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Citrus canker (X. axonopodis pv. citri widespread bacterial disease which limits citrus
productivity and causes quality deterioration. Citrus canker is mostly a leaf-spotting and fruit
rind-blemishing disease, but under highly favorable conditions, infections cause defoliation,
shoot dieback, and fruit drop. Citrus rootstocks exert a high degree of influence to scions in fruit
production and plant susceptibility to diseases including citrus canker. Keeping in view the
importance of citrus rootstock present study was planned to evaluate the performance of citrus
rootstocks against citrus canker and antibiotics response to control X. axonopodis pv. citri.
Eleven exotic citrus rootstocks were selected to evaluate against canker which was inoculated
by grafting. Disease index was observed after 9 months of inoculation. Five different
commercially available antibiotics were selected for the Invitro treatment, applied at 300, 400 and
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*Correspondence  500ppm. Inhibition zone was observed at four time points (24, 48, 72 and 96 hours). Kirumakki
Waqanshvg"f’;;’@sjff?jj showed maximum resistance followed by Rangpur Poona nucellar and X639 while Rough lemon

was highly susceptible. In Invitro evaluation maximum inhibition zone was expressed by
Kanamycin sulphate at 500 ppm followed by Streptomycin sulphate. Lincomycin showed
minimum inhibition zone as compared with control (Distilled water, No inhibition). Biochemical
analysis exhibited that the disease index (%) decrease with increase of total phenolics contents
and total protein contents. Whereas disease index had increasing trend with TSS. This study
concludes that according to rootstocks evaluation Kirumakki and Rangpur Poona nucellar
showed resistant performance while, on other hand Kanamycin Sulphate having maximum
inhabitation against canker.
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INTRODUCTION

Citrus production and quality have been threatened by diseases, insect
pests, availability of quality irrigation water and climate change (Shafgat
et al., 2021, 2020, 2019). Apart from all other problems, citrus diseases
are probably the most important factor reducing production, quality and
tree life around the globe (Duan et al., 2018). There is a long list of viral,
fungal, bacterial and mycoplasma agents infecting citrus orchards among
them citrus canker is the most important. Citrus canker is caused by the
bacterium Xanthomonas axonopodis pv. citri characterized by the
formation of necrotic, raised lesions on leaves, stems and fruit with

raised brown water-soaked margins, usually with a yellow halo around
the lesion (Gottwald et al., 2002). On heavily infected trees, citrus canker
causes severe defoliation, twig dieback, general tree decline, blemished
fruit and premature fruit drop (Gottwald et al., 2001) but intensity of
infection varies with the species and cultivars (Falico de Alcaraz, 1986).
Bacterial canker disease managed by several strategies such as
essential oils of medicinal plants (Samavi et al., 2009), copper spray
(Koller et al., 2006), bordeaux mixture (Dhakal et al., 1970), plant leaf
extracts (Doughari et al., 2007), zinc oxide (Graham et al., 2016) and
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antibiotics (Burhan et al., 2007; Sahi et al., 2007) in field and in vitro
conditions to control the canker in citrus. Rootstocks greatly influence
characters of variety as it ensures tolerance to abiotic and biotic stress
conditions (Raza et al., 2016). In plants the ability to resist abiotic stress
is genetically controlled and can be partial or complete. Complete
resistance is mostly characterized by quality of infection and is controlled
by single gene while partial resistance is characterized by quantity of
infection. In complete resistance breeding approaches can successfully
transfer resistant genes (Kushalappa and Gunnaiah, 2013). Meanwhile
plant quarantine measures suggest the adoptability of all possible
solutions to combat any limitation in productivity and quality. Apart from
elimination and eradication regulatory struggles are required to control
the spread of canker by using all the possible solutions such as
quarantine, resistance cultivars, antibiotics or plant essential oils and
plant extracts (Doughari et al., 2007). Antibiotics can control the bacterial
canker disease, but the bacteria have ability to become resistant against
these antibiotics. When excessive, higher doses of antibiotics are applied
plant pathogens generally acquire resistance through genetic
modifications. Food safety has emerged as troubling factor for current
century, the chemical residues from pesticides, insecticides and fertilizers
have damaging effect on human health (Carvalho, 2006). The present
study was conducted to exploit antibacterial potential of exotic citrus
rootstocks against canker disease based on physical and biochemical
parameters and to evaluate and identify different antibiotics for the
management of citrus canker disease in vitro by Bauer-Kirby disk
diffusion method with as little dose as possible. So that new antibiotics
which are more effective and citrus rootstocks with canker resistance can
be recommended for cultivation.

MATERIALS AND METHODS
Plant material and experimental site

This Experiment was conducted at Institute of Horticulture Science, and
Department of Plant Pathology, University of Agriculture, Faisalabad,
Pakistan during 2017-18. Eleven exotic citrus rootstocks i.e., Rangpur
Poona nucellar (C. limonia Osbeck), Sun chu shah (C. reticulata Blanco),
Citrus sunki (C. reticulata, var. Austere), Gabbuchinee (C. aurantiumL.) ,
Rich 16-6 (Poncirus trifoliataL.), Clausena harmandiana (Clausena
harmandiana), X639 (Citroncirus spp.), Papuan (Citrus medica L.),
Rough lemon (C. jambhiri Lush), Kirumakki nucellar (C. limonia Osbeck),
Knorr Nucellar (C. limonia Osbeck) were selected for evaluation against
citrus canker. One-year old healthy disease-free plants grown from
seeds were taken from the Citrus Sanitation Nursery,for the inoculation
of bacterial pathogen (Fig 1).

Isolation and identification of bacterial pathogen (Xanthomonas
campestris pv. citri)

Leaves having distinctive symptoms of citrus canker were collected in the
polythene bags for the isolation of bacterium by using the dilution plate
technique. Nutrient Agar medium (Khan et al., 2016) was used for
isolation of bacterium. Identified organisms of Xanthomonas axonopodis
pv. citri. were isolated, purified and multiplied. The stock culture was
maintained on nutrient agar in culture tubes at 4 °C. Pieces of infected
leaves portion were also directly placed on nutrient ager for pure isolation
and incubated at 30 °C for 72 hours. Xanthomonas axonopodis pv.citri
was selected as yellowish growth on media (Swings et al., 1983).

Inoculation of Xanthomonas axonopodis pv. citri on exotic citrus
rootstocks

One-year old healthy plants were selected, before inoculation plants
were heavily irrigated early at the moming and covered with polythene
bags for 2h, for maintaining high humidity. The plants were kept under
daylight for stomata opening. For inoculation lower surface of leaves
were sprayed using spraying machine at maximum pressure of 1.2
kg/cm? till the tissue of leaves display water soaking condition, inoculum
was also injected in the midrib of the leaves using 5cc needle. Simple
water was sprayed in control treatment, plants were covered with
polythene bags for 1 hour after inoculation humidity was maintained as
required for bacterium (75-90%) described by (Basu, 1966), with water
spraying twice a day (Fig 1).

Physical analysis:
Disease index (%)

Disease Index (%) was considered by counting the total numbers of
leaves showing canker lesion out of total number of leaves per plant.

Disease index (%) = Total No. of leaves having symptoms X100
Total leaves per plant

Disease rating scale was used to determine the level of resistance /
susceptibility of exotic citrus rootstocks to citrus canker (Table 1).

Table 1. Disease rating scale used to determine the level of
resistance/susceptibility of exotic citrus rootstocks to citrus canker

Grade Disease incidence Response

1 0-15 Resistant

2 16-30 Moderate

3 30-50 Susceptible

4 >50 Highly Susceptible
Weight loss (%)

The leaves samples were kept under shade for 2 days than dried in
drying oven for 1 day at 62°C. Moisture loss of healthy and diseased
leaves was observed by

Weight loss (%) = (Fresh weight — Dry weight) x 100
Biochemical analysis
Protein determination

Protein of the samples was determined by Bradford method (Bradford,
1976). 10 mg leaf samples were grinded with 1 ml methanol than
centrifuged for 10 minutes on 170 xg. Supernatants was separated. 20l
sample and 120l Bradford reagent were added and incubated on room
temperature for 20 minutes. Then filled in 96 wells ELISA plate and
checked in biotech Eliza machine on 600 nm.

Total Soluble Sugars (TSS)

Rapid and convenient Anthrone reagent method was used to determine
the Total soluble sugars of samples. 10 mg leaf samples were grinded
with 1ml methanol than Centrifuged for 10 minutes on 170 xg. Eight
milligram of Anthron and 40 mL H2SO4 were mixed in 250 mL beaker and
incubated at -5°C for 30 minutes. 100 ul samples and 1 ml solution
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(Anthron+ H2S04) in each test tube were added and heated in water bath

flow chamber for drying. The disc was placed in the center of media in

L —

Fig 1. Field experiment for disease resistance evaluation in rootstocks (A) Growing of seedlings (B) seedlings transplantation in

[
€

polythene bags (C) application of inoculum on citrus rootstocks for disease development

Fig 2. Representation of Inhibition zone in petri plates for in-vitro antibiotics evaluation(A) control no inhibition zone (B) inhibition

zone at lower dose (C) inhibition zone at high dose

for 1 hour at 60°C. Sample were cooled and filled in 100 pl sample in
each well of Eliza plate. The plate was placed in Eliza machine and
recorded the absorbance at 630 nm (Hassid and Abraham, 1957).

Total Phenolic Contents (TPC)

Total phenolic contents were determined by using Folin-Ciocalteau
method which is explained by (Chaovanalikit and Wrolstad, 2004) with
some modifications. Leaves were stored at (-80°C) and 10 mg leaf
sample were grinded in 1mL methanol then centrifuged for 10 minutes on
170 xg. 125 pl Na2COs, FC 50 pl and 100 pl sample were added and
incubated on room temperature for 2 hours than 150 pl solution were
filled in 96 wells ELISA plate and checked in Biotech Eliza machine at
765 nm.

Antibiotics response against Citrus canker

In vitro evaluation of antibiotics against Xanthomonas axonopodis pv.
citri

Five different antibiotics i.e., Streptomycin sulphate, Kanamycin sulphate,
Lincomycin, Ampicillin Sodium and Penicillin-G Benzathine were used by
Bauer-Kirby method along with control (distiled water) for the
experiment. Antibiotics were applied at three different concentration i.e.,
300, 400 and 500 ppm against the bacterial pathogen X. axonopodis.
The preserved bacterial suspension was streaked on new plates for
further use and incubated for 48 hours at 30°C. 12 plates for each
treatment were poured by NA media. The bacterial suspension was
streaked into petri dishes by Swab for selected three concentrations.
Filter paper disc of 22mm were dipped in solution and put in laminar air

petri dishes which were swabbed by suspension of bacterium (Barry et
al., 1979). The petri dished were wrapped properly and incubated at
30°C. The inhibition zone was observed and recorded with the help of
digital Vernier caliper at four time points 24, 48, 72 and 96 hours after
application (Fig 2).

Experimental Design and Statistical analysis

Experiment was laid out as Completely Randomized Design with one
factor rootstocks and for second study experiment was laid out
Completely Randomized Design with factorial arrangements with two
factors antibiotics and concentration. All the data was analyzed by
Statistix 8.1 and Graphs were constructed by SAS-Jmp 8.0. For
correlation Microsoft Excel 2016 was used.

RESULTS AND DISCUSSION

Disease Index (%) and Response of citrus rootstocks against canker
disease

All rootstocks showed significant disease index (%) when inoculum of
Xanthomonas axonopodis pv. Citri was applied artificially in green house
conditions to check their resistance and susceptibility against canker.
Highest disease index was observed in Rough lemon (51.55%) followed
by ‘Knorr Nucellar' (47.22 %) and lowest disease index in Kirumakki
nucellar (11.01 %) (Table 2). Disease scale showed that Kirumakki
nucellar considered as resistant rootstocks against canker, whereas
Rangpur Poona nucellar and X639 both rootstocks indicated as
moderately susceptible. . Rest of rootstocks are susceptible to citrus
canker (Table 3). The susceptibility of plant towards disease is influenced
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by the genetic make up; plants with single or R gens preset for said biotic
stress represent resistance while partial resistance is expressed by
disease index, and lesion formation (Kushalappa and Gunnaiah, 2013).

Total Phenolic contents

Total phenolics was significantly affect by rootstocks and treatment
interaction (Table 2). Higher total phenolic contents under control
observed in Gabbuchinee (109.07 mg GAE/100 g FW) followed by
Papuan and Rough lemon (107.91 and 100.23 mg GAE/100 g FW,
respectively) and lower in Rangpur Poona nucellar (40.16 mg GAE/100 g
FW). Rangpur poona nucellar showed higher phenolic contents (117.37
mg GAE/100 g FW) followed by Kirumakki nucellar (116.07 mg GAE/100

g FW) (Fig 3). Total phenolic contents and disease index (%) having
inverse relation among each other. If the rootstock considered as
resistant having more TPC. Kirumakki showed high phenolic contents
with low disease index (%) followed by Rangpur Poona nucellar and
X639. Rough lemon with high disease index (%) had low TPC (Fig 4).
Kirumakki indicate overall as tolerant and rough lemon as a most
sensitive rootstock on the base of total phenolic contents. Higher levels
of phenolic contents observed in resistant rootstocks, because Phenolic
compounds restrict pathogen invasion (Nicholson and Hammerschmidt,
1992). TPC have a significant role in controlling disease of canker in
citrus plants, which were also described by (Abid et al., 2008; Raza et al.,
2016). Natural ability of plants to defend against pathogenicity is
commonly expressed by producing secondary metabolites i.e. phenolics

Table 2. Analysis of variance Sum of square for Disease index (%), Protein, Total phenolic contents, Total flavonoids and weight loss

Source DF Disease index % Protein TPC TFC Weight loss %
Treatment 1 14204.9* 023.23* 1297.3* 50635* 14.09*

Variety 10 3579.5* 70.95* 26578.6** 605986** 428.54*
Treatment*Variety 10 2025.8* 139.54** 18207.9* 280964** 21311

Error 44 1309.1 36.49 3217.2 134383 894.69

Total 65 211194 270.211 49301.1 1071969 1550.43

TPC Protien

TSS

*Legend: ** indicated the highly significant results a= 5%

Table 3. Reaction of different exotic citrus rootstocks against canker disease.

Sr.# Rootstock Disease index (%) Response
1 Rangpur Poona nucellar 19.71 MS
2 Sun chu shah 36.92 S
3 Citrus sunki 31.74 S
4 Gabbuchinee 34.20 S
5 Rich 16-6 35.04 S
6 Clausena harmandiana 40.69 S
7 X639 26.481 MS
8 Papuan 35.81 S
9 Rough lemon 51.55 HS
10 Kirumakki nucellar 11.01 R
11 Knorr Nucellar 47.22 S

*Legend: R=Resistant (0-15), M=Moderately Susceptible (16-30), S=Susceptible (30-50) and HS= Highly Susceptible (>50).
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Fig 3. Total phenolic contents, Total Protein and Total Soluble Sugars and Weight loss (%) in different exotic citrus rootstocks.
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which are chemically heterogeneous compounds mainly flavonoids,
lignin and tannins that play a significant role in resistance against the
disease (Taiz and Zeiger, 2006) also in citrus plays a significant role in
resistance against citrus canker (Abid et al., 2008). Phenolics play a vital
role in plant defense system against stress as these are the powerful
antioxidants of plants (Sgherri et al., 2004).

Total protein content

Total protein contents were significantly affected by rootstocks and
treatment interaction (Table 2). Kirumakki nucellar indicated higher
protein (9.173 g/100g FW) followed by ‘Gabbuchinee’ and X639’ (8.240
and 8.047 g/100g FW, respectively) under inoculated treatment. Sun chu
shah (11.097 g/100g FW) followed by Knorr Nucellar and ‘X639’ (10.849
and 10.234 g/100g FW, respectively) had higher protein contents under

control. Lowest protein contents under inoculation were observed in
Rough lemon (4.307 g/100g FW) and under control in Citrus sunki (5.086
g/100g FW) (Fig 3).

Total protein content and disease index (%) had inverse relation to each
other, increase in protein contents decreased the disease index (%) level
in citrus rootstock. Kirumakki nucellar showed high amount of protein
contents (as compared to protein in control plant) with less disease index
(%) followed by Rangpur Poona nucellar. Lower protein contents and
high disease index (%) was observed in Rough lemon (Fig 4). Plant
pathogens like viruses, bacteria, nematode and fungi elicit synthesize of
host proteins, pathogenesis related proteins which help in restricting the
multiplication and spread of pathogens in healthy tissues. When plant
goes under stress, it produces the protein having defensive role against
the pathogens. The results supported the fact that protein having a
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Fig 4. Total phenolic contents, Total Protein and Total Soluble Sugars in different exotic citrus rootstocks.

Treatment ordered by Inhibitio (mm?) (descending)

Kanamycin Streptomycin Pencillin

50 P = T

Inhibitio (mm?)
n
o

30
20
10
0 = — — s

Apmicillin Lincomycin Distiled water

2feq LAeq
Keq

gheg

pheq

300ppm 400ppm 500ppm 300ppm 400ppm 500ppm 300ppm 400ppm 500ppm 300ppm 400ppm 500ppm 300ppm 400ppm 500ppm 300ppm 400ppm 500ppm
Concentration

Day1l WMDay2 HDay3 [MDay4

Fig 5. Inhibition zone for concentration and treat of different antibiotics against Xanthomonas axonopodis pv. Citri



significant role in controlling disease index (%) directly or indirectly by
triggering any of defense system in plant, which were also discussed by
(Niedz et al., 1994). Most plants synthesis protein rapidly when attacked
by any pathogen. These types of proteins help to restrict the spread and
multiplication of pathogen in different parts of plant and are called
pathogenesis proteins. Plants have no ability to become totally immune
against pathogens but they have ability to be resistance against these
pathogens by a complex defense system ( peptide, peroxides, ROS
production) (Dangl and Jones, 2001; Sharma and Sharma, 2009; Li et
al., 2020).

Total soluble solids

Rootstocks and treatments were significantly affected based on TSS
(Table 2). Knorr Nucellar showed higher amount of TSS both at control
(675.71) and inoculated (802.57) treatments. Lower amount of TSS in
control plants were revealed in Citrus sunki (424.29) statistically at par by
Kirumakki nucellar (432.38) and under inoculated in Rangpur Poona
nucellar (334.29).

A positive or direct proportion of relationship observed between TSS and
disease index (%). TSS were found significantly increased with plant
having higher disease index (%) and low TSS with low disease index (%)
in inoculated treatments as compared to control (Fig 3). Knorr Nucellar
showed higher TSS with high disease index (%), whereas Rangpur
Poona Nucellar low TSS with low disease index (%).

Total sugar content increased by the infection of Citrus canker.
Susceptibility was positively correlated to total sugars as the total sugars
were higher in the leaves of susceptible rootstocks than moderately
susceptible and resistant rootstocks (Fig 4). The results support the fact
that TSS having a significant role in increasing disease index (%) in
citrus cultivars. Raza et al., (2016) observed that total sugars were higher
in those plants which were susceptible to disease as compared to those
which were resistant or moderately resistant. Total sugars have a positive
relation with disease on plant leaves.

Weight loss (%) in different exotic citrus rootstocks and relationship with
disease index (%)

Weight loss (%) was not significantly affected by rootstocks, treatment
and their interaction (Table 2). All the rootstock behaves normally and not
a clear-cut difference in weight loss (%) on both control and inoculated
treatment was observed (Fig 3). Weight loss and disease index (%)
showed slightly but linear trend between them. Weight loss (%) are
slightly increase in those rootstocks having higher disease index (%).
The results confirmed that weight loss (%) have a significant relation with
disease index (%). Higher the disease index (%), higher the weight loss
(%) (Fig 4).

In-vitro evaluation of antibiotics based on inhibition zone against
Xanthomonas axonopodis pv. Citri

Inhibition zone indicated significant results for treatments, concentration,
time and their interaction. Higher inhibition zone expressed by
Kanamycin Sulphate (52.74 mm) followed by Streptomycin Sulphate
(29.82 mm) no inhibition zone observed in distilled water and lower in
Lincomycin (16.07 mm) Xanthomonas axonopodis pv. Citri. Kanamycin
sulphate showed higher results after 96 hours in all 3 concentrations of
300, 400 and 500 ppm (50.46, 56.31 and 58.02 mm, respectively) as
compared to 72, 46 and 24 h. Which indicated that Kanamycin Sulphate
showed higher inhibition zone with increasing time (i.e. 48, 72 and 96 h).
Streptomycin sulphate showed higher inhibition zone after 24 h in all 3

concentrations of 300, 400 and 500 ppm (33.33, 35.17 and 36 mm2,
respectively), but after that it showed decreasing trend with increasing
time (ie, 48, 72 and 96 h); which indicates that Xanthomonas
axonopodis pv. citri had little resistance against Streptomycin Sulphate
after 48, 72 and 96 h. Pencillin-G Benzathine expressed no inhibition
zone after 24 hours, but after 48 hours, all 3 concentration of (300, 400
and 500 ppm) express the high inhibition zone (33.57, 28.42 and 32.56
mm2) against Xanthomonas axonopodis pv. citri followed by 72 and 96 h.
Ampicillin sodium expressed no inhibition zone after 24 hours, but after
48, 72 and 96 hours, all 3 concentration of (300, 400 and 500 ppm)
showed inhibition zone. Higher inhibition zone was expressed by
concentration (400 ppm) after 48, 72 and 96 h (28.71, 28.733 and 29.093
mm, respectively), which indicated that Xanthomonas axonopodis pv.citri
did not show resistance against Ampicillin Sodium till 96 h. Lincomycin
showed higher inhibition zone after 24 hours in all 3 concentrations of
300, 400 and 500 ppm (25.15, 32.03 and 34.73 mm), but after that
observed a decrease in inhibition zone with increasing time (i.e. 48, 72
and 96 h), and no inhibition after 96 hours. Which indicated that
Xanthomonas axonopodis pv. citri showed resistance against Lincomycin
after 48, 72 and 96 h. No inhibition zone was expressed by Distilled
water against Xanthomonas axonopodis pv.citri (Fig 5). Application of
copper-based bactericides has proven to be an effective control for
management of citrus canker, theses bactericides protect the fresh
growth, where disease incidence is very high and also helps to keep in
check the inoculum concentration (Ference et al., 2018). The
development of resistance after continuous application of bactericides
forces for the development of resistance cultivars; recently CRISPER-
Cas9 technology has been implied for cloning of resistant genes in
commercial cultivar (Peng et al., 2017).

CONCLUSION

It is concluded from the contemporary studies that three rootstocks
Kirumakki, Rangpur Poona nucellar and X639 were found resistant
against citrus canker. Kanamycin Sulphate expressed maximum
inhabitation with increasing time and concentration, 500ppm is regarded
as good dosage for control of canker. Above mentioned rootstocks could
be used as rootstocks or used in breeding programs for the development
of rootstocks resistant to citrus canker. Kanamycin Sulphate can be used
as antibiotic for canker control without compromising food safety and
quality.
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