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Comprehensive abstract

Introduction

Target leaf spot of sorghum, caused by fungal species Bipolaris sorghicola, is considered as one of
the most important leaf diseases in sorghum, so that occurrence before flowering, can lead to damage
and reduction of more than 50% of grain yield. This disease is also significant in Iran and usually
occurs in most of the humid regions of the country, where sorghum is cultivated. Since there are very
few researches on leaf spot diseases in sorghum especially on the resistance of sorghum cultivars in
the country, it seems necessary to carry out research in this field. Therefore, the present research was
carried out with the aim of evaluating the response of different sorghum genotypes to leaf spot disease.
The resistant genotypes identified in this research can be used to transfer favorable characteristics to
the host plant in future breeding programs.

Materials and methods

To study the reaction of different forage sorghum genotypes to target leaf spot, 25 sorghum
genotypes, including ten commercial hybrids and 15 promising lines were evaluated in a randomized
complete block design with three replications in two regions, Karaj and Gorgan. Artificial inoculation
of genotypes in the field was carried out with a mixture of several pathogenic isolates of the disease-
causing fungus in two stages. The first, at the 3-4 leaf stage by injection of spore suspension (3 ml per
each whorl) using a syringe stage, and the second, at the 6-8 leaf stage using the Bazooka method by
placing 2-3 fungus infested sorghum grains in the whorl of each plant. To evaluate the reaction of
genotypes and progress of the disease, characteristics such as percentage of disease incidence (DI%)
and disease severity on each plant (DS%) were recorded two weeks after the last inoculation. In
addition to the field experiment, the reaction of the genotypes to the disease was investigated in a
greenhouse experiment based on a completely randomized design with three replications.

Research findings

The results of this experiment showed that there was a significant difference between the studied
sorghum genotypes in terms of resistance or susceptibility to leaf spot. Comparison of genotypes
showed that the disease severity of the studied lines and hybrids varied from 0.7% to 51.7% in the
Karaj region, and from 1.7% to 66.3% in the Gorgan region. Hybrid No. 8 (FGCS110) with 0.7% and
1.7% disease severity in the Karaj and Gorgan regions, respectively, had the lowest disease severity
and was recognized as the most resistant genotype in both regions. In contrast, line No. 2 (FGS109)
with disease severity of 51.7% and 66.3% in Karaj and Gorgan regions, respectively, was the most
susceptible genotype. Furthermore, a statistically significant difference was observed among the
studied regions for disease severity of all genotypes, so that the recorded disease severity in Gorgan
was higher than in Karaj. Also, there was a positive and significant correlation (r=+0.74, p<0.01)
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between disease severity (DS%) and disease incidence (DI%) measured in different sorghum
genotypes in two studied locations. The results of greenhouse experiment also confirmed the results of
field experiment.

Conclusion

The results of the current research led to the identification of resistant and semi-resistant sorghum
genotypes to leaf spot among the studied genetic materials, which can be used in future breeding
programs. The results obtained from the Karaj region showed that genotype No. 8 (foreign hybrid
FGCS110) was highly resistant, line No. 13 and foreign hybrids No. 1, 6, 7, and 10 were resistant, and
the number of 11 lines along with a foreign hybrid were semi-resistant. In the Gorgan region, foreign
hybrids No. 7, 8, and 10 were resistant, and seven lines and five foreign hybrids also had a semi-
resistant reaction to the disease, while no resistance reaction was observed in any of the studied lines
in this region.
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Table 1. Scoring of sorghum genotypes in response to target leaf spot (Thakur et al., 2007)

Severity rating

Symptoms and lesion types

Disease reaction class

1 0 to <1% leaf area with mild yellow flecks Highly resistant (HR)

2 1-5% leaf area covered with hypersensitive small lesions Resistant (R)

3 6-10% leaf area covered with hypersensitive small lesions Resistant (R)

4 11-20% leaf area covered with small necrotic lesions Moderately resistant (MR)
5 21-30% leaf area covered with small necrotic coalescing lesions Moderately resistant (MR)
6 31-40% leaf area covered with large coalescing necrotic lesions Susceptible (S)

7 41-50% leaf area covered with large coalescing necrotic lesions Susceptible (S)

8 51-75% leaf area covered with large coalescing necrotic lesions Highly susceptible (HS)

9 76-100% leaf area covered with large coalescing necrotic lesions Highly susceptible (HS)
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Figure 1. Leaf inoculation of sorghum plants with spore suspension of different isolates of B. sorghicola in the
greenhouse (a) and artificial inoculation of sorghum plants with sorghum seeds contaminated with fungal spore
suspension by Bazooka method in the field (b)
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Figure 2. Leaf spot symptoms caused by inoculation with spore suspension of B. sorghicola on Sorghum plants
under greenhouse conditions (a, right side) compared to the control without inoculation (a, left side) and disease
symptoms on sorghum plants two weeks after inoculation using Bazooka method in the field (b)
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Table 2. Analysis of variance for disease severity of target leaf spot in different sorghum genotypes in

greenhouse conditions

Source of variation df MS
Genotype 24 418.15™
Experimental error 50 22.6
Coefficient of variation (CV %) - 10.32

** Significant at 1% probability level.
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Table 3. Comparison of means of disease severity and reaction of different sorghum genotypes to B. sorghicola

in greenhouse conditions

No. Genotype Disease severity (%) Score (1-9) Reaction
1 CSSH.1 10.0 de 3 Resistant
2 FGS109 31.7 a 6 Susceptible
3 FS one BMR 15.0cd 4 Moderately resistant
4 BMR SSH.1 1.0f 2 Resistant
5 BMR SSH.2 350a 6 Susceptible
6 Titan 34 ef 2 Resistant
7 SiloKing 0.0f 1 Highly resistant
8 FGCS110 00f 1 Highly resistant
9 FGCS112 11.0 de 4 Moderately resistant
10 Saccarose BMR 1.7 ef 2 Resistant
11 MFS1 350a 6 Susceptible
12 MEFES2 31.7a 6 Susceptible
13 MES7 0.0f 1 Highly resistant
14 MFS8 20.0 be 4 Moderately resistant
15 KFS1 8.3 def 3 Resistant
16 KFS2 8.3 def 3 Resistant
17 KFS6 4.0 ef 2 Resistant
18 KFS7 34 ef 2 Resistant
19 KFS8 5.0ef 2 Resistant
20 KFS9 2.0ef 2 Resistant
21 KFS10 3.7 ef 2 Resistant
22 KFS11 00f 1 Highly resistant
23 KFS13 6.7 def 3 Resistant
24 KFS18 31.3 ab 5 Susceptible
25 KFGS30 11.0de 4 Moderately resistant
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Figure 3. Comparison of disease severity (%)of target leaf spot in different forage sorghum genotypes under
greenhouse conditions
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Table 4. Combined analysis of variance of the response of different sorghum genotypes to target leaf spot in two
regions, Karaj and Gorgan
Mean squares

Source of variation df Disease severity Disease incidence ~ Fresh yield Dry yield
Location (L) 1 907.24™ 5216.8 ™ 13431.3" 36.21 ™
Replication / (L) 4 15.76 916.18 1469.89 13.53
Genotype (G) 24 663.17 2739.49™ 2395.44™ 30.15™
GxL 24 82.42™ 364.05 ™ 660.13™ 11.24™
Error 96 28.87 174.29 333.70 4.04
CV (%) - 11.82 10.89 11.38 12.70

. *and ™ Not-significant, and significant at 5% and 1% probability levels, respectively.
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Table 5. Simple analysis of variance of the response of sorghum genotypes to target leaf spot in Karaj region
Mean squares

f variati df
Source of variation Disease severity ~ Disease incidence  Fresh yield Dry yield
Replication 2 27.43 323.24 29.02 25.19
Genotype 24 366.40™ 1710.46™ 1637.46™ 15.16™
Error 48 24.26 161.80 548.94 5.51
CV (%) - 10.88 12.20 11.72 12.74
** Significant at 1% probability level.
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Table 6. Simple analysis of variance of the response of sorghum genotypes to target leaf spot in Gorgan region

Mean squares

Source of variation df Disease severity ~ Disease incidence  Fresh yield Dry yield
Replication 2 4.09 159.13 37.58 1.88
Genotype 24 379.19™ 1393.08" 1418.11™ 26.24™
Error 48 33.49 186.78 118.46 5.51
CV (%) - 12.66 9.78 11.08 12.47

** Significant at 1% probability level.
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Table 7. Comparison of means of disease incidence and disease severity leaf spot among sorghum genotypes in
two regions, Karaj and Gorgan

No. Genotype Gorgan > Kara)
DI (%) DS (%) Reaction’ DI (%) DS (%) Reaction”
1 CSSH.1 53.3de 15.0 ghi MR 10.0h 4.3 hi R
2 FGS109 100 a 66.3 a HS 96.7 ab 483 a S
3 FS one BMR 100 a 56.7a HS 96.7 ab 36.7 be S
4 BMR SSH.1 76.7 abed 25.0 defg MR 63.3 cde 18.3 ef MR
5 BMR SSH.2 90.0 ab 26.7 cdefg MR 93.3 ab 31.7cd S
6 Titan 71.7 abed 25.0 defg MR 16.6h 3.7 hi R
7 SiloKing 20.0 fg 7.0 ij R 23.3 gh 5.3 ghi R
8 FGCS110 50¢g 1.7] R 53h 0.71 HR
9 FGCS112 93.3 ab 26.7 cdefg MR 100 a 36.7 be S
10 Saccarose BMR 36.7 ef 10.0 hij R 33.3 fgh 7.0 ghi R
11 MEFS1 63.3cd 21.7 efgh MR 33.3 fgh 15.0 fg MR
12 MEFES2 83.3 abc 26.7 cdefg MR 100 a 51.7a HS
13 MEFES7 53.3de 11.7 hij MR 23.3 gh 5.3 ghi R
14 MFS8 96.7 ab 28.3 cdef MR 90.0 abc 26.7 cde MR
15 KFS1 63.3 cd 11.7 hij MR 70.0 bede 13.3 fgh MR
16 KFS2 100 a 30.0 cdef S 58.3 def 20.0 ef MR
17 KFS6 90.0 ab 35.0 bed S 73.3 abcde 20.0 ef MR
18 KFS7 93.3 ab 43.3b S 86.7 abcd 21.7 def MR
19 KFS8 96.7 ab 38.3 bc S 86.7 abcd 23.3 def MR
20 KFS9 96.7 ab 33.0 bede S 80.0 abcd 20.0 ef MR
21 KFS10 76.7 abed 18.3 fghi MR 90.0 abc 23.3 def MR
22 KFS11 96.7 ab 31.7 bede S 83.3 abcd 18.3 ef MR
23 KFS13 96.7 ab 33.0 bede S 46.7 efg 15.0 fg MR
24 KFS18 100 a 66.3 a HS 96.7 ab 46.7 ab S
25 KFGS30 96.7 ab 30.0 cdef MR 81.7 abcd 31.7cd S

"R, MR, S, and HS: Resistant, moderately resistant, susceptible, and highly susceptible, respectively.
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Table 8. Correlation coefficients among the measured traits in forage sorghum lines and hybrids in
response to target leaf spot

Traits Disease severity Disease incidence Fresh yield Dry yield
Disease severity 1
Disease incidence 0.74526 ™ 1
Fresh yield -0.32139 ™ -0.28788 1
Dry yield -0.21882 ™ -0.22661 ™ 0.84005 ™ 1
** Significant at 1% probability level.
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