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1. Summary of Progress (2021/22 growing season)

Please provide the main findings of the project during the funding year and the remaining challenges. 
Please do so at hand of the Gantt Chart submitted during the application process. 

Section1: Survey of fungal and Oomycete pathogens in the maize rhizosphere from the 
Eastern Cape 
Two seasonal survey trips were conducted from 21 to 26 February and 21 to 26 March. Thirteen farms 
from 4 districts (including Chris Hani, OR Tambo, Joe Gqabi and Alfred Nzo) and 19 fields were visited 
(see table below). In the following growing seasons, 8 field trips were carried out and leaf material 
showing symptoms of rust was collected. A maize disease assessment was carried out on each of these 
fields. Rhizosphere soils were collected during the February trip (another collection took place in April). 
Samples were pooled to obtain a representative sample for each farm/field and stored at 4 °C. A soil 
dilution series was prepared and plated on suitable growth media. Direct plating of soil was also carried 
out. These plates were incubated at room temperature for 5–7 days and then isolated and cleaned. Alice 
Mthembu processed the soil as part of her MSc. Diseased leaf material was also collected and included 
common diseases such as northern leaf blight, Phaeosphaeria leaf spot, grey leaf spot etc. These were 
processed in other projects as indicated in the application, with results communicated to farmers. 
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Fungal isolations from soil samples were completed from these soils and resulted in 580 

strains accessioned into our working culture collection of the Applied Mycology group at FABI, and will 

systematically be made available in our open culture collection CMW-IA. Strains were identified to 36 

genera and 96 species (see figure below), with 427 new DNA sequences generated (ITS 66, beta-

tubulin 119, calmodulin 4 & translation elongation factor 1-alpha 238). These will serve as useful 

reference data for the international community working on these fungi. In general, the identifications 

revealed that more diverse communities were present in the Eastern Cape maize farms compared to 

those from the Free-State and Northwest provinces collected during the same year. The results also 

indicate that no or very low numbers of potentially pathogenic species are present in these soils. Of 

concern could be Fusarium oxysporum. Strains of this species are associated with diseases of various 

crops, including maize. However, most F. oxysporum strains do not cause diseases and are almost 

ubiquitous in agricultural soils.  

 

Several strains belonging to new species have been identified (mainly Penicillium and Trichoderma) and 

these will be formally described next year. One of the new Penicillium species descriptions is currently 

in press. It has been reported in the literature that Penicillium and Trichoderma species can promote 

plant growth. In addition, Trichoderma species are often used as biological control agents in agricultural 

soils. Against this background, we have started a new project in which we are sequencing the genomes 

of all Penicillium and Trichoderma species we have identified, with 17 of these isolated during this 

project. Among other focus areas, we want to study these genomes to detect potentially beneficial 

species and further explore their role in creating healthy agricultural soils. 

 

Oomycete isolations resulted in a small number of strains, with only Globisporangium irregulare and G. 
ultimum (previously classified as Pythium) detected. Together with several other Pythium species, both 
are reported to cause seed rot and decay of maize seedling roots. 
 

 
 

Figure 1: Summary of the fungal community detected in the Eastern Cape.  
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Section 2: Pathogenic and genotypic variability of Puccinia sorghi isolates collected from 
maize in the Eastern Cape 
Summary of results: 
Common rust of maize, caused by Puccinia sorghi (Ps), is a regular occurring disease in South Africa. 
Since the first reference to Ps by Doidge in 1926, there has been only one attempt more than two 
decades ago, that reported on pathogenic variation among field isolates. In this study 96 single pustule 
isolates of Ps were used. These included field isolates collected between 2006 and 2018, used as 
historic controls, and isolates collected during the 2021 and 2022 production seasons. Although some 
isolates originated from maize planted by small scall farmers in other provinces, most originated from 
the Eastern Cape. All isolates were phenotyped on 31 maize differential lines and genotyped with 11 
described microsatellite markers. A total of 35 Ps races were identified from the 96 isolates. Two 
relatively avirulent races BBBHC and BGBHC were the most common and constituted 16 isolates each. 
This was followed by races MBGHC and JBNHC with 12 and 5 isolates each. Nineteen races were 
represented by one and eight by two isolates only. No avirulence was detected to Rp3-A, Rp8-A, and 
Rp8-B and no virulence to Rp7 and two lines with stacked gene combinations (Rp5G and Rp5CGJ). 
Twenty-two lines displayed either low or high ITs. Lines with Rp1-E, Rp1-Kr4, RpFJ, RpCJ, RpDJ, 
RpCFJ, RpDGJ, and RpFGJ had a low susceptibility frequency (<10%), they remain valuable to 
phenotype Ps isolates in future studies. The remaining Rp genes also demonstrated some race 
specificity and can thus still be useful to differentiate among isolates in a large population. Maize 
differential lines designated with Rp1-F, Rp1-I, Rp1-Kr1N, Rp4-B, and Rp5 segregated in their IT 
responses. The phenotypic results revealed that the assessed Ps isolates are diverse in their 
avirulence/virulence patterns with an increase in virulence over time. In contrast, Microsatellite analysis 
showed low genetic diversity amongst the Ps isolates, evidence of a clonal population. STRUCTURE 
analysis of multilocus genotypes revealed two genetic lineages. The isolate composition of the first 
lineage suggested that they have been present in maize fields since 2006, while the second was 
represented exclusively by isolates collected in 2021-2022. No correlation was found between the 
phenotypes and genotypes of the identified Ps races. Knowledge gained in this study on the race 
composition, effective resistance genes and genotypic variation among Ps isolates will contribute to the 
genetic control of the disease. 
 
Field observations and race typing of Puccinia sorghi isolates from the Eastern Cape province: 
For the Eastern Cape, field isolates were collected from communal maize fields and trials in the districts 
of Cofimvaba, Qombolo, Ugie, Mveleli Farm, Hannover Farm, Agassiz Farm, Boki Farm and Qokolweni 
in the Eastern Cape Province during 22nd and 23rd of February 2021. The incidence of maize rust varied 
from trace symptoms to 15–20% severity on hybrids in unsprayed plots. Maize rust and GLS were the 
most common diseases observed on the leaves of maize plants and occurred irrespective of hybrid or 
planting date. From the field isolates collected 21 single-pustule isolates were established (Table 1). 
Puccina sorghi (Ps) isolates were collected from communal maize fields and trials planted at Boki Farm 
(Matatiele), Lubacweni, Rocky Park (Ugie), Hannover Farm (Cederville), Mvezo district, Agassiz Farm 
(Ugie), Cofimvaba and Qombolo districts during March 2022. From the field isolates collected 28 single-
pustule isolates were established (Table 2). 
 
Following the establishment of the 49 Ps single pustule isolates, 31 maize rust differential lines with 
known single or stacked Rp genes, including the susceptible control H95, were used to phenotype the 
isolates (Table 3). After 10-11 days following inoculation, seedling ITs of the maize rust differential lines 
to each Ps isolate were determined through phenotypic assessment on the second leaf of seedlings. 
The scale of immune (0) to 4 was used. Differential lines producing no uredinia (IT = 0), small flecks (IT 
= ;); chlorotic or necrotic flecks (ITs = ;C or ;N or combinations ;CN), or small to medium-sized pustule 
(ITs = 1 to 2), were considered to indicate resistance or avirulence (low ITs) to a specific Ps isolate. 
Differential lines expressing well developed pustules (ITs = 3 to 4) were interpreted as susceptible (high 
ITs) implying a virulent Ps isolate to the designated Rp gene(s) in that line. When more than one low IT 
response was observed for an isolate on a particular differential line it was indicated with an X IT 
response. 
 
Race codes consisting of the letters B to T (excluding vowels) were attributed to groups of four maize 
lines based on their low (resistant) or high (susceptible) IT responses to the Ps isolates. The first letter 
in the code describes virulence or avirulence to Rp1-A, Rp1-B, Rp1-C, and Rp1-D; the second letter to 
Rp1-E, Rp1-J, Rp1-K, and Rp1-L; the third letter to Rp1-M, Rp1-Kr1J6, Rp1-Kr3, and Rp1-Kr4; the 
fourth letter to Rp-G, Rp3-A, Rp7, and Rp8-A, and the fifth letter to RpFJ, RpGI, Rp5G, and line H95 
(Table 4). 
 
The differential lines Rp3A/5*H95 (Rp3-A), Rp8A/7*H95 (Rp8-A) and H95 produced high ITs (≥3) to all 
the Ps isolates. The differential lines X35A (Rp1-A), X35B (Rp1-B), X35C (Rp1-C), X35D (Rp1-D), X35X 
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(Rp1-E), X35L (Rp-G), X35E (Rp1-J), X35F (Rp1- K), X35K (Rp1-Kr1J6), X35H (Rp1-Kr3), X35I 
(Rp1-Kr4), X35ZA (Rp1-L), X35G (Rp1-M), X35O (Rp1-C, Rp1-J), X35P (Rp1-F, Rp1-J), and X35R (Rp-
G, Rp1-I) produced either low or high ITs and U740KRp7H95 (Rp7), X35N (Rp1-D, Rp1-J), X35Q (Rp1-
C, Rp1-F, Rp1-J), X35T (Rp1-D, Rp-G, Rp1-J), X35S (Rp1-F, Rp-G, Rp1-J), X35V (Rp5, Rp-G), and 
X35W (Rp5, Rp1-C, Rp-G, Rp1-J) produced only low ITs. Seedlings from the remaining five maize 
differential lines X35Y (Rp1-F), X35Z (Rp1-I), X336T (Rp1-Kr1N), Rp4B/3*H95 (Rp4-B), and X35M-
Rp5-DH95 (Rp5) did segregate in their IT responses and were therefor not considered in race naming. 
Although the differential line with the stacked gene RpCJ were effective in differentiating between Ps 
isolates in virulence and avirulence it was excluded from race naming as the genes that it contains were 
already accounted for in the single Rp gene lines. 
 
From the 49 Ps isolates phenotyped 21 races were identified (Table 5). From these Ps race BGBHC 
(Figure 1) was most common with 14 isolates followed by BBBHC (6 isolates), JBNHC (5), DDLHC and 
DGLHC (3 isolates each) and DBBHC and DDLHC (2 isolates each). Race BGBHC was detected at five 
localities sampled from during 2021 (7 isolates) and at four during 2022 (7). Isolates of Ps races DDLHC 
and JBNHC were detected during 2022 only. Furthermore, single isolates of races BBLHC, BFLRH, 
DDNHC, DGBHC, JBDHC. JGLHC, JJNHC and MDQHC were detected only during 2021 and isolates 
of races BTLRH, DBDHC, DBLHC, JBLHC, LGHHM, and MBGHC only during 2022.  
 
From the results it is evident that Ps isolates collected from the Eastern Cape are variable considering 
their race designations. However, isolates of individual races were often avirulent to several resistance 
genes. The dominating race over the two seasons were surprisingly one of the more avirulent races. 
Several of the differential lines with two or more stacked genes were resistant to all the isolates. From 
the phenotyping results and observation made on hybrid responses in the field it appears that all maize 
hybrids recommended for planting in the Eastern Cape lack Ps resistance. The identification and 
recommendation of maize hybrids with Ps resistance is required for the control of maize rust in the 
Eastern Cape, especially to those farmers that do not have the resources to apply fungicides. 
 
The data generated in this study as well as the Ps race isolates collected is considered valuable 
information and resources to identify hybrids with resistance as well as to guide and assist with 
resistance breeding. It is important to note that since maize rust is an airborne disease new races with 
wider virulence can spread between maize producing areas in SA. The results from this study can 
therefor not be interpreted in isolation and consideration should be given to results from similar studies 
conducted for the other maize producing areas in the country. 
 
Genotyping of Puccinia sorghi isolates: 
Simple sequence repeat (SSR) markers have been used to investigate their suitability to determine 
genotypic variation among Ps isolates. Genomic DNA was extracted from freeze-dried leaf tissue of 83 
single pustule Ps isolates (Visser et al., 2009), which were genotyped with eleven described 
microsatellite markers (Orquera-Tornakian et al., 2017). These include single pustule isolates derived 
from field isolates collected in the Eastern Cape province as well as historic isolates (2006-2018 and 
recently collected isolates from small scale production fields in other provinces. Due to the large number 
of clonal isolates, multi-locus genotypes (MLGs) were identified (Agapow and Burt, 2001) and the clone 
corrected allelic data set used to prepare a neighbor-joining (NJ) phylogram within DARwin 6.0.021 
(Perrier et al., 2003). STRUCTURE v.2.2.4 (Pritchard et al., 2000) was used to group the 21 MLGs into 
putative sub-populations. A possible relationship between the phenotypes and genotypes of the 35 Ps 
races was tested by calculating the correlation value between the two distance matrixes within GenAlEx 
6.5 (Peakall and Smouse, 2006; 2012). 
The genotypic study revealed that the local Ps population is clonal. Several races (eg. BGBHC, BBBHC) 
occurred in multiple subclades of the phylograms (Figures 2 and 3), with no significant correlation 
between the phenotypes and genotypes of the 35 Ps races (Figure 4). STRUCTURE analysis revealed 
a single genetic lineage, with all MLGs being strongly admixed (Figure 5). These results, together with 
a low gene diversity (0.074), average number of alleles per locus (1.81), allelic richness (1.67), average 
FST (0.089) and a higher He than Ho value, confirmed the clonality of Ps in SA. 
 
Major findings: 

• This study is the most detailed study of Ps and the 35 races identified, of which 21 was detected in 
the Eastern Cape, is the highest compared to other published reports. 

• The outcomes provided much needed information on the number, distribution, and 
avirulence/virulence profiles of Ps races in SA. 

• Monogenic resistance gene Rp7 and stacked genes Rp5G and Rp5CGJ were effective to all Ps 
isolates. 

• Genotypic results revealed that the local Ps population is clonal with little genetic variation within. 
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• This suggests that it most likely originated from a single introduction into SA. 

• Future research should investigate the role of resistance genes deployed in commercialised hybrids 
as well as the presence of the sexual stage in the high and often unique race diversity observed in 
most provinces. 

• Newer genotyping techniques such as single nucleotide polymorphism (SNP) detection and NGS, 
that produces more abundant markers in the genomes of target organisms, should also be 
considered for better genotypic discrimination between isolates. 

 
 
References: 
Agapow, P-M., Burt, A. 2001. Mol. Ecol. Notes 1:101-102. 
Evanno, G. et al., 2005. Mol. Ecol. 14:2611-2620. 
Orquera-Tornakian, G.K. et al., 2017. J. Microbiol. Methods 139:113-122. 
Peakall, R., Smouse, P.E., 2006. Mol. Ecol. Notes 6:288-295. 
Peakall, R., Smouse, P.E., 2012. Bioinformatics 28:2537-2539. 
Perrier, X. et al., 2003. Data analysis methods. In: Hamon, P., Seguin, M., Perrier, X., Glazmann, J.C. 
(eds). Barley improvement, production, and uses. Genetic diversity of cultural tropical plants. United 
Kingdom. Science Publishers. 
Pritchard, J.K. et al., 2000. Genetics 155:945-959. 
Visser, B. et al., 2009. Mol. Plant Pathol. 10:213-222. 
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Table 1 List of Puccinia sorghi isolates from the Eastern Cape during 2021, allocated race codes and collection details. 

Isolate Race Locality Province Origin of the sample Coordinates 

Ps15.1_Qm2021 DDNHC Qombolo Jojweni Eastern Cape Communal maize S32°32' 00" E28°14' 00" 

Ps15.2_Qm2021 BFLRH Qombolo Jojweni Eastern Cape Communal maize  S32°32' 00" E28°14' 00" 

Ps15.3_Qm2021 BGBHC Qombolo Jojweni Eastern Cape Communal maize  S32°32' 00" E28°14' 00" 

Ps16.1_Ug2021 DGLHC Ugie Eastern Cape Volunteer maize S31°12'30.3" E28°14'6.43" 

Ps16.2_Ug2021 BGBHC Ugie Eastern Cape Volunteer maize S31°12'30.3" E28°14'6.43" 

Ps16.3_Ug2021 BGBHC Ugie Eastern Cape Volunteer maize S31°12'30.3" E28°14'6.43" 

Ps17.1_Mv2021 JJNHC Mveleli Farm Tabase Eastern Cape Maize trial entries S31°33'00.0" E28°37'00.1" 

Ps17.2_Mv2021 DBBHC Mveleli Farm Tabase Eastern Cape Maize trial entries S31°33'00.0" E28°37'00.1" 

Ps17.3_Mv2021 BBLHC Mveleli Farm Tabase Eastern Cape Maize trial entries S31°33'00.0" E28°37'00.1" 

Ps18.1_Hn2021 MDQHC Hannover Farm Matatiele Eastern Cape Maize trial entries S30°11'19.6" E29°05'09.0" 

Ps18.2_Hn2021 JBDHC Hannover Farm Matatiele Eastern Cape Maize trial entries S30°11'19.6" E29°05'09.0" 

Ps18.3_Hn2021 BBBHC Hannover Farm Matatiele Eastern Cape Maize trial entries S30°11'19.6" E29°05'09.0" 

Ps19.1_Ag2021 JGLHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps19.2_Ag2021 BGBHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps19.3_Ag2021 DBNHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps20.1_Bk2021 BGBHC Boki Farm Matatiele Eastern Cape Maize trial entries S30°12'17.8" E29°03'18.9" 

Ps20.2_Bk2021 DGBHC Boki Farm Matatiele Eastern Cape Maize trial entries S30°12'17.8" E29°03'18.9" 

Ps20.3_Bk2021 BBBHC Boki Farm Matatiele Eastern Cape Maize trial entries S30°12'17.8" E29°03'18.9" 

Ps21.1_Qk2021 BGBHC Qokolweni Nkominco Eastern Cape Maize trial entries S31°43'00" E28°47'00" 

Ps21.2_Qk2021 BGBHC Qokolweni Nkominco Eastern Cape Maize trial entries S31°43'00" E28°47'00" 

Ps21.3_Qk2021 BBBHC Qokolweni Nkominco Eastern Cape Maize trial entries S31°43'00" E28°47'00" 
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Table 2 List of Puccinia sorghi isolates from the Eastern Cape during 2022, allocated race codes and collection details. 

Isolate Race Locality Province Origin of the sample Coordinates 

Ps46.1_Lb2022 BGBHC Lubacweni Eastern Cape Maize trial entries S30°53'17.7" E29°00'13.4" 

Ps46.2_Lb2022 JBNHC Lubacweni Eastern Cape Maize trial entries S30°53'17.7" E29°00'13.4" 

Ps46.3_Lb2022 BBBHC Lubacweni Eastern Cape Maize trial entries S30°53'17.7" E29°00'13.4" 

Ps47.1_Bk2022 MBGHC Boki Farm Matatiele Eastern Cape Maize trial entries S30°12'17.8" E29°03'18.9" 

Ps48.1_Ug2022 JBLHC Ugie Eastern Cape Maize trial entries S31°12'30.3" E28°14'6.43" 

Ps48.2_Ug2022 BGBHC Ugie Eastern Cape Maize trial entries S31°12'30.3" E28°14'6.43" 

Ps48.3_Ug2022 DBNHC Ugie Eastern Cape Maize trial entries S31°12'30.3" E28°14'6.43" 

Ps49.1_Ug2022 BBBHC Ugie Eastern Cape Maize trial entries S31°12'30.3" E28°14'6.43" 

Ps50.1_Ce2022 DBBHC Cedarville Eastern Cape Maize trial entries S30°23'10.1" E29°02'16.8" 

Ps50.2_Ce2022 DBLHC Cedarville Eastern Cape Maize trial entries S30°23'10.1" E29°02'16.8" 

Ps50.3_Ce2022 DBDHC Cedarville Eastern Cape Maize trial entries S30°23'10.1" E29°02'16.8" 

Ps51.1_Mv2022 BGBHC Mvezo Msila Eastern Cape Maize trial entries S31°56'41.1" E28°31'14.9" 

Ps51.2_Mv2022 BGBHC Mvezo Msila Eastern Cape Maize trial entries S31°56'41.1" E28°31'14.9" 

Ps51.3_Mv2022 LGHHM Mvezo Msila Eastern Cape Maize trial entries S31°56'41.1" E28°31'14.9" 

Ps54.1_Kv2022 DGLHC KuMvezo Eastern Cape Maize trial entries S31°57'29.6" E28°29'43.4" 

Ps54.2_Kv2022 DGLHC KuMvezo Eastern Cape Maize trial entries S31°57'29.6" E28°29'43.4" 

Ps54.3_Kv2022 JBNHC KuMvezo Eastern Cape Maize trial entries S31°57'29.6" E28°29'43.4" 

Ps55.1_Ag2022 JBNHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps55.2_Ag2022 JBNHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps55.3_Ag2022 JBNHC Agassiz Farm Ugie Eastern Cape Maize trial entries S31°17'19.0" E 28°19'21.7" 

Ps56.1_Cf2022 BTLRH Cofimvaba Mahlubini Eastern Cape Maize trial entries S32°1'7.41" E27°35' 5.29" 

Ps56.2_Cf2022 BBBHC Cofimvaba Mahlubini Eastern Cape Maize trial entries S32°1'7.41" E27°35' 5.29" 

Ps62.1_Qm2022 DDLHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 

Ps62.2_Qm2022 DDLHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 

Ps62.3_Qm2022 DDLHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 

Ps64.1_Qm2022 BGBHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 

Ps64.2_Qm2022 BGBHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 

Ps64.3_Qm2022 BGBHC Qombolo Jojweni Eastern Cape Maize trial entries S32°32' 00" E28°14' 00" 
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2. Additional information 

   (e.g. Tables; Figures; Contributions by co-workers; Brief discussion of accomplishments) 

 

Table 3 Maize differential lines used in Puccinia sorghi race typing. 

Entry Maize rust differential lines Rp genes(s) 

1 X35A Rp1-A 

2 X35B Rp1-B 

3 X35C Rp1-C 

4 X35D Rp1-D 

5 X35X Rp1-E 

6 X35Y Rp1-F 

7 X35L Rp-G 

8 X35Z Rp1-I 

9 X35E Rp1-J 

10 X35F Rp1-K 

11 X35K Rp1-Kr1J6 

12 X336T Rp1-Kr1N 

13 X35H Rp1-Kr3 

14 X35I Rp1-Kr4 

15 X35ZA Rp1-L 

16 X35G Rp1-M 

171 Rp3-A X H95(5) Rp3-A 

181 Rp4-B X H95(3) Rp4-B 

19 X35M-Rp5-DH95 Rp5 

20 U740K-Rp7-H95 Rp7 

211 Rp8-A X H97(7) Rp8-A 

22 X35O Rp1-C, Rp1-J 

23 X35N Rp1-D, Rp1-J 

24 X35P Rp1-F, Rp1-J 

25 X35R Rp-G, Rp1-I 

26 X35Q Rp1-C, Rp1-F, Rp1-J 

27 X35T Rp1-D, Rp-G, Rp1-J 

28 X35S Rp1-F, Rp-G, Rp1-J 

29 X35V Rp5, Rp-G 

30 X35W Rp5, Rp1-C, Rp-G, Rp1-J 

311 Susceptible control H95 rp1, rp3, rp4, rp5, rp7, Rp8-B 

1 Seed sourced from Ms Stacey Estrada, Germplasm Program Assistant, USDA, ARS, PIRU and 
NCRPIS. For the rest of the lines the seed were sourced from Dr Marty Sachs, Director, Maize Genetics 
Cooperation Stock Center, USDA/ARS and Crop Sciences, UIUC, S-123 Turner Hall, 1102 S., Goodwin 
Avenue, Urbana, IL USA. 
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Table 4 Grouping of 20 maize differential lines, except for the susceptible entry H95, each carrying a 
unique Puccinia sorghi (Ps) resistance (Rp) gene or combination of genes into five sets. The applied 
letter codes are according to the potential outcome of low or high seedling infection types (ITs) per set. 

Differential set Rp resistance gene(s) 

Set1 Rp1-A Rp1-B Rp1-C Rp1-D 

Set2 Rp1-E Rp1-J Rp1-K Rp1-L 

Set3 Rp1-M Rp1-Kr1J6 Rp1-Kr3 Rp1-Kr4 

Set4 Rp-G Rp3-A Rp7 Rp8-A 

Set 5 RpFJ RpGI Rp5G H95 nil 

Letter Code1 Outcome of ITs 

B L L L L 

C L L L H 

D L L H L 

F L L H H 

G L H L L 

H L H L H 

J L H H L 

K L H H H 

L H L L L 

M H L L H 

N H L H L 

P H L H H 

Q H H L L 

R H H L H 

S H H H L 

T H H H H 

1 Five letter Rp code consists of the designation for set 1 followed by sets 2, 3, 4 and 5. 
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Table 5 Puccinia sorghi (Ps) races and the number of isolates per race identified from Eastern Cape collected field isolates and their respective avirulence/virulence 
formulas. 

Ps race Isolates Avirulence/virulence formula 

BBBHC 6 Rp1-A,Rp1-B,Rp1-C,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp3-A,Rp8-A,H95 

BBLHC 1 Rp1-A,Rp1-B,Rp1-C,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-M,Rp3-A,Rp8-A,H95 

BFLRH 1 Rp1-A,Rp1-B,Rp1-C,Rp1-D,Rp1-E,Rp1-J,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp7,RpFJ,Rp5G/Rp1-K,Rp1-L,Rp1-M,Rp-G,RpGI,Rp3-A,Rp8-A,H95 

BGBHC 14 Rp1-A,Rp1-B,Rp1-C,Rp1-D,Rp1-E,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-J,Rp3-A,Rp8-A,H95 

BTLRH 1 Rp1-A,Rp1-B,Rp1-C,Rp1-D,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp7,RpFJ,Rp5G/Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp-G,RpGI,Rp3-A,Rp8-A,H95 

DBBHC 2 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp3-A,Rp8-A,H95 

DBDHC 1 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-Kr3,Rp3-A,Rp8-A,H95 

DBLHC 1 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-M,Rp3-A,Rp8-A,H95 

DBNHC 2 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-M,Rp1-Kr3,Rp3-A,Rp8-A,H95 

DDLHC 3 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-K,Rp1-M,Rp3-A,Rp8-A,H95 

DDNHC 1 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-J,Rp1-L,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-K,Rp1-M,Rp1-Kr3,Rp3-A,Rp8-A,H95 

DGBHC 1 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-J,Rp3-A,Rp8-A,H95 

DGLHC 3 Rp1-A,Rp1-B,Rp1-D,Rp1-E,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-C,Rp1-J,Rp1-M,Rp3-A,Rp8-A,H95 

JBDHC 1 Rp1-A,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-B,Rp1-C,Rp1-Kr3,Rp3-A,Rp8-A,H95 

JBLHC 1 Rp1-A,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-B,Rp1-C,Rp1-M,Rp3-A,Rp8-A,H95 

JBNHC 5 Rp1-A,Rp1-D,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-B,Rp1-C,Rp1-M,Rp1-Kr3,Rp3-A,Rp8-A,H95 

JGLHC 1 Rp1-A,Rp1-D,Rp1-E,Rp1-K,Rp1-L,Rp1-Kr1J6,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-B,Rp1-C,Rp1-J,Rp1-M,Rp3-A,Rp8-A,H95 

JJNHC 1 Rp1-A,Rp1-D,Rp1-E,Rp1-L,Rp1-Kr1J6,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-B,Rp1-C,Rp1-J,Rp1-K,Rp1-M,Rp1-Kr3,Rp3-A,Rp8-A,H95 

LGHHM 1 Rp1-B,Rp1-C,Rp1-D,Rp1-E,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr3,Rp-G,Rp7,RpGI,Rp5G/Rp1-A,Rp1-J,Rp1-Kr1J6,Rp1-Kr4,RpFJ,Rp3-A,Rp8-A,H95 

MBGHC 1 Rp1-B,Rp1-C,Rp1-E,Rp1-J,Rp1-K,Rp1-L,Rp1-M,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-A,Rp1-D,Rp1-Kr1J6,Rp3-A,Rp8-A,H95 

MDQHC 1 Rp1-B,Rp1-C,Rp1-E,Rp1-J,Rp1-L,Rp1-Kr3,Rp1-Kr4,Rp-G,Rp7,RpFJ,RpGI,Rp5G/Rp1-A,Rp1-D,Rp1-K,Rp1-M,Rp1-Kr1J6,Rp3-A,Rp8-A,H95 
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Figure 1 Infection types observed for an isolate of Puccinia sorghi race BGBHC. Isolates of the race 
are virulent to Rp1-J, Rp3-A, Rp-8A, and on H95 used as the susceptible control. 
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Figure 2 A neighbor-joining (NJ) phylogram showing genetic relationships between 83 Puccinia sorghi 
(Ps) isolates occurring in South Africa. DARwin 6.0.021 software (Perrier et al., 2003) was used to 
construct the phylogram based on the allelic data of 11 microsatellite markers. Sub-clades B1, B3, and 
C2 (red) and clade A with sub-clades B2 and C1 (green) correspond with the two sub-clusters indicated 
in the STRUCTURE analysis. 
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Figure 3 A neighbor-joining (NJ) phylogram showing the genetic relationships between 21 Puccinia 
sorghi (Ps) multi-locus genotypes (MLGs) occurring in South Africa. Isolate info includes the unique Ps 
number, year of collection, province of origin with EC = Eastern Cape, KZN = KwaZulu-Natal, FS = Free 
State, MP = Mpumalanga, GT = Gauteng, NW = North West (NW) and the five letter race code. 
 

 

Figure 4 Correlation between the phenotypes and genotypes of the 35 South African Puccinia sorghi 

races.  
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Figure 5 Subdivision of 21 South African Puccinia sorghi (Ps) multi-locus genotypes (MLGs) into a 
single admixed cluster based on K = 1 as determined by the ad-hoc ΔK statistic (Evanno et al., 2005) 
using STRUCTRURE software. Isolate info includes the unique Ps number, year of collection and 
province of origin with EC = Eastern Cape, KZN = KwaZulu-Natal, FS = Free State, MP = Mpumalanga, 
GT = Gauteng, NW = North West (NW). 
 



15 
 

3. Please report on the Deliverables and milestones:  

(As presented in section 6 of Application) 

 

Proposed Aims 

• The project has two overarching aims; 1) to conduct a survey of the diseases (focused on fungal 

and oomycete foliar and soilborne pathogens) occurring in the Eastern Cape, and 2) investigate the 

phenotypic and genotypic diversity of maize rust races. 

 

Proposed Objectives 

• To complete a fungal and Oomycete survey from maize rhizosphere soil in the Eastern Cape 

with a focus on plant pathogens. 

• To preserve strains and DNA for long-term storage in culture collections housed at FABI and 

the Westerdijk Institute (in the Netherlands) and make them available to future research projects. 

• To produce reference DNA sequences for these pathogens, to be used for the development of 

novel diagnostic / monitoring tools 

• To determine the race composition and virulence profile of field isolates of Puccinia sorghi. 

• To determine the seedling response of maize hybrids commonly planted in the Eastern Cape to 

the identified Puccinia sorghi races. 

• To grow knowledge on the occurrence and severity of maize rust in the Eastern Cape production 

areas. 

• To identify the mechanisms (mutation, introduction, recombination) whereby new virulent races 

develop within this geographic population.  

• To advise producers on hybrid response and appropriate control strategies available. 

 

The results that have been achieved: 

• In the 2021/22 growing season, two sampling trips were conducted to collect soils. In the 

following growing seasons, 8 field trips were carried out and leaf material showing symptoms of rust 

was collected. Diseases were screened at 13 farms from 4 districts and samples were collected from 

19 fields. Findings of these were communicated directly with farmers in the form of reports. 

• Isolations from soil were completed. Strains and its DNA are accessioned and preserved in 

collections housed at FABI. Representative strains are being accessioned in the CMW-IA collection also 

housed at FABI and will be made available in future. 

• DNA sequencing was completed. Strains isolated during this project is systematically being 

submitted for whole genome sequencing. 

• New species have been identified and will be described in the coming year. One of these are 

now in press.  

• Maize rust was confirmed as a commonly occurring disease on maize planted in the Eastern 

Cape during surveys. 

• Field observations indicate that maize hybrids recommended for planting in the Eastern Cape 

do lack maize rust resistance as the disease were common in occurrence with susceptible hybrid 

responses observed in trial plots and small-scale farmer fields. 

• Forty-nine single pustule isolates of Puccinia sorghi (Ps) were established from field isolates 

collected during surveys carried out in the Eastern Cape. 

• The avirulence and virulence profiles of these isolates have been successfully determined on a 

set of 31 maize differential lines. 

• Designated Rp genes and gene stacks that are effective to Ps race isolates have been 

identified. 

• Twenty-one Ps races have been detected which can be used to identify resistant hybrids as 

well in breeding for resistance. 

• The results from our Ps genotypic data for the available microsatellite markers showed low 

genotypic variation, suggesting a clonal population which likely originated from a single introduction into 

SA with mutations the likely origin of virulence changes. 

 

4. Changes to project 
Describe changes to the project, provide justification for the changes and impact on outcomes. 

 

None proposed.  
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5. Scientific Outputs  
(Give full references and indicate poster or oral presentation for conference contributions) 
 

Scientific papers: • We are drafting a scientific paper from 

the MSc study on Puccinia sorghi 

• Visagie CM, Yilmaz N, Allison JD, 

Boekhout T, Boers J, Delgado MA, 

Dewing C, Fell J, Fitza KNE, Fotedar 

R, Gaya E, Gräfenhan T, Hill R, 

Hobden A, Hu DM, Hulsewig T, 

Khonsanit A, Kolecka A, Luangsa-ard 

JJ, Mthembu A, Price J-L, Pringle A, 

Qikani N, Sandoval-Denis M, 

Schumacher RK, Slippers B, 

Tennakoon DS, Thanakitpipattana D, 

van Vuuren NI, Groenewald JZ, Crous 

PW. New and Interesting Fungi. 7. 

FUSE (In Press) 

Technical reports: None 

Articles in industry magazines: None 

Conference contributions: 1.Mthembu A, Visagie CM, Yilmaz N. Survey 

of fungal and oomycete diversity from maize 

field soils in the Eastern Cape. 52nd 

Congress of the Southern African Society of 

Plant Pathology, Pretoria, South Africa, 1–3 

August 2022. 

2.Kgatle MG, Maduna N, Kisten L, Nsibo DL, 

Slippers B, Visagie CM. Surveying maize 

foliar diseases in the Eastern Cape. 52nd 

Congress of the Southern African Society of 

Plant Pathology, Pretoria, South Africa, 1–3 

August 2022. 

3. L.A. Maphobole, B. Visser, W.B. Meyer, 

Z.A. Pretorius, W.H.P. Boshoff 2024. 

Pathogenicity and microsatellite analysis of 

Puccinia sorghi isolates in South Africa. 

Poster presented at the 53rd congress of the 

Southern African Society for Plant 

Pathologists, Golden Gate National Park, 

Clarens, South Africa. 22-25 January 2024. 

Human capacity development: Graduated MSc student in plant pathology 

Me L. Maphobole. Title of dissertation: 

Phenotypic and genotypic characterisation of 
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Puccinia sorghi isolates from South Africa. 

(Awarded with Distinction). 

1 MSc student, Ms Alice Mthembu, submitted 

her MSc thesis and waiting for the reviewers 

comments (FABI) 

Technology transfer: None 

Other outputs (Procedures, 

Methods, Databases, etc): 

Feedback on disease incidence of foliar and 

cob diseases were provided to farmers 

 
6. Personnel / Management / Risk factors that influenced progress and 
lessons learned (if applicable) 
 

Not applicable 

 

 

7. Budget and budget justification for the next year of project 

Please present the detailed budget for the full duration of the study, per individual year, as well as co-
funding. Please indicate the annual amounts requested from the Maize Trust for the duration of the 
project. State how each item of expenditure is relevant to the project, and how the amounts have been 
calculated (e.g. give a breakdown of travel costs per km, number of trips, etc. instead of only a total for 
travel cost). 
The following items are not eligible for funding:  
• The cost of main investigator salary to undertake the research  

• Bursary costs (Please refer to https://agrimanage.co.za/ for bursary applications) 

• Insurance costs; and 

• Reimbursement of previous expenditure 

NB: Overheads should not exceed 15% of budget and any overseas travel costs and capital expenses 
should be specified. 

 
 
 

Item 
Project total 
amount 

Amount 
requested 
from MT 

Maize 
Trust % 

Justification 

Year 1 

UFS R118 948,34 R118 948,34 100% Full Budget added below 

FABI-UP R1 109 000,00 R320 465,00 28,90% Full Budget added below 

     

Subtotal year 1 R1 227 948,34 R439 413,34 35,78% Full Budget added below 

Year 2 

UFS R140 883,34 R140 883,34 100% Full Budget added below 

FABI-UP R1 109 000,00 R320 465,00 28,90% Full Budget added below 

     

Subtotal year 2 R399 883,34 R279 448,34 69,88% Full Budget added below 

Year 3 

UFS R140 883,34 R140 883,34 100% Full Budget added below 

FABI-UP R259 000,00 R138 565,00 50% Full Budget added below 

https://agrimanage.co.za/
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Subtotal year 3 R399 883,34 R279 448,34 69,88% Full Budget added below 

Total of Project over 3 
years 

R2 877 715,01 R1 180 210,01 41,01% Full Budget added below 

 

Funding Request Details Total funding MT funding requested MT % Total funding MT funding requested MT %

Adhoc technical assistance Student; R40 000/annum R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Fieldwork FABI – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (4x people, 7 days @ R64 

750,00 per trip) x8 trips

UFS – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (2x people @ R9 500 / trip) x1 

trip

R9 500,00 R9 500,00 100,00% R259 000,00 R129 500,00 50,00%

General expenses (Puccinia 

sorghi)

Greenhouse planting and trial costs, 

pollination, germplasm storage, bags, 

pots, pesticides, trays, potting soil, 

soltrol/novec, fertiliser, general 

maintenance/repairs.

R51 666,67 R51 666,67 100,00% R0,00 R0,00 0,00%

General expenses (fungi 

and Oomycetes)

e.g. Growth (isolation) media, petri 

dishes, cryovials and cryoboxes, 

McCartney bottles 

R0,00 R0,00 0,00% R50 000,00 R20 000,00 40,00%

Molecular analysis DNA extraction, PCR amplification, 

microsatellite fragment analysis, 

population genetic analysis, Sanger 

sequencing

R50 000,00 R50 000,00 100,00% R800 000,00 R150 000,00 18,75%

International visits and 

conference attendance:

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Capital Expenses (specify 

item and amount)

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Levy on external funds 7% of total R7 781,67 R7 781,67 100,00% R20 965,00 100,00%

R118 948,34 R118 948,34 100,00% R1 109 000,00 R320 465,00 28,90%

UFS cost breakdown 2021 FABI cost breakdown 2021

 
 

Funding Request Details Total funding MT funding requested MT % Total funding MT funding requested MT %

Adhoc technical assistance Student; R40 000/annum R40 000,00 R40 000,00 100,00% R0,00 R0,00 0,00%

Fieldwork FABI – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (4x people, 7 days @ R64 

750,00 per trip) x8 trips

UFS – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (2x people @ R9 500 / trip) x1 

trip

R0,00 R0,00 100,00% R259 000,00 R129 500,00 50,00%

General expenses (Puccinia 

sorghi)

Greenhouse planting and trial costs, 

pollination, germplasm storage, bags, 

pots, pesticides, trays, potting soil, 

soltrol/novec, fertiliser, general 

maintenance/repairs.

R41 666,67 R41 666,67 100,00% R0,00 R0,00 0,00%

General expenses (fungi 

and Oomycetes)

e.g. Growth (isolation) media, petri 

dishes, cryovials and cryoboxes, 

McCartney bottles 

R0,00 R0,00 0,00% R50 000,00 R20 000,00 40,00%

Molecular analysis DNA extraction, PCR amplification, 

microsatellite fragment analysis, 

population genetic analysis, Sanger 

sequencing

R50 000,00 R50 000,00 100,00% R800 000,00 R150 000,00 18,75%

International visits and 

conference attendance:

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Capital Expenses (specify 

item and amount)

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Levy on external funds 7% of total R9 216,67 R9 216,67 100,00% R20 965,00 100,00%

R140 883,34 R140 883,34 100,00% R1 109 000,00 R320 465,00 28,90%

UFS cost breakdown 2022 FABI cost breakdown 2022
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Funding Request Details Total funding MT funding requested MT % Total funding MT funding requested MT %

Adhoc technical assistance Student; R40 000/annum R40 000,00 R40 000,00 100,00% R0,00 R0,00 0,00%

Fieldwork FABI – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (4x people, 7 days @ R64 

750,00 per trip) x8 trips

UFS – Travel and subsistence for 

visiting of farmers fields in the Eastern 

Cape (2x people @ R9 500 / trip) x1 

trip

R0,00 R0,00 100,00% R259 000,00 R129 500,00 50,00%

General expenses (Puccinia 

sorghi)

Greenhouse planting and trial costs, 

pollination, germplasm storage, bags, 

pots, pesticides, trays, potting soil, 

soltrol/novec, fertiliser, general 

maintenance/repairs.

R41 666,67 R41 666,67 100,00% R0,00 R0,00 0,00%

General expenses (fungi 

and Oomycetes)

e.g. Growth (isolation) media, petri 

dishes, cryovials and cryoboxes, 

McCartney bottles 

R0,00 R0,00 0,00%

Molecular analysis DNA extraction, PCR amplification, 

microsatellite fragment analysis, 

population genetic analysis, Sanger 

sequencing

R50 000,00 R50 000,00 100,00% R0,00 R0,00 0,00%

International visits and 

conference attendance:

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Capital Expenses (specify 

item and amount)

Not requested R0,00 R0,00 0,00% R0,00 R0,00 0,00%

Levy on external funds 7% of total R9 216,67 R9 216,67 100,00% R9 065,00 0,00%

R140 883,34 R140 883,34 100,00% R259 000,00 R138 565,00 0,00%

UFS cost breakdown 2023 FABI cost breakdown 2023

 
 

8. Conclusions and Comments you wish to share with the Trust  
We have successfully completed the objectives set in this application. We would like to acknowledge 
the maize trust for their support as well as the students who worked on the project for their research 
and writing inputs.  
 
 

9. Signature of Project Leader 
 

… … … 
Name, Signature, Place and Date 
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