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EFFICACY OF SOME CHEMICALS IN
CONTROLLING CITRUS CANKER DISEASE

ABSTRACT

Citrus canker caused by Xanthomonas axonopodis pv. citri is one of the most devastating
disease hampering worldwide citrus production. A Laboratory and a pot experiments
was conducted to evaluate the efficacy of some chemicals in controlling citrus canker
disease under the Department of Plant Pathology, Sher-e- Bangla Agricultural
University, Dhaka during the period from July, 2015 to September, 2016. Xanthomonas
axonopodis pv. citri was purified by restreaking on nutrient agar medium and
confirmation was done by pathogenicity test. The bacterium was gram negative, rod
shaped with rounded ends. It showed negative result in oxidase test and positive result in
KOH solubility test, starch hydrolysis test, catalase test, citrate utilization test, gelatine
liquefaction test. On NA medium the bacterium appeared as circular, mucoid, convex,
yellow to orange colour and on SX medium the bacterium produced yellow to slightly
blue, mostly circular, small, flattened, mucoid colonies. In-vitro evaluation of chemicals
indicated that 0.2% Dithane M 45 (Mancozeb) at 96 hours of incubation showed highest
(31.91%) inhibition zone against Xanthomonas axonopodis pv. citri among the four
tested chemicals. Cl, solution, Sulcox 50 WP and Companion showed moderate result
against the bacterium. In pot experiment, among the seven different chemicals,
Mancozeb (Dithane M 45) was found highly effective against Xanthomonas axonopodis
pv. citri. The highest disease incidence and severity were found in control treatment and

the lowest incidence and severity were found in Dithane M-45 treated plants.
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CHAPTER |
INTRODUCTION

Citrus (Citrus spp. L.) stands as second most important fruit worldwide after grapes in
area and production. It is one of the most important, popular and nutritious fruit crop
in the world as well as in Bangladesh and a tropical and subtropical crop which
belongs to the family Rutaceae.lt has a potential to make up the gap of vitamin c
storage. About 91% people of Bangladesh are suffering from deficiency of vitamin C
(Haque, 2005). Citrus serves as a potential source of vitamins and minerals (Alam et
al., 2003). It has gained popularity because of its nutritive value, taste, aroma and
economic importance among the people and is still booming (Whitney and Rolfes,
1999). There is considerable evidence that citrus foods may help reduce the risk, or
retard the progression, of several serious diseases and disorders such as cardiovascular
disease, cancer, anemia etc (Harats et al., 1998 and Reuther et al., 1967). Annual total
citrus production in the world is 117 million tons among which lime and lemon
production is 6.8 million tons (FAO, 2014). Bangladesh is ranked 52 in the world and
has a 0.1% share in citrus production worldwide (FAOSTAT, 2012). In Bangladesh,
the total acreage under citrus cultivation is about 5,995 ha while the total production
is around 144,000 mt (BBS, 2015). In 2014-2015 fiscal year Bangladesh has exported
60 thousand 180 kg citrus in Europe alone and the amount is USD 2,06,111 (EPB,
2015). Citrus grows well in Chittagong, Chittagong Hill Tracts, Sylhet, Narsingdi,
Gazipur, Comilla etc. district in Bangladesh.Eight species of citrus are grown in
Bangladesh. Among them, lemon (Citrus limon), lime (Citrus aurantifolia) and
pummelo (Citrus grandis) are commonly cultivated in our country. There is a large

scope of expanding citrus production in our country.

Various factors are responsible for lower citrus production in Bangladesh. Among
them, plant disease is one of the major influential factors. It has been estimated that
the production could be increased at least by 28% if the crop could be protected
against various seedling diseases (Chowdhury, 2009). Now-a-days, the demands of
seedlings are very high in nurseries because healthy seedlings are prime need and
basic raw material for establishment of an orchard. Citrus plants are very much prone
to the attack of numerous diseases. Different species of citrus grown in the world
suffers from more than 100 diseases (Klotz, 1973). Among them twelve diseases are

1



known to occur in different species of citrus in Bangladesh (FAO, 2014). Most of the
commercial citrus species grown in nursery around the world including Bangladesh
are suffering from a bacterial disease, citrus canker caused by Xanthomonas
axonopodis pv. citri(Graham et al., 2004; Gottwald et al., 2002 and Koizumi, 1985).
The disease is endemic in many tropical and subtropical citrus growing areas (Goto,
1992) and has been spread to most citrus producing areas of the world. It is originated
in Southeast Asia, is extremely persistent when it becomes established in an area
(Wolf, 2016). The disease is believed to have originated in South East Asia which was
first found around 1912, spread throughout the southeastern U.S. on imported
seedlings from Japan (Schoulties et al., 1987).Citrus canker caused by the bacterium
Xanthomonas axonopodis pv.citri is probably the worst enemy to the citrus plantation
(Awam et al.,, 1992). It is mostly a leaf spotting and rind blemishing disease
(Civerolo, 1984). In our country most citrus exporters could not export citrus fruit to
Europe for the attack of canker disease on the fruits (DAE, 2012). Intensive research
on citrus canker is being carried out throughout the world which has been reviewed by
Sahi et al. (2007); Zekri et al. (2005); Brurning and Gabriel (2003); Schubert and Sun
(2003); Gottwald et al. (2001); Bergamin-Filho et al. (2000); Gabriel et al. (2000);
Stall and Civerolo (1991); Sohi and Kapoor (1990). Citrus canker is distributed over
30 countries of the world (Das, 2003). This disease hampers citrus production not
only by impeding quality of produces but also reducing economic value of the fruits.
According to USDA approximately 50 million dollars per year are spending for
management of this disease (USDA, 2014).

The bacterium Xanthomonas axonopodis pv. citri is a rod-shaped, gram-negative, and
has a single polar flagellum. Colonies on laboratory media are usually yellow due to
‘xanthomonadin’ pigment production. Still now four types of citrus canker are found.
Canker A (Asiatic canker) is found in Asia, South America, Oceania and the USA
(Carrera, 1933); canker B (Cancrosis B) in South America (Carrera, 1933); canker C
(Mexican lime cancrosis) in Brazil (Schaad et al., 2005); and canker D (citrus
bacteriosis) in Mexico (Rodriguez et al., 1985). It gives positive result in KOH
solubility test, starch hydrolysis test, catalase test, asculine hydrolysis, urease
production, milk proteolysis, tween 80 lypolysis, gelatine liquefaction test, salt
tolerant test, tobacco hypersensitivity reaction and gives negative result in oxidase test
(Kishun and Chand, 1991). The bacterium produces bright yellow colony on both



GYCA and YDC medium (Yenjerappa, 2009) and light yellow colony with clear zone
surround them on SX medium (Vudhivanich, 2003). Asian citrus leaf miner is the
vector of this pathogen wounding induced by the larvae increases infection by X.
axonopodis pv. citriduring the flush periods (Schubert et al., 2001; Gottwald et al,
1997). The most critical period for fruit infection is during the first 90 days after petal
fall (Graham et al., 2004). The citrus leaf miner (CLM), Phyllocnistis citrella is a
potentially serious pest of citrus and related Rutacease, and somerelated ornamental
plants (Beattie, 1989). They remain active from March to November. Caterpillars of
this insect feed on leaves by making shiny silvery serpentine mines. The mining
injuries serve as foci of infection for the cause of citrus canker, a bacterial disease
(Jayaraj and Baskaram, 2007). Environmental factors play foremost role in the
susceptibility of citrus plants to canker. Temperatures between 15 to 20°C and 35 to
40°C are conducive for infection and development of citrus canker disease (Pria et al.,
2006). The disease is mostly prevalent in area with more than 1000 mm rainfall per
year (Verniere et al., 2003). The pathogen is dispersed by splashing rain and winds in
excess of 8.0 ms-1 (Gottwald et al., 1989).

Appropriate management of citrus canker has been investigated by many researchers
(Singh et al., 2005; Canteros, 2004; Graham and Leite, 2004; Das and Shyam, 2003;
Dixon et al., 2000; Gottwald and Timmer, 1989; Civerolo, 1981. In the last 90 years,
scientific, industry and regulatory personnel worldwide have made recommendations
to eradicate citrus canker based on cost/benefit ratios for the planned actions
(Broadbent et al., 1992; Schubert et al., 2001).Prophylactic sprays of copper
oxychloride or other copper containing compounds provide protection against initial
infection of citrus canker during growth flushes and fruit development (Das, 2003;
Muraro et al., 2001; Leite and Mohan, 1990 and Stall et al., 1980). Citrus canker is
managed with preventive sprays of copper-based bactericides. Such bactericides are
used to reduce inoculum build up on new leaf flushes and to protect expanding fruit
surfaces from infection. Agro chemicals are noxious for environment (Huang, 1997).
Therefore, concentration is focused on propitious method of disease management that
will be friendly for environment as well as for mankind (Sutton, 1996).



Considering the above facts this research program has been designed with the
following objectives:

1. To isolate and identify citrus canker causing pathogen Xanthomonas
axonopodis pv.citri from infected leaves.

2. To find out the efficacy of some selected chemicals against citrus canker
disease caused by Xanthomonas axonopodis pv.citri.

3. To find out the effect of selected chemicals on disease incidence and severity
of citrus canker.



CHAPTER II
REVIEW OF LITERATURE

Canker of citrus caused by Xanthomonas axonopodis pv. citri, once deemed as a
disease of minor importance, become a serious threat for citrus production in recent
years. The disease assumed it’s severity in all the growing areas of the world resulting
severe Yyield losses both in terms of quality and quantity. The information available on
this disease, pathogen and management strategies are very meagre. Hence, the
literature pertaining to the canker of citrus along with information on related crops
disease and pathogen are reviewed here as under.

2.1. Symptomology

Balestra et al. (2008) proclaimed canker lesions as hyperplasia type, often surrounded
by a water-soaked margin and yellow halo. Typical citrus canker lesions were found
on 8 to 10 years old lime (Citrus limetta) and grapefruit (Citrus paradisi) trees in

northern and southern Somalia, respectively.

Graham et al. (2004) reported that the earliest symptoms on leaves appear as tiny,
slightly raised blister-like lesions beginning around 9 days post-infection. As the
lesions age, they first turn light tan, then tan to brown, and a water-soaked margin
appears, often surrounded by a chlorotic halo. The water soaked margin may
disappear as the lesions age, and is not as prominent on resistant cultivars. The centre
of the lesion becomes raised and spongy or corky. These raised lesions from stomatal
infection are typically visible on both sides of a leaf. Eventually, the centres of the
leaf lesions become crater-like. Defoliation becomes a problem as the disease
intensifies. On twigs and fruit, citrus canker symptoms are similar: raised corky
lesions surrounded by an oily or water-soaked margin. No chlorosis surrounds twig
lesions but may be present on fruit lesions. Twig lesions on angular young shoots
perpetuate the inoculum and prolong survival of X. axonopodispv. citri in areas where
citrus canker is endemic. If twigs are not killed back by girdling infections, the lesions
can persist for many years, causing raised corky patches in the otherwise smooth bark.



Brunings and Gabriel (2003) noticed on citrus leaves that first appearance of
Xanthomonas axonopodis was water soaked, 2-10 mm, similarly small sized, circular
spots, usually on the abaxial surface. On leaves, stems, thorns and fruits, circular
lesions became raised and blister-like, growing into white or yellow spongy pustules.
These pustules then darkened and thickened into a light tan to brown corky canker,
which was rough to the touch. On stems, pustules coalesced to split the epidermis
along the stem length, and occasionally girdling of young stems may occur. Older
lesions on leaves tend to have more elevated margins and were at times surrounded by

a yellow chlorotic halo (that may disappear) and a sunken centre.

Vudhivanich (2003) observed that canker lesions at first were small, slightly raised,
round, light green spots. Later, they became grayish white, rupture, and appear corky
with brown, sunken centre. The margins of the lesions were often surrounded by a

yellowish halo.

Braithwaite et al. (2002) observed that yellow/brown, raised and corky lesions were
formed on leaves, twigs and fruits of cultivated citrus which darkened and developed
central depressions with age. The raised edges of the lesions were surrounded by a
chlorotic halo.

Pruvost et al. (2002) expressed that the bacterium multiplies in lesions in leaves,
stems and fruit. When there is free moisture on the lesion surface, bacteria are
released from an extracellular polysaccharide matrix and dispersed to new growth by
rain splash.

Swarup et al. (1991) noted that citrus canker lesions were first appeared as pin-point
spots that became small, slightly raised pustules or blister-like eruptions. Initially,
those appear on the lower leaf surface about 7 days after infection. Subsequently, the
blisters became visible on the upper leaf surface. The young lesions were usually
translucent due to water-soaking of the tissue. Lesions were initially circular or
irregular, light colored at first and became tan or brown later.The epidermis ruptured
and the lesions became spongy or corky at matured stage. The lesions finally became
crater-like with a raised margin and sunken centre. The centre of large, old lesions

cracked and/or dropped out.



Reddy and Murti (1990) reported that canker infected leaves, twigs and branches
constitute the source of inoculam to spread the disease from season to season. Since
the infected leaves drop off early and the bacteria perish rapidly in the soil.

2.2. Cultural characteristics of Xanthomonas axonopodispv. citri on different

culture media

Jabeen et al. (2012) noticed that Xanthomonas gave yellow, circular, smooth, convex
and viscous bacterial colonies on yeast dextrose calcium carbonate agar medium
(YDCA) after 48-72 h of incubation at 28°C. On SX medium the bacteria gave light
yellow, mucoid, round and smooth colonies (1mm in diameter) while whitish, mucoid

and smooth colonies were observed on Wakimoto medium.

Yenjerappa (2009) conducted an experiment to study the growth of Xanthomonas
axonopodis on different growth media and found that modified D-5 medium was
significantly superior in promoting the luxurious growth of the pathogen followed by
yeast extract nutrient agar medium. Colonies of the bacterium on MD-5 and YNA
medium appeared as circular to irregular, flattened, colourless to light yellow,
occurred singly or rarely in aggregate. Colonies of similar morphology with glistening
character and bright yellow colour were observed on both GYCA and YDC medium.
Circular to irregular, slightly raised, mucoid colonies were recorded on nutrient agar
and starch agar medium. XTS agar supported the moderate growth of the bacterium
with minute, slightly raised, circular, creamy white coloured colonies. Bacterium
exhibited very poor growth with dull white and slightly raised colonies character on
BSCAA medium. He also revealed that Xanthomonas axonopodis liquefied the
gelatin, hydrolysed the starch, positive for H,S production, catalase and oxidase,
utilized various carbon sources viz. glucose, fructose, sucrose, dextrose and produced
mild acid from these carbon sources but did not utilize lactose, maltose, mannose and

mannitol.

Balestra et al. (2008) isolated yellow, xanthomonad like mucoid, convex colonies on
YDC medium which were purified and stored on YDC slants. Upon conducting
pathogenicity tests, they also observed symptoms typical of X. citri on inoculated

plants.



Vudhivanich (2003) isolated Xanthomonas axonopodispv. citri from diseased citrus
by tissue transplanting method on SX agar. After incubated for 48 hours at room
temperature (30°C), the light yellow colony developed from plant tissue with clear

zone surround them.

Chand and Kishun (1991) revealed that Xanthomonas produce mucoid, circular,
convex, yellow, round, glistening and raised colonies on nutrient agar medium and on

SX agar, pathogen produced a clear starch digestion zone.

Hingorani and Singh (1959) reported that nutrient agar, yeast glucose chalk agar and
potato cylinders are the best media for the cultivation of Xanthomonas axonopodis
because of luxuriant growth obtained on them. Colonies on nutrient agar were
filiform, slightly raised, glistening, pale yellow and odourless. Similar characters were
also found on yeast glucose chalk agar with an exception that colour of the colony
was bright yellow in the beginning and gradually changed to quite dark brown with
age. They also described that the bacterium utilizes xylose, glucose, mannose,
galactose, sucrose, lactose and raffinose but not maltose, glycerine and salicin when
grown in Durham’s fermentation tubes containing one percent carbohydrates in a
peptone free synthetic liquid medium. Ammonia was produced in peptone water after
15 days. Nitrites, hydrogen sulphide and indole were not produced. Starch was
hydrolysed, methyl red and voges proskauer tests gave negative results. Growth on
gelatin slabs was good. Stratiform type of liquefaction commenced after 48 hours and
completed within 21 days. The yellow colour of the growth on gelatin gradually
changed from usual bright yellow to dark brown on yeast glucose chalk agar and
cooked potato.

2.3. Biochemical characteristics of Xanthomonas axonopodispv. citri

Braithwaite et al. (2002) detected that gram negative Xanthomonas axonopodispv.
citriproduced yellow pigmented, mucoid colonies on yeast dextrose agar, which were
also isolated from the leaf lesions. They conducted pathogenicity test on potted citrus
(Citrofortunella mitis) plants. Water-soaked lesions, 2-3 mm diameter, developed at
the inoculation sites after 10 days and the bacteria were consistently re-isolated from
the affected tissues.



Gottwald and Graham (1992) observed that the concentrations less than 10* cfu/ml of
Xanthomonas were insufficient to cause infection on unwounded citrus leaves under
an impact pressure of 8.05 kPa, however 10°cfu/ml gave consistent and successful

infection.

Kishun and Chand (1991) reported that Xanthomonas was negative in nitrate
reduction, urease oxidative, fermentative metabolism of glucose and acid from
adonitol and sorbitol. The bacterium was positive in KOH solubility, gelatin
liguefaction, hydrolysis of Tween 80, H,S production, starch hydrolysis, indole
production, growth at 3.5 percent NaCl, sucrose utilization, milk proteolysis and acid
from most of the sugars.

Chand and Pal (1982) studied biochemical characteristics of Xanthomonas
axonopodis and they found that bacterial cells were positive for hydrolysis of starch,
aesculin, casein, liquefaction of gelatin and production of tyrosinase, catalase,
reducing substance from sucrose, and hydrogen sulfide. The bacterium was negative
for nitrate reduction, indole production and for methyl red test.

Genus Xanthomonas consisted of gram negative, rod shaped, polarly flagellated
bacteria whose members were commonly occurred as serious plant pathogens.
Colonies were typically yellow in color due to the presence of a particular carotenoid
pigment identified through relatively simple screening procedures (Starr and
Stephens, 1964).

2.3. Management of citrus canker with chemicals

Behlau et al. (2010) studied the effects of copper sprays on annual and polyetic
progress of citrus canker caused by Xanthomonas citri pv. citriin the presence of the
Asian citrus leafminer (Phyllocnistis citrella) in a commercial orchard in northwest
Parana state, Brazil. They observed although citrus canker incidence increased during
each of the seasons studied, it decreased over the whole study period, more so in
copper treated trees than in water sprayed controls. Copper treatment reduced disease
incidence compared with controls in every year. Copper treatment also reduced
estimated initial disease incidence and epidemic growth rates every year.



Dhakal et al., (2009) studied different chemicals, copper oxychloride (2.5%), copper
oxychloride +kasugamycin (1000X), Bordeaux mixture 1% and 2% were sprayed to
the plants in citrus orchard at Dhulikhel and the decrease in disease severity after
spraying of chemicals was calculated with reference to the plants that were not
sprayed with the chemicals. It was observed that spraying of the chemicals help in
decreasing the disease severity.

Gottwald et al. (2009) showed that prewashing fruit and treating with chlorine
significantly reduced total bacterial recovery compared to chlorine treatment alone,
and prewashing fruit followed by chlorine and detergent was the most effective
method for killing bacteria on the fruit surface.

Samavi et al. (2009) evaluated on the efficiency of two novel compounds, thyme
essential oil produced from zaatar (Zataria multiflora) and Nanosilver (NS), as well as
some commonly used chemicals were evaluated against citrus bacterial canker using
detached leaf assays in the laboratory and whole seedling in the greenhouse. Mexican
lime seedlings were used for detached leaf assays. Treatments included 0.3% copper
oxychloride ( COC), 1.5% Bordeaux mixture (BO), 0.3% OC+0.04% Mancozeb
(M2), 1.5% BO+0.04% MZ, TEO at 10-2 dilution, three concentrations of NS (100,
150 and 200 ppm) and 100 ppm Streptomycin (S). Results showed that all treatments
were significantly different at P<0.01%. The best results were obtained with BO+MZ
and TEO at 10-2 dilution, with infection inhibition of 78.44% and 69.78%
respectively. Moreover, COC+MZ, BO, S and COC alone reduced the disease by
60.15%, 55.15%, 45.78% and 41.09% respectively.

Behlau et al. (2008) investigated the benefit of wind breaks and copper sprays for
control of citrus canker caused by Xanthomonas axonopodis pv. citriin southern
Brazil. Control of canker was evaluated as incidence and severity of lesions on foliage
and by the effect on premature leaf and fruit drop for three production seasons. Effect
of the treatments on fruit production was evaluated as incidence of citrus canker on
prematurely abscised fruits and harvested fruits. They found copper application
significantly reduced damage to foliage and fruit, while windbreaks made little
contribution to disease control. Copper sprays increased fruit yield for 3 years. This
could be attributed to lower incidence of fruit with lesions and fewer fruits abscised

due to canker infection. Incidence and severity on the leaves were inversely related to
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the number of fruits harvested per tree and directly related to the number of fruits
abscised per tree.

Ahmed and Sahi (2009) studied that application of botanical and microbes has not
affected the leaf miner infestation in plants of citrus nursery and groves. They
suggested that to control citrus leaf miner plants with new flushes of leaves should be
sprayed with Dimethoate 40 EC or Carbosufan 20 EC or Malathion 57 EC @ 2.0

ml/litre of water.

Behlau et al. (2007) conducted an experiment to study citrus canker incidence and
severity under natural conditions in an orchard of Pera Rio sweet orange (Citrus
sinensis) planted in Brazil. Chemical control, by using copper oxychloride sprays and
windbreak protection were evaluated to reduce citrus canker incidence and severity on
leaves. Levels of disease incidence and severity were evaluated monthly using
specific diagrammatic scales. The coefficient of determination (R2) between
incidence and severity levels was also determined. While copper sprays significantly
reduced citrus canker on leaves, windbreak did not contribute significantly to disease
control. After 29 assessments, plants subjected to frequent copper sprays showed
AUDPC values for citrus canker incidence which were 43.5% lower than those
observed on plants not protected with chemical sprays. The same result was observed
for citrus canker severity. After 18 assessments, plants sprayed with copper showed
AUDPC values for severity which were 37.1% lower than those for the control plants.
In both years, the values of R2 between incidence and severity levels were higher than
0.80 (p<0.01).

Hardy et al., (2007) demonstrated a research in the drier climate of Gayndah,
Queensland, using lower rates of copper (40-80g copper/100 L water) there was no
increase in blemish on navels from either 2 or 4 applications of copper hydroxide or 4
applications of either copper ammonium acetate or cuprous oxide. There was a
significant increase in blemish after 4 applications of copper oxychloride at 100g
copper/100 Lwater.

Meneguim et al. (2007) conducted a study to determine the sensitivity of
Xanthomonas axonopodis pv.citristrains to copper as well as to a mixture of copper
with mancozeb. The highest copper concentration where X. axonopodis pv.citrigrew

was 50 pg/ml. However, 45.5% of the bacterial strains from orchards with regular
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sprays of copper compounds grew in the presence of 50 pg copper/ml. In contrast,
only 13.4% of the strains from citrus orchards that never received copper sprays grew
in such a copper concentration. Mixing mancozeb with copper increased the tolerance
of Xanthomonas axnopodis pv.citrito copper.

Stein et al., (2007) worked on citrus leaf miner control and copper sprays for
management of citrus canker in Tucuman, Argentina. Abamectin and copper
bacteriocides applied alone or in combination with products for control of citrus leaf
miner and citrus canker in lemon were evaluated for three seasons. Canker treatments
were applied on six dates from petal fall to February each year at 28 days intervals
with a high volume. CLM control treatment with abamectin were applied every 15
days during the period og high CLM pressure. Higher application rates of copper
hydroxide (0.20%) were more effective in controlling the disease then the lower rates
(0.15%).

Koller et al. (2006) reported that copper treatments were not effective in controlling
citrus canker at high inoculum concentration, but at low inoculum concentration, both

Bordeaux mixture and copper oxychloride controlled the disease.

Gade et al. (2005) reported that citrus was susceptible to Phytophthora spp. and the
disease commonly spread through supply of plants from infected nurseries. Drenching
with metalaxyl coupled with spraying of copper oxychloride effectively reduced
seedling mortality (13.9%) and improved plant height (52.9 cm) and girth (3.2 cm).

Maher et al. (2005) tested toxicants (streptomycin sulfate, Dithane M-45 [mancozeb],
Agrimycin-100, Vitavax [carboxin], Benlate [benomyl] and Cobox [copper
oxychloride]) at 1% concentration against multiplication of Xanthomonas axonopodis
pv. citri(in vitro). They observed Agrimycin-100, Streptomycin sulfate, Vitavax and
Dithane M-45 were more effective compared to other toxicants. Agrimycin-100,
streptomycin sulfate, Dithane M-45 and Vitavax were further studied in vitro against
the growth of X. axonopodis pv. citriat 0.01, 0.1 and 1% concentration. All the
toxicants inhibited the multiplication of the bacterium at all concentrations, however
streptomycin sulfate was the most effective among the toxicants used while
Agrimycin-100, Vitavax and Dithane M-45, in the order, were effective against the
multiplication of bacterium at 0.01, 0.1 and 1% concentration. They also sprayed
Streptomycin sulfate, Agrimycin-100, Vitavax, Dithane M-45 and Benlate at 0.2%
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concentration on the field grown citrus plants and then inoculated with X. axonopodis
pv. citrifor the control of citrus canker disease. Streptomycin sulfate, Vitavax,
Dithane M-45 and Agrimycin-100 in the order proved effective also in reducing the
disease intensity compared to the inoculated control.

Ren et al. (2005) conducted an experiment with 4 years old trees of Hongjianhcheng
orange cultivar and 21 fungicides for control of the canker pathogen strain HCS-1
(Xanthomonas axonopodis pv. citri). They evaluated among the 21 fungicides for
control of HCS-1 the best one was spraying 1000x diluted solution of 10%
streptomycin and then the 1000x diluted solution of 53.8% Kocide [copper hydroxide]
suspension. Both control effectiveness could reach 43.0 - 34.6% for the leaf canker.

Graham and Leite (2004) observed that prophylactic sprays of copper oxychloride (or
other copper containing compounds) provide protection against initial infection in
canker endemic areas during growth flushes and early fruit development (fruit
approximately 2-6 cm diameter).

Pan (2004) tested the effect of different concentration of 77% Kocide [copper
hydroxide] solutions on 11 to 13 years old trees of Sijiyou pomelo cultivar. The 500x
dilution of 77% Kocide was the best one for control of pomelo canker (Xanthomonas
citri). Spraying 500x dilution of solution of 77% Kocide wettable powder to the
summer shoots could get 100% of the shoot leaves without infection. Spraying 500x
dilution of 77% Kocide wettable powder removed infection. The efficacy could reach
98.2%.

Verona et al. (2004) studied the relationship between the frequency of copper
oxychloride sprays and the incidence of citrus canker in sweet orange leaves caused
by Xanthomonas axonopodis pv. citri. They found control of citrus canker with 4
sprays of copper oxychloride at 30 day intervals during the growth season was
satisfactory.

Das (2003) reported that timely application of protective copper containing and/or
antibiotic sprays were generally the most effective means of disease management.
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Zhong and Ling (2002) reported that citrus canker occurrence had a close relationship
with the daily mean temperature. When a daily temperature of 12°C occured for 10-15
days, the spring shoots and fruitlets were attacked. The experiments also showed that
spraying spring shoots with 77% Kocide [copper hydroxide] wettable powder at 20-
30 days after bud burst and spraying summer-autumn shoots at 10-15 days after bud
burst provided good citrus canker control.

Fu and Xu (2001) reported that citrus canker (Xanthomonas axonopodis pv. citri)
appeared in late April and early May, the rampant period being mid May to early June
and found the occurrence was correlated with the temperature. They also observed
spraying with 500 fold and 400 fold solution of 77% copper hydroxide and 60%
chlorothalonil solution resulted the efficient control of the disease.

Ran et al. (2001) sprayed Mancozeb M-45, Carbendazim, Topsin-M (Thiophanate
methyl) and Pyridaben in citrus orchard at different concentrations to control citrus
disease and citrus rust mite. Spraying were applied at different stages. The results
showed that the best control of citrus scab was achieved by spraying a 600 times
solution of 80% M-45 when the shoots were 2 cm long, then twice more at 10 days
intervals (total of 4 times) gave good control of citrus black spot. Also, spraying a
500-600 times solution of M-45 wettable powder gave good control of rust mite its
effect could last for 30 days.

Ravikumar et al. (2001) reported that streptomycin sulfate (500 ppm) sprayed either
alone or in combination with copper oxychloride (2000 ppm) was very effective in
reducing the disease severity (2.23-2.51 number of lesions per fruit), followed by
combination spray of streptocycline (500 ppm)+copper oxychloride (2000 ppm)
(3.22) compared to the control (8.29).

Chen et al. (2000) evaluated some fungicide against citrus canker. They treated citrus
canker affected plant with different concentrations of compounds including 56%
cuprous oxide, Agro-streptomycine, 77% copper hydroxide (WP) and 50%
shajunwang (WP). Eleven days after treatment the rate of infection of citrus canker
(Xanthomonas axonopodis pv. citri) on leaves and fruit were investigated. They
showed that the best treatment was 50% shajunwang which achieved up to 94.5%

control.
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Canteros et al. (2000) stated that postharvest treatments, such as chlorine or SOPP,
guarantee the complete eradication of epiphytic Xanthomonas campestris pv.citrion
fruits without symptoms.

Jadeja et al. (2000) conducted field experiments to test the efficacy of various
chemical treatments for the control of canker (Xanthomonas axonopodis pv. citri) of
citrus at the Horticultural farm of Gujarat Agricultural University, Junagadh, Gujarat,
India. Six years old acid lime (Kagzi lime) trees were treated with Bordeaux paste
[Bordeaux mixture], Ridomil MZ 72 [metalaxyl + mancozeb], streptomycin sulphate
+ copper oxychloride, fosetyl Al [fosetyl], and aureofungin sol, alone and in various
combinations. The results revealed that all the treatments with a foliar spray reduced
canker incidence significantly except for aureofungin sol. Among these higher canker
control was achieved with foliar application of streptomycin sulphate + copper

oxychloride.

Lai (2000) studied the infection dynamics of Xanthomonas axonopodis pv. citri(citrus
canker) and it’s prevention and control by various pesticides (based on laboratory
tests). The tests showed Kocide (copper hydroxide) and Baijuntong had good control
effects.

Zheng et al., (2000) showed that chlorine dioxide is the 4™ generation of generally
acknowledged disinfectant, with wide application range, good effect and high safety.
The laboratory test showed that ClO, was very effective in reducing pathogenic
bacteria such as Xanthomonas oryzicola, X. citri and in reducing fungi spores of
Piricularia oryzae, Fusarium graminearum, Erysiphe graminis, Sphaceloma

ampelinum, Penicillium italicum and P. digitatum.

Thakore et al. (1999) tested some fungicides against die-back disease of citrus in
Rajasthan. They treated die-back affected plant with Biltox-50 (Copper oxychloride),
Dithane M-45 (Mancozeb) and Macuprex (Cupraneb+Bordeaux). They found all
fungicides were effective against the disease. Then they use 500, 100 and 2000 ppm
for each fungicide. They observed that 2000 ppm is most effective dose against the
disease for all the fungicides.

Kale et al. (1994) conducted an experiment on the effects of foliar sprays to citrus

canker of Kagozi lime caused by Xanthomonas campestris pv. citriin Maharashtra,
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India during July, 1988-Dec., 1990. They used 100 ppm of 7, 15 and 21 days and the
most cost effective chemical control was achieved by spraying at 7 to 15 days.

Kale et al. (1994), spraying of streptocycline + Copper oxychloride (0.1%) should
preferably be done at 7 days or 15 days interval for better control of canker.

Leite and Mohan (1990) observed that sprays of copper oxychloride or other copper
containing compounds reduce the prevalence of Xac infection in citrus field.

Stapleton (1986), showed that four strains of Xanthomonas campestris pv.citri did not
survive a 2-min exposure to more than 10 ppm chlorine in aqueous suspension and

suggest that bacteria would not survive in packing shed dip-tank NaOCI solutions.

Kuhara (1978) observed that six or seven sprays of copper are necessary to protect
new growth from infection.

Nirvan (1961) reported that 43.2% of the cankered leaves exclusively owed the leaf
miners infestation. Leaves affected by the miner and canker get distorted and usually
drop off early.
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CHAPTER |11
MATERIALS AND METHODS

3.1. Experimental site

The laboratoryexperiment was conducted in the Molecular Plant Pathology
laboratoryof Department of Plant Pathology and pot experiment was conducted in the
net house under Department of Plant Pathology, Faculty of Agriculture, Sher-e-
Bangla Agricultural University, (SAU), Sher-e-Bangla Nagar, Dhaka, Bangladesh .

3.2. Experimental period

The experiments were conducted during the period on August, 2015 toSeptember,
2016.

3.3. Isolation and identification of causal organism of citrus canker

3.3.1. Collection of disease plant parts

Diseased leaves and fruits with typical symptoms were collected from the infected
citrus (Citrus aurantifolia) plants (Figure 1). The specimens were kept in the
refrigerator at 4°C by following standard procedure of preservation of disease

specimens until isolation was made.
3.3.2. Nutrient Agar (NA) Preparation

Nutrient agar media (Appendix-1) was prepared according to the method followed by
Schaad (1988). At first 15 g bacto agar was taken in an Erlenmeyer flask containing
1000 ml distilled water. Then 5 g peptone and 3 g beef extract were added to it. The
nutrient agar was shaken thoroughly for few minutes for mixing properly. The
mixture was then autoclaved at 121 °C under 15 PSI pressure for 15 minutes.
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3.3.3. Isolation and purification of canker pathogen of citrus

The diseased citrus leaves were washed with sterilized distilled water. Then the young
lesions with green healthy portion of diseased leaves were cut into small pieces. It
was then surface sterilized by dipping them in 0.1% sodiumhypochloride solution for
20-30 seconds. After that it was washed three times with sterile water. At the end of
surface sterilization the cut pieces were kept in a Petri dish and chopped with a sharp
sterile blade. Then it was taken in a test tube containing 3-4 ml of sterile water and
kept for 30 minutes for bacterial streaming and getting stock. With the help of sterile
pipette one ml of this stock solution was transferred into the second test tube
containing 9 ml sterile water and shaken thoroughly resulting 10 dilution (Figure 2).
Similarly, final dilution was made up to 10™. After finishing the preparation of
different dilution, 0.1 ml of each dilution was spread over NA plate previously dried
(to remove excess surface moisture) at three replications as described by Goszczynska
and Serfontein (1998). The solution was spread with the help of alcohol flame
sterilized glass-rod. The inoculated NA plates were kept in incubation chamber at
30°C. It was observed after 24 hrs and 48 hrs. In order to get pure colony, single
unmerged colony grown over NA plate was restreaked on another plate with the help
of a sterile loop.

Figurel: Infected citrus leaves showing canker symptoms.
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Figure 2: Laminar air flow showing the apparatus used in dilution plate
method.

3.3.4. Growth on nutrient agar (NA) media

Freshly prepared Nutrient agar (NA) medium was poured into a sterile petri dish and
cooled. Pure colony of bacterium was streak inoculated on the plate with the help of a
sterile transfer loop. It was incubated at 30°C for at least 24 hours in incubation
chamber and observed the colony characters.

3.3.5. Preservation of Xanthomonas axonopodispv. citri

A slant culture of purified bacteria was done on NA slant in small screw-cap test
tubes in order to preserve the bacteria for future use and kept it in refrigerator at 4°C.

3.4. ldentification of the pathogen

Citrus canker pathogen was identified on the basis of studying morphological,
biochemical and cultural features of the pathogen as per standard microbiological
procedures.

3.4.i. Morphological characters

Morphological characteristics of the pathogen such as cell shape, gram’s reaction and
pigmentation were studied as per the standard procedures described by Schaad,
(1992); Gerhardt, (1981) and Bradbury, (1970).
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3.4.i.a. Gram’s staining

A single drop of sterile water was placed on a clean microscope slide. Small amount
of a young colony (18-24 hrs old) was taken with a cold, sterile loop from the nutrient
agar medium and the bacteria were smeared on to the slide very thinly. The thinly
spread bacterial film was air dried. Underside of the glass slide was heated by passing
it four times through the flame of a sprit lamp for fixing the bacteria on it. After that
the slide was flooded with crystal violet solution for 1 minute. The slide was rinsed
under running tap water for a few seconds and excess water was removed by air. Then
it was flooded with lugol’s iodine solution for 1 minute. After that it was decolorized
with 95% ethanol for 30 seconds and again rinsed with running tap water and air
dried. Then it was counterstained with 0.5% safranine for 10 seconds. It was rinsed
under running tap water for a few seconds and excess water was removed by air. Then

the glass slide was examined at 40x and 100x magnification using oil immersion.
3.4.i.b. KOH solubility test

A single drop of 3% KOH (aqueous) was placed on a glass slide. One loop full of a
single colony (18-24 hrs old) was taken from the NA plate using a cooled, sterile loop
and it was mixed with KOH solution until an even suspension was obtained. The loop
was raised a few centimeters from the glass slide and repeated strokes to have strands
of viscid materials as described by Suslow et al. (1982).

3.4.ii. Biochemical characters

Biochemical tests such as oxidase test, gelatine liquefaction test, starch hydrolysis
test, catalase testand citrate utilization test, were studied as per the methods described
by Schaad (1992) and Salle (1961).

3.4.ii.a. Oxidase test

Iml 1% aqueous (w/v) solution of NNN’Ntetramethyl-p-phenylene-diamine-
dihydrochloride solution was spread on the middle of filter paper and the paper placed
on a petri dish. Then some colony part of the bacteria was picked with a sterile
toothpick and smeared onto the moistened filter paper and observed up to 60 seconds
whether it changed color to dark purple or not.
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3.4.ii.b. Gelatin liquefaction test

A tube containing 12% (w/v) gelatin was stub inoculated with one loop-full bacterial
culture with the help of a sterile transfer loop. It was incubated at 30°C for 24 hours.
By the formation of liquid culture after keeping it at 5°C in refrigerator for 15

minutes, gelatin liquefied microorganism was determined.
3.4.ii.c. Starch hydrolysis test

Nutrient agar plate containing 0.2% soluble starch was spot inoculated with pure
colony of bacterium. It was then incubated at 30°C for at least 48 hours in incubation
chamber. Then the plates were flooded with lugol’s iodine solution and observed
whether a clear zone appeared around the colony or not.

3.4.ii.d. Catalase test

Some drops of freshly prepared 3% H,0, (Hydrogen peroxide) was added with 48
hours old pure culture of bacterium grown on NA plate and observed whether it
produced bubbles within a few seconds or not.

3.4.ii.e. Citrate utilization test

Petri dish containing simmon’s citrate agar media was slant inoculated by Pure colony
of bacterium with the help of a sterile transfer loop. Then it was incubated at 30°C for
24 hours in incubation chamber. After incubation it was observed to determine color
changed from green to bright blue.

3.4.iii. Cultural characters

Pathovars of Xanthomonas can be comprehended by growth and colony morphology
on different media (Schaad, 1992). Growth characteristics of the pathogen were
studied by using various differential, selective media.

3.4.iii.a. SX Agar media preparation

SX agar (Appendix-1) was prepared according to the method followed by
Goszczynska et al. (2000). 10 g soluble potato starch, 1 g beef extract, 5 g NH4Cl, 2 g
K2HPO4, 0.4 ml methyl violet 2B (1% in 20% ethanol), 2 ml methyl green (1% in
water) and 15 g agar were taken in an Erlenmeyer flask containing 1000 ml distilled
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water for the preparation of 1 liter SX agar medium. The mixture was autoclaved at
121°C under 15 PSI pressure for 15 minutes. Then it was cooled to 50°C and 2ml
cycloheximide (100 mg/ml in ethanol) was added to it and mixed thoroughly.

3.4.1ii.b. Growth on selective SX agar media

Freshly prepared SX agar medium was poured into a sterile Petri dish and cooled.
Pure colony of bacterium was streak inoculated on the plate with the help of a sterile
transfer loop. Later it was incubated at 30°C for at least 24 hours in incubation
chamber and observed the colony characters.

3.5. Pathogenicity Test

Five healthy seedlings were collected from the Krishibid nursery Agargaon, Dhaka.
Then citrus plant (Citrus aurantifolia) grown on earthen pot under net house condition
was used for examining the pathogenicity of Xanthomonas axonopodispv. citri as per
method described by Lin et al. (2008). Inoculum was prepared by growing bacterial
cells overnight in NA broth and resuspending in sterile distilled water to a
concentration of approximately 10® cfu/ml (OD:0.56s0nm). After that an aliquot of the
inoculums suspension was injected forcedly into the lower surface of citrus leaf
between two epidermal layers using a sterile syringe. Distilled water was used as a
negative control. It was observed for 15 days. Visual symptoms were recorded and
examined. Koch’s postulates were confirmed by reisolating bacteria from the
artificially infected leaves.

3.5.1. Nutrient Broth (NB) Preparation

Nutrient broth (Appendix-1) was prepared according to the method followed by
Schaad (1988). Five gram peptone and Three gram beef extract were taken in the
Erlenmeyer flask containing 1000 ml distilled water and mixed well. The mixture was
then autoclaved at 121°C under 15 PSI pressure for 15 minutes.
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3.6. In vitro evaluation of some agrochemicals against Xanthomonas axonopodis

pv. citri

3.6.1. Preparation of sterile swabs

A supply of cotton swabs on wooden applicator sticks was prepared. The swabs were
held in a dry tube and were sterilized in the autoclave (Vandepitte et al., 1991).

3.6.2. Bioassay ofagrochemicals against the bacteria

Bioassay of agrochemicals against the bacteria was done by well diffusion method
measuring the inhibition zone (Grainger et al, 2010).Xanthomonas axonopodispv.
citri spread over NA plate with the help of sterile cotton swab. Then one hole of 4mm
was punched into NA plate. Different chemical suspension were prepared and added
into the hole @ 80 pl/hole. Three replication were used for each chemical. In case of
control, instead of chemicals only sterile water was added into the hole. Then the
plates were incubated at 30° C in incubation chamber.After incubation, an inhibitory
effect on the test organism is indicated by a clear zone (no growth) around the test
substance; microbial growth is visible to the naked eye in areas of the plate that are
unaffected. Zone of inhibition around the holes were measured and recorded after
every 24 hours for 4 days.

Inhibition diameter at every plate under each treatment was measured by scale.
Percent inhibition zone was estimated by the following formula as suggested by
Johnson and sekhar(2012).

Percentage inhibition of growth =------------=---=-=-----—- 100

C= Growth of bacteria in control
T= Growth of bacteria in treatment
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Table 1. Name of theagrochemicals used in bioassay

Trade Active Chemical Concentration
Name Ingredients Name (%)
Copper chloride
Companion Mancozeb+carbendazim | oxide 0.2
hydrate
N-(2,6dimethyl
phenyl)-
Dithane M-45 Mancozeb N(methoxyacetyl)- 0.2
Alanine methyl ester
(C14H21NOA4)
) Copper chloride
Sulcox 50 WP Copper oxychloride | gxide 0.1
Hydrate
Clorox Sodium hypochlorite | Cl, solution 0.5

3.7. Effect of agrochemicals on citrus canker disease development
3.7.1. Collection of citrus plants

Thirty six disease free and healthy citrus seedlings were collected from different
nurseries of Dhaka and arranged in the net house of Department of Plant Pathology

with four replications.
3.7.2. Preparation of Pots

Soil that used as potting media was collected from Agronomy field of Sher-e-Bangla
Agricultural University (SAU), Dhaka. The entire quantity of cowdung was applied to
the soil.Urea, triple super phosphate (TSP), murate of potash (MoP), zinc sulphate
andgypsum were given at the rate of 375 g, 200 g, 200 g, 175 g and 100 g,
respectively (100:60:40 kg/ha). TSP, Zinc sulphate, gypsum were given asbasal
during final pot preparation.

The earthen pots were bought from the market which height was 14 inches
anddiameter 0.16m2 per pot. Then pots were filled with sterilized soil @ 10kg/ pot.
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3.7.3. Planting materials used for experiment

Eight months old lemon (Citrus aurantifolia) seedlings were used as planting material
for experiment. The seedlings were vigor, healthy, disease and insect free. Collected
lemon seedlings were potted in earthen pot (Figure 3).

Figure 3: Planting materials used to study the effect of some chemicals on
canker disease.

3.7.4. Intercultural operation

Seedlings were irrigated everyday early in the morning with running tape water.
Weeding was done occasionally to remove weeds from the potwhen necessary.
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3.7.5. Treatments

Following treatments were used as foliar spraying of citrus seedlings:

Active
Treatments Ingredient(s) Dose/Rate

T1= control (sterile water)

_ . Mancozeb + 0
T,= Companion Carbendazim 2mg/L (0.2%)
T;= Dithane M-45 Mancozeb 2mg/L (0.2%)

_ Copper 0
T,4= Sulcox 50 WP oxychloride 1mg/L (0.1%)
Ts= Cl, solution Cl, 5 mg/L (0.5%)

Te= Companion+ Malation 57
EC

2mg/L
(0.2%)+2.0ml/L(0.2%)

T-= Dithane M-45 + Malathion
57 EC

2mg/L(0.2%)+2.0ml/L(0.2%)

Ts= Sulcox 50 WP+ Malathion
57 EC

1mg/L(0.1%)+2.0ml/L(0.2%)

To= Cl, solution + Malathion 57
EC

5mg/L(0.5%)+2.0mI/L(0.2%)

3.7.6. Preparation of spray solution

The spray solutions were prepared separately mixing with water and requisite amount

of chemicals to get required concentration.

3.7.7. Application of spray solution

All chemicals were sprayed with compressed hand sprayer. Four plants were sprayed

with each chemical. First spray was done in 8 August, 2015 when few spots were

appeared. The plants were sprayed at 30 days intervals. Control plants were sprayed

with sterile water.

3.7.8. Data collection

Data from the pot experiment were collected based on the following parameters:

Number of lesions on leaf per plant

1
2. Size of lesion (mm)
3. Disease incidence (%)
4. Disease severity (%)
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5. Number of lesions on fruit per plant
6. Fruit weight (g)

3.7.9. Computation of disease incidence (%)

Each inoculated leaf infected with canker disease was counted to calculate disease
incidence and was expressed in percentage. Percent disease incidence (PDI) of foliar
diseases was determined by the following formula (Rai and Mamatha, 2005)

Number of diseased leaves among
the infected leaves on each plant

Percent Disease Incidence (Leaves) = --------m-mmmmmmmmm s x100

Total Number of inspected leaves on
each plant

3.7.10. Computation of disease severity (%o)

The disease severity was recorded by using the following scale developed by Rai and
Mamatha(2005).

Grade Percent leaf infection
0 0.00

Uptol

>1-10

>10-20

>20-40

>40-100

g B~ W N

Sum of individual disease rating

Percent Disease Index (PDI) = ------m-mmmmmmmmmmmmm e oo oo x100

Total number of leaf examined x maximum
grade
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3.8.Experimental design

Both the laboratory and pot experiments were conducted following complete
randomize design (CRD).

3.9. Statistical analysis of data

Data collected during experiment period were tabulated and analyzed following
Statistical package MSTAT-C. Treatment means were compared with Duncan’s
Multiple Range Test (DMRT) (Gomez and Gomez, 1984).
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CHAPTER IV
RESULTS

4.1. Symptoms of canker disease of citrus

Symptom expression of citrus canker varied depending on the age of the lesionsand
the plant part affected. On leaves,first appeared as small, blister-like lesions, usually

on the leaf surface. At later stage, this lesion turned grey to tan brown which were

surrounded by yellow halo. The center of the lesions were corky and erupted.

Figure 4: Symptoms of canker on citrus leaves
A Early stage

B.Later stage
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4.2. Isolation and identification of canker pathogen of citrus
4.2.1. Isolation and purification of canker pathogen

The causal organism was isolated from the infected leaves of citrus showing typical
symptoms of citrus canker. Dilution plate method was used to isolate causal organism.
Typical, yellow, convex, mucoid colonies of bacterium on nutrient agar medium were
found after 48 hours of incubation at 30°C (Figure5). Colonies were purified by
restreaking the isolated colony on nutrient agar plate.

Figure 5: Yellow, convex, mucoid colonies of pathogenic bacteria isolated from
infected citrus leaves

4.2.2. Preservation pathogen

Purified bacterium on NA slant was kept in refrigerator at 4°c in test tubes. It was
served as a stock culture for further studies (Figure 6).
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Figure 6: Slant culture of pathogenic bacteria.

4.2.3. Identification of the pathogen

Thecitrus canker pathogen was identified by studying morphological, biochemical and
cultural characteristics of the pathogen as per standard microbiological procedures.

4.2.3.1. Morphological characters

The bacterium was rod shaped with rounded ends, cells appeared singly and also in
pairs, gram negative (red color) and capsulated under the compound microscope at
100x magnification with oil immersion. The bacterium cells were stained with crystal
violet (Figure 7).

Figure 7: Microscopic view of pathogenic bacteria of citrus canker after gram’s
staining at 100x magnification.
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4.2.3.2. Biochemical characters
Biochemical tests results for the pathogen are presented in Table 2.

Table 2. Biochemical characteristics of pathogenic bacteria of citrus canker

Biochemical tests Results
KOH solubility test Positive
Gelatine liquefaction test Positive
Catalase test Positive
Starch hydrolysis test Positive
Oxidase test Negative
Citrate utilization test Positive

In catalase test, bubbles were formed within a few seconds onto the colony of the
bacterium after adding 3% H,O,(Plate 3A), it indicated that the test was positive.

In KOH solubility test, mucoid thread was produced by the bacterium (Plate 3B), that

indicates the bacterium was gram negative.

Gelatin was liquefied after 15 minutes of refrigeration at 4°C in gelatin liquefaction
test by the causal organism (Plate 3C). Hence the bacterium showed the positive

result.

Green color of simmon’s citrate agar slant changed into a bright blue color after 24
hours of incubation. That indicated the citrate utilization test was positive. The
bacterium used citrate as a carbon source for their energy (Plate 3D).

In starch hydrolysis test, when lugol's iodine was added a clear zone was formed
around the bacterial colony revealed starch hydrolysis (amylase activity) .The test was
positive (Plate 3E).

In oxidase test, the bacterium when rubbed did not form any color in moistened
oxidase disk (Plate 3F), which indicated that the test was negative.
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Plate 1: Biochemical characters of Xanthomonas axonopodispv. citri

A
B.
C.
D.
E.
F.

Catalase test.

KOH solubility test.
Gelatine liquefaction test.
Citrate utilization test.
Starch hydrolysis test
Oxidase test
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4.2.3.3. Cultural characters
4.2.3.3.1. Colony morphology on different growth media

Colonies of pathogenic bacteria on NA medium shows as circular, mucoid, convex
and orange color (Figure 8A). On SX medium bacterium showed very poor growth
with light yellow to slightly blue, small, flattened, growth (Figure 8B).

Figure 8: Cultural characteristics of Xanthomonas axonopodispv.
citri on different growth media
A. On Nutrient agar (NA) medium.
B. On SX agar medium.
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4.3. Pathogenicity test

Bacterial cell suspension (10® cfu/ml, OD: 0.5gs0nm) Was injected into the lower
surface of citrus leaf (Kagozi lemon) as described in *“Materials and Methods”
section. The inoculated leaves showed characteristic symptoms after fourteen days of
inoculation as small, blister-like lesions, which later on turned gray to tan brown
surrounded by a yellow halo (Plate 2). Bacteria were re-isolated from these lesions
and comparisons were made with the original culture to confirm the identity of the
pathogen. Both the colonies were similar.

On the basis of morphological, biochemical and cultural results it can be concluded
that the pathogenic bacteria isolated from infected citrus leaf was Xanthomonas
axonopodispv. citri.

Plate 2: Pathogenesity test

A. Inoculation of bacteria on lower surface of leaf.
B. Typical symptom develops at 20 days after inoculation.
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4.4.1n vitro evaluation of chemicals

4.4.1. Efficacy of chemicals against Xanthomonas axonopodispv. citri at different
days after incubation

Statistically significant difference in case of inhibition zone was found among
different treatments (Table 3; Figure 9). After 24 hours of incubation the highest
inhibition zone (28.92%) was formed by 0.2% of Dithane M45 followed by 0.5% Cl,
solution (24.50%), 0.1% Sulcox 50WP (14.75%) and 0.2% Companion (12.71%)
respectively.

At 48 hours of incubation the highest inhibition zone (29.92%) was formed by 0.2%
Dithane M45 followed by 0.5% Cl;, solution (24.50%), 0.1% Sulcox 50WP (15.75%)
and 0.2% Companion (13.71%) at respectively.

At 72 hours of incubation the highest inhibition zone (31.58%) was formed by 0.2%
Dithane M45 followed by 0.5% CI, solution (24.50%), 0.1% Sulcox 50 WP (15.75%)
and 0.2% Companion (14.04%) respectively.

At 96 hours of incubation the highest inhibition zone (31.91%) was formed by 0.2%
Dithane M45 followed by 0.5% CI; solution (24.50%),0.1% Sulcox 75WP (15.75%)
and 0.2% Companion (14.38%) respectively.

Inhibition zone significantly increased from 24 hours to 96 hours by each treatment.
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Table 3. In vitro evaluation of chemicals against Xanthomonas axonopodis

pv. citri
% Inhibition zone
Treatments
24 hour 48 hour 72 hour 96 hour

Sulcox 50 WP

14.75c 15.75 ¢ 15.75¢ 15.75¢
@ 0.1%
Companion

12.71d 13.71d 14.04d 14.38 d
@0.2%
Dithane M 45

28.92 a 2921 a 3158 a 3191a
@ 0.2%
Clysolution

2450 b 2450 b 2450 b 2450 b
@ 0.5%
CV (%) 3.57 2.18 3.36 3.35
LSD 1.0504 0.6643 1.0504 1.2428
Level Of ** ** ** **
Significance

Each data represent the mean value. Values followed by the same letter within a

column are not significantly different (p<0.01) according to Duncan's multiple range

test.
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Figure 9:
citri

In vitro evaluation of chemicals against Xanthomonas axonopodispv.

A.

Companion @ 0.2%

B. Sulcox 50 WP @ 0.1%
C.
D. Clysolution @ 0.5%

Dithane M 45 @ 0.2%
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4.5.Effect of some chemicals on citrus canker disease development
4.5.1. Number of lesions and lesion size of citrus canker disease on leaf

Statistically significant interaction was found between treatments and development of
citrus canker caused by Xanthomonas axonopodispv. citri. Number of lesions varied
from treatment to treatment and ranged from 15.50-33.75 (Table 4). At 30 days after
spray (DAS), among the treatments the highest number of lesion (33.75) was found in
Te(Champion 75 WP+Malathion 57 EC) and the lowest number of lesion (15.50) was
found in T3 (Dithane M 45). In case of lesion number significant difference was found
between T, (sulcox 50 WP), T5 (Cl, solution), T7 (sulcox 50 WP+Malathion 57 EC)
and Tg (Dithane M45+Malathion 57 EC) treatments. Statistically similar lesion
number was found in T; (control), T, (Champion 75 WP), T, (Sulcox 50 WP), Ts (Cl,
solution), Tg(Dithane M45+Malathion 57 EC) and To(Cl, solution+ Malathion 57 EC)

treatments.

Statistically significant difference was found on lesion size under different treatments.
At 30 days after spray (DAI), among the treatments the highest lesion size (5.32mm)
was found in T2 treatment which was statistically similar with T, (4.12),T4 (4.67mm),
Te (4.00mm) and Ty (4.87mm).The lowest lesion size (2.12mm) was found in
Tstreatment which was statistically similar with T; (4.12mm),Ts (3.00mm), Ts
(4.00mm) and Ts (2.37mm)treatments.
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Table 4. Number of lesions and lesion size of citrus canker disease at different

treatments
Treatments Lesion number of Lesion size (mm)
Leaf/plant

T 25.75 bed 4.12 abc
T2 24.50 bede 5.32a
Ts 15.50 f 2.12 ¢
Ta 29.00 abc 4.67 ab
Ts 22.00 def 3.00 bc
Te 33.75a 4.00 abc
T 29.75 ab 4.37 abc
Ts 18.75 ef 2.37¢
To 22.75 cde 4.87 ab
CV% 18.84 40.34
LSD 6.7346 2.2679
Level of significance *ok *ok

**- significant at P=0.01. Different lowercase letters beside the mean value indicate

significant at P=0.01

T1= Control Ts= Companion+Malathion 57 EC

T,= Companion T,= Sulcox 50 WP + Malathion 57 EC

Ts= Dithane M45 Tg= Dithane M45 + Malathion 57EC

T4= Sulcox 50 WP To= Cl; solution + Malathion 57 EC
Ts= Cl; solution

4.5.2. Disease incidence and Disease severity of citrus canker disease in leaf

Statistically significant difference on incidence was found at different treatments
(Table 5). At 30 DAS, the highest incidence (20.00%) was found in T1 and T4
treatment followed by T2 (19.37%), T6 (19.31%), T7 (18.75%) and T9 (18.43%)
treatments. All of these treatments showed significantly similar result. At the same
time lowest incidence (11.56%) was found in T3 treatment which was statistically
similar with T8 (13.43%) treatment.
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Statistically significant difference on severity was found at different treatments. At 30
days after spray, among the treatments highest severity (30.25%) was found in T1
treatment which was statistically similar with T2 (25.33%)and T7 (25.00%)
treatments followed by T4 (24.75%), T9 (24.25%) and T6 (23.75%) treatments. The
lowest severity (17.50%) was found in T3 treatment which was statistically similar
with T5 (20.00%) and T8 (19.50%) treatments.

Table 5. Disease incidence and disease severity of citrus canker disease at
different treatments

) o ) ] % Disease
T reatments Disease incidence Disease severity reduction over
(%0) (%)
control

T 20.00 a 30.25a -
T2 19.37a 25.33 ab 16.26
Ts 11.56 d 17.50 d 42.15
T4 20.00 a 24.75 bc 18.18
Ts 15.62 bc 20.00 bed 33.88
To 19.31a 23.75 bc 21.49
T 18.75 ab 25.00 ab 17.36
Ts 13.43 cd 19.50 cd 35.54
To 18.43 ab 24.25 be 19.83
CV% 12.97 15.95
LSD 3.2725 5.4067
Level of significance Hk *k

**- significant at P=0.01. Different lowercase letters beside the mean value indicate

significant at P=0.01

T1= Control Ts= Companion+Malathion 57 EC
T,= Companion T,= Sulcox 50 WP + Malathion 57 EC
Ts= Dithane M 45 Tg= Dithane M45 + Malathion 57EC
T4= Sulcox 50 WP To= Cl; solution + Malathion 57 EC

Ts= Cl, solution
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4.5.3. Number of lesions and lesion size of citrus canker disease on fruit

Statistically significant interaction was found between treatments and development of
citrus canker caused by Xanthomonas axonopodispv. citri. Number of lesions varied
from treatment to treatment and ranged from 1-4 (Table 6). At 30 days after spray
(DAS), among the treatments the highest number of lesion (4.00) was found in
Te(Champion 75 WP+Malathion 57 EC) which was statistically similar with
T4(Sulcox 50 WP) treatment and showed significant difference between T, (Control),
T, (Champion 75 WP), T3 (Dithane M45), Ts (Cl, solution), T7 (Sulcox 50 WP +
Malathion 57 EC), Tg (Dithane M45) and To(Cl, solution) treatments. The lowest
number of lesion (1.00) was found in T; (Dithane M 45) treatment which was
statistically similar with T, (Control), Tg(Dithane M 45+Malathion 57 EC) and Ty
(Cl, solution+Malathion 57 EC) treatments and showed significant difference
between T, (Champion 75 WP), T, (Sulcox 50WP), Ts (Cl, solution), T¢ (Champion
75 WP+Malathion 57 EC) and T (Sulcox 50 WP+ Malathion 57 EC) treatments.

Statistically significant difference was found on lesion size under different treatments.
At 30 days after spray (DAI), among the treatments the highest lesion size (4.00mm)
was found in T; and T, treatments which were statistically similar with T4 (3.68mm),
T (3.38mm) and Ty (3.37) treatments. The lowest lesion (2.25mm) was found in T3
and Tg treatments which were statistically similar with Ts (3.00mm), T (2.88mm) T
(3.38mm)and Ty (3.37mm) treatments.
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Table 6. Number of lesions and lesion size of citrus canker disease at different

treatments
Treatments Lesion -number of Lesion size (mm)
Fruit/plant
T 2.00cd 4.00a
T2 2.50bc 4.00a
Ts 1.00d 2.25¢
T4 3.25ab 3.68ab
Ts 2.75bc 3.00bc
To 4.00a 2.88hc
T 2.50bc 3.38abc
Ts 1.75¢d 2.25¢
To 1.00d 3.37abc
CV% 35.66 24.58
LSD 1.1928 1.1707
Level of significance Hok *k

**- significant at P=0.01. Different lowercase letters beside the mean value indicate

significant at P=0.01

T1= Control Te= Companion+Malathion 57 EC
T,= Companion T,= Sulcox 50 WP + Malathion 57 EC

Ts= Dithane M 45 Tg= Dithane M45 + Malathion 57EC
T4= Sulcox 50 WP To= Cl; solution + Malathion 57 EC

Ts= Cl, solution

4.5.4. Disease incidence and Disease severity of citrus canker disease on leaf

Statistically significant difference on incidence was found at different treatments
(Table 7). At 30 DAS, the highest incidence (66.67%) was found in Ty treatment
which was statistically similar with T, (54.79%) and T, (56.07%) treatment and
showed significant difference with T3 (7.5%), Ts (29.18%), Ts (46.86%), T7
(43.90%), Tg(15.18%) and To(28.66%) treatments. At the same time lowest incidence
(7.50%) was found in T3 treatment which was statistically similar with Tg (15.18%)
treatment and showed significant difference with Ty, T,, T4, Ts, T6, T7 and Ty

treatments
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Statistically significant difference on severity was found at different treatments. At 30

days after spray, among the treatments highest severity (37.50%) was found in T1
treatment followed by T6 (25.00%), T7 (22.50, T2 (20.00%), T4 (20.00%) and T9
(17.50%) treatments which are statistically similar. The lowest severity (1.67%) was
found in T3 treatment which was statistically similar with T5 (10.00%) and T8

(5.00%) treatments.

Table 7. Disease incidence and disease severity of citrus canker disease at

different treatments

Treatments Disease incidence | Disease severity (%) | % Disease

(%) reduction  over
control

T 66.67 a 37.50 a -

T, 54.79 ab 20.00 b 46.67

Ts 7.50d 1.67d 95.55

T, 56.07 ab 20.00 b 46.67

Ts 29.18 ¢ 10.00 cd 73.33

Te 46.86 b 25.00 b 33.33

T 43.90 b 22.50 b 40

Ts 15.18d 5.00d 86.67

Ty 28.66 ¢ 1750bc 53.33

CV% 23.40 38.09

LSD 13.157 9.7727

Level of | ** **

significance

**- significant at P=0.01. Different lowercase letters beside the mean value indicate

significant at P=0.01

T,= Control

T,= Companion
Ts= Dithane M 45
T4= Sulcox 50 WP
Ts= Cl, solution

Te= Companion+Malathion 57 EC
T+= Sulcox 50 WP + Malathion 57 EC
Tg= Dithane M45 + Malathion 57EC
To= Cl, solution + Malathion 57 EC
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4.5.5. Yield performance of different treatments against citrus canker disease per
plant

The yield performance of different treatments was recorded as number of fruits per
plant which showed significant variation among the treatments. The highest yield (14
NF/plant) was found in T3 treatment followed by T8 (11 NF/plant), T6 (8 NF/plant),
T7 (7 NF/plant), T2 (6 NF/plant) and T4 (6 NF/plant) which were statistically similar.
The lowest yield (3 NF/plant) were found in T1 and T9 treatments which were
statistically similar with T5 (5 NF/plant) treatment.

Number of fruit
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T1 T2 T3 T4 TS5 T6 T7 T8 T9

Treatments

Figurel0: Yield performance of citrus plants against citrus canker under different

treatments.
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CHAPTER V
DISCUSSION

Experiment was carried out to find out the effect of some chemicals to control citrus
canker disease of citrus caused by Xanthomonas axonopodis pv. citri.

In the present study the disease recorded on visual symptoms following the
description of Brunings and Gabriel (2003), Agrios (2006) and Civerolo (1981). The
disease had been reported by Hossain (2011) and Chowdhury (2009) in the citrus
growing areas of Bangladesh. The disease recorded in the present study had also been
reported on citrus seedlings from different countries of the world (Burhan et al., 2007;
Graham et al., 2004; Gottwald et al., 2002; Schubert et al., 2001;Awasthi et al., 2005
and Koizumi, 1985).The causal organism of canker canker (Xanthomonas axonopodis
pv. citri) was isolated from infected leaves following standard dilution plating
technique using nutrient agar medium. After 48 hours of incubation at 30°C yellow,
convex, mucoid, colonies of bacterium were found on nutrient agar medium. The
pathogen has also been reported by many researchers throughout the world
(Vudhivanich, 2003; Kale et al., 1994 and Qui and Ni, 1988). Chand and Kishun
(1991) reported that Xanthomonas produce mucoid, circular, convex, yellow, round,
glistening and raised colonies on nutrient agar medium. Lin et al. (2008) isolated the
bacterial pathogen from the canker infected leaves and proved pathogenicity.

Xanthomonas axonopodis pv. citri, the causal agent of citrus canker was identified by
studying morphological, biochemical and cultural features following procedures
stated by Braithwaite et al.(2002) and Schaad (1992). After gram staining the
bacterium was proofed as gram negative that was supported by KOH solubility test
which are found by Kishun and Chand (1991), Gerhardt(1981), Bradbury(1970) and
Starr and Stephens (1964). In the present study the bacterium Xanthomonas
axonopodis pv. citri showed positive results in starch hydrolysis test, gelatine
liquefaction test catalase test, citrate utilization test, and negative result in oxidase test
which are reported by Yenjerappa (2009), Chand and Pal (1982) and Kishun and
Chand (1991). It was observed that the bacterium, Xanthomonas axonopodis pv. Citri
produce light yellow to slightly blue, mostly circular, small, flattened, mucoid
colonies on SX medium. The similar result has also been reported by Balestra et al.
(2008), Vudhivanich (2003) and Braithwaite et al. (2002).
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Among the different chemicals evaluated in the present in vitro evaluation, Dithane
M-45 [Mancozeb] (31.91%) and Cl, solution (24.50 %) exhibited significantly
superior efficacy in inhibiting the growth of Xanthomonas axonopodis pv. citri while
Sulcox 50 WP (15.75%) and Companion [Mancozeb+Carbendazim] (14.38 %) were
found moderately effective. In field experiment, significant effect of different
chemicals on the incidence and severity of citrus canker of citrus were observed. The
highest reduction of incidence and severity of canker of citrus was observed in
applying Dithane M-45 [Mancozeb] as foliar spray. Cl, solution, Companion
[Mancozeb+Carbendazim] and Sulcox50 WP [Copper oxychloride] were found
moderately effective in reduction of incidence and severity of canker of citrus. Maher
et al. (2005) reported that Dithane M-45 [Mancozeb] was effective against the
multiplication of bacterium as well as effective in reducing the disease intensity of
citrus canker. Meneguim et al. (2007) reported that copper as well as mixture of
copper with mancozeb were effective in controlling citrus canker. Behlau et al.
(2010), Graham and Leite (2004), Pan (2004), Verona et al. (2004), Das (2003),
Zhong and Ling (2002), Chen et al. (2000) and Leite and Mohan (1990) reported that

copper containing chemicals were effective in controlling citrus canker.

For the above study it can be said that Dithane M 45 had better potentiality in
reducing disease incidence and severity of citrus canker both in vitro and in vivo test.
Besides Cl,solution, Sulcox 50 WP and Companion had moderate influence in
controlling citrus canker. However, further investigation in the farmer’s field at
different agro-ecological zones of Bangladesh is needed to prove the efficacy of the

recommended chemicals against citrus canker.
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CHAPTER VI
SUMMARY AND CONCLUSION

A laboratory and a pot experiments were carried out to find the efficacy of some
agrochemicals against citrus canker caused by Xanthomonas axonopodis pv. citri.
Infected leaves having typical symptoms were collected fromnaturally infected plant
and isolated the pathogen in the laboratory by following dilution plating method using
nutrient agar medium. The causal organism was purified by restreaking on nutrient
agar medium with single colony and confirmation was done by pathogenicity test.
The bacterium was gram negative, rod shaped with rounded ends. It showed negative
result in oxidase test and positive result in KOH solubility test, starch hydrolysis test,
catalase test, citrate utilization test, gelatine liquefaction test. On NA medium the
bacterium appeared as circular, mucoid, convex, yellow to orange colour and on SX
medium the bacterium produced yellow to slightly blue, mostly circular, small,
flattened, mucoid colonies. On the basis of morphological, biological and cultural
characteristics it can be terminated that the pathogen was Xanthomonas asonopodis

pv. citri.

Significance of different management practices in vitro was evaluated by measuring
the inhibition zone and field evaluation was done by observing the incidence and
severity of the disease. A pot experiment was conducted in the net house of
Department of plantpathology, Sher-e-Bangla Agricultural University, to find out the
effect of chemicals in controlling citrus canker disease. The chemicals were first
sprayed at 8 August, 2015. Finally one time data were collected and disease
symptoms of the infected plants were determined with the compare of control plants.
In vitro of different agrochemicals were evaluated by measuring the inhibition zoneat
different days of incubation. Among the seven different chemicals, In vitro evaluation
of chemicals indicated that 0.2% Dithane M 45 (Mancozeb) at 96 hours of incubation
showed highest (31.91%) inhibition zone against Xanthomonas axonopodis pv. citri.
Cl2 solution, Sulcox 50 WP and Companion showed moderate result against the
bacteria. In pot experiment, among the chemicals tested Mancozeb (Dithane M 45)
was highly effective against Xanthomonas axonopodis pv. citri. The highest disease

incidence was found in control and the lowest incidence was found in plant spraed
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with Dithane M 45. Disease severity was recorded also highest in control and lowest
in plant sprayed with Dithane M 45.

From the above study it may concluded that Dithane M 45 is most effective in
suppressing the Xanthomonas axonopodis pv. citri. Further biological study is
suggested to be carried out for citrus canker management as eco-friendly alternatives

to chemical compounds.
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APPENDICES

Appendix I.Preparation of culture media and reagents

The compositions of the media used in this thesis work are given below. All media
were autoclaved at 1210C for 15 minutes at 15 Ib pressure.

Nutrient Agar (NA)
Beef extract (Difco) 309
Peptone (Difco) 509
Bacto agar 15.0¢
Distilled water 1000 ml

Nutrient Broth (NB)

Beef extract (Difco) 309
Peptone (Difco) 509
Distilled water 1000 ml
SX Agar

Potato starch (Soluble) 10.0g
Beef extract (Dico) 109
NH4CI 5.09
K;HPO, 20¢g
Methyl violet 2B (1% in 20% ethanol) 0.4 ml
Methyl green (1% in water) 2.0 ml
Bacto agar 1509
Cycloheximide 209
Distilled water 1000 ml

Gelatine Liquefaction Media

Beef extract 30¢g
Peptone 500
Gelatine 120 ¢
Distilled water 1000 ml

Simmon’s Citrate Agar

Magnesium sulphate 0.2¢
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Sodium citrate 209

NaCl 50¢g
Dipotassium Phosphate 109
Monopotassium Phosphate 109
Bromothymol blue 0.08 ¢
Bacto agar 20.0¢g
Distilled water 1000 ml

Starch hydrolysis media and reagent

Culture medium

Nutrient broth (Difco) 8.0¢g
Soluble potato starch 10.09g
Bacto agar (Difco) 1509
Distilled water 1000 ml
Reagent

(Lugol's iodine) lodine 509
Potassium iodide 10.09g
Distilled water 100 ml

Gram'’s staining reagents

Gram's Crystal violet (Hucker's modification)

Solution A:

Crystal violet (90% dye content) 20¢g
Ethyl alcohol 20.0 ml
Solution B:

Ammonium oxalate 08¢
Distilled water 80.0 ml

Solution A and B in equal volume to prepare crystal violate solution.
Gram's lodine (Gram's modification of Lugol's solution)

lodine 109
Potassium iodide (KI) 20¢g
Distilled water 300.0 ml

Add iodine after Kl is dissolved in water to prepare Gram's lodine solution.
Gram's alcohol (decolorizing agent)
Ethyl alcohol (95%) 98 ml

63



Acetone 2 ml

Safranin (counter stain)

Safranin (2.5% solution in 95% 10 ml
ethanol)
Distilled water 100 ml

KOH solubility reagent

3% aqueous solution of KOH was prepared from the KOH granules.
Catalase reagent

3% aqueous solution of H,O, was prepared from the H,O, absolute solution.
Oxidase reagent

1% aqueous solution of NNN’N-tetramethyl-p-phenylene-diamine dihydrochloride
was prepared from the absolute solution
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Appendix Il. Monthly average relative humidity, maximum and
minimum  temperature, rainfall and sunshine hour during the
experimental period (May 2015 to October 2015)

Month Average Average Total Average
RH Temperature(oC) | Rainfall Sunshine
(%) Min Max Min. Max.

Hours

May 81 32.1 34.5 339.4 4.7

June 84 31.4 33.4 415.6 4.8

July 89 30.5 32.8 512.5 4.7

August 91 29.1 32.2 412.8 4.6

September 90 27.2 30.4 350.3 4.6

october 93 26.8 29.5 201.9 4.5

Source: Bangladesh Meteorological Department (Climate division), Agargaon
Dhaka-1207.
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