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bacterial canker and in vitro efficiency assessment of copper compounds in its
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Abstract

As a consequence of the abundant use of copper bactericides, some species of plant pathogenic bacteria,
including Xanthomonas citri pv. citri (Xcc), have developed resistance to copper. This study evaluates
pathological phenotypes and in vitro efficiency of prevalent copper compounds in inhibiting Xcc. Sampling
was conducted across citrus orchards during 2021-2022. One hundred and seventeen citrus orchards were
surveyed and 132 strains identified as Xanthomonas citri pv. citri based on phenotypic and genotypic
characteristics. Different pathogenic phenotypes were observed by inoculating the representative strains on
different cultivars of lime, orange, citrumelo and grapefruit, but tangerine cultivars did not show disease
symptoms. All the strains showed an intermediate level of sensitivity and grew in the medium containing 100
and 150 mg/l of copper sulfate. In addition higher concentrations (250, 300, 350 and 400 mg/liter) showed
inhibition rate more than 90%. Copper carboxylate at the concentration of 0.75 g/liter prevented the growth
of more than 85% of the strains. Also, Copper oxychloride showed the best inhibition rate in concentrations
higher than 3 g/liter. 1.5 ml/liter of Bordeaux mixture controlled more than 80% of the strains. None of
copper resistance gene clusters copLAB and copABCD were detected in tested Xanthomonas citri strains. The
proper characterization of pathological phenotypes and sensitivity to copper leads more confident decisions
in citrus canker disease management.
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Table 1- Information of sampled areas and orchards

sk (5,13 4 god (APl 5 Gble SeMBI-Y Jsur

Number of
Surveyed Infected Sampling
Province County orchards  Samples orchards Isolates Identified as date

Bushehr Dashtestan 8 20 5 8 Xanthomonas citri pv. citri  May 2021
Bushehr Jam 18 32 6 6 Xanthomonas citri pv. citri  Sep 2021
Bushehr Riz 5 10 5 7 Xanthomonas citri pv. citri  Sep 2021
Bushehr Tangestan 10 25 0 0 - Nov 2021
Bushehr Tangetan 12 25 0 0 - Nov 2021
Fars Jahrom 10 20 5 11 Xanthomonas citri pv. citri  July 2021
Fars Ghiro Karzin 4 8 4 4 Xanthomonas citri pv. citri  July 2021
Fars goyom 2 4 2 3 Xanthomonas citri pv. citri  June 2022
Fars Darab 2 4 1 1 Xanthomonas citri pv. citri ~ July 2022
Fars Fasa 3 3 0 0
Kerman Jiroft 4 4 4 8 Xanthomonas citri pv. citri ~ July 2022
Sistan Baluchestan ~ Sarbaz 12 38 10 32 Xanthomonas citri pv. citri ~ Aug 2022
Sistan Baluchestan ~ Rask 15 33 9 22 Xanthomonas citri pv. citri ~ Aug 2022
Sistan Baluchestan  Qasre gand 10 27 6 28 Xanthomonas citri pv. citri  Aug 2022
Sistan Baluchestan  Iranshahr 2 2 2 2 Xanthomonas citri pv. citri  Sep 2022
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Table 2- Primer pairs used in this study

Sash opl 55 e eslizwl b ST -Y Jyue

Prime name 5- 3" sequence Size of amplicon  Ann. Temp. Target species/region Reference
X-ITS-F3j GGCGGGGACTTCGAGTCCCTAA

X-ITS-F3k GGCGGGGACTTCGAGTTCCTAA

X-ITS-F3c  CGGGGACCTCGAGTCCCTA 254 68 ITS region Adriko et al. 2014
X-ITS-F3d GCGGGGACTTAGAGTCCCTA

X-1TS-R2 CTGCAGGATACTGCCGAAGCA

LipF TATGTGATGGTCCCGACCATTC

LipR GGACTTCGCGGTCCACGTCGTAG [ 57 estA gene Lee etal. 2009

J-pthl CTTCAACTCAAACGCCGGAC

J-pth? CATCGCGCTGTTCGGGAG 197 58 pthA gene Cubero & Graham 2002
M+ GCTAGGTAGCGGGTCTTTCC . .

M- TCGAGCTCGATGACACCTTC 391 64 Yousefi-Koupaei et al. 2014
Ms* CCGGGAACGGCAATTCCTCA . .

Ms: CAGCAGGCGATTGCCTGTCT 824 68 Yousefi-Koupaei et al. 2014
CopLF CCGTGTCAGCCTCCTCACTTCTAC .

CopLR CAGCGGCATGACATCCAGGCE 356 58 Plasmid borne CopLAB gene cluster Behlau et al. 2012
CopAF CCTCCATGGCACGGACACTTCCATC .

CopAR CCAGACATATCCATCGACCCATGATCCA 870 58 Plasmid borne CopLAB gene cluster Behlau et al. 2012
CopBF CTCAGGATCACTCTGCACATCAG .

CopBR GCACGTAGCTCTTAATCGAGTTGTC 531 57 Plasmid borne CopLAB gene cluster Behlau et al. 2012
CopAF GCCGTTCGCCATAGTTCAATC . .

CopAR CGGTACTGACCTACGCAATGCTC 171 62 Plasmid borne CopABCD gene cluster  Richard et al. 2017
CopBF TCAACACGCTCGGATTCGTCT . .

CopBR ACTGCTGCTCACCAATCGTT 225 62 Plasmid borne CopABCD gene cluster  Richard et al. 2017
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Figure 1- The proposed pathogenicity phenotype scales of Xanthomonas citri subsp. citri on different
cultivars and species of citrus: 0, no symptoms; 1, water-soaked margin surrounding the wound sites;
2, small pustules with no visible rupture of the epidermis or isolated pustules with rupture of the
epidermis; 3, small canker (observation of callus-like material); 4, wide canker formation. Necrotic
areas around wound sites considered as defense-like response (Escalon et al. 2013).
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Figure 2- In vitro growth inhibition measurement of Xanthomonas citri pv. citri using different

concentrations of cuso4
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Figure 5- Copper-resistant Strains detection using CopL (CopLAB gene cluster) specific primer. Lane

1, Xanthomonas euvesicatoria ICMP 109 copper resistant strain. Lane 2, Xanthomonas alfalfae subsp.

alfalfae ICMP 15807 copper sensetive strain. Lane 3 to 20 Xanthomonas citri pv. citri copper sensetive

strains.
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Figure 6- Copper-resistant Strains detection using CopA (CopLAB gene cluster) specific primer. Lane
1, Xanthomonas euvesicatoria ICMP 109 copper resistant strain. Lane 2, Xanthomonas alfalfae subsp.
alfalfae ICMP 15807 copper sensetive strain. Lane 3 to 19 Xanthomonas citri pv. citri copper sensetive

strains.
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Figure 7- Copper-resistant Strains detection using CopB (CopLAB gene cluster) specific primer. Lane 1,
Xanthomonas euvesicatoria ICMP 109 copper resistant strain. Lane 2, Xanthomonas alfalfae subsp. alfalfae

ICMP 15807 copper sensetive strain. Lane 3 to 20 Xanthomonas citri pv. citri copper sensetive strains.
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