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Abstract

Acremonium-wilt of grain sorghum has become an important dis-
ease in Egypt and many of the sorghum-growing countries. The patho-
gen, Acremonium strictum Gams is a soil-borne pathogen invading the
roots prior to colonizing the vascular tissues and is probably best con-
trolled by host resistance.

Eight methods of inoculation were tested to identify a reliable,
efficient and large-scale inoculation technique for the evaluation of gen-
otypes in the field and in the greenhouse. Soil inoculation (infestation)
was effective, uniform, and can be used for greenhouse evaluations, and
probably for a small disease nursery. Stalk-inoculation using the tooth-
pick technique was not effective in the greenhouse, but was effective,
uniform and more practical for field evaluations. A soil drench with a
spore suspension, 25 days after sowing, accompanied by root injury was
also effective, but too laborious to be practical on a large scale. None of
the other inoculation techniques tested was satisfactory.

Highly significant variation in virulence of 19 monospore isolates
of A.strictum, from different hosts, was detected when the pathogenici-
ty of these isolates was tested on four grain sorghum cultivars in the
greenhouse, using the soil-infestation technique. Mean percentage infec-
tion ranged from 22.75% to 59.999%. Isolate No. 8 was the most ag-
gressive, whereas isolates No. 11 was the least virulent. Dorado cultivar,
on the other hand, was the most resistant (7.28% mean infection),
whereas Giza-15, was the most susceptible (55.01%). The most aggres-
sire isolate No. 8 (from grain sorghum), showing 90.0% infection on G-
15, and only 5.3% infection on Dorado cultivar. Isolate No. 4 (from
maize), exhibiting 55.01% infection on Giza-15, while it showed the
highest infection on this resistant cultivar (32.46%). Isolate No. 3 (from
maize) caused the highest infection (77.94%) on local-1 29, whereaas
isolate No. 11 (from grain sorghum) showed the least infection
(15.17%) on the same cultivar.

The reaction of 24 selected grain sorghum genotypes to
A.strictum was tested in field trial, using toothpick stalk-inoculation. -
Seven entries namely; Dorado, BTX 623, BTX 631, ICSB-1, ICSB-14,
ICSB-18 and ICSB-37 were highly resistant, while Giza-54 and Giza-114,
were highly susceptible to infechin.

INTRODUCTION

Acremonium wilt, one of the most important diseases of grain sorghum
(Sorghum  bicolor). The disease was first described in Egypt by El-Shafey et al.
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(1979) as a new vascular wilt caused by Cephaloporium acremonium Corda. Gams
(1971) énd this species was reduced to synonymy with Acremonium strictum Gams.
The disease was described earlier by El-Shafey and Refaat (1978) as a stalk-rot
caused by C.acremonium. Later, Frederiksen et al. (1980) and Natural et al. (1982)
reported Acremonium wilt in the USA. Subsequently, the disease was reported in
Argentina (Fbrbes and Crespo, 1982), in Mexico and the Sudan (Frederiksen, 1984).

Although A.strictum acts as a true vascular pathogen and could be easily iso-
lated from the leaf veins, stalk-rotting fungi, however, often develop in wilted
plants causing stalk-rot complex symptoms. In this respect, A.strictum acts as a
predisposing agent.-A. Strictum did not infect Sudan grass or broom corn, but could
produce black-bundle condition in maize. The fungal hyphae were not detected in the
maize stalk vessels.

Drying up of the leaf sheaths, reddish colour along the leaf veins, longitudinal
reddish streaks on the stalks and gradual drying up of the plants are the main symp-
toms of Acremonium wilt (Fig. 1). Root-injury may facilitate and increase disease
infection (El-Assiuty, 1982). Acremonium wilt was sporadically observed through-
out the grain sorghum-growing Governorates, especially in Souhag and Al-Fayoum.
Disease incidence may reach 50% or more in susceptible cultivars. Prematurely
wilted~piants‘ do not usually form heads. Most of the tall Egyptian cultivars were
susceptible, while most of the exotic short genotypes were moderately resistant or
tolerant to the disease.

K

This research was initiated to test and identify effective, reliable and large
scale inoculation techniques to be used in evaluating sorghum breeding genotypes for
resistance to A. strictum in field and in greenhouse trials to demonstrate the patho-
genié vériation in 19 isolates of A.strictum and to test the reaction of some promis-
ing sorghum genotypes to Acremonium wilt disease.

MATERIALS AND METHODS
Methods of inoculation:

. Eight methods were used to inoculate A.strictum into grain sorghum plants to
identify an effective and practical method for the evaluation of breeding materials.

* Tests were conducted in greenhouse using two grain sorghum cultivars, (Giza -15

and Local-129). Five replicates, 20-cm-diam. pots, 5 plants each, were used. Con-
centration of the spore suspension was 2x1 04 cc. Drenching the soil was made with

v
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Fig. 1. Natural infection with Acremonium wilt of grain sorghum caused by
A.strictum. The longitudinal reddish streak usually appear on one side of
the stalk.
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250 cc of the spore suspension/pot. Stalk-inoculation with toothpicks was tested in
the greenhouse and in Giza field.

For soil-inoculation (infestation), inoculum of A.strictum, grown on moistened
autoclaved sorghum grains, was mixed with the soil (fresh Nile silt) at the rate of
50 gm/pot. Stalk-inoculation was made by the toothpick technique described by
Young (1943). Seed coating was tested by the alginate-pyrax seed-coating method
adopted by Fravel et al. (1985). Disease rating were scored 90 days after sowing.

Pathogenic variation of A.strictum isolates:

Nineteen isolates of A.strictum were obtained from infected sorghum and
maize plants. A. strictum could be easily isolated from the third or fourth internode
above soil level. After surface disinfection with a piece of cotton moistened with al-
cohol, the infected internodes were cut lengthwise and the internal tissue was as-
petically transferred onto PDA plates. The fungus could be more easily isolated from
diseased sorghum leaves due to its vigorous growth in the vascular tissue of stalks,
leaf sheaths, and leaves of the sorghum plants. Leaf pieces were washed in tap wa-
ter, surface disinfected in 5% sodium hypochlorite for five minutes rinsed in sterile
distilled water, and placed in PDA plates. Incubation was made at 28-29°C. Pure,
monospore cultures were obtained by streaking a diluted conidial suspension on plat-
ed PDA. Growth from isolated fungal colonies was transferred to fresh PDA. The pa-
thogenicity of A.strictum monospore isolates was tested in the greenhouse using the
soil-infestation method. Uninested pots served as a control. Disease ratings were
recorded 90 days after sowing and data were transformed into arc sine.

Reaction of sorghum genotypes to A.strictum:

A number of commercial and promising sorghum genotypes were evaluated for
resistance to A.strictum in Giza field. They were sown in two replicate rows, at the
rate of twenty plants per row. Inoculation was made, 55-60 days after sowing, us-
ing the toothpick technique. After 90 days of sowing, the stalks were split long wise
and disease ratings were recorded according to the 0.1-5.0 rating scale (0.1 = mini-
mal infection, 5.0 = death of plant due to infection). Plants inoculated with sterile
toothpicks served as a control.

Seeds of grain sorghum genotypes were obtained through the courtesy of the
Sorghum Res. Section, ARC, Giza.
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RESULTS AND DISCUSSION
Methods of inoculation :

Eight methods of inoculation were tested mainly in the greenhouse to develop
efficient and practical techniques for screening grain sorghum breeding materials
(genotypes). The eight methods differed greatly in their efficiency and practicality.
They could be generally classified into effective and non-effective methods as fol-

lows:
a. Effective methods:
1. Soil-inoculation (infestation):

This method was effective and uniform. Wilt infection appeared 30-35 days
after sowing (Fig. 2), 63.7% of Giza-15 and 20.0% of Local-129 plants were infect-
ed. Soil-infestation technique is well known and is used by many investigators, espe-
cially with soil-borne pathogens and was used by El-Shafey et al, (1978 & 1979)
and El-Assiuty (1982) to test the pathogenicity of A.strictum, and to evaluate grain
sorghum lines for resistance to Acremonium wilt. It can be used, on a large scale,
for greenhouse evaluations, and probably for a small disease nursery plots.

Soil infestation, was also utilized, on a large scale, in the National Maize Pro-
gram to breed for late wilt resistance. (Abd-El-Rahim, 1971 and El-Shafey et al.,
1988).

2. Stalk-inoculation (using toothpicks):

This method did not work in the greenhouse because the thin stalks of the pot-
ted plants which usually break after the toothpick is inserted into the basal inter-
node. Natural et al. (1982) used different techniques of stalk-inoculation to test the
pathogenicity of A.strictum isolates. They showed that sorghum plants inoculated
with a hypodermic injection of conidial suspension above the first node of the stalk
resulted in a rapid wilting, whereas introducing conidial suspension between the leaf
sheath and the stalk resulted in minor disease symptoms. The stalk-inoculation with
toothpicks, however, was very efficient, uniform and practical with field-grown
plants having thick stalks (Fig. 3). It was used, on a large scale, to screen genotypes
of the grain sorghum breeding program for resistance to stalk-rots caused by
C.acremonium (A.strictum), Fusarium moniliforme, and Sclerotium bataticola.

The toothpick stalk-inoculation procedure was followed by most investigators
to screen for resistance to charcoal rot of sorghum cau/seﬂ by Macrophomina phase-

S
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Fig. 2. Artificial infection with Acremonium wilt of grain sorghum potted plants us-
ing the soil-inoculation technique control pot on the left.

Fig. 3. Two field-grown plants of grain sorghum inoculated with A.strictum using the
toothpick stalk-inoculation technique. The plant on the right was cut length-
wise to show internal symptoms.
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olina. Edmunds et al. (1964), however, had some reservations about using this tech-
nique with charcoal rot. He claimed that toothpick inoculation and other methods
where inoculum is introduced into the plant through the stalk are unsatisfactory,
primarily because they do not closely simulate the natural infection process, which
begins in the roots and only later goes up to the stalk. Furthermore, the level of dis-
ease development with toothpick inoculation is usually less than that which occurs
naturally and is, therefore, unsatisfactory for assessing resistance that could be
useful under natural disease incidence.

3. Soil drench with root injury:

Drenching the soil with spore suspension, after injuring the roots by scraping
the soil around the plants with a blunt scalpel, 25-days after sowing, was effective;
38.0% of Giza-15 and 35.0% of Local-129 plants were infected. Natural et af.
(1982) showed that drenching around injured roots with spore suspension resulted
in rapid infection. El-Assiuty (1982), on the other hand, stated that highest infection
with Acremorium wilt was obtained when the inoculum was applied into the soil 30-
days after sowing, whether the roots were injured or not. At later stages of plant
growth (45-days after sowing), however, root injury facilitated and increased in-
fection. This method, however, can be used, on a narrow scale, in greenhouse tests.

b. Non-effective methods:

1. Seed-infestation:

\

Seeds were soaked in spore-suspension for 18-20 hours before sowing. This
technique was not effective. Both cultivars showed no infection.

2. Soil drench at sowing:

The spore suspension was poured onto the soil at sowing. This method was not
effective resulting in 0.0% infection of' Giza-15 and 7.0% infection of Local-129
plants. Frederiksen (1984) mentioned that blending conidia with steamed soil at
sowing, failed to cause disease, but disease did develop when seedlings were trans-
planted into infested soil, indicating that root wounding may be necessary for infec-
tion (H.J. Kim and J.K. Mitchell (Dept. of Plant Pathology and Microbiology, texas A
& M Univ., Personal communication).

3. Soil drench root-injury:

Spore-suspension was poured around the plants, 25 days after sowing. This
method of inoculation was slightly effective. Only 10.0% of Giza-15 and 3.0% of lo-
cal-129 plants were infected.
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4. Foliar-spraying:

Foliar spraying with spore-suspension, 30-days after sowing, after clipping
the leaves with scissors was not effective; infection appeared as reddish streaks
along the veins of the leaf blades, and in some cases progressed downwards to the
leaf sheaths, but at 90 days after sowing no signs of infection were observed in the
stalks. Natural et al. (1982) showed that infection developed very slowly following
inoculation by foliar spraying, whereas inoculation at the base of the plants (above
the first node) increased their susceptibility.

5. Seed-coating:

This method adopted by Fravel et al (1985) was not effective. Less than
5.0% of the plants of both cultivars were infected.

A.strictum was recovered from discolored diseased leaves of inoculated
plants.

Pathogenic variation of A.strictum isolates:

The pathogenic variation in 19 monosporic isolates of A.strictum was studied.
The isolates, obtained from different Governorates of the Delta and Upper Egypt,
were isolated from diseased grain sorghum, sweet sorghum and maize plants. The
pathogenicity was tested on 4 grain sorghum cultivars. The selection of the these
cultivars was based on the records of the Maize Disease Res. Section which indicat-
ed different degrees of susceptibility.

The results presented in Table (1) showed that wide variation in the pathoge-
nicity of A.strictum isolates does exist. The mean infection percenfage of the differ-
ent isolates, on the tested grain sorghum cultivars, ranged from 22.75% to
59.99%. lsolate No. 8 was the most aggressive, whereas isolate No. 11 was the
least virulent with highly significant differences. Dorado cultivar, on the other hand,
showed the highest degree of resistance (Mean infection 7.28%). It exhibited 0.0%
infection against seven (out of 19) tested isolates, whereas Giza-15 was the most
susceptible to A.strictum isolates (55.019%).

The most aggressive isolate No. 8 (from grain sorghum) which caused the
highest infection percentage on Giza-15 (90.0%), almost failed to infect the resist-
ant Dorado cultivar (5.33%). Isolate No. 4 (from maize), exhibiting much less infec-
tion on Giza-15 (55.01%), showed the highest infection percentage on the same Do-
rado cultivar (32.46%). Isolate No. 3 (from maize) caused the highest infection
percentage (77.94%) on Local 129 cultivar, whereas isolate No. 11 (from grain
sorghum) showed the least infection (15.17%) on the same cultivar. These big dif-
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ferences in virulence between A.strictum isolates, from different hosts, on the
grain sorghum cultivars indicate that different pathotypes of this pathogen do exist.
A.strictum isolates were recovered from discolored diseased leaves of the inoculat-
ed plants and were found typical of the original cultures.

Table 1. Pathogenic variation in 19 isolates of A.strictum on four grain sorghum cul-
tivars, under gressnhouse conditions.

: Infection (arc sine)/ cultivar
No. Location Host % (gec/sine)/ cu Mean

Giza-15  Dorado Line-113 Local-129

1 Dakahlia Maize (corn) 49.04 0.00 48.51 60.21 39.44
2 Beni-Suer Maize 39.44 0.00 28.23 ' 33.48 25.29
3 Beni-Suer Maize 67.37 12.06 75.18 77.94 58.14
4 Beheira Maize 55.01 32.46 51.34 45.36 46.04
5 Menia Maize 74.36 20.63 67.33 63.20 56.38
6 Menia Grain sorghum 61.00 5.33 59.06 49.82 43.80
7 Menia Sweet sorghum 45.00 10.83 49.74 45.90 37.87
8 Fayoum  Grain sorghum 90.00 5.33 71.91 72.72 59.99
9 Giza Grain sorghum 55.47 10.66 42.72 50.86 39.93
10 Giza Grain sorghum 38..51 5.33 38.06 25.03 26.73
11 Giza Grain sorghum 42.53 0.00 33.31 15.17 22.75

12 Giza Grain sorghum 47.48 10.27 40.96 39.98 34.67
13 Souhag  Grain sorghum 68.70 9.91 47.96 46.91 43.37
14 Giza Grain sorghum 53.12 0.00 49.61 32.02 33.69
15 Giza Grain sorghum 46.91 10.27 44.00 33.69 33.72
16 Giza Grain sorghum 58.49 0.00 40.11 32.35 32.74

17 Qalubia Maize 48.98 5.33 41.97 29.03 31.33
18 Qalubia Maize 51.76 0.00 36.88 27.30 28.99
19 Assiut Grain sorghum 51.94 0.00 45.91 25.74 30.90
Mean 55.01 7.28 48.04 42.60

L.S.D. at 5% 1%
for  Cultivar (C) 4.33 5.71

Isolates (1) 9.43 12.44

Cixl 18.87 NS

In a cross-inoculation experiment, El-Assiuty (1982) found that A.strictum
isolates, whether from grain sorghum or from maize, were more virulent to grain
sorghum than to maize cultivars. All isolates produced typical vascular wilt sy-
smptoms in sorghum, but only minor black-bundle symptoms in maize. The isolates
from grain sorghum, however, showed a slight increase in virulence to sorghum
plants.
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Mansour et al. (1986) stated that significant differences in pathogenicity be-
tween 17 monosporic isolates of A.strictum (C.acremenium) appeared when these
isolates were tested against three of grain sorghum cultivars.

The aggressive monospore isolates of A.strictum will be utilized for the eval-
uation of grain sorghum breeding genotypes to identify sources of resistance to
Acremonium wilt. In disease control programs using host resistance, the study of
the pathogen variation is a very important factor and, therfore, the present study
should be continued to collect and study more isolates of A.strictum in order to iden-
tify different pathotypes (possible races) of this pathogen, that can overcome spe-
cific sorghum genes of resistance.

Evaluation of grain sorghum genotypes for resistance to
A.strictum:

The reaction of 24 selected grain sorghum genotypes to A.strictum was tested
in Giza field using the toothpick stalk-inoculation technique. Infection was verified by
isolating the pathogen from a number of diseased plants taken at random.

Fig. 2. Evaluation of selected sorghum promising genotypes for Acremoniuum wilt
resistance, under field conditions.

No. Pedigree Disease rating* No. Pedigree Disease rating*
1 BTX 623 0.5 13 EGH-2 0.8
2 BTX 629 0.8 14 EGH-2 1.0
3 BTX 631 0.5 15 G.POP.NI-2/78 2.5
4 BTX 635 0.8 16 Fam 334 2.0
5 ICSB-1 Q0.5 17 Sel. 113 1.0
6 ICSB-14 0.5 18 Local 129 1.0
7 ICSB-18 0.5 19 Local 245 2.0
8 ICSB-20 1.0 20 Giza-15 2.0
9 ICSB-37 0.5 21 Giza-54 4.0
10 ICSB-112 0.8 22 Giza-114 4.0
11 Dorado 0.2 23 Giza-123 2.0
12 EGH-1 0.8 24 NES 1007 0.8

* Numerical grades expressing degrees of infection from 0.1 (minimal infection, in-
distingusishable from that of a sterile toothpick) to 5.0 (death of plant due
to infection). Grades 1.0 or less are considered resistant.”
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The results as illustrated in Table 2 showed that 17 entries were resistant
(grad 1.0 or less), of these 7 entries namely; Dorado, BTX 623 BTX 631, ICSB-1,
ICSB-14, ICSB-18, and ICSB-37 were highly resistant (grade 0.5 or less). Giza-54
and Giza-114, on the other hand, were highly susceptible to the disease showing al-
most death of plants. The remaining entries exhibited comparable degrees of sus-
ceptibility. El-Assiuty (1982), using the toothpick-inoculation, showed that sorghum
cultivars NES 1818 and NES 1324, were highly resistant to A.strictum, whereas L
102, L129 and Hybrid-113 were highly susceptible.

In previous evaluation (unpublished data), L129 and Giza-15 showed high de-
gree of susceptibility (grade 4.0). It is obvious that relative resistance exhibited by
these entries, in the present test (grade 1 and 2, respectively), could be due to the
genetic improvement that has been achieved through the sorghum breeding program.

More sorghum genotypes will be tested for reaction to A.strictum, by soil and
stalk inoculation, to identify a wide variety or resistant sources in order to enhance
sorghum breeding program for disease resistance.
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