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Abstract: Ergot is an important disease affecting sorghum when susceptible cultivars are grown and
environmental conditions are favorable. Resistance breeding to ergot is, therefore, of paramount
importance to provide effective, sustainable, and environmentally friendly management options.
This study was conducted to assess the response of a global collection of sorghum genotypes to
ergot. A total of 358 sorghum accessions were evaluated under field conditions. Data collection
was conducted based on ergot incidence, severity, and agronomic traits, and the results revealed
highly significant differences among genotypes (p < 0.01) for all traits evaluated. A mean disease
incidence range of 23.8% to 69.4% was observed across test environments. Of the screened genotypes,
23, 52, and 2 genotypes showed resistant reactions during 2019, 2020, and 2021, respectively. Disease
incidence and severity showed a moderate correlation with days to 50% flowering and pollen quantity,
indicating their importance in ergot infection. Resistant genotypes E313, E111, E225, E200, E351, E352,
E353, and E354 were identified from this study. These genotypes could be exploited as a resistance
source in breeding for resistance to ergot.
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1. Introduction

Sorghum is one of the five major cultivated cereal crops after wheat, maize, rice, and
barley. Globally, it is grown on over 40.07 million hectares, producing 57.89 million tons of
grains annually [1]. In the USA, Australia, Europe, and China, sorghum is used mainly as
animal feed and forage and for industrial purposes, including ethanol production, whereas,
in Africa, the Middle East, Asia, and Central America, it is a principal source of food for
millions of people [2]. In Sub-Saharan Africa, 26 million tons of sorghum is produced
annually, with over 100 million people depending on it as a source of food [3]. The major
sorghum-producing countries in Africa include Nigeria, Sudan, Ethiopia, Burkina Faso,
and Niger which account for more than 70% of Africa’s total production [4]. In Sub-
Saharan Africa, sorghum is primarily produced by smallholder farmers and in arid to
semi-arid environments with very little or no capital inputs, such as fertilizers, pesticides,
or irrigation [5]. In Uganda, sorghum is adapted to a wide range of environments and is
mainly produced in the southwestern highlands of Kabale and Ntungamo districts and the
lowland areas of northern and eastern regions [6]. It is the third most important cereal crop
grown after maize and rice [7]. It is used for making a wide variety of nutritious traditional
foods such as semi-leavened bread, dumplings, and fermented and non-fermented porridge,
and in the brewery industries for making beers for the local and export markets [6].

Sorghum production is constrained by a wide variety of biotic and abiotic stresses
and socio-economic factors [8]. Leaf blight (Helminthosporium turcicum), anthracnose (Col-
letotrichum graminicolum), grain mold (Fusarium moniliforme), rust (Puccinia purpura), head
smut (Sporisorium reilianum), downy mildew (Sclerospora sorghi), and ergot or sugary disease
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(Claviceps species) are among the various biotic stresses reducing sorghum productivity [9].
The incidence and severity of these diseases vary depending on the season, with the wet
season recording higher disease incidence and severity compared to the dry season [10].

Ergot is a threat to sorghum production and causes significant yield loss world-
wide [11]. According to Kazungu et al. (2023) [12], ergot is one of the most damaging
sorghum diseases in Africa. In Zimbabwe and India, a yield loss of 20-80% had been re-
ported in hybrid seed production due to ergot [13,14]. A report from southern Africa, Mex-
ico, and the United States indicated that a yield loss of up to 80% and 50% was observed in
hybrid sorghum seed and grain production, respectively [15,16]. Honeydew-contaminated
grain has reduced feed intake and causes toxicity when fed to livestock [17]. Ergot-infected
seeds exhibited lower germination and seedling emergence and could also increase the
incidence and severity of several grain molds such as cerebella species, Curvularia species,
Fusarium species, Alternaria species, and Cladosporium species [11].

Ergot is a serious problem, particularly in hybrid seed production that utilizes male-
sterile parents [11]. However, when weather conditions are favorable for infection or
when self-pollination is delayed or inhibited due to different environmental and genetic
factors, all types of sorghum germplasm, fertile or male-sterile sorghum become susceptible
to ergot [18]. Ergot infects unfertilized ovaries and competes with the pollen grain for
germination in the stigma, and then colonizes the ovule [19]. According to Dahlberg et al.
(2001) [20], certain characteristics of sorghum flowers, such as the small size of stigmas and
short duration of stigma, receptivity, including particularly less aperture at glume tip, short
exposure time of stigma before pollination, and rapid stigma drying after pollination, are
important in reducing ergot infection [11].

Chemical control strategies using different fungicides can be used in combination
with cultural practices or independently to reduce the incidence and severity of ergot [21].
However, in low-cash-value crops such as sorghum, disease management through chemical
methods is often too expensive for farmers, and chemicals have a potential risk to human
and animal health and are environmentally unsafe [2]. The use of resistant genotypes is a
viable strategy for the efficient management and control of ergot disease in sorghum [21].
The objective of this study was to assess the response of a large number of sorghum
genotypes and identify genotypes with resistance to ergot.

2. Materials and Methods
2.1. Experimental Site

The experiment was carried out at Makerere University Agricultural Research Institute
Kabanyolo (MUARIK) during the first rain season (April-July) of 2019 and 2021 and the
second rain season (September—December) of 2020 and at National Semi-Arid Resources
Research Institute (NaSARRI) during the first rain season of 2019. MUARIK is located
at 0°28' N and 32°37' E with an altitude of 1200 m above sea level and deep ferrallitic
soils with a pH range of 5.2 to 6.0 [22]. The NaSARRI site is located at 01°32" N, 033°27’ E
with an altitude of 1140 m above sea level and is characterized by dry, warmer climatic
conditions [23]. Weather data of NaSARRI and MUARIK for the study periods (2019-2021)
are summarized in Supplementary Table S1.

2.2. Plant Materials

A total of 358 sorghum accessions, comprising 336 accessions from the sorghum
association panel (SAP) and an additional 22 released genotypes, were evaluated for
resistance to ergot. The male-sterile ATX623 was included as a susceptible check during
2020 evaluation at MUARIK but was not planted in other seasons due to shortage of seeds.
The SAP included accessions from all major races of cultivated sorghum and geographic
centers of diversity in sub-Saharan Africa and Asia, as well as from the United States [24].
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2.3. Experimental Design and Field Layout

The experiment was planted using an alpha-lattice design with two replications. Each
genotype was planted on a plot area consisting of two rows with a plot length of 5 m.
A spacing of 1.5 m and 2 m between plots and replications were used, respectively. A
spacing of 0.75 m between rows and 0.15 m within rows was used, and fields were weeded
three times.

2.4. Data Collection and Analysis

In 2019, planting was carried out in April, and ergot resistance traits were collected
in July. In 2020, planting was conducted on 31 August, and data on ergot resistance traits
were collected in December for three consecutive weeks: 14 weeks after planting, 15 weeks
after planting, and the final score was collected 16 weeks after planting. Likewise, in 2021,
planting was carried out in April, and data on ergot infection was recorded in July for three
consecutive weeks (14WAP, 15WAP, and 16WAP). Ergot severity (ES) was collected based
on a 1-5 scale visual scoring as described by Musabyimana et al. (1995) [25] (Table 1).

Table 1. Ergot severity score and disease reactions.

Score Infection (%) Disease Reaction

1 No infection Highly resistant (HR)

2 1-10% infection Resistant (R)

3 11-25% infection Moderately resistant (MR)

4 26-50% infection Susceptible (S)

5 >50% infection Highly susceptible (HS)
Source: [25].

Ergot incidence (EI) was estimated by counting all the individual plants with ergot
disease symptoms in each plot and computed using the following formula.

. o\ _ Noof plants showing infection in each plot
Ergot incidence (%) = Total number of plants in each plot x 100 @

Other parameters such as days to 50% flowering (DTF), pollen quantity (PQ), hundred
seed weight (g) (HSW), seedling vigour (SV), plant height (PH), and panicle length (PL)
were also collected. The HSW was measured by weighing a random sample of 100 seeds
from each plot. Pollen quantity was measured following the procedures used by Parh
et al. (2006) [26]. When 50% of plants had flowered in each plot, five heads per plot were
flicked once and rated from 1 to 10 (1 for no visible pollen and 10 for a copious quantity
of visible pollen) by observing the density of the resultant clouds of pollen. Plant height
was measured from the base of the plant to the tip of the head from randomly selected five
plants. Panicle length was measured from the base to the tip of the head. Seedling vigour
was recorded on a 1-5 scale where 1 = healthy and vigorous and 5 = weak and diseased
plants. Days to 50% flowering were recorded as the number of days from planting to when
50% of plants shaded the pollen [27].

Data collected on disease incidence and severity were transformed using Arcsine and
Square root transformation methods, respectively [9], and analyzed using the R statistical
package for Windows V-4.1.1. Mean separation was achieved using Least Significant
Difference (LSD) at a 0.05 level of significance. Coefficient of variations, Standard error,
and Pearson’s correlation analysis were carried out using Agricolae and Corplot package
in R statistical package for Windows V-4.1.1 [28].

3. Results
3.1. Analysis of Variance

A separate analysis of variance was carried out across location and season trials. The
analysis of variance across location trials revealed highly significant (p < 0.01) differences
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between locations for ergot incidence, severity, and DTFE. The mean square due to genotype
was highly significant (p < 0.01) for all traits, and the genotype by location interaction mean
square was highly significant (p < 0.01) for all traits except DTF (Table 2).

Table 2. Analysis of variance for ergot incidence, severity, and agronomic traits evaluated at MUARIK

and NaSARRI in 2019.
. o . Pollen Seedling

sov DF Incidence (%) Severity (1-5) DTF (Days) Quantity (1-10) Vigour (1-5)
Location 1 290,823 ** 110 ** 3438 ** 0.3 18 0.06 ™
Rep (Rep x Loc) 2 7095 ** 0.53 ** 240 * 4.5** 2.6 **
Genotype 339 1059 ** 0.17 ** 225 ** 0.7 ** 0.9 **
Genotype x Loc 339 592 ** 0.09 ** 28.3 18 0.8 ** 0.5 **
Error 664 166 0.02 24.8 0.2 0.4

*, ** = Significant at p < 0.05 and p < 0.01, respectively. SOV—source of variations, DF—degree of freedom,
DTF—days to 50% flowering and ns—non-significant.

The results of the analysis of variance for ergot incidence and severity at 14WAP,
15WAP, and 16WAP, HSW, PQ, DTF, PH, PL, and SV across seasons are presented in Table 3.
The mean squares for the season were highly significant (p < 0.01) for ergot incidence at
14WAP and 16WAP, ergot severity at 14WAP, 1I5WAP, and 16WAP, HSW, DTF, PQ, PH,
PL, and SV. Genotype mean square was highly significant (p < 0.01) for all recorded traits.
The mean square due to genotype by seasons interaction also showed highly significant
(p < 0.01) variation for all recorded traits except HSW (Table 3).

Table 3. Mean squares for ergot incidence, severity, and agronomic traits evaluated during 2019, 2020,
and 2021 seasons at MUARIK.

Sov PF 14WAP IHOTSI;AC/;(I’/O) 16WAP 14WAPSev1e5nvt/yA(11 > 16WAP H(Z;N (g;ryl; (111(1)0) PH (cm) (515" (15-‘?’)
Season 2 48869 % 121" 8049  267% 32 84  1.66* 34828  10.6* 50,662 96+ 615%
g:fs gfl‘;l’ X3 3037 ** 4261%  2517*  017* 04"  018*  0.14" 454 51 535 ns 295%  126%
Genotype 356 549 ** 779%  1115%  009*  11*  015%  1.15% 187 ** 0.78 ** 4316 ** 105%  0.78*
g:ar;‘;tgpe X607 261 ** 316 ** 415%  0.03*  035*  005*  0.12™ 71 % 0.55 ** 435 ** 145% 048 *
Error 841 198 206 173 0.02 0.16 0.014 0.14 26 0.19 193 7.8 0.32

*, ** = Significant at p < 0.05 and p < 0.01, respectively. SOV—source of variations, DF—degree of freedom,
WAP—weeks after planting, HSW—hundred seed weight, DTF—days to 50% flowering, PQ—pollen quantity,
PH—plant height, PL—panicle length SV—seedling vigour and ns—non-significant.

3.2. Response of Genotypes to Ergot Infection

The reaction of selected highly resistant, resistant, moderately resistant, suscepti-
ble, and highly susceptible genotypes evaluated for resistance to ergot at MUARIK and
NaSARRI in the 2019, 2020, and 2021 seasons are presented in Table 4.

3.2.1. Disease Incidence

The responses of sorghum genotypes to ergot infection under natural infection condi-
tions resulted in varying levels of resistance based on disease incidence and severity scores
across seasons and locations. Genotypes showed varying levels of infections for ergot at
MUARIK during the 2019, 2020, and 2021 seasons evaluations, whereas at NaSARRI, 19.7%
(67 genotypes) of the genotypes had no ergot infection. Disease incidence varied between
8.5-100%, 6.0-100%, and 8.0-100% in 2019, 2020, and 2021, respectively, at MUARIK and
from no disease to 100% at NaSARRI. Across environments, the mean ergot incidence was
59.6%, 69.4%, and 66.8% during 2019, 2020, and 2021, respectively, at MUARIK and 23.8%
at NaSARRI.

Genotypes E351, E225, E133, E354, E033, E336, E355, and E352 showed lower disease
incidence ranging between 8.0-23.5% across all environments (Table 4). The least disease
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incidence was recorded by genotypes E111 (8.5% incidence), E225 (9.0%), and E109 (9.0%)
in 2019, E113 (6.0%) in 2020, and E351 (8.0%) in 2021. Out of the total screened genotypes,
38, 61, and 35 genotypes had 100% disease incidence at MUARIK in the 2019, 2020, and 2021
seasons, respectively. Conversely, only 10 genotypes showed 100% disease incidence at
NaSARRI. Genotypes E248, E183, E094, E148, E325, E106, and E165 recorded 100% disease
incidence consistently across the three seasons at MUARIK and manifested from 78.2-95.9%
incidence at NaSARRI. The susceptible check ATX623 exhibited 100% disease incidence.

Table 4. Reaction of selected genotypes to ergot infection at MUARIK and NaSARRI evaluated during
2019, 2020, and 2021 seasons.

MUARIK NaSARRI
Genotype 2019 2020 2021 2019
Incidence  Severity Incidence  Severity Incidence  Severity Incidence  Severity

(%) (1-5) RC (%) (1-5) RC (%) (1-5) RC (%) (1-5) RC
E313 10.0 2.0 R 54.0 1.6 R 32.0 22 MR 44 1.3 R
E351 14.0 15 R 14.5 1.8 R 8.0 1.8 R 0 1.0 HR
E200 10.5 2.0 R 44.5 15 R 40.0 2.4 MR 6.0 1.3 R
E352 385 15 R 225 2.0 R 15.5 2.1 MR 4.6 1.3 R
E354 16.0 2.0 R 46.0 2.4 MR 14.5 19 R 6.8 1.8 R
E138 28.0 3.0 MR 31.0 2.1 MR 36.0 2.6 MR 33.4 3.0 MR
E187 58.0 2.5 MR 67.0 2.1 MR 54.0 2.8 MR 0 1.0 HR
E230 19.0 3.0 MR 37.0 19 MR 67.5 3.0 MR 17.7 2.5 MR
E304 41.0 3.0 MR 343 2.3 MR 55.5 2.9 MR 6.3 15 MR
E017 32.0 3.0 MR 39.5 2.8 MR 46.5 29 MR 33.4 2.3 MR
E163 54.3 4.0 S 100 3.8 S 63.5 3.8 S 76.0 4.0 S
E213 82.0 4.0 S 100 45 HS 80 3.5 S 64.7 4.0 S
E147 100 5.0 HS 75.0 35 S 66.5 3.2 S 100 4.5 HS
E169 100 5.0 HS 715 4.0 S 58.5 3.1 S 100 5.0 HS
Ccv 24.0 10.8 24.8 16.5 23.1 12.3 57.0 22
LSD 29.3 0.79 36.9 1.01 327 0.73 32.0 0.84
SE 1.57 0.05 1.52 0.05 1.32 0.04 19 0.05

RC—Reaction class, LSD—least significance difference, CV—coefficient of variation, SE—standard error, HR—
highly resistant, R—resistant, MR—moderately resistant, S—susceptible, and HS—highly susceptible.

3.2.2. Disease Severity

Substantial variability was observed for disease severity scores among the evaluated
genotypes. In 2019, the disease severity score at MUARIK varied between 1.5-5.0, with
a mean severity score of 3.7. Genotypes E352, E353, E351, E011, E030, E013, E002, E228,
E051, E319, E086, E354, E236, E133, E131, E141, E334, E328, E200, E313, E109, E225, and
E111 showed resistant responses, with severity scores ranging from 1.5-2.0 (Table 4). The
remaining 26.5%, 42.4%, and 24.1% of genotypes had moderately resistant, susceptible,
and highly susceptible responses, respectively. However, no genotypes showed a highly
resistant response (Figure 1).

A low disease severity score was observed at NaSARRI, ranging from 1.0-5.0, with
a mean severity score of 1.9. Out of the total screened genotypes, 48.5% were rated as
resistant, and 23.5% were rated as moderately resistant. The remaining 6.5% and 1.8%
showed susceptible and highly susceptible responses, respectively. Overall, 19.7% of the
total genotypes were not infected with ergot.

In 2020, the disease severity score varied from 1.0-5.0 at 14WAP and 1.5-5.0 at 15WAP
and 16WAP. Out of the total evaluated genotypes, 52 genotypes had resistant responses
(Figure 1). Genotypes E111, E297, E200, E032, E035, E066, E324, E268, E358, E313, E030, E034,
E007, E226, E290, E279, E161, E036, E011, E351, E033, E273, E156, E30, E136, E181, E225,
and E336 were among the resistant genotypes with disease severity scores ranging between
1.5-2.0. Furthermore, 49.8%, 28.3%, and 5.7% of the screened genotypes showed moderate
resistant, susceptible, and highly susceptible reactions, respectively. The susceptible check
ATX623 was among the highly susceptible genotypes, with a mean severity score of 5.0.

Ergot severity scores varied from 1.7—4.5 at 14WAP and from 1.8-5.0 at I5SWAP and
16 WAP during the 2021 field evaluation. Only two genotypes, E351 and E354, had
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resistant responses to ergot infection with disease severity scores of 1.8 and 1.9, respectively.
The other 54.8%, 33.8%, and 10.8% of evaluated genotypes showed moderately resistant,
susceptible, and highly susceptible responses, respectively.

HR R MR S HSHR R MR S HSHR R MR S HSHR R MR S HS

180
160
140

No of genotypes
=

N OB O ® O P
© 6 & & & o

o

MUARIK 2019 MUARIK 2020 MUARIK 2021 NaSARRI 2019

Figure 1. Summary of highly resistant, resistant, moderately resistant, susceptible, and highly sus-
ceptible genotypes in different environments. HR—highly resistant, R—resistant, MR—moderately
resistant, S—susceptible, and HS—highly susceptible.

3.2.3. Disease Severity vs. PQ and DTF

The effect of pollen quantity on disease severity for selected resistant, moderately
resistant, and susceptible genotypes is presented in Figure 2. In general, genotypes with
good pollen quantity exhibited lower ergot infection. Genotypes with delayed flowering
showed higher disease infection.

=== Ergot Severity ====PQ e Ergot Severity —====PQ
9.0 10.0
8.0 9.0
7.0 8.0
50 6.0
0 5.0
40
30 i /
£u 20 —a
10 1.0
0.0 0.0
E351 E352 E200 E313 E354 E187 E138 E230 E304 E163 EO17 E169 E147 E200 E230 E181 E138 E352 E187 E139 E044 E244 E354 E339 E216 E016 E338 E206
(a) Genotype (b) Genotype
s ETGOL SEVETitY e PQ ——Ergot Severity ———PQ

9.0 9.0
8.0 8.0
70 7.0 _/—/_’\/\ﬁ
6.0 */\/R_’___‘ 6.0
5.0 5.0
40 40
a6 30 //

20
20 10
10 0.0
0.0 E225 E351 E111 E187 E212 E285 E275 E200 E284 E354 E304 E230 E138 E213

E351 E354 352 E020 E138 E187 E017 E169 E213 E115 E094 E295 E232 E089 E148
Genotype

(c) Genotype (d)

Figure 2. Ergot severity and PQ for selected resistant, moderately resistant, and susceptible genotypes
in different locations and seasons; (a), MUARIK 2019 (b), MUARIK 2020 (c), MUARIK 2021 and (d),
NaSARRI 2019.
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3.3. Variability for Agronomic Traits

The mean and ranges of all traits evaluated at MUARIK and NaSARRI during 2019,
2020, and 2021 are presented in Supplementary Table S2. The mean HSW varied between
1.7-4.7 g, 1.5-5.6 g, and 1.1-4.7 g in the 2019, 2020, and 2021 seasons, respectively. The
highest mean HSW was recorded by genotypes E081 (4.7 g), E151 (4.5 g), and E186 (4.4 g) in
2019. In 2020, genotypes E186 (5.6 g), E196 (5.0 g), and E294 (4.9 g) recorded the highest HSW.
Furthermore, E294 (4.6 g), E151 (4.7 g), and E128 (4.7 g) recorded the highest mean hundred
seed weight in 2021. The mean PQ score ranged between 4.5-8.5, 5.3-8.8, and 5.5-8.0 in
the 2019, 2020, and 2021 seasons, respectively, at MUARIK and 5.0-8.0 at NaSARRI. DTF
varied from 59 to 102 days, with an average of 78 days across all environments. Plant height
varied between 62.1-284 cm in 2020 and 38.0-245 cm in 2021, while PL ranged between
9.5-55.9 cm in 2020 and 8.7-54.3 cm in 2021 at MUARIK. Moreover, the SV score varied
between 1.0-5.0, with an average performance of 2.8 across seasons.

3.4. Correlation between Resistance to Ergot and Agronomic Traits

Correlation analyses between ergot disease incidence, severity, and agronomic traits
were significant for most traits (Table 5). A highly significant correlation was observed
between ergot incidence and severity (r = 0.6, p < 0.001). Ergot incidence showed a
significant positive correlation with days to 50% flowering (v = 0.24, p < 0.01) and seedling
vigour (r = 0.27, p < 0.01) and a significant negative correlation with pollen quantity
(r = —0.16, p < 0.05) and plant height (r = —0.32, p < 0.01), respectively. Ergot severity
showed a significant negative correlation with seedling vigour (r = —0.24, p < 0.01), pollen
quantity (r = —0.18, p < 0.05), and plant height (r = —0.28, p < 0.01) (Table 5).

Table 5. Pearson’s correlation between ergot incidence, severity, and agronomic traits combined
across location and years.

Days to 50%

Trait Flowering Severity Incidence Hunc!red Seed Plant Height Panicle §eed1ing
(Days) (1-5) (%) Weight (g) (cm) Length (cm) Vigour (1-5)

Severity (1-5) 0.11*

Incidence (%) 0.24 ** 0.6 **

Hundred seed weight (g) —0.21** —0.1* 0.01

Plant height (cm) —0.11"™ —0.28 ** —0.32 ** 0.09

Panicle length (cm) 0.17 ** —0.05" —0.07 s —0.11ns 0.39 **

Seedling vigour (1-5) 0.14* —0.24** 0.27 ** 0.04 "¢ —0.04 " —0.03 1

Pollen quantity (1-10) 0.02 1 —0.18 ** —0.16 ** —0.08 ™ —0.12* —0.02 1 0.01m

*—significant at p < 0.05, **—significant at p < 0.01 and ns—non-significant.

4. Discussion

Substantial variability was observed among genotypes, locations, and seasons for
ergot incidence, severity, and agronomic traits. There were highly significant differences
among genotypes indicating the existence of considerable variations in their responses to
ergot infection that could be attributed to genetic differences among the genotypes. Parh
et al. (2006) [26] observed moderate genetic variability for resistance to ergot among a
population of recombinant inbred lines and their parents. Variation among full-sib families
for resistance to ergot was also observed by Mirdita et al. (2008) [29]. The results showed
sorghum genotypes, including E313, E111, E225, E200, E351, E352, E353, and E354, with
relatively lower ergot incidence and severity consistently across environments, suggesting
that these genotypes possessed resistant genes and could be useful in breeding for resistance
to ergot. Bogo et al. (2004) [15] screened sweet sorghum genotypes for resistance to ergot in
Brazil and reported that out of the 47 accessions, 5 never showed any signs of infection and
exhibited a very high degree of seed set.

The observed significant variations between locations and seasons for ergot incidence
and severity indicated that the evaluation of sorghum genotypes for resistance to ergot
should be conducted in more than one environment if carried out under natural infestation
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conditions. The prevalence of ergot infection was high at MUARIK during all three seasons
indicating that MUARIK can be considered a hotspot for ergot and therefore affirming
natural infestation conditions in this location and, therefore, could be used for screening
of sorghum genotypes for resistance to ergot. The successful ergot infection observed at
MUARIK could be due to the ready availability of inoculums (conidia) from ergot-infected
male-sterile and wild sorghum genotypes and grasses in the surrounding fields. According
to Miedaner and Geiger (2015) [11], ergot infection under natural infestation was mainly
caused by secondary inoculums or conidia from ergot-infected wild grasses and sorghums.
The higher relative humidity and relatively lower minimum temperature that occurred
during flowering at MUARIK assisted in successful ergot infection. The importance of
humid, rainy, and cool weather conditions during flowering for ergot infection was reported
by Cisneros-16pezl et al. (2010) [30]. The low ergot infection level observed at NaSARRI
was due to unfavorable environmental conditions that hinder ergot infections. A similar
result was observed by Kodisch et al. (2020) [31], who reported a low ergot infection rate in
Poland due to dry and warm environmental conditions.

A highly significant negative correlation observed between ergot incidence and sever-
ity with pollen quantity attested the importance of pollen trait in ergot infection, and the
higher pollen quantity score observed in the resistant genotypes suggested that high pollen
availability played a significant role in reducing ergot infection through competition with
ergot to germinate on stigma. This was in tandem with Parh et al. (2006) [26], who reported
a linear relationship between successful pollen production and resistance to ergot in some
sorghum genotypes. Ergot severity and incidence showed a significant positive correlation
with days to 50% flowering, with late flowering genotypes showing higher severity which
was attributed to the amount of the pathogen inoculum increasing at a later stage and
poor pollen viability in late flowering genotypes due to higher humidity and moisture.
Late-maturing sorghum genotypes were reported to have higher ergot severity [21].

5. Conclusions

Significant variations were observed among genotypes in response to ergot disease
infection and agronomic traits. Among the evaluated genotypes, E313, E111, E225, E200,
E351, E352, E353, and E354 were found to be resistant to ergot disease infection. These
genotypes could be utilized as a source of resistance in a sorghum program to breed for
resistance to ergot.
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