro- (Isomers) (7.03%), 1-Dodecanamine, N,N-

dimethyl (5.90%), n-Hexadecanoic acid (4.69%), 1-Chloroeicosane (3.09%) and 1-Tetradecanamine, N,N-

dimethyl- (3.04%).In retrospect , it could be concluded that, S. lavendulae may be recommended for controlling 

soil-borne pathogens similar to P. atrosepticum, especially in sandy soils. 

Keywords: Blackleg, biocontrol, metabolites, gas chromatography-mass spectrometry (GC-MS), isochiapin B. 
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INTRODUCTION 

The negative impacts of plant diseases 

on agriculture, the economy, and food 

security have been well documented. Soft 

rot diseases, primarily caused by various 

species belonging to Pectobacteriaceae 

family, specifically Pectobacterium spp. 

and Dickeya spp., are among the most 

destructive bacterial diseases affecting 

many crops (Mansfield et al., 2012). 

Approximately 32% loss in seed potatoes, 

about 43% in table potatoes, and 25% in 

processing potatoes are attributed to 

Pectobacterium spp. and Dickeya spp. 

(Dupuis et al., 2021). The main virulence 

factor for Pectobacterium spp. and Dickeya 

spp. is plant cell wall-degrading enzymes 

(Van Gijsegem et al., 2021). Toth et al., 

(2015) demonstrated the existence of P. 

atrosepticum in several weeds, similar to its 

survival in the potato rhizosphere, which 

increases the risk of potato contamination 

with the pathogen in the field. Unlike 

Dickeya spp., P. carotovorum and P. 

atrosepticum can survive in irrigation water 

with full viability for over 150 days (Van 

Doornet al., 2011).  Pectobacterium spp. 

can survive in soil at 6°C and 50% soil 

moisture capacity for 42 days (Van der 

Wolf et al., 2009).The survival of 

Pectobacterium spp. is affected by soil 

biotic and abiotic factors. For example, the 

pathogen was below the detection level in 

sandy soil within one month and for about 

50 days in loamy soil (Armon et al., 1995). 

P. atrosepticum was found to survive in 

loam soil for two months at 2–10 °C and 

only for two weeks at 20 °C (Fickeet al., 

1973). Meanwhile, survival in soil for six 

months was recorded during winter in 

many regions (Anilkumar and Chakravarti, 

1970).  

   Actinomycetes are known to play an 

important role in protecting plants against 

phytopathogens by secreting bioactive 

metabolites, including growth-promoting 
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substances, enzymes, antioxidants, fatty 

acids, and antibiotics (Doumbou et al., 

2002; Rajan and Kannabiran,2014; Barka et 

al., 2015; Rajaram et al., 2020). S. 

lavendulae HHFA1 (Acc. No. HQ702485) 

has been proven effective in controlling 

onion bacterial diseases, specifically 

Pectobacterium carotovorum subsp.  

carotovorum and Burkholderia cepacia 

(Abdallah et al., 2013). The ethyl acetate 

extract of S. lavendulae demonstrated 

antimicrobial and antioxidant potential, as 

reported by Saravana Kumar et al., (2014). 

Six antibiotics, namely ileumycin, 

mitomycin C, eurymycin, glomecidin, SL-1 

pigment, and saframycin A, are being 

produced by S. lavendulae (Rizket al., 

2007), as well as streptothricin (Waksman 

et al., 1951). A notable advantage of S. 

lavendulae over other antimicrobial agents 

is the stability of the antibiotic after 15 

years of preservation on artificial media, 

with only a slight decrease (Rifaat, 2009).  

GC-MS is described as a simple, 

sensitive, and efficient technique for either 

quantitative or qualitative separation of 

mixed components (Medeiros, 2018). The 

approach is effective at determining the 

biological activity of actinomycetes 

isolated from various soil samples 

(Ibnoufet al., 2022). 

  The objective of this study was to 

evaluate the influence of S. lavendulae on 

the survival of P. atrosepticum in bare 

absence of the host in two soil types. The 

most abundant metabolites in S. lavendulae 

(PQ588453), which may correlate with its 

biological activity, were determined as 

Isochiapin B, Octadecenoic acid 

derivatives, Benzenedicarboxylic acid and 

their derivatives, 1-Dodecanamine, N,N-

dimethyl, and n-Hexadecanoic acid.  

 

MATERIALS AND METHODS 

Streptomyces lavendulae HHFA1 (Acc. 

No. HQ702485) 

S. lavendulae (HHFA1) was previously 

isolated and identified from Egyptian soils 

and showed an antagonistic activity against 

Pectobacterium carotovorum subsp. 

carotovorum and Burkholderia cepacia of 

onion bulbs (Badr 2011; Abdallah et al., 

2013). S. lavendulae (HHFA1) was kept in 

20% glycerol at -20°C. 

Isolation, and pathogenicity test.  

Potato plants with typical blackleg 

symptoms were obtained from a potato farm 

located in Nubaria, Behera Governorate. 

Stems were washed, and the surfaces 

disinfected by flaming. Crown areas with 

typical symptoms were macerated in 

sterilized phosphate buffer (PB 0.05M). The 

resulting suspension was plated onto Logan 

media (Logan, 1963, 1966; Schaad et al., 

2001) and incubated for 24 hours at 28°C. 

Colonies that remained colorless after 24 

hours, then turned pink with white margins 

after further incubation for another 24 hours 

and reached approximately 0.5 mm in 

diameter were selected for subsequent 

pathogenicity and identification. 

Pathogenicity on potato tubers was 

conducted for the developed colonies as 

described by Badr et al., (2024). 

Identification of the pathogenic isolates 

DNA extraction from the suspected 

colonies developed on Logan medium was 

conducted using lysis buffer, following the 

methodology outlined by Farag et al., 

(2017). 

a. Identification by conventional PCR 

For the PCR assay, oligonucleotide 

primers Y45 (5’-

TCACCGGACGCCGAACTGTGGCGT-

3’) and Y46 (5’-

TCGCCAACGTTCAGCAGAACAAGT-

3’) were utilized, as described by Frechon et 

al., (1998). The reactions were set up in a 

25-μl PCR mixture using Cosmo PCR RED 

MMIX (WF-10203001-M, Willowfort, 

UK). PCR products were separated on a 

1.5% agarose gel in tris-acetate-EDTA 

(TAE) buffer and visualized by staining 

with RedSafe
TM

 Nucleic Acid Staining 

Solution. A Molecular 100-1,500 bps DNA 

Ladder was employed (Gen BIO-HELIX - 

DM001-R500). 

b. Identification by DNA-sequencing  
DNA purification and sequencing were 

conducted as outlined in Badr et al., (2024). 

The evolutionary history was inferred using 

the Neighbor-Joining method Saitou and 

Nei, (1987). The evolutionary history was 
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inferred using the Neighbor-Joining method 

(Saitou et al., 1987). The optimal tree is 

shown (next to the branches). The 

evolutionary distances were computed using 

the Maximum Composite Likelihood 

method (Tamura et al., 2004) and are in the 

units of the number of base substitutions per 

site. The proportion of sites where at least 1 

unambiguous base is present in at least 1 

sequence for each descendent clade is 

shown next to each internal node in the tree. 

The analysis involved 30 nucleotide 

sequences. Codon positions included were 

1st+2nd+3rd+Noncoding. All ambiguous 

positions were removed for each sequence 

pair (pairwise deletion option). There were a 

total of 438 positions in the final dataset. 

Evolutionary analyses were conducted in 

MEGA11 (Tamura et al., 2021). 

 In vitro inhibition assay of S. 

lavendulae against P. atrosepticum 

  The inhibitory potential of S. lavendulae 

was evaluated against P. atrosepticum 

(PQ588453) using the cross-streaking 

method (Oskay et al., 2004 and Messiha et 

al., 2007). The distance free from the 

pathogen near the antagonist line was 

measured. 

 GC-MS analysis of Ethyl Acetate 

Extract of S. lavendulae 

Solid-state fermentation was employed to 

identify the active ingredients from S. 

lavendulae. An ethyl acetate solvent-based 

extract was used. Twenty SNA plate 

cultures, seven days old, of S. lavendulae 

were mixed with ethyl acetate solvent in a 

ratio of 1/10 (w/v). The mixture was kept 

for complete extraction for 7 days at 

ambient room temperature, then filtered, 

and the ethyl acetate fraction was 

evaporated using a rotary evaporator. The 

crude ethyl acetate extract was analyzed 

using GC-MS. (Badr 2011). 

Survival of S. lavendulae in two 

textured soil types and its influence on 

survival of P. atrosepticum 

 The survival of both the pathogen and 

the antagonist was assessed using the 

method described by Messiha et al., (2007) 

with certain adjustments. A spontaneous 

mutant of P. atrosepticum, resistant to 

bacitracin and chloramphenicol, was 

selected and was adapted to determine the 

duration of its survival in different textured 

soils. This mutant strain was selected from 

the wild-type strain (PQ588453) on Logan 

medium supplemented with increasing 

doses of bacitracin and chloramphenicol (0, 

20, 40, 60, 80, and 100 ppm) for each 

antibiotic. The mutant's virulence was 

checked by testing pathogenicity on potato 

intact tubers to be similar to those of the 

wild-type strain. The mutant was 

subsequently cultured on NA supplemented 

with 100 ppm of each antibiotic for 48 

hours. S. lavendulae was grown on SNA 

plates for seven days. Suspensions of each 

bacterium were prepared in phosphate 

buffer (PB, 0.01 M). The density was 

standardized using a spectrophotometer, 

with optical readings at OD600 = 1.7 

(equivalent to 10
9
 CFU ml⁻ ¹) for P. 

atrosepticum and OD600 = 0.7 (equivalent 

to 10
9
 CFU ml⁻ ¹) for S. lavendulae. One 

milliliter of each suspension was mixed with 

100 g of soil in plastic bags according to the 

experimental design. The treatments for 

each soil type comprised: a negative control 

(soil inoculation with phosphate buffer (PB) 

only), soil only infested with the pathogen, 

soil only infested with S. lavendulae, and 

soil infested with both the pathogen and the 

biocontrol agent together. All experimental 

treatments received the same amount of PB 

(2 ml in total). Each treatment comprised of 

100 g of soil, divided into three equal 

quantities within 50-ml Greiner tubes. The 

tubes were loosely closed to allow air 

exchange during incubation at 28°C. The 

actual soil moisture content was maintained 

at 10.5% in sandy and 25.7% in clay soils. 

The tubes were weighed, and water loss was 

compensated by adding sterile tap water to 

maintain the soil fixed moisture standard 

throughout the experiment. The survival of 

P. atrosepticum and S. lavendulae, along 

with the total actinomycetes densities, was 

weekly assessed. For bacterial enumeration, 

1 g of soil (one sample among one replicate 

tube) was suspended in 9 ml of sterile 0.05 

M phosphate buffer, and were shaken at 100 

rpm for 2 hours at 20 °C, then 10-fold serial 

dilutions were prepared. The enumeration of 

bacteria was run on three Logan-medium 
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plates supplemented with 100 mg/l 

chloramphenicol and 100 mg/l bacitracin to 

detect the mutant P. atrosepticum, and onto 

SNA medium to count S. lavendulae and 

total actinomycetes. Colonies of S. 

lavendulae were identified and counted after 

seven days’incubation, while P. 

atrosepticum were counted after two days 

incubation at 28 °C. The physical and 

chemical properties of each soil type are 

presented in Table 1. Physical and chemical 

soil properties were determined at the 

Central Analysis Lab, Faculty of 

Agriculture's, Mansura University ( Badr et 

al., 2024). 

Table1. Physical, chemical characteristics 

of the different soils 

Soil type pH (ds/m) % 

EC OM 

Sandy 8.81 0.25 0.29 

Clay 7.9 0.8 1.70 

Soil type Ppm 

N P K 

Sandy 7.72 17.56 155 

Clay 202 6.25 319 

Soil type % 

Sand Silt Clay 

Sandy 89.1 7.5 3.4 

Clay 30.8 35 34.2 

 Statistical analysis 
The log of microbial population of the 

pathogen and the antagonist per soil type 

and treatment fitted to an exponential 

survival model as described by Franz et al., 

(2005) to be : ct = am / (1+exp (-d*(t-c))). 

Where Ct = log10 (CFU) of bacteria, am = 

initial count of the pathogen (asymptote), d 

= decline rate (days⁻ ¹), t = time (days), and 

c = 50% decrease of microbial population in 

days. The estimated parameter values, c and 

d, for the two types treated soils with both 

the pathogen and the antagonist separately 

were subjected to multivariate analysis of 

variance (MANOVA) using SPSS v23 

(SPSS Inc., Chicago, Illinois, USA). 

 

RESULTS 

Streptomyces lavendulaeHHFA1 

Figure 1 illustrates the growth of S. 

lavendulae HHFA1(Acc. No. HQ702485) 

on SNA medium. The observed cultural 

characteristics include well-developed aerial 

and substrate mycelia. Isolate HHFA1 

displayed reddish-brown aerial mycelium, 

brownish-yellow substrate mycelium, and 

an absence of diffusible pigment production. 

 
 Fig.1. Culture growth of S. lavendulae  

HHFA1 on SNA medium. 

Isolation and pathogenicity test 

White colonies (isolates) developed on 

Logan medium plates were selected. These 

white colonies after 24 hours incubation 

were turned entirely pink with white 

margins after 48 hours. They were tested for 

pathogenicity after propagation on the NA 

medium. Two isolates, P2 and P3, produced 

typical soft rot symptoms on potato tubers, 

as shown in Fig.(2) . 

 
Fig. 2. Pathogenicity test by artificial 

inoculating potato tubers with the two 

isolates, P2 and P3, seven days’ post-

inoculation (10
6
 CFU/ml) in a sterile 0.01 M 

phosphate buffer (PB).  

 

Identification of the pathogenic isolates 

Isolates which showed pathogenic 

potential on potato tubers were subjected to 

identification methods. 

a. Identification by conventional 

PCR 
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Fig (3) shows a confirmative specific 

band ( 439 bp ) for isolates in concern ( P2 

and P3 ) as well as a positive control. 

 
Fig. 3. The identification of different 

suspected isolates developed on Logan 

medium (Logan, 1966) using specific 

primers Y45 and Y46 (Frechon et al., 1998). 

The typical band observed corresponds to a 

size of approximately 439 bp as detected by 

the Molecular marker 100-1,500 bps (Gen 

BIO-HELIX - DM001-R500).  

b. Identification by DNA-sequencing  

One isolate, P3, showed 99.54% 

similarity with P. atrosepticum. The isolate 

was deposited into the NCBI as P. 

atrosepticum (PQ588453). Figure (4) 

reveals the evolutionary analysis for P. 

atrosepticum (PQ588453) using the 

Neighbor-Joining method (MEGA11). 

 In vitro inhibition assay of S. 

lavendulae against P. atrosepticum 

 The inhibition zone between S. 

lavendulae and P. atrosepticum was 

determined as 32.7±1.4 mm (mean±SE) (Fig 

5). 

 GC-MS analysis of ethyl acetate 

extract of S. lavendulae  

GC-MS analysis of S. lavendulae ethyl 

acetate extract (Table 2) reveals the 

abundance of 17 volatile components based 

on a comparison of their EI-MS spectra with 

those reported in the NIST database spectral 

library, along with the published activities. 

Figure (6) represents the most abundant 

components, listed from highest to lowest: 

Isochiapin B (39.7%), Retinoic acid, 5,6-

epoxy-5,6-dihydro- (Isomers) (7.03%), 9-

Octadecenoic acid (Z)-, methyl ester 

(isomers) (6.55%), 1-Dodecanamine, N,N-

dimethyl (5.9%), n-Hexadecanoic acid 

(4.69%) ,1,2-Benzenedicarboxylic acid, 

butyl octyl ester (3.79%), 1,2-

Benzenedicarboxylic acid (3.72%), 1-

Chloroeicosane (3.09%), and 1-

Tetradecanamine, N,N-dimethyl- (3.04%).  

GC-MS analysis was made using a Varian 

GC interfaced to a Finnegan SSQ 7000 

Mass selective Detector (SMD) with an 

ICIS V2.0 data system for MS 

characterization of the GC components. The 

column utilized was the DB-5 (J&W 

Scientific, Folsom, CA) cross-linked fused 

silica capillary column (30 m. long, 

0.25mm. internal diameter) covered with 

(0.5μm. film thickness) poly dimethyl-

siloxane. The ionization energy was fixed at 

70 eV (Abdurazakov et al., 2021).  

Survival of S. lavendulae in two 

textured soil types and its influence on 

survival of P. atrosepticum  

The log of microbial population of the 

pathogen (P. atrosepticum) per soil type and 

treatment fitted to an exponential survival 

model with as described by (Franz et al., 

2005). Ct =am / (1+exp (-d*(t-c))). Where Ct 

= log10 (CFU) of bacteria, am = initial count 

of the pathogen (asymptote), d = decline 

rate (days⁻ ¹), t = time (days), and c = 50% 

decrease of microbial population in days. 

Figure (7) shows a significant decrease in 

the P. atrosepticum densities in S. 

lavendulae-treated soil (Wilks' Lambda, P< 

0.001). A significant interaction between 

soil type and treatment was observed (P = 

0.001). In sandy soil, a highly significant 

decrease in pathogen survival was clear, as 

indicated by a marked decrease in c (F = 

256.5, P< 0.001) in S. lavendulae-treated 

soil compared to non-treated soil. 

Additionally, a trend toward a significant 

higher d (decline rate) was noted (F = 5.4, 

P< 0.08). In clay soil, however, the impact 

of S. lavendulae amendments was less 

pronounced but still significant, with a 

decrease in both c (F = 18.7, P = 0.012) and 

d (F = 14.4, P = 0.019). The survival of P. 

atrosepticum was limited in clay soil 

compared to sandy soil in non-amended 

soil, both in c (F = 113.9, P< 0.001) and d 

(F = 42.8, P = 0.003), without significant 

difference between both soil types in S. 

lavendulae-amended treatments. 
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Fig. 4.The phylogenetic tree of P.atrosepticum strain P3 (PQ588453) using the Neighbour-

Joining method. 

 

 

Fig. 5. Antagonistic potential of S. lavendulae against P. atrosepticum on NA medium. S. 

lavendulae was 7 days old when P. atrosepticum was streaked perpendicular to it, 

and the plates were incubated further at 28°C for 24 hours. Growth inhibition of the 

pathogen was recorded. 

 
  Fig. 6. GC-MS analysis for the isolate S. lavendulae HHFA1 (HQ702485) revealing the 

most abundant volatile components.  
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Table 2. GC-MS chemical profiling of ethyl acetate extract of S. lavendulae metabolites 

1,2
Octadecenoic acid derivatives (9.15%)  

3,4
Benzenedicarboxylic acid and their derivatives (7.51%)

No. RT Name of the compound (Peak name)      

MF MW 

Peak 

Area 

% 

           Activity    

reported       

1 6.8 Isophorone C9H14O 138 1.73 Antimicrobial (Kiran et al., 2013) 

  2 16.79 1-Dodecanamine, N,N-dimethyl C14H31N 213 5.90 Antibacterial (Mokhtar et al., 2023) 

 3 21.31 1-Tetradecanamine, N,N-dimethyl-  C16H35N 241 3.04 antimicrobial (Birnieet al., 2000) 

  4 23.96 7-Methyl-Z-tetradecen-1-ol acetate C17H32O2 268 1.14 

     5 25.64 1,2-Benzenedicarboxylic acid, butyl octyl ester
3

 C20H30O4 334 3.79 Antibacterial (Garba, 2016) 

  6 26.42 n-Hexadecanoic acid C16H32O2 256 4.69 Antibacterial (Shaaban et al 2021) 

  7 28.56 Oleic Acid  C18H34O2 282 1.25 

     8 28.77 9-Octadecenoic acid (Z)-, methyl ester (isomers)
1 

C19H36O2 296 6.55
 

Antimicrobial (Al-Askaret al., 2024) 

 9 28.98 N-Methyl-N-benzyltetradecanamine C22H39N 317 1.65 

     10 32.57 Ethyl 2-[(4-methylphenyl)amino]propanoate C12H17NO2 207 1.09 

     11 35.76 1,2-Benzenedicarboxylic acid
4

 C24H38O4 390 3.72 

     12 38.73 1-Chloroeicosane  C20H41Cl 316 3.09 

     13 39.18 Retinoic acid, 5,6-epoxy-5,6-dihydro- (Isomers) C20H28O3 316 7.03 

     14 39.28 9-Octadecenoic acid (Z)-
2 

C18H34O2 282 2.60 

     15 44.11 Isochiapin B  C19H22O6 346 39.67 Antibacterial characteristics (Cartagena et al., 2008). 

16 44.39 Dotriacontane C32H66 450 1.16 

     17 44.74 Cholest-22-ene-21-ol, 3,5-dehydro-6-methoxy-, pivalate C33H54O3 498 1.28           
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 Fig. 7. Decline in P. atrosepticum density (CFU g
-1

 dry soil) of in different soil types with 

different management regimes at 28
o
C. The dots are the observed values. The lines 

are the predicted values from the logistic decline model: Ct = am/(1 + exp (-d*(t-c))). 

Where Ct = log transformed number of bacteria, am = initial density of the pathogen, 

d = decline rate (days
-1

), and t = time (days) and c = length of the 50%-reduction-time 

in days (Franz et al., 2005). The first letter represents. 

 

     Figure (8) shows a significant slower 

decline of S. lavendulae in sandy soil treated 

with S. lavendulae compared to clay soil 

inoculated with S. lavendulae, as shown by 

a longer c (F=112.8, P<0.001) and an 

increased slope (d) (F=8.4, P=0.044). This 

indicates better survival of S. lavendulae in 

sandy soil over clay ones. 

Figure (9) reveals significant longer 

duration in survival of total actinomycetes 

in clay as compared to sandy soil only 

inoculated with with P. atrosepticumas 

shown with an increase in c (F=6.5, 

P=0.019).  However, there was a significant 

increase in the survival duration of 

actinomycetes in sandy soil treated with S. 

lavendulae compared to sandy soil non-

inoculated with S. lavendulae, as expressed 

by an increase in c (F=6.5, P=0.043) (Figs 8 

and 9). On the other hand, there was no 

significant difference in the survival of 

actinomycetes between treatments of clay 

soil.  

In conclusion, the survival duration of P. 

atrosepticum was lower in clay compared to 

sandy soils. Moreover, the survival of S. 

lavendulae was also lower in clay as 

compared to sandy soil. The impact of S. 

lavendulae in decline of  P. atrosepticum 

was significantly higher in sandy soil as 

compared to clay soils. 
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Fig. 8. Decline in S. lavendulae HHFA1 (HQ702485) density (CFU g
-1

 dry soil) of in  

different soil types with different management regimes at 28
o
C.  

 

Fig. 9. Survival of total actinomycetes (CFU g
-1

 dry soil) in sandy and clay soils infested with 

P. atrosepticumin presence and absence of S. lavendulae HHFA1 (HQ702485) at 28
o
C 
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DISCUSSION 
 

Due to the increasing population and 

limited resources, significant efforts are 

being made to increase crop yield using 

safe, sustainable methods that avoid the 

hazardous effects of chemical fertilizers 

and pesticides. Streptomyces spp. are 

known as promising sustainable biocontrol 

agents that can survive active in soil for a 

long period, producing antibiotics, along 

with bioactive compounds, and 

extracellular enzymes. These secreted 

metabolites can combat pathogens in the 

soil as well as promote plant growth 

(Olanrewaju and Babalola, 2019). 

Streptomyces spp. can be added directly to 

the soil, or their populations can be 

enhanced indirectly by altering microbial 

biodiversity through specific fertilizers or 

crops (Messiha et al., 2019, 2021, 2023).     

Using S. lavendulae HHFA1 (Acc. No. 

HQ702485) has proven effective in 

controlling onion bacterial diseases, 

specifically P. carotovorum subsp. 

carotovorum and B. cepacia (Abdallah et 

al., 2013). This study approves its efficacy 

against P. atrosepticum, the causal agent of 

potato blackleg. The used P. atrosepticum 

strainP3 (PQ588453) in this study was 

identified by conventional PCR (Frechon et 

al., 1998), DNA sequencing and 

pathogenicity test (Badr et al., 2024). The 

GC-MS chemical profiling of ethyl acetate 

extract of S. lavendulae metabolites 

characterized 17 compounds. Isochiapin B 

is a particular sort of sesquiterpene lactone 

group. Sesquiterpene lactone has several 

biological influences, including 

antibacterial characteristics (Cartagena et 

al., 2008). The Octadecenoic acid 

derivatives (9- Octadecenoic acid (Z)-, 

methyl ester (Isomers), and 9-Octadecenoic 

acid (Z)-) was recovered as 9.15% in the 

same extract. The 9-Octadecenoic acid (Z)-

methyl ester, also known as methyl oleate, 

is an ester of oleic acid. Oleic acid is 

known for its antimicrobial and 

antibacterial activities (Dilika et al., 2000; 

Al-Askaret al., 2024). The 1-

Dodecanamine, N, N-dimethyl was 

recovered at 5.9%. The antibacterial 

activity of this metabolite was previously 

proven (Mokhtar et al., 2023).  Other 

metabolites recorded as antibacterial and 

antimicrobial were recovered in 

considerable ratios, namely n-hexadecanoic 

acid (4.69%) (Shaaban et al., 2021), 1,2-

Benzenedicarboxylic acid, butyl  octyl ester 

(3.79%) (Garba, 2016), and 1-

Tetradecanamine, N, N-dimethyl- (3.04%)  

(Birnie et al., 2000).These compounds may 

explain why S. lavendulae decreased the 

survival of P. atrosepticum in both soil 

types. The S. lavendulae was more 

effective in decreasing the pathogen 

survival in sandy than in clay soils. 

Meanwhile, S. lavendulae's survival was 

longer in sandy than in clay soils, that 

might explain its greater impact in 

decreasing the pathogen survival in sandy 

compared to clay soils. The Streptomyces 

spp. have described as soil health indicators 

(van Bruggen and Semenov, 2000). 

Additionally, Streptomyces spp. are 

recommended as sustainable biocontrol 

agents because they can survive under 

harsh conditions, such as water and nutrient 

stresses, by producing spores (Pacios-

Michelena et al., 2021). Their ability to 

endure such harsh conditions gives them an 

advantage over other microorganisms. 

Most Streptomyces spp. prefer aerated 

environments, as proven by Kukharenko et 

al., (2010) that may explain the longer 

survival of S. lavendulae in sandy soil. 

Both the pathogen and the biocontrol agent 

have adequately survived in sandy soil, 

characterized by lower EC, indicating 

lower salinity compared to clay soil. Higher 

salinity may decrease bacterial densities 

and activities (Li et al., 2021). The 

employed sandy soil had significantly 

lower nutrient content, especially OM, N, 

and K. Lower nutrient content supports a 

smaller microbial community, which may 

favor the growth and survival of S. 

lavendulae. Also, the employed sandy soil 

was characterized by significantly higher P 

content (about three times) compared to 

clay soil. Higher soil phosphorus content is 

known to support the growth of 

Streptomyces spp. and their ability to 
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produce antibiotics, antimicrobial   

compounds, and other metabolites 

(Chouyia et al., 2022). 
 

CONCLUSION  

 
S. lavendulae   may   be   highly       

recommended  as a biocontrol agent against 

bacterial pathogens inducing soft rot and 

blackleg diseases. Sandy soils are generally 

more appropriate for selecting the 

biocontrol agents. Further studies are 

required to select an appropriate carrier for 

the biocontrol agent for commercial, large-

scale use. 
 

Author contributions 
Nevein A.S. Messiha: Methodology, 

investigations, DNA sequencing for the 

pathogen, statistical analysis, and writing - 

original draft. Huda H. Badr: 

Methodology, providing the pathogen and 

the biocontrol agent, experimental setup, 

investigations, writing - review & editing.  

Acknowledgment 

This work is partially funded by the Plant 

Pathology Research Institute (PPRI), ARC, 

and the project “Rehabilitation of Nile 

Valley and Delta to Produce Brown Rot-

Free Potatoes Qualified for Exportation,” 

supported by the Science, Technology & 

Innovation Funding Authority 

(STIFA27859), Egyptian Ministry for 

Scientific Research. 

Funding  

Partial financial support was received from 

Plant Pathology Research Institute, 

Egyptian Agricultural Research Center.  

Data Availability  

The datasets generated during and/or 

analyzed during the current study are 

available from the corresponding author on 

reasonable request.  

Statements and Declarations  

Competing Interests: The authors declare 

that they have no competing interests. The 

contents of the manuscript have neither 

been published nor under consideration for 

publication elsewhere. 

Conflict of Interest  

The authors declare no conflict of interest.  

 

 

REFERENCES:  

Abdallah, M.E.; Haroun, S.A.; Gomah, 

A.A.; El-Naggar, N.E.and Badr,H.H. 

(2013). Application of actinomycetes as 

biocontrol agents in the management of 

onion bacterial rot diseases. Archives of 

Phytopathology and Plant Protection, 

46(15):1797-1808. 

.https://doi.org/10.1080/03235408.2013

.778451 

Abdurazakov, A.Sh.; Saidov, S.S.; 

Okmanov, R.Ya.,Kubaev, Sh. Kh. and 

Elmuradov, B. Zh. 2021. Alternative 

and efficient method for the preparation 

of 2-Acetamidobenzimidazoles. 

Egyptian Journal of Chemistry, 64 (5): 

2247-2252. 

 Al-Askar, A.; Al-Otibi, F.; Abo-Zaid, G.; 

and Abdelkhalek, A. 2024. 

'Pyrrolo[1,2-a]pyrazine-1,4-dione, 

hexahydro-3-(2-methylpropyl), as the 

primary secondary metabolite of 

Bacillus spp., could be an effective 

antifungal agent against the soil-borne 

fungus, Sclerotium 

bataticola', Egyptian Journal of 

Chemistry, 67(13), 1009-1022. 

https://doi.org/10.21608/ 

ejchem.2024.325664.10571 

Anilkumar, T.B. and Chakravarti, B.P. 

1970. Factors affecting survival of 

Erwinia carotovora causal organism of 

stalk rot in maize in soil. Acta 

Phytopathologica Academiae 

Scientiarum Hungaricae,5:333–340 

 Armon,R.;Dosoretz,C. ;Yoirish, A.;Shelef, 

G. and Neeman, I. 1995. Survival of the 

phytopathogen Erwinia carotovora 

subsp. carotovorain sterile and 

nonsterile soil, sand and their 

admixture. Journal of Applied 

Bacteriology,79:513–518 

Badanthadka, M. and D'Souza, L. 2020. 

Imiquimod-Induced Psoriasis Mice 

Model: A Promising tool for Psoriasis 

research? Research Journal of 

Pharmacy and Technology. 13: 3508. 

https://doi.org/110.5958/0974-

360X.2020.00621.6 

24 

https://doi.org/10.1080/03235408.2013.778451
https://doi.org/10.1080/03235408.2013.778451
https://doi.org/110.5958/0974-360X.2020.00621.6
https://doi.org/110.5958/0974-360X.2020.00621.6


 Messiha, N.A.S. and Badr, H.H.   
  

Egyptian Journal of  Phytopathology, Print ISSN:1110-0230&Online ISSN:2090-2522 
 

Badr H. H. 2011. Management of Bacterial 

Rot Diseases of Onion. PhD Thesis. 

Botany Department. Faculty of Science. 

Mansoura University. Mansoura. Egypt. 

164 pp. 

 Badr, H.; Fouad, M.; and Messiha, N. 

2024. Effect of different irrigation rates 

on the occurrence and development of 

potato bacterial lenticels rot in Egypt. 

Egyptian Journal of Agricultural 

Research, 102(3): 435-447. 

https://doi.org/10.21608/ejar.2024.2815

17.1533 

 Barka, E.A.; Vatsa, P.; Sanchez, L.; 

Gaveau-Vaillant, N.; Jacquard, C.; 

Klenk, H.-P.; Clément, C.; Ouhdouch, 

Y. and van Wezel, G.P. 2015. 

Taxonomy, physiology, and natural 

products of Actinobacteria. 

Microbiology and Molecular Biology 

Reviews, 80(1): 1–43. . 

https://doi.org/10.1128/mmbr.00019-15 

  Birnie, C.R.; Malamud, D.; and Schnaare, 

R.L. 2000. 'Antimicrobial evaluation of 

N-Alkyl Betaines and N-Alkyl-N,N-

Dimethylamine oxides with variations 

in chain length', Antimicrob Agents 

Chemother, 44: 2514-2517. 

https://doi.org/10.1128/ aac.44.9.2514-  

2517.2000 

Cartagena, E.;Montanaro, S.;and Bardon, 

A. 2008. Improvement of the 

antibacterial activity of sesquiterpene 

lactones. Revista Latino americana de 

Quimica, 36: 43–51 

Chouyia, F.E., Ventorino, V., and Pepe, O. 

2022. Diversity, mechanisms and 

beneficial features of phosphate-

solubilizing Streptomyces in sustainable 

agriculture: A review. Frontiers in 

Plant Science, 13:1035358. 
https://doi.org/10.3389/ fpls.2022. 
1035358 

 Dilika, F., Bremner, P.D., and Meyer, 

J.J.M. 2000. Antibacterial activity of 

linoleic and oleic acids isolated from 

Helichrysum pedunculatum: a plant 

used during circumcision rites. 

Fitoterapia, 71(4): 450-452 .  

https://doi.org/10.1016/S0367-

326X(00)00150-7 

 Doumbou, C.L.;Salove, M.K.H.; 

Crawford, D.L. and Beaulieu, C. 2002. 

Actinomycetes, promising tools to 

control plant diseases and to promote 

plant growth. Phytoprotection, 82: 85–

102. 

  Dupuis, B.;Nkuriyingoma, P.; and Van 

Gijsegem, F. 2021. Economic Impact 

of Pectobacterium and Dickeya Species 

on Potato Crops: A Review and Case 

Study. In: Van Gijsegem, F.; van der 

Wolf, J.M. andToth, I.K. (eds) Plant 

Diseases Caused by Dickeya and 

Pectobacterium Species. Springer, 

Cham. https://doi.org/10.1007/978-3-

030-61459-1_8 

Farag,S.M.A.;Elhalag,K.M.A.; Hagag,M.H. 

; Khairy, A.M.; Ibrahim, H.M.; Saker, 

M.T. and Messiha, N.A.S. 2017. Potato 

bacterial wilt suppression and plant 

health improvement after application of 

different antioxidants. Journal of 

Phytopathology,165: 522-537. 

Ficke, W.; Naumann, K.; Skadow, K.; 

Müller, H. and Zielke, R. 1973. Die 

Lebensdauer von Pectobacterium 

carotovorum var. atrosepticum (van 

Hall) Dowson auf dem Pflanzgut und 

imBodem. Archives of Phytopathology 

and Plant Protectection 9:281–293.   

Franz, E.; van Diepeningen, A.D.; de Vos, 

O.J. and van Bruggen, A.H.C. 2005. 

Effects of cattle feeding regimen and 

soil management type on the fate of 

Escherichia coli O157:H7 and 

Salmonella entericasero var 

Typhimurium in manure, manure-

amended soil, and Lettuce. Applied 

Environmental Microbiology, 71: 

6165–6174. 

 Frechon, D.; Exbrayat, P.;Helias, V.; 

Hyman, L.J. ;Jouan, B.; Llop, P.; 

Lopez, M.M.; Payet, N.;Perombelon, 

M.C.M.; Toth, I.K.; van Backhoven, 

J.R.C.M.; van der Wolf, J.M. and 

Bertheau, Y.1998. Evaluation of a PCR 

kit forthe detection of Erwinia 

25 

https://doi.org/10.21608/ejar.2024.281517.1533
https://doi.org/10.21608/ejar.2024.281517.1533
https://doi.org/10.1128/mmbr.00019-15
https://doi.org/10.1016/S0367-326X(00)00150-7
https://doi.org/10.1016/S0367-326X(00)00150-7
https://doi.org/10.1007/978-3-030-61459-1_8
https://doi.org/10.1007/978-3-030-61459-1_8


Egypt J. of Phytopathol.,Vol. 53, No.1, pp 14-28 

 

Egyptian Journal of  Phytopathology, Print ISSN:1110-0230&Online ISSN:2090-2522 

carotovora subsp. atroseptica on potato 

tubers. Potato Research, 41:163–173. 

 Garba, S. 2016. Antimicrobial Activities of 

1,2-benzenedicarboxylic acid   

butyldecyl  ester isolated from the seeds 

and pods of Acacia nilotica Lnn. Basic 

Research Journal of Microbiology. 3: 

8-11. 

Ibnouf, E.O.; Aldawsari, M.F. 

andWaggiallah, H.A. 2022. Isolation 

and extraction of some compounds that 

act as antimicrobials from 

actinomycetes. Saudi Journal of 

Biological Sciences, 29(8): 10335. 
https://doi.org/10.1016/j.sjbs.2022. 
103352 

  Kiran, I.; Ozşen, O.; Celik, T.;Ilhan, S.; 

Gürsu, B.Y. and Demirci, F. 2013. 

Microbial transformations of 

isophorone by Alternaria alternate and 

Neurospora crassa. Nat Prod Commun, 

8(1): 59-61. PMID: 23472460. 

 Kukharenko, O.S.; Pavlova, N.S.; 

Dobrovol’skaya, T.G.; et al. 2010. The 

influence of aeration and temperature 

on the structure of bacterial complexes 

in high-moor peat soil. Eurasian Soil 

Science,43:573–579. https://doi.org/   

10.1134/S106422931005011X 

 Li, X.; Wang, A.; Wan, W.; Luo, X.; 

Zheng, L.; He, G.; Huang, D.; Chen, 

W.; and Huang, Q. 2021. High salinity 

inhibits soil bacterial community 

mediating nitrogen cycling. Applied 

and Environmental Microbiology, 

87:e01366-21. https://doi.org/10.1128/ 

AEM.01366-21. 

Logan, C.A. 1963. Selective medium for 

the isolation of soft rot coliforms from 

soil. Nature, 199: 623. https://doi.org  

/10.1038/199623a0 

Logan, C. 1966. Simple method for 

differentiating Erwinia carotovora 

variety "atroseptica" from Erwinia 

carotovora variety "aroideae". Nature, 

London, 212: 1584 – 1585. 

Mansfield.J.; Genin,S.; Magori,S.;  

Citovsky, V.; Sriariyanum, M.; Ronald, 

P.; Dow, M.;Verdier, V.; Beer, S.V.; 

Machado, M.A.;Toth, I.; Salmond, G. 

and Foster, G.D. 2012. Top 10 plant 

pathogenic bacteria in molecular plant 

pathology. Molecular Plant Pathology, 

13(6):614-29. . 

https://doi.org/10.1111/j.1364-

3703.2012.00804.x  

Medeiros, P.M. 2018. Gas 

Chromatography–Mass Spectrometry 

(GC–MS). In: White, W.M. (ed) 

Encyclopedia of Geochemistry. 

Encyclopedia of Earth Sciences Series. 

Springer, Cham. 

https://doi.org/10.1007/978-3-319-

39312-4_159 

Messiha, N.A.S.; Elhalag, K. M. A.; 

Balabel, N. M.; Matar, H. A.;Farag, S. 

M. A.; Hagag, M. H.; Khairy, A. M.; 

Abd El-Aliem, M. M.; Hanafy, M. S.; 

and Farag, N. S. 2021. Efficiency of 

organic manuring and mineral 

fertilization regimes in potato brown rot 

suppression and soil microbial 

biodiversity under field conditions. 

Archives of Phytopathology and Plant 

Protection, 54:9-10, 534-556, 
https://doi.org/10.1080/03235408.2020.

1844523 

 Messiha, N.A.S.; Elhalag, K.M.A.; Abd 

El-Rahman, A.F.; Abdelaziz, 

A.M.R.A.; ElBadry, N.; and Hussien, 

A. 2023.  Enhancement of soil 

suppressive potential to bacterial wilt 

disease caused by Ralstonia 

solanacearum. Archives of 

Phytopathology and Plant Protection, 

56(15):1127-

1165.https://doi.org/10.1080/03235408.

2023.2267668 

Messiha, N.A.S.; Elhalag, K.M.A.; Balabel, 

N. M.; Farag;S. M. A.;Matar, H. A.; 

Hagag, M. H; Khairy, A. M.; Abd El-

Aliem, M. M.;Eleiwa, E; Saleh, O. and 

Farag, N.S.2019. Microbial biodiversity 

as related to crop succession and potato 

intercropping for management of brown 

rot disease. Egyptian Journal of 

Biological Pest Control. 

29:84. https://doi.org/10.1186/s41938-

019-0185-x 

26 

https://doi.org/10.1016/j.sjbs.2022.%20103352
https://doi.org/10.1016/j.sjbs.2022.%20103352
https://doi.org/10.1111/j.1364-3703.2012.00804.x
https://doi.org/10.1111/j.1364-3703.2012.00804.x
https://doi.org/10.1007/978-3-319-39312-4_159
https://doi.org/10.1007/978-3-319-39312-4_159
https://doi.org/10.1080/03235408.2020.1844523
https://doi.org/10.1080/03235408.2020.1844523
https://doi.org/10.1080/03235408.2023.2267668
https://doi.org/10.1080/03235408.2023.2267668
https://doi.org/10.1186/s41938-019-0185-x
https://doi.org/10.1186/s41938-019-0185-x


 Messiha, N.A.S. and Badr, H.H.   
  

Egyptian Journal of  Phytopathology, Print ISSN:1110-0230&Online ISSN:2090-2522 
 

 Messiha, N.A.S.; van Diepeningen, A.D.; 

Farag, N.S.; Abdallah, S.A.; Janse, J.D. 

and van Bruggen, A.H.C. 2007. 

Stenotrophomonas maltophilia: a new 

potential biocontrol agent of Ralstonia 

solanacearum, causal agent of potato 

brown rot. European Journal of Plant 

Pathology, 118: 211–225. 

https://doi.org/10.1007/s10658-007-

9136-6 

 Mokhtar, F.; Abo-El Nasr, A.; Elaasser, M. 

and Elsaba, Y. (2023). 'Bioactive 

secondary metabolites from Aspergillus 

fumigatus ON428521 isolated from 

Wadi El Rayan, El Fayum 

Governorate', Egyptian Journal of 

Botany, 63(1): pp. 233-250. 
https://doi.org/10.21608/ 
ejbo.2022.152366.2058 

 Olanrewaju, O.S., and Babalola, O.O. 

2019. Streptomyces: implications and 

interactions in plant growth promotion. 

Applied Microbiology and 

Biotechnology, 103:1179–1188. 

https://doi.org/10.1007/s00253-018-

09577-y  

Oskay, M.; Tamer, A.U. andAzer, C. 2004. 

Antibacterial activity of some 

actinomycetes isolated from farming 

soils of Turkey. African Journal of 

Biotechnology, 3: 441–446. 

Pacios-Michelena, S.; Aguilar González, 

C.N.; Alvarez-Perez, O.B.; Rodriguez-

Herrera, R.; Chávez-González, M.; 

Arredondo Valdés, R.; Ascacio Valdés, 

J.A.; Govea Salas, M.; and Ilyina, A. 

2021. Application of Streptomyces 

antimicrobial compounds for the 

control of phytopathogens. Frontiers in 

Sustainable Food Systems, 5: 696518. 

https://doi.org/10.3389/ 

fsufs.2021.696518 

Rifaat, H.M. (2009): Viability study of 

some locally isolated Streptomycetes. 

Journal of Culture Collections, 6: 38-

41. 

 Rajan, B.M. and Kannabiran, K. 2014. 

Extraction and identification of 

antibacterial secondary metabolites 

from marine Streptomyces sp. 

VITBRK2. International Journal of 

Molecular and Cellular Medicine, 3(3): 

130–137. 

Rajaram, S.K.; Ahmad, P.; Keerthana, S.S.; 

Cressida, P.J.; Moorthy, I.G. and 

Suresh, R.S.S. 2020. Extraction and 

purification of an antimicrobial 

bioactive element from lichen-

associated Streptomyces olivaceus 

LEP7 against wound-

inhabitingmicrobial pathogens. Journal 

of King Saud University - Science, 

32(3): 2009–2015. 

https://doi.org/10.1016/ 

j.jksus.2020.01.039 

Rizk, M.M., Abdel-Rahman, T.M., and 

Metwally, H. 2007. Antibiotics 

production by Streptomyces lavendulae 

under different cultural conditions.  

International Journal of Food, 

Agriculture and Environment, 5, 412-

415. 

 Saitou, N.; and Nei, M. 1987. The 

neighbor-joining method: A new 

method for reconstructing phylogenetic 

trees. Molecular Biology and 

Evolution 4:406-425. 

 Saravana Kumar, P.; Al-Dhabi, 

N.A.;Duraipandiyan, V. et al.2014. In 

vitro antimicrobial, antioxidant and 

cytotoxic properties of Streptomyces 

lavendulae strain SCA5. BMC 

Microbiol14: 291. https://doi.org/ 

10.1186/s12866-014-0291-6 

Schaad, N.; Jones, J. and Chun, W. 2001. 

Laboratory Guide for Identification of 

Plant Pathogenic Bacteria. 3rd Edition, 

APS, St. Paul, Minnesota. ISBN: 978-0-

89054-263-7 

Shaaban, M.T., Ghaly, M.F., and 

Fahmi,S,M.2021. Antibacterial 

activities of hexadecanoic acid methyl 

ester and green-synthesized silver 

nanoparticles against multidrug-

resistant bacteria. Journal of Basic 

Microbiology 61:557–568 .  

https://doi.org/10.1002/ 
jobm.202100061 

27 

https://doi.org/10.1007/s10658-007-9136-6
https://doi.org/10.1007/s10658-007-9136-6


Egypt J. of Phytopathol.,Vol. 53, No.1, pp 14-28 

 

Egyptian Journal of  Phytopathology, Print ISSN:1110-0230&Online ISSN:2090-2522 

Tamura, K., Nei, M., and Kumar, S. 2004. 

Prospects for inferring very large 

phylogenies by using the neighbor-

joining method. Proceedings of the 

National Academy of 

Sciences (USA) 101:11030-11035. 

 Tamura K., Stecher G., and Kumar S. 

2021. MEGA 11: Molecular 

Evolutionary Genetics Analysis 

Version 11. Molecular Biology and 

Evolution 
https://doi.org/93/molbev/msab120. 

 Toth, I.K.; Humphris, S.; Campbell, E. and 

Pritchard, L. 2015. Why genomics 

research on Pectobacterium and 

Dickeya makes a difference. American 

Journal of Potato Research,92:218–

222. 

Van Bruggen, A.H. and Semenov, A.M. 

2000. In search of biological indicators 

for soil health and disease suppression. 

Applied Soil Ecology, 15(1):13–24. 

https://doi.org/10.1016/ S0929-

1393(00)00068-8 

Van der Wolf, J.; Czajkowski, R. and 

Velvis, H. 2009. Effectieve kolonisatie 

van aar dappelplant en door 

Dickeyasoorten (Erwinia chrysanthemi 

). GewasbeschermingJaargang4:169–

171 

Van Doorn, J.; Vreeburg, P.J.M.; van 

Leeuwen, P.J. and Dees, R.H.L. 2011. 

The presence and survival of soft rot 

(Erwinia) in flower bulb production 

systems. ActaHorticulurae 886:365–

379 

Van Gijsegem, F.; Hugouvieux-Cotte-

Pattat, N.; Kraepiel, Y.;Lojkowska, 

E.;Moleleki, L.N.;Gorshkov, V. and 

Yedidia, I. 2021. Molecular interactions 

of Pectobacterium and Dickeya with 

plants. Plant diseases caused by 

Dickeya and Pectobacterium species, 

pp.85-147. 

Waksman, S.A.; Harris, D. and 

Lechevalier, M. 1951. Studies on 

Streptomyces lavendulae. Journal of 

Bacteriology, pp. 149-161. 

 

 

28 

https://doi.org/93/molbev/msab120

