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Abstract

Strains of Pseudomonas syringae pv. syringae (Pss) are pathogenic in various types of plants, sometimes
causing economic damage that requires chemical control. In Chaharmahal va Bakhtiary province, this
pathogen damages stone fruit trees, wheat, beans, and greenhouse plants like cucumber. This study
investigated the resistance of 62 Pss strains from different hosts to copper ions (copper sulfate) in a culture
medium. Results showed that 37.1% and 32.3% of the strains were resistant to 100 and 200 pg/ml copper
sulfate concentrations, respectively. Five copper-resistant strains from peach, almond, cherry, wheat, and
beans and one sensitive strain from cucumber, were selected for further evaluation. The effect of various
formulations containing copper compounds on inhibiting the growth of these strains in the culture medium
was assessed. All five isolates showed varying resistance to copper compounds (copper oxychloride, copper
oxide, copper carboxylate, and Bordeaux mixture). Doubling the concentration of these compounds did not
significantly affect bacterial growth. However, adding mancozeb, zinc sulfate, or iron sulfate to each copper
compound significantly inhibited bacterial growth on the culture medium. The copper carboxylate
formulation combined with mancozeb was the most effective inhibition. The CopA gene, responsible for
copper resistance, was detected in the five resistant strains and other Pss strains, confirming the results of the
experiments. In conclusion, there is resistance to copper compounds in various Pss strains. For effective
chemical control, compounds with a synergistic effect on bactericidal activity should be added to copper
compounds. The most influential formulation identified in this study for reducing the population of copper-
resistant Pss strains and controlling diseases caused by them is a combination of copper carboxylate or
copper oxide with mancozeb and urea.
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Table 1- The treatments used for assessing resistance in Pseudomonas syringae pv. syringae strains to

copper compounds and formulations in culture medium

Treatment  Common name Trade name Concentration

1 Copper oxycholoride (CO)  Cupravit 35% WP 2549/l

2 Bordeaux mixtures (BM) Bordofix 18% SC 10 g/l

3 Nordox (N) Copper oxide 83.9% WG 19/

4 Copper carboxyl (CC) Coxyl91 91% WP 0.7 g/l

5 Mancozeb (Mn) Dithan M 45 80% WP 29/l

6 Urea Urea 46% G 3g/1

7 Zinc (Zn) Zinc sulphate 33% PW 29/

8 Fe Ferric sulphate 20% PW 29/

9 COx2 5g/l
10 BMx2 209/l
11 Nx2 29/
12 CCx2 149/
13 CO+Urea - 25¢9/1-3 g/l
14 CO+Zn - 2.5¢9/l1-2 g/l
15 CO+Fe - 2.5¢9/l1-2 g/l
16 CO+Mn 2.5¢9/l1-2 g/l
17 BM+Urea - 10 g/1-3 g/l
18 BM+Zn - 10 g/1-2 g/l
19 BM+Fe - 10 g/1-2 g/l
20 BM+Mn - 10 g/1-2 g/l
21 N+Urea - 19/1-3 g/l
22 N+Zn - 1g/l-2 g/l
23 N+Fe - 1g/l-2 g/l
24 N+Mn - 1g/l-2 g/l
25 CC+Urea - 0.7 g/l-3 g/l
26 CC+Zn - 0.7 g/lI-2 g/l
27 CC+Fe - 0.7 g/l-2 g/l
28 CC+Mn - 0.7 g/lI-2 g/l
29 Control (water) - -
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Table 2: Primers used to detect copper-resistant genes in Pseudomonas syringae pv. syringae strains

Primer Sequence (5°-3") Reference Amplicon size (bp)
CopAl  ACTCACCCAATCCATCTGCA Cha & Cooksey 1991 196
CopA2  GAACTTCGCGGAACATACCC
CopBl  GCCTGTCTGAAACCGAAGTC  Cha & Cooksey 1991 166
CopB2  ATACGCACACCCAGGACTAG
CopCl  CCAAGCTGGTTTCTTCGACT Cha & Cooksey 1991 163
CopC2  GCTGTTTTGACTCCCATCGG
CopDl  TGCGGACATCCTTCATCTGT  Cazorlaetal. 2002 167
CopD2 CTATTAGCGCCACGATCACC
CopRl  GGTACTGTTTCTGACCGCAC  Cazorlaetal. 2002 181
CopR2  AAGGTCTCCGATTTGCAAGC
CopS1  TTGCAGAACCTCCCCAATCA  Cazorlaetal. 2002 220
CopS2  AATAGAACGCCCCAGAACCA
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Table 3: Reaction of Pseudomonas syringae pv. syringae strains to two concentrations of copper sulfate

in culture medium

No. of strain sensitive or resistant to copper

Response 100pg/mICuSO4. 5H.0 200 pg/mICuSO4. 5H20
Sensitive 3% 42a
Moderately resistant (MR) 13bc 8c
High resistant (HR) 10bc 12bc
Resistant (MR+HR) 23b 20b

P25%  ST12) A s 0 PSS (slaes s (1815 5 51 ()l e sl U0 Jlazl e 3 S e By >

Common letters are not significantly different at the 5% probability (Duncan's P>5%) level

CiS Jazs 55 e Sl g S g3 4 il 5la0L e 31 PSEUdOMONAS Syringae pv. syringae e gw iShy —¥ Jue

Table 4: Reaction of Pseudomonas syringae pv. syringae strains from different plant hosts to two

concentrations of copper sulfate in culture medium

No. of strain sensitive or resistant to copper

Concentration Moderately resistant  High resistant  Resistant

CuS04. 5H20 No. isolate of each host Sensitive (MR) (HR) (MR+HR)

100 pg/ml peach (18) 10 4 4 8
almond (12) 7 3 2 5
sweet cherry (7) 4 2 1 3
wheat (11) 8 2 1 3
bean (9) 7 1 1 2
cucumber (5) 3 1 1 2

Sum 39 13 10 23

200 pg/ml peach (18) 12 2 4 6
almond (12) 7 2 3 5
sweet cherry (7) 4 1 2 3
wheat (11) 8 2 1 3
bean (9) 7 1 1 2
cucumber (5) 4 0 1 1

sum 42 8 12 20
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strains to copper compounds in culture medium (Pr>F)

Source DF MS
treatment 28 50.9™
isolate 5 0.013™
Treatment*isolate 140 0.46™
Error 696 0.32
cVv - 6.3

** significant at level 1%
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Table 5: Variance analysis of resistance assessment in a number of Pseudomonas syringae pv. syringae

Ao Ju)\dy,;)uf.,**

LS 5« Pseudomonas syringae pv. syringae s 4; pslie glas goo 51 (s3lns A5 Ol 5o S Kils aglis —F J g
(P=0.05) ciS Lazes 53 s
Table 6: Comparison of mean squares growth rate in a number of copper-resistant Pseudomonas

syringae pv. syringae strains to copper compounds in culture medium (p=0.05)

A%

Treatment Mean
Control 5a
Urea 4.88a
Fe 4.54b
Bordeaux mixture 4.33bc
Zinc 4.32bc
Bordeaux mixture x 2 4.16¢
Bordeaux mixture + Urea 4.04c
Copper oxycholoride + Urea 4.04c
Copper oxycholoride 3.95¢
Copper oxycholoridex2 3.95¢
Bordeaux mixture + Zinc 3.52d
Mancozeb 3.25e
Copper oxide 3.11e
Copper oxide + Urea 3.02e
Copper Oxycholoride + Fe 2.95f
Copper Oxycholoride + Zinc 2.84f
Copper oxide x2 2.72g
Copper Carboxyl + Urea 2.36h
Bordeaux mixture + Fe 2.32h
Copper oxide + Zinc 2.13hi
Copper Carboxyl 1.97i
Copper oxide + Fe 1.96i
Copper Carboxyl x2 1.59j
Copper Carboxyl +Fe 1.59j
Copper Carboxyl + Zinc 1.43k
Bordeaux mixtures + Mancozeb 0.96l
Copper Oxycholoride + Mancozeb 0.911
Copper oxide + Mancozeb 0.88l
Copper Carboxyl + Mancozeb 0.36m

Common letters are not significantly different at the 5% probability (Duncan's P>5%) level
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Table 7: Mean growth rate of copper-resistant Pseudomonas syringae pv. syringae strains compared to

a sensitive strain in culture medium containing different formulations of copper compounds

Isolate Host Mean
PEACH-16 Peach 2.89%a
SWEET-7 Sweet cherry 2.86ab
WHEAT-GOHARBARAN  Wheat 2.86ab
ALMOND-9 Almond 2.83b
BEAN-DEZAC5 Bean 2.82b
CUCUMBER-PSS3 Cucumber 0.52c
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Common letters are not significantly different at the 5% probability (Duncan's P>5%) level

Logr pslie slaeg s b5 (0550581 0T il s
Cazorla et al. 2002, Husseini & AKkopri ) s s
03 sl sy 5o el 5 Cansy ol (2020
e il S i Sl oiS 5 SO db
Amanifar, ) 5 5 o ool Sl S oL SL St s
Yor) oo Sl B2 058l 3 L e S1.(2019
Qg ) gy (§ i S (G n 055 S
(CiS las 3 Al pds) ol STy (i
Sl eBle s e (gols e ol Ll sls 0L
3IPss gload yo ol Ly 5 Ceslan Sl
Lol an o(f 5T dolr) 55 s g0l s
o aslie Gl Ol5 e (e S 5 2 BlE L1 8)
55 el B ol i 35 ) ) e
(Zhang et al. 2017) cul ol s
Al La sU gnaidb (o gllud s
Malik & ) 5,100 555 s 4 Cnslis 5 Conlos
by Sty plal o Jls sl L (Jaiswal, 2000
IAYIY lac ble )5) e Ol e 4 PSS slag s

(ol s Ol o 1y 6,80 ol Glaa s (Y g0 e

78

23 et DS § 4 Cwplie d s 05 2L

- 05 am b e 5L it V47 aakad PSS gl 4 g
aS 45 VY aan 53 shhads glo iy JASTy s CopA
OLid Gl CiS lasms Lol 0 5 e Ol g
05 as by e Hlanl o) g0 Dladad Sl s 2SS sls
LS iS5 CopR 5 CopS CopD LCopC LopB sla
Dlalad Sl A S s s Ogs 4 ol A5 gy

(Y J&:) Lis S

(LYVIN)YY s 5 4 oS sls OLES s o] Cu

Obis b s O 4 PSS & 5on #Y 5ty you (L YYF) Yo
ﬂp_fjjﬁf Yoo gV e glac ble 5 e Ol e
S Seslie Sl o e s p5lie 2 e
3= Lasd 5 0 a8 Gl bl (OIS Gl slad s o
o pn Ol ,3 3 Caslie Jlsls s ls (¥ Jsas)
Sl SIS Sl e Slen sl bl
Slats s Cmmer Ol o o 4 45 ol Ol l3azes

YA



FAAY N FY Jlu /Y o led /08 ds / AL slaisley

b e Ceslis 05 681 s S &S Sl
Cmor alS L e petes 5,8 L S 0 2L s
e (38t sladlsl s s las 5
SUNdin ) b il 331 s 4 pslie 4 o Comaz Sl
o= > (et al., 1989, Husseini & Akkopri, 2020
Libes SLadlsse slaa g )5 e 4 Cooglin anlllas
IS Gl et o 2 0L 30 Jds 4
05 i 3ha g I8 ol SL s 2B Slacs ey
Ol 03 plisess s i Slas St s Caslis J s
5 CopS LCopD ¢ CopC CopB . CopA) a5
oSy 53 CopA 0 am by o asbad 25 (CopR
ol ) e pslis Slads s 53 Sl ey (Sl i
235 dd ,SS (S e 5 la bl il
plw b wg S e il Sl eles lad g
Nakajima et al., 2002, ) cwl sdsl Cwsas -yuiioes
S re 3 s sl CopA o .(Akkopri, 2020
Sl e DS 5 4y ag SL anslie 518 55l 55 O
.(Ladomerskyab & Petris, 2015)
S Lol bl ool s el gladle s
DL ys slagslam J 55 53 s DS 5 (6,5 5
Sl o 5 Sl edald s ey laain o g
e—zeea (Amanifar, 2020a) c—ul o3 4 Ol la2b
O 4 PSS pylie slady s 525 5l (saze sl 215
Spotts & ) s ls 55> 5 bt gL alb e 3ICUP
Cervantes, 1995, Cazorla et al., 2002, Fan et al.,
o ole s DS 5 a5 Loy el (2022
LS Sy e ) Al ol el e DS 5
< Cu?* 4 cble 4 (Scheck & Pscheidt, 1998)

Wow&x&’ ‘v_w Qﬁ_‘wyiﬁjﬁ).}w&s‘ﬂ@
LS e oo B @ b I il (6 8L slaa gl

o ARS8 e Ol b il sl ol 3
Scheck & ) a_ize 55 Olgn |, PSS polis Loy g

V4

(Aiello 5,5 gauos 8 pslis sl 5 pslis (oS Consli
o Sslie Jems P.osyringae slals 5L et al., 2015)
8 A 5 Al e Cilis (a0 sV 5e b 5 sk
Llacla ol cul odel Cowsay 28lie 5 o glite
5 dbsd ool w0 Ol S le Sla S & 015
Husseini & ) &g g 8 53 4y LS ey o)y g 50
i sls el SilasT Lyl 5 Ylee| 5 (Akkpri, 2020
e lald sV ge b o5l S s Jle Olge
Fl s e al SL SLa JS 6l e DS 5
=l g LS 5 4 0550 059531 (Amanifar, 2020b)
o=l s Lal e dls fL 5s (ghlan rals )3 (ols o
CLS 5 ol S e o5l 05 S Wlol s,
et (oS JIPSS Wiy S5ls3k Ol 53 s
o5 esdlms sine JLST Lo sme Lo 5 dals o (e
i edalin gyl pme sl 50 (OLS 5 sle O)
(F Jsd>)

DS 5 3l oS 03553 el ool (sl sy o
et p 3o 4 (3 0ke 5 ile ASle) DLl 4565
e glaas S ady (SA0Issl o3 gl e
Sl slaglen JaS L 5 CilS e 5o bas SL
Sy mn LS 531 LS eslinal 4 anglie s L
Scheck & Pscheidt, 1998, Husseini & ) «—ul ails
a5 =l 5> (AkkOpri, 2020, Amanifar, 2020b
Lol e SLS 5 Cns Ol e $05 5 Ll S 55 60
Jsbw e glacsla o (Cu®) o SO s J&.?'
.(Medhekar & Boparai, 1981) x> o il58l g :SL
S S e LSl b bl 5553 iman
SLS 5 oas oSS 5l g L 0 | SKES (chelate)
A5 0551 5038 6,8 sl ALS ST slge b s
Husseini & ) uuS o oYob 5 o b | Lol 6,108
.(Akkoprii, 2020

79



Pseudomonas syringae pv. syringae 3| ok g cwslis obj,0 i Sl

o s\is Xanthomonas campestris pv. juglandis <.z
b el 538 S b St St ol 5 e v
S 2aLS T 0k o) S b sl s (5 fs
Ol g 039580 55wy ol 5o (Lee et al., 1993)
o3k e LS 5 ol CiS s ay oy al
e 4 polie glaa g Ld) (S5Is5k Gl (gols e
(P Jyd) s Pss
os5) =il s lad adllas S S Wl
Sl 5 Ol oL L SOLE Ve bl Ol 5o (555
e 303 L2alS Ao s YA 1 (SOLS 6310 (6 las
o=l e eslanal b aslie 53 s pga Loyl oS 5
A LS Ol 5 ol ls e als el LS 5
Lyl 5 s sl fags ;s Lel (Amanifar, 2020b)
e DS 5ol en a0l 0358 (LS o) (5
CiS baos 4 OS5 opl Sl e eslinal b aslis s
ol Pss slads s Aiy SLls3L Ol 3 (5 80
ol ecze 3 8 3le e Ol Ll 1 L0 i)
0 olS Coslie 355 3 Vel EL Ll 15 55 (o5
PSS (15 las sk s Oy el SO Jale
U 5 ool 534S WS o W5 aasle S e
SYrB 05 b si O i 5 5 A5 5 30l 80 SOl
LS SLS Sl o ams Bb s e IS
Was o il 05 ol Ol ba 5 add = e
Oby als Lol Ol js a3 55 390 50 O35 %5 255 02
e S D 45 SLS 5 SOk w5 e SYTB
Cmaglie sloml Eel s o [2alS olS 3 1 O 5
= (Cao et al., 2013) Lsi o oL SL SSLE ale
T RS W R LN
el SL OS5l il 5 0350 b T 5 plsly
o=l = esdle (Cao et al., 2013) ol sdsl ot
G ,oalS el S s a5l OS5 5l eslinad
GiSen 2L 8L S ol L oS gladl> sleisles

80

Yoo cble 5 5 rass ol s (Pscheidt, 1998
L ols e Dl e S g e 0S5 S
Glaa g iy (S50 5o il e e S5 S Ve
S SSS (0 5Y Jolas) il Gl e (5, PsS
53 0T (5 gmolS e DS 5 51 g5 sl oIS
o ks S0 Y a3 L L il W il
o=l osls s s ol (mlslea BTG sl se 03553
ALS il s S50 slacil gl ek 4 o sa
2 gt S e

SOl e Dl 5, eduly 4l ps L o
O 5 L e DS 5 idiin (a0 5V 50 5
S olay w5 Olme Jals 5o oSl
crl (Amanifar, 2020b) ool azils 545 sla L SL
Sla O 3l dolan SLS 5 45 5518 5 5 Jlon|
S 4y s s O opl by S o OIS 1y s
(sites) sla LS 5 45,8 o )5 e xe ys i
A e AU el S sl S s i
LS 5,4 (Medhekar & Boparai, 1981) & & s
Solow Kzl ym BB o3Il 4 oLl 4 050l 5 e
Pseudomonas 3l iU LoJ S - oL sSL S e
by lxe Lal cas 2SI syringae pv. phaseolicola
Lyl 3 5edd LiS e 5o (5SS, Kle g
LS S Lo s 1 ol ol adly 5 SIS
o s 30 Gagis ol ys (Zhang et al., 2017)
by los) s LS 5 (S5l S Jamae 5 PSS o5lis
(eSS 528 5 oo S e LS (ST 53
Sl S 03558 L Ll s S iy i lsee Sl s
Ay Sl oAl Sl 5 sa) S s 35S0l DUS 5
S (S s pslie slad s

e L Gl e 055 5 0 al 035580
-0 clle (Kocide 101) V+\ s S 4 FeCls.6 H20
5 o303 il oy YO o Iy does 53 CUP 51T sl

Ao



FAAY N FY Jlu /Y o led /08 ds / AL slaisley

i (S5 5S) Slaoldl 5 edd e (5l 8
odady =l opd o Jdl e olie (glagy s Loy ol
polie sl olan lad s Cuma Slol 3 Sl sl
—a e o 3l A0 Glasolen OF w5 4 5 el e &
bt s Gla i, S o Wl e Sl ol
D0 03 s Sl al st gl J S
=t Ca s (el 8 (G 4 Zaaslide) ol
S el GV Ol e s ol @B U
) o55) ol o s 5L 53 S ge e Sla S (6 SL
Sas S b Glpa 5o 53) <550k oDy Gl o

—obew sl Glpn 5o 53) ol Sl b Glya s 52)
S e 2l skl

sla a5 (Mojtahedi et al., 1976) 55 o 45 )ls
AS Lz e OLES (ol 5 Jlomn sl Ol 3 55 L3
sk slabl o e sladslel 5 VL Cmanr
sdalise e SLs Las e shls &8 el 81
s Mesocriconema xenoplax sl s 5 Gl sl
oeSan s s da L SL SSle a5 sl ys Pss
(Amanifar, 2023) s > 4>
5 5 Sl Sl bl 5 IS 6 S e
53 o DS 5 51 S eslind S Ol Ak ol
Ssedaas i Pss 5l it oL SU sl len S
23 rer d polie Sl s sy s w4 S o
i Eoel oL SU o gla S les L Yl 5 Pss

5 e Gl Shes @) e L SL e oner

(S Jass Byl )3 e LS 5 4 PSeUdOMONAS syringae pv. syringae cikisw glaa gw cuglis b5, -Y XS

(o G 2 3a5) 058K oMy e OS2 S (ol S Lo (Conl) S 9025) oo OS 30 S' (g 9l C2S Laos

Figure 1- Evaluation of the resistance of different isolates of Pseudomonas syringae pv. syringae to

copper compounds in culture medium. The right image shows culture medium containing copper

carboxylate, while the left image shows culture medium containing copper carboxylate plus mancozeb.
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Figure 2- Amplification of the CopA gene (196 bp) responsible for copper resistance in isolates of
Pseudomonas syringae pv. syringae. A: 1, 2, 3 and 4:peach isolates, 5 marker (1 kb, Cat. No: 305105,
BIORON), 6 and 7 (almond isolates) B: 1 and 2: cherry isolates, 3 (a sensitive cucumber isolate), 4
(cucumber isolate), 5 and 6 (wheat isolates), 7 and 8 (bean isolate) and 9 markers (1 kb).
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