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Sorghum (Sorghum bicolor (L.) 
Moench) is the world’s fourth most impor-
tant cereal crop after wheat, rice and maize 
(21). It is a major source of food, feed, 
fiber, and fuel across a range of environ-
ments and production systems. Most Sor-
ghum spp. are tolerant to heat and drought 
and are especially important in arid re-
gions. Thus, sorghum is the key for the 
sustenance of human and livestock popula-
tions in hot and dry areas of the world. 
However, diseases and insects, in addition 
to abiotic stresses, are major impediments 
toward realizing the high yield potential of 
sorghum cultivars. Developing cultivars 
resistant to these stresses is the key to im-
proving sorghum productivity in farmers’ 
fields. 

Among the diseases, grain mold is one 
of the most important biotic constraints to 
production of grain sorghum worldwide 
(23,32). A complex of pathogenic and 
saprophytic fungi causes grain mold, and 
the major fungi associated with early in-
fection events are Fusarium spp., Curvu-
laria lunata, Alternaria alternata, and 

Phoma sorghina (22,23). Damage result-
ing from early infection includes reduced 
kernel development; discoloration of 
grains; colonization and degradation of 
endosperm; and decreased grain density, 
germination, and seedling vigor (23). Sev-
eral species of Fusarium associated with 
grain mold complex have been shown to 
produce mycotoxins, such as fumonisins 
and trichothecenes, that are harmful to 
human and animal health (23). 

Downy mildew, caused by Peronoscle-
rospora sorghi, is another important dis-
ease of sorghum that can cause severe 
epidemics, resulting in considerable yield 
losses. Sorghum downy mildew is eco-
nomically important and widespread in 
many tropical and subtropical regions of 
the world where sorghum and maize are 
grown (10,31). The disease is highly de-
structive due to its systemic nature of in-
fection, resulting in the death of plants or 
lack of panicle initiation. 

Availability of adequate genetic varia-
tion is a prerequisite for genetic improve-
ment of any crop species. Germplasm 
accessions collected and maintained in 
gene banks represent vast genetic variation 
that can be utilized in crop improvement. 
However, large-scale evaluation of germ-
plasm collections against various biotic or 
abiotic stresses is resource and time con-
suming. To overcome the need for a large-
scale evaluation of the entire germplasm 
collection of a species, Frankel and Brown 

(5) proposed the concept of a core collec-
tion (10% of the entire collection) repre-
senting over 70% of the genetic variation 
available in the entire collection, and 
Brown (4) suggested this as a gateway to 
capture and utilize genetic diversity of a 
crop species in crop breeding programs. 
Core collections based on phenotypic data 
have been reported in several crops 
(3,26,28,30,33). Rao and Rao (16) were 
the first to develop a core collection of 
sorghum at the International Crops Re-
search Institute for the Semi-Arid Tropics 
(ICRISAT). Grenier et al. (7) also devel-
oped a core collection of 2,247 sorghum 
landrace accessions from 58 countries. 
However, a core collection consisting of 
10% of the total accessions could still be 
too large in crops like sorghum for a sys-
tematic evaluation of traits of economic 
importance, such as disease resistance. 
Consequently, Upadhyaya and Ortiz (27) 
suggested a concept of a mini-core collec-
tion (10% of the core and 1% of entire 
collection) that can represent most of the 
useful variation in a crop species. Thus, a 
sorghum mini-core consisting of 242 ac-
cessions from the core collection of 2,246 
landrace accessions was developed at IC-
RISAT in 2005 (29). The objective of this 
study was to evaluate this mini-core of 
sorghum accessions in order to identify 
accessions having resistance to grain mold 
or downy mildew that could be utilized in 
disease resistance breeding programs. 

MATERIALS AND METHODS 
Seed source. Seed of the 242 germ-

plasm accessions of the sorghum mini-core 
comprising all the 5 basic races—bicolor 
(20), caudatum (39), durra (30), guinea 
(29), and kafir (21)—and 10 intermediate 
races—caudatum-bicolor (30), durra-
bicolor (7), durra-caudatum (19), guinea-
bicolor (2), guinea-caudatum (27), guinea-
durra (2), guinea-kafir (3), kafir-bicolor 
(2), kafir-caudatum (7), and kafir-durra 
(4)—was obtained from the Genetic Re-
sources Division, ICRISAT, Patancheru, 
India. The sorghum mini-core was devel-
oped from a core collection of 2,246 ac-
cessions. The core collection was evalu-
ated for 11 qualitative and 10 quantitative 
traits. The hierarchical cluster analysis of 
data using phenotypic distances resulted in 
21 clusters. From each cluster, about 10% 
or a minimum of one accession was se-
lected to form a mini-core that comprised 
242 accessions (29). 
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Screening for grain mold resistance. 
The 242 sorghum mini-core accessions 
along with susceptible checks (SPV 104 
and Bulk Y) and a resistant check (IS 
8545) were evaluated in the sorghum grain 
mold nursery during the 2007 and 2008 
rainy seasons (June to September) at IC-
RISAT, Patancheru, India. Each accession 
was grown in one row of 2 m in length 
with two replications in a complete ran-
domized block design. 

Screening was done without artificial 
inoculation because sufficient natural in-
ocula of mold fungi are present during the 
rainy season over sorghum fields at ICRI-
SAT, India for natural field epiphytotic 
conditions (2,24). The accessions were 
sown in the first half of June so that grain 
maturing stages coincided with periods of 
frequent rainfall in August and September. 
To enhance mold development, high hu-
midity (>90% relative humidity) was pro-
vided through sprinkler irrigation of test 
plots twice a day for 30 min each between 
10:00 a.m. and 12:00 noon and between 
4:00 and 6:00 p.m. on rain-free days from 
flowering to physiological maturity (when 
most grains in the middle of the panicle 
develop a black layer at the hilum). Ten 
uniformly flowering plants were tagged in 
each row. The visual panicle grain mold 
rating (PGMR) was taken on each of the 
tagged plants at the prescribed physiologi-
cal maturity (23) using a progressive 1-to-
9 scale, where 1= no mold infection, 2 = 1 
to 5, 3 = 6 to 10, 4 = 11 to 20, 5 = 21 to 30, 
6 = 31 to 40, 7 = 41 to 50, 8 = 51 to 75, 
and 9 = 76 to 100% molded grains on a 
panicle. Data were also recorded for agro-
nomic traits, such as days to flowering 
(time of full panicle emergence in 50% of 
the plants in a row) and plant height 
(measured from the base of the plant to the 
tip of the panicle at maturity on 5 of the 10 
tagged plants in a row), and morphological 
traits, such as panicle compactness (com-
pactness of panicle at maturity), glume 
coverage (proportion of the grains covered 
with glumes at maturity), glume color, and 
grain color at maturity during 2008 (19). 
Most of the morphological traits appeared 
genetically fixed and were expressed uni-
formly in all plants of an accession; there-
fore, the data were recorded as an overall 
expression of the trait for each accession. 
The qualitative morphological traits, such 

as panicle compactness, glume color, and 
grain color were assigned numerical rat-
ings following the distinctiveness, uni-
formity, and stability (DUS) ratings devel-
oped by the National Research Centre for 
Sorghum (19) to facilitate statistical analy-
sis. The PGMR data were converted to 
percentages using the midpoint value (1 = 
0, 2 = 3, 3 = 8, 4 = 15.5, 5 = 25.5, 6 = 35.5, 
7 = 45.5, 8 = 63, and 9 = 88%) for statisti-
cal analysis (12). 

Screening for downy mildew resis-
tance. The 242 mini-core accessions were 
evaluated in a greenhouse along with a 
susceptible check (296 B) and a resistant 
check (QL 3) using a sandwich inoculation 
technique (24). The experiment was con-
ducted in a completely randomized design 
with two replications and 45 to 50 seed-
lings per replication. Seed of the test ac-
cessions were incubated in moist petri dish 
chambers (petri dish lined with wet blot-
ting paper) for 24 h at 35°C. Sprouted seed 
(with 0.5- to 1.0-mm-long plumules and 
radicles) were placed on the adaxial sur-
face of a piece of systemically infected 
sorghum leaf and covered with another 
piece of infected leaf (adaxial surface 
touching the seed), thus “sandwiching” the 
sprouted seed in moist petri dishes. The 
petri dishes were incubated in darkness at 
20°C for 24 h for infection of the seed-
lings. The seedlings were transplanted in 
15-cm-diameter pots (45 to 50 seed-
lings/pot) filled with sterilized soil-sand-
farmyard manure mix (2:1:1 by volume) 
and placed in a greenhouse maintained at 
25 ± 1°C. Downy mildew incidence was 
recorded 14 days after transplanting as the 
percentage of plants with downy mildew 
symptoms. The selected resistant acces-
sions (mean incidence ≤10%) were re-
evaluated to confirm their resistance. 

Statistical analysis. Analyses of vari-
ance (ANOVAs) for data on grain mold 
severity, downy mildew incidence, and 
agronomic traits, such as days to flowering 
and plant height, were done using the 
GENSTAT statistical package (version 
10.1; Rothamsted Experiment Station, 
Herpenden, Herts AL52JQ, UK). The 
ANOVAs were obtained in terms of block 
effects and the accession effects, consider-
ing replications as random and accessions 
as fixed. For each field experiment con-
ducted during 2007 and 2008, data on 

grain mold severity were analyzed sepa-
rately using ANOVA. The Bartlett’s test of 
homogeneity was conducted, which indi-
cated that the error variances were homo-
geneous. The data of both the years were 
pooled and ANOVA performed using a 
mixed model (considering years and repli-
cations as random and accessions as fixed). 
The significance of main effects, year, and 
accession and their interactions were tested 
against residual mean squares. 

The associations between pairs of vari-
ables—grain mold severity, plant height, 
days to flowering, panicle compactness, 
glume coverage, glume color, and grain 
color—were evaluated in terms of the 
Pearson’s correlation coefficients using the 
correlations procedure of GENSTAT (ver-
sion 10.1). 

RESULTS 
Grain mold resistance. Of the 242 sor-

ghum mini-core accessions grown for 
grain mold evaluation during the rainy 
season in 2007, grain mold was scored 
only on 140 accessions; the other 102 ac-
cessions flowered very late and, thus, 
could not be evaluated. These 140 acces-
sions were again evaluated during the 2008 
rainy season. The ANOVA exhibited sig-
nificant (P < 0.001) variation among the 
140 mini-core accessions for grain mold 
resistance in both experiments (2007 and 
2008, data not given) as well as in the 
pooled data (Table 1). Although there was 
significant interaction between accession 
and years, the MS variance for accessions 
was very high, indicating that differences 
in the mold severity were mainly contrib-
uted by accessions. Based on mean grain 
mold severity for the two experiments, 53 
accessions were found to be resistant 
(grain mold severity ≤10%), 32 moderately 
resistant (mold severity 11 to 30%), 25 
susceptible (mold severity 31 to 50%), and 
30 highly susceptible (mold severity 
>50%) compared with 83 and 88% sever-
ity in susceptible checks SPV 104 and 
Bulk Y, respectively, and 2% severity in 
resistant check IS 8545. Fifty accessions 
were found to be resistant in both the ex-
periments, indicating stable resistance in 
these accessions for grain mold. These 
accessions represented four basic—bicolor 
(14), caudatum (9), guinea (2), and kafir 
(2)—and six intermediate—caudatum-
bicolor (10), durra-caudatum (3) guinea-
caudatum (4), guinea kafir (2), kafir-
bicolor (1), and kafir-caudatum (3)—races 
of sorghum (Table 2). 

The 50 grain-mold-resistant accessions 
exhibited wide diversity for agromor-
phological traits such as days to flowering, 
plant height, panicle compactness, glume 
coverage, and grain and glume color (Ta-
ble 2). Significant variations were recorded 
for days to flowering and plant height. The 
days to flowering in these accessions 
ranged between 49 and 76 and the plant 
height between 188 and 430 cm. The 

Table 1. Analysis of variance for grain mold severity and downy mildew incidence in the mini-core 
accessions of sorghuma 

 Grain mold severity Downy mildew incidence 

Source of variation df MS df MS 

Year (Y) 1 7.71 … … 
Replication (Year) 2 2.94 … … 
Replication … … 1 9.82 
Accession (A) 142 3,009.73*** 243 1,427.67*** 
Y × A 142 53.78*** … … 
Residual 284 14.03 243 25.73 

a Asterisks (***) indicate significant at P < 0.001. 
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grain-mold-resistant accessions had repre-
sentation of both white-grain and dark-
grain (red or brown) lines with straw- to 
black-colored glumes and 25 to 100% 
glume coverage. Diversity for panicle 
compactness such as compact, semi-
compact, loose, and very loose was also 
observed in these accessions. Grain mold 
severity was negatively correlated with 
grain color (r = –0.45), glume coverage (r 
= –0.32), and glume color (r = –0.22) 

whereas it was positively correlated with 
panicle compactness (r = 0.47). However, 
correlations of grain mold severity with 
plant height and days to flowering were 
nonsignificant. 

Grain-mold-resistant accessions in the 
mini-core originated from 21 countries, 
indicating wide geographical diversity of 
resistant lines (Table 3). Of the 50 resistant 
accessions, 12 originated from the United 
States, 7 each from South Africa and Swa-

ziland, 3 each from China and Republic of 
Korea, 2 each from Malawi and Zim-
babwe, and 1 each from the remaining 14 
countries. 

Downy mildew resistance. The 
ANOVA exhibited significant (P < 0.001) 
variation among the 242 mini-core acces-
sions for downy mildew resistance (Table 
1). Most of the accessions (91%) showed 
high susceptibility to downy mildew. Six 
accessions showed resistance (≤10% inci-

Table 2. Grain mold severity, race type and variable agro-morphological traits of grain mold resistant sorghum accessions selected from mini-core collection

  Grain mold severity (%)a Agronomic traitsb Morphological traitsc 

IS no. Race 2007 2008 Pooled Days Height (cm) Panicle GC Glume color Grain color 

602 bicolor 0 0 0 50 213 L 100 P LB 
603 bicolor 0 3 2 53 250 L 75 P LB 
608 bicolor 0 0 0 50 213 L 100 BL LB 
1233 bicolor 0 2 1 49 210 L 100 BL LB 
2413 bicolor 0 1 1 65 363 L 50 R B 
3121 bicolor 0 0 0 76 345 L 75 BL B 
12697 bicolor 0 7 4 63 340 SL 100 BL B 
12804 bicolor 0 1 0 51 318 VL 100 R B 
20727 bicolor 3 0 2 52 238 SL 100 BL B 
20740 bicolor 3 0 2 71 350 L 100 BL B 
20743 bicolor 3 0 2 63 333 L 100 B RB 
20816 bicolor 3 1 2 61 253 SL 100 S B 
30562 bicolor 3 7 5 55 260 VL 100 S B 
31681 bicolor 3 2 2 52 295 SL 100 BL B 
2379 caudatum 3 4 3 66 348 SC 50 LR CW 
2864 caudatum 4 7 6 62 223 L 25 BL LB 
12302 caudatum 6 4 5 64 318 SC 25 R LR 
13971 caudatum 3 3 3 62 303 SL 50 BL RB 
17941 caudatum 3 7 5 61 188 SC 50 BL CW 
19389 caudatum 3 10 6 62 270 L 25 BL B 
23992 caudatum 3 1 2 63 383 SL 50 BL RB 
26694 caudatum 3 4 4 61 278 SL 50 S B 
29335 caudatum 3 2 2 53 220 SL 50 RB RB 
21512 guinea 3 4 3 67 343 SL 25 LB W 
21645 guinea 3 5 4 64 340 SL 75 RB W 
12945 kafir 8 9 9 64 308 SL 50 BL S 
22294 kafir 3 6 4 63 350 SC 50 S LR 
995 caudatum-bicolor 3 9 6 60 260 SC 75 P B 
2426 caudatum-bicolor 3 2 2 54 278 L 100 BL B 
12706 caudatum-bicolor 3 1 2 52 218 SL 50 BL B 
16151 caudatum-bicolor 3 3 3 49 208 SL 75 P B 
24453 caudatum-bicolor 3 2 2 63 288 SL 75 BL LB 
26701 caudatum-bicolor 3 4 4 52 215 SL 50 BL B 
29326 caudatum-bicolor 4 2 3 50 200 L 50 BL B 
30383 caudatum-bicolor 3 1 2 49 233 SL 50 S RB 
30533 caudatum-bicolor 3 7 5 62 340 L 50 RB RB 
30536 caudatum-bicolor 3 1 2 51 273 L 75 S RB 
20956 durra-caudatum 3 5 4 72 348 SL 50 S W 
29314 durra-caudatum 3 3 3 50 218 SL 50 RB LR 
30092 durra-caudatum 5 2 4 65 345 SL 50 BL S 
10969 guinea-caudatum 8 3 6 74 430 SL 25 LB Y 
23590 guinea-caudatum 5 8 7 75 348 SL 50 R S 
29187 guinea-caudatum 3 3 3 53 265 SL 50 RB RB 
29269 guinea-caudatum 3 4 3 50 210 SL 50 RB RB 
473 guinea-kafir 8 5 7 55 300 SL 25 S S 
29304 guinea-kafir 3 7 5 54 290 SL 50 S S 
1212 kafir-bicolor 0 0 0 49 258 L 50 B RB 
13893 kafir-caudatum 3 3 3 66 328 SL 50 S RB 
29241 kafir-caudatum 3 2 3 51 223 SL 50 RB RB 
29568 kafir-caudatum 4 7 5 62 288 SL 50 BL LR 
8545-check caudatum 3 2 2 51 170 SC 50 B B 
SPV 104-check … 88 78 83 65 213 C 50 W W 
Bulk Y-check … 88 88 88 57 149 L 25 B W 
LSD (P < 0.05)d … 6 8 5 2 20 … … … … 

a  Mean of two replications, 10 plants/replication at physiological maturity. 
b Days = days to flowering and Height = plant height; panicle compactness: C = compact, SC = semicompact, SL = semiloose, L = loose, VL = very loose. 
c  GC = glume coverage (%); W = white, CW = chalky white, S = straw, Y = yellow, LR = light red, R = red, RB = reddish brown, LB = light brown, B =

brown, P = purple, BL = black. 
d Trial least significant difference. 
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dence) and two exhibited moderate resis-
tance (11 to 20% incidence) compared 
with 100% incidence in the susceptible 
check (H 112) and 23% in the resistant 
check (QL 3). Among the resistant acces-
sions, IS 28747 from Yemen was free from 

downy mildew, two accessions (IS 31714 
and IS 23992) recorded ≤5% downy mil-
dew incidence, while three (IS 27697, IS 
28449, and IS 30400) had 6 to 10% inci-
dence. Four of the six downy-mildew-
resistant accessions originated from the 

Republic of Yemen and one each from 
China and Sierra Leone (Table 3). Resis-
tance in these six accessions was con-
firmed by reevaluating them under green-
house conditions. 

DISCUSSION 
Resistance to grain mold is a complex 

trait and several morphological traits have 
been shown to be associated with resis-
tance (1). We observed significant negative 
correlations of grain mold severity with 
grain color, glume coverage, and glume 
color. Negative correlations of grain mold 
severity with grain or glume color and 
glume coverage indicate that accessions 
with dark grain color (red or brown) and 
large and dark-colored (purple or black) 
glumes are most likely to be resistant to 
grain mold. Positive correlation between 
panicle compactness and grain mold sever-
ity indicates that accessions with a loose 
panicle are more likely to be resistant to 
grain mold because the compact heads 
hold more moisture that favors mold de-
velopment. The roles of flowering time, 
panicle compactness, glume coverage, and 
grain color (due to pericarp and testa pig-
mentation) in sorghum grain mold resis-
tance are well documented (1,6,23). Grain 
mold resistance is reported to be correlated 
not only with open panicles and long 
glumes (6) but also with greater glume 
coverage, length, and area (13). Thus, 
there is a need to identify morphologically 
diverse sources of genetic resistance with 
desirable agronomic traits for utilization in 
resistance breeding to develop hybrids and 
cultivars for diverse use as food, feed, and 
other industrial products. Diversity for 
agronomic traits, such as days to flowering 
and plant height, and morphological char-
acters such as grain or glume color, glume 
coverage, and panicle compactness pro-
vides opportunity of breeding lines with a 
different adaptation. 

In this study, we identified 50 grain-
mold-resistant sorghum accessions from 
the mini-core, which represent a wide 
diversity of race types, morphological 
traits, agronomic desirability, and geo-
graphical distribution. Among resistant 
accessions, six dark-grain (IS 12706,  
-26701, -29241, -29269, -29314, and  
-29335) and one chalky white-grain (IS 
17941) accessions had desirable agromor-
phological traits, such as early flowering 
(<65 days to flowering), medium plant 
height (151 to 225 cm), semicompact to 
semiloose panicles, and 50% glume cover-
age. These would be desirable sources of 
resistance for a sorghum breeding pro-
gram. Among different races constituting 
the sorghum mini-core, maximum mold-
resistant accessions were of bicolor type 
(14 of the 15 screened). The resistance in 
the bicolor accessions might be due to 
loose panicles and dark grain color. None 
of the 14 durra-type accessions (compact 
panicle) screened had resistance to grain 

Table 3. Origin of sorghum mini-core germplasm accessions and their reaction to downy mildew and
grain mold 

 Downy mildew incidence (%)a Grain mold severity (%)b 

Country of origin No. Range Resistant No. Range 

Afghanistan 1 100 … 1 2 (1) 
Algeria 1 99 … 1 2 (1) 
Argentina 1 100 … 1 31 
Australia 1 100 … 1 4 (1) 
Bangladesh 1 83 … 1 6 (1) 
Benin 1 44 … … … 
Botswana 5 24–100 … 5 4–33 (1) 
Burkina Faso 1 95 … … … 
Burundi 1 94 … … … 
Cameroon 13 72–100 … 2 3–23 (1) 
Chad 2 100–100 … … … 
China 12 10–100 IS 30400 12 0–4 (3) 
Cuba 1 48 … 1 30 
Egypt 1 100 … 1 88 
Ethiopia 12 21–100 … 6 7–29 (1) 
Gambia 1 54 … … … 
Ghana 1 62 … … … 
Honduras 1 100 … … … 
India 30 22–100 … 17 5–88 (1) 
Indonesia 1 89 … 1 4 (1) 
Iran 1 100 … 1 1 (1) 
Japan 1 62 … … … 
Kenya 5 52–96 … 1 47 
Republic of Korea 5 77–100 … 5 2–43 (3) 
Lesotho 8 22–100 … 8 5–59 (1) 
Madagascar 1 56 … … … 
Malawi 2 42–59 … 2 3–4 (2) 
Mali 6 19–100 … … … 
Mexico 1 75 … … … 
Morocco 1 26 … 1 88 
Mozambique 1 100 … … … 
Myanmar 1 100 … … … 
Nicaragua 1 96 … 1 9 (1) 
Niger 2 70–100 … … … 
Nigeria 7 38–100 … … … 
Pakistan 1 59 … 1 50 
Rwanda 1 96 … … … 
Saudi Arabia 1 100 … 1 15 
Senegal 1 86 … … … 
Sierra Leone 1 6 IS 27697 … … 
Somalia 3 27–99 … 1 78 
South Africa 25 23–100 … 23 2–59 (7) 
Sri Lanka 1 38 … … … 
Sudan 6 24–100 … 3 14–51 
Swaziland 9 41–100 … 9 2–26 (7) 
Syrian Arab Republic 1 93 … 1 68 
Tanzania 4 86–100 … … … 
Thailand 1 100 … 1 22 
Togo 1 98 … … … 
Turkey 1 100 … 1 0 (1) 
United States 17 47–100 … 14 0–60 (12) 
Uganda 6 67–100 … … … 
Venezuela 1 100 … … … 
Republic of Yemen 15 0–100 IS 23992, -28449, 

-28747, -31714 
7 2–59 (1) 

Zaire 1 98 … … … 
Zambia 3 78–100 … … … 
Zimbabwe 11 30–100 … 9 4–57 (2) 
SE (m) ± … 3.6 … … 2.0c 

a Based on the mean of two replications in greenhouse evaluation using “sandwich method.” No. = 
number of accessions and Resistant = resistant accessions. 

b Based on the mean of 2 years of screening in field conditions. No. = number of accessions. Range:
number of resistant accessions across 2 years in parentheses. 

c Standard error (SE) of individual accession mean over seasons and replications. 
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mold. The resistant accessions were found 
from 17 of the 21 clusters of the core col-
lection that were used to develop the mini-
core (29). The number of resistant acces-
sions ranged from one each from cluster 8 
(having 110 accessions in core collection) 
and cluster 20 (29 accessions) to six from 
cluster 9 (185 accessions). The representa-
tion of grain-mold-resistant accessions in 
17 clusters of the core collection reveals a 
high level of genetic diversity in these 
accessions. This diversity could be indica-
tive of genetic diversity in resistance as 
well. 

Grain mold severity has generally been 
higher on white-grain, short-duration culti-
vars and hybrids than on colored-grain, 
long-duration ones (23). Some advances 
have been made to develop white-grain, 
high-yielding experimental hybrids with 
tolerance to grain mold (17); however, the 
levels of resistance have not been ade-
quate. Thus, there has been a need to iden-
tify genetic resistance in white-grain ac-
cessions with desirable agronomic traits 
for utilization in breeding program. In this 
study, grain mold resistance was identified 
in three white-grain (IS 20956, -21512, 
and -21645) and two chalky white-grain 
(IS 2379 and -17941) accessions from the 
sorghum mini-core collection. These 
would be desirable sources of resistance 
for a breeding program aiming to develop 
white-grain hybrids for human consump-
tion, particularly in Asia. Among the 140 
accessions, IS 21512 and -21645 were the 
only guinea-type sorghum included in the 
experiment and were resistant to grain 
mold. Therefore, it would be desirable to 
screen more white-grain guinea-type ac-
cessions from the core collection to iden-
tify mold resistance in white-grain sor-
ghum. 

Attempts were made to identify resis-
tance in the sorghum mini-core collection 
for downy mildew as well. Sorghum line 
QL 3 has been reported to be resistant to 
downy mildew (18) and was included as a 
resistant check in the present study. QL 3 
recorded 23% downy mildew incidence. 
This indicates a likely virulence change in 
the pathogen population and calls for iden-
tification of new sources of downy mildew 
resistance in sorghum. A sudden reemer-
gence and disease outbreak of sorghum 
downy mildew resulting in significant 
yield loss has been recorded in Texas dur-
ing the spring of 2001 and again in 2002 
(9). P. sorghi isolates from the epidemic 
area were found to be insensitive to 
metalaxyl fungicide, which had been used 
as an effective seed treatment for many 
years. Characterization of isolates col-
lected from previously resistant hosts re-
vealed the evolution of a new pathogenic 
race of P. sorghi. In the present study, we 
identified six accessions from the sorghum 
mini-core collection having resistance to 
the Patancheru isolate of P. sorghi (patho-
genic variation in P. sorghi from India has 

not been reported yet). One accession (IS 
23992) exhibited resistance to both grain 
mold and downy mildew. This accession 
was selected from cluster 16 of the core 
collection, which consists of 94 accessions 
(29). It would be useful to evaluate the 
remaining accessions from cluster 16 that 
were not included in the mini-core collec-
tion to identify additional sources with 
resistance to both the diseases. Holbrook 
and Anderson (8) compared peanut germ-
plasm and a core collection for late leaf 
spot resistance and observed that the suc-
cess rate to identify resistant lines was 
greater (P < 0.01) while screening the lines 
within clusters than the success rate for the 
lines not in those clusters. Similarly, a 
subsample of the core collection of com-
mon bean was useful for identifying white-
mold-resistant accessions within the active 
Phaseolus spp. collection (14). The six 
downy-mildew-resistant accessions were 
selected from five clusters; two from clus-
ter 1 (279 accessions) and one each from 
clusters 4 (166 accessions), 13 (92 acces-
sions), 16 (94 accessions), and 8 (110 ac-
cessions). Therefore, it would be desirable 
to evaluate accessions from these clusters 
to identify additional sources of downy 
mildew resistance. 

It is evident from this study that resis-
tance to stresses such as diseases can be 
effectively identified from a mini-core 
comprising only 1% of the total germ-
plasm of a crop species. We could identify 
50 grain-mold-resistant accessions, 6 
downy-mildew-resistant accessions, and 1 
accession with resistance to both the dis-
eases from the sorghum mini-core collec-
tion. There are several reports where mini-
cores have successfully been used to iden-
tify resistance sources for diseases (15), 
salinity (20), and drought (11,25). Thus, 
the mini-core collections can be used as a 
starting point to screen for desirable traits 
in a crop species. The information regard-
ing the clusters to which a particular ac-
cession with traits of interest belongs will 
help in extensive evaluation of accessions 
with similar traits in the larger subsets in 
the core collection and, eventually, the 
entire germplasm. Identification of grain-
mold- and downy-mildew-resistant acces-
sions from the sorghum mini-core would 
permit use of diverse resistance sources for 
future breeding efforts and to ensure a 
better chance of success in sorghum im-
provement. 
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