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 (Give a brief summary of the project to date in no more than 250 words). 

A total of three field trials were established during 2012 to evaluate the resistance of wheat 

cultivars and test-lines against FHB. The first trial was a dryland cultivar trial established at Napier in 

the Overberg region which included eight commercial dryland cultivars and one resistant 

control, while two irrigation trials were established outside Douglas in the Northern Cape on an 

irrigated field with a long history of wheat-maize rotations. The first irrigation trial contained 19 

commercial wheat cultivars and one resistant control, while the second trial contained five 

commercial cultivars and 20 wheat test lines with possible improved resistance to FHB. All trials 

were successfully inoculated and rated (complete results presented in this annual report). 

 

During 2013, two dryland wheat cultivar trials were established, namely at Napier in the 

Overberg-region and Langgewens in the Swartland, while two irrigation trials were established 

outside Frankfort in the Free State. The first of these trials contained all the commercial irrigation 

wheat cultivars, while the second contained the same wheat test-lines with possible improved 

resistance against FHB as was planted in 2012. All trials were planted in a randomised block 

design with three replicates and with cultivars, treatment (control vs inoculation) and isolates as 

main effects and maintained according to planned protocols (including appropriate weed, 

disease and insect control measures). The trials were inoculated with a variety of F. graminearum 

and / or F. pseudograminearum isolates during September 2013 and rated according to the 

methodology indicated in the project proposal (results presented in this annual report). 

 

The toxigenic potential of selected Fusarium graminearum isolates were determined, and will 

be extended to include additional F. graminearum and F. pseudograminearum isolates. The in 

vitro screening to determine the aggressiveness of isolates of selected Fusarium spp. to wheat 

seedlings was also performed with selected F. graminearum and F. pseudograminearum 

isolates, and must be repeated annually for the duration of the project to confirm that isolates 

do not lose virulence. 

 

An amendment on the project proposal was approved by the project committee on 

2014/02/19 where it was proposed that a Simple-Sequence Repeat (SSR) analysis be performed 
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on F. pseudograminearum isolates associated with FHB and FCR of wheat. An SSR analysis was 

performed on a total of 93 isolates of F. pseudograminearum associated with either FHB or FCR 

from four localities within two production regions of the Western Cape Province using 10 

previously described SSR markers. Of these, seven markers were shown to be polymorphic and 

therefore informative and were used to analyse the F. pseudograminearum isolates. Basic 

population statistics were calculated and it was tested whether differentiation between 

populations exists. It was found that numerous haplotypes of F. pseudograminearum are 

associated with both FHB and FCR which indicates that the fungus may cause either FHB or 

FCR, depending on environmental conditions. This was subsequently proved in the dryland 

cultivar trial at Napier in 2013. The existence of genetically differentiated populations of F. 

pseudograminearum at different localities furthermore highlights the importance of good 

agricultural practices to limit the dissemination of haplotypes of the fungus to new areas. 

However, more isolates of the fungus (from each locality and especially from isolates obtained 

from more localities in the Overberg-region) must be included in this study to give more 

comprehensive results. These results also highlight the importance of genetic diversity studies 

when investigating the epidemiology of pathogens. 

 

PROGRESS REPORT 

 

1. Problem identification and objectives  

 Shortly state the problem being addressed and the ultimate aim of the project.  

State the objectives for the current year and for the following year.  ± 75 words. Please refer to project proposal in terms of a 

more detailed description 

Fusarium head blight (FHB) of wheat, also known as scab, has affected crop production in 

many countries for more than a century. All available data indicate that scab epidemics are 

becoming more frequent, more severe, and more widespread, also under irrigated fields in 

South Africa. Control of FHB requires an integrated approach, involving the use of tolerant 

cultivars (Hollins et al., 2003; Anderson, 2007) in combination with field management practices 

like crop rotation (Pirgozliev et al., 2003; Edwards, 2004) and fungicide use (Mesterházy et al., 

2003; Zhang et al., 2009). Although appropriate field management practices form an integral 

part in managing FHB, farmers’ dependency on rotation crops which can also host F. 

graminearum (Broders et al. 2007), can result in an increase in FHB in the subsequent wheat 

crop (McMullen et al., 1997). Fungicides can be effective in FHB control, but inadequate levels 

of control are often obtained. Furthermore, there is evidence that under certain conditions, the 

use of some fungicides may lead to an increase in the amount of mycotoxins produced 

(Mesterházy et al., 2003; Zhang et al., 2009). However, the correct use of fungicides in 

combination with the use of more resistant cultivars have been shown to be more effective 

than either practice alone (Willyerd et al. 2012). 

 

The aim of this study is to screen local and newly developed wheat varieties for resistance 

against Fusarium graminearum and F. pseudograminearum, the main causal agent of FHB of 

wheat in South Africa through the following Objectives as indicated in the project proposal: 

 

1. Determine the toxigenic potential of isolates of selected Fusarium spp. obtained from 

diseased wheat heads during previous surveys (Target dates: 2014-2015) 

 

2. Conduct an in vitro screening to determine the aggressiveness of isolates of selected 

Fusarium spp. to wheat seedlings (Target dates: 2014-2015) 
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3. Screening of SA wheat cultivars and test lines against selected Fusarium spp. in field and 

glasshouse trials (Target dates: 2014-2015) 

 

4. Conduct a population genetics study on F. pseudograminearum associated with FHB and 

FCR of wheat in South Africa. This objective was added after an amendment on the project 

proposal was approved by the project committee on 2014/02/19. (Target dates: 2014-2015) 

2. Amended workplan (materials & methods) 
 Confirm that the workplan as proposed in the project proposal will be followed in the following year. If changes to the 

workplan are foreseen, please discuss in  ± 100 words. 

1. Determine the toxigenic potential of isolates of selected Fusarium spp. obtained from 

diseased wheat heads during previous surveys 

 

This Objective was performed in 2013 as indicated in the project proposal, using only a few 

isolates in order to determine whether the methodology can be used. The tests yielded positive 

results and will be conducted in full this year using the methodology described in the project 

proposal. 

 

2. Conduct an in vitro screening to determine the aggressiveness of isolates of selected 

Fusarium spp. to wheat seedlings 

 

This Objective was done in 2013 as indicated in the project proposal and the aggressiveness of 

isolates of selected Fusarium spp. will be repeated in the following year to confirm no loss of 

virulence. 

 

3. Screening of SA wheat cultivars and test lines against selected Fusarium spp. in field and 

glasshouse trials. 

 

This Objective is being conducted as indicated in the project proposal. 

 

4. Conduct a population genetics study on F. pseudograminearum associated with FHB and 

FCR of wheat in South Africa. This objective was added after an amendment on the project 

proposal was approved by the project committee on 2014/02/19. 

 

This Objective is being conducted as indicated in the project proposal. 

 

3. Results and discussion  
 Referring to the objectives, discuss results obtained to date and list any current benefits to clients and agriculture in the 

broader sense.  Please limit this discussion to essential information (± 250 words). Please attach detailed results, including 

tables and graphs, as appendixes. 

1. Determine the toxigenic potential of isolates of selected Fusarium spp. obtained from 

diseased wheat heads during previous surveys 

 

This Objective was done in 2013 with only a few isolates in order to determine whether the 

methodology can be used. The tests yielded positive results and will be conducted in full this 

year. Isolate (2)-922, which is used in all field trials, was shown to be a strong producer of 

deoxynivalenol. It is also necessary to repeat this work to ensure that isolates have not lost 

toxigenic ability. 
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2. Conduct an in vitro screening to determine the aggressiveness of isolates of selected 

Fusarium spp. to wheat seedlings 

 

The results are presented in the following Table. 

 

Fusarium spp. Isolate Survival %1 Fusarium spp. Isolate Survival %1 

F. pseudograminearum 113 26 F. graminearum 2-559 8 

F. pseudograminearum 179 14 F. graminearum 2-560 6 

F. pseudograminearum 190 68 F. pseudograminearum 2-561 78 

F. pseudograminearum 192 12 F. pseudograminearum 2-562 76 

F. pseudograminearum 193 64 F. pseudograminearum 2-563 84 

F. pseudograminearum 196 26 F. pseudograminearum 2-564 84 

F. pseudograminearum 201 0 F. pseudograminearum 2-565 4 

F. pseudograminearum 202 2 F. pseudograminearum 2-566 30 

F. pseudograminearum 203 14 F. pseudograminearum 2-567 12 

F. pseudograminearum 203 14 F. graminearum 2-568 48 

F. pseudograminearum 211 38 F. pseudograminearum 2-569 4 

F. pseudograminearum 252 2 F. pseudograminearum 2-570 8 

F. pseudograminearum 272 8 F. graminearum 2-571 50 

F. pseudograminearum 278 48 F. pseudograminearum 2-870 66 

F. pseudograminearum 281 70 F. pseudograminearum 2-871 2 

F. graminearum 2-550 8 F. pseudograminearum 2-872 64 

F. graminearum 2-551 56 F. pseudograminearum 2-873 0 

F. pseudograminearum 2-552 50 F. pseudograminearum 2-874 4 

F. graminearum 2-553 40 F. pseudograminearum 2-876 24 

F. graminearum 2-554 14 F. pseudograminearum 2-877 8 

F. pseudograminearum 2-555 16 F. graminearum 2-922 22 

F. pseudograminearum 2-556 62 F. graminearum 2-952 4 

F. pseudograminearum 2-557 18 F. graminearum 2-962 26 

F. pseudograminearum 2-558 2    

1 Percentage (%) wheat seedlings that survived for two weeks after inoculation 

 

3. Screening of SA wheat cultivars and test lines against selected Fusarium spp. in field trials and 

in the glasshouse. 

 

For results in the field trial refer to Appendix A. Glasshouse trials commenced this year. 

 

4. Conduct a population genetics study on F. pseudograminearum associated with FHB and 

FCR of wheat in South Africa. This objective was added after an amendment on the project 

proposal was approved by the project committee on 2014/02/19. 

 

Refer to Appendix A. 

 

4. Accumulated outputs  
 Indicate the outputs of the project. Also indicate the year of the output. 

 

Technology developed  

Routine inoculations of field trials using the methodology described in the project proposal can 

now be used routinely for a variety of field trials. 

SSR analysis of F. pseudograminearum is a newly developed skill which will also be employed in a 

new project proposal submitted to the Winter Cereal Trust. 

Routine mycotoxin analysis in collaboration with Stellenbosch University. 
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Human resources developed/trained  

The researcher and two technicians (Mrs E. Nowers and Mr Z.A.R. Sedeman) gained experience 

in inoculating field trials for determination of resistance of cultivars and test lines against FHB. 

 

Patents  

 

 

Publications (popular, press releases, semi-scientific, scientific) 

 

 

Presentations/papers delivered  

G.J. van Coller, A.E. van der Merwe, J.A. Vervalle, S.C. Lamprecht, A. Viljoen. A population study 

of Fusarium pseudograminearum associated with Fusarium head blight and Fusarium crown rot of 

wheat in South Africa. Poster presentation at the 11th International Fusarium Workshop, Hangzhou 

Huagang HNA Resort, Hangzhou, China, 20-24 August 2013. 

G.J. Van Coller. 2014. Screening of South African wheat cultivars for resistance to Fusarium head 

blight. Wes-Kaap Diereproduksie navorsingstrust vergadering, 20 Februarie 2014. 

G.J. van Coller. 2014. Beheer van Fusarium aarskroei op koring met kultivar weerstand en 

fungisiedes. Langgewens Wisselbou Tegniese Komitee Vergadering, 21 Februarie 2014. 

G.J. van Coller. 2014. Beheer van Fusarium aarskroei op koring met kultivar weerstand en 

fungisiedes. Tygerhoek Wisselbou Tegniese Komitee Vergadering, 25 Februarie 2014. 
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Message to the farmer: 

Dryland cultivars.  The cultivars that gave consistent good results over most 

parameters for resistance evaluation at both trials were SST027 and Tankwa, 

while SST056 also performed well. It was also shown that, for all parameters 

except visual rating and percentage reduction in 1000 kernel mass, there is no 

difference in virulence between F. graminearum and F. pseudograminearum, 

although this work need to be repeated at more localities with more isolates to 

establish this. 

Irrigation cultivars.  Cultivar SST867 experienced the highest percentage 

reduction in 1000 kernel mass (19.63%), although it did not differ significantly 

from cultivars Baviaans, Duzi, Krokodil, Sabie, Tamboti, PAN3400, PAN3471, 

PAN3478, PAN3489, SST806, SST835, SST866, SST867, SST884, SST895, SST8125 and 

SST8126, with the remaining cultivars falling in the intermediate group. 

F. pseudograminearum.  The existence of genetically differentiated populations 

of F. pseudograminearum at different localities furthermore highlights the 

importance of good agricultural practices to limit the dissemination of 

haplotypes of the fungus to new areas. 
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Appendix A 

 
Screening of SA wheat cultivars and test lines against selected Fusarium spp. in field 

trials. 

 

Resistance-Susceptibility (R-S) scale.  Mesterházy et al. (2005) applies a scale that 

makes use of DON-levels (mg kg-1), FDK%, yield loss% and visual assessments of disease in 

classifying cultivars / test lines into four groups (resistant, moderately resistant, moderately 

susceptible and susceptible). Results must also be taken over different growing seasons. 

This project will aim to classify cultivars / test-lines according to this protocol, but it can only 

be done at completion of this project since, among others, data from numerous years 

must be taken into account. 

 

Dryland cultivar trial in Swartland-region, Langgewens (2013).  There was a 

significant interaction between cultivars and isolates for the visual rating (P = 0.0021) as 

well as for the percentage (%) reduction in 1000 kernel mass (P = 0.0407). Results on main 

effects (cultivars and isolates) are presented for percentage Fusarium-damaged kernels 

(%FDK), 1000 kernel mass (g) and DON-content. 

 

Visual assessment – cultivars x treatment interaction.  Results on the visual data are 

presented in Table 2. According to the visual assessment, cultivar Tankwa is significantly (P 

≤ 0.05) more resistant to FHB than cultivars Big Inc. 161 inoculated with F. 

pseudograminearum, PAN3408, SST027 inoculated with F. pseudograminearum, and 

SST056 and SST087. It was, however, not more resistant than Big Inc. 161 and SST027 when 

inoculated with F. graminearum. Given the visual ratings, and the fact that the Fusarium 

species were re-isolated from diseased wheat heads, it can be concluded that none of 

the dryland cultivars are completely resistant to initial infection of Fusarium species (Type I 

resistance). 

 

Percentage Fusarium-damaged kernels (%FDK) – cultivars.  Results on the %FDK 

data are presented in Table 3. According to the %FDK, the cultivars SST027 and Tankwa 

was significantly (P ≤ 0.05) more resistant to FHB than all the commercial cultivars, including 

the resistant control Big Inc. 161. This is markedly different from the other trials where F. 

pseudograminearum were not inoculated, which indicates that the resistance 

mechanisms against F. pseudograminearum may differ from those of F. graminearum. This 

observation need to be studies further. 

 

Percentage Fusarium-damaged kernels (%FDK) – treatment.  Results on the %FDK 

data are presented in Table 4. According to the %FDK, the mixture of three F. 

graminearum isolates and four F. pseudograminearum isolates was significantly (P ≤ 0.05) 

more virulent compared to the control, while no difference was observed between the 

two Fusarium species. This served as further proof that the trial was successfully inoculated. 

 

1000 kernel mass - cultivars.  Results on the 1000 kernel mass are presented in Table 

3. Cultivar SST027 had a significant (P ≤ 0.05) higher 1000 kernel mass than Kwartel, 

PAN3408 and the resistant control Big Inc. 161, but not higher than cultivars Ratel, SST056 

and SST087. 
 

1000 kernel mass - treatment.  Results on the 1000 kernel mass are presented in 

Table 4. Inoculation with either the mixture of three F. graminearum isolates or four F. 

pseudograminearum isolates resulted in a significant (P ≤ 0.05) reduction in the 1000 kernel 



10 
 

mass compared to the control, while no difference was observed between the two 

Fusarium species. 

 

Percentage reduction in 1000 kernel mass – cultivars x treatment interaction.  Results 

on the percentage reduction in 1000 kernel mass are presented in Table 2. Cultivar SST056 

inoculated with F. pseudograminearum had the lowest percentage reduction in 1000 

kernel mass, although it was not significantly (P ≤ 0.05) more than the resistant control Big 

Inc. 161, Kwartel inoculated with F. graminearum, Ratel inoculated with F. 

pseudograminearum, Tankwa, PAN3408 inoculated with F. graminearum, PAN3471 

inoculated with F. pseudograminearum, SST027, SST056 inoculated with F. graminearum or 

SST087 inoculated with F. graminearum. 

 

DON content – cultivars.  There was no significant (P ≤ 0.05) difference between the 

DON levels of any of the cultivars (Table 3). It therefore appears that parameters like 

reduction in 1000-kernel mass and %FDK can be more helpful in selecting cultivars with 

more resistance / tolerance against FHB, but it must also be remembered that FHB levels 

fluctuate between years, depending on, among others, climatic conditions (Kriss et al. 

2011). DON levels must therefore still be treated as vital in selecting cultivars / test-lines with 

improved resistance against FHB. 

 

DON content – treatment.  Results on the 1000 kernel mass are presented in Table 4. 

Inoculation with either the mixture of three F. graminearum isolates or four F. 

pseudograminearum isolates resulted in a significant (P ≤ 0.05) increase in the DON levels 

compared to the control, while no difference was observed between the two Fusarium 

species. 

 

Dryland cultivar trial in Overberg-region, Napier (2013).  There was no significant (P 

≤ 0.05) interaction between cultivars and treatment (control vs inoculations) for any of the 

parameters measured; results on main effects (cultivars and isolates) are therefore 

presented. It must also be noted that a prolonged period of cold weather prevailed 

shortly post-inoculation, which resulted in low disease levels. 

 

Visual assessment – cultivars.  Results on the visual data are presented in Table 5. 

According to the visual assessment, the cultivars can be differentiated into three groups 

based on their resistance against FHB caused by F. graminearum and F. 

pseudograminearum, namely the most resistant group (cultivars SST027 and SST 087 

Tankwa), that is significantly (P ≤ 0.05) more resistant to FHB than cultivars Kwartel, PAN3471 

and the resistant control Big Inc. 161, but not more than the intermediate group (cultivars 

Ratel, Tankwa, PAN3408 and SST056. 

 

Visual assessment – treatment.  Results on the visual data are presented in Table 6. 

All of the Fusarium isolates resulted in a significant (P ≤ 0.05) increase in visually diseased 

wheat heads compared to the control, with the exception of F. pseudograminearum 

obtained from FCR at Pools, which did not differ significantly from any other treatment. 

 

Percentage Fusarium-damaged kernels (%FDK) – cultivars.  Results on the %FDK 

data are presented in Table 5. According to the %FDK, cultivar SST027 was significantly (P ≤ 

0.05) more resistant to FHB than all the commercial cultivars, including the resistant control 

Big Inc. 161, with the exception of cultivar SST087. This is similar to the dryland trial at 

Langgewens and is markedly different from the other trials where F. pseudograminearum 

were not inoculated, which, similarly to the trial at Langgewens, indicates that the 
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resistance mechanisms against F. pseudograminearum may differ from those of F. 

graminearum. This observation need to be studies further. 

 

Percentage Fusarium-damaged kernels (%FDK) – treatment.  Results on the %FDK 

data are presented in Table 6. According to the %FDK, the mixture of three F. 

graminearum isolates and four F. pseudograminearum isolates had no significantly (P ≤ 

0.05) effect when compared to the control. This may be attributed to the cold weather 

conditions that prevailed for a prolonged period shortly post-inoculation and hampered 

the disease development. 

 

1000 kernel mass - cultivars.  Results on the 1000 kernel mass are presented in Table 

5. Cultivar SST056 had a significantly (P ≤ 0.05) higher 1000 kernel mass than any other 

cultivar, while SST087 had a higher 1000 kernel mass than Tankwa and Kwartel, but not 

SST027, PAN3471 or Ratel. PAN3408 and the resistant control Big Inc. 161 had significantly 

(P ≤ 0.05) the lowest 1000 kernel mass, with Big Inc. 161 having an even lower weight than 

PAN3408. 
 

1000 kernel mass - treatment.  Results on the 1000 kernel mass are presented in 

Table 6. According to the 1000 kernel mass, the mixture of three F. graminearum isolates 

and four F. pseudograminearum isolates had no significantly (P ≤ 0.05) effect when 

compared to the control. Similarly to the %FDK, this may also be attributed to the cold 

weather conditions that prevailed for a prolonged period shortly post-inoculation and 

hampered the disease development. 

 

Percentage reduction in 1000 kernel mass – cultivars.  Results on the percentage 

reduction in 1000 kernel mass are presented in Table 5. Cultivars SST027, SST056 and SST087 

had no reduction in 1000 kernel mass, while cultivar Kwartel, PAN3471 and the resistant 

control Big Inc. 161 suffered a significant (P ≤ 0.05) reduction in 1000 kernel mass. 

 

Percentage reduction in 1000 kernel mass – treatment.  Results on the percentage 

reduction in 1000 kernel mass are presented in Table 6. According to the percentage 

reduction 1000 kernel mass, the mixture of three F. graminearum isolates and four F. 

pseudograminearum isolates had no significantly (P ≤ 0.05) effect when compared to the 

control. Similarly to the %FDK, this may also be attributed to the cold weather conditions 

that prevailed for a prolonged period shortly post-inoculation and hampered the disease 

development. 

 

DON content.  The DON levels of the samples are currently being determined at 

Stellenbosch University and results will be presented at the annual technical committee 

meeting of the WCT in Sept 2014. 

 

The cultivars that gave consistent good results over most parameters for resistance 

evaluation at both trials were SST027 and Tankwa, while SST056 also performed well, 

despite a high %FDK at Langgewens. It was also shown that, for all parameters except 

visual rating and percentage reduction in 1000 kernel mass, there is no difference in 

virulence between F. graminearum and F. pseudograminearum, although this work need 

to be repeated at more localities with more isolates to establish this. 

 

Irrigation trial at Douglas – commercial cultivars (2012).  There was no significant (P 

≤ 0.05) interaction between cultivars and treatment (control vs inoculations) for visual data 

and %FDK; results on main effects (cultivars and isolates) are therefore presented. There 
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was however, a significant (P ≤ 0.05) interaction between cultivars and treatment for the 

1000 kernel mass. 

 

Inoculations.  Inoculation with the three F. graminearum isolates did not result in an 

increase in the percentage of visually diseased wheat heads, but did result in a significant 

(P ≤ 0.05) increase in the %FDK (Table 8).  This contradiction supports the statement made 

by Mesterházy et al. (2005), that visual ratings of FHB alone are not enough to determine 

FHB resistance, and that Infection can also spread further after the FHB evaluation period, 

which also explains this observation. 

 

Visual data.  There was no significant (P ≤ 0.05) difference between any of the 

commercial cultivars in terms of percentage visually infected wheat heads (Table 4), 

which is probably due to the high natural occurrence of FHB in the control treatments. 

 

Percentage Fusarium-damaged kernels (%FDK).  Results for the %FDK are presented 

in Table 7. According to the %FDK, the cultivars can once again be differentiated into 

three groups based on their resistance against FHB, namely the more resistant group 

(SST843, Krokodil, SST884 and SST866, the resistant line Big Inc. 161 and SST875), of which 

most members are not significantly (P ≤ 0.05) more resistant to FHB than most of the 

intermediate group (SST895, Duzi, ABPT12-18, SST877, Baviaans, PAN3478, SST835, SST867, 

SST896 and PAN3471), but is more resistant than the most susceptible group (Olifants, 

CRN826, SST806 and Buffels). 

 

Since there was no significant difference between cultivars regarding visual ratings, 

it cannot be said that the order of cultivars in terms of resistant to susceptible has changed 

between visual ratings and %FDK. 

 

Thousand (1000) kernel mass.   Inoculation with F. graminearum resulted in a 

significant decrease in 1000 kernel mass for all cultivars except Baviaans, Buffels, and 

Olifants, including the resistant control Big Inc. 161 (Table 7). Since there was no significant 

(P ≤ 0.05) interaction between treatment (control vs inoculation) and cultivar for the %FDK, 

it means that cultivars that gave a low reduction in 1000 kernel mass, but still had a high 

%FDK rating, also had a high %FDK in their control treatment, which will explain the low 

reduction in 1000 kernel mass for Buffels (%FDK=33.56%) and Olifants (%FDK=24.43%). 

Mesterházy et al., (2005) noted that due to the close correlations between %FDK and 

deoxynivalenol contamination, lines with a low %FDK should be selected at a reasonably 

high infection pressure. After inoculation with F. graminearum, the following cultivars all 

had a percentage reduction in 1000 kernel below 10%, combined with a moderate rating 

of %FDK (Table 4), namely Duzi, SST877, Baviaans, SST835, SST867 and PAN3471. This is an 

indication that these six cultivars may have some level of tolerance to FHB. Further 

research should be conducted with these cultivars to determine how they will react under 

different levels of disease pressure, while determining the resistance to hyphal spread 

(Type II) resistance for these cultivars can produce breeders with valuable information. 

 

DON content – cultivars x treatment interaction.  Results presented in Table 7. 

Cultivar SST843 had the lowest DON levels, although not significantly (P ≤ 0.05) lower than 

Baviaans, the resistant control Big Inc. 161, CRN826, PAN3478, SST866, SST867, SST875, 

SST877, and SST895. There was however a significantly (P ≤ 0.05) lower amount of DON 

accumulation in cultivar SST843 than in cultivars ABPR12-18, Buffels, Duzi, Krokodil, Olifants, 

PAN3471, SST806, SST835, SST884 and SST896. 
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Irrigation trial at Douglas – test lines (2012).  There was no significant (P ≤ 0.05) 

interaction between cultivars and treatment (control vs inoculations) for visual data and 

%FDK; results on main effects (cultivars and isolates) are therefore presented. There was 

however, a significant (P ≤ 0.05) interaction between cultivars and treatment for the 1000 

kernel mass. 

 

Inoculations.  Inoculation with the three F. graminearum isolates resulted in a 

significant (P ≤ 0.05) increase in the percentage of visually diseased wheat heads and 

%FDK (Table 5).  This will allow us to make more complete comparisons between test-lines 

by combining visual ratings with %FDK as well as 1000 kernel mass. 

 

Visual data.  Results for the visual assessments are presented in Table 6. All 25 lines 

were successfully inoculated and exhibited FHB symptoms when rated after 21 days. 

According to the visual assessment, the lines can be differentiated into two groups based 

on their resistance against FHB, namely the most resistant group (cultivar 5, and lines 13, 9, 

17, 18, 10, 24, 12, 21, 8, 15, 25, 20, 16, 14, 23, 19, 6 and 22), which is significantly (P ≤ 0.05) 

more resistant to FHB than the susceptible group (cultivars 1 and 3 and lines, 11, cultivar 2, 

line 7 and cultivar 4). A surprise finding was that the commercial cultivar 5 forms part of the 

resistant group, while the remaining four commercial cultivars forms part of the susceptible 

group. This indicates that resistance QTL’s may also be present in cultivar 5, which warrants 

further research. Given the visual ratings, it can be concluded that none of these cultivars 

are completely resistant to initial infection of Fusarium species (Type I resistance). 

 

Percentage Fusarium-damaged kernels (%FDK).  Results for the %FDK are presented 

in Table 6. According to the %FDK, the cultivars can once again be differentiated into 

three groups based on their resistance against FHB, namely the more resistant group 

(cultivar  1, lines 22 and 11, cultivar 5, and line 25), of which most members are not 

significantly (P ≤ 0.05) more resistant to FHB than most of the intermediate group (line 15, 

cultivar 4, and lines 21, 18, 16, 20, 10, 13, 14, 17, 8, 12, 6, 19, 7 and 23). Cultivar 1 and lines 

22 and 11 of the resistant group is significantly (P ≤ 0.05) more resistant to FHB than cultivars 

2 and 3, which forms part of the most susceptible group along with lines 24 and 9. 

 

When comparing the visual data (Fig. 12) with the %FDK (Fig. 13) in terms of more resistant 

to more susceptible, it also becomes obvious that the order of test-lines has changed 

regarding resistant to susceptible. Cultivars 1 and 5 and lines 22 and 25 gave good results 

for both the visual rating and for %FDK, while line 11 and cultivar 4 gave poor results for the 

visual rating, but had a low %FDK (Table 6). This contradiction supports the statement 

made by Mesterházy et al. (2005), that visual ratings of FHB alone are not enough to 

determine FHB resistance. Additional screening for type III and IV resistance is necessary 

because: (1) infection severity and degree of toxin contamination of the grain are the 

most important; (2) infection can spread further after the FHB evaluation period; (3) the 

close correlations between %FDK and deoxynivalenol contamination revealed that a low 

%FDK should be selected at a reasonably high infection pressure (Mesterházy et al., 2005). 

Work done by Mesterházy et al. (2005) indicated that in some cases 100 % FDK can be 

measured at relatively low FHB visual assessment values. The commercial cultivars 1 and 4 

contained higher FDK values (inoculated) than the average visual rating (36.21%), 

supporting the statement made by Mesterházy et al. (2005).  

 

Thousand (1000) kernel mass.   Inoculation with F. graminearum resulted in a 

significant decrease in 1000 kernel mass for all five cultivars and for all test lines except 

lines 11, 14, 15, 20 and 22 (Table 6). Since there was no significant (P ≤ 0.05) interaction 
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between treatment (control vs inoculation) and cultivar for the %FDK, it means that 

cultivars that gave a low reduction in 1000 kernel mass, but still had a high %FDK rating, 

also had a high %FDK in their control treatment. However, the %FDK for these lines were all 

within the range of 7-15%, while the percentage reduction in 1000 kernel mass were below 

five per cent (%), which indicates that these lines can be selected for use in breeding 

programmes. This is also an indication that these five lines may have some level of 

tolerance to FHB. Further research should be conducted with these lines to determine how 

they will react under different levels of disease pressure, while determining the resistance 

to hyphal spread (Type II) resistance for these cultivars can produce breeders with 

valuable information. 

 

DON content – test-lines x treatment interaction.  The group with the lowest DON 

content were cultivar 1, cultivar 4, test-line 6, test-line 8, test-line 10, test-line 11, test-line 12, 

test-line 17 and test-line 20. The DON content of this group, however, was not significantly 

(P ≤ 0.05) lower than cultivar 3, cultivar 5, test-line 9, test-line 13, test-line 14, test-line 15, 

test-line 16, test-line 18 and test-line 19. Cultivar 2, test-line 1, test-line 2, test-line 3, test-line 

4, test line 5, and test line 7 all had a significantly (P ≤ 0.05) higher level of DON-

accumulation than the remaining cultivars and test lines. 

 

Irrigation trial at Frankfort – commercial cultivars (2013).  There was no significant (P 

≤ 0.05) interaction between cultivars and treatment (control vs inoculations) for visual 

data, 1000 kernel mass and percentage reduction in 1000 kernel mass; results on main 

effects (cultivars and isolates) are therefore presented. 

 

Visual assessment – cultivars.  Results on the visual data are presented in Table 11. 

According to the visual assessment, cultivar SST884 had the lowest number of visually 

diseased wheat heads, although not significantly (P ≤ 0.05) more than cultivars Baviaans, 

the resistant control Big Inc. 161, Buffels, Olifants, Tamboti, Timbavati, Umlazi, SST843 and 

SST875. The visually most diseased cultivars were PAN3400, PAN3471, PAN3489, SST806 and 

SST895, with the remainder falling in the intermediate group. 

 

Visual assessment – treatments.  Results on the visual data are presented in Table 12. 

Inoculation of irrigation cultivars with F. graminearum isolates resulted in a significant (P ≤ 

0.05) increase in visually diseased wheat heads compared to the control. 

Percentage Fusarium-damaged kernels (%FDK).  Results are currently being double-

checked and will be presented at the annual technical committee meeting of the WCT in 

Sept 2014. 

 

1000 kernel mass - cultivars.  Results on the 1000 kernel mass are presented in Table 

11. Cultivar Krokodil had the highest 1000 kernel mass of all, although it was not 

significantly (P ≤ 0.05) higher than cultivars Baviaans, Timbavati and SST884. Cultivar Buffels, 

Duzi, Sabie, Tamboti and Umlazi had an intermediate 1000 kernel mass, while the resistant 

control Big Inc. 161 and PAN3400 had the lowest (P ≤ 0.05) 1000 kernel mass of all. 
 

1000 kernel mass - treatment.  Results on the 1000 kernel mass are presented in 

Table 12. Inoculation of irrigation cultivars with F. graminearum isolates resulted in a 

significant (P ≤ 0.05) reduction in 1000 kernel mass compared to the control. 

 

Percentage reduction in 1000 kernel mass.  Results on the percentage reduction in 

1000 kernel mass are presented in Table 11. The resistant control Big Inc. 161 had no 

reduction in 1000 kernel mass and did not differ significantly (P ≤ 0.05) from Olifants, Umlazi, 
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SST843 and SST875. Cultivar SST867 experienced the highest percentage reduction in 1000 

kernel mass (19.63%), although it did not differ significantly from cultivars Baviaans, Duzi, 

Krokodil, Sabie, Tamboti, PAN3400, PAN3471, PAN3478, PAN3489, SST806, SST835, SST866, 

SST867, SST884, SST895, SST8125 and SST8126, with the remaining cultivars falling in the 

intermediate group. 

 

DON content.  The DON levels of the samples are currently being determined at 

Stellenbosch University and results will be presented at the annual technical committee 

meeting of the WCT in Sept 2014. 

 

Irrigation trial at Frankfort – test lines (2013).  There was a significant (P ≤ 0.0001) 

interaction between cultivars and treatment (control vs inoculations) for the visual 

assessment, while there was no significant interaction for the remaining parameters; results 

on main effects (cultivars and isolates) are therefore presented for those parameters. 

 

Visual assessment – test lines x treatment interaction.  Results on the visual data are 

presented in Table 13. According to the visual assessment, the resistant control Sumai had 

no diseased wheat heads, although it did not differ significantly (P ≤ 0.05) from cultivar 2, 

test line 6, test line 8 and test line 17. Cultivar 1 had the highest percentage diseased 

wheat heads (61.11%), although this did not differ significantly from test line 1, test line 4, 

test line 7 and test line 20, with the remaining cultivars / test lines falling into the 

intermediate group. 

 

Percentage Fusarium-damaged kernels (%FDK).  Results are currently being double-

checked and will be presented at the annual technical committee meeting of the WCT in 

Sept 2014. 

 

1000 kernel mass – test lines.  Results on the 1000 kernel mass are presented in Table 

13. Test line 17 had a significantly (P ≤ 0.05) higher 1000 kernel mass than all other cultivars 

/ test lines in the trial. The second highest 1000 kernel mass was obtained with the resistant 

control Sumai, although it was not significantly (P ≤ 0.05) higher than cultivar 2, test line 11, 

test line 12, test line 15 and test line 16. Test line 4 had the lowest 1000 kernel mass, 

although not significantly (P ≤ 0.05) lower than SST806, test line 2, test line 4, test line 5, test 

line 6 and test line 9, with the remaining cultivars / test lines falling into the intermediate 

group. 
 

1000 kernel mass - treatment.  Results on the 1000 kernel mass are presented in 

Table 14. Inoculation of irrigation cultivars and test lines with F. graminearum isolates 

resulted in a significant (P ≤ 0.05) reduction in 1000 kernel mass compared to the control. 

 

Percentage reduction in 1000 kernel mass.  Results on the percentage reduction in 

1000 kernel mass are presented in Table 13. None of the cultivars / test lines suffered a 

significant (P ≤ 0.05) reduction in 1000 kernel mass compared to the control. 

 

DON content.  The DON levels of the samples are currently being determined at 

Stellenbosch University and results will be presented at the annual technical committee 

meeting of the WCT in Sept 2014. 
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Conduct a population genetics study on F. pseudograminearum associated with FHB 

and FCR of wheat in South Africa. This objective was added after an amendment on the 

project proposal was approved by the project committee on 2014/02/19. 

 

Population genetics study on F. pseudograminearum.  Seven of the SSR loci were 

polymorphic while three loci turned out to be monomorphic in the isolates tested. The 

number of alleles ranged from 2 to 10 and Nei’s gene diversity from 0.00 to 0.8053 (Table 

15). Additional population statistics are given in Table 16. F-statistics (Table 17) and 

Factorial Correspondence Analysis (Fig 6) indicated that the F. pseudograminearum 

population from Pools (FCR, Swartland-region) differs significantly from all other sampling 

populations and seems to be the most unique population (Table 16, Fig 5). The only non-

significant differentiation was found between the F. pseudograminearum population from 

Langgewens (FCR, Swartland-region) and the population from Vissershok (FHB, Swartland-

region), while Factorial Correspondence Analysis analysis also suggested correspondence 

between genetic distance and geographical distance. 

 

Since numerous haplotypes of F. pseudograminearum are associated with both FHB and 

FCR, this indicates that the fungus may cause either FHB or FCR, depending on 

environmental conditions. This was subsequently proved in the dryland cultivar trial at 

Napier in 2013. The existence of genetically differentiated populations of F. 

pseudograminearum at different localities furthermore highlights the importance of good 

agricultural practices to limit the dissemination of haplotypes of the fungus to new areas. 

However, more isolates of the fungus (from each locality and especially from isolates 

obtained from more localities in the Overberg-region) must be included in this study to 

give more comprehensive results. These results also highlight the importance of genetic 

diversity studies when investigating the epidemiology of pathogens. 
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Fig. 1. Inoculation of bunches of wheat heads in a field trial. 

 

 

Fig. 2. A bunch of wheat heads 24h after inoculation in a field trial. The bunches were 

covered with a transparent polyethelene bag as well as a brown paper bag to protect it 

from the sun. 
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Fig. 3. Inoculated field trial at Frankfort (2013) to determine levels of resistance of wheat 

test cultivars to F. graminearum. 

 

 

Fig. 4. Head blight symptoms as seen 3 weeks after inoculation with F. graminearum. 
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Fig. 5. Healthy wheat kernels (left) as opposed to Fusarium-damaged kernels (right). The 

same number of kernels (40) are on both sides. 

 

 
 

 
 

Fig. 6.   Factorial Correspondence Analysis of four F. pseudograminearum populations (1- 

Vissershok, 2-Pools, 3- Langgewens and 4- Riversdale) 
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Table 1. F. graminearum and F. pseudograminearum isolates used in this study. 

Fusarium species Isolate1 Trial2 Locality obtained3 Disease4 

F. graminearum 2-922 All trials Northern Cape FHB 

2-956 Northern Cape FHB 

2-962 Northern Cape FHB 

F. pseudograminearum 2-564 All dryland 

cultivars trials 

Vissershok, WC5 FHB 

V-hok9B Vissershok, WC FHB 

V-hok82B Vissershok, WC FHB 

V-hok47B Vissershok, WC FHB 

F. pseudograminearum 2-97 Dryland 

cultivars trial 

at Napier 

Langgewens, WC FCR 

2-105 Langgewens, WC FCR 

2-483 Langgewens, WC FCR 

F. pseudograminearum 2-9 Dryland 

cultivars trial 

at Napier 

Pools, WC FCR 

2-42 Pools, WC FCR 

2-72 Pools, WC FCR 

F. pseudograminearum 2-161 Dryland 

cultivars trial 

at Napier 

Riversdale, WC FCR 

2-351 Riversdale, WC FCR 

2-373 Riversdale, WC FCR 

1 Isolates obtained from a specific locality were applied to flowering wheat heads in a mixture 
2 Trials in which isolates were used 
3 Region where isolates originate from 
4 Disease which isolates were originally associated with 
5 Western Cape 
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Table 2. Effect of F. graminearum and F. pseudograminearum isolates on visual FHB ratings and percentage reduction in 1000 

kernel mass of dryland wheat cultivars in an inoculated field trial at Langgewens during 2013. 

Cultivar Fusarium species Origin of isolates Visual rating (%)3,4,5 Percentage reduction in 

1000 kernel mass (%)3,8,9 

Disease1 Region2 Control6 Inoculation7 Control6 Inoculation7 

Big Inc. 16110 F. graminearum11 FHB12 Northern Cape 
6.25 j 

50.00 e-g 
0.00 d 

4.86 b-d 

Big Inc. 161 F. pseudograminearum FHB Vissershok, WC 66.67 c-e 8.98 a-d 

Kwartel F. graminearum FHB Northern Cape 
75.00 bc 

87.50 ab 
0.00 d 

7.97 a-d 

Kwartel F. pseudograminearum FHB Vissershok, WC 100 a 20.31 a 

Ratel F. graminearum FHB Northern Cape 
20.00 ij 

81.25 a-c 
0.00 d 

16.86 a-c 

Ratel F. pseudograminearum FHB Vissershok, WC 78.13 bc 8.36 a-d 

Tankwa F. graminearum FHB Northern Cape 
8.33 j 

21.25 h-j 
0.00 d 

9.32 a-d 

Tankwa F. pseudograminearum FHB Vissershok, WC 31.25 g-i 4.80 b-d 

PAN3408 F. graminearum FHB Northern Cape 
16.67 ij 

68.75 b-e 
0.00 d 

14.05 a-d 

PAN3408 F. pseudograminearum FHB Vissershok, WC 83.33 a-c -18 05 e 

PAN3471 F. graminearum FHB Northern Cape 
41.67 f-h 

83.33 a-c 
0.00 d 

19.51 ab 

PAN3471 F. pseudograminearum FHB Vissershok, WC 77.08 bc 8.64 a-d 

SST027 F. graminearum FHB Northern Cape 
13.75 ij 

43.75 fg 
0.00 d 

4.73 cd 

SST027 F. pseudograminearum FHB Vissershok, WC 54.17 d-f 10.65 a-d 

SST056 F. graminearum FHB Northern Cape 
9.17 j 

66.67 c-e 
0.00 d 

10.04 a-d 

SST056 F. pseudograminearum FHB Vissershok, WC 70.83 b-d 1.74 d 

SST087 F. graminearum FHB Northern Cape 
0.83 j 

77.08 bc 
0.00 d 

6.90 a-d 

SST087 F. pseudograminearum FHB Vissershok, WC 81.25 a-c 17.24 a-c 

1 Disease which isolates were originally associated with 
2 Region where isolates originate from 
3 Means within a measurement followed by the same letter do not differ significantly (P ≤ 0.05) 
4 Significant (P = 0.0021) treatment x cultivar interaction; treatment = control vs inoculation 
5 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual head blight symptoms 
6 Control consisted of more or less 20 flowering wheat heads sprayed with only sterile distilled water 
7 Inoculation consisted of more or less 20 flowering wheat heads sprayed with a mixture of macroconidia of three Fusarium isolates of a specific Fusarium species 
8 Significant (P = 0.0407) treatment x cultivar interaction; treatment = control vs inoculation 
9 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

10 Resistant control 
11 F. graminearum isolates were used in all trials during all years 
12 Fusarium head blight of wheat 
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Table 3. Effect of F. graminearum and F. pseudograminearum on FHB parameters of 

dryland wheat cultivars in an inoculated field trial at Langgewens during 2013. 

Cultivar Measurement1 

Percentage Fusarium-

damaged kernels (%)2 

1000 kernel mass (g) DON content (PPM)3 

Kwartel 39.91 a 28.17 d 1.6477 a 

Ratel 31.10 a 33.42 a-c 1.2334 a 

Tankwa 16.55 b 32.56 bc 0.2023 a 

PAN3408 30.13 a 27.92 d 0.5796 a 

PAN3471 34.35 a 29.87 cd 2.7896 a 

SST027 15.41 b 36.95 a 0.2662 a 

SST056 32.43 a 36.41 ab 0.4979 a 

SST087 32.47 a 33.08 a-c 0.4461 a 

Big Inc. 1614 33.31 a 26.31 d 1.4260 a 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
3 Deoxynivalenol 
4 Resistant control 
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Table 4. Effect of F. graminearum and F. pseudograminearum isolates on dryland wheat cultivars in an inoculated field trial at 

Langgewens during 2013. 

Fusarium species Origin of isolates  Measurement3 

Disease1 Region2 Percentage 

Fusarium-damaged 

kernels (%FDK)4 

1000 kernel mass (g) DON content (PPM)5 

F. graminearum6 FHB Northern Cape  33.29 a 30.44 b 1.36 a 

F. pseudograminearum FHB Vissershok, WC  39.93 a 30.55 b 1.47 a 

Control - -  14.64 b 34.20 a 0.19 b 

1 Disease which isolates were originally associated with 
2 Region where isolates originate from 
3 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
4 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
5 Deoxynivalenol 
6 F. graminearum isolates were used in all trials during all year 
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Table 5. Effect of F. graminearum and F. pseudograminearum on FHB parameters of 

dryland wheat cultivars in an inoculated field trial at Napier during 2013. 

Cultivar Measurement1 

Visual 

rating (%)2 

Percentage 

Fusarium-damaged 

kernels (%)3 

1000 

kernel 

mass (g) 

Percentage 

reduction in 1000 

kernel mass (%)4 

DON 

content 

(PPM)5 

Kwartel 5.60 b 26.91 a 34.25 d 2.92 a-c -6 

Ratel 2.92 b-d 17.84 b 36.17 bc 2.10 b-d - 

Tankwa 1.53 cd 12.83 bc 35.44 cd 0.92 b-d - 

PAN3408 1.34 cd 16.79 b 30.67 e 3.20 a-c - 

PAN3471 13.82 a 16.91 b 36.09 bc 5.93 ab - 

SST027 0.05 d 6.81 d 35.62 b-d -2.55 d - 

SST056 2.96 b-d 14.44 bc 40.84 a -0.24 cd - 

SST087 0.05 d 9.99 cd 37.23 b -1.10 cd - 

Big Inc. 1617 3.70 bc 15.23 bc 27.63 f 7.50 a - 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
4 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

5 Deoxynivalenol 
6 Samples currently being analysed at University of Stellenbosch, results to be presented at annual 

technical meeting of the WCT, Sept 2013 
7 Resistant control 
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Table 6. Effect of F. graminearum and F. pseudograminearum isolates on dryland wheat cultivars in an inoculated field trial at 

Napier during 2013. 

Fusarium species Origin of isolates  Measurement3 

Disease1 Region2 Visual 

rating (%)4 

Percentage 

Fusarium-damaged 

kernels (%FDK)5 

1000 

kernel 

mass (g) 

Percentage 

reduction in 

1000 kernel 

mass (%)6 

DON 

content 

(PPM)7 

F. graminearum8 FHB9 Northern Cape  3.49 a 19.00 a 34.74 a 3.23 a -11 

F. pseudograminearum FHB Vissershok, WC  5.31 a 14.60 a 34.48 a 2.77 a - 

F. pseudograminearum FCR10 Langgewens, WC  3.56 a 18.28 a 34.55 a 2.74 a - 

F. pseudograminearum FCR Pools, WC  3.18 ab 17.05 a 34.96 a 2.46 a - 

F. pseudograminearum FCR Riversdale, WC  5.03 a 17.14 a 35.00 a 1.23 a - 

Control - -  0.37 b 5.37 b 35.56 a 0.00 a - 

1 Disease which isolates were originally associated with 
2 Region where isolates originate from 
3 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
4 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual head blight symptoms 
5 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
6 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

7 Deoxynivalenol 
8 F. graminearum isolates were used in all trials during all years 
9 Fusarium head blight of wheat 
10 Fusarium crown rot of wheat 
11 Samples currently being analysed at University of Stellenbosch, results to be presented at annual technical meeting of the WCT, Sept 2013 
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Table 7. Effect of F. graminearum on irrigation wheat cultivars in an inoculated field trial near Douglas during 2012. 

Cultivar Measurement1 

Visual rating 

(%)2 

Percentage 

Fusarium-damaged 

kernels (%FDK)3 

1000 kernel mass (g)4 Reduction in 1000 

kernel mass (%)5 

DON content (ppm)6,7 

Control Inoculation Control Inoculated 

ABPT12-18 9.17 a 16.21 c-f 39.22 c-f 32.59 p-t 16.88 a 0.0000 l 1.1701 a-g 

Baviaans 1.39 a 16.34 c-f 40.00 b-e 40.03 b-d -0.12 f 0.0000 l 0.5110 g-l 

Big Inc 161.8 8.19 a 11.06 d-f 30.79 t 27.09 u 12.04 a-e 0.0101 l 0.4551 g-l 

Buffels 11.39 a 33.56 a 34.09 l-q 34.82 k-o -2.14 f 0.1282 j-l 1.7936 ab 

CRN826 19.86 a 24.86 a-c 35.07 j-n 32.00 r-t 8.76 b-e 0.0227 j-l 0.5422 f-l 

Duzi 4.31 a 15.72 c-f 44.24 a 39.89 b-e 9.68 a-e 0.3370 g-l 1.4936 a-e 

Krokodil 13.06 a 8.83 ef 45.16 a 38.95 c-g 13.72 a-d 0.2077 h-l 1.4478 a-f 

Olifants 24.03 a 24.43 a-c 34.37 l-q 32.42 q-t 5.42 ef 0.0169 kl 1.6646 a-c 

PAN3471 27.92 a 21.55 a-d 37.85 f-i 34.99 j-o 7.38 de 0.0000 l 0.9415 b-k 

PAN3478 16.39 a 18.49 c-e 36.62 h-k 31.80 r-t 14.80 a-c 0.1633 i-l 0.1926 h-l 

SST806 14.03 a 32.85 ab 34.37 l-q 31.72 r-t 7.34 c-e 0.0000 l 1.5661 a-d 

SST835 36.25 a 19.45 c-e 34.27 l-q 32.17 r-t 6.20 ef 0.0000 l 1.0972 b-h 

SST843 8.67 a 5.12 f 37.98 e-h 33.00 o-s 12.84 a-e 0.0000 l 0.1369 j-l 

SST866 7.22 a 10.09 d-f 38.40 d-h 33.59 m-r 12.48 a-e 0.9500 b-j 0.6312 e-l 

SST867 14.86 a 20.09 c-e 36.70 h-k 34.52 l-p 5.96 ef 0.5862 e-l 0.3615 g-l 

SST875 21.94 a 11.43 d-f 35.36 j-m 31.24 st 11.70 a-e 0.3213 g-l 0.4858 g-l 

SST877 9.31 a 16.24 c-f 36.97 g-j 33.25 n-s 10.05 a-e 0.0124 kl 0.6603 d-l 

SST884 21.33 a 9.50 d-f 41.76 b 35.85 i-l 14.14 a-d 0.0000 l 1.0877 b-i 

SST895 10.14 a 14.54 c-f 38.37 d-h 32.73 p-t 14.72 a-d 0.0000 l 0.8144 c-l 

SST896 15.56 a 20.69 b-e 40.85 bc 34.36 l-q 15.91 ab 0.0000 l 2.0660 a 

1 Means within a measurement followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # of kernels) x 100 
4 Significant (P = 0.0017) treatment x cultivar interaction; treatment = control vs inoculation 
5 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

6 Deoxynivalenol 
7 Significant (P = 0.0149) treatment x cultivar interaction; treatment = control vs inoculation 
8 Resistant control 
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Table 8. Effect of inoculation with F. graminearum on FHB parameters in irrigated wheat 

cultivars in a field trial near Douglas in 2012 

Treatment Measurement1 

Visual rating (%)2 Percentage Fusarium-damaged 

kernels (%FDK)3 

Control 14.78 a 14.89 a 

Inoculation 14.82 a 20.37 b 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
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Table 9. Effect of F. graminearum on irrigation wheat test-lines in an inoculated field trial near Douglas during 2012. 

Cultivar Measurement1 

Visual rating (%)2 Percentage Fusarium-

damaged kernels 

(%FDK)3 

1000 kernel mass (g)4 Reduction in 1000 

kernel mass (%)5 

DON content (ppm)6,7 

Control Inoculation Control Inoculated 

Cultivar 1 17.92 a-d 5.69 f 39.59 c-f 33.09 pq 16.45 a-c 0.0283 i 0.0690 i 

Cultivar 2 22.22 a-c 21.28 ab 36.54 j-m 29.84 st 18.31 ab 1.0993 f-i 1.8050 f-e 

Cultivar 3 18.33 a-d 25.07 a 31.13 rs 27.93 t 6.40 f-j 0.4547 i 1.3130 e-i 

Cultivar 5 33.47 a 10.36 c-f 40.52 b-d 35.19 no 13.15 b-e 0.4290 i 0.2643 i 

Cultivar 6 3.33 d 12.16  b-f 43.40 a 39.75 c-e 8.40 e-i 0.3110 i 0.7490 g-i 

Test line 1 16.11 b-d 17.23 a-d 36.74 i-n 31.65 q-s 10.52 c-f 2.5317 b-e 3.1453 a-d 

Test line 2 24.03 ab 17.69 a-d 38.31 e-k 30.87 rs 19.41 a 0.1920 i 4.2820 a 

Test line 3 9.83 b-d 16.23 a-e 36.43 k-n 32.54 p-r 4.18 g-j 0.0000 i 3.7853 ab 

Test line 4 4.58 d 19.14 a-c 35.67 mn 31.67 p-s 11.19 c-f 0.8497 f-i 3.2900 a-c 

Test line 5 9.31 b-d 14.90 b-f 37.61 g-l 31.57 q-s 16.09 a-c 2.1183 c-f 3.3380 a-c 

Test line 6 21.67 a-c 8.65 d-f 32.61 p-r 32.28 p-r 3.53h-k 0.0295 i 0.4120 i 

Test line 7 9.58 b-d 17.02 a-e 37.74 f-l 31.98 p-r 15.27 a-d 1.9527 d-g 4.3437 a 

Test line 8 3.47 d 15.55 b-e 36.05 l-n 33.58 op 6.82 f-j 0.0637 i 0.0520 i 

Test line 9 13.33 b-d 15.75 a-e 37.46 h-m 38.32 e-k -2.28 k 0.3290 i 0.7677 g-i 

Test line 10 10.69 b-d 11.93 b-f 40.53 b-d 39.54 c-g 2.44 i-k 0.0207 i 0.3650 i 

Test line 11 13.19 b-d 14.46 b-f 40.51 b-d 38.12 e-k 5.91 f-j 0.5507 hi 0.5817 hi 

Test line 12 7.08 cd 15.87 a-e 43.18 a 38.44 e-j 11.00 c-f 0.4173 i 0.4140 i 

Test line 13 9.17 b-d 12.90 b-f 41.79 ab 37.63 g-l 9.96 d-g 0.1827 i 0.9243 f-i 

Test line 14 14.58 b-d 17.47 a-d 40.95 b-d 38.48 e-i 6.01 f-j 0.4090 i 0.8127 f-i 

Test line 15 12.78 b-d 14.61 b-f 39.10 d-h 38.25 e-k 2.16 jk 0.6370 g-i 0.7347 g-i 

Test line 16 9.72 b-d 12.89 b-f 41.20 bc 37.82 e-l 9.34 d-h 0.7470 g-i 1.2500 e-i 

Test line 17 16.39 b-d 7.67 ef 44.20 a 42.00 ab 4.98 g-j 0.0000 i 0.2490 i 

Test line 18 14.03 b-d 17.79 a-d 41.20 bc 37.56 h-m 8.84 e-h 0.9007 f-i 0.7047 g-i 

Test line 19 9.44 b-d 18.42 a-c 40.85 b-d 36.68 i-n 9.84 d-g 0.4503 i 0.8040 f-i 

Test line 20 11.11 b-d 11.37 c-f 40.96 b-d 37.95 e-l 10.81 c-f 0.0597 i 0.4507 i 

1 Means within a measurement followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # of kernels) x 100 
4 Significant (P < 0.0001) treatment x cultivar interaction; treatment = control vs inoculation 
5 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

6 Deoxynivalenol 
7 Significant (P = 0.0149) treatment x cultivar interaction; treatment = control vs inoculation 
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Table 10. Effect of inoculation with F. graminearum on FHB parameters in irrigated wheat 

test-lines in a field trial near Douglas in 2012 

Treatment Measurement1 

Visual rating (%)2 Percentage Fusarium-damaged 

kernels (%FDK)3 

Control 8.91 a 9.53 a 

Inoculation 18.20 b 20.39 b 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
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Table 11. Effect of F. graminearum on irrigation wheat cultivars in an inoculated field trial 

near Frankfort during 2013. 

Cultivar Measurement1 

Visual 

rating 

(%)2 

Percentage 

Fusarium-

damaged 

kernels 

(%FDK)3 

1000 kernel 

mass (g) 

Reduction in 

1000 kernel 

mass (%)4 

DON 

content 

(ppm)5 

Baviaans 14.77 f-j -6 36.08 a-c 13.36 ab -7 

Big Inc. 1618 5.83 j - 23.76 n -7.73 e - 

Buffels 18.41 e-j - 32.62 c-g 8.44 a-c - 

Duzi 20.25 d-i - 34.20 b-e 14.05 ab - 

Krokodil 27.08 c-f - 39.03 a 8.79 a-c - 

Olifants 13.64 f-j - 30.42 f-l 4.06 b-e - 

Sabie 22.96 d-h - 33.35 b-f 12.77 ab - 

Tamboti 10.00 h-j - 34.70 b-d 16.19 ab - 

Timbavati 12.50 g-j - 36.18 a-c 6.02 b-d - 

Umlazi 11.36 h-j - 33.75 b-f 3.57 b-e - 

PAN3400 38.96 a-c - 25.90 mn 10.91 a-c - 

PAN3471 42.25 ab - 29.57 g-l 14.61 ab - 

PAN3478 26.04 c-g - 27.43 lm 12.29 ab - 

PAN3489 50.00 a - 27.74 k-m 12.04 ab - 

PAN3497 30.21 c-e - 28.77 h-m 5.97 b-d - 

SST806 46.88 a - 28.38 i-m 12.62 ab - 

SST835 31.82 b-e - 32.08 d-h 16.02 ab - 

SST843 7.27 ij - 31.46 d-j -4.45 de - 

SST866 26.14 c-g - 31.87 d-i 9.40 a-c - 

SST867 26.25 c-f - 28.06 j-m 19.63 a - 

SST875 18.41 e-j - 29.00 h-m -1.69 c-e - 

SST884 6.50 j - 36.39 ab 11.63 ab - 

SST895 37.71 a-c - 31.00 e-k 6.94 a-d - 

SST8125 32.50 b-d - 30.19 f-l 14.73 ab - 

SST8126 31.25 c-e - 31.05 e-k 9.65 a-c - 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # of kernels) x 100 
4 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

5 Deoxynivalenol 
6 Parameter currently being determined 
7 Samples currently being analysed at University of Stellenbosch, results to be presented at annual 

technical meeting of the WCT, Sept 2013 
8 Resistant control 
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Table 12. Effect of inoculation with F. graminearum on FHB parameters in irrigated wheat 

cultivars in a field trial near Frankfort in 2013 

Treatment Measurement1 

 
Visual rating 

(%)2 

Percentage Fusarium-

damaged kernels 

(%FDK)3 

1000 kernel 

mass (g) 

DON content 

(ppm)4 

Control 3.00 a -5 32.94 a -6 

Inoculation 32.77 b - 29.77 b - 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
3 Rating determined as follows: (# infected kernels / Total # kernels) x 100 
4 Deoxynivalenol 
5 Parameter currently being determined 
6 Samples currently being analysed at University of Stellenbosch, results to be presented at annual 

technical meeting of the WCT, Sept 2013 
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Table 13. Effect of F. graminearum on irrigation wheat test-lines in an inoculated field trial 

near Frankfort during 2013. 

Cultivar Measurement1 

Visual rating (%)2,3 Percentage 

Fusarium-

damaged 

kernels 

(%FDK)4 

1000 

kernel 

mass (g) 

Reduction 

in 1000 

kernel 

mass (%)5 

DON 

content 

(ppm)6 
Control Inoculated 

Cultivar 1 4.17 hi 61.11 a -8 30.23 g-k 18.55 a -9 

Cultivar 2 4.17 hi 8.89 g-i - 34.28 b-d 9.80 a - 

Cultivar 3 4.17 hi 20.00 e-h - 31.05 e-i 5.16 a - 

Cultivar 4 0.83 i 37.50 b-d - 32.15 d-g 6.76 a - 

Sumai7 0.00 i 0.00 i - 35.85 b 0.95 a - 

Test line 1 5.00 hi 48.44 a-c - 30.50 f-j 10.83 a - 

Test line 2 8.33 g-i 35.00 c-e - 29.54 h-k 14.34 a - 

Test line 3 0.83 i 36.11 c-e - 30.93 e-i 9.09 a - 

Test line 4 8.33 g-i 47.22 a-c - 27.86 k 5.46 a - 

Test line 5 5.00 hi 36.11 c-e - 29.54 h-k 8.83 a - 

Test line 6 6.25 hi 15.63 f-i - 28.18 jk -1.49 a - 

Test line 7 0.83 i 54.17 ab - 30.40 g-j 11.96 a - 

Test line 8 0.00 i 2.22 i - 30.61 f-j 1.21 a - 

Test line 9 4.17 hi 25.28 d-g - 29.18 i-k 5.21 a - 

Test line 10 0.00 i 29.44 d-f - 33.18 c-e 7.59 a - 

Test line 11 1.67 i 20.00 e-h - 35.16 bc 6.08 a - 

Test line 12 0.83 i 32.14 c-f - 34.62 bc 12.20 a - 

Test line 13 0.00 i 29.17 d-f - 33.27 c-e 11.20 a - 

Test line 14 4.17 hi 33.33 c-e - 32.89 c-f 5.81 a - 

Test line 15 0.00 i 25.00 d-g - 34.63 bc 0.86 a - 

Test line 16 0.00 i 23.61 d-g - 34.34 b-d 1.16 a - 

Test line 17 0.00 i 3.33 hi - 38.32 a 5.80 a - 

Test line 18 4.17 hi 19.72 e-h - 33.28 c-e 12.72 a - 

Test line 19 0.00 i 25.00 d-g - 33.31 c-e 4.18 a - 

Test line 20 8.33 g-i 48.61 a-c - 31.75 e-h 7.79 a - 

1 Means within a measurement followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Significant (P < 0.0001) treatment x cultivar interaction; treatment = control vs inoculation 
3 Rating based on a 0-to-4 scale, where 0 = no head blight and 4 = 100% of the spikelets with visual 

head blight symptoms 
4 Rating determined as follows: (# infected kernels / Total # of kernels) x 100 
5 Determined as follows: 100 – ((mass of inoculated treatment / mass of control treatment) x 100) 

6 Deoxynivalenol 
7 Resistant control 
8 Parameter currently being determined 
9 Samples currently being analysed at University of Stellenbosch, results to be presented at annual 

technical meeting of the WCT, Sept 2013 
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Table 14. Effect of inoculation with F. graminearum on FHB parameters in irrigated wheat 

test-lines in a field trial near Frankfort in 2013 

Treatment Measurement1 

 
Percentage Fusarium-

damaged kernels 

(%FDK)2 

1000 kernel mass 

(g) 

DON content 

(ppm)3 

Control -4 33.38 a -5 

Inoculation - 30.98 b - 

1 Means within a column followed by the same letter do not differ significantly (P ≤ 0.05) 
2 Rating determined as follows: (# infected kernels / Total # of kernels) x 100 
3 Deoxynivalenol 
4 Parameter currently being determined  
5 Samples currently being analysed at University of Stellenbosch, results to be presented at annual 

technical meeting of the WCT, Sept 2013 
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Table 15.  SSR loci and genetic diversity of four F. pseudograminearum populations. 

 Locus  Size range (bp) Number of 

alleles 

Nei’s gene diversity 

Langgewens (FCR) Pools (FCR) Riversdale (FCR) Vissershok (FHB) 

Fg1.1a  250-252 2 0.00 0.00 0.1895 0.00 

Fg1.1b  212-216 3 0.303 0.1818 0.00 0.04 

Fg1.7b  262-282 7 0.7576 0.00 0.6158 0.6563 

Fg3.3a  179-185 3 0.303 0.4364 0.00 0.00 

Fg3.8a  137-166 10 0.7424 0.5818 0.8053 0.8547 

Fg3.9a  172-333 10 0.1667 0.6909 0.4421 0.4082 

Fg4.6a  247-253 4 0.3182 0.5455 0.00 0.1167 
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Table 16.  Population statistics of the four F. Pseudograminearum populations. 

 Population  Disease1  Sample size  Unbiased Hz  Unbiased Hz SD  Average # alleles  

Langgewens  FCR  12  0.2591  0.0923  2.30  

Pools  FCR  11  0.2436  0.0909  1.80  

Riversdale  FCR  20  0.2053  0.0965  2.30  

Vissershok  FHB  50  0.2076  0.1007  3.00  

1 Disease which isolates were originally associated with 

 

 

 

 

 
 Table 17.  Pair-wise FST values generated in Genetix. 

 Pools (FCR) Langgewens (FCR) Riversdale (FCR) 

Vissershok (FHB) 0.620441 0.01356 0.02685 

Pools (FCR)  0.543821 0.641651 

Langgewens (FCR)   0.074941 

1 Populations differ significantly from each other (P < 0.05) 



 

36 
 

References 

 

Anderson, J.A. 2007. Marker-assisted selection for Fusarium head blight resistance in 

wheat. International Journal of Food Microbiology 119: 51–53. 

 

Broders, K.D., Lipps, P.E., Paul, P.A. & Dorrance, A.E. 2007. Evaluation of Fusarium 

graminearum associated with corn and soybean seed and seedling disease in 

Ohio. Plant Disease 91: 1155–1160. 

 

Edwards, S.G. 2004. Influence of agricultural practices on Fusarium infection of cereals 

and subsequent contamination of grain by trichothecene mycotoxins. 

Toxicology Letters 153: 29–35. 

 

Hollins, T.W., Ruckenbauer, P. & De Jong, H. 2003. Progress towards wheat varieties with 

resistance to Fusarium head blight. Food Control 14: 239–244. 

 

Kriss, A.B., Paul, P.A. & Madden, L.V. 2010. Relationship between yearly fluctuations in 

Fusarium head blight intensity and environmental variables: a window-pane 

analysis. Phytopathology 100: 784-797. 

 

McMullen, M., Jones, R. & Gallenberg, D. 1997. Scab of wheat and barley: A re-emerging 

disease of devastating impact. Plant Disease 81: 1340–1348. 

 

Mesterházy, A. 2002. Role of deoxynivalenol in aggressiveness of Fusarium graminearum 

and F. culmorum and in resistance to Fusarium head blight. European Journal of 

Plant Pathology 108: 675–684. 

 

Mesterházy, A., Bartók, T. & Lamper, C. 2003. Influence of wheat cultivar, species of 

Fusarium, and isolate aggressiveness on the efficacy of fungicides for control of 

Fusarium head blight. Plant Disease 87: 1107–1115. 

 

Mesterházy, A., Bartók, T., Kászonyi, G., Varga, M., Tóth, B. & Varga, J. 2005. Common 

resistance to different Fusarium spp. causing Fusarium head blight in wheat. 

European Journal of Plant Pathology 112: 267–281. 

 

Osborne, L.E. & Stein, J.M. 2007. Epidemiology of Fusarium head blight on small grain 

cereals. International Journal of Food Microbiology 119: 103–108. 

 

Pirgozliev, S.R., Edwards, S.G., Hare, M.C. & Jenkinson, P. 2003. Strategies for the control of 

Fusarium head blight in cereals. European Journal of Plant Pathology 109: 731 – 

742. 

 

Scott, J.B. & Chakraborty, S. 2008. Identification of 11 polymorphic simple-sequence 

repeat loci in the phytopathogenic fungus Fusarium pseudograminearum as a 

tool for genetic studies. Molecular Ecology Notes 8: 628 – 630. 

 

Sutton, J.C. 1982. Epidemiology of wheat head blight and maize ear rot caused by 

Fusarium graminearum. Canadian Journal of Plant Pathology 4: 195–209. 

 

 



 

37 
 

Willyerd, K. T., Li, C., Madden, L. V., Bradley, C. A., Bergstrom, G. C., Sweets, L. E., 

McMullen, M., Ransom, J. K., Grybauskas, A., Osborne, L., Wegulo, S. N., 

Hershman, D. E., Wise, K., Bockus, W. W., Groth, D., Dill-Macky, R., Milus, E., Esker, 

P. D., Waxman, K. D., Adee, E. A., Ebelhar, S. E., Young, B. G., and Paul, P. A. 2012. 

Efficacy and stability of integrating fungicide and cultivar resistance to manage 

Fusarium head blight and deoxynivalenol in wheat. Plant Disease 96: 957-967. 

 

Zhang, Y., Fan, P.S., Zhang, X., Chen, C.J., Zhou, M.G. 2009. Quantification of Fusarium 

graminearum in harvested grain by real-time polymerase chain reaction to 

assess the efficacies of fungicides on Fusarium head blight, deoxynivalenol 

contamination, and yield of winter wheat. Phytopathology 99: 95–100. 

 

 


