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Abstract
Background and Objectives
Citrus is important for wealth generation and economic development in many countries worldwide.
It is a subtropical fruit mainly originating in India, Iran, China, Japan, and some Southeast Asian
countries. The bacterial canker is one of the most destructive citrus diseases that affects all citrus
varieties and causes massive financial losses to the citrus industry worldwide, either in terms of a
decrease in the quantity and quality of fruit production, reduced access to export markets, or the
expenses associated with the prevention and control of the disease. Canker lesions begin as light
yellow, raised, spongy blister-like formations on the leaves, twigs, and fruit surface. As the lesions
enlarge, the spongy formations collapse, and brown depressions appear in their central portion,
forming a crater-like appearance. This research aimed to identify the causal agent of citrus canker,
isolate bacterial epiphytes from citrus trees (northern and southern regions), and examine their
antagonistic activity against the pathogenic isolate under laboratory and greenhouse conditions.
Materials and Methods
In this study, epiphytic bacterial isolates from 100 samples of branch, leaf, and fruit of various
citrus trees (orange, lemon, lime, etc.) obtained from Mazandaran, Gilan, Khuzestan, and Kerman
provinces were isolated on a nutrient agar culture medium. Moreover, the pathogenic strain CC29
was isolated from infected Lime trees and identified based on phenotypic features, and a
pathogenicity test was prepared by the Department of Plant Protection, Faculty of Agriculture of
the University of Zanjan. The antagonistic activity of the epiphytic isolates against the pathogenic
strain CC29 was measured by co-inoculation method under in vitro conditions. Antagonist isolates
were selected and identified based on physiological and biochemical tests. In greenhouse
experiments, the selected antagonistic epiphyte isolates were inoculated in the leaves of two-year-
old seedlings of the Mexican lime cultivar two days before pathogen inoculation. The seedlings
were kept in a greenhouse at 25°C to 27°C and 55 % to 60 % relative humidity. After one month,
the disease severity was calculated using Motic Images Advanced 3.2 software. This experiment
was conducted in a completely randomized statistical design in four repetitions. Data analysis was
performed using SAS version 9.4 software.



Results

In this study, molecular identification based on the partial 16S rRNA gene nucleotide sequences,
the pathogenic isolate showed the highest similarity to the type strain Pantoea agglomerans strain
H68. In the antagonistic activity tests, out of 311 isolates, 82 isolates were selected based on
negative results in the hypersensitivity reaction on tobacco and geranium leaves and soft rot on
potato slices. In in vitro conditions, 32 isolates showed an inhibition zone against Pantoea
agglomerans strain CC29, with the largest inhibition zone diameter being five millimeters for
isolate 45. In the greenhouse condition, the antagonistic activity of 13 selected epiphyte isolates
against strain CC29 was investigated in the leaf tissue. The variance analysis of data showed that
the effects of treatments on the reduction of symptom severity were significant at the 1 % level.
The epiphytic isolate 22 reduced the disease severity compared to the positive control and had the
greatest effect in reducing the spread of symptoms. These isolates belong to the genus
Pseudomonas sp. based on phenotypic characteristics.

Discussion

This study demonstrated that Pantoa agglomerance has the potential to play diverse roles in
interactions with plants, as previous studies have shown. The strains of this species have the
potential to act as a causal agent of disease in one host and as a biological control agent in others.
Because this species is used as a biological control agent for fungal and bacterial plant pathogens,
it is essential to be aware of its pathogenic potential to prevent undesirable or dangerous effects.
Although the antagonistic activity of bacterial isolates in vitro conditions is acceptable. However,
the results may differ in vivo conditions due to the unpredictable behavior of antagonistic
organisms in different conditions. According to the results, it would be beneficial to investigate
the interaction between Pantoea agglomerans strain CC29 identified in this study and
Xanthomonas citri subsp. citri.
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Table 1. Characteristics of bacterial epiphytic isolates used in this study (collection site, plant tissue, host, and
antagonist isolate code)

County Plant tissue Host (Antagonist isolate code)
Rasht Branch and Leaf ~ Orange (isolate 8), Lemon, Limequat (isolates 1, 2, 3, 4), Lime, Kumgquat
(isolates 5, 6, 7, 20, 21), Sour Orange (isolate 22)
Sari Branch, Leafand ~ Thomson (isolate 52) and Valencia Oranges, Cara Cara orange (isolate
Fruit 43), Sour Orange (isolate 45), Mexican Limes (isolates 34, 35, 36, 40, 46)

sweet lemon (isolate 42) and Tangerines (isolates 33, 49)
Khorramshahr ~ Branch and Leaf Lemon, Tangerine, Orange and Sour Orange

Sowmesara Branch, Leafand  Orange and Sour Orange (13)
Fruit
Talesh Branch, Leafand  Orange (isolates 23, 24, 25), Sour Orange (isolates 26, 27), Limequat
Fruit (isolate 28), Tangerine (isolate 29) and Bergamot
Dezful Leaf Orange and Lemon
Fereydoun Branch, Leafand  Orange, Thomson Orange, Sour Orange, Grapefruit, Tangerine (isolate 54)
Kenar Fruit and Lemon
Jiroft Branch and Leaf  Orange, Grapefruit, Tangerine and Lime
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Figure 1. Pathogenicity of Pantoea agglomerans strain CC29 and stages of disease development in two-year-old
four-season lemon seedling. A) Injection a suspension of pathogenic isolate onto healthy leaves on the first day,

B) Appearance of necrotic spots scattered on the leaf surface after 10 days, C) Leaf tissue necrosis after 15 days,
D) Progression of necrotic areas on the leaf 25 days after injection, E) Further necrosis of infected areas after

37 days, F) Injection of sterile distilled water as a negative control.
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Figure 2. Maximum likelihood phylogenetic tree based on partial 16S rDNA sequences of isolate CC29 and
related sequences available in the GenBank with 1000 bootstrap replications. Providencia rettgeri strain DSM

4542 is considered as outgroup. T: type strains.
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Figure 3. Mean comparison of inhibition zone diameter exhibited by epiphytic bacterial isolates against Pantoea
agglomerans strain CC29 in in vitro. Means in a column followed by the same letter are not significantly
different according to Duncan’s multiple range test (P = 0.05). This experiment was conducted in three

replications for each treatment.
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Figure 4. Fluorescent pigment production by some epiphyte isolates on King’s medium B (A), Inhibition zones

exhibited by epiphyte isolates against pathogenic strain on nutrient agar medium, without hydrogen cyanide
production in the negative control and isolate 8 (C and D), hydrogen cyanide production in the positive control

(Bacillus velezensis JD81) and epiphytic isolate 1 (E and F).

Cad gl wld b ks Lo, s Pseudomonas sp. e
) 53T o o i o3 WIS (6)ley ki LV
Aoy \V/~9Jf)kﬁdil.xq-)>;:jﬂgu\.&olJ'.:o.;bQL':J

K6 J&i)xbﬁrj)kﬁdja\g(b)jug-f)sﬂndﬁ}

e
5 s b Sy sl S Sl ae
Golew Jole Olgie 4 oliolen 05057 ml uores
S35 2l 03 g e alis DS e oL ST, Sl
16S 0551 s b5 b S plolid sla
4 05 &KL s 3z s s L 0T awlis SIRNA
SRS 53 ki plelis P.oagglomerans «,8 ol e

etmer g odd e s Ole oMo 4 a5 L ocalis

C’”ﬁégsi' Shalu> MF&T Clld ey g
FHE ST TN 5o
Pl s Caue Sl alde W s ST e
RGN gy RPN SPRCIE T @ WP NES
s e o KK el 5 sladle ) e o
ONLIPINE e T U BTSN
LT D3l baesls uilyls 4 o s A s S5 JT
sls ol Mp&iduwcb,m».;,u,@u&u
laosls u:i‘\':‘ awlis (Fia45s = 14.79 P<0.0001)
3 S e s e Sl sbaltr 151 ol
LYY Sl e Lo 53 & 5l 0L (len 5 5E
om0 1 j;ﬂd@@,uf (o3 UAF (oolen s

G asd s Sy el (il L glaalis



SIS Lol 5 55 b ol slag STL 3l esliul L OT (w3 J 287 5 LS e b SL Sl ole ololid 10 Ken 5 e A

P. a,f@@mu@.\?@wsu_pw

,s .(Zamorano et al., 2022) w=.» agglomerans

elolis & ol odd Lasie Slidew ple 5 G ol

23 e s ey leslimal U ol STL glaai 8 5ds

Ll s o 53 G0 ga)T el

Slodd s (6 5L oS iy o0 Hlasl o5 58 Sl guas
o e ey (SaSs (ol 4 0T 3L
el glaaf , Kol 4 o 4has . 5L Xanthomonas
05 b b sy 655 555 5 Sy e (5L
rpoB ; infB atpD s lsal= o5 aw 5 16S rRNA

ST T BT Sud gl (e P ST 329 9 b Ol Y s
Table 2. Host, county and phenotypic characteristics of bacterial antagonistic epiphytes

Isolate 1 7 8 13 22 24 25 27 29 42 43 45 52
Test
Host Lq Kq 0] So So (0] 0] So T Sl Cco So To
County Rasht Rasht Rasht Sowm Rasht Talesh Talesh Talesh Talesh Sari Sari  Sari  Sari

esara

Gram reaction - - + + = + + _ + > + _ +
(3% KOH)
Yellow pigment + + + + _ _ _ + + _ _ _ +
on YDC
Fluorescent + - - - " = + + - - - 4 i
pigment on KB
Levan production N N N N - N N N N N N - N
Arginine N N N N - N N N N N N - N
dihydrolase
Oxidase N N N N + N N N N N N + N
Hypersensitive
reaction on:
Tobacco - - - - - - - - - - - - -
Geranium - - - - = s = - - - - B, i,
Potato soft rot - - - - - - - - - - - - -
Growth at:
4C + + + + + + + + * + + ¥ *
41 -C + + * + + + + + + + + + +
0.5 M Nacl + + * + * + + + + + + + +
1 M Nacl + + + + + + + + + + + + +
1.5 M Nacl - + + + - + + ok + + * . *
pH: 8 & 9 + + + + + + + + + + + + +
pH: 10 + + - **x + + + + + + + + +
pH: 45 + + * * + + + * + + + + *
pH: 5 + + + + + * + + * + + + *
pH: 5.6 + + Ex3 + + + + + + + + + +
Production of:
Siderophore - - - - - = = o - - - - -
Antibiotics + + - - - - - - - + - . _
Hydrogen cyanide ++ ++ _ _ _ - . - - _ _ * _

+:90% or more strain positive; ++: strong positive reaction; -: more strain negative; *:50-90% of strain negative; **:80-90% of strain negative
Lg: limequat; Kq: kumquat; O: Orange; So: Sour orange; T: Tangerine; SI: Sweet lemon; To: Thomson orange; Cco: Cara Cara orange
YDC: Yeast extract-dextrose-CaCO3; KB: King’s medium B; N: Non-determined
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Figure 5. Effect of the selected antagonistic epiphyte isolates on the disease severity in the leaves of two-year-
old seedlings of the Mexican lime cultivar 30 days after the injection of Pantoea agglomerans strain CC29.
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