NONWHEAT GRAINS AND PRODUCTS

Physical and Chemical Kernel Properties Associated with Resistance
to Grain Mold in Sorghum
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ABSTRACT

Identification of kernel properties associated with resistance to grain
mold would be useful in screening germplasm in a breeding program. We
screened and characterized a large and diverse collection of sorghum
(Sorghum bicolor (L.) Moench) accessions for physical and chemical
kernel properties, as well as for resistance to grain mold in the field. We
identified sorghum accessions with a high level of grain mold resistance
originating from diverse geographical areas and belonging to different
botanical races. We found that resistance to grain mold in these sorghums

Cereal Chem. 73(5):613-617

was strongly associated with high concentration of phenolic compounds
(apigeninidin, flavan-4-ols, and tannin), kernel hardness, and pericarp
color. Each of these kernel properties contributed to grain mold resis-
tance differently in white, red, and brown pericarp sorghum accessions.
We developed a numerical index that integrated the more important ker-
nel attributes, and this index effectively differentiated resistant and sus-
ceptible sorghum genotypes.

Grain mold caused by several fungi is a serious disease when
the sorghum caryopsis develops and matures in high humidity and
warm temperatures (Williams and Rao 1981, Forbes et al 1992).
Mold damage reduces test weight, seed viability, and nutritional
quality, as well as kernel appearance and market value (Castor and
Fredriksen 1980). Use of resistant cultivars is the only feasible
way to minimize damage from mold.

Identifying chemical and physical kernel properties associated
with resistance of sorghum to grain mold would facilitate screen-
ing germplasm for resistance before subsequent inclusion in
breeding programs. Phenolic compounds that inhibit fungal
growth may confer resistance to grain mold damage before and
after grain maturity (Waniska et al 1992). High levels of con-
densed tannins (Harris and Burns 1973), phenolic acids (Waniska
et al 1992), and flavan-4-ols (Jambunathan et al 1986, Jambuna-
than and Kherdekar 1990, Jambunathan et al 1991, Mukuru 1992)
in mature sorghum kernels were closely correlated with resistance
to grain mold. Physical kernel properties, including a high pro-
portion of corneous to floury endosperm, thick surface wax of the
grain, and kernel density also have been associated with enhanced
resistance to grain mold (Glueck and Rooney 1980, Ibrahim et al
1985, Jambunathan et al 1990, Waniska et al 1992). However,
these findings were based on a limited number of genotypes. In a
more diverse collection of sorghums, none of these variables
solely explained much of the variation in grain mold resistance in
sorghums. Use of a multiple-trait selection index, therefore, may
enhance development of genotypes with a combination of desir-
able physical and chemical kernel attributes to minimize damage
by mold.

The objectives of this study were to: 1) evaluate a large working
collection of diverse tropical landraces of sorghum for grain mold
resistance, 2) characterize a diverse sorghum germplasm collec-
tion for kernel traits associated with grain mold resistance, and 3)
assess the cumulative contribution of physical and chemical ker-
nel properties in sorghum on overall resistance to molding.

Ipostdoctoral fellow, professor of agronomy, professor of biochemistry, and
research associate, respectively, Purdue University, West Lafayette, IN 47907.
2Corresponding author. E-mail: gejeta @ dept. agry. Purdue. edu

Publication no. C-1996-0822-06R.
© 1996 American Association of Cereal Chemists, Inc.

MATERIALS AND METHODS

Genetic Material and Experimental Design

A diverse array of 231 photoperiod-insensitive sorghum acces-
sions (referred to hereafter as the working collection) representing
different cultivated races of sorghum from a large number of
countries were evaluated for grain mold resistance in West Lafay-
ette, IN. These accessions were planted in unreplicated plots at the
Purdue Agronomy Research Center in 1984. Each accession was
planted in three rows 6 m in length, spaced 75 cm wide. Resistant
accessions (43) with grain mold scores of 1 and 2 and susceptible
accessions (9) with grain mold scores of 4 and 5, based on the
1984 test, were selected as a subset of the working collection to
confirm the reaction to infection by grain mold in 1985. The selected
accessions were planted in a randomized complete block design
with three replicates at the same location. Each accession was
planted in a single row plot each 5 m in length and spaced 75 cm
apart.

Sampling and Grain Mold Damage Assessment

Randomly selected plants (12) were tagged from each unrepli-
cated plot in 1984 and from each replicated plot in 1985 at anthesis.
Three tagged panicles were harvested at the end of November.
The warm and humid weather at the Purdue Agronomy Research
Center was conducive for the development of grain mold. Uniform
and reliable levels of natural infection were readily obtained with-
out artificial inoculation. We visually estimated grain mold sever-
ity in three harvested panicles using a rating system described by
Williams and Rao (1981) and subsequently used by others
(ICRISAT 1985, Bandyopadhyay et al 1988, Forbes et al 1992).
Ratings were based on a 1-5 scale, where 1 = no visible mold, 2 =
1-10%, 3 = 11-25%, 4 = 26-50%, and 5 = more than 50% of the
area of the kernels in each panicle molded. Grain mold scores of
the three panicles in each replicate (plot) were averaged to obtain
the scores of each accession.

Measuring Kernel and Panicle Traits

Panicle shape. A visual score of the compactness of a panicle
was based on a 1-7 scale, where 1 = a very open panicle and 7 =
the most compact panicle.

Endosperm texture. A sample of longitudinally sectioned ker-
nels was rated on a scale of 1 (corneous) to 5 (floury).

Kernel weight. Measured as the weight in grams of 100 seeds.

Kernel color. Coded as 1 = white, 2 = straw, 3 = yellow, 4 =
orange red, 5 =l light brown, 6 = brown, 7 = red brown, 8 = gray,
and 9 = purple.
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Days to flowering. Number of days from planting until 50% of
the plants in a plot bloomed halfway down the panicle.

Determination of Phenolic Compounds

Kernels were cleaned manually and ground in a Cyclotec1093
sample mill for chemical analysis. Apigeninidin, luteolindin,
flavan-4-ols, and tannins were determined using procedures
described by Watterson and Butler (1993) with the following
modifications. A 250-mg flour sample was extracted with 15 ml of
0.5% HCI in methanol for 20 min. After centrifugation for 5 min,
the supernatant was carefully removed. A 0.5-ml sample was
drawn from the supernatant and mixed with 7 ml of 30% HCI in
1-butanol for flavan-4-ol analysis. Blanks for flavan-4-ols and
proanthocyanidins were prepared by mixing 0.5 ml of acidic
methanol extract with 7 ml of methanol, 0.1N acetic acid, and
butanol (15:15:70, v/v). The absorbance of the supernatant was
measured at 550 nm for flavan-4-ols after correcting for blanks.
The test tube was then placed in a boiling water bath for 2 hr,
cooled for 5 min. Tannins (proanthocyanidins) were measured at
550 nm after correcting for blanks.

Analysis of 3-deoxyanthocyanidin pigments was made on a
second 250-mg flour sample by extracting with 15 ml of 100%
ethyl acetate for 30 min. The residue was extracted further with 15
ml of 0.05% HCI in methanol. Acid-treated poly(vinylpyrrolidone)
(0.4 g) was added to 8 ml of the acidic methanol extract, mixed
thoroughly by vortexing, incubated at room temperature for 10
min, and centrifuged. The absorbance of the supernatant was read
at 475 nm for apigeninidin and at 495 nm for luteolinidin.
Duplicate samples were assayed for all phenolic compounds.

Statistical Analysis

Before combining data from the two years for the 52 entries
making up the subset, accession means were calculated from three
replicates for 1985. An unweighted combined analysis of variance
was then computed from the 1984 unreplicated data and the 1985
mean data as described by Cochran and Cox (1957). The least
significant difference (LSD) was calculated by using accession x
year interaction mean squares as an error. Means for each of the
52 selected accessions was calculated by averaging the unrepli-
cated 1984 value and the mean of the replicated 1985 test. Means
of all traits and the corresponding standard errors for the working
collection and the subset were calculated by univariate procedure
as outlined by SAS (1985). Pearson’s simple correlation coeffi-
cients between grain mold damage scores, days to flowering, and
panicle shape were computed from the 1984 unreplicated data for
the working collection and the average of data from two years for
the subset. Accessions with grain mold damage scores of 3 or less
were grouped as resistant, and those with grain mold damage
scores exceeding 3 were grouped as susceptible. The difference
between resistant and susceptible accessions was tested based on
paired r-test as outlined by SAS (1985). Principal component
analysis was computed from the correlation matrix generated from
all kernel traits (SAS 1985). The first principal component was

TABLE I
Physical and Chemical Kernel Properties, Days to Flowering, and
Panicle Shape for Sorghum Entries in the Working Collection

Standard
Trait Minimum Maximum  Mean Error
Days to flowering 62.00 101.00 83.11 0.45
Kernel color 1.00 9.00 3.41 0.17
Kernel weight (g) 1.40 4.73 273 0.05
Endosperm texture 1.00 5.00 2.85 0.07
Apigeninidin (A475/g) 0.05 3.36 0.68 0.03
Luteolinidin (A495/g) 0.05 3.10 0.67 0.03
Flaven-4-ols (A550/g) 0.00 1.83 0.25 0.02
Tannin (A550/g) 0.00 1.26 0.21 0.02
Panicle shape 3.00 8.00 5.79 0.07
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used as an index to calculate a composite score for each acces-
sion: index = (eigenvectorl x traitl) + (eigenvector2 x trait2) +
(eigenvector3 x trait3) + (eigenvectord x trait4) + (eigenvector5 x
trait5) + (eigencvector6 x trait6). Pearson’s simple correlation
coefficients between the composite scores and grain mold damage
scores were also calculated.

RESULTS

Genotypes in both the large working collection (231 entries)
and the subset of the working collection (52 entries) exhibited
large differences in physical and chemical kernel attributes (Tables I
and II). Marked differences among accessions also were observed
for visible mold damage (Fig. 1). The frequency of accessions in
the five mold score categories appeared to be normally distributed
for the working collection but was skewed to the left for the
subset of the working collection. Differences among accessions also
were observed for days to flowering and panicle shape. Although the
range for days to flowering was wide, its correlation with grain
mold scores was low for both the large working collection (r = —
0.34) and the small subset of the working collection (r = -0.04).
The correlation between grain mold scores and panicle shape also
were very low (r < 0.20) for both groups of accessions.

The contribution of physical and chemical kernel attributes to
mold resistance in accessions with different kernel colors are
shown in Table IIL In general, white sorghum accessions without
a pigmented testa were characterized by mostly corneous endosperm
texture, relatively low (<0.6 A/g) levels of apigeninidin and lute-
olinidin, and negligible amounts of flavan-4-ols and tannin. On
average, differences between resistant and susceptible white sor-
ghum accessions were not significant for each trait, except for

TABLE II
Physical and Chemical Kernel Properties, Days to Flowering, and
Panicle Shape for Sorghum Entries in Selected Accessions

Standard
Trait Minimum Maximum Mean Error
Days to flowering 66.50 97.50 80.39 0.89
Kernel color 1.00 9.00 4.28 0.26
Kernel weight (g) 1.70 4.53 3.05 0.09
Endosperm texture 1.50 5.00 3.27 0.10
Apigeninidin (A475/g) 0.27 1.82 0.65 0.04
Luteolinidin (A495/g) 0.25 1.97 0.62 0.04
Flaven-4-ols (A550/g) 0.00 1.26 0.39 0.06
Tannin (A550/g) 0.00 1.34 0.36 0.05
Panicle shape 4.00 8.00 6.12 0.13
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Fig. 1. Frequency distribution of visual grain mold damage scores for the
working collection (white columns)of 231 accessions and the subset
(striped columns) of 52 selected accessions.






