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Genetic analysis of grain mould resistance in coloured sorghum genotypes
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Summary

Grain moulds are a major constraint to sorghum production and to adoption of improved cultivars in many tropical
areas. Information on the inheritance of grain mould reaction is required to facilitate breeding of resistant cultivars.
The genetic control of grain mould reaction was studied in 7 crosses of 2 resistant sorghum genotypes; P

F2, BC; and BG families of each cross were evaluated under sprinkler irrigation for field grade and threshed grade
scores and subjected to generation mean analysis. Frequency distributions for grain mould reaction were derived
and k, and BG segregation ratios were calculated. Grain mould reaction in crosses of coloured grain sorghum was
generally controlled by two or three major genes. Resistance to grain moulds was dominant. Significant additive
gene effects were also found in all cross/season combinations. Significant dominance effects of similar magnitude
to additive effects were also observed in five out of ten cross/season combinations. Gene interactions varied ac-
cording to the parents with both resistant and susceptible parents contributing major genes. Choice of parents with
complementary resistance genes and mechanisms of resistance will be critical to the success of resistance breeding.

Introduction grain becomes unfit for human consumption because
of mycotoxin formation and reduced grain quality,
leading to non-remunerative prices in the market and
losses to farmers. Grain moulds are estimated to cause
losses worth US$ 130 million per annum globally
(ICRISAT, 1992), in sorghum grain yields.

In studies conducted in the USA, Africa and In-
dia, it has been shown th&usarium monoliforme,
F. semitectumand Curvularia lunataare the major
causal agents of grain moulds (Murty et al., 1980;
Williams & Rao, 1981; Anonymous, 1976). In Texas,
the predominant field fungi belong to the genéda
ternaria, Fusarium,and Curvularia (Castor & Fre-
deriksen, 1980). Only a few fungi are thought to infect
sorghum spikelet tissues during the early stages of
grain development. In approximate order of import-
ance, these ar€usarium monoliforme, Curvularia
lunata, F. semitectumand Phoma sorghingForbes
etal., 1992).

Sorghum Sorghum bicolor(L.) Moench) is grown
worldwide for food, feed, fodder, fuel and industrial
products. It is cultivated widely throughout tropical,
subtropical and temperate regions, between latitudes
45°N and 48S. Roughly 95% of the world’s sorghum
area lies in developing countries, mainly in Africa and
Asia (ICRISAT and FAO, 1996). The crop is grown
predominantly by subsistence farmers in areas subject
to low rainfall and drought where it is used as food.
Most improved sorghum varieties and hybrids ma-
ture earlier than local varieties, often before the end
of the rainy season. This results in increased exposure
of the developing and maturing grain to conditions of
high humidity and wetness. Grain moulds develop un-
der these conditions and bring about decreased filling
and size of the grain and chalky endosperm, which dis-
integrates during harvest and threshing. The moulded
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Table 1. Parents and crosses used in the study of each cross were grown in a randomised complete

Resistant 1S 14375 IS 14387 bIocK design With.three replicatiqns. Plot size varied
Susceptible ® Ry) for different fam|I|§s. _Parental lines,1F BC; and
BCy, were grown in single-row plots and,& were
MS422B(3) ™ - grown in 4-row plots of 4 m grown on ridges with 0.75
SP 33316 (g) * *

m between ridges. The experimental materials were
screened for grain mould resistance under sprinkler
irrigation. In each replication, observations were re-
corded on ten random plants from, P, and F, on

* Crosses made during 1995. 15 plants from B¢ and BG, on 70 to 75 plants from

** Crosses made during 1995 and 1996. F2in 1995 and on 65 plants frompfn 1996.

GM 15018 (S) *
AKMS 14B (S5)  **
AKR150(§)  *

Bandyopadhyay & Mughogho (1988), found that Field screening technique for grain mouldsThe
mould resistance screening without inoculation with screening technique followed was that of Bandyopad-
mould causing fungi was feasible if sprinkler irrigation hyay & Mughogho (1988). Sprinklers were arranged
was used, and developed a field screening techniquein a sequence grid pattern, the shortest distance
to determine grain mould reactions of sorghum gen- between any two sprinklers being 12 m. The test plots
otypes. When ambient relative humidity was low, Wwere sprinkled for 1 hin the morning if it did not rain
however, sprinkler irrigation could also be ineffect- the previous night and same morning, and for an addi-
ive in maintaining suitable conditions for grain mould tional 1 h in the evening if it did not rain throughout
development. Using this technique, 156 germplasm the day. Overhead sprinkler irrigation was provided on
accessions that were resistant to grain moulds were this basis from flowering to grain maturity (black layer
identified over several years of testing (Bandyopad- formation) and up to 2 weeks later when panicles were
hyay et al., 1988). harvested.

Study of the number, nature and diversity of genes ~ Grain mould damage was evaluated after harvest
controlling resistance should ideally precede exploit- as field grade (FGS) and threshed grade (TGS) scores.
ation of any genotype in a resistance-breeding pro- Panicles/threshed seeds from the plants of different
gramme. In an earlier report, the associations of grain families indicated above were scored visually for
mould resistance with various other characters and mould severity at 54 d after 50% flowering. FGS and
probable mechanisms of grain mould resistance were TGS were recorded on a scale of 1 to 9, where 1 = free
published (Audilakshmi et al., 1999). The present in- from mould, 2 = 5% of the panicle moulded, 3 = 10%
vestigation was undertaken to determine the genetic of the panicle moulded, 4 = 15% of the panicle moul-
basis of grain mould resistance in crosses between twoded, 5 = 30% of the panicle moulded, 6 = 40% of the

resistant and five susceptible lines. panicle moulded, 7 = 50% of the panicle moulded, 8 =
60% of the panicle moulded, and 9=70% panicle
moulded.

Materials and methods Generation mean analyses were carried out on the

original and square root transformed data. Genetic
Two grain mould resistant and five susceptible geno- effects of the generation means were estimated by
types (listed in Table 1) were selected from the world a weighted least square regression (WLSR) analysis
germplasm collection for crossing on the basis of eval- (Cavalli, 1952; Hayman, 1958) using the notation
uations in 1994 (Audilakshmi, 1997; Audilakshmi et and definitions of Mather & Jinks (1977; pp. 36—67).
al., 1999). Seven crosses made during the 1994 rainyWhere m = mean, d = additive effects, h = domin-
season, and three in the 1995 rainy season, are alsance effects, i = additivex additive interactions, j =
given in Table 1. The Fhybrids and the parent lines additive x dominance interactions, | = dominange
were raised during the 1994 and 1995 post-rainy sea- dominance interactions.
sons and additional crosses were made to generate Since generation means of parents and progenies
six families (R, P2, F1, BC1, BCp, and R) in each were estimated with equal percision, each genera-
cross. The crosses and families were grown separatelytion was weighted by the variance of the mean for
during the 1995 and 1996 rainy seasons at ICRISAT, that generation. The equation fitted for Least Square
Patancheru, Andhra Pradesh, India. The six families Regression was
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Y=XB+E Results and discussion
Y =Vector of generation means =[P, F1, 2, BCy, The genotypes and crosses studied were evaluated
BCy]' for both field grade (FGS) and threshed grade (TGS)
X = Coefficient matrix scores. However, the results obtained were essentially
B = Vector of parameter =[md hij] the same for these two measures of grain mould reac-
E = Enov vector tion. Accordingly, only results for FGS are presented

and discussed.

The coefficient matrix is The means of P P, F1, BCy, BCy, and R, famil-
Generations Parameters ies of different crosses made during 1995 and 1996
- <~ are shown in Table 2. The grain mould susceptible
A [ml[d] [ Q] 0 [N | parent lines (P had high FGS (7.37-9.03) and the

P, 1 1.0 1.00 resistant parents gPhad consistently low FGS (2.20—

P, 1 -1.0 1.00 3.73), confirming their classifications by Audilakshmi

et al. (1999). The two susceptiblei(and S$) and

F 1 1.0 1.00 two resistant (R and R) lines showed similar FGS

Fo 1 0.5 0.25 scores in 1995 and 1996. Theg Bnd K means of

BCi11 -0.50.50.25-0.250.25 all the cross/season combinations tended towards the

BC,1 -0.50.50.25-0.25 0.25 resistant parent, implying dominance of resistance to
N - grain moulq. .

Estimates of genetic parameters were derived from the Generation mean analysis was conducted_ on a set
equation of transformed square root data. Although this trans-

formation produced a change in the scale of the ob-
servations, it did not seem to affect the interpretation
of the data. Estimates of genetic effects on the ori-
ginal scale were comparable with those produced on

B=x"wlx)txTw-ly

Where X' = Transpose of X the transformed scale and are presented in Table 2.

B = Vector of estimates of parameter The x2 values in some crosses were high indicat-
W = Diagonal matrix for weights ing that the model was not a good fit. Similar results
=diag[€p1, Fr2, Fr1, a1, 2P 2] were reported by Torres et al. (1993); they chose the
W1 = Inverse of weight matrix, W regression analysis method as the most adequate test

Suitability of the six parameter model which included for generations derived from common parents; and
i, j, |, digenic interaction terms, in addition to m, discarded the? proposed by Mather & Jinks (1971)
d, h was judged by its Rvalue and by the model- as the addition of & F3, and other generation mean
associated F-statistic, which indicates whether a stat- values inflates the;2 value. We followed the same
istically significant relationship exists between the procedure to judge the goodness of fit. The\Ril-
genetic effects and the genetic means. Significance ofues obtained in all crosses were very higio{7%),
estimates of genetic parameters was tested by t-testindicating adequacy of the models for FGS.
Step-wise regression was followed in an attempt to Significant additive effects were found in all
obtain the best possible regression for the given set of cross/season combinations. Significant negative dom-
response and explanatory variables. inance effects of similar magnitude to additive effects
Similarly, estimates of genotypge environment were observed in only five of ten cross/season combin-
interactions were calculated by weighted least square ations, although the parental and feans indicated
regression analysis, as described above, on the twodominance in all cases. Some genes may have sim-
years pooled data of three crosses. ilar but contrasting dominance effects which cancel
Family means and frequency distributions for each other (Mansur et al., 1993). Nelson (1984) ob-
FGS and TGS were calculated using GENSTAT 5 served the expression of additive gene effects by a
(GENSAT 5, 1993). Segregation ratios for crosses and number of dominant genes when put together. Esele
families were obtained from frequency distributions et al. (1993) also reported that genes that individually
by classifying scores of 1-4 as resistant and above 4 conferred dominant grain mould resistance showed
as susceptible. additive effects when present together.
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Table 2. Means of the families and estimates of gene effects for field grade score in susceptdslistant crosses of sorghum

during 1995 and 1996

Means of the families

Cross SxXR S xRy S xR S3xRy S xRp S1 xRy S5 x Ry

Year 1995 1995 1995 1995 1995 1996 1995 1996 1995 1996

P1 M 737 8.47 8.50 8.13 8.67 8.63 8.33 8.73 9.03 8.77
SE 0.19 0.13 0.09 0.20 0.12 0.14 0.11 0.11 0.06 0.20

P> M 2.20 2.40 2.60 2.73 2.57 3.57 2.87 3.93 2.63 3.73
SE 0.09 0.10 0.12 0.11 0.10 0.11 0.16 0.21 0.16 0.18

F1 M 2.90 3.40 3.63 4.03 3.00 4.13 3.70 4.70 4.10 5.00
SE 0.15 0.22 0.15 0.21 0.10 0.12 0.14 0.15 0.38 0.16

BC; M 522 6.71 5.18 6.64 6.16 4.53 6.80 5.09 6.04 5.59
SE 0.30 0.27 0.31 0.27 0.29 0.13 0.31 0.15 0.30 0.14

BC, M 2.89 2.78 3.64 4.04 3.69 4.40 3.02 4.58 3.24 4.58
SE 0.20 0.14 0.15 0.20 0.26 0.13 0.13 0.11 0.19 0.11

Fa M 3.63 4.78 4.37 6.04 4.60 4.75 4.72 4.72 4.69 4.99
SE 0.11 0.13 0.12 0.14 0.12 0.09 0.14 0.06 0.13 0.07

Estimates of gene effects

Cross S xRy S x Ry S x Ry Sz x Ry S1 xR S xRy S5 x Ry

Year 1995 1995 1995 1995 1995 1996 1995 1996 1995 1996

[m] 4.73¢ 5.44 5.51" 6.56¢ 5.20° 6.10° 5.86¢ 4.66" 5.83¢ 4.93

[d] 2.53¢ 3.03 2.96" 2.69° 3.03 2.53 2.98 2.46 3.19 2.5TF

[h] -1.88° -0.64 -2.02 - - 4.0 214 - 2.1 -

[il - - - -1.16 042 - - 158 - 1.24

[il - 1.85* —2.62 - - 4.79 1.25¢ -3.70° - —2.90

1l - -1.39* - —2.56° 2200 2.04 - - -

R2 98.36 99.99 99.60 98.69 99.54 97.20 99.89 98.52 99.84 97.48

M = Mean, SE = Standard errdt,Significant atp = 0.05, [m] = mean, [d] = additive gene action, [h] = dominance gene action,
[d] = additive x additive gene interactions, [j] = additive dominance gene interactions, [I] = dominancedominance gene

interactions.

All interaction gene effects (additive additive,
additive x dominance, and dominansedominance)

were inconsistent over crosses and seasons. However,

significant additivex additive interactions were ob-
served in those crosses where dominance effects were
absent. Murty & House (1984) and Kataria et al.
(1990) reported large dominance effects besides sig-
nificant additive and additivex additive interaction
effects for grain mould resistance. In other studies,
additive gene action was predominant in the inherit-
ance of resistance (Narayana & Prasad, 1983) and both
additive and nonadditive components of variance de-
termined the expression of mould reaction (Dabholkar
& Baghel, 1983).

Estimates of Gx E effects for the three crosses
(S1 x R1, S1 x Rg, S5 x Ry), tested during 1995 and

Table 3. Estimates of Gx E effects for field
grade score in sorghum during 1995 and 1996

Cross 9 xRy $ xRy S5xRg
[m] 5.75¢ 5.87 5.83
[d] 2.52¢ 2.68° 257
[h] —2.28 —2.08 —1.7%
[e] - -0.17 -
[exd] 0.5 0.53 0.62
[exh] —0.3% - —0.46°
R2 84.7 89.0 97.0

*Significant atp = 0.05, [e] = environment
effect, [exd] = environmentx additive gene
interaction, [exh] = environment dominance

gene interaction.

1996, are shown in Table 3. Both additive and dom- equal magnitude. Significant environmental effects
inance effects were significant and of approximately were present in only one cross, but were small in
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Figure 1. Frequency distributions of{R P, F1, F», BC; and BG families in different crosses of sorghum for FGS (1995).

magnitude. Significant environmexrtadditive effects
and environmenk dominance effects were present in

modes in the 2—4 and 6-8 FGS ranges. The relative
magnitude of the modes in the bimodal distributions

three and two crosses, respectively, but were also smallvaried in different crosses. The B@nd BG distri-

in magnitude.

Frequency distributions for FGS ofiPP,, Fi,
BCi, BCy, and F, families of the seven crosses, grown
during 1995, are depicted in Figures 1 & 2. The fre-
guency distributions of the parents angsFjenerally
confirmed the patterns shown by family means, with
the L mode closer to the value of the resistant par-

ent, confirming that resistance is generally dominant.

The R, distributions were, in general, bimodal with

butions were skewed towards the recurrent parents but
continued to overlap, implying epistatic interactions
between genes. From these observations, we infer that
grain mould reaction is controlled primarily by major
genes which differed in different crosses.

Resistant parentsiRand R in crosses with dif-
ferent susceptible genotypes showed varieddis-
tributions (Figures 1 & 2), indicating that different
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Figure 2. Frequency distributions of{PP,, F1, F», BC; and BG families in different crosses of sorghum for FGS (1995). Data points symbols
are as for Figure 1.

susceptible lines contributed different major genes as  Of four crosses of the same red resistant line, 1S
well as modifier genes. 14375 (R), with different white susceptible lines, the
Since most of the frequency distributions in dif- observed Esegregation patterns in three crossasxS
ferent crosses showed strong peaks between FGS 2Ri1, S5 x Ry and $ x Ry, showed good fit to 9 resist-
and 4, plants showing FGS values of 1 to 4 (1 to 15% ant (R):7 susceptible (S) ratios. The B@opulations
moulded seed) were classified as resistant and remain-of these same crosses segregated into 1R:3S ratios.
ing plants with FGS values of 5 to 9 were classified The K (9R:7S) and B (1R:3S) segregation ratios in-
as susceptible. Estimates of gene number and modedicate complementary epistasis; two independently as-
of inheritance were determined from the segregation sorting dominant genes are complementing with each
patterns of B and BG populations in 1995, and the other in determining grain mould resistance. Similar
results are summarised in Table 4. results were reported by Esele et al. (1993) in a differ-
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Table 4. Segregation ratios for field grade score gf &d backcross populations derived from
crosses of susceptible resistant genotypes

Cross Generation  Resistant Susceptible Expectet? Probability
genotype (R) genotype (S) ratio

SIxRL Fp 140 85 9:7 3.23 0.10-0.05
BCy 12 33 1:3 0.07 0.80-0.70
SxR  F 128 97 9:7 0.04 0.90-0.80
BC, 12 33 1:3 0.07 0.60-0.70
SsxR  Fo 125 100 9:7 0.05 0.90-0.80
BC, 7 38 13 2.13  0.20-0.10
S xR P 181 44 51:13 0.08 0.80-0.70
BC; 19 26 1:1 1.08  0.30-0.20
SIxRy Fp 137 87 39:25 0.02  0.90-0.80
BCy 8 37 13 1.24  0.30-0.20
S xRy Fp 156 69 45:19 0.10 0.80-0.70
BC, 24 21 1:1 0.20  0.70-0.80
S xRy Fp 82 143 27:37 3.08 0.10-0.05
BCy 9 36 1:7 3.35 0.10-0.05

R = Resistant, S = Susceptible.

ent cross between red resistant and white susceptiblereported similar observations in a brown resistant
parents; they suggested interaction between a pericarpwhite susceptible cross.
gene and an intensifier gene for grain mould resist- From the segregation patterns observed in different
ance. These results amply indicate that grain mould crosses, it may be seen that two to three nonallelic
resistance in the red resistantjfine is governed by ~ dominant genes are governing grain mould resistance.
two nonallelic genes. One or two major dominant genes from the resist-
In the fourth white susceptible §5x red resistant ~ ant parent and one dominant gene contributed by the
(Ry) cross, the F(51R:13S) and B€(1R:1S) segreg-  susceptible parent interact to produce grain mould
ation ratios suggest interaction among three nonallelic resistance. The dominant gene from the susceptible
dominant genes. Apparently, the resistant paremnf (R parent is different in different susceptibles or is modi-
has two major dominant genes that act in an additive fied to behave differently in different crosses. Similar
fashion in determining grain mould resistance, while results were reported by Shivanna et al. (1994) in
the susceptible parent{scontributes a dominantepi- a coloured resistank white susceptible cross. They
static gene that inhibits the expression of only one of observed that grain mould resistance was governed
the two dominant genes of the resistant parent. by four genes, two genes with complementary inter-
In two crosses of brown resistant line IS 14387 action and the other two with additive effects. They
(R2) by different white grained susceptible lines, we further reported that resistance was due to four alleles,
observed modified trigenic ratios with varied gene in- interacting additively, at two loci.
teractions (Table 4). In$Sx Ry (F2 ratio 39R:25S), Means, estimates of gene effects, frequency dis-
a basic dominant gene and two other nonallelic genes, tributions and segregation patterns reveal that grain
one inhibitory and one anti-inhibitory in action, are mould resistance in coloured grain types is governed
implicated. In $ x Ry (F ratio 45R:19S), the com- by dominant genes. Furthermore, major genes with
bined action of a basic dominant gene in conjunction epistatic interactions are involved. In the present study,
with two duplicate complementary genes seems to IS 14375 (R), a red resistant genotype and IS 14387
determine grain mould reaction. (R2), a brown resistant genotype, exhibited consist-
In a further cross involving the same brown res- ent resistance over two years. IS 14375 has been
istant line (§ x Rp), the observed Fsegregation of  shown to have coloured glumes, high flavan-4-ols and
27R:37S implicates three nonallelic major genes act- high phenols in seed and glumes, extensive glume
ing in a complementary fashion. Esele et al. (1993) cover and hard seed, traits found to show strong as-
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