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Abstract
Objective

Melon charcoal rot is one of the most important diseases that significantly reduces the yield of
melon (Cucumis melo L.). The main objectives of this study were: isolation of actinomycetes
from the rhizospheric soil of different melon cultivation regions located in the Kerman and Sistan
and Baluchestan provinces of Iran; investigating the antagonistic effects of actinomycetes against
melon black stem or charcoal rot disease; evaluation of siderophore production by isolates in
vitro; identification of potential isolate by PCR, and investigating their biocontrol efficacy against
Macrophomina phaseolina in melon under greenhouse condition.

Materials and methods

Eighty actinomycete isolates were isolated from the soil of selected different melon cultivation

areas and their antifungal activity against Macrophomina phaseolina was investigated. Potential


https://orcid.org/0000-0002-9236-9897
https://orcid.org/0000-0001-9181-4787

isolates were evaluated for biological activities. Moreover, the efficacy of selected actinobacteria
in order to biocontrol charcoal rot disease was investigated under greenhouse condition.

Results

Three actinomycete isolates (R1.6, R5.52 and R5.56) were revealed the highest inhibition zone
size against Macrophomina phaseolina and selected for further investigations. All three isolates
were able to colonize melon roots, produce extracellular enzymes and control disease in the
greenhouse. The actinomycete isolate R5.56 was identified by sequence analysis of small
ribosomal RNA subunit (16S rRNA) and based on the results this isolate had the highest similarity
(98%) with Streptomyces species.

Conclusions

Biological control of plant pathogens, unlike the application of chemical pesticides, does not work
quickly, but in successful cases, has more long-lasting effects compare to chemical pesticides.
Biological control should be mentioned as a key component of the integrated pests and plant
diseases management system approaches to minimize the environmental side effects and risks as
the consequences of over usage of chemicals. This study is a prelude to further studies such as the
use of these antagonists against Macrophomina phaseolina in the field, which must be done for
at least three years.
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Figure 1. Antifungal activity of three isolates of actinomycetes against
Macrophomina phaseolina revealing the highest inhibition zone compared with
other tested isolates. From left to right: left: R1.6 isolate, middle: R5.52 and right:
R5.56.
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Figure 2. Evaluation of melon germinated roots by selected actinomycets isolates.
All tested antagonists including R1.6, R5.52 and R5.56 showed colonization ability.
From left to right: left: root treatment by R1.6 isolate, middle: root treatment by
R5.52 and right: root treatment by R5.56.
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Figure 3. Melon (Mashhad variety) potted plants treated with: (from left to right),
Macrophomina phaseolina; Control plant; R1.6 actinomycete isolate; Macrophomina

phaseolina plus R1.6 actinomycete isolate.
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Figure 4. Melon (Mashhad variety) potted plants treated with: (from left to right),
Macrophomina phaseolina; Control plant; R5.52 actinomycete isolate; Macrophomina

phaseolina plus R5.52 actinomycete isolate.
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Figure 5. Melon (Mashhad variety) potted plants treated with: (from left to right),
Macrophomina phaseolina; Control plant; R5.56 actinomycete isolate; Macrophomina

phaseolina plus R5.56 actinomycete isolate.
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Figure 6. Comparison of melon plants average height 80 days post inoculation with
actinomycete isolates R1.6, R5.52, R5.56 and Macrophomina phaseolina in
greenhouse studies. Significance level was equal to 0.05. Control: without any
treatment; R1.6: treatments received actinomycete isolate R1.6; R5.52: treatments
received actinomycete isolate R5.52; R5.56: treatments received actinomycete
isolate R5.56; Mp: treatments received pathogenic fungus Macrophomina
phaseolina; Mp+ R1.6: R1.6: treatments received M. phaseolina and actinomycete
isolate R1.6; Mp+ R5.52: treatments received M. phaseolina and actinomycete
isolate R5.52; Mp+ R5.56: treatments received M. phaseolina and actinomycete
isolate R5.56.
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Figure 7. Comparison of melon plants root length average 80 days post inoculation with
actinomycete isolates R1.6, R5.52, R5.56 and Macrophomina phaseolina in greenhouse
studies. Significance level was equal to 0.05. Control: without any treatment; R1.6:
treatments received actinomycete isolate R1.6; R5.52: treatments received actinomycete
isolate R5.52; R5.56: treatments received actinomycete isolate R5.56; Mp: treatments
received pathogenic fungus Macrophomina phaseolina; Mp+ R1.6: treatments received M.
phaseolina and actinomycete isolate R1.6; Mp+ R5.52: treatments received M. phaseolina
and actinomycete isolate R5.52; Mp+ R5.56: treatments received M. phaseolina and

actinomycete isolate R5.56.
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Figure 8. Comparison of melon plants foliage dry weight average 80 days post inoculation
with actinomycete isolates R1.6, R5.52, R5.56 and Macrophomina phaseolina in greenhouse
studies. Significance level was equal to 0.05. Control: without any treatment; R1.6:
treatments received actinomycete isolate R1.6; R5.52: treatments received actinomycete
isolate R5.52; R5.56: treatments received actinomycete isolate R5.56; Mp: treatments
received pathogenic fungus Macrophomina phaseolina; Mp+ R1.6: treatments received M.
phaseolina and actinomycete isolate R1.6; Mp+ R5.52: treatments received M. phaseolina
and actinomycete isolate R5.52; Mp+ R5.56: treatments received M. phaseolina and

actinomycete isolate R5.56.
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Figure 9. Comparison of melon plants roots dry weight average 80 days post
inoculation with actinomycete isolates R1.6, R5.52, R5.56 and Macrophomina
phaseolina in greenhouse studies. Significance level was equal to 0.05. Control:
without any treatment; R1.6: treatments received actinomycete isolate R1.6; R5.52:
treatments received actinomycete isolate R5.52; R5.56: treatments received
actinomycete isolate R5.56; Mp: treatments received pathogenic fungus
Macrophomina phaseolina; Mp+ R1.6: treatments received M. phaseolina and
actinomycete isolate R1.6; Mp+ R5.52: treatments received M. phaseolina and
actinomycete isolate R5.52; Mp+ R5.56: treatments received M. phaseolina and

actinomycete isolate R5.56.
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Figure 10. Comparison of melon plants mortality rate average 80 days post inoculation with
actinomycete isolates R1.6, R5.52, R5.56 and Macrophomina phaseolina in greenhouse
studies. Significance level was equal to 0.05. Control: without any treatment; RL1.6:
treatments received actinomycete isolate R1.6; R5.52: treatments received actinomycete
isolate R5.52; R5.56: treatments received actinomycete isolate R5.56; Mp: treatments
received pathogenic fungus Macrophomina phaseolina; Mp+ R1.6: treatments received M.
phaseolina and actinomycete isolate R1.6; Mp+ R5.52: treatments received M. phaseolina
and actinomycete isolate R5.52; Mp+ R5.56: treatments received M. phaseolina and

actinomycete isolate R5.56.
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Figure 11. Phylogenetic tree based on 16S rRNA gene sequences of R5.56 isolate.
Tree was illustrated by using MEGA 5 software and neighbor-joining method.
Accession numbers of the sequences are given in parentheses. Actinomadura

madurae DSM sequences used as outgroup taxon. Bootstrap values are based on
1000 resampling and shown at the branching points.
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ol g adlls 390 ladylis (s Sl Cluogas b basye Clis alos I S)len Jalo o lg oriS pin (slag 3l 15
« (Karimi and Sadeghi, 2015) o juuylogy st/ 4 po & (y95h0 (gm¥ 50,8 5 g5 (ISl 4 g L g2 o Sy
b aalgs 5l Glpl (655LiS Y guanme ylib 4 (o 9 995 Oloie 4 dude slas S cpl el (6395 4ty oo oS

Joloe gt 4y g sl oad (5158 MB e logtylol iz GloisS (2 Bud et no Clled 35 S Aol
GeiS ol Nigyoe Jlod 4 g8l o (lalS g8 st 5 (28 slacslon (shws) JES skt 4 ogilly Cen STl
M. >y SB S,les )8 ade (R5.56 ¢R5.52 (R1.6) coogiSl alis 4w i wsSlisl cullad (gqy o o
19530 (slacun 56511 5,8 aile | eSS liisloj] plovl | (glansia @dly o s plil 0j0y5 oS 4> phaseolina
Spgo 3005 plosl Jlo aw Jlis loj o 13 1l oS (g)lel (glagybo Sl ool 1L g aejo bl 1> 58 5 loss ale
Ol 3 58 (Byme st J S Jelse lgis 41 ) 35250 CamnogtatS] syl plgige 4s 50 bl b pols b il
lyb opiomen g olS A3 p U (ST Lhe (09,She Cumer) ) bame w50 a3 Sl sl ol el (sl
DS B 4 g )90 ol sl &5 Lol 00iS Gramn 1 ST b ol3 Slge g 43y 3 )] Jlessl

ol @ ploS il apd oS tily (dngly e Chglee 5 (LS Cldg (5)ld eaSdngly 116l IR Lw

20,5 o 1008 yols s ) slioly o ggize g Jbo el

&l

5o o ol oKl SLlil LT b oj)le (sladg) 9 iwe 9 (iam Sleaslon (VWAY) Loy e (b lite]

o ol 3w (s )lon Jole Macrophomina phaseolina b 5glan o)k el (yp (WAY) p oyt (550l
S oy . LS b g jlows Aty j Ayl awlid )5 4 pd il can b bl oy 5 sladisS lawg
el lyen

20950 sba)B (Suiskd 5 (K5gshige s addlas (1Y) (dlaae b gy sl pl (Bl (e 155l (5 5 (>

FENY Y (655L38 555l5iSTm albne cloyS” bl )5 (LS (S5 (6 iy b Conyjon )Y oSugy )|
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S IS Bl oy (VM) dlcanis plial @M oS oo (lig) Loy us pljliel (pole 8
FEYD (V) VY s59liS” ale PSEUdOMONAS fluorescens alus i oslazul b o ol slo (s ylow

donlpg g askSeS il 3 Logd slo aoxalS Jlgs (sl Jolo (lolid (VWAY) (638 Lo b 5 dozxo (plllave cailows (1,8
AVE=NA Y ol Slges gl jimgs .ol 4 (Phaseolus vulgaris) Ly cilise s, 814 o
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