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ABSTRACT

Citrus canker caused by Xanthomonas citri (Hasse) is the major constraint
for production of citrus. Two season pooled research data revealed that,
plants treated with the spray combination of 2- bromo-2-nitro propane-
1,3diol (Bactrinashak) + Streptomycin Sulphate + Tetracycline
Hydrochloride + COC for four times with 30 days interval recorded the per
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(AR g cent disease incidence of 16 and 14 on leaves and twigs respectively. The
Accepted: maximum PDI of 29 on leaves and 25 on twigs was observed in untreated
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Available Online: control. Similar trend was maintained on fruits and recorded higher yield of
10 July 2017 17.89 t/ha as compared to untreated control (7.69 t/ha.).

Introduction

Citrus is an important crop in Karnataka,
where it is produced for both domestic
consumption and regional markets. It was
grown since ancient times for its nutrition and
medicinal value. In India the total area under
citrus is about 10.42 lakh hectares and
producing 100 lakh tonnes with the
productivity of 9.68 tonnes per hectare. Citrus
is cultivated practically in every state.
However, Maharastra, Andrapradesh,
Karnataka, Punjab and Assam are Ieadin%
citrus growing states. Karnataka stands 7'
major state in acreage with an area of 18.10
thousand hectare with the production of 399.0
thousand tonnes and productivity of 22.04
tonnes per hectare, citrus being important
crop still there is an opportunity to increase

the area under cultivation. Major diseases
constraining the production of citrus are citrus
canker, citrus greening, citrus tristeza and
citrus nematode disease. Among them citrus
canker, caused by Xanthomonas citri is one of
the lethal disease in affecting all type of citrus
crops (Prakash and Karemgam, 2012).

Canker-affected citrus specimens collected
from Dehra Dun during 1827 to 1831 and
from Java during 1842 to 1844 (Fawcett and
Jenkins, 1933) suggests the origin of canker
either in India or Java or in some other parts

of Asia. However, canker disease also
noticed in Northern Uganda in 2010
(Anonymous, 2012) where it was first

detected in an orchard in lira district. The
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disease however has spread to all citrus
growing areas in the region.

In India, Luthra and Sattar (1942) and Bedi
(1961) from Punjab, Ramakrishnan (1954)
from Tamil Nadu, Govinda Rao (1954) from
Andhra Pradesh, Venkatakrishnaiah (1957)
and Aiyappa (1958) from Karnataka, Prasad
(1959) from Rajasthan, Parsai (1959) from
Madhya Pradesh, Chowdhury (1951) from
Assam, Nirvan (1960) from Uttar Pradesh and
several others have reported the incidence of
canker on the acid lime and several other
varieties of citrus. Further, canker is reported
to appear as a serious problem wherever citrus
is grown on a large scale.

Citrus canker is a characterized by the
occurrence of conspicuously raised necrotic
lesions on leaves, twigs and fruits (Schubert,
et.al.,, 2000) Nikhil etal., 2013, reported
Corky pustules developed on leaves, twigs,
thorns and fruits were turn light tan to brown
corky cankers, which were rough to touch.
Often a water socked margins developing
around the Necrotic tissue.

In recent years, due to severe and epidemic
outbreak of the disease many farmers have
uprooted the plants and destroying the
orchards. The disease causes extensive
damage to citrus and severity of disease varies
with species, varieties and prevailing climate
conditions. Thus there is an urgent need to
developed  suitable  location  specific
management practices to mitigate the
problem. Hence, the present work was carried
out to identify the suitable management
schedule in context to citrus canker.

Materials and Methods

The experiment site/orchard located at
Jajurayanhalli, Pavagada, Tumkur, Karnataka

which was one km away from Agricultural
Research Station, Pavagada. The trials were
carried out in two sites in the orchard for two
years where 80-100 per cent trees were
infested with citrus canker at the beginning of
the experiment.

Field trials were conducted during Rabi
season of 2014 & 2015. The treatments were
framed and imposed with  different
concentrations. In each treatment, ten plants
were maintained which constitute the
replications. Plants were sprayed with
different combinations of antibiotics at 30
days interval and observation were recorded
on disease incidence and severity on leaves,
twigs and fruits before the initiation of
treatment and also at regular intervals of 30
days. The per cent disease incidence was
calculated as per the formulae given by
Wheeler, 1969

Results and Discussion

Experimental results of two season pooled
research data (Table 1a and 1b) revealed that,
before the initiation of the treatments the per
cent disease incidence (PDI) on leaves and
twigs were in the range of 22 to 25 and 17 to
20, respectively. At the end of fourth spray
Least PDI was observed in plants treated with
the spray combination of 2-bromo- 2-nitro
propane-1,3 diol (Bactrinashak) +
Streptomycin  Sulphate +  Tetracycline
Hydrochloride + COC (Ty) followed by plants
sprayed with Bactoson +  Streptomycin
Sulphate + Tetracycline Hydrochloride +
COC (Tg) with values of 16 and 19 per cent
respectively on leaves and 14 percent in both
the treatments on twigs. The maximum PDI
of 29 on leaves and 25 on twigs was observed
in untreated control (T1g).
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a. Percent disease incidence on leaves

SIL.No Treatments Dosage Per cent disease incidence on leaves after 1* to | Percent
4" spray disease
Before Ist 2nd 3|4 reduction
spray | spray | spray | spray |spray
1 Sreptocycline Sulphate + Tetracycline 30/ L 25 21 20 20.5 20
Hydrochloride g (5.05)° | (4.64)° | (4.53)® | (4.58)*° | (4.53)° 56.9
5 2- bromo-2-nitro propane- 20/ L 25 22 25 23.5 21
1,3diol(Bactrinashak) g (5.05)° | (4.74)° | (5.05)° | (4.90)" | (4.64)> 44.4
24.5 24 25 24.5 22
3 Bactosan (Herbal Product) 29/ L + 3g/L (5.00° | (4.95)° | (5.05° | (5.00) | (4.74) 402
4 | Copper Oxy Chloride (COC) 05¢9/L ( 4.2936)5ab° ( 4.28?;3)‘) ( 4.2724)° ( 42.22365)(# ( 4.2835)f 402
5 Sreptocycline Sulphate + Tetracycline | 0.5¢g/ L +3g/ | 225 20 20 20 19
Hydrochloride +COC L (4.80)° | (453 | (453)* | (4.53)° | (4.42)° 61.1
6 Bactrinashak+ COC 05¢9/L ( 4?5)%0 ( 4.2614)"" ( 4%1)[)0 ( 4.21)“’ ( 4.21)“ 513
059/ L+ 24 21 23 22 21
7| Bactosan+ COC 3g/ L (4.95)% | (4.64Y" | (4.85) | (4.74% | (4.64) | 472
8 Bactosan + Sreptocycline Sulphate + | 0.5g/ L +0.5 24 21 20 20.5 19
Tetracycline Hydrochloride +COC |g/L +3g/L | (4.95)®° | (4.64)" | (4.53)* | (4.58)" | (4.42) 58.3
Bactrinashak+ Sreptocycline
9 | Sulphate + Tetracycline 2)0L9/+ Ié +/O|'_5 25 20 21 20.5 16
Hydrochloride + COC g g (5.05) | (4.53)" | (4.64)7° | (4.58)* | (4.06) 70.8
10 | control i 25.5 26 29 ; 27.5 29 -
(5.10)° | (5.15)° | (5.43)" | (5.29)° | (5.43)"
SEM+ 1.06 0.97 0.99 0.98 1.00
CD 0.05 2.15 1.97 2.02 1.99 2.04
CD 0.01 2.88 2.64 2.70 2.66 3.86
CV 6.87 7.31 8.20 8.26 9.41
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b. Percent disease incidence on twigs

canker

SI.No Treatments Dosage Per cent disease incidence on twigs after 1 to | Percent
4" spray disease
Before Ist 2" 3 |4 reduction
spray spray | spray | spray |spray
1 Sreptocycline Sulphate + Tetracycline 30/ L 20.5 17 17 17 15
Hydrochloride g (4.58) | (4.18)* | (4.18)° | (4.18)" | (3.94)™ 51.8
9 2- bromo-2-nitro propane- 20/ L 18 17 18 175 17
1,3diol(Bactrinashak) g (4.30) | (4.18)™° | (4.30)° | (4.24)* | (4.18)° 42.5
17 20 17 18.5 17
3 Bactosan (Herbal Product) 29/ L + 3g/L (4.18) 453 | (418 | (436)° | (4.18) 388
. 18.5 18 18 18 17
4 | Copper Oxy Chloride (COC) 059/L (4.36) | (4.30) | (430 | (4.12)° | (418° | 388
5 Sreptocycline Sulphate + Tetracycline | 0.5 g/ L + 3¢/ 18 14 19 16.5 13
Hydrochloride + COC L (4.30) | (3.81)" | (4.42)° | (4.12)° | (3.67)™ 57.4
. 17.5 15 17 16 15
6 | Bactrinashak+ COC 050/L (4.24) | (3.94° | (4.18) | (4.06)° | (3.94) | 462
059/ L+ 19 18 18 18 17
7| Bactosan+ COC 3g/ gL (4.42) | (430)° | (4.30) | (4.30)° | (4.17)% 44.4
8 Bactosan + Sreptocycline Sulphate + | 0.5g/ L +0.5 17.5 18 14 16 14
Tetracycline Hydrochloride + COC | g/L +3g/L (4.24) | (4300 | (3.81)% | (4.06)* | (3.81)® 62.9
Bactrinashak+ Sreptocycline
9 Sulphate + Tetracycline 2)0L9/+I§ +/0|'_5 18 17 15 16 14
Hydrochloride + COC g g (4.30) | (4.18)* | (3.94)* | (4.06)* | (3.81)° 68.5
10 | Control i 19.5 23 ; 21 ; 22 ; 25 . -
(4.47) | (4.85)" | (4.64)" | (4.74) (5.05)
SEM+ 1.13 0.90 0.97 0.70 1.03
CD 0.05 2.29 1.83 1.96 1.43 2.08
CD 0.01 3.06 2.46 2.63 191 2.79
CVv 10.85 8.59 10.39 15.64 11.99
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c. Percent disease incidence on fruits

Sl Treatments Dosage Per cent disease incidence on fruits after 1 to | Percent
No 4" spray disease
Before Ist 2" 3 |4 reduction
spray spray | spray | spray |spray
1 Sreptocycline Sulphate + Tetracycline 30/ L 21.5 i i 125 11
Hydrochloride g (4.69)" (3.61)" | (3.39)" 62.9
2 2- bromo-2-nitro propane- 20/ L 24 i i 12.5 13
1,3diol(Bactrinashak) g (4.95)° (3.61)° | (3.67) 50
19 13 14
3 | Bactosan (Herbal Product) 29/ L + 3g/L (4.42)° - - 3.67)° | (3.81)° 46.4
. 20.5 135 18
4 | Copper Oxy Chloride (COC) 05¢9/L (4.58) - - 3.740 | (3.40) 392
5 Sreptocycline Sulphate + Tetracycline | 0.5 g/ L + 3g/ 22.5 i ) 13 10
Hydrochloride +COC L (4.80)" (3.67)° | (3.24) 66
6 | Bactrinashak+ COC 05¢9/L ( 4.722)““' - - (31. Lé'75)b (3%?7’)% 553
059/ L+ 22 13.5 14
7| Bactosan+ COC 39/ L @7aped | T | (374° | 381 | 482
8 Bactosan + Sreptocycline Sulphate + | 0.59/ L +0.5 21 i ) 10 9
Tetracycline Hydrochloride +COC | g/L +3g/L | (4.64)® (3.24)* | (3.08)" 71.4
Bactrinashak+ Sreptocycline
9 | Sulphate + Tetracycline Z}OLg/+I§ +/0|'_5 21 - - 9 6
Hydrochloride +COC g g (4.64)® (3.08)* | (2.55" 80.3
23.5 25.5 27 -
10 | Control - @90 | - © | (5100 | (5.24)"
SEM+ 1.07 1.07 1.01
CD 0.05 2.17 2.18 2.05
CD 0.01 2.91 2.92 2.75
CV 8.68 13.98 12.62
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Table.2 Evaluation of different antibiotics and bactericides and combinations for the management of citrus canker for the year 2014

and 15
SI.No Treatments Dosage Percent disease reduction
On leaves On twig On fruit
2014 2015 2014 2015 2014 2015
1 Sreptocycline Sulphate + Tetracycline 3 51.42 62.16 53.57 50.00 59.25 62.06
. g/ L
Hydrochloride
5 2- bromo-2-nitro propane- 20/ L 42.85 45.94 46.42 38.46 51.85 48.27
1,3diol(Bactrinashak)
3 Bactosan (Herbal Product) 29/ L + 3g/L 40.00 40.54 39.28 38.46 48.14 44.82
4 | Copper Oxy Chloride (COC) 059/ L 40.00 43.24 42.85 34.61 33.33 44.82
5 Sreptocycline Sulphate + Tetracycline | 0.5 g/ L + 3¢/ 54.28 67.56 57.00 57.69 62.96 68.96
Hydrochloride + COC L
6 | Bactrinashak+ COC 059/ L 45.70 56.75 50.00 42.30 51.85 58.62
7 Bactosan+ COC ggS/ gL/ L+ 45.71 48.64 46.42 42.30 48.14 48.27
8 Bactosan + Sreptocycline Sulphate + | 0.5g/ L +0.5 60.00 56.75 60.71 65.38 66.66 75.86
Tetracycline Hydrochloride + COC | g/L +3g/L
Bactrinashak+ Sreptocycline 20 68.57 72.97 67.85 69.23 77.77 82.75
) 0g/ L+0.5
9 Sulphate + Tetracycline /L +30/ L
Hydrochloride + COC g g
10 | Control - - - - - - -
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Table.3 Pooled data on the evaluation of different antibiotics and bactericides and combinations for the management of citrus canker

Pooled Yield data

SI. Treatments Dosage Total fruit | Disease free Fruit yield

No yield per fruit yield per (t/ha)
plant plant(kg)
1 Sreptocycline Sulphate + Tetracycline 30/ L 41.1 29.5 12.53
Hydrochloride g (6.45)° (5.48)°" (3.61)
5 2- bromo-2-nitro propane- 20/ L 39.5 27 11.47
1,3diol(Bactrinashak) g (6.32)f (5.24)%f (3.46)
37 25.1 10.66
3 | Bactosan (Herbal Product) 29/ L + 3g/L (6.12)° (5.06)" (3.34)
. 38.7 26.9 11.43
4 | Copper Oxy Chloride (COC) 05¢g/L (6.26)" (5.23)" (3.45)
5 Sreptocycline Sulphate + Tetracycline | 0.5 g/ L + 3g/ 45 33 14.02
Hydrochloride +COC L (6.75)° (5.79)° (3.81)
. 455 35.6 15.13
6 | Bactrinashak+ COC 05¢g/L (6.78)° (6.01)° (3.95)
059/ L+ 42.6 31.6 13.43
7| Bactosan+ COC 3g/ L (6.57)° (5.67)% (3.73)
3 Bactosan + Sreptocycline Sulphate + | 0.5¢9/ L +0.5 47.3 34.6 14.7
Tetracycline Hydrochloride +COC | g/L +3g/L (6.91)° (5.92) (3.90)
Bactrinashak+ Sreptocycline

9 | Sulphate + Tetracycline 2)0L9/+ '5 +/o|._5 53.25 42.1 17.89
Hydrochloride + COC g g (7.33)° (6.53)? (4.29)
30.1 18.1 7.69
10| Control i (5.53)" (4.31) (2.86)
SEM+ 0.59 2.68 2.38
CD 0.05 1.34 6.07 5.39
CD 0.01 1.93 2.72 7.75
CVv 1.42 8.84 18.50
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The per cent disease reduction over control
was maximum 70.80 and 68.50 per cent on
leaves and twigs, respectively in Tq followed
by Tg wherein we could record the PDI of
58.30 and 62.90 on leaves and twigs,
respectively. Similar trend was also observed
in both the seasons data (Table 2) wherein the
per cent disease reduction over control was
also maximum in Tg and Tgtreated plants with
68.57 and 60.00, respectively on leaves
whereas 67.85 and 60.71 on twigs during
2014. Similarly, during 2015 per cent disease
reduction in Tg treated plants was 72.97 and
69.23 on leaves and twigs respectively.
However, per cent disease incidence of 56.75
and 65.38 on leaves and twigs in plants
treated with Tg treatment.

Per cent disease incidence on fruits: At the
end of fourth spray, least PDI was recorded in
To (6 per cent) followed by Tg (9 per cent)
(Table 1c). However, maximum PDI on fruit
was observed in untreated control i.e., 27 per
cent. Similarly, the per cent disease reduction
over control was maximum in Ty followed by
Tg i.e., 80.30 and 71.40 per cent, respectively.
Observation pertaining to fruit incidence for
the year 2014 and 2015 were also shown that
plants treated with the spray combination of
2- bromo-2-nitro propane-1,3diol
(Bactrinashak) + Streptomycin Sulphate +
Tetracycline Hydrochloride + COC (Tg) was
superior over untreated control followed by
plants sprayed with Bactoson + Streptomycin
Sulphate + Tetracycline Hydrochloride +
COC (Tg) with the per cent disease reduction
of 77.77 and 66.66, respectively for the year
2014 whereas 82.75 and 75.86 respectively
for the year 2015.

Plants treated with the spray combinations
framed in Treatment Ty were recorded higher
yield of 17.89 t/ha followed by plants treated
with treatment Tg (14.7 t/ha) as compared to
untreated control where they could record
only 7.69 t/ha (Table 3). The obtained results

were in conformity with Leite et al., 1990 had
reported that effective suppression of citrus
canker by copper sprays. Rangaswani (1957)
found streptomycin sulphate effective to
check citrus canker at 1 mg per ml in vitro
and also reported 1 gram streptomycin or 2.5
gram of phytomycin per liter of water of
were effective under field conditions. Patel
and Padhya (1964) observed that three
sprayings with a mixture of sodium arsenite
and copper sulphate both at 100 ppm during
the season were effective in checking the
spread of the disease. Streptomycin and
streptochlor, Ziram were found to be effective
against X. citri (Chakravarthi et al., as quoted
by Rangaswami and Soumini Rajagopalan,
1973).
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