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Abstract: Plant germplasm collections have been established to preserve genetic variation for utilization in crop
unprovement programs. Breeding for host plant resistant provides an economical approach to controlling
diseases and stabilizing crop production but pathogen populations are variable and evolving; therefore, the
identification of new sources of resistance are essential. The Mozambique sorghum collection maintained by
the TJS National Plant Germplasm System in Griffin, Georgia was inoculated with Colletotrichum sublineolum
and evaluated for anthracnose resistance m 2004 during the dry and wet growing seasons i Puerto Rico.
Twelve of the 22 sorghum accessions showed a resistant response in both seasons. Four resistant accessions
were evaluated in an anthracnose disease nursery in Georgia and found to be resistant, suggesting possible
host plant resistance to different pathotypes of the disease. A susceptible disease response was observed for
four accessions during both seasons. Six accessions varied in disease response within and between
experiments suggesting environmental conditions nfluenced mfection response. The anthracnose resistant
germplasm identified from the Mozambique germplasm collection could be a valuable source of disease

resistance for sorghum improvement programs.
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INTRODUCTION

Sorghum anthracnose 1s caused by the pathogen
Colletotrichum sublineolum P. Henn., Kabat and Bubak
and based on DNA analysis is considered a separate
species from C. graminicola (Ces.) G.W. Wilson'"”. The
pathogen 1s specific to Sorghum species and occurs
worldwide, but 1s more prevalent i tropical and
subtropical regions were hot and humid environmental
conditions prevail™. The disease was first reported
in Togo, West Africa n 1902 and occurs in many
African nations® including Mozambique. In the United
States, the disease was first observed in Texas in 191207,
Anthracnose is one of the most destructive diseases of
sorghum resulting in yield losses of more than 50%™'.

The pathogen i1s capable of mfecting all above
ground tissues of the sorghum plant™. The foliar disease
is the most widely distributed, can occur at any stage of
plant development and has been referred to as red leaf
blight due to the accumulation of phytoalexins at the site
of infection™'*'¥. Symptoms of foliar anthracnose

infection are highly variable depending on the host plant,
pathogen and environment™?. Foliar disease symptoms
general appear 40 days after seedling emergence.
Characteristic disease symptoms on susceptible cultivars
include circular to elliptical spots or elongated lesions and
as the disease progresses, lesions coalesce covering most
of the leaf tissue. As the fungus sporulates, fruiting
bodies (acervuli) appear as black spots in the center of the
lesions. Under favorable environmental conditions,
coalescence of lesions will occur on susceptible cultivars
resulting in leaf senescence and premature defoliation.
Severe foliar infection can retard plant growth or result in
plant death prior to maturity thus reducing grain
development. Ali"? reported grain yield losses due to
foliar infection of 30% for a susceptible cultivar when
inoculated with a virulent isolate of the pathogen. Grain
yield losses from 41 to 67% for a susceptible cultivar from
natural infection of foliar tissue were reported to occur in
Mali, West Africa™. Grain yield losses from foliar
infection are generally associated with a reduction in seed
weight!',
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The pathogen can also infect the stalk and has been
referred to as red stalk rot!'. Anthracnose stalk infection
was first reported in 1943 and is considered an
mdependent disease response from foliar mfection, but
foliar infection can contribute to the development of stalk
rot™"1 Coleman and Stokes!"! identified a single
dominant gene that conditioned resistance to anthracnose
stalk rot, which was linked to a gene conditiomng
resistance to foliar infection. Yield losses in grain
sorghum from anthracnose stalk rot are generally
associated with lodging in susceptible cultivars. Yield
losses as high as 100% have been reported when severe
lodging prevents the mechanical harvest of the crop™. In
addition, sclerotia that develop 1n the stalk can survive in
plant debris and serve as a source of primary inoculum™”.

Anthracnose mfection m the peduncle, inflorescence
and grain is referred to as panicle anthracnose and
may be independent from foliar and stalk infection™.
Panicle infection was first cbserved in Georgia”. Yield
losses associated with pamcle infection can be as high as
50%™. Infection of the peduncle will result in rotting of
the stalk interior contributing to panicle breakage.
Anthracnose infection of the inflorescence can result in
death of some or all florets giving the appearance of
sterility. Disease symptoms for inflorescence infection
appear as lesions with acervuli on the glumes. Infection of
the grain will appear as black streaking and anthracnose
1s one of many fimgal species responsible for gramn mold.
Contaminated grain from panicle infection can contribute
to the spread of the disease and possible mtroduction of
novel pathotypes to new regions’™.

The most economical method of controlling the
disease is through the use of resistant cultivars. The
development and utilization of resistant cultivars is
complicated by variation within the pathogen and the
occurrence of new virulent pathotypes. Extensive
pathotype variation has been reported to occur within and
between regions for the pathogen™™™. A loss of host
plant  resistance has also occurred in regions were
disease pressure is high®™ The pathogen is highly
variable for many traits including cultural and spore
morphology, symptom type, sporulation and growth rate,
pathogenicity, aggressiveness and virulence!™'*"!,
Pathogen variability within and between regions has
also been  observed from  molecular  genetic
analysis®**. The perfect stage has not been confirmed
for the pathogen; therefore, asexual genetic
recombmation through parasexuality 1s considered the
driving force in the development of new virulent
pathotypes®* ™,

Little information is known about the genetics of host
plant resistance. Several inheritance studies have
indicated that dominant and recessive genes condition

20

1543 hut no information is

resistance in the host plant!
available on allelic vanation for resistance or genetic
diversity for resistance within the sorghum germplasm
collection.

to

Most sources of resistance are considered
harbor multiple resistance genes and tissue
specific mfection may be controlled by different
resistance genes™.

Additional souwrces of anthracnose resistance are
needed for the development of resistant cultivars. Climatic
conditions favorable to pathogen may enhance the
development of anthracnose resistance in the host plant.
Sorghum germplasm collections from these regions with
a favorable environment for anthracnose should be
evaluated to identify sources of host plant resistance.
Therefore, the sorghum collection from Mozambique was
evaluated for disease response to anthracnose to
determine the variation in infection response, identify
anthracnose resistant accessions, determine stability of
resistance possible
assoclations between resistance and phenotypic traits

over environments, determine

and 1dentify resistant accessions for genetic evaluation
MATERIALS AND METHODS

The Mozambique sorghum collection maintained by
the TS National Plant Germplasm System consists of 22
accessions. The collection was established in 1981 and
donated to the US National Plant Germplasm System. Seed
samples of the Mozambique germplasm collection were
provided by the UUSDA-ARS Plant Genetic Resources
Conservation Unit in Griffin, Georgia. The response to
sorghum anthracnose infection was evaluated during the
dry and wet growing seasons in 2004 at the USDA-ARS
Tropical Agriculture Research Station in Isabela, Puerto
Rico. The weather data for the two growing seasons is
presented n Table 1. The antlracnose evaluation during
the dry season was planted 22 JTanuary 2004 with the wet
season evaluation planted 2 August 2004. The collection
was planted in a randomized complete block design with
three replications. The 22 accessions were planted in
single rows 1.8 m in length with 0.9 m row spacing.
The experiment was surrounded by border rows of
anthracnose  susceptible  genotypes. Fertilizer was
applied at a rate of 560 kg ha™ (15-5-10 NFK) at
planting. A application of fertilizer was
performed approximately 30 days after planting for the
anthracnose evaluation conducted in the dry season.
Lorsban 15 G (0,0-diethyl O-(3, 5, 6-trichloro-2-pyridinyl)
phosphorothioate) granular (Dow
AgroSciences, Indianapolis, IN) was applied at a rate of
& kg ha™' at planting for fire ant control. Supplemental
irrigation  was  applied after planting for

second

insecticide

stand
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Table 1: Total rainfall, number of days with rain, temperature and relative
humidity during the dry and wet growing seasons
Weather variable* Dry season Wet season
Total rainfall (mm) 166.1 376.7
Number of days with rain 30 33
Average temperature (°C) 24.2 25.4
Minimum temperature (°C) 16.6 20.2
Maximum temperature (°C) 29.6 321
Average relative humidity (26) 80.1 82.6
Minimum relative humidity (%) 40.1 459
Maximum relative humidity (%) 97.7 96.0

“Weather data was summarized after disease inoculation until the final
anthracnose evaluation was conducted

establishment and on a weekly basis as necessary. No
irrigation was applied after inoculation during the dry
season and a single application was applied after
inoculation during the wet season. Mechanical tillage and
hand hoeing were used to control weeds. On 15
September 2004, a tropical storm passed over the island
producing high winds and heavy rainfall. Damage was
minor with some lodging, but the plants recovered prior to
the evaluation conducted 33 days after inoculation. Two
controls samples were mcluded in the evaluation. The
sorghum conversion line, SC748-6, was used as a resistant
control. The line has been evaluated for several years at
the study site i Puerto Rico and a stable resistance
response has been observed. In addition, the line has
been evaluated at several locations within the continental
US and a resistant reaction to various anthracnose
pathotypes has been observed. The germplasm line
PT 609251 was used as a susceptible control. PT 609251 is
a highly susceptible genotype selected from the sorghum
germplasm collection from Mali, West Africa®®.
Tnoculations were conducted using anthracnose
colonized sorghum seed. Anthracnose cultures were
established from mfected leaf tissue obtained from
susceptible sorghum genotypes at the Isabela, Puerto
Rico research location. The anthracnose pathotypes
present at the research site are unknown; therefore,
mnfected leaf tissue was randomly collected from several
susceptible sorghum genotypes to represent the
pathogen population at the research station. Infected leaf
samples were collected prior to establishment of the
experiments from naturally infected and inoculated
sorghum plants identified from other evaluations.
Anthracnose infected leaf tissue used in the first
experiment was stored and used in the second evaluation,
along with fresh infected leaf tissue. Infected leaf tissue
sterilized, transferred to half strength
potato-dextrose agar (¥4 PDA) media and incubated at
room temperature n the dark for 3-5 days. Small portions
of the developing anthracnose cultures were excised and
transferred to fresh 2 PDA media followed by incubation
for 7 days at room temperature in the dark prior to seed

was  surface

30

colonization. Sorghum seed was soaked overnight in tap
water, placed in glass jars and autoclaved prior to
inoculation with the anthracnose cultures. The outside
edges of the 7 day old anthracnose cultures were excised
and divided equally between the glass jars of sorghum
seed to maintain the pathotypes present in the pathogen
population. The anthracnose inoculated seed was
incubated at room temperature in the dark for
approximately 5 days complete colomization.
Inoculation with the anthracnose pathogen was
conducted approximately 30 days after planting by
placing colonized seeds in the leaf whorl. Approximately
10 anthracnose colonized seeds were placed in the leaf
whorl of each plant and greater than 80% of the plants in
the row were inoculated.

The response to anthracnose was determined 39, 53
and 73 days after inoculation for the evaluation
conducted in the dry season. Disease evaluations are
generally conducted approximmately 30, 40 and 60 days
“1 but seven days of windy weather
conditions after inoculation during the dry season
resulted in no dew formation that slowed the development
of the disease. During the wet season, disease response
was assessed 12, 33, 45 and 60 days after inoculation. The
response to anthracnose infection was evaluated using a
1-5 rating scale based on infection response observed on
inoculated leaves and on the progression of the disease
on non-inoculated leaves™. A rating of 1 = ne symptoms
or chlorotic flecks on leaves emerging from the inoculated
whorl; 2 = hypersensitive reaction (reddening or red
spots) on moculated leaves with no acervuli formation;
3 = chlorotic lesions on moculated leaves with acervuli in

for

after inoculation'

the center; 4 = necrotic lesions with acervuli on mfected
leaves with lesion elongation and mfection spreading to
non-inoculated leaf tissue and 5 = coalescence of lesions
on moculated leaves with abundant acervuli resulting in
leaf death and most leaves infected including the flag leaf.
Highly resistant accessions were rated as 1, resistant
accessions as 2, moderately susceptible accessions as 3,
susceptible accessions as 4 and highly susceptible
accessions as 5. The rating scale was established to
the qualitative response
infection. Additionally, the percentage of mfected leaf
area was estimated during the final evaluation to assess
potential quantitative responses to anthracnose mnfection.

Statistical analysis of the data was conducted using
the disease response from the final rating. At this stage,
plants are approaching maturity and further disease
progression 1s assoclated with colonization of
senescencing leaf tissue. Since photoperiod sensitivity
delayed flowering and plants had not reached maturity for
the reading during the wet season, the last two

evaluate to anthracnose

final
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ratings for this evaluation were compared to determine if
further disease progression would result in a change in
the disease rating. The Statistix software package
(Analytical Software, Tallahassee, FL) was used to
conduct the analysis of variance for the data. Statistical
analysis of heterogeneous
within-row variation for disease response was conducted
using the most prevalent disease phenotype occurring
within the row.

accessions that showed

RESULTS
Table 2 shows the response to anthracnose
infection and highly significant differences (p = 0.01)
were detected between accessions (data not shown). The
disease response was consistent within and between
experiments for 16 accessions, with 12 accessions
conditioning a resistant reaction and four accessions
susceptible to the disease. Variation in anthracnose
mfection response within and between experunents was
observed for six accessions. Within-accession variation
was a factor contributing to the wvariable anthracnose
disease response observed for three of the six accessions

during the dry growing season. Five accessions that
showed a variable response to anthracnose infection
during the dry season were rated as resistant during the
wet season, which resulted in 17 accessions conditioning
a resistant response during the wet season compared to
12 in the dry season. Only one accession showed a
variable response to anthracnose mfection between
replications during the wet season. The anthracnose
infection response for the control samples was consistent
within and between experiments.

Anthracnose disease severity was higher during the
dry growing season with an average of 32% nfected leaf
area for the four susceptible accessions compared to 6%
observed during the wet growing season. Anthracnose
infected leaf area ranged from 5 to 50% for the susceptible
accessions during the dry growing season (data not
shown). Disease severity during the wet season ranged
from 1 to 20% of the leaf area infected for the susceptible
accessions. The anthracnose infection response during
the wet season for the four susceptible accessions was
mainly confined to inoculated leaves with limited spread
to non-inoculated leaves. generally
assoclated with the leaf margins and midrb, while the

Infection was

Table 2:  Anthracnose disease response for 22 sorghum accessions from Mozambique, Africa and two control samples inoculated with Colletotrichum
sublineolun and evaluated under field conditions in Puerto Rico during the dry and wet growing seasons

Accession® Dry* % Dry* Anthesis® Wet % Wet Anthesis Race Color
PI 481828 2 59 2 75 Guinea P
PI 481829 24 59 2 75 Guinea PT
PI 481830 2 6l 2 78 Guinea-Kafir T
PI 481831 @5 45 55 4 4 70 Guinea T
PI 481832 2 55 2 90 Guinea TP
PI 481833 2 15 57 224 1 82 Guinea T
PI 481834 2 87 2 107 Guinea P
PI 481835 2 55 2 69 Guinea TP
PI 481836 2 59 2 70 Guinea P
PI 481837 P 59 2 70 Guinea TP
PI 481838 2 6l 2 81 Guinea P
PI 481840 4 25 50 4 4 91 Guinea-Kafir P
PI 4818411 I3 38 6l 4 91 Guinea-Kafir P
PI 481842 4 20 70 4 12 99 Guinea P
PI 481843 2 05 2 99 Guinea P
PI 481844 2 63 2 82 Guinea TP
PI 481845 it 63 2 99 Guinea TP
PI 481846 2 15 65 2 99 Guinea PT
PI 481847 224 5 05 2 99 Guinea TP
PI 481848 2 65 2 99 Guinea PT
PI 481849 2 55 2 99 Guinea P
PI 481850 2 50 2 99 Guinea P
SC748-6 2 62 2 68 Caudatum P
PI 609251 5 95 56 5 60 63 Caudatum R

“Plant introduction numbers for the Mozambique sorghum accessions. SC748-6 = anthracnose resistant control. PI 609251 = anthracnose susceptible control.
"Rows with a single value indicate no variation for disease response within an experiment. An accession with more than one disease response value indicates
variation within an experiment (data presented for the three replications) or within-ac cession variation (*). Rating scale: 1 =no symptoms or chlorotic flecks
on leaves emerging from the inoculated whorl, 2 = hypersensitive reaction (reddening or red spots) on inoculated leaves with no acervuli formation;
3 = chlorotic lesions on inoculated leaves with acervuli in the center; 4 = necrotic lesions with acervuli and infection spreading to non-inoculated leaf tissue
and 5 = coalescence of lesions with abundant acervuli resulting in leaf death and most leaves infected including the flag leat.

“Percentage of leaf area infection averaged over replications used to evaluate anthracnose disease severity for susceptible accessions.

“Flowering date determined as days to 50% anthesis.

*Sorghum race classification®!.

“Plant color determined based on pigment production associated with injured tissue. The predominant plant color is listed first for the accessions heterogeneous
for plant color. P =purple. T =tan. R =red
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senescence of lower leaves reduced the spread of the
disease. Disease severity was also greater during the dry
season for the susceptible control with nearly 100%
mfected leaf area compared to 60% dunng the wet
growing season.

DISCUSSION

The Mozambique sorghum collection is a valuable
source of anthracnose resistant germplasm with over 50%
of the 22 accessions conditioning resistance to the
disease. Twelve accessions conditioned a resistant
response during the wet and dry growing seasons in
Puerto Rico suggesting stable sources of resistance under
differing environmental conditions. Four accessions from
the collection were also evaluated in an anthracnose
disease nursery in Georgia and found to be resistant to
anthracnose mfection, which would indicate that the
germplasm may provide resistance to multiple pathotypes
of the disease. The accessions included in the Georgia
disease evaluation were selected prior to initial disease
assessment during the dry season in Puerto Rico. Three
of the four selected accessions conditioned a resistant
response that was consistent during the dry and wet
growing seasons in Puerto Rico. One accession produced
a variable infection response during the dry growing
season suggesting that the accession may be genetically
heterogeneous. No within-accession variation was
observed for this accession in the Georgia anthracnose
evaluation. Previous studies have indicated pathotypic
variation between locations™®, but at present no
mformation is available on the pathotypes present within
and between locations. Anthracnose infected leaf tissue
has been collected from the locations to determine
pathotype variation between locations. In addition,
preliminary data from 300 sorghum accessions evaluated
in Georgia and Puerto Rico would indicate pathotypic
variation for the anthracnose pathogen between locations
(data not shown). Ali and Warren and Cardwell™
dentified two pathotypes within the anthracnose
population in Puerte Rico. Guthrie®™ concluded that the
Puerto Rican anthracnose population was the most
homogeneous based on molecular marker analysis.
Presently, no mformation 1s available on the pathotype
diversity in Puerto Rico. Tt is possible that variation in the
pathogen population may have contributed to the
variation in disease resporse observed withn and
between experiments.

Climatic conditions are known to influence
respense ™. Genotype by
environment interactions may have contributed to the
variation mn infection response observed within and

anthracnose mfection
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between experiments for six accessions. The difference in
disease severity, as measured by the percentage of
infected leaf area, observed between the wet and dry
growing seasons for the susceptible accessions could
also have resulted from variation in climatic conditions.
Although environmental conditions may have enhanced
disease expression i the dry season, the mitial
development of the disease may have been delayed by
dry, windy conditions after inoculation. A susceptible
response was only observed for one accession during the
dry season at 39 days after moculation. In comparison,
four accessions showed susceptible responses at 33 days
after inoculation during the wet season. All four of these
accessions were rated as susceptible for the final
evaluation i both experiments. The accumulation of
phytoalexins associated with the hypersensitive reaction
on inoculated leaves was clearly visible during the wet
season at 12 days after inoculation, but limited
anthracnose lesion development was observed. Neya and
Le Normand™ indicated that wetter climatic conditions
enhanced disease severity for an evaluation conducted at
three locations in Burkina Faso, West Africa. Hess!
indicated that rainfall was a major factor influencing
anthracnose severity for evaluations conducted at two
locations in Mali, West Africa. Neya and Le Normand!
and Hess!” also observed differences in disease severity
between growing seasons. Temperature, relative humidity
and length of dew period can mfluence mfection response
and disease severity™’. In addition to the interactions
with climatic variables influencing disease development,
other factors may have contributed to the reduction in
disease severity observed during the wet growing season
in Puerto Rico.

Sensitivity to day-length may have
contributing factor for the reduction in anthracnose
severity. During the wet growing season, anthesis was
delayed by approximately 25 days compared to the dry
season due to photoperiod sensitivity. Maintaining plants
in a prolonged vegetative state may condition tolerance
to anthracnose infection. In addition, the sorghum
collection from Mozambique may also be a source of
horizontal resistance, since infection severity and disease
progression was lower compared to the susceptible
control m both seasons. Infection was observed on the
flag leaf for two susceptible accessions during the dry
growing season, but disease severity averaged less than
50% and senescence of upper infected leaves was not
observed. Microclimatic variables may have a greater
influence on disease development in the presence of
horizontal resistance as compared to vertical resistance.
Thus, the interactions between host, pathogen and
could sigmificantly

been a

enviromnment influence disease
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response. Pande' concluded that pathogen-host
interaction was a factor influencing aggression of a
virulent pathotype. The combined interactions of the host
and pathogen to environmental conditions would also
influence the virulence of the pathogen under highly
variable field conditions.

Plant color was also observed to be associated
with  antlracnose  infection response for three
accessions. Plant color is based on pigment production
observed from tissue injury with purple, red and tan being
the three major plant colors observed in sorghum. Within-
accession variation for plant color was observed for three
accessions that were variable in infection response. The
accessions were composed of tan and purple colored
plants with the tan plants showing some susceptibility to
anthracnose mfection. Only three accessions within the
Mozambique germplasm collection were uniformly
composed of tan plants; therefore, no strong association
between plant color and anthracnose susceptibility could
be determined. Racial variation and the evolution of
different sorghum races to environmental extremes could
also contribute to variation in anthracnose infection
response. The races of sorghum in Mozambique appeared
to have some association with anthracnose susceptibility.
Two sorghum races occur within the collection. Nineteen
accessions were classified as race guinea with 11 showing
resistance to anthracnose, whereas, one of the three
accessions classified as race gumea-kafir conditioned
anthracnose resistance. The number of accessions in the
collection for each race is too small to conclude that race
15 a major factor mfluencing disease response. Race
guinea has morphological characteristics that enhance
survivability under high rainfall conditions and is
commonly associated with wetter growing regions in
Africa® The pathogen is also more prevalent in hot,
humid regions™, which may contribute to greater diversity
within the pathogen population. Thus, disease
pressure may contribute to greater genetic variation in
host plant resistance for guinea sorghum.

Limited information 1s available on the genetics of
host plant resistance to anthracnose in sorghum. LeBeau
and Coleman®? determined that anthracnose resistance
was conditioned by a single dominant gene in two
sorghum accessions from Sudan. A single dominant gene
for resistance to anthracnose foliar infection and a linked
dominant gene for anthracnose stalk rot resistance were
determined for a sorghum genotype used for syrup
production!™. Recently, a recessive gene was identified in
a sorghum conversion line, SC326-6, from Ethiopia™!.
Erpelding and Prom™ indicated dominant and recessive
genes conferred anthracnose resistance to Puerto Rican
1solates for sorghum accessions from Mali, West Africa.

33

No information is available on genetic diversity or allelic
variation for anthracnose resistance in sorghum. Because
the pathogen 1s highly vamable within and between
regions, the Mozambique sorghum germplasm may
provide unigque sources of anthracnose resistance for use
in sorghum improvement programs. Twelve sorghum
from Mozambique stable
anthracnose resistance during the dry and wet growing
seasons in Puerto Rico and may provide resistance to
The genetic inheritance of
resistance will need to be determmed to enhance

ACCess10ms conditicned

pathotypes in Georgia.

utilization of the germplasm in breeding programs and to
aid in the transfer of resistance genes to desirable
breeding lines.
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