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Maize underpins food security in South Africa. An annual production of more than 10 million tons is a 
combination of the output of large-scale commercial farms plus an estimated 250 000 ha cultivated by 
smallholder farmers. Maize leaves are a rich source of nutrients for fungal pathogens. Farmers must limit 
leaf blighting by fungi to prevent sugars captured by photosynthesis being ‘stolen’ instead of filling the 
grain. This study aimed to fill the knowledge gap on the prevalence and impact of fungal foliar diseases 
in local smallholder maize fields. A survey with 1124 plant observations from diverse maize hybrids 
was conducted over three seasons from 2015 to 2017 in five farming communities in KwaZulu-Natal 
Province (Hlanganani, Ntabamhlophe, KwaNxamalala) and Eastern Cape Province (Bizana, Tabankulu). 
Northern leaf blight (NLB), common rust, Phaeosphaeria leaf spot, and grey leaf spot had overall disease 
incidences of 75%, 77%, 68% and 56%, respectively, indicating high disease pressure in smallholder 
farming environments. NLB had the highest disease severity (LSD test, p<0.05). A yield trial focused on 
NLB in KwaZulu-Natal showed that this disease reduced yields in the three most susceptible maize hybrids 
by 36%, 71% and 72%, respectively. Eighteen other hybrids in this trial did not show significant yield 
reductions due to NLB, which illustrates the progress made by local maize breeders in disease resistance 
breeding. This work highlights the risk to smallholder farmers of planting disease-susceptible varieties, 
and makes recommendations on how to exploit the advances of hybrid maize disease resistance breeding 
to develop farmer-preferred varieties for smallholder production.

Significance:
•	 Northern leaf blight, grey leaf spot, Phaeosphaeria leaf spot and common rust diseases were widespread 

in KwaZulu-Natal and Eastern Cape smallholder maize fields where fungicides were not applied.

•	 NLB was the most severe maize leaf disease overall.

•	 NLB caused maize leaf blighting, which reduced grain yields by 36–72% in susceptible maize hybrids.

•	 Maize resistance breeding has produced locally adapted hybrids that do not have significant yield losses 
under NLB disease pressure.

Introduction
Food security is at the forefront of global political and economic agendas with estimates that the food supply must 
double by 2050.1 However, yield increases of the four major crops, including maize, are not on track to reach this 
target.2 Pests and diseases are a significant threat to production. Global yield losses of maize due to these biotic 
factors was recently estimated to be 23%.3

In South Africa, maize is critical for food security as both a staple food (consumption of 86 kg/capita/year)4 
and a source of animal feed. The total annual maize production in the 2018/2019 season was 12 million tons.4 

Commercial farmers account for 96% of production with average yields of 4.2 ton/ha under mostly dryland 
conditions (2015 estimate).5 In addition, rural communities throughout South Africa are dependent on maize for 
food security. Eastern Cape and KwaZulu-Natal Provinces have a high proportion of households (20%) that are 
involved in agricultural activities, underpinned by maize smallholder production.6

There are many factors contributing to the lower average yields of 1.5 ton/ha from maize smallholder farms.5 Socio-
economic factors are perhaps the most important, and these factors have an impact on the production constraints 
for smallholder farmers, which include access to fertilisers and pesticides.7 Smallholder farmers growing maize 
for their own consumption often choose low input production practices (e.g. saved seed, minimal chemicals), as 
opposed to farmers growing maize on a larger scale for profit.8

Foliar diseases caused by fungi are a persistent challenge to maize production locally, especially in the wetter 
climes of KwaZulu-Natal and the Eastern Cape.9 Grey leaf spot (GLS), northern leaf blight (NLB) and common rust 
(CR) are three of the main foliar diseases.10,11 The trend towards minimum tillage to conserve soil quality has been 
touted as a reason for resurgence of GLS and NLB in recent years, because the fungi form structures that allow 
them to over-winter on maize stubble, creating fresh inoculum in spring.12,13

Grey leaf spot in South Africa is caused by the fungus Cercospora zeina Crous & U. Braun9,13, which forms 
matchstick-like lesions parallel to maize leaf veins which are grey-brown in colour. There is some confusion in the 
literature because another fungal species, Cercospora zeae-maydis Tehon & E.Y. Daniels, also causes GLS with 
similar symptoms. C. zeae-maydis was first described in 1925 in the USA. It was only in the early 2000s that it 
was split into two sibling species, Type I and Type II, after which a morphological and molecular taxonomic study 
retained Type I as C. zeae-maydis, and named Type II as C. zeina.14 Extensive survey work has shown no evidence 
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for C. zeae-maydis in South Africa9,10, although some authors use this 
name, especially in publications prior to 2006.

Northern leaf blight, also known as northern corn leaf blight or Turcicum 
leaf blight, is a disease of both maize and sorghum caused by the fungus 
Exserohilum turcicum (Pass.) Leonard and Suggs.11,15 This fungus also 
undergoes a sexual phase named Setosphaeria turcica, a rare form 
observed in the laboratory. Some publications refer to the fungus by this 
name. Foliar symptoms are characterised by cigar-shaped lesions with 
pointed ends which are not constrained by vein margins, and therefore 
are wider and larger than GLS lesions.16 The fungi causing GLS and NLB 
appear to exploit different ecological niches in maize leaves with C. zeina 
entering through stomata and proliferating between cells17, whereas 
E. turcicum colonises the xylem and uses this as a ‘pathway’ to move 
through the maize leaf15. 

Common rust of maize is caused by the basidiomycete fungus Puccinia 
sorghi Schwein. This disease was regarded as a minor problem in South 
Africa until 2004, when an increase in the incidence and severity of CR 
was observed.18 P. sorghi is an obligate pathogen and therefore requires 
a living host plant for survival, requiring an alternate host to complete its 
life cycle, which is mostly fulfilled by weeds in the Oxalis genus in maize 
fields of South Africa.18 GLS, NLB and CR are managed by farmers with 
fungicides when (1) conditions are highly conducive for disease and/or 
(2) host resistance in commercial hybrids is not sufficient.19

Phaeosphaeria leaf spot (PLS) is characterised by leaf symptoms that 
develop as white spots; however, its aetiology remains controversial 
as different authors have attributed the disease to either a fungus or 
a bacterium or both.20 PLS disease development is similar to GLS and 
NLB in that lesions develop and reduce photosynthetic potential during 
grain filling, and it remains a resistance breeding target in South Africa.21

This study was initiated to fill the knowledge gap on the severity and 
impact of maize fungal foliar diseases in smallholder farms in higher 
rainfall regions of KwaZulu-Natal and Eastern Cape. The work was 
focused on demonstration plots of maize hybrids in rural communities in 
different agro-ecological areas of the two provinces to assess the level 
of current disease pressure over a 3-year period. NLB, CR, PLS and GLS 
were present at significant levels in all fields. NLB was found to have the 
highest disease severity. This led to an assessment of its impact on yield 
in a controlled field trial. NLB-susceptible hybrids had significant yield 
reductions, but other hybrids harboured sufficient genetic resistance to 
withstand NLB disease pressure. 

Methods

Plant material

Field survey
Seed of maize hybrids from Pannar Seed (Pty) Ltd, a company in the 
Corteva Agriscience group of companies, was provided to selected 
farmers in community farming cooperatives in KwaZulu-Natal 
Province (Hlanganani, Ntabamhlophe, KwaNxamalala) and Eastern 
Cape Province (Bizana, Tabankulu) over three seasons (2014/2015; 
2015/2016; 2016/2017). The GPS coordinates for the KwaZulu-Natal 
sites are recorded in Nsibo et al.9 The Bizana and Tabankulu sites were 
at -30.892500; 29.843056 and -30.892750; 29.526972, respectively. 
Details of the agro-ecological zones of the sites are provided in 
Supplementary table 1. During the 2014/2015 and 2016/2017 growing 
seasons, maize was planted from the end of October until mid-December, 
but was planted later in the drier 2015/2016 growing season (from 
the end of November until the beginning of January). Comparisons of 
disease scores between different hybrids is not presented here and 
therefore hybrid codes are not provided for the field survey data. A total 
of 39 diverse hybrids were planted over the 3 years, but not all hybrids 
were planted at each site due to availability of seed. Support for land 
preparation, planting and fertiliser regimes was provided by Pannar 
Seed (Pty) Ltd. Each smallholder plot was planted to several maize 
hybrids with at least four replicate rows of each genotype and at least 20 
plants per row with a plant spacing of 0.3 m and row spacing of 0.9 m. 

No fungicides were applied during the season. Standard dryland maize 
agronomic practices were followed.

Maize yield trial
The aim of this trial was to assess the impact of NLB disease on 
maize yields by comparing fungicide treated maize with untreated 
maize planted in a controlled field trial in a hotspot for NLB. A total of 
21 maize hybrids (coded H1–H21) from different commercial sources 
were planted at Redgates Farm, Greytown, KwaZulu-Natal, South Africa 
on 12 January 2017 in a randomised block design. There were three 
replicates of each hybrid that were not sprayed with fungicide, and 
three replicates of each hybrid that were subject to a fungicide spray 
programme. Each hybrid within a treatment block was planted as two 
adjacent rows 4.4 m long with 0.76 m spacing between plants. Standard 
dryland maize agronomic practices were followed. The fungicide 
treatment was AMISTAR TOP® (Syngenta SA Pty (Ltd), Centurion, 
South Africa) at 500 mL/ha at 48 days after planting (dap) and ARTEA® 
(Syngenta SA Pty (Ltd), Centurion, South Africa) at 500 mL/ha at 
68 dap. AMISTAR TOP® is a combination of azoxystrobin (strobilurin) 
and difenoconazole (triazole) active ingredients. ARTEA® contains two 
triazoles (propiconazole and cyproconazole). Grain yield (tons/ha) 
was evaluated at the end of the season by the method that adjusts for 
moisture content.22

Foliar disease assessments
Foliar diseases were quantified for both the field survey and the maize 
yield trial.

Field survey
Disease severity was scored on a per plant basis for the foliar diseases 
grey leaf spot (GLS), northern leaf blight (NLB), Phaeospaeria leaf spot 
(PLS) and common rust (CR). Disease data were obtained once per 
season for 12–16 plants per hybrid at each smallholder farm plot at 
the KwaZulu-Natal and Eastern Cape sites listed above. Plants separated 
by at least three plants in a row were selected for scoring. Disease 
severity scores for each of the four foliar diseases on the same plant 
were recorded at anthesis. The final disease severity data set was made 
up of 1124 plant observations per disease from the three seasons. 
Disease severity was scored using 1–9 scales adapted for each disease 
from the GLS scale described in Berger et al.23 GLS, NLB, PLS severity 
scale: 1 = no disease lesions; 2 = a few lesions visible; 3 = lesions 
only below the earleaf; 4 = lesions visible on leaves just above earleaf; 
5 = a few lesions visible on top leaves; 6 = many lesions visible on top 
leaves; 7 = half of maize leaf area diseased; 8 = three quarters of maize 
leaf area diseased; 9 = whole plant diseased. CR disease severity scale: 
1 = no disease seen; 2 = a few rust pustules; 3 = several pustules 
visible; 4 = first rust band near base of leaf visible; 5 = first rust band 
with pustules on rest of leaf; 6 = second rust band visible closer to leaf 
tip; 7 = two rust bands clear with additional pustules; 8 = rust bands 
and pustules coalesce; 9 = leaves necrotic from rust. Disease incidence 
for each disease was quantified as the percentage of the 1124 plants 
(or a subset) that was positive for that disease. 

Disease symptom identification was confirmed by isolation of the causal 
fungi as follows: (1) single spore isolations were made from GLS and 
NLB lesions; (2) conidial morphology was assessed by light microscopy 
(40X magnification), and (3) ITS (internal transcribed spacer) sequencing 
was conducted as described.11,13 Puccinia sorghi, the causal agent of 
common rust is an obligate pathogen and cannot be cultured. Therefore, 
samples were collected directly from rust pustules for light microscopy 
(40X magnification), DNA extraction and ITS sequencing. The causal 
agent(s) of PLS have not been established unequivocally, therefore this 
disease was identified only by the distinct brown water soaked or white 
spot lesions on maize leaves. 

Maize yield trial
Northern leaf blight disease severity of the 21 hybrids planted at 
Greytown was scored using the 1–9 scale described above on a per row 
basis for each of the treatment replicates separately at 2-weekly intervals 
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(82, 97 and 112 dap). These time points corresponded to late vegetative 
stage, anthesis and early reproductive stage of maize development. The 
NLB disease severity scores at the three time points for each treatment 
replicate were used to calculate the area under the disease progress 
curve (AUDPC) values.24

Statistical analysis
The field survey maize disease data for NLB, GLS, PLS and CR were 
subjected to an analysis of variance (ANOVA) using the general linear 
models procedure (PROC GLM) in SAS version 9.4 statistical software.25 
The ANOVAs were done on the original disease scores and on the ranks 
of the disease scores. Fisher’s protected t-least significant differences 
(LSDs) were calculated (α=0.05) to compare treatment means of 
significant effects on the original scores and Tukey’s studentised range 
test on the ranks of the scores.26

The maize yield and NLB disease severity data from the field trial held 
at Greytown were analysed separately using a two-way ANOVA and a 
Tukey’s honestly significant difference (HSD) multiple comparison test 
(α=0.05), considering two factors (hybrid and fungicide treatment), 
their interaction and a (replicate) blocking factor. R version 3.5.1 
was used for the ANOVA and post-hoc analysis, as well as for data 
visualisation using boxplots.

Results and discussion

Survey of maize foliar diseases
A maize foliar disease survey was carried out to determine the prevalence 
of four foliar diseases (GLS, NLB, PLS and CR) in smallholder farms 
over three seasons (2015–2017). Disease was scored from 1124 plants 
at on-farm demonstration plots at Hlanganani, Ntabamhlophe and 
KwaNxamalala (KwaZulu-Natal), and Bizana and Tabankulu (Eastern 
Cape). These sites are on average 100 km apart and represent different 
agro-ecological zones (described in Supplementary table 1).

All four diseases were present at all sites, and typical disease symptoms 
were obvious and readily scorable. Images of symptoms are shown 
within the bars in Figure 1. GLS was characterised by matchstick-
like lesions parallel to leaf veins. NLB had larger cigar shaped lesions 
with pointed ends that were not confined to leaf veins. PLS had white 
spot lesions. CR had bands of pustules across the leaf blade that 
were reddish in colour. The fungus C. zeina was isolated from more 
than 100 GLS lesions tested.9 The species identity was confirmed by 
the expected conidial morphology described previously13, and ITS 
sequences matched the C. zeina type strain sequence (data not shown). 
The fungus E.  turcicum was isolated from all 10 NLB lesions tested. 
Cultures had characteristic conidia with a hilum at one end15, and ITS 
sequences matched the E.  turcicum type strain (data not shown). 
P. sorghi teliospores were obtained from several rust pustules that were 
collected, and the ITS sequence confirmed the species identity (data 
not shown).

Overall disease incidence data from the 1124 plant observations for 
2015–2017 indicated that NLB (75% incidence) and CR (77%) were 
the most prevalent, followed by PLS (68%) and GLS (56%)(Table 1). 
Multiple infections on the same plants were common (20% with all 
four diseases, up to 37% with three diseases, and up to 61% with 
two diseases; data not shown). As all four diseases were widespread, 
disease severity values were investigated in detail. The highest overall 
disease severity observed in the survey was caused by NLB (Figure 1). 
This was significantly greater than the overall disease severity values for 
PLS or CR (LSD, p<0.05; Figure 1). GLS showed the lowest disease 
severity in the field survey (Figure 1). Average disease severity values 
shown in Figure 1 (ranging from 2.0 to 2.7) were relatively low on the 
1–9 scales. This is most likely due to the time of data collection prior 
to anthesis or during early anthesis when lesions were only present on 
lower leaves. Higher disease scores are given when lesions are present 
on upper leaves, which tends to occur as maize plants mature and 
allocate resources to reproduction (grain filling).13 In addition, some of 
the hybrids may exhibit different levels of disease resistance.
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Figure 1: 	 Severity of four maize foliar diseases in smallholder plots in 
KwaZulu-Natal and Eastern Cape Provinces. Disease severity 
data for maize grey leaf spot, Phaeosphaeria leaf spot, common 
rust, and northern leaf blight from maize field sites in KwaZulu-
Natal (Hlanganani, Ntabamhlophe, KwaNxamalala) and Eastern 
Cape (Bizana, Tabankulu). Data presented are average disease 
severity (on a scale of 1–9) for each disease from 1124 plant 
observations made at anthesis in 2015, 2016 and 2017. Typical 
disease symptoms are shown within each bar. Disease severity 
values that are not significantly different from one another are 
denoted by the same letter (LSD=0.07; p<0.05).

Table 1:	 Maize foliar disease incidence (%) at five smallholder sites† 
(2015–2017)

Year
Grey leaf 

spot
Phaeosphaeria 

leaf spot
Common 

rust
Northern leaf 

blight

2015 71 62 90 79

2016 2 91 87 78

2017 64 65 67 72

Total  
(2015–2017)

56 68 77 75

†Hlanganani, Ntabamhlophe, KwaNxamalala (KwaZulu-Natal); Bizana, Tabankulu 
(Eastern Cape)

Seasonal variation in overall disease severity was observed with 
significantly lower foliar disease in the 2015/2016 season which 
experienced a drought (p<0.05). The average overall disease scores 
were 2.4, 2.0 and 2.5 for scores taken in March of each year (2015, 
2016 and 2017, respectively). One of three major El Niño events in the 
Pacific Ocean since 1982 occurred in the 2015/2016 season, resulting 
in lower rainfall across southern Africa, including KwaZulu-Natal and 
Eastern Cape.27 Indeed, KwaZulu-Natal had the worst drought in this 
season since 1921.28 High humidity is required for optimal development 
of these diseases12,16, and therefore less disease is consistent with the 
drought season of 2015/2016. Furthermore, the 2014/2015 season 
was also subject to drought28, and therefore the ranking and significant 
disease differences between the seasons is consistent with rainfall 
levels. Interestingly, disease incidence did not vary greatly with season 
(Table 1), except for GLS which only had a 2% incidence in the 2016 
drought season. This is consistent with the requirement for prolonged 
humidity for development of this disease.12
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Northern leaf blight was consistently one of the top two diseases in both 
the Eastern Cape and KwaZulu-Natal (Figure 2). CR had significantly 
higher disease severity at the Eastern Cape sites than at the KwaZulu-
Natal sites (Figure 2). The causal fungus Puccinia sorghi undergoes its 
sexual phase on Oxalis spp.29, which are a common weed in maize fields 
in South Africa. The greater severity in the Eastern Cape may reflect 
less weed control in this province. The orange urediniospores on the 
underside of Oxalis leaves were evident in the fields during the disease 
survey; however, quantitative data are required to confirm a difference 
between provinces. PLS and GLS had greater disease severity in 
KwaZulu-Natal than the Eastern Cape (Figure 2). In the Eastern Cape, 
the more humid coastal site of Bizana had a significantly higher average 
GLS disease severity (2.26) than Tabankulu, a drier inland site (1.01)
(data not shown).

EC, Eastern Cape; KZN, KwaZulu-Natal; GLS, grey leaf spot; PLS, Phaeosphaeria leaf 
spot; CR, common rust; NLB; northern leaf blight

Figure 2: 	 Disease severity of four foliar maize diseases at the KwaZulu-
Natal sites compared to the Eastern Cape sites. Average 
severity of each disease from KwaZulu-Natal (Hlanganani, 
Ntabamhlophe, KwaNxamalala) and the Eastern Cape (Bizana, 
Tabankulu) are shown. Data are from 1124 plant observations 
made at anthesis in 2015, 2016 and 2017. Disease severity 
values that are not significantly different from one another are 
denoted by the same letter (LSD=0.11; p<0.05).

Field trial to assess impact of NLB on maize yield
Grain yield is the main priority for maize farmers; therefore, it is important 
to ascertain the impact of diseases on yield under South African growing 
conditions. NLB was chosen for a controlled field trial based on the 
importance of this disease in smallholder plots from the disease survey 
(Figure 1), as well as its increasing prevalence throughout sub-Saharan 
Africa.30 A site in Greytown which is a hotspot for NLB was chosen for 
a field trial in the 2016/2017 season in which 21 maize hybrids were 
planted to compare yield between (1) unsprayed plots which would 
develop NLB, and (2) foliar fungal disease-free plots that were treated 
with fungicides.

Natural inoculum levels of the fungal pathogen E.  turcicum at the 
Greytown site were high and thus NLB disease development proceeded 
without any need for artificial inoculation (Supplementary figure 1). 
No other foliar diseases were evident during the course of the trial. NLB 
disease severity of each hybrid treatment was scored at three time points 
during the reproductive phase of maize development and represented 
as AUDPC units. An ANOVA of disease severity showed that there were 
highly significant treatment effects (p<0.001) due to hybrid, fungicide 
and hybrid X fungicide, but no effect of block (Table 2).

There was a range of NLB disease scores amongst the 21 hybrids in 
the unsprayed treatment, with the most susceptible hybrids (H1, H5 
and H7) showing a three-fold greater average AUDPC disease score 
than the hybrids with the least disease (H9 and H17)(Figure 3a). 

All hybrids showed higher NLB disease on average in the unsprayed 
treatment (turquoise boxes) compared to their corresponding fungicide 
spray treatment (pink boxes), as illustrated by the boxplots in Figure 3a. 
Of  the 21 hybrids, 14 showed significantly higher NLB disease in the 
unsprayed treatments (p<0.05)(Figure 3a). One anomaly was H18, 
which had similar average disease severity in treated and untreated 
samples. Observations during the field trial were that H18 harboured 
genetic resistance to NLB because lesions did not fully develop and were 
a reddish colour indicative of a resistant hypersensitive response which 
limits further spread of the fungus in the lesion.31,32

Table 2: 	 Analysis of variance of factors affecting northern leaf blight 
disease severity in a field trial at Greytown, KwaZulu-Natal

Factor d.f.
Sum of 
squares

Mean 
square

F-value Pr(>F) Significance

Hybrid 20 159 553 7 978 52 <2e-16 ***

Fungicide 1 74 898 74 898 485 <2e-16 ***

Block 4 1 116 279 2 0.14

Hybrid × 
fungicide

20 8 449 422 3 8E-04 ***

Residuals 80 12 347 154

Pr(>F) is the probability that a random F-value can exceed the observed F-value for 
the null hypothesis that there is no effect on disease severity due to the factor.

***Pr(>F) < 0.001

Factors that significantly affected grain yield of the hybrids in the 
Greytown trial were hybrid (p<0.001), hybrid X fungicide (p<0.001) 
and block (p<0.01) (Table 3). The maximum average yield attained in 
this field trial was 3.28 tons/ha (for H20 – fungicide sprayed) and the 
lowest yield was 0.77 tons/ha (for H7 – unsprayed)(Figure 3b). As can 
be seen in Figure 3b, most of the hybrids do not show a significant 
yield difference between fungicide sprayed (pink boxes) and unsprayed 
treatments (turquoise boxes). This is consistent with the ANOVA result 
that fungicide treatment was not a significant factor (Table 3). However, 
the factor hybrid X fungicide was significant (Table  3), indicating that 
some hybrids responded to chemical treatment. There were three hybrids 
that showed a large improvement in yield due to fungicide treatment, 
namely H5, H1 and H7 that showed yield differences of 37%, 71% 
and 72%, respectively (Figure 3b). The higher grain yields of the maize 
hybrids H1 and H7 were significantly different (p<0.001) (Figure 3b).

Table 3:	 Analysis of variance of factors affecting maize yield in a field 
trial at Greytown, KwaZulu-Natal

Factor d.f.
Sum of 
squares

Mean 
square

F-value Pr(>F) Significance

Hybrid 20 33 1.7 9.1 2E-13 ***

Fungicide 1 0 0.3 1.5 2E-01

Block 4 3 0.7 3.6 9E-03 **

Hybrid × 
fungicide

20 20 1.0 5.5 2E-08 ***

Residuals 80 15 0.2

**Pr(>F) < 0.01; ***Pr(>F) < 0.001
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Taking the results of NLB disease severity (Figure 3a) and maize yield 
(Figure 3b) together, it can be seen that the three most susceptible 
hybrids (H1, H5 and H7) were the ones that had the highest yield gain 
due to fungicide treatment. We therefore conclude that in susceptible 
maize hybrids, infection with E. turcicum causing NLB can reduce yields 
in the field by 37–72%. These figures are consistent with 31–70% yield 
losses measured for sweetcorn hybrids in Florida and Illinois in the 
USA33, and 40% yield losses of maize varieties in Tanzania34.

A second observation was that for the remaining 18 hybrids there 
was no significant difference in yields between fungicide-treated and 
untreated plots (Figure 3b). Seven of these hybrids showed no significant 
difference in NLB disease between the treatments (H2, H4, H9, H12, 
H14, H17 and H18)(Figure 3a). The genetic background of these hybrids 
is proprietary information; however, a plausible explanation is that these 
hybrids carry genes for quantitative or qualitative resistance to NLB. 
In six of these hybrids, the average disease severity was lower with 
chemical control (Figure 3a), indicating partial resistance, possibly due 
to different combinations of quantitative resistance alleles. The seventh 
hybrid (H18), as indicated above, may carry a qualitative disease 
resistance gene. 

The remaining 11 hybrids showed no significant yield differences with 
and without chemical control (H3, H6, H8, H10, H11, H13, H15, H16, 
H19, H20, H21; Figure 3b), but showed significantly greater NLB disease 
without chemical control (Figure 3a). They appear to compensate for 
lower photosynthetic potential from foliar disease lesions, resulting 
in sufficient grain filling. Alternatively, some of these hybrids may not 
have developed sufficient NLB disease to have had an effect on yield. 
This could be the case for H11, H13, H19 and H20 (Figure 3a) and 
is consistent with previous work in which sweetcorn plants with NLB 

disease below a certain threshold (25% in their case) did not show a 
significant yield loss.33

Conclusion
Our data have shown that the four foliar diseases NLB, GLS, PLS and CR 
are widespread in smallholder maize farms in the higher rainfall regions of 
KwaZulu-Natal and the Eastern Cape. In the absence of chemical control, 
disease pressure remained high over the 3-year period of the survey. 
Favourable environmental conditions for disease development are a 
major factor, as shown by significantly reduced disease in the drought 
season 2015/2016. NLB was the most severe disease in both provinces, 
indicating that this should be a priority target for management practices. 
Representative yield losses caused by NLB were quantified, and this 
quantification showed that planting of susceptible varieties can result in 
36–72% loss of the grain crop. The yield trial also illustrated that NLB 
resistance breeding efforts have been successful, as a range of hybrids 
did not show a significant yield deficit under NLB disease pressure.

Farmer participatory surveys have indicated that for their own 
consumption, farmers prefer low input varieties that taste good, have 
yield stability under a range of stresses (including foliar diseases) and 
produce seed that can be saved.8 To take advantage of the yield benefits 
and resistance breeding success of hybrid maize23, four factors have 
to be considered: (1) minimising or subsidising the cost of seed and 
input costs; (2) paying attention to the local maize milling and taste 
preferences of communities; (3) developing regional disease and pest 
monitoring systems so that agricultural extension officers and farmers 
can respond effectively to disease outbreaks35; and (4) maintaining 
genetic diversity within smallholder farming systems by ensuring 
mixtures of genotypes36.

a

b

Figure 3: 	 Northern leaf blight (NLB) disease severity and yield in the field trial at Greytown, KwaZulu-Natal. (a) Boxplots of NLB disease severity (area 
under the disease progress curve) for 21 maize hybrids that were either sprayed with fungicide (pink) or not sprayed (turquoise). Data of the 
three most susceptible hybrids (H1, H5, H7) are indicated with open boxes. Asterisks shown between pairs of boxes indicate significantly greater 
disease severity for each hybrid between unsprayed and sprayed plots (Tukey’s HSD test following a two-way ANOVA; p<0.05 (*); p<0.01 
(**); p<0.001 (***)). (b) Boxplots of maize yield (tons/ha) for 21 maize hybrids that were either sprayed with fungicide (pink) or not sprayed 
(turquoise). Open boxes indicate data of three hybrids (H5, H1, H7) that show yield reductions of 37%, 71% and 72%, respectively. Asterisks 
indicate significantly greater yields for each hybrid between sprayed and unsprayed plots (Tukey’s HSD test following a two-way ANOVA; 
p<0.001 (***)). Maize hybrids are labelled as H1–H21 on the x-axis of each panel. 
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