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Stalk and Top Ret of Sorghum caused by Erwinia chrysanthems in India
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Abstract : A stalk and top rot disease of sorghum was observed at Pantnagar, India. The "disease was
severe on a number of genotypes. Infected plants showed signs of wilting of apical leaves and yellowing of
lower leaves. Stalks turned brown, were full of bacterial exudate, and collapsed from rotten internodes.
Rotting was fast and plants were killed within 2-3 days afier symptom appearance. A bacterium conbsistently
associated with disease symptoms was identified as Erwinia chrysanthemi pv. zeae. This is the first report of this
bacterium as a cause of stalk and top rot of sorghum undcr natural conditions in India.
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Introduction

Sorghum (Sorghum bicolor L. Moench.) is one of the world’s major food crops (1).
Because of the wide range of environments in which it is cultivated, itis affected by a wide
range of diseases (2). Soft rot, caused by Erwinia chrysanthemi, is one of the 14 bacterial
diseases reported on sorghum (3). During the 1987 and 1988 crop seasons a similar disease
was observed in sorghum fields at Pantnagar, India. The disease was widespread and affected
60-80% of plants in different sorghum genotypes. The disease is characterised by wilting of
apical leaves giving an ashy appearance to the infected plant. Lower leaves and leaf sheaths
covering the internodes are chlorotic, and the rind is pale-straw instead of green in colour.
The stalk is soft and the pith is destroyed leaving the vascular bundles in a disorganised state.
The affected plants collapse and die within 2-3 days after the symptoms appear. The rot
progresses in either direction from an infected internode. Top rot extends from the top to the base
of the plant and basal stalk rot extends upwards from the base of the plant. In split opened stalks
the vascular bundles are greyish in colour, emit a strong putrid odour, and the internodes are
filled with sticky bacterial exudate. The disease appears before the onset of flowering. Cloudy
weather, relatively high temperature (>30°C) and frequent rainfall favours disease epidemic.

In this paper we report the isolation, pathogenicity, and identification of the bacterium
causing stalk and top rot of sorghum based on morphological gnd physiological tests.

Materials and Methods

Isolation : Sorghum plants showing early symptoms were cut 30 cm above ground level, leaves
were clipped off, stalks with 3 internodes were thoroughly cleaned, surface sterilized with 95%
alcohol and then flamed. A small opening was asceptically made with a knife in the middle
internode, one or two 5 mm pieces from the pith were removed, placed in a culture tube contai-
ning 5 ml sterile distilled water and rinsed three times. Each piece was cyt into two halves,
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_ transferred to culture tubes contaiqing" 5 ml stérile distilled water and incubated for 15 -min at
30°C to allow the bacterial cells to diffuse into water. Isolations were made from serial dilutions -
of the bacterial suspension by streak plating on nutrient yeast dextrose agar (NYDA, nutrient
agar 28 g, yeast extract 5 g, dextrose 10 g and distilled water 1 L adjusted to pH 7.0). Plates
were incubated at 30°C for 24 h.  The isolates were purified by single colony transfers on to

NYDA slants.
Pathogenicity tests : Patnogenicity tests were conducted on a susceptible sorghum cultivar SPV

86, and a maize (Zea mays L.) hybrid Ganga 5in a controlled environment chamber with a
high relative humidity (>909;) and temperature set at 324-2°C.  One loopful of an actively
growing culture on NYDA was transferred to 250 ml nutrient broth (NB, peptone 10 g, beef
extract 5 g, glucose 10 g and distilled water 1 L) and incubated at 30°C for 18-20 h. Bacterial
suspension of each isolate was inject-inoculated (2 ml/plant) with a 21 G hypodermic needle
into the vicinity of a growing point of a 21-day-old plant. Plants were grown in 30.5-cm-
diameter plastic pots filled with vertisol. A sterile moist cotton pad was wrapped around the
inoculated point to maintain high humidity. With another set of plants, bacterial suspension
was supplemented with 5 ml/l of tween 20 (polyoxyethylene sorbitan monolaurate) and poured
into leaf whorls (2 ml/whorl) without causing injury. Care was taken not to disturb the plants
after inoculation so that maximum inoculum was retained in the whorls. Plants injected with
sterile distilled water served as control.  After inoculations, pots were shifted to the controlled
environment chamber and incubated for 7 days for disease development.

For species identification, two known ‘Erwinia’ isolates, E. carotovora pv. carotovora
(ECC) and E. chrysanthemi pv. zeae (EchrZ) causing soft rot of potato (Solanum uberosum L.)
and Erwinia stalk rot of maize, respectively, were included for comparison. One nonpathogenic
sorghum bacterium obtained during‘isolations of the pathogen was also included in these tests

as a check isolate.

Characterization of isolares on selective media : Each test isolate was plated on the selective
media D3 (4) and crystal violet pectate (CPV) (5). The potato softening test (6) was conducted
using 8-10 mm thick slices cut asceptically from surface sterilized tubers (immersed in 1:1000
mercuric chioride solution for 2 min). The slices were put in Petri plates (8-10 per plat:)
containing sterile water and the upper level of water touched the edge of the slices. All the
potato slices in a dish were inoculated at the center with an actively growing 24-h-old culture
isolate, incubated at 30°C for 48-72 h, and then examined for >oftening.

Physiclogical and morphological tests : Standard procedures for identifying plant pathogenic
vacteria (7) ware followzd. CHlony characteristics were determined 2 days after incubation at 30°C
on NYDA. Hucker’s modification was followed for Gram stain reaction. Growth and pattern of
cavity formation was determined on nutrient agar and CVP medium, respectively, at 37°C, and
59 salt tolerance in nutrient broth (8). Hydrogen sulphide (H,S) production (9), starch hydrolysis,
gelatin liquefaction (10}, indole. nitrate, methyl red and gas from glucose were detected following
Lelliott (11). Pectolytic activity was determined on CVP medium (5). Acid production from
arabinose, cellobiose, dulcitol. fructose, galactose, glucose, glycerol, lactose, mannose, melibiose,
maltose, rhamnose, ribose, sorbitol, sorbose, starch, sucrose and xylose was determined in 1%
peptone water with bromothymol blue indicator (12). Sensitivity to erythromycin (25, 50 ug/ml)
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was detected on nutrient égar in 103x 15 mm disposabie Petri plates at 28, 32 and 37°C and,
in vitro inhibition to sodium bypochlorite (5.25%) at'l, 5, 10, 25, 50 &4nd 100 p#g/ml, using the
filter disc method (13) at 30°C. ‘

Results

Two types of bacterial colonies were predominant on isolations made from infected stalks
after 48 h incubation in NYDA. Creamy white to white mucoid colonies, raised with undulated
margins were separated from those that were creamy light yellow, round but flat with irregular
margins. Based on colony morphology the two sorghum soft rot isolates wete marked as isolate
1 (SSR1) and isolate 2 (SSR2), respectively, and used in ali subsequent tests.

In pathogenicity tests typical disease symptoms developed in both inject and whorl-
inoculated plants with SSR1 and EchrZ isolates within 5 days of inoculation. Wilting of upper
and inner whorl leaves, which later became necrotic was the first symptom (Fig. 1A;. Infected
whorl leaves could be pulled out easily because of extensive rotting of tissues at the base.
A fermenting odour was emitted by the rotten tissues. The rot extended downward and the
basal part of the plant became brown and developed rot after 7 days (Fig. 1B). EEC and SSR2
strains failed to produce any symptoms. .

Fig. 1. Scrics of symptoms developing on 21 day-old sorghum plants 5 days
of inoculations. (A) Note (L to R) initial wilting of inner four
apica! leavcs due to soft rot establishment, infold of leaves and
wilting extending to lower leaves. Leaves look deteriorated and the
lower ones show flaccidity, withered apical leaves and plants toppling
due to softening of pith region. (B) Inner whorl separaied from stalk
duc to intense rot near growing point exhibiting rotten base.

Jsolate characterization : Both the test strains (SSR1 and SSR2) were Gram negative, straight
rods occurring singly or in pairs and motile. Growth on selective D3 medium produced charac-
teristic red colouration. Isolates ECC, EchrZ and SSR1 produced a more intensive red colour
within 24 h than SSR2 isolate which required >48 h to produce any noticeable reaction.

Typical decp cup-like depressions formed within 36 h on CVP medium (Table 1). D:layed but
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very shallow depressions were formed by SSR2 isolate, Isolates ECC, EchrZ and SSR1 prbduccd
rapid and marked potato slice rot with intensive fermenting odour at 30°C. Rot was ls]ig‘l;]t
and delayed with SSR2 isolate. These tests indicated a close identity of SSR1 isolate to known

Erwinia strains ECC and EchrZ.

Table 1. Reaction of Erwinia and unknown isolates on D3 medium, cavity formation on crystal
violet pectate (CVP) medium and potato slice rot at 30°C.
[
Erwinia and unknown

isolates D3 mediuma CVP medium Potato-slices
ECCP (Potato) +¢ + 4
EChrZ2 (Maize) -+ + +
SSR1¢ (S0 ghum) + + +
delayed delayed

SRR2{ (Sorghum) delayed

—————

a : Kado and Heskett, 1970.
¢ : Positive
e : Sorghum soft rot isolate 1.

b : Erwinia carotovora pv carotovora.
d : Erwinia chrysanthemi pv zeae
f : Sorghum soft rot isolate 2.

Isolates SSR1 and EchrZ produced gas from glucose aerobically and anaerobically, but
gave negative results with methyl red and starch hydrolysis tests (Table 2). These two isolates
also reduced nitrates, produced H,S, liquefied gelatin, and showed a positive indole reaction.
Acid was produced from 19/ concentration of various carbon sources arabinose, cellobiose,
fructose, galactose, glucose, mannose, melibiose, ribose, sorbitol, sorbose, sucrose and xylose,
in peptone water with bromothymol blue as indicator within 7-10 days at 30°C but not from
dulcitol, glycerol, lactose, maltose, rhamnose and starch. ECC and SSR2 showed more variable
responses than EchrZ and SSR1 in utilization of different carbon sources.

Table 2. Reaction of Erwinia and unknown isolates to various tests 30°C.

Erwinia isolates Unknown isolates

Tests T ECCa EChrzb SSR e SSR2d
(Potato) (Maize) (Sorgeum) {Sorghum)

Gas from glucose —c 4t — .
Methyl red — — - —
Nitrate reduction + + + +
Starch hydrolysis - — — +
H,S production + + + +
Indole production — + + —

-+ + + +

Gelatin liquefication

a : Erwinia carotovera pv carotovora.
¢ S rghum sofi rot isolate 1.
¢ : No noticeatle reaction,

b : Erwinia chrysanthemi pv zeae.
d : Sorghum soft ot isotate 2.
f : Positive within 14 days.
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Erwinia isolates EchrZ and SSR1 were inhibited in 5% salt but formed typical irridescent
depressions on CVP at 37°C within 18 h, whereas ECC formed fewer colonies at higher tempera-
tures and produced shallow cavities on CVP (Table 3). The pathogenic isolate (SSR1) was
highly sensitive to erythromycin at 25 and 50 ug/ml to the extentof 24 mm and 52 mm
inhibition zone around the disc. Sodium hypochlorite inhibited the bacterium completely at
and above 25 ppm in vitro. The inhibition was 10 mm at 10 ppm, and no inhibition occurred

at 5 and 1 ppm (Table 4).

Table 3. Growth and cavity formation on crystal voilet pectate medium by Erwinia and unknown
isolates at different temperatures .

Erwinia isolates Unknown isolates
Temperature ECCa EChrzb SSR1e - SRR?p
°C (Potato) (Maize) (Sorghum) . (Sorghum)
28 +e + + Vi
32 + : + + ) —g
37 — + + NGh
a : Erwinia carotovora pv carotovora. b : Erwinia chrysanthemi pv zeae.
¢ : Sorghum soft rot isolate 1. d : Sorghum soft rot isolate 2.
¢ : Positive f : A few shallow cavities formed
g : Few colonies and shallow cavities formed. h: No growth.

Table 4. Zones of inhibition (mm) of Erwinia and unknown isolates by erythromycin and sodium
hypochlorite at 30°C.

Erwinia isol‘;ates Unknown isolates
Test Conc. ECCa EChrzb SSR1e SSR2d
chemical (ug/ml) (Potato) (Maize) (Sorghum)  (Sorghum)
Erythromycin 25 0 28 24 0
50 0 50 52 0
Sodium hypochlorite 1 0
5 0 0 0
10 0 15 . 10 0
25 0 NGe NG 0
50 18 NG NG 0
100 28 NG ° NG 0

a : Erwinia carotovora pv carotovora. b : Erwinia chrysanthemi pv zeae.

¢ : Sorghum soft rot isolate 1. d : Sorghum soft rot Isolate 2.

e :No growth.
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Discussion . .

Erwinia stalk rot of sorghum has been reported from Israel (14), New Zealand (15), the
Philippines (16), Puerto Rico (17), and USA (18, 19, 20). The bacterial stalk rot and top
rot disease described without naming the pathogen in Australia (21), USA (22), and USSR (23)
is probably incited by an Erwinia spp. It is quite possible that the dizease also occurs in other
sorghum growing countries. Symptoms of Erwinia stalk rot in sorghum appear any time from
just before booting to half bloom growth stage. At Pantnagar. these growth stages often
coincide with the prevalance of high temperatures and high relative humidity due to frequent
rainfall; the environment within the crop canopy is thus hot and humid favouring infection and
spread of the bacterium (24, 20). Susceptibility to infection decreases with increased age of the
plant and changes in weather conditions.

In artificial inoculations typical wilting and rotting of apical leaves occutred and the dead
leaves could easily be pulled out. Rotten tissues at the base of such leaves emitted a foul-
smelling odour (17, 25). Hingorani er al. (26) reported E. carotovora f. sp. zeae as the cause of
stalk rot of maize in India and that sorghum was one of the hosts in artificial inoculations.
Symptoms of stalk rot and wilting of sorghum caused by bacteria in India were reported but
without a detailed study of the disease and diagnosis of the pathogen (27, 28). In the present
study the two isolates obtained from infected sorghum stalks varied greatly in their colony
characteristics. TIsolate SSR1 caused soft rot om sorghum similar to EchrZ (29). Positive
reaction on D3 medijum, ability to soften potato slices and degradation of CVP by fcrming
characteristically deep cup-like depressions further, indicate that the isolate SSR1 belonged to the

genus Erwinia.

Positive reaction in indole test, gas from glucose, lack of acid production from lactose
and maltose, and lack of growth in 5% salt solution indicated that the causal bacterium belongs
to E. chrysanthemi (30). Complete tolerance to growth and formation of typical cup-like cavitics
on CVP medium at 37°C and high sensitivity to erythromycin confirmed its identification (31).
Based on these tests, the bacterial isolates from infected sorghum plants (SSR1) had identical
characteristics to E. chrysanthemi pv. zeae Burk., McFadden and Dimock which causes soft rot

of maize. This is the first report of this bacterium as the cause of stalk and top rot of sorghum

under natural infection conditions in India.
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