
Table 1. Maize inbred lines grown under greenhouse conditions at Stellenbosch University 

during the 2017/18 season. 

 

 

 

 

 

 

 

 

 

1Resistance status according to Small et al. (2012), Rose et al. (2016) and Netshifhefhe et al. (2018). 

2ARC-GCI – Agricultural Research Council-Grain Crop Institute, CIMMYT - International Maize and 

Wheat Improvement Centre. 

FER – Fusarium ear rot. 

Fumonisins – total of FB1, FB2 and FB3. 

 

Table 2. Fifteen commercial maize cultivars evaluated at Potchefstroom and Vaalharts during 
the 2016/17 season. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GM – Genetically modified 

Non-GM – Non-genetically modified 

 

Inbred line Resistant status1 Source2 

CB 222 Susceptible to FER/ resistant to 

fumonisins 

ARC-GCI- South Africa 

CML 390 Resistant to FER/fumonisins CIMMYT-Zimbabwe 

CML 444 Resistant to FER/fumonisins CIMMYT-Zimbabwe 

R2565y Susceptible to FER/fumonisins ARC-GCI- South Africa 

Cultivar number Cultivar name Grain colour GM/non-GM 

1 DKC74-74BR Yellow GM 

2 PAN6R-710BR Yellow GM  

3 LS8526 Yellow Non-GM 

4 KKS8410BR Yellow GM 

5 PAN5A-182 Yellow Non-GM 

6 IMP52-12R Yellow GM 

7 BG3292 Yellow Non-GM 

8 P2864WYR White GM 

9 DKC78-79BR White GM 

10 LS8539B White GM 

11 IMP52-11R White GM 

12 US9777 White Non-GM 

13 US9711 White Non-GM 

14 KKS4581BR White GM 

15 P1659W White Non-GM 



Table 3. Maize inbred lines and hybrids evaluated in Makhatini, Potchefstroom and Vaalharts 

during the 2014/15 maize-growing season.  

 

Code Genotype Description Origin1 Status2 

L1 CKL05015 Inbred CIMMYT-KEN 
Resistant to 

AER/AF 

L2 CML390 Inbred CIMMYT-ZIM 
Resistant to 

FER/FUMS 

L3 CML444 Inbred CIMMYT-ZIM 
Resistant to 

FER/FUMS 

L4 CML495 Inbred CIMMYT-KEN Resistant to AER 

L5 R119W Inbred ARC-GCI-SA 
Susceptible to 

FER/FUMS 

C1 CKL05015 x CML390 F1 hybrid  Unknown 

C2 CKL05015 x CML444 F1 hybrid  Unknown 

C3 CKL05015 x CML495 F1 hybrid  Unknown 

C4 CKL05015 x R119W F1 hybrid  Unknown 

C5 CML390 x CKL05015 F1 hybrid  Unknown 

C6 CML390 x CML444 F1 hybrid  Unknown 

C7 CML390 x R119W F1 hybrid  Unknown 

C8 CML444 x CKL05015 F1 hybrid  Unknown 

C9 CML444 x CML495 F1 hybrid  Unknown 

C10 CML444 x R119W F1 hybrid  Unknown 

C11 CML495 x CKL05015 F1 hybrid  Unknown 

C12 CML495 x CML390 F1 hybrid  Unknown 

C13 CML495 x CML444 F1 hybrid  Unknown 

C14 CML495 x R119W F1 hybrid  Unknown 

C15 R119W x CML495 F1 hybrid  Unknown 

C16 R119W x CKL05015 F1 hybrid  Unknown 

C17 R119W x CML390 F1 hybrid  Unknown 

C18 R119W x CML444 F1 hybrid  Unknown 

1 ARC-GCI = Agricultural Research Council – Grain Crops Institute; CIMMYT = International Maize and Wheat Improvement 

Centre. 2 According to Small et al. (2012), Rose et al. (2016; 2017) and Okoth et al., 2017a; b). 

AER = Aspergillus ear rot; AF = Aflatoxins 

FER = Fusarium ear rot; FUMS = Fumonisins 

KEN = Kenya; ZIM = Zimbabwe; SA = South Africa 



Table 4. Total fumonisins and Fusarium verticillioides target DNA accumulated in maize inbred lines during the 2017/18 season. 

 

Inbred 

line 

Total fumonisins (mg kg-1) * Target DNA (ng µL-1) * 

Inoculated Control Inoculated Control 

CB 222 456.1 A 1.8 B 8.21 A 0.21 B 

CML 390 35.9 B 1.1 B 0.61 B 0.00 B 

CML 444 6.8 B 12.3 B 0.39 B 0.48 B 

R2565y 829.6 A 9.2 B 11.16 A 1.44 B 

Mean 332.1 6.1 5.1 0.5 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

*Mean recorded data followed by significant groupings based on log transformed mean. 

 

Table 5. Structural characteristics of maize inbred lines evaluated during the 2017/18 season. 

 

Inbred line 
Pericarp thickness 

(mm) 

100-kernel 

mass (g) 

Kernel 

hardness* 

CB 222 - - 19.0 C 

CML 390 0.137 A 44.1 B 51.8 A 

CML 444 0.097 C 26.3 C 39.8 AB 

R2565y 0.115 B 51.0 A 37.3 B 

Mean 0.116 40.5 37.0 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

-data not recorded. 

* Determined by Near-infrared (NIR) spectroscopy.  

 



Table 6. Physico-chemical properties of maize inbred lines evaluated during the 2017/18 season.  

 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

*Mean of raw data is presented and followed by significant groupings based on log transformed means. 

- Data not recorded. 

 

 CB 222 CML 390 CML 444 R2565y Mean 

Treatment Control Inoculated Control Inoculated Control Inoculated Control Inoculated 
 

Moisture 

content (%) 
- - 19.6 B 23.4 A 15.5 C 13.7 C 19.8 B 22.8 AB 19.1 

pH 6.3 B 6.4 AB 6.6 A 6.7 A 6.5 AB 6.6 A 6.5 AB 6.5 AB 6.5 

Free 

phenolic 

acids (mg 

kg-1) * 

57.2 AB 138.2 A 17.7 CD 14.9 D 12.2 D 8.6 D 60.5 AC 17.3 BD 40.8 

Bound 

phenolic 

acids (mg 

kg-1) * 

48.4 CD 94.6 BC 155.8 AB 190.2 A 232.1 A 91.9 BD 47.1 D 56.4 CD 114.6 

Total 

phenolic 

acids (mg 

kg-1) * 

105.6 BD 232.8 AB 173.5 AC 205.0 AB 244.3 A 100.5 CD 107.6 BD 73.7 D 155.4 

Total N (%) 1.8 BC 1.9 AC 1.9 BC 1.7 BD 2.1 AB 2.3 A 1.3 D 1.6 CD 1.8 

Total C (%) 39.2 A 37.8 A 37.0 A 34.2 AB 37.0 A 38.5 A 28.1 C 31.5 BC 35.4 

C/N  22.3 A 19.7 AB 20.3 AB 20.4 AB 17.7 B 16.9 B 22.3 A 19.5 AB 19.9 



Table 7. Pearson’s correlation matrix of structural characteristics, physico-chemical properties 

and genetic responses with infection indicators for maize inbred lines evaluated during the 

2017/18 season. 

 

 Total fumonisins 
Fusarium verticillioides target 

DNA 

Pericarp thickness -0.18 -0.02 

100-kernel mass 0.51 0.57 

Kernel hardness flour -0.46 -0.56 * 

Moisture content 0.50 * 0.46 

pH -0.18 -0.11 

Total nitrogen -0.08 -0.08 

Total carbon -0.19 -0.13 

C/N -0.09 -0.02 

Free phenolic acids  0.28 0.32 

Bound phenolic acids -0.13 -0.29 

Total phenolic acids 0.01 -0.15 

Relative PR1 expression 0.52 * 0.61 * 

Relative PR5 expression 0.54 0.69 

Relative peroxidase 

expression 

0.41 * 0.43 * 

Total fumonisins 1.00 0.82 * 

Fusarium verticillioides 

target DNA 

0.82 * 1.00 

Bold *– significant P-value with 95% confidence level (p < 0.05). 

 

 

 

 



Table 8. Fusarium ear rot severity, total fumonisins and Fusarium verticillioides target DNA content in 15 commercial maize cultivars evaluated 

at Potchefstroom during the 2016/17 season. 

 

Cultivar FER severity 

(%) 

Total fumonisins (i) 

mg kg-1* 

Fumonisins (c) mg 

kg-1* 

Total target DNA (i) 

ng uL-1* 

Total target DNA (c) 

ng uL-1* Number Name 

1 DKC74_74BR 15.6 BC 3.54 A 1.3 BC 0.007 A 0.000 C 

2 PAN6R_710BR 16.9 BC 1.19 A 0.0 C 0.000 A 0.000 C 

3 LS8526 17.1 BC 0.00 A 25.0 A 0.000 A 0.013 A 

4 KKS8410BR 12.7 C 0.00 A 0.0 C 0.000 A 0.000 C 

5 PAN5A_182 14.9 BC 0.01 A 0.0 C 0.000 A 0.000 C 

6 IMP52_12R 17.3 BC 6.50 A 0.0 C 0.005 A 0.000 C 

7 BG3292 20.7 B 6.09 A 0.1 C 0.004 A 0.000 C 

8 P2864WYR 18.2 BC 3.30 A 23.0 AB 0.007 A 0.000 C 

9 DKC78_79BR 20.7 B 3.13 A 3.6 AC 0.000 A 0.000 C 

10 LS8539B 28.4 A 0.22 A 0.0 C 0.004 A 0.000 C 

11 IMP52_11R 16.2 BC 9.63 A 0.0 C 0.010 A 0.003 BC 

12 US9777 17.6 BC 6.42 A 0.2 C 0.011 A 0.000 C 

13 US9711 15.6 BC 1.47 A 0.0 C 0.000 A 0.000 C 

14 KKS4581BR 16.4 BC 0.01 A 0.0 C 0.000 A 0.000 C 

15 P1659W 15.3 BC 0.39 A 33.6 AC 0.000 A 0.009 AB 

Means 17.6 2.8 5.8 0.0 0.0 

FER – Fusarium ear rot. i – Inoculated (fungal-inoculated). 

c – Control (water-inoculated). 

FER severity calculated as the percentage of maize ears with visual symptoms represented by the mean disease severity of three field plots. 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

* Mean of raw data is presented and followed by significant groupings based on log transformed mean. 



Table 9. Fusarium ear rot severity, total fumonisins and Fusarium verticillioides target DNA content in 15 commercial maize cultivars evaluated 

at Vaalharts during the 2016/17 season. 

 

Cultivar FER severity 

(%) 

Total fumonisins 

(i) mg kg-1* 

Total fumonisins 

(c) mg kg-1* 

Fusarium verticillioides 

target DNA (i) ng µL-1* 

Fusarium verticillioides 

target DNA (c) ng µL-1* Number Name 

1 DKC74-74BR 15.1 D 0.5 D 0.1 F 0.000 D 0.006 DE 

2 PAN6R-710BR 16.4 D 1.6 D 0.2 F 0.006 D 0.003 E 

3 LS8526 28.9 AC 18.1 C 30.5 DE 0.047 BC 0.055 BC 

4 KKS8410BR 30.2 AB 24.0 AC 467.8 AB 0.099 AB 0.164 AB 

5 PAN5A-182 28.7 AC 146.8 A 594.2 A 0.311 A 0.243 A 

6 IMP52-12R 27.3 BC 28.4 AC 286.8 AC 0.122 AB 0.116 AC 

7 BG3292 29.1 AC 64.2 AC 127.9 BC 0.124 AB 0.089 BC 

8 P2864WYR 28.2 BC 67.4 AC 185.8 AC 0.137 AB 0.110 AC 

9 DKC78-79BR 23.3 C 6.2 D 1.4 EF 0.025 CD 0.000 E 

10 LS8539B 28.0 BC 115.8 AB 360.4 AC 0.145 AB 0.121 AC 

11 IMP52-11R 35.1 A 84.7 AC 177.6 AC 0.114 AB 0.091 AC 

12 US9777 30.4 AB 52.8 AC 97.2 CD 0.111 AB 0.061 CD 

13 US9711 28.0 BC 73.7 AB 481.5 AB 0.174 A 0.191 AB 

14 KKS4581BR 24.0 BC 29.0 AC 206.0 AC 0.106 AB 0.096 AC 

15 P1659W 28.4 AC 20.7 BC 76.0 CD 0.050 BC 0.062 BC 

Means 26.8 48.9 206.2 0.1 0.1 

FER – Fusarium ear rot. 

i – Inoculated (fungal-inoculated). 

c – Control (water-inoculated). 

FER severity calculated as the percentage of maize ears with visual symptoms represented by the mean disease severity of three field plots. 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

* Mean of raw data is presented and followed by significant groupings based on log transformed mean.



Table 10. Structural characteristics of 15 commercial maize cultivars evaluated at Potchefstroom during the 2016/17 season. 

 

Cultivar 

Silk length (cm) 

Husk coverage (% 

open) 100-kernel 

mass (g) 

Kernel hardness*  
Pericarp 

thickness (mm) 
Number Name 

Anthesis 

 

Harvest 

 

Flour 

 

Kernels 

 

1 DKC74_74BR 7.6 C 0.0 C 21.3 BC 23.1 B 5.8 E 42.7 BC 0.103 D 

2 PAN6R_710BR 9.5 AC 26.7 AC 45.3 AC 25.9 AB 6.9 CE 39.9 BC 0.167 A 

3 LS8526 9.7 AC 10.7 BC 28.0 BC 27.4 AB 6.0 DE 39.7 BC 0.149 AB 

4 KKS8410BR 11.9 A 2.7 C 20.0 C 28.7 AB 5.6 E 39.6 BC 0.137 AD 

5 PAN5A_182 11.6 AB 5.3 BC 37.3 AC 31.2 A 11.1 AB 40.3 BC 0.118 BD 

6 IMP52_12R 8.8 C 49.3 AB 61.3 AB 27.8 AB 5.3 E 35.3 C 0.113 BD 

7 BG3292 9.1 BC 14.7 AC 49.3 AC 28.2 AB 10.0 AC 51.1 A 0.122 BD 

8 P2864WYR 8.7 C 41.3 AC 61.1 AB 25.5 AB 9.8 AD 47.3 AB 0.121 BD 

9 DKC78_79BR 8.1 C 38.7 AC 70.7 A 31.8 A 12.1 A 46.5 AB 0.129 BD 

10 LS8539B 9.3 AC 56.6 A 70.4 A 31.4 A 8.0 BE 40.3 BC 0.140 AC 

11 IMP52_11R 8.1 C 0.0 C 17.3 C 30.1 AB 6.4 CE 43.4 AC 0.139 AC 

12 US9777 9.2 BC 41.3 AC 74.7 A 26.9 AB 6.6 CE 40.6 BC 0.131 AD 

13 US9711 9.5 AC 1.3 C 34.7 AC 24.5 AB 9.8 AD 40.7 BC 0.127 BD 

14 KKS4581BR 9.1 BC 10.7 BC 34.7 AC 28.0 AB 7.8 BE 41.9 BC 0.125 BD 

15 P1659W 7.7 C 16.0 AC 40.0 AC 28.2 AB 7.1 CE 43.7 AB 0.110 CD 

Mean 9.2 21.0 44.4 27.9 7.9 42.2 0.1 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

* Determined by Near-infrared (NIR) spectroscopy.



Table 11. Structural characteristics of 15 commercial maize cultivars evaluated at Vaalharts during the 2016/17 season. 

 

Cultivar 
Silk length (cm) 

Husk coverage (% 

open) 
100-kernel 

mass (g) 

Kernel hardness*  
Pericarp 

thickness 

(mm) Number Name Anthesis Harvest Flour Kernels 

1 DKC74_74BR 8.3 AB 0.0 E 4.0 F 30.1 EG 12.5 BD 50.0 AC 0.116 C 

2 PAN6R_710BR 9.6 A 1.3 E 66.7 A 30.3 EF 14.5 AB 47.2 BD 0.128 AC 

3 LS8526 6.8 CE 76.0 A 44.0 BC 31.9 CF 7.1 FG 47.7 BD 0.114 CD 

4 KKS8410BR 8.4 AB 76.0 A 73.1 A 32.5 CE 11.4 CD 46.8 BD 0.108 CD 

5 PAN5A_182 8.4 AB 9.3 DE 40.0 CD 29.0 FG 10.7 DE 47.8 BC 0.123 BC 

6 IMP52_12R 6.2 DE 49.3 BC 72.0 A 32.0 CF 12.2 BD 48.1 BC 0.110 CD 

7 BG3292 8.2 AC 21.1 BC 45.3 BC 34.8 BC 11.3 CE 48.5 BC 0.146 A 

8 P2864WYR 8.5 AB 12.0 DE 24.0 DE 37.3 B 5.8 G 42.8 CD 0.114 CD 

9 DKC78_79BR 9.1 A 54.7 AC 56.0 AC 37.4 B 11.7 BD 43.9 BD 0.109 CD 

10 LS8539B 9.2 A 16.0 DE 20.0 EF 34.2 BD 10.4 DE 40.0 D 0.116 CD 

11 IMP52_11R 6.7 DE 30.7 CD 45.3 BC 32.1 CF 14.1 AC 56.6 A 0.107 CD 

12 US9777 7.4 BD 60.0 AB 60.0 AB 26.8 GH 9.9 DF 47.0 BD 0.094 D 

13 US9711 8.6 AB 57.3 AB 60.0 AB 31.3 DF 9.9 DF 49.0 AC 0.120 C 

14 KKS4581BR 6.8 CE 49.3 BC 73.3 A 40.9 A 15.8 A 50.8 AB 0.143 AB 

15 P1659W 5.7 E 41.3 BC 56.0 AC 25.2 H 8.5 EG 47.5 BD 0.114 CD 

Mean 7.9 37.0 49.3 32.4 11.0 47.6 0.117 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

* Determined by Near infrared spectroscopy. 

  



Table 12. Physico-chemical properties of 15 commercial maize cultivars evaluated at Potchefstroom during the 2016/17 season. 

 

Cultivar 
pH 

Moisture 

content (%) 

Free phenolic 

acids (mg kg-

1) * 

Bound 

phenolic acids 

(mg kg-1) * 

Total phenolic 

acids (mg kg-

1) * 

Total 

nitrogen 

(%) 

Total 

carbon 

(%) 

C/N 

Number Name 

1 DKC74_74BR 6.34 AC 11.9 BD 0.09 AB 0.05 AB 0.14 A 1.1 BD 39.1 B 36.9 AD 

2 PAN6R_710BR 6.32 AD 12.1 AD 0.11 AB 0.03 B 0.14 A 1.1 BD 38.9 B 35.3 AD 

3 LS8526 6.37 AB 11.6 D 0.06 AB 0.02 B 0.08 A 1.3 AC 38.9 B 30.1 D 

4 KKS8410BR 6.39 A 11.7 CD 0.11 AB 0.02 B 0.13 A 1.1 BD 41.2 A 37.0 AD 

5 PAN5A_182 6.40 A 11.9 BD 0.01 B 0.09 AB 0.11 A 1.1 BD 42.0 A 37.1 AD 

6 IMP52_12R 6.17 AD 12.1 AD 0.70 AB 0.06 B 0.76 A 1.0 CD 41.7 A 41.7 AB 

7 BG3292 6.21 AD 12.0 BD 0.39 AB 0.01 B 0.40 A 1.3 AC 41.9 A 33.2 BD 

8 P2864WYR 6.20 DE 12.6 A 0.04 B 0.02 B 0.06 A 1.1 BD 41.4 A 36.1 AD 

9 DKC78_79BR 6.20 AD 12.2 AC 0.24 AB 0.02 B 0.26 A 1.1 BD 42.1 A 32.6 BD 

10 LS8539B 5.99 E 11.6 D 0.95 A 0.06 B 1.00 A 1.4 A 41.9 A 29.5 D 

11 IMP52_11R 6.04 DE 12.3 AB 0.76 AB 0.01 B 0.77 A 1.0 D 41.9 A 44.2 A 

12 US9777 6.11 CD 11.9 BD 0.25 AB 0.02 B 0.27 A 1.1 BD 41.9 A 39.5 AC 

13 US9711 6.15 DE 12.1 AD 0.33 AB 0.06 B 0.39 A 1.3 AB 42.0 A 31.6 CD 

14 KKS4581BR 6.21 DE 12.0 BD 0.20 AB 0.22 A 0.42 A 1.3 AC 42.1 A 33.3 BD 

15 P1659W 6.29 BD 12.0 BD 0.22 AB 0.04 AB 0.26 A 1.1 BD 42.2 A 38.2 AD 

Means 6.2 12.0 0.3 0.0 0.3 1.2 41.3 35.7 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

*Mean recorded data followed by significant groupings based on log transformed mean. 

 



Table 13. Physico-chemical properties of 15 commercial maize cultivars evaluated at Vaalharts during the 2016/17 season. 

Means followed by the same alphabetical letter in each column are not significantly different according to Fisher’s LSD (P>0.05). 

*Mean recorded data followed by significant groupings based on log transformed mean. 

Cultivar 

pH 

Moisture 

content 

(%) 

Free phenolic 

acids (mg kg -

1) * 

Bound 

phenolic 

acids (mg kg-

1) * 

Total 

phenolic 

acids (mg 

kg-1) * 

Total 

nitrogen 

(%) 

Total 

carbon (%) 
C/N 

Number Name 

1 DKC74_74BR 6.06 A 12.3 CE 0.14 BC 0.10 CD 0.24 EF 1.1 C 42.3 BD 40.2 A 

2 PAN6R_710BR 5.95 A 12.7 BD 0.20 AC 0.10 CD 0.30 EF 1.2 AC 42.6 BC 37.0 AD 

3 LS8526 5.40 B 12.5 BE 0.92 A 0.02 D 0.94 DE 1.1 BC 41.6 E 37.8 AC 

4 KKS8410BR 5.25 BE 12.8 BD 2.14 A 0.15 CD 2.29 CD 1.3 AB 42.5 BD 32.7 CE 

5 PAN5A_182 5.29 BD 12.8 BD 0.02 C 0.22 CD 0.24 EF 1.1 AC 42.0 DE 36.8 AD 

6 IMP52_12R 5.34 BC 12.4 CE 0.05 BC 0.05 D 0.10 F 1.3 AB 42.6 BC 29.3 E 

7 BG3292 5.27 BD 12.4 CE 0.08 BC 0.46 CD 0.54 F 1.4 A 45.5 A 32.3 DE 

8 P2864WYR 5.20 CE 11.9 E 0.52 AB 0.62 C 1.13 DE 1.1 C 42.0 DE 39.3 AB 

9 DKC78_79BR 5.39 B 13.0 AC 0.19 BC 16.48 B 16.67 BC 1.2 AC 42.3 CD 36.5 AD 

10 LS8539B 5.28 BD 13.5 A 0.07 BC 22.11 AB 22.19 AB 1.2 AC 42.00 DE 35.8 AD 

11 IMP52_11R 5.07 EF 13.0 AC 0.10 BC 26.02 AB 26.11 AB 1.3 AB 42.6 BC 32.4 DE 

12 US9777 4.96 F 13.0 AC 0.07 BC 71.35 A 71.42 A 1.3 AC 42.3 BD 34.2 BE 

13 US9711 4.97 F 12.9 AC 0.08 BC 27.22 AB 27.30 AB 1.3 AC 42.9 B 34.4 BD 

14 KKS4581BR 5.20 CE 13.1 AB 0.02 C 30.10 AB 30.11 AB 1.2 AC 42.3 CD 36.9 AD 

15 P1659W 5.16 DE 12.3 DE 0.08 BC 42.39 AB 42.47 A 1.2 AC 42.3 CD 34.4 BE 

Mean 5.3 12.7 0.3 15.8 16.1 1.2 42.5 35.3 



 

Table 14. Pearson’s correlation matrix of structural characteristics and physico-chemical 

properties with infection indicators of maize cultivars evaluated in Potchefstroom during the 

2016/17 season. 

 
 

FER 

severity  

Total 

fumonisin 

(control)  

Total 

fumonisin 

(inoculated)  

Fusarium 

verticillioides 

target DNA 

(control)  

Fusarium 

verticillioides 

target DNA 

(inoculated)  

 

Silk length -0.09 -0.06 -0.22 -0.19 -0.03 

Husk 

coverage 

(anthesis) 

0.22 -0.16 0.11 0.21 -0.14 

Husk 

coverage 

(harvest) 

0.46 * -0.09 0.15 0.21 -0.07 

100-kernel 

mass 
0.27 -0.12 -0.08 -0.11 0.03 

Kernel 

hardness 

kernels 

0.29 0.11 -0.05 -0.09 -0.20 

Kernel 

hardness 

flour 

0.09 -0.05 0.08 0.07 -0.13 

Pericarp 

thickness 
0.02 -0.20 -0.12 -0.15 -0.17 

Moisture 

content 
0.05 0.25 0.38 * 0.18 0.02 

pH -0.49 * -0.10 -0.16 -0.09 -0.11 

Free phenolic 

acids 
0.32 * -0.17 0.00 0.28 0.06 

Bound 

phenolic 

acids 

-0.04 -0.13 -0.09 0.10 -0.01 



Total 

phenolic 

acids 

0.33 * -0.25 -0.08 0.23 0.03 

Total nitrogen 0.33 * 0.11 -0.35 * -0.31 * 0.05 

Total carbon 0.17 -0.11 -0.05 -0.03 -0.06 

C/N 
 

0.33 
-0.12 0.41 * 0.35 * -0.02 

FER severity 1.00 0.23 0.10 0.23 0.05 

Total 

fumonisin 

(control) 

0.23 1.00 0.24 0.11 0.70 * 

Total 

fumonisin 

(inoculated) 

0.10 0.24 1.00 0.75 * -0.10 

Fusarium 

verticillioides 

target DNA 

(control) 

0.23 0.11 0.75 * 1.00 -0.12 

Fusarium 

verticillioides 

target DNA 

(inoculated) 

0.05 0.70 * -0.10 -0.12 1.00 

Bold *– significant P-value with 95% confidence level (p < 0.05). 
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Table 15. Pearson’s correlation matrix of structural characteristics, physico-chemical 

properties and genetic responses with infection indicators of maize cultivars evaluated in 

Vaalharts during the 2016/17 season. 

 

 

FER 

severity 

Total 

fumonisin 

(control) 

Total 

fumonisins 

(inoculated) 

Fusarium 

verticillioides 

target DNA 

(control) 

Fusarium 

verticillioides 

target DNA 

(inoculated) 

 

Silk length -0.23 -0.19 -0.14 -0.10 -0.26 

Husk coverage 

(anthesis) 
0.45 * 0.15 0.23 0.29 0.15 

Husk coverage 

(harvest) 
0.17 0.13 0.10 0.20 0.08 

100-kernel mass -0.07 0.05 0.01 0.08 0.05 

Kernel hardness 

(kernels) 
-0.24 -0.13 -0.26 -0.22 -0.15 

Kernel hardness 

(flour) 
0.12 0.07 0.03 0.01 0.09 

Pericarp 

thickness 
-0.09 -0.05 -0.05 -0.05 0.07 

Moisture 

content 

 

0.01 
0.10 0.09 0.11 0.06 

pH -0.73 * -0.69 * -0.72 * -0.75 * -0.58 * 

Free phenolic 

acids 
-0.14 -0.14 -0.14 -0.08 -0.13 

Bound phenolic 

acids 
0.32 * 0.16 0.30 * 0.24 0.03 

Total phenolic 

acids 
0.27 0.10 0.16 0.10 -0.01 

Total nitrogen 0.34 * 0.29 0.30 * 0.32 * 0.25 

Total carbon 0.01 0.05 0.13 0.11 0.00 

C/N -0.37 * -0.41 * -0.31 * -0.36 * -0.36 * 

Relative 

peroxidase 

expression 

(control) 

0.10 0.37 * 0.28 0.24 0.35 * 
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Relative 

peroxidase 

expression 

(inoculated) 

0.18 0.39 * 0.40 * 0.36 * 0.34 * 

Relative PR5 

expression 

(control) 

0.46 * 0.59 * 0.59 * 0.53 * 0.60 * 

Relative PR5 

expression 

(inoculated) 

0.47 * 0.72 * 0.71 * 0.69 * 0.62 * 

FER severity  1.00 0.58 * 0.69 * 0.63 * 0.55 * 

Total fumonisin 

(control) 
0.58 * 1.00 0.71 * 0.75 * 0.89 * 

Total fumonisin 

(inoculated) 
0.69 * 0.71 * 1.00 0.94 * 0.65 * 

Fusarium 

verticillioides 

target DNA 

(control) 

0.63 * 0.75 * 0.94 * 1.00 0.67 * 

Fusarium 

verticillioides 

target DNA 

(inoculated) 

0.55 * 0.89 * 0.65 * 0.67 * 1.00 

Bold *– significant P-value with 95% confidence level (p < 0.05). 
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Table 16. Genotype means for Fusarium ear rot (FER) severity, Fusarium verticillioides colonisation and fumonisin contamination in maize evaluated 

in Makhatini, Potchefstroom and Vaalharts during the 2014/15 maize-growing season.  

 

  Makhatini Potchefstroom Vaalharts 

 
Code Genotype 

FER 
severity 
(%)123 

F. verticillioides 
colonisation  
(ng µL-1)24 

Fumonisins 
concentration  
(mg kg-1) 125 

FER 
severity 
(%)123 

F. verticillioides 
colonisation  
(ng µL-1)24 

Fumonisins 
concentration 
(mg kg-1) 125 

FER 
severity  
(%)123 

F. verticillioides 
colonisation  
(ng µL-1)24 

Fumonisins 
concentration 
(mg kg-1)125 

L1 CKL05015 11.6 b-g 0.064 a-c 6.199 a 4.0 a-e 0.011 c 0.104 cd 7.8 d-g 0.087 a 4.536 ab 

L2 CML390 24.6 a-c 0.063 a-c 5.786 a-c 12.2 a 0.025 a-c 1.352 a 30.3 a 0.082 a 6.470 a 

L3 CML444 31.6 a 0.057 a-d 3.759 a-e 4.9 a-d 0.009 c 0.573 b-d 17.8 ab 0.026 bc 0.618 c-g 

L4 CML495 9.7 b-g 0.025 c-f 5.725 a-c 8.4 ab 0.009 c 0.029 d 19.0 ab 0.024 bc 1.554 b-e 

L5 R119W 22.6 a-d 0.074 ab 5.627 a-d 1.4 c-e 0.012 c 1.010 a-c 9.8 b-g 0.022 bc 0.924 c-g 

C1 CKL05015 x CML390 8.0 e-g 0.027 c-f 3.174 de 4.3 a-e 0.013 c 0.330 b-d 3.7 gh 0.009 bc 0.581 c-g 

C2 CKL05015x CML444 9.4 c-g 0.039 a-f 3.271 c-e 5.0 a-e ND  ND 2.4 h ND 0.083 fg 

C3 CKL05015 x CML495 6.4 e-g 0.020 d-f 2.751 e 0.3 f 0.007 c 0.087 cd 11.4 b-f 0.009 bc 0.661 c-g 

C4 CKL05015 x R119W 11.6 b-g 0.026 c-f 2.757 e 2.5 b-e ND  ND 5.2 f-h 0.012 bc 0.284 d-g 

C5 CML390 x CKL05015 6.9 e-g 0.036 a-f 3.365 b-e 1.7 c-e 0.014 bc 0.483 a-d 4.9 e-g 0.012 bc 0.706 c-g 

C6 CML390 x CML444 16.0 a-g 0.032 b-f 3.754 a-e 6.6 a-c 0.038 a 1.071 ab 9.0 b-g 0.032 bc 1.362 b-e 

C7 CML390 x R119W 27.9 ab 0.076 a 6.103 ab 8.5 a 0.021 a-c 0.327 b-d 15.4 a-d 0.018 bc 1.159 b-f 

C8 CML444 x CKL05015 14.2 a-f 0.055 a-e 4.132 a-e 1.2 d-f 0.008 c 0.322 b-d 8.5 b-g ND 0.071 g 

C9 CML444 x CML495 4.6 g 0.013 ef 2.587 e 4.2 a-e 0.013 bc ND 16.4 a-c 0.007 c 0.443 c-g 

C10 CML444 x R119W 8.9 b-g 0.032 b-f 3.658 a-e 3.9 a-e 0.019 a-c 0.649 a-d 12.4 b-e 0.022 bc 1.740 b-d 

C11 CML495 x CKL05015 8.2 fg 0.018 d-f 3.566 b-e 4.7 a-d ND ND 7.2 c-g ND 0.196 e-g 

C12 CML495 x CML390 5.1 fg 0.011 f 2.433 e 2.0 b-e 0.007 c 0.027 d 15.3 b-e 0.007 c 0.325 d-g 

C13 CML495 x CML444 9.1 b-g 0.024 c-f 2.884 e 4.3 a-d ND  0.114 cd 13.2 b-f 0.012 bc 1.533 d-d 

C14 CML495 x R119W 7.9 d-g 0.014 ef 2.568 e 1.5 c-e ND ND 18.0 a-c 0.045 b 2.052 b-d 

C15 R119W x CML495 17.8 a-e 0.055 a-e 6.281 a-d 5.0 a-d ND ND 9.2 b-g 0.022 bc 0.548 c-g 

C16 R119W x CKL05015 4.0 g 0.036 a-f 3.642 a-e 1.2 ef 0.008 c 0.097 cd 3.8 gh ND 0.137 fg 

C17 R119W x CML390 14.0 a-f 0.0214 c-f 2.831 e 8.4 a 0.035 ab 0.671 a-d  9.2 b-g 0.018 bc 1.377 b-e 

C18 R119W x CML444 12. 6 a-g 0.043 a-f 3.665 a-e 5.5 a-d 0.006 c 0.105 cd 16.1 a-c ND  0.195 e-g 

 Mean 12.7a 0.038a 3.936a 4.4b 0.012c 0.322c 11.6a 0.021b 1.198b 

1 Significant letters from balanced log transformed data and for each variable. ND = Not detected. 
2 Means followed by the same letter do not differ significantly according to Fisher’s least significant difference test (P ≤ 0.05). 
3 Percentage of maize ear exhibiting visual symptoms of Fusarium ear rot; mean of disease severity (%) for three experimental replicates.  
4 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  
5 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates 
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Table 17. Analysis of Variance for Additive Main Effects and Multiplicative Interaction analysis of resistance to Fusarium ear rot (FER) severity, Fusarium 

verticillioides colonisation and fumonisin contamination in 23 genotypes evaluated in Makhatini, Potchefstroom and Vaalharts during the 2014/15 maize-

growing season.  

 
  

FER severity (%)1  F. verticillioides colonisation (ng µL-1)2  Fumonisins concentration (mg kg-1)3 

Source DF SS MS Variation 

explained 

(%) 

Pr>F SS MS Variation 

explained 

(%) 

Pr>F SS MS Variation 

explained 

(%) 

Pr>F 

Total 206 217.25 1.055 - - 0.15346 0.000745 - - 99.79 0.484 - - 

Treatments 68 148.56 2.185 - <0.001 0.08945 0.001316 - <0.001 84.83 1.247 - <0.001 

Genotypes 22 53.57 2.435 24.67 <0.001 0.03420 0.001554 22.29 <0.001 12.23 0.556 12.26 <0.001 

Environments 2 57.47 28.733 26.45 <0.001 0.02329 0.011647 15.18 <0.001 64.12 32.062 64.25 <0.001 

Block 6 2.29 0.382 - 0.6025 0.00363 0.000605 - 0.2509 0.48 0.079 - 0.6327 

Interactions 44 37.53 0.853 17.28 0.0117 0.03196 0.000726 20.83 0.0237 8.47 0.193 8.49 0.0079 

IPCA 1  23 21.39 0.930 9.85 0.0167 0.01809 0.000787 11.79 0.0306 6.10 0.265 6.11 <0.001 

IPCA 2  21 16.14 0.769 7.43 0.0783 0.01387 0.000660 9.04 0.1093 2.38 0.113 2.39 0.4321 

Residuals  0 0.00 - - -  0.00000 -  - -  0.00 -  - -  

Error 132 66.39 0.503 - - 0.06037 0.000457 - - 14.49 0.110 - - 

1 Percentage of maize ear exhibiting visual symptoms of FER; mean of disease severity (%) for three experimental replicates. 
2 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  
3 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates. 

Treatments = sum of genotype, environment effects and their interaction as sources of variation. 

Interactions = genotype x environment interaction. 

IPCA: interaction principal component analysis. 



5 
 

 Table 18. Additive Main Effects and Multiplicative Interaction stability values (ASV) and interaction principal component analysis (IPCA) values of 

Fusarium ear rot (FER) severity, Fusarium verticillioides colonisation and fumonisin contamination in maize evaluated in Makhatini, Potchefstroom and 

Vaalharts during the 2014/15 maize-growing season.  

 

  FER severity (%)1  F. verticillioides colonisation (ng µL-1)2  Fumonisins concentration (mg kg-1)3 

Code Line/cross Rank ASV IPCA1 IPCA2 Rank ASV IPCA1 IPCA2 Rank ASV IPCA1 IPCA2 

L1 CKL05015 8 0.3015 -0.22574 0.0374 23 0.20178 0.11773 -0.13085 21 1.1236 -0.40085 -0.45183 

L2 CML390 5 0.2709 0.20026 -0.05444 21 0.15462 0.10078 -0.08134 23 1.615 -0.62797 0.10635 

L3 CML444 11 0.4329 -0.01092 0.43264 11 0.06357 -0.02848 -0.05159 9 0.382 0.14183 0.11579 

L4 CML495 13 0.5249 0.19169 -0.45929 8 0.05295 0.03961 0.01154 11 0.4704 -0.0847 -0.41722 

L5 R119W 20 0.7398 -0.01411 0.73957 19 0.12942 -0.08203 -0.07276 13 0.5427 0.20972 0.06956 

C1 CKL05015 x CML390 18 0.5948 -0.42617 -0.18666 6 0.03733 -0.00842 0.03568 6 0.258 0.0831 0.14513 

C2 CKL05015 x CML444 23 1.1318 -0.85384 -0.02549 12 0.06573 -0.04963 -0.01132 17 0.6494 0.25229 -0.04974 

C3 CKL05015 x CML495 22 0.9351 0.64369 0.38302 4 0.03433 0.0093 0.03212 2 0.0902 -0.0245 0.06471 

C4 CKL05015 x R119W 12 0.4381 -0.29498 0.19771 1 0.0068 0.00495 0.00211 5 0.2485 0.09641 0.02335 

C5 CML390 x CKL05015 2 0.1423 0.0126 0.14131 7 0.03746 -0.02415 0.02026 7 0.2668 0.0693 0.1989 

C6C CML390 x CML444 10 0.3855 -0.27214 -0.1362 16 0.08784 0.03301 0.07656 8 0.295 -0.05113 0.26418 

C7 CML390 x R119W 6 0.2757 -0.20308 0.05981 20 0.13748 -0.1003 -0.04214 4 0.248 0.04931 -0.21333 

C8 CML444 x CKL05015 15 0.5583 0.08108 0.54784 18 0.1141 -0.08532 -0.02505 20 1.0221 0.39792 0.04289 

C9 CML444 x CML495 21 0.8773 0.4993 -0.57605 14 0.07317 0.02027 0.06822 1 0.0523 -0.00562 0.05031 

C10 CML444 x R119W 4 0.2328 0.13921 -0.14204 5 0.03679 0.01244 0.03301 10 0.4251 -0.15337 0.16052 

C11 CML495 x CKL05015 14 0.555 -0.12327 -0.53041 3 0.03238 -0.00222 0.03225 12 0.5023 0.19416 -0.06377 

C12 CML495 x CML390 17 0.5855 0.41442 -0.20306 10 0.06137 0.02493 0.05204 3 0.1541 0.04699 0.09586 

C13 CML495 x CML444 3 0.2121 0.08453 -0.18014 2 0.01868 0.00862 0.01492 19 0.7643 -0.29772 0.01854 

C14 CML495 x R119W 19 0.734 0.5492 0.09552 22 0.16023 0.12266 -0.00804 22 1.1306 -0.44054 -0.01348 

C15 R119W x CML495 9 0.3226 -0.21301 0.15618 15 0.0769 -0.0364 -0.06049 16 0.6275 0.19505 -0.37836 

C16 R119W x CKL05015 1 0.0164 0.00404 0.01554 9 0.05772 -0.04361 0.00976 18 0.7249 0.2817 -0.05405 

C17 R119W x CML390 16 0.5766 -0.3927 -0.24841 17 0.10995 0.02034 0.1067 14 0.5489 -0.17163 0.32761 

C18 R119W x CML444 7 0.2855 0.20992 -0.06435 13 0.07152 -0.05409 -0.0116 15 0.618 0.24027 -0.0419 
1 Percentage of maize ear exhibiting visual symptoms of FER; mean of disease severity (%) for three experimental replicates. 
2 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  
3 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates. 
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Table 19. Pearson’s correlation coefficients between Fusarium ear rot (FER) severity, Fusarium verticillioides colonisation and fumonisin 

contamination. 

 

Variables 

 

Makhatini 

(r=) 

Potchefstroom 

(r=) 

Vaalharts 

(r=) 

Overall 

(r=) 

FER severity  F. verticillioides colonisation 0.49 0.45 0.33 0.47 

FER severity Fumonisin contamination 0.48 0.36 0.46 0.53 

F. verticillioides colonisation Fumonisin contamination 0.73 0.77 0.79 0.71 

All values are significant at P < 0.05. 
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Table 20. Analysis of Variance for combining ability of Fusarium ear rot (FER) severity, Fusarium verticillioides colonisation and fumonisin 

concentration in maize genotypes across three environments. 

 

  

FER severity  

(%)1 

F. verticillioides 

colonisation (ng µL-1)2 

Fumonisin 

concentration (mg kg-1)3 

Contrast DF Mean Square  Pr > F Mean Square  Pr > F Mean Square  Pr > F 

GCA 4 6.17896207 <.0001 0.00271609 0.0002 0.92157280 <.0001 

SCA 10 2.44786055 <.0001 0.00248326 <.0001 0.86360933 <.0001 

GCA x ENV 4 1.10060167 0.0797 0.00107121 0.0541 0.28645039 0.0347 

SCA x ENV 10 0.57177382 0.3601 0.00063384 0.1812 0.06287781 0.8236 

REC 10 0.51477062 0.4485 0.00016846 0.9558 0.09992513 0.5068 

REC*ENV 10 0.64095665 0.2693 0.00057350 0.2492 0.08453209 0.6407 

MAT  4 0.07345459 0.9661 0.00017255 0.8199 0.07779191 0.5764 

NONM  6 0.80898130 0.1607 0.00016574 0.8978 0.11468062 0.3843 

MAT x ENV 4 0.19490673 0.8243 0.00029903 0.6170 0.03528270 0.8583 

NONM x ENV 6 0.93832327 0.0994 0.00075648 0.1291 0.11736502 0.3692 

Error 144 0.5160445 - 0.00044942 - 0.1073355 - 

        

GCA:SCA - 0.83 - 0.69 - 0.68 - 

H2 - 0.97 - 0.95 - 0.96 - 

h2 - 0.81 - 0.65 - 0.65 - 

1 Percentage of maize ear exhibiting visual symptoms of FER; mean of disease severity (%) for three experimental replicates. 
2 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  
3 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates. 

GCA = general combining ability; SCA = specific combining ability; REC = reciprocal effects; MAT = maternal effects. 

NONM = non-maternal effects; H2 = broad sense heritability; h2 = narrow sense heritability.  
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Table 21. General combining ability estimates for Fusarium ear rot (FER) severity, Fusarium 

verticillioides colonisation and fumonisin concentration in five maize inbred lines across three 

environments. 

 

 

FER severity  

(%)1 

F. verticillioides 

colonisation (ng µL-1)2 

Fumonisin 

concentration (mg kg-1)3 

Genotype Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t| 

CKL05015 -0.43825717 <.0001 0.00005556 0.9779 -0.06218293 0.0460 

CML390 0.23569671 0.0007 -0.00648889 0.0015 0.16475353 <.0001 

CML444 0.14931375 0.0291 -0.00001111 0.9956 -0.02461513 0.4268 

CML495 -0.01391088 0.8376 0.00860000 <.0001 -0.09512004 0.0025 

R119W 0.06715758 0.3231 -0.00215556 0.2826 0.01716457 0.5793 

1 Percentage of maize ear exhibiting visual symptoms of FER; mean of disease severity (%) for three experimental replicates. 
2 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  
3 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates. 
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Table 22. Specific combining ability estimates for Fusarium ear rot (FER) severity, Fusarium verticillioides colonisation and fumonisin concentration 

in 18 F1 maize hybrids across three environments. 

 

 
 

FER severity (%)1 

 

F. verticillioides 

colonisation (ng µL-1)2 

Fumonisin 

concentration (mg kg-1)3 

Code Genotype Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t| 

 SCA estimates 
      

C1 CKL05015 x CML390 -0.30153415 0.0325 0.01112222 0.0078 -0.13658619 0.0336 

C2 CKL05015 x CML444 -0.13842556 0.3231 0.00475556 0.2504 -0.11684240 0.0686 

C3 CKL05015 x CML495 0.02785956 0.8421 0.00464444 0.2615 -0.04509124 0.4800 

C4 CKL05015 x R119W -0.30307953 0.0316 -0.01045556 0.0122 -0.18308341 0.0047 

C6 CML390 x CML444 -0.23725119 0.0914 -0.00414444 0.3162 0.07494402 0.2412 

C7 CML390 x R119W 0.32919865 0.0197 0.00022222 0.9571 -0.03872775 0.5440 

C9 CML444 x CML495 -0.12003781 0.3914 0.00254444 0.5379 -0.00088434 0.9889 

C10 CML444 x R119W 0.00761048 0.9566 0.00446667 0.2802 0.00293091 0.9634 

C14 CML495 x R119W 0.03655492 0.7938 -0.00703333 0.0900 0.05752116 0.3679 

 Reciprocal estimates      

C5 CML390 x CKL05015 0.15856706 0.3506 0.00222222 0.6572 -0.03847546 0.6191 

C8 CML444 x CKL05015 -0.19519696 0.2509 0.00377778 0.4509 -0.06780719 0.3814 

C11 CML495 x CKL05015 -0.15786915 0.3527 -0.00205556 0.6814 0.03169923 0.6820 

C16 R119W x CKL05015 0.31379407 0.0659 0.00122222 0.8071 -0.02702260 0.7269 

C12 CML495 x CML390 0.00000000 1.0000 0.00000000 1.0000 0.00000000 1.0000 

C17 R119W x CML390 0.20713375 0.2232 -0.00677778 0.1771 0.05202445 0.5016 

C13 CML495 x CML444 -0.11424343 0.5009 0.00111111 0.8243 -0.10895679 0.1604 

C18 R119W x CML444 -0.11912613 0.4828 -0.00327778 0.5129 0.18199157 0.0198 

C15 R119W x CML495 -0.17088576 0.3145 0.00327778 0.5129 -0.00128999 0.9867 
1 Percentage of maize ear exhibiting visual symptoms of FER; mean of disease severity (%) for three experimental replicates. 
2 Mean of F. verticillioides target DNA present in maize grain from three experimental replicates.  

3 Fumonisin concentration = total of FB1 + FB2 + FB3; mean of fumonisin concentration from three experimental replicates.  
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Figure 1. Free phenolic acids quantified in maize inbred lines. I – Inoculated (fungal-

inoculated); W – Water-inoculated. 

 

 

Figure 2. Bound phenolic acids quantified in maize inbred lines. I – Inoculated (fungal-

inoculated); W – Water-inoculated. 
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Figure 3. Relative expression of peroxidase gene in maize inbred lines grown under 

greenhouse conditions. 

 

Figure 4. Relative expression of pathogenesis-related 1 (PR1) in maize inbred lines grown 

under greenhouse conditions. 
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Figure 5. Expression of pathogenesis-related 5 (PR5) in maize inbred lines grown under 

greenhouse conditions. 
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Figure 6. Principle component biplot of maize inbred lines showing all structural, physico-chemical and genetic characteristics evaluated. 
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Figure 7. Multifactor biplot of inbred lines showing correlations between the different levels of resistance. 
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Figure 9. Accumulation of total fumonisins in inbred line R2565y following inoculation at 7 

(blue) and 35 (red) days after pollination. 
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Figure 10. Accumulation of free, total fumonisins in inbred line I-B following inoculation at 7 

(blue) and 35 (red) days after pollination. 
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Figure 11. Accumulation of free, total fumonisins in inbred line CB 222 following inoculation 

at 7 (blue) and 35 (red) days after pollination. 
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Figure 12. Accumulation of free, total fumonisins in inbred line CML 444 at inoculation 1 (blue) 

and inoculation 2 (red). 
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Figure 13. Accumulation of total free (solid bar) and hydrolysed fumonisins (line graph) as 

well as fatty acid, C18:3n3 content in inbred line CB 222 (top) and CML 444 (bottom) at 

inoculation 1 (blue) and inoculation 2 (red). 
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Fig. 14. Accumulation of total free (solid bar) and hydrolysed fumonisins (line graph) as well 

as fatty acid, C18:3n3 content in inbred line R2565y (top) and IB (bottom) at inoculation 1 

(blue) and inoculation 2 (red). 
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Figure 15. Free phenolic acids quantified in commercial maize cultivars inoculated with Fusarium 

verticillioides and grown in Potchefstroom.  

Figure 16. Bound phenolic acids quantified in commercial maize cultivars inoculated with 

Fusarium verticillioides and grown in Potchefstroom.  
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Figure 17. Free phenolic acids quantified in commercial maize cultivars inoculated with Fusarium 

verticillioides and grown in Vaalharts.  

 

Figure 18. Bound phenolic acids quantified in commercial maize cultivars inoculated with 

Fusarium verticillioides and grown in Vaalharts.  

 

0,0

0,5

1,0

1,5

2,0

2,5

P
h

e
n

o
lic

 a
c
id

 c
o

n
c
e

n
tr

a
ti
o
n

 (
m

g
 k

g
-1

)

Trans-ferulic Caffeic ρ-Coumaric Sinapic ρ-Hydroxybenzoic

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

P
h

e
n

o
lic

 a
c
id

 c
o

n
c
e

n
tr

a
ti
o
n

 (
m

g
 k

g
-1

)

Trans-ferulic Caffeic ρ-Coumaric Sinapic ρ-Hydroxybenzoic



24 
 

Figure 17. Relative expression of pathogenesis-related 5 (PR5) in commercial maize cultivars 

grown in Vaalharts. 

 

Figure 19. Expression of A) pathogenesis-related 5 (PR5) and B) peroxidase gene in 

commercial maize cultivars grown in Vaalharts. 
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Figure 20. Principle component biplot of commercial maize cultivars showing all structural, physico-chemical and genetic characteristics 

evaluated. 
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Figure 21. Multifactor biplot of commercial cultivars showing correlations between the different levels of resistance. 
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Figure 22. Partial least squared biplot of commercial cultivars indicating correlations of infection indicators with individual phenotypic, physico-

chemical and genetic characteristics. 
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Figure 23. Genotype and genotype x environment (GGE) biplot showing Fusarium ear rot severity of five parental maize inbred lines and 18 F1 hybrids evaluated in 

three environments in South Africa during the 2014/15 maize growing seasons. L1: CKL05015; L2: CML390; L3: CML444; L4: CML495; L5: R119W; C1: CKL05015 x 

CML390; C2: CKL05015 x CML444; C3: CKL05015 x CML495; C4: CKL05015 x R119W; C5: CML390 x CKL05015; C6: CML390 x CML444; C7: CML390 x R119W;C8: 

CML444 x CKL05015; C9: CML444 x CML495; C10: CML444 x R119W; C11: CML495 x CKL05015; C12: CML495 x CML390; C13: CML495 x CML444; C14: CML495 

x R119W; C15: R119W x CML495; C16: R119W x CKL05015; C17: R119W x CML390; C18: R119W x CML444.  
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Figure 24. Genotype and genotype x environment (GGE) biplot showing Fusarium verticillioides colonisation of five parental maize inbred lines and 18 F1 hybrids 

evaluated in three environments in South Africa during the 2014/15 maize growing seasons. L1: CKL05015; L2: CML390; L3: CML444; L4: CML495; L5: R119W; C1: 

CKL05015 x CML390; C2: CKL05015 x CML444; C3: CKL05015 x CML495; C4: CKL05015 x R119W; C5: CML390 x CKL05015; C6: CML390 x CML444; C7: 

CML390 x R119W; C8: CML444 x CKL05015; C9: CML444 x CML495; C10: CML444 x R119W; C11: CML495 x CKL05015; C12: CML495 x CML390; C13: CML495 

x CML444; C14: CML495 x R119W; C15: R119W x CML495; C16: R119W x CKL05015; C17: R119W x CML390; C18: R119W x CML444.  
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Figure 25. Genotype and genotype x environment (GGE) biplot showing fumonisin concentrations of five parental maize inbred lines and 18 F1 hybrids evaluated in 

three environments in South Africa during the 2014/15 maize growing seasons. L1: CKL05015; L2: CML390; L3: CML444; L4: CML495; L5: R119W; C1: CKL05015 x 

CML390; C2: CKL05015 x CML444; C3: CKL05015 x CML495; C4: CKL05015 x R119W; C5: CML390 x CKL05015; C6: CML390 x CML444; C7: CML390 x R119W; 

C8: CML444 x CKL05015; C9: CML444 x CML495; C10: CML444 x R119W; C11: CML495 x CKL05015; C12: CML495 x CML390; C13: CML495 x CML444; C14: 

CML495 x R119W; C15: R119W x CML495; C16: R119W x CKL05015; C17: R119W x CML390; C18: R119W x CML444. 
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