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Abstract: A virulent strain (M-13) of Dickeya zeae causing bacterial stalk rot of maize, isolated from Hoshiarpur
district of Punjab was tested against different antimicrobial agents. Five antibacterial chemicals viz., stable bleaching
powder, streptocycline, cristocycline, blitox, kocide and one bioagent (Pseudomonas fluorescens) were evaluated
against D. zeae under in vitro and in vivo condition. The chemicals were tested with different concentrations i.e. 50,
100, 200, 500, and 1000 and >1000 ppm and bioagent supernatant used as such without any dilutions. All the test
chemicals and bioagent (P. fluorescens strains) reduced the log cfu/ml of D. zeae. Amongst chemicals, stable
bleaching powder with 100 ppm concentration showed most effective antibacterial activity which reduced the population of D. zeae with 6.35 log cfu/ml and amongst P. fluorescence strains, MPF-5 strain showed effective result with
8.07 log cfu/ml. In field condition bleaching powder also showed good result to reduce the disease severity with increased the crop yield when used as both methods (drenching and dusting). However, post inoculation drenching
with 100ppm concentration showed minimum mean of disease severity (7.13%) with high yield (7.4 kg) in all three
maize cultivars (Dekalb Double, Punjab Sweet Corn-1 and PMH-1). The increase yield per cent as compared to
control was 52.4% in Dekalb Double, 64% in Punjab Sweet Corn-1 and 57.9 % in PMH-1 maize cultivars.
Keywords: Bacterial stalk rot, Cultivars, Dickeya zeae, Maize management

INTRODUCTION
Maize (Zea maize) is the most staple and leading cereal crops in the world. Bacterial stalk rot (BSR)
caused by Erwinia chrysanthemi pv. zeae; presently
known as Dickeya zeae (Samson et al. 2005) is the
most devastating disease of maize. This disease is
widespread worldwide in Asia, Africa, North America,
Central America, South America and Oceania. In India, bacterial stalk rot caused by D. zeae is a challenging problem and most destructive disease of maize in
the outer Shivaliks of North Western Himalayas covering states like Himachal Pradesh, Uttaranchal, Jammu
& Kashmir and adjoining plain areas of states like
Punjab, Haryana and Uttar Pradesh etc. The production of maize is hampered by a number of abiotic and
biotic factors such as unfavorable climate, nutritional
imbalance, diseases caused by fungi and bacteria.
Among the biotic factors, the diseases caused by fungi
and bacteria are economically more important because
they cause heavy yield losses. Bacterial BSR of maize
is a major hurdle in quality production and high yield
in the crop causing 21 to 98 % yield loss during epidemics (Thind and Payak, 1978). In Punjab, this pathogen is most dominant and becoming a serious concern
for maize cultivation in kharif sown crop. In severe

conditions, the infected plant topples down causing
significant reduction in grain yield.
Fungicides and antibiotics solution inhibits the growth
of bacterium under in vitro and in vivo condition
(Jones, and Schnabel 2000; Raghuwanshi et al. 2013,
et al. 2008; Abeer and Rehab 2014). Bleaching powder
and combination of antibiotics with cupper fungicides
found effective to checks the development of Erwinia
spp. (Lal et al., 1970; Thind and Payak, 1972;
Adaskaveg et al. 2011 ). Realizing the importance of
this disease, the present studies were initiated to isolate, identify and characterize the pathogen with respect to its aggressiveness and also to evaluate different antibacterials and bioagent under in vitro and in
vivo condition against this pathogen.

MATERIALS AND METHODS
Isolation and identification of the pathogen: Infected samples were collected from different maize
growing area of Punjab in the month june-July, 2013
(Kumar et al. 2015). The pathogen isolation was done
on CVP (Crystal violet pectate) semi selective medium
(Kumar et al. 2015). Single isolated colonies of the
bacterium were further purified, preserved in silica gel
and multiplied on the King’s B medium, whenever
necessary. Sixty two strains of the bacterial stalk rot
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pathogen were isolated from different locations.
Pathogenicity test: Pathogenicity tests were performed on one month old maize plant cv. Punjab
Sweet Corn-I. Inoculum was prepared by growing all
the isolates in liquid King’s B media for 24 hrs at 27 °
C and bacterial concentration was adjusted to approximately 108-109 cells/ml. Inoculation was done with
help of hypodermic needle method (Rangarajan and
Chakravarti, 1967). Disease severity was observed
after four days of inoculation and final observation was
made after 15 days. Infected plant was scored on 1-5
scale (Lal, 1981).
In vitro evaluation of different chemicals and bioagents against D. zeae
Preparation of standard growth curve: For deciphering the log phase of the pathogen, standard growth
curve using M-13 isolate was studied. In the ELISA
plate 90µl of Peptone Sucrose Broth (PSB) and 10µl of
pure bacteria culture of D. zeae (@108-109 cells/ml)
was dispensed into individual wells. Thirty replications
were conducted in each ELISA plate, and growth of
bacteria was measured by taking OD of culture after 0,
2, 4, 6, 9, 13, 17, 22, 27, 30, 33, 39 and 43 hours of
inoculation with the help of spectrophotometer (Tecan
infinite M 200) simultaneously counting cfu/ml by
spreading 100 µl of bacterial culture on King’s B medium. Regression equation was derived from the slope
taken from the graph with optical density value (OD)
plotted against cfu/ml.
In vitro evaluation of chemicals and bioagents: In
vitro evaluation of different chemicals (stable bleaching powder, blitox, kocide, streptocycline and cristocycline) was done using the protocol standardized in
Plant Bacteriology Laboratory, PAU Ludhiana. Each
chemical was tested at 50, 100, 200, 500, and 1000 and
>1000 ppm concentration by optical density method.
Simultaneously, culture filtrate of seven P. fluorescens
strains isolated from maize rhizosphere (designated as
MPF-2, MPF-4, MPF-5, MPF-6, MPF-7, MPF-9 and
MPF-10) was also tested for their bio-efficacy against
D. zeae (M-13). The stock solution of standard agrochemicals was prepared on the active ingredient basis
and the required concentrations were subsequently
made from stock solution by adding required amount
of sterilized distilled water. P. fluorescens bioagent
extract was used as such without any dilution.
In the ELISA plate 90µl of Peptone Sucrose Broth
(PSB) and 100µl each test concentration (double
strength) was added into individual wells. It was overlain by pipetting in 10 µl of 12 hrs old bacterial culture
and mixed by shaking the plate on the plate shaker
(Tecan Inc.). Suitable positive and negative controls
were also kept in the same plates. Initial OD value was
recorded using the Spectrophotometer, Tecan infinite
M 200 at 600 nm. The plates were incubated at 28°C
temperature for 27 hrs. The OD reading of each well
was recorded during the exponential phase of bacterial

growth. The OD value was transformed into the log
cfu using regression equation.
Inhibition of bacterial growth was calculated as follow:
The efficacy of the agrochemicals was expressed in
terms of ED90 values calculated by plotting log cfu
inhibition curve against concentrations of different
agrochemicals.
Evaluation of different chemicals and bioagents
against D. zeae under field conditions: The experiment was conducted at experimental field area of the
Department of Plant Pathology. Three maize cultivars
(Punjab Sweet Corn-1, Dekalb Double and PMH-1)
were grown in experiment field area with plot size 4×3
square meters. The virulent isolate of D. zeae (M-13)
was inoculated in the second internode of maize varieties after 40-50 days of sowing using hypodermic syringe. The talc based powder formulation (600 ml
broth culture +1 kg talk powder) of most effective
strain of P. fluorescens (MPF-5) was used as seed
dresser at a concentration of 20 gm kg-1 seed. Disease
incidence and severity was observed after 15 days of
inoculation using 1-5 scale (Lal, 1981). The yield data
was recorded at the time of harvesting in terms of kg/
plot. Nine treatments were applied in this experiment
viz; T1-Added bleaching powder during sowing time
@ 16 Kg/ha; T2-Preinoculation dusting with bleaching
powder, followed by irrigation @ 16 Kg/ha; T3-Post
inoculation dusting with bleaching powder, followed by
irrigation @ 16 Kg/ha; T4-Pre inoculation drenching with
bleaching powder solution @ 100ppm; T5-Post inoculation drenching with bleaching powder solution @
100ppm; T6- Spray of Blitox (0.25%) + 100ppm Streptocycline; T7- Spray of Kocide (0.25%) + 100ppm Streptocycline; T8- Seed treatment with 20g P. fluorescens treatment per Kg seed, followed by pre-inoculation foliar
spray; and T9-Control (no chemical used)
Statistical analysis: Analysis of variance (ANOVA)
was conducted to determine significant variation between
different treatments with respect to disease severity and
yield in three maize cultivars by using “R” software.

RESULTS AND DISCUSSION
Isolation and identification of pathogen: Sixty two
isolates of the bacteria were recovered from diseased
stalks. Individual isolates were identified on CVP
(Crystal violet pectate) medium on the basis of cavity
formation and these cultures were further purified on
King’s B Medium. The bacterium showed off-white,
slimy and shiny colonies on the medium.
Pathogenicity of D. zeae: Out of sixty two isolates,
seven isolates of D. zeae (M-7, M-9, M-13, M-14, M29, Chilli-2 and Rice-1) showed highly virulent and
toppled down the inoculated plants of cv. Punjab sweet
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Table 1. In vitro efficacy of different chemicals against D. zeae.
Log cfu/ml
Concentration in ppm

Chemicals
50
Stable bleaching pow- 7.43
(0.09)
der
8.64
Blitox
(0.06)
7.71
Blitox + streptocycline
(0.06)
7.82
Kocide
(0.07)
7.81
Kocide+ streptocycline
(0.08)
7.94
Cristocycline
(0.02)
7.9
Streptocycline
(0.02)

100

200

500

1000

2000

2500

Control

6.35
(0.14)
8.66
(0.06)
7.69
(0.11)
7.80
(0.12)
7.71
(0.09)
6.90
(0.04)
6.47
(0.03)

6.36
(0.03)
8.24
(0.09)
7.41
(0.14)
7.80
(0.12)
7.39
(0.16)
6.80
(0.15)
6.33
(0.02)

6.33
(0.02)
8.24
(0.05)
7.40
(0.2)
7.78
(0.03)
7.69
(0.07)
6.20
(0.07)
6.22
(0.18)

6.22
(0.03)
8.11
(0.05)
7.08
(0.06)
7.71
(0.09)
7.67
(0.09)
6.10
(0.05)
5.9
(0.05)

6.21
(0.05)
7.19
(0.13)
6.72
(0.08)
7.60
(0.14)
7.01
(0.15)

6.18
(0.07)
7.05
(0.02)
6.68
(0.02)
7.50
(0.06)
7.01
(0.12)

NT

NT

NT

NT

9.86
(0.20)
9.86
(0.03)
9.86
(0.20)
9.86
(0.1)
9.86
(0.40)
9.86
(0.15)
9.85
(0.24)

ED50
(ppm)
<50
<50
<50
<50
<50
<50
<50

Figures in parentheses are standard deviations from mean of seven replications, NT (concentration not tested)
Table 2. In vitro evaluation of different strains of P. fluorescens against D. zeae
Strain

MPF2

MPF4

MPF 5

MPF 6

MPF 7

MPF 9

MPF 10

Control

log cfu

8.20
(0.10)

8.35
(.08)

8.07
(.06)

8.34
(.015)

8.60
(.05)

8.81
(.04)

8.80
(.10)

9.62
(.31)

Figures in parentheses are standard deviations from mean of seven replications
Table 3. Evaluation of different chemicals and bioagents against D. zeae under field conditions on Dekalb Double, Punjab
Sweet Corn -I and PMH-1 variety at Plant Pathology experimental field.

Treatments

T1-Bleaching powder at
sowing
T2-Preinoculation dusting of
bleaching powder, followed
by irrigation
T3-Post inoculation dusting
of bleaching powder, followed by irrigation
T4-Pre inoculation drenching
of bleaching powder
T5-Post inoculation drenching of bleaching powder
T6- spray of Blitox+ Streptocycline
T7- Spray of Kocide+ Streptocycline
T8- P. fluorescens seed treatment and spray
Control (no chemical used)

Dekalb Double
Disease
severity
Yield (kg)
(%) After
15 days

Punjab Sweet Corn-1
Disease
severity
Yield (kg)
(%) After
15 days

PMH-1
Disease
severity
(%) After
15 days

Yield (kg)

Mean
Disease
severity
Yield (kg)
(%) After
15 days

11.3

7.81

10.0

2.4

14.4

5.2

11.9

5.1

12.3

8.03

8.6

2.3

11.8

6.2

10.9

5.5

8.4

7.47

9.8

2.7

11

8.2

9.73

6.1

10

8.67

8.38

2.9

8.5

8.2

8.96

6.6

8.4

9.42

6.5

3.3

6.5

9.5

7.13

7.4

10.8

6.66

11.0

2.2

11.5

7.2

11.1

5.4

12.5

7.48

9.8

2.2

10.7

5.9

11

5.2

19.7

5.28

10.8

2.2

14.9

5

15.13

4.2

21.15

4.48

21

1.2

21.7

4.0

21.28

3.2

Table 4. Analysis of variance for disease severity of stalk rot and grain yield.
Source of variation

Df

Treatment
Replication

8
2

In vivo trail
Disease Severity
53.57***
0.62

Yield
19.3***
6.28**

Level of significance; ***<0.001, **<0.01 and *<0.05

Corn-1 within 4 to 5 days of inoculation. Whereas,
another’s remaining 55 isolates were not able to topple

down the inoculated plants. The most virulent isolate
M-13 was used for in vitro and in vivo testing the
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Fig. 2. Treatments effect on percent reduction in bacterial
stalk rot disease and increase yield in three maize cultivars (2a
Dekalb Double, 2b PMH-1 and 2c Punjab Sweet Corn-1).

chemicals effect on D. zeae. Standard curve studies
revealed that the pathogen had log phase at 27hrs under controlled favorable conditions.
In vitro efficacy of chemicals against D. zeae: All the
chemical treatments as well as bio-agent treatment
inhibited the bacterial growth under in vitro condition
to a varying degree as compared to control. All the
chemicals were found effective with ED90 <50 ppm
(Table 1). Amongst all, bleaching powder was found to
be most effective and gave log cfu value of 6.35/ml.
Chlorine has been shown to be having antibacterial
properties against phytobacterial such as Erwinia spp.,
Ralstonia solanacearum (Parashar et al. 1986; Shekhawat et al. 1990; Sharma and Kumar 2009; Yuliar et
al. 2015). These findings are in agreement with Thind
and Payak (1972), they used 1 ppm concentration of
bleaching powder to check the growth of E. chrysanthemi . However, Randhawa (1977) tested eight chemical against this pathogen and found, combination of

streptocycline + copper sulphate proved most inhibitory results whereas stable bleaching powder and potassium permanganate were slightly effective. Furthermore, Shekhawat et al. (1990) was confirmed most
sensitive activity of bleaching powder for the control
of bacterial stalk rots of maize. The second best treatment was that streptocycline giving log cfu value 6.47/
ml @ 100 ppm (safest dose for avoiding antibiotics
resistance) reducing the bacterial population in vitro by
manifold. It was also observed that cristocycline
showed approximately similar result like streptocycline. Chakravarti and Rangarajan (1966) also found
that streptocycline was effective in vitro against 6 species of D. zeae. Rangarajan and Chakravarti (1969)
also suggested that various antibiotics namely streptomycin, terramycin and streptocycline were effective
against D. zeae. at 100 ppm. In case of cupper based
fungicides, combination of blitox (.25%) and kocide
(.25%) with streptocycline (100ppm) showed good
antibacterial activity with 6.68 and 7.01 cfu/ml respectively as compared to alone. Out of seven strains of P.
fluorescens tested MPF-5 was found most effective
against E. chrysanthemi pv. zeae and was further tested
under field conditions (Table 2).
Evaluation of different chemicals and bioagents
against D. zeae under field conditions: In vivo
evaluation of different chemicals revealed significant
variation with respect to disease severity and subsequent yield in maize. The trails were revealed that application of bleaching powder either as dusting (T2 and
T3) or drenching (T4 and T5) was very effective in
controlling the disease (Table 3, Fig. 2). Post inoculation drenching with stable bleaching powder (T5) was
most effective where mean disease severity was observed to be 7.13 percent in all three maize cultivars
(Table 3). It was at par with the treatment (T4) where
pre inoculation drenching was done (8.96%) and postinoculation dusting (T3) with bleaching powder
(9.73%). T5 also showed significant increase in mean
yield of the all three cultivars i.e. Dekalb Double, Punjab Sweet Corn-1and PMH-1 with 7.4 kg. The yield
increase percent as compared to control of all individual cultivar i.e. Dekalb Double, Punjab Sweet Corn1and PMH-1 was 52.4%, 64% and 57.9% respectively
(Fig. 2). However, application of bleaching powder
during sowing time (T1) was not effective to control
disease. Cupper fungicides Blitox and Kocide with
combination of Streptocycline (T6 and T7) were not
found significantly effective to control disease. Mean
disease severity and yield in T6 was 11.1% and 5.4 kg
respectively, similarly T7 also have approximately
same response to control disease and yield production.
It was observed that although P. fluorescens was effective under in vitro condition, it did not show significant
control over the disease in field conditions. This treatment (T8) showed 15.13% mean disease severity
which was highest after control (no chemical used).
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Disease severity values and the yield for each of the
antibacterial compounds were compared by two-way
ANOVA (Table 4). All treatments showed significantly differences amongst each other, post inoculation
drenching of bleaching powder given significantly
good result as compared to all other treatments.
Several authors have also reported the field effectiveness of different formulation of chlorine against plant
pathogenic bacteria (Sharma and Kumar 2000; Yamasaki et al. 2006; Ghosh and Mandal; Yuliar et al.
2015). Lal et al. (1970) reported that 3-4 surface irrigations (one before maize planting) with chlorinated water containing 100ppm chlorine reduced the incidence
of maize stalk rot. Similarly, Thind and Payak (1972)
also found that bleaching powder was effective in
checking the growth of E. chrysanthemi pv. zeae in
vitro as well as in vivo. Shekhawat et al., 1990 were
used bleaching powder @ 25 kg ha-1 in potato crop and
found effective for control of bacterial wilt of potato
under glass house and field condition.
Limited studies on biological control of bacteria pathogen have also been reported. Karkouri et al., 2010
observed that E. chrysanthemi can be controlled by
actinomycete strain. Nagaraj et al., 2012 studied tipover disease of banana that caused by E. carotovora
subsp. carotovora and E. chrysanthemi can be controlled by antagonistic bacteria viz. Bacillus subtilis
and P. fluorescens and VAM fungi (Glomus fasciculatum). However in our studies P. fluorescens could not
provide significant disease control in vivo condition.

Conclusion
In present study, the virulent isolates of D. zeae
showed best sensitivity reaction with use of bleaching
powder as compared to other chemical agents. It was
observed in vitro condition that 100ppm conc of
bleaching powder reduced the cfu value of bacterium
with (6.35 log cfu/ml) and same doses of this chemical
showed good result to reduce the mean disease severity (7.13%) in all three cultivars of maize with increased in yield. However, P. flourescens was found
effective under in vitro conditions but under field conditions their activity drops down due to prevalence of
unfavorable abiotic conditions. The information generated here could also be used to address the issues regarding disease control and ecology of this bacterium
vis-à-vis maize crop and further exploration of pathogenic populations management.
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