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Abstract

Background: Sorghum (Sorghum bicolor L., Moench) is the 5th most important food crop in the world. But its production in Ethiopia is
adversely affected by different biotic and abiotic constraints among which sorghum anthracnose caused by Co/letotrichum sublineolum
isthe major one. Methodology: In this perspective, itis imperative to assess the distribution and severity of sorghum anthracnose along
varying agro-ecologies of Southwestern and Western Ethiopia. A total of 117 sorghum farms in 15 districts of 5 administrative zones
within two regional states were assessed. Results: The disease was found to be widely distributed in all sorghum growing regions of the
surveyed areas with 100% incidence. The severity of sorghum anthracnose varied significantly (p<0.001) among the 15 districts. The
highest severity index of about 87.3 was recorded in Nejo while the lowest severity of about 59.5 was estimated in Leka Dulecha district.
The disease was strongly influenced by altitudinal gradients, cropping system and weed management practices. Isolates of C. sublineolum
collected from different areas showed variations in both cultural characteristics and conidia morphology, though all of them were
pathogenicto sorghum but not to maize plants. Conclusion: Since, sorghum anthracnoseis highly prevalentand very severeinall regions
of Southwestern and Western parts of Ethiopia, giving due attention in developing effective management strategy is critical.
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INTRODUCTION

Sorghum (Sorghum bicolor L., Moench) belonging to the
Poacaea family is believed to have been originated in
Northeast Africa’. In Ethiopia, sorghum is the 4th most
important cereal crop after maize, teff and wheat, cultivated
annually on 1.8 million ha of land contributing 4.3 million
tonnes to annual grain production of the country? Due to
diverse nature of the farming systems and climatic
conditions under which sorghum is grown, the production of
sorghum in Ethiopian is adversely affected by different biotic
and abiotic constraints among which sorghum anthracnose
is the major one®. Sorghum anthracnose, caused by
Colletotrichum sublineolum is one of the major diseases
limiting grain production in most sorghum growing regions*.

The epidemics of anthracnose in sorghum fields largely
depend on host susceptibility and prevailing weather
conditions®s. It is also influenced by inoculum density,
pathogenicity of the strains and cultural practices’?. While,
infected plant debris, seeds and alternate hosts serve as
sources of the primary inoculum'®', shifts in planting dates
and the choice of cultivars were found to influence the
development of anthracnose in the field®.

Estimating grainyield losses due to anthracnose can often
be difficult’? but losses as high as 50% have been reported in
susceptible cultivars’. Disease development before anthesis
can have the greatest effect on grain yield with reported
losses' ranging from 30-67%. In Ethiopia, research findings at
Alemaya in Eastern Ethiopia indicated that leaf anthracnose
can cause yield loss that ranges from 26-35% in susceptible
cultivar®. However, most of the studies do not provide
guantitative measurement in terms of disease incidence

and severity. Chala et a/>® assessed and determined the
prevalence and severity of sorghum anthracnose in Northern,
Eastern and Southern Ethiopia. However, thereis no extensive
and quantitative survey data on sorghum anthracnose
distribution and importance associated with causal pathogen
in most parts of Southwestern and Western parts of Ethiopia.
Therefore, the objective of this study was to assess the
distribution and importance of sorghum anthracnose along
varying agroecologiesin Southwestern and Western Ethiopia.

MATERIALS AND METHODS

Description of the survey areas: Field surveys were
conducted in Southwestern and Western parts of Ethiopia
during 2014 cropping season. The surveyed areas includes a
wide range of districts and agro-ecological zones, which
lie between 34°54" and 36°1' East longitudes and 7°71" and
10°45" North latitudes with altitudes varying between
1162 and 2368 m a.s.l. (Table 1). The sample farms were
taken at 5-10 km interval along accessible roads representing
major sorghum growing areas from Jimma to Assosa
administrative zones. The descriptions of all the surveyed
areas were clearly showed in Table 1.

Sorghum anthracnose assessment: A total of 117 sorghum
farms fields in 15 districts of 5 administrative zones within
two regional states were assessed for the distribution and
severity of sorghum anthracnose. The disease assessment
was conducted in October and November, 2014 when the
crop was at its flowering to maturity stages in different
agroecologies of the surveyed areas.

Table 1: Description of surveyed areas by regional state, administrative zone, districts, number of sample fields with altitude rangesin Southwestern and Western parts

of Ethiopia

No. of farmers field

Total No. of farmers

Regional state Administrative zone Districts assessed/district field assessed/zone Altitude range (m a.s.l.)
Oromia Jimma Mana 7 21 1606-2092
Goma 7 1607-1775
Gumay 7 1564-1714
lluababor Didessa 7 23 1522-2197
Gechi 7 1901-2229
Bedele zuria 9 1306-1979
East Wellega Jimma Arjo 8 24 1305-2368
Leka Dulecha 8 2171-2265
Diga 8 1162-2246
West Wellega Gimbi 8 25 1250-1847
Nejo 8 1784-1960
Mendi 9 1443-1747
Beneshangul gumuz Assosa Bambasi 8 24 1383-1476
Assosa 8 1467-1622
Komosha 8 1252-1465
Total 5 15 17 17
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Disease incidence: Disease incidence was assessed on
30 randomly selected plants in each sample field and was
expressed in percent infection, determined by the following
formula proposed by Cooke et a/'®:

m@mwuwwmmﬁmwmmmx
Total No. of plants assesed

Disease incidence =

100

Disease severity: Disease severity was estimated as the
proportion of leaf area infection on 30 randomly selected
sorghum plants in each sample field. Each plant was divided
into three portions (upper, middle and lower portion) and the
average scores of these portions were used to represent
the severity of anthracnose per plant. It was assessed using
1-5 disease rating scale suggested by Thakur et alv,
where, 1=Novisible symptoms, presence of chlorotic flecks,
2 = 1-10% leaf area covered with hypersensitive lesions
without acervuli, 3 11-25% leaf area covered with
hypersensitive and restricted lesions without acervuli,
4 = 26-50% leaf area covered with coalescing necrotic
lesions with acervuli and 5 = >50% leaf area covered with

coalescing necrotic lesions with acervuli. Severity grades were
converted into Percentage Severity Index (PSI) for analysis
using the formula suggested by Wheeler's:

PSi=—" 100
NprxM
Where:
Snr = Sum of numerical ratings

Npr = No. of plants rated
Mss = Maximum severity scale of sorghum anthracnose

The disease symptoms (Fig. 1a-c) on the leaves, sheathes
and panicle were taken into considerations during the
assessment.

Cultural practices and agronomic data: During the survey,
some routine cultural practices and agronomic parameters
were recorded and the qualitative data were leveled for
quantitative analysis (Table 2).

Table 2: Descriptions of date of sowing (month), weed management and crop growth stage with their qualitative measurement and quantitative levels

Date of sowing (Month) Weed management

Crop growth stage

Qualitative measurement Quantitative level Qualitative measurement

Quantitative level Qualitative measurement Quantitative level

March 3 Heavily infested
April 4 Weeded

May 5 Moderately weeded
June 6 Slightly weeded

Weed free

1 Flowering 1
2 Full-flowering 2
3 Milky 3
4 Grain-filling 4
5 Hard dough 5

Maturity 6

Fig. 1(a-c): Symptoms of sorghum anthracnose on the (a) Leaves, (b) Sheath and (c) Panicle of sorghum plant, respectively

77



Plant Pathol. J, 15 (3): 75-85, 2076

Isolationandidentification of the causative agent: Samples
of sorghum leaves with anthracnose symptoms collected from
5 administrative zones were cut into pieces (1 cm?), surface
sterilized using 5% sodium hypochlorite solution for 30 sec
followed by rinsing three times in sterile distilled water.
The sections were allowed to dry in a laminar flow hood
before plating on Potato Dextrose Agar (PDA) in petri dishes.
After incubation for 7 days at 25°C, fungal growth with
Colletotrichum sublineolum appearance were purified by
transferring mycelium discs of 10 mm diameter and
incubated for 10 days under continuous fluorescent light. The
identity of the fungus was confirmed based on cultural
characteristics and conidial morphology.

Pathogenicity test

Preparation of spore suspension: Pathogenicity of
5 C sublineolum isolates that represented from the
5 administrative zones was tested on detached sorghum and
maize leaves. The suspension of conidia of each isolate was
prepared by suspending mycelia scraped from 7 days old
culture, grown in 10 mL of sterile distilled water and stirred
vigorously for 90 sec and then filtered through two layer
cheese cloth. The concentration of spore suspension was
adjusted to 1X10° mL by using haemacytometer before

inoculation.

Inoculation to detached leaves: Both apparently healthy
leaves were collected from of sorghum and maize in the field,
washed and surface-sterilized using 5% sodium hypochlorite
solution for 30 sec and rinsed three times in sterile distilled
water. The leaves were cut and placed in petri dishes lined
with 4 layers of sterilized and moisten tissue papers. The
leaves were sprayed with spore suspensions of each isolate
andincubated at 26°Cuntil typical symptoms of anthracnose
were observed.

Re-isolation of isolated fungal pathogens: The causative
agent in the diseased leaf parts was re-isolated on Potato
Dextrose Agar (PDA). The characteristics of the re-isolates
were compared with that of the original parent cultures.

Data analysis: The field survey data for sorghum anthracnose
(incidence and severity) was analyzed using three stage
nested design. Mean disease severity of each district and
administrative zone was used to make quantitative
comparison among the surveyed areas. Quantitative levels of
the cultural practices and agronomic data were used for their
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mean separation as well as correlation analysis. All the
statistical analysis' were carried out using SAS software
version 9.2. Correlation analysis?® was performed by using
SPSS software version 20 to determine the association of
anthracnose severity with altitudes, cultural practices and
agronomic data obtained at surveyed areas.

RESULTS AND DISCUSSION

Distribution and severity of sorghum anthracnose: Sorghum
anthracnose was prevalentin all the surveyed areas with 100%
incidence in Southwestern and Western parts of Ethiopia
(Fig. 2). The mean percentage severity index of the disease
showed significant (p<0.05) (Table 3) and highly significant
(p<0.001) (Table 4) differences among the 5 administrative
zones and 15 districts, respectively. On the other hand, no
significant difference was observed between the two regional
states. Among zones, more severity percentages of 83.8 and
80.0 were recorded at West Wellega and Assosa, respectively
(Table 3). The highest sorghum anthracnose severity in
percentage severity index (87.3 and 87.2) was recorded at
Nejo and Gumay districts, respectively, while the lowest (59.5)
was observed at Leka Dulecha (Table 4). The result of this
survey is in line with Chala et a/3, who also reported that
sorghum anthracnose was very severe in Jimma.

In every farmers field there was no single sorghum plant
whichisfree of anthracnose. Previously, Girma eta/' reported
that 55-85% sorghum anthracnose incidence was observed
in the altitude range of 1350-2150 m a.s.l. But, the present
results demonstrate that sorghum anthracnose has 100%
distribution in the surveyed areas than was earlier thought
and confirms that indeed the disease is a major threat to
sorghum production in the country. The survey resultisin line
with Pastor-Corrales and Frederiksen?' who reported that
sorghum anthracnose is one of the main grain production
constraints in most areas where sorghum is grown.
Colletotrichum  sublineolum is the fungal pathogen
responsible for sorghum anthracnose and the disease occurs
worldwide in most sorghum producing regions*?224,

Table 3: Disease severity of sorghum anthracnose (PSI) recorded across
5 administrative zones in Southwestern and Western parts of Ethiopia
Administrative zone Disease severity index

Jimma 77.38°
lluababor 78.262
East Wellega 65.16°
West Wellega 83.79*
Assosa 80.00?

*Values with the same letter are not significantly different from each other at
p<5%
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Fig. 2: Distribution of sorghum anthracnose in Southwestern and Western Ethiopia

Table 4: Disease severity of anthracnose (PSl), date of sowing, weed management and crop stages recorded across 15 districts of Southwestern and Western parts

of Ethiopia

District Disease severity Date of sowing Weed management Crop stage
Mana 66.907¢ 4.143b¢ 3.43b¢ 3.14%
Goma 78.002b¢ 4.43%® 3.29¢ 3.00®
Gumay 87.24° 3.86%¢ 3.29¢ 3.43%®
Didessa 77.71%¢ 3.86%¢ 414 3.57%®
Gechi 74.85%¢ 3.14¢ 4.143bc 3.28»
Bedele zuria 82.22%® 378 489 3.44%®
Jimma Arjo 63.25% 4.00%¢ 4.13%¢ 3.50%®
Leka Dulecha 59.50¢ 3.38¢ 3.25¢ 3.00%
Diga 72.75%¢ 4,133b¢ 463 3.50%
Gimbi 85.00? 4.25%¢ 4.132c 3.752
Nejo 87.252 4.25%c 3.25¢ 2.89%®
Mendi 79.112b¢ 4.89° 433 2.88%
Bambasi 80.00%¢ 4.88° 3.63 2.50%
Assosa 75.002b¢ 4.88° 4.5%® 2130
Komosha 85.00? 4.75%® 3.50¢ 3.13%

*Values with the same letter(s) are not significantly different from each other at p<5%
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Part of the reason for the high incidence can be attributed
to high inoculum level associated with Ethiopian’s farming
systems particularly in the surveyed areas. Farmers generally,
do not practice appropriate crop rotation systems with
non-host plants to the pathogen and grow the crop from year
to year. This leads to quick inoculum build-up and higher
possibilities of inoculum survivals. Colletotrichum sublineolum
overwinter in soil and decaying plant residues as mycelium,
acervuli, melanized hyphopodia, sclerotia and microsclerotia®.
It may survive up to 18 months in crop debris, on or above the
soil surface, in alternate hosts and in infected seeds®.
Microsclerotia are produced in sorghum stalks of susceptible
cultivars and survive in crop debris on the soil surface®.
Moreover, alternative hosts and volunteer crops may also
provide sources of primary inoculum and seed transmission
has been reported for C sublineolum'. These facts suggest
thatthe highincidence detected throughout this study could
in fact be compounded by effects of high inoculum buildup,
susceptible cultivars cultivated by the farming communities
and favorable environmental conditions of all agro-ecologies
of the surveyed areas of the country.

Percentage severity index of sorghum anthracnose
showed a negative correlation (-0.205) with a significant
(p<0.05) difference to different altitude ranges of the surveyed
areas (Table 5). In the surveyed area, when the altitude
increased, PSI of the disease was decreased. In the highest
mean altitude (2221 m a.s.l) at Laka Dulecha district, the
lowest PSI (59.50) were observed. On the other hand in the
lowest mean altitude (1363 m) at Komosha district, the highest
PSI (85.00) of sorghum anthracnose which is not statistically
different with some other districts were observed. This could
be related with the differences in relative humidity and
temperature variations across different altitudes of the
surveyed areas. Anthracnose in sorghum caused by
Colletotrichum sublineolum is one of the most destructive
diseases affecting sorghum production world-wide, especially
under warm and humid conditions'®%. This disease is coupled
with great loses in tropical belts where high humidity and
temperature is conducive for C sublineolum growth,
propagules dispersal and sporulation?'. Anthracnose is a
polycyclicand epidemic disease, is favored by high rainfalland
humidity, moderate temperatures and the presence of large
amounts of inoculum?,

Different cultural practices and sorghum growth stage: In
the surveyed areas significant (p<0.05) and highly significant
(p<0.01) differences on date of sowing and weed
management and sorghum growth stage among different
districts were observed (Table 4). At Leka Dulecha and Assosa
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districts relatively good cropping system (inter cropping with
soybeans and anchote) were observed. Generally most of the
farmers in the surveyed area, across administrative zones
were not practicing good cropping system (Table 3). Such as
crop rotation and inter cropping wit non host crops to the
pathogen. In highland areas of Southwestern and Western
parts of Ethiopia, most of the formers were sow sorghum in
March, 3. Whereas, at mid altitudes and lowland areas they
sow sorghum in April, 4 and May, 5, respectively (Table 3). In
this study date of sowing has a negative impact on severity
of sorghum anthracnose. Other research findings have
reported that shifts in planting dates were found to influence
the development of anthracnose in the field'?'3. Changing in
planting date could play a role in reducing anthracnose
severity and can serve as an alternative means of managing
anthracnose in farmer's field®.

Among different farmers of the surveyed area, a great
difference on weed management was observed. From these,
the best weed management practice was observed at Bedele
zuria district followed by Diga and Assosa districts. From the
authors observation, farmers fields at Goma and Gumay
districts were heavily infested by different weed species. This
leads to high severity of sorghum anthracnose in these
districts. High weed infestation reduces air movement around
the crop canopy, which leads to increased leaf-wetness
(Fig. 3). This increases humidity and higher possibility of
spore germination and development of the pathogen.
Similarly, Leite and Nicholson? reported that as for most
species of Colletotrichum, free water plays a major role in the
development of this pathogen. Conidia germinate on the leaf
surface in thin flms of water, develop germ tubes and
appresoria and penetrate the epidermis directly or through
stomata'. In addition, under high humidity, the lesions
increase in number and they cover most of the leaf area when
coalescing, resulting in early water deficiency*.

In this study a negative correlation were observed
between severity of anthracnose and weed management
(Table 5). This could be due to competitions to nutrients,
water, space and sunlight with the weeds. This may be related
toincrease in vigor growth of the sorghum crop and its ability
to physical defiance mechanism to the pathogen. Good
cultural practices including altering planting dates, removal
of crop residues and alternate hosts (wild sorghum), weed
management, planting disease free seeds and crop rotation
can serve as important options in preventing sorghum
anthracnose''?'. According to Moore et a/*?, planting sorghum
after sorghum significantly increases anthracnose on most
hybrids and planting sorghum after rice, maize or soybeans
can successfully reduce sorghum anthracnose. Other
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Fig. 3(a-b): Farmer’s sorghum field infested by high (a) Adey abeba (Bidens macroptera) and (b) Striga weed in Southwestern

and Western parts of Ethiopia

Table 5: Correlations among altitude, PSI, different agronomic practices and crop stage of sorghum

Altitude PsSI Cropping system Crop rotation Date of sowing ~ Weed management Crop stage
Altitude 1 -0.205* 0.097 -0.176 -0.621** -0.098 0.177
PSI 1 -0.279** 0.043 -0.064 -0.197* 0.268**
Cropping system 1 -0.069 -0.055 0.074 -0.083
Crop rotation 1 0.061 -0.005 -0.114
Date of sowing 1 -0.004 -0.278**
Weed management 1 -0.027

Crop stage

1

**Correlation is significant at 0.01 level (2-tailed), *Correlation is significant at 0.05 level (2-tailed)

management strategies such as sanitation, elimination of
alternative hosts and planting clean, healthy seed or seed
treated with an appropriate fungicide, coupled with disease
resistance should be helpful and perhaps sufficient to avoid or
reduce serious losses from grain sorghum anthracnose.
During the survey, in majority of the districts the sorghum
crop was at its milky stage. But in some districts especially in
the lowland areas the crop was at its full flowering stage. This
difference in growth stage could play an important role in
severity of the disease. Strong positive correlations were
observed between anthracnose severity and sorghum crop
stages (Table 4). This positive correlation indicates as the crop
stageincreased, the severity of the disease alsoincreased. This
could be related to crop maturity (senescence). That means as
the crop becomes mature it will lose its rigidity as a result the
pathogen can easily penetrate and develop on the crop.
Previous studies on epidemiology of sorghum anthracnose
have indicated that the disease is mostly severe with mature
plants®34, Colletotrichum sublineolum epidemics always had
higher disease levels at the milk stage (v95) and ended
in higher final disease levels at crop senescence'. Young
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sorghum leaves accumulate phytoalexins in the form of a
complex of phenols having fungitoxic activity in response to
invasion by both pathogenic and non-pathogenic fungi®*=3.
Anincreased susceptibility to anthracnose with plant maturity
has been reported in a number of studies on different
sorghum cultivars®34%, however the mechanism involved
with its susceptibility is not well understood.

Correlation of sorghum anthracnose severity with
different parameters: The correlation analysis between
Percentage Severity Index (PSI) of sorghum anthracnose with
different cultural practices and crop stage were showed
significant (p<0.05) and highly significant (p<0.01)
interactions in the surveyed area (Table 5). Among the
interactions anthracnose severity were showed a negative and
strong negative interactions with altitude (-0.205%) and
weed management (-0.197%*) and cropping system (-0.279%¥),
respectively. On the other hand it also showed a strong
positive interaction with crop stage (0.268**). Even-though the
interaction is not strong but severity of anthracnose were also
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showed negative interaction with date of sowing. The
negative interaction indicates the factors that reduce severity
of anthracnose on sorghum crop. Whereas, the positive
interaction indicates the sorghum growth stage which is
favorable for the high level of anthracnose development
on the crop. From the results of this study, severity of
anthracnose across different agro-ecologies of Ethiopia is
affected by altitude, different cultural practices and sorghum
growth stage. The different interactions between the disease
and the host will help in developing a cast effective and
environmentally safe disease management strategy.

Based on the results of this survey, severity of sorghum
anthracnose clearly depends on interactions of favorable
weather conditions, cultural practices and susceptibility of
sorghum cultivars farmer’s they cultivated. During the survey
program 27 different sorghum cultivars were recorded at
different agro-ecological areas of Southwestern and Western
parts of Ethiopia. This high availability of different sorghum
cultivars in this country could play a great role in developing
resistant varieties to this disease. The result is in line with,
Sleper and Poehiman?3® reported that as a centre of origin and
diversity of sorghum, Ethiopia possesses a very diverse
sorghum germplasm.

Isolation of the causal pathogen: Colonies of the fungus
grown on PDA showed different colors on the upper side as

well as on the reverse side of the petri dishs. The colors
were varied from whitish gray and yellow to purple gray
on the upper sieds of the petri dishes (Fig. 4a), whearas
they had, goldenrod, brownish, purple grayish and whitish
colors when viewed on the reverse side of the petri dishes
(Fig. 4b). It is observed that conidia which are falcate and
hyaline but without septa and with black dots (Fig. 4c, d).
The fungus was  morphologically identified as
C sublineolum and the results were in agreement with
Souza-Paccola et al*®.

Pathogenicity test: Pahogenicity test was carried out for
sorghum anthracnose (C  sublineolum) isolated from
infected sorghum leaves collected from 5 administrative
zones of Southwestern and Western Ethiopia. The inoculated
detached leaves of sorghum showed anthracnose disease
symptom typical of those observed on infected sorghum
plants in the field but no infection was found on maize
(Fig. 5a-d, 6b, ). The present research result is agree with the
findings of Prom et a/*°, which is the isolates of the pathogen
were showed positive responses on detached leaves of
susceptible sorghum lines (Fig. 5e) but negative on maize
(Fig. 6a). From this result the it can be concluded that
C sublineolum isolates pathogenic to sorghum are non
pathogenic to maize. These result are also agree with
findings*“2.

Fig. 4(a-d): Colletotrichum sublineolum the causal agent of sorghum anthracnose disease, (a) Upper side view of colony in a
perti dish, (b) Reverse side view of the colony and (c, d) Microscopic views of the conidia
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Fig. 5(a-e): (a-d) Detached sorghum leaves inoculated with C sublineolum isolates collected from 5 administrative zones of
Southwestern and Western Ethiopia and (e) Un-inoculated sorghum leaf

Fig. 6(a-c): (a) Detached maize leaf and (b, ¢) Sorghum leaves inoculated with C sublineolum isolates collected from
5 administrative zones of Southwestern and Western Ethiopia
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CONCLUSION

Sorghum anthracnose caused by Colletotrichum
sublineolum is one of the most important sorghum diseases
limiting grain production in Southwestern and Western parts
of Ethiopia. In this area, anthracnose was highly prevalent
every where the sorghum plant was grown. There was no a
single sorghum plant which is free of anthracnose. Sorghum
anthracnose severity was strongly correlated with altitude,
different cultural practices and growth stage of the plant.
These strong correlations help in developing effective and
economically sound management strategies of sorghum
anthracnose. Isolates of C. sublineo/lum collected in different
areas of Southwestern and Western Ethiopia showed
variations in both cultural characteristics and conidia
morphology. Since sorghum anthracnose is highly prevalent
and very severe in all Southwestern and Western parts of
Ethiopia and sorghum is the 3rd most important crop in that
area, giving do attention in developing effective management
strategy of this disease is very critical.

SIGNIFICANT STATEMENTS

«  Sorghumanthracnoseis highly prevalent and very severe
in all regions of Southwestern and Western parts of
Ethiopia

«  Thedisease severity was strongly influenced by altitudinal
gradients, cropping system and weed management
practices

« There was no a single sorghum plant immune to
anthracnose in every farmers field
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