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ABSTRACT 
Objective: The overall objective is to develop a method to control the Northern Corn Leaf Blight caused by 
Helminthosporium turcicum, one of the major constraints in the worldwide maize production and particularly 
in Benin. Specifically, it aims to determine the optimal potassium rate to act effectively on the disease.  
Methodology and Results: The study consist of subjecting three maize varieties to the effect of four different 
rates of K2O (40, 48, 60 and 90 kg K2O/ha abbreviated as K40, K48, K60 and K90) in the field at Gogounou 
(North Benin) in 2015 and 2016 then in the greenhouse in 2016. The experimental design was a split plot 
with four repetitions with K fertilizer rate as main factor, and variety as secondary factor. The study revealed 
that the rates K48, K60 and K90 respectively reduce the severity of Northern Corn Leaf Blight by 24.17%, 
40.46% and 48.80% compared to the rate K40 in the greenhouse. In the field, the rates K60 and K90 
respectively reduce the severity by 32.56% and 8.87% compared to the rate K40 in 2015. In 2016, the rates 
K48, K60 and K90 reduce the severity respectively by 9.83%, 23.96% and 15.39% compared to the K40 rate. In 
addition, no significant difference was found between the severity values of the three varieties studied neither 
in the greenhouse nor in the field. In addition, no significant correlation was observed between severity and 
grain yield in the field during the two years.  
Conclusions and application of findings: The application of potassium decreases the severity of Northern 
Corn Leaf Blight and the rate K60 is the optimal to reduce the disease. The availability of fertilizer at the K60 

to farmers in the endemic zones could help for sustainable management of the disease. 
Keywords: Helminthosporium turcicum, maize, Northern Corn Leaf Blight, North-Benin, potassium. 
 
INTRODUCTION 
In West Africa, maize (Zea mays L.) is the only 
cereal crop with remarkable production potential 
with a better yield than other cereals; and is the 
staple food of about 50% of the population (Badu & 
Fakorede, 2017). In Benin, maize is the main cereal 

grown and represents 84% of cereal production 
(Soule et al., 2008). An in-depth analysis of the 
dynamics of maize production in Benin over the past 
fifteen years reveals that it ranged from around 
788,320 tons in 2003 to 1,509,758 tons in 2018 



Zinsou et al.,   J. Appl. Biosci. 2020        Effect of different potassium rates on the severity of Northern Corn Leaf Blight 
caused by Helminthosporium turcicum in North Benin 

15622 

(FAOSTAT, 2020). In addition, maize yields in real 
environments stagnate between 1.1 to 1.50 t/ha 
compared to 4 to 5 t/ha in semi controlled conditions 
(Badu & Fakorede, 2017). Among the biotic factors 
that limit the production and productivity of maize 
are fungal diseases including northern corn leaf 
blight. In Benin, considerable yield losses of maize 
can be caused by fungal leaf attacks (Sikirou, 
2014). Northern corn leaf blight, caused by a 
pathogenic ascomycete in cereals, 
Helminthosporium turcicum (syn. Exserohilum 
turcicum (Pass.) K. J. Leonard & Suggs), is a major 
problem in maize production worldwide (Asea et al., 
2011; Zhu et al., 2011; Technow et al., 2013. 
Symptoms of the disease occurs in the form of 
small, moist oval spots which progress and join 
together to form elongated spindle-shaped necrotic 
lesions (Paliwal et al., 2002), usually 12 mm wide, 
3- 15 cm long with yellow - gray at the centers and 
red at the edges (King & Mukuru, 1994) (Fig 1A). In 
case of heavy infestation, the leaves can dry 
prematurely and completely like in plants suffering 
from drought (Paliwal et al., 2002). This disease 
alone is capable, under favourable conditions and 
in early infection, of causing yield losses estimated 
at 70% (Santiago et al., 2013) or even 91% (Pant et 

al., 2001; Singh et al., 2012; Ishfaq et al., 2014; 
Nwanosike et al., 2015). In addition to maize, this 
disease attacks sorghum, resulting in yield losses of 
up to 70% on susceptible cultivars (Ramathani, 
2010; Yeshitila, 2003). The disease management 
requires the combination of agronomic and genetic 
or even chemical measures (AGPM, 2014). One of 
these strategies could be good management of crop 
fertilization because according to Anderson (2002), 
there is an interaction between nutrients and plant 
diseases. Indeed, according to Geary & Jacobson 
(2016), balanced plant nutrition is an effective and 
affordable way to minimize or prevent plant 
diseases. Sanogo & Yang (2001) have shown that 
potassium nutrition has an effect on sudden 
soybean death syndrome and that the application of 
potassium chloride promotes an average reduction 
of 36% in the severity of the disease. In Nepal and 
Morocco, Sharma et al. (2005) and Imrani et al. 
(2014) have also shown that the application of 
potassium decreases the severity of wheat and rice 
leaf blight, respectively. The present study therefore 
aims to manage Helminthosporium turcicum 
infection through the application of an effective rate 
of potassium. 

 
MATERIALS AND METHODS 
Plant material: it consisted of three (03) improved 
varieties of healthy maize but susceptible to northern 
corn leaf blight and supplied by the Center for 
Agricultural Research of Ina (CRA-Ina). These are two 
(02) early varieties (DMRESR-W and EVDT-97-STR) 
and one (01) intermediate (FAABA / QPM9). 
Experimental sites: The field trials were installed in the 
commune of Gogounou (10°50'.391''N and 
002°49'.460''E) during the periods from July to 
November 2015 and from June to November 2016. The 
total rainfall was 986 mm in 2015 and 943 mm in 2016. 
The humidity was between 61 and 90% in 2015 and 
between 69 and 94% in 2016. The temperature varied 
from 21.4 to 31.8°C in 2015 and from 20.9 to 28.3°C in 
2016. The greenhouse trial was conducted at the Faculty 
of Agronomy (University of Parakou in North Benin) in 
August 2016. The climate is Soudan-Guinean type and 
characterized by a rainy season from April to October 
and a dry season from November to March (Afrique 

Conseil, 2006a, b). The soils are those of the granito-
gneissic base, mostly ferruginous. 
Experimental design: For the field experiments, a split 
plot design with four replicates was used with potassium 
rates as the main factor and variety as the secondary. 
Each block was subdivided into four (04) sub-blocks. 
Each sub-block was composed of three (03) elementary 
plots of 10 m2 (5 m x 2 m) on which the three (03) 
varieties were sown (two early varieties (DMRESR-W 
and EVDT-97-STR) and an intermediate 
(FAABA/QPM9)] subject to the same fertilizer rates. The 
four potassium rates were: i) 40 Kg K20 /ha (K40) as a 
control (Farmer’s practice); ii) 48 Kg K20 /ha (K48), iii) 60 
Kg K20 /ha (K60) and iv) 90 Kg K20 /ha (K90). N and P 
were applied to all plots at the recommended rate of 60 
kg N ha-1 and 40 kg P2O5/ha in the study area. N was 
applied as urea (60% N), P as triple superphosphate 
(46% P2O5) and K as muriate of potash (60% K2O) at 21 
days after sowing. Two seeds were sown manually per 
hole, taking as spacing 80 cm between rows and 40 cm 
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between holes, giving a maximum density of 62,500 
plants per hectare. Note that two successive blocks were 
2m apart while the sub-blocks were separated by aisles 
of 1m, in the same way as the elementary plots. 
Additional urea was applied forty-five days after sowing 
at a dose of 50kg/ha, i.e. an amount of 3.48 g of (N) per 
hole. The maintenance of the plots consisted of making 
two manual weeding during the whole maize cultivation 
cycle. Thus, no phytosanitary treatment has been carried 
out. For the greenhouse experiment, the same design 
was implemented in August 2016. An elementary plot 
was represented by 2 plastic pots of 1.5 dm3 each, with 
two plants per pot. The potting soil used was sterilized at 
65°C for 72 hours. The temperature in the greenhouse 
ranged from 20.7 to 26.7°C and the relative humidity 
between 76 and 96%. 
Soil sampling and analysis: In 2015, before sowing, a 
composite soil sample (0.2 m deep) was taken from 
several randomly selected locations throughout the 
experimental field. This sample reflects the condition of 
the soil before application of the treatment. All visible 

organic residues were removed by hand, and then all 
samples from each plot were thoroughly mixed to obtain 
a composite sample for analysis. The sample was 
analysed according to the methods of Tran & Boko 
(1978) cited by Kate et al. (2016), at the "Laboratoire des 
Sciences du Sol, Eaux et Environnement (LSSEE/CRA-
Agonkanmey / INRAB)". 
Isolation and inoculation of the H. turcicum: Two 
virulent H. turcicum isolates UP-GoS3 and UP-PkS2 
obtained from previous surveys in Gogounou and in 
Parakou (North Benin) were prepared by growing them 
on Potato Dextrose Agar medium (potato extract: 4g/l, 
dextrose 20g/l, agar 15g/l) at 25°C for 48 hours. Sub-
cultures were grown at 25°C for 10 days (Fig. 1). Conidia 
suspensions were prepared with sterilized distilled water 
and adjusted to 2 104 conidia/ml using a hemacytometer. 
The prepared inoculum was applied to leaf surfaces with 
a hand sprayer after adding one drop of Tween 20. 
Plants spayed with sterilized distilled water served as the 
control. 

 

 
Figure 1: Symptoms of H. turcicum (A) Ten days culture of H. turcicum on PDA (B) and Conidia of H. turcicum (1000X) 
(C) 
 
Disease and yield assessment: Two weeks after 
inoculation, disease index were evaluated on field and 
greenhouse plants by scoring individual plants. The 
disease index in the field experiment was assessed on 
twenty (20) plants chosen at random and marked on 
each elementary plot using the diagonal method and per 
elementary plot (2 pots) in the greenhouse experiment. 
The modified Saari & Prescott (1975) scale from 0 to 5 
was adopted to assess this severity across the infected 
leaf surface, with: 
 (0 = <1%; 1 = 1-20%; 2 = 21-40 %; 3 = 41-60%; 4 = 61-
80% and 5 => 80%).  

These assessments were used to calculate the disease 
severity as follow: 
 
S = �∑ n�/�N x 5� x 100 
 
with S = Disease severity, n = individual index, N = Total 
number of plant assessed, 5: High index value. 
Four-disease index assessment was performed at two 
weeks apart. The values from these assessments were 
used to calculate the disease severity per plot and then 
the area under severity curve as follow: 
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AUSPC=∑i [(Si+ Si-1) * (ti –ti-1] /2 
 
with ti = date of assessment, Si = average of severity at 
ti (Shaner & Finney, 1977) 
For the yield assessment, the plants in the central row (4 
m²) were harvested from each elementary plot to 
estimate grain yields. The grain moisture content was 
then determined for each replication after oven drying at 
65°C to a constant mass. The number of plants and the 
number of maize cobs per plant were counted. The dry 
weight of grains per cob was calculated by dividing the 
total dry grain weight per replicate by the number of 

cobs. Maize grain and stover yields were then calculated 
and expressed in kg.ha−1 on a dry weight basis. 
Statistical analysis: Analysis of variance (ANOVA) was 
carried out using R version 3.1.2 software on severity 
(AUSPC) and yield values to compare the means at the 
5% threshold and the Tukey test made it possible to 
separate the means when there was a significant 
difference (p ≤ 0.05). The Pearson correlation test (p ≤ 
0.05) was performed between the severity and yield 
values. The values in the tables are the real means with 
their standard errors. 

 
RESULTS 
Soil properties of the field: The soil is a loamy-sand with approx. 6% clay in the top 0.2 m, acidic with low organic 
carbon and total nitrogen and medium phosphorus content (Table 1). 
 
Table 1: Results of analyses of the field soil sample 

Characteristics Soil contents 

Clay (%) 6.262 
Stringers (%) 14.378 
Sand (%) 79.360 
Water pH  6.7 
Organic carbon (%) 0.57 
Total nitrogen (%) 0.028 
C/N 20 
Organic material (%) 0.98 
Exchangeable Ca2+ (meq/100g) 1.3229 
Exchangeable Mg2+ (meq/100g) 0.7106 
Exchangeable K+ (meq/100g) 0.1417 
Assimilable P (ppm) 6 
Sum of cations (meq/100g) 
CEC (meq/100g) 

2.290 
4.320 

 
Effect of fertilizer rates on the severity of Northern 
Corn Leaf Blight in the greenhouse: The severity 
values of Northern Corn Leaf Blight under greenhouse 
are significantly different between potassium rates (P = 
0.001). In fact, the K40 treatment is the one that least 
reduces the severity of Northern Corn Leaf Blight under 
greenhouse (AUSPC = 352.35 ± 27.87) (Table 2). It is 
followed by rates K48 and K60 which moderately reduce 
the severity of Northern Corn Leaf Blight (AUSPC = 

267.16 ± 22.76 and 239.76 ± 14.34, respectively). As for 
rate K90, it is the one that most significantly reduces the 
severity of Northern Corn Leaf Blight under greenhouse 
(AUSPC = 180.38 ± 19.39). There is no significant 
difference between the severity values (AUSPC) of 
Northern Corn Leaf Blight both at the level of the 
varieties (P = 0.23) nor at the level of the combination of 
varieties * rates (P = 0.33). 
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Table 2: Severity (AUSPC) of H. turcicum leaf blight of 3 maize varieties under 4 potassium rates in greenhouse 

Treatments AUSPC 
K rates  

K40 352.35±27.78c  
K48 267.16±22.76b 
K60 209.76±14.34a 
K90 180.38±19.39a 
Tukey test (0.05) * 
Varieties  

DMRESR-W 271.74±21.95a 
EVDT-97-STR 274.1±23.06a 
FAABA/QPM9 233.86±19.19a 
Tukey test (0.05) NS 
ANOVA K rates * Varieties NS 

NS = no significant difference at P ≤ 0.05; * = significant difference at the threshold 5%. ANOVA = analysis of variance. 
 
Effect of fertilizer rates on the severity of Northern 
Corn Leaf Blight according to the varieties tested in 
the field: No significant difference was noted in 2015 
and 2016, respectively, between the values of AUSPC 
when considering the factors K rates * varieties (P = 
0.137 and 0.306), then with the variety factor (P = 0.446) 
in 2015. However, in 2016 a significant difference (P = 
0.024) was noted between the AUSPC values observed 
at the level of the varieties tested. In addition, there is a 
significant difference (P = 5.9.10-6 and 8.10-6) between 
the AUSPC values observed in the K fertilizer rates in 

2015 and 2016 respectively. These AUSPC values were 
between 72.7 and 135.83 in 2015 then between 446.25 
and 586.87 in 2016. This therefore reveals that the four 
(04) K fertilizer rates tested in 2015 and 2016, act 
differently with the Northern Corn Leaf Blight infection. 
Indeed, K40 and K48 treatments are the ones that have 
reduced the least severity of Northern Corn Leaf Blight 
during the two years. The K60 treatment was the one that 
most reduced the severity of Northern Corn Leaf Blight 
in the field in both 2015 and 2016. 

 
Table 3: Severity (AUSPC) of H. turcicum leaf blight of 3 maize varieties under 4 potassium fertilizer rates in the fields 
in 2015 and 2016 

Treatments 
AUSPC 

2015 2016 

K rates   

K40 107.80±9.62bc 586.87±22.97c 
K48 135.83±9.23c 529.14±18.24bc 
K60 72.70±11.02a 446.25±19.40a 
K90 98.23±8.07ab 496.51±17.90ab 
Tukey test (0.05) *** *** 
Varieties   

DMRESR-W 107.00±10.03a 525.96±17.55ab 
EVDT-97-STR 108.79±8.63a 540.51±17.38b 
FAABA/QPM9 95.13±5.85a 477.61±16.81a 
Tukey test (0.05) NS * 
ANOVA K rates * Varieties NS NS 

NS = no significant difference at P ≤ 0.05; * and ***  = significant difference at the threshold 5% and 5%, 1‰.  
ANOVA = analysis of variance. 

 
Grain yield assessment: No significant difference was 
noted in 2015 and 2016 between the grain yield values, 
when we consider the factors: varieties (P = 0.274 and 
0.633) or K rates * varieties (P = 0.128 and 0.816) (Table 

4). However, with the factor "K rates", a significant 
difference (P = 0.003) was noted in 2015 unlike 2016 (P 
= 0.473). 
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Table 4: Grain yield (t/ha) of 3 maize varieties under 4 potassium fertilizer rates in the fields in 2015 and 2016 

Treatments 
Grain yields (t/ha) 

2015 2016 

K rates   

K40 2.65±0.17a 3.45±0.33a 
K48 3.18±0.19ab 2.91±0.34a 
K60 2.62±0.27a 3.54±0.23a 
K90 3.59±0.18b 3.63±0.40a 
Tukey test (0.05) ** NS 
Varieties  

 

DMRESR-W 3.23±0.19a 3.37±0.26a 
EVDT-97-STR 2.94±0.19a 3.60±0.32a 
FAABA/QPM9 2.86±0.22a 3.19±0.29a 
Tukey test (0.05) NS NS 
ANOVA K rates* Varieties NS NS 

NS = no significant difference at P ≤ 0.05; ** = significant difference at the threshold 1%. ANOVA = analysis of variance. 

 
Correlation severity - grain yield: According to the 
results of the correlation analysis, no significant 
relationship was observed between the severity and the 
grain yield both in 2015 (r = -0.14 and P = 0.353) and in 

2016 (r = 0, 11 and P = 0.456). The Northern Corn Leaf 
Blight did not therefore have a particular effect on the 
grain yields of the different varieties used during our test.  

 
DISCUSSION 
The severity (AUSPC) of Northern Corn Leaf Blight 
varied according to the fertilizer rates. This result would 
be because there is a relationship between plant nutrition 
and phytopathogens. Indeed, according to Bruulsema et 
al. (2012), the management of plant nutrition has an 
impact on plant diseases and allows their control. In 
addition, Anderson (2002) proved that there are 
interactions between plants, nutrients and pathogenic 
species by indicating through the results of his work that 
the severities of leaf spot in rice vary significantly in 
function of the different K fertilizer rates. These results 
also corroborate those of Duveiller & Dublin (2000) and 
Mehta (1993) who reported that an integrated approach 
including fertilization is the best way to control the 
Helminthosporium leaf blight of wheat. The rate K90 
(having the highest amount of potassium) is the one 
which has more reduced the severity of the disease in 
the greenhouse whereas it is the K60 rate which had the 
most significant effect both years in the field. This 
difference in the K rate observed in the greenhouse need 
to be elucidated through a repeated trial. Indeed, 
Sharma (2002) proved in Nepal, that the application of 
potassium decreases the severity of Helminthosporium 
leaf blight in wheat. In addition, according to FAO et al. 
(2003), plants that are well supplied with potassium are 
less susceptible to disease. However, Huber & 
Thompson (2007) as well as Walters & Bingham (2007) 
have shown that an increase in fertilizer applications can, 

depending on the mineral element the plant and the 
disease considered, increase or decrease the incidence 
and severity symptoms. Bruulsema et al. (2012) stated 
that only balanced nutrition with optimum levels of each 
nutrient could lead to the reduction of a disease. The 
severity values (AUSPC) recorded in the field in 2016 
(446.25 to 586.87) are much higher than those recorded 
in 2015 are (72.7 to 135.83) on the same site. This large 
variation would be because the 2015 crop residues and 
the weeds present on the site would have constituted a 
host for the fungus during the installation of the new trial 
in 2016, which would have favoured a large and strong 
dissemination of disease. Indeed, the fungus (H. 
turcicum) is preserved during the dry season on crop 
residues in the form of spores (Ramathani, 2010), 
mycelium, conidia or chlamydospores (Agrios, 1997). In 
addition, according to Esele (1995), hosts for H. turcicum 
include maize (Zea mays L.), sorghum (Sorghum 
bicolor), Sudan grass (Sorghum sudanese), Johnson 
grass (Sorghum halepense) and other herb species. 
Thus, at the beginning of the season, the fungus 
sporulates on crop residues and the spores are then 
disseminated by the wind over long distances, thus 
infecting cultivated plants. Once a lesion develops on a 
leaf, the fungus produces spores that can infect more 
tissue in the leaves (Gregory, 2004). There is no 
significant difference between the severity values 
(AUSPC) of Northern Corn Leaf Blight both at the level 
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of the varieties nor at the level of the combination of 
varieties * K rates. This could be because varieties 
DMRESR-W, EVDT-97-STR and FAABA/QPM9 are 
susceptible to H. turcicum infection. Indeed, Wisser et al. 
(2011) and Chung et al. (2011) reported that complete 
resistance in maize to Exserohilum turcicum is rare 
whereas Zhang et al. (2020) found several lines that 
were completely resistant and identified 113 candidate 
genes with known roles in plant defense. Northern Corn 
Leaf Blight did not affect the grain yields of the different 

varieties used for the trial. Indeed, the varieties have fully 
expressed their potential in terms of grain yield during 
the two years (2015 and 2016). As proof, the yield values 
obtained correspond to or are higher than the yields in a 
farming environment predicted by research for each of 
the varieties tested. According to Ahoyo Adjovi et al. 
(2013), yields in rural areas are respectively around 2.5 
to 3t/ha for the varieties DMRESR-W and EVDT-97-STR 
but from 3 to 4t/ha for FAABA/QPM9. 

 
CONCLUSION AND APPLICATION OF RESULTS 
The study reveals that the application of potassium 
decreases the severity of Helminthosporium leaf blight in 
maize. In addition, the rate K60 is the one effective in 
control of Northern Corn Leaf Blight in the field. However, 

there is a need for further studies in the greenhouse. 
Thus, the availability of fertilizer at the K60 to farmers in 
the endemic zones could help for sustainable 
management of Northern Leaf Blight in maize. 

 
ACKNOWLEDGMENT 
The authors thank the West Africa Agricultural Productivity Program Benin (WAAPP-Benin) for funding this study. 
 
BIBLIOGRAPHICAL REFERENCES  
Afrique Conseil, 2006a. Monographie de la Commune 

de Gogounou. Programme d’appui au 
démarrage des Communes, Mission de 
décentralisation. République du Bénin. Rapport 
de consultation.38 p. 

Afrique Conseil, 2006b. Monographie de la Commune 
de Parakou. Programme d’appui au démarrage 
des Communes, Mission de décentralisation. 
République du Bénin. Rapport de 
consultation.44 p. 

AGPM, 2014. Les bienfaits de la gestion des résidus de 
récolte: combiner agronomie et prophylaxie. 
AGPM-Info Technique. N°442. 
http://www.agpm.com/iso_album/ 
agpm_info_tech_442_octobre_1.pdf. (Consulté 
le 18-05- 2016 à 12:40:26). 

Agrios GN, 1997. Plant Pathology. Fourth Ed. New York. 
Academic Press. 635p. 
DOI:10.1046/j.13653059.1998.0223d.x. ISBN: 
0-12-04456. 

Ahoyo Adjovi NR, Djinadou AKA, Adegbola YP, Allagbe 
CM, Govoechan MH, Adjanohoun A, Mensah 
GA, 2013. Technologies améliorées de 
production, de conservation et de 
transformation du maïs existantes au Bénin. 
Document technique et d'information. pp. 1 40. 
Dépôt légal N° 6949 du 04novembre 2013, 
4ème trimestre 2013.ISBN:978–99919–1614–
9. Bibliothèque Nationale (BN) du Bénin. En 
ligne (on-line) surhttp://www.slire.net. 

Anderson S, 2002. The Relationship between nutrients 
and other elements to plant diseases. Tree 
Care Industry. pp. 26-32. 

Asea G, Vivek BS, Lipps PE, Pratt RC, 2011. Genetic 
gain and cost efficiency of marker-assisted 
selection of maize for improved resistance to 
multiple foliar pathogens. Mol Breeding 29, 
515–527. 

Badu-Apraku B. and Fakorede, MAB, 2017. Advances in 
Genetic Enhancement of Early and Extra-Early 
Maize for Sub-Saharan Africa. Springer 
International Publishing AG, DOI 10.1007/978-
3-319-64852-1_1. 

Bruulsema TW, Heffer P, Welch MR, Cakmak I, Moran 
K, 2012. Étude scientifique: Fertiliser les 
cultures pour améliorer la santé des hommes. 
IPNI, IFA. 290p. 

Chung CL, Poland J, Kump K, Benson J, Longfellow J, 
Walsh E, Balint-Kurti P, Nelson, R., 2011. 
Target discovery of quantitative trait loci for 
resistance to northern leaf blight and other 
diseases of maize. Theor Appl Genet. 123, 307-
26. 

Duveiller E and Dubin HJ, 2000. Helminthosporium leaf 
blight of wheat: integrated control and 
prospects for the future. In Proc. Int. Conf. 
Integrated Plant Disease Management for 
Sustainable Agriculture, New Delhi, 10-15 Nov. 
1997. 1, 575-579. 



Zinsou et al.,   J. Appl. Biosci. 2020        Effect of different potassium rates on the severity of Northern Corn Leaf Blight 
caused by Helminthosporium turcicum in North Benin 

15628 

Esele JPE, 1995. Foliar and head diseases of sorghum. 
Afr. Crop Sci. J 3, 185-189. 

FAO, IFA, IMPHOS, 2003. Les engrais et leurs 
applications: Précis à l’usage des agents de 
vulgarisation agricole Quatrième édition, 
version révisée. IFA Paris. 7632p. ISBN: 92-5-
104414-7. 

FAOSTAT, 2020. Statistique de la production du maïs. 
http://www.fao.org/faostat/fr/#data/QC. 
(Consulté le 19/03/2020). 

Geary B. and Jacobson D, 2016. The interaction 
between plant nutrition and disease: focus on 
Verticillium. Better Crops. 100, 25-27. 

Gregory S, 2004. Northern Corn Leaf Blight on Corn. 
Plant Disease: Pests and Crop 23, 4. 

Huber DM. and Thompson IA, 2007. Nitrogen and plant 
disease. In : Mineral nutrition and plant disease. 
Eds LE Datnoff, WH Elmer & DM Huber. The 
American Phytopathological Society, St Paul, 
Minnesota. 

Imrani N, Ouazzani Chahdi AL, Chliyeh M, Touati J, 
Ouazzini Touhami A, Benkirane R, Douira A, 
2014. Effet de la fertilisation par différents 
niveaux de NPK sur le développement des 
maladies foliaires du riz. J Anim Plant Sci 23, 
3601-3608. ISSN: 2071-7024. 

Ishfaq A, Dar ZA, Lone A, Ali G, Gazal A, Hamid B, 
Mohiddin FA, 2014. Disease reaction studies of 
maize (Zea mays L.) against turcicum leaf blight 
involving indigenously identified cytosterile 
source. Afr J Microbiol Res. 8, 2592-2597. 

Kate S, Azontonde AH, Dagbenonbakin GD, Sinsin B, 
2016. Effets des changements climatiques et 
des modes de gestion sur la fertilité des sols 
dans la commune de Banikoara au nord-ouest 
du Bénin. International Journal of Biological and 
Chemical Sciences 10, 120-133. 

King SB. and Mukuru SZ, 1994. An overview of sorghum 
finger millet and pearl millet in Eastern Africa 
with special attention to diseases. Breeding for 
disease resistance with emphasis on durability, 
Danial DL, éd. Wageningen, 
Netherlands:Wageningen Agricultural 
University. pp 24-34. 

Mehta YR, 1993. Spot blotch. In Mathur, SB, Cunfer, BM 
(Eds.), Seed borne diseases and seed health 
testing of wheat. Copenhagen, Denmark, 
Jordburgs for laget. pp. 105-112. 

Nwanosike MRO, Mabagala RB, Kusolwa PM, 2015. 
Disease Intensity and Distribution of 
Exserohilum turcicum incitant of Northern Leaf 

Blight of Maize in Tanzania, International 
Journal of Pure and Applied Bioscience 3, 1-13. 
http://dx.doi.org/10.18782/ 2320-7051.2086. 

Paliwal RL, Granados G, Lafitte HR, Violic AD, Marathée 
J-P, 2002. Le maïs en zones tropicales: 
amélioration et production Collection FAO. 
Production végétale et production des plantes 
n° 28. 78p. ISSN 1014-305X. 

Pant SK, Kumar P, Chauhan VS, 2001. Effect of 
Turcicum Leaf Blight on photosynthesis in 
maize. Indian Phytopathology. 54, 251-252. 

Ramathani I, 2010. Characterisation of Turcicum leaf 
blight epidemics and pathogen populations in 
the Exserohilum turcicum– sorghum 
pathosystem of Uganda. A thesis submitted to 
the school of graduate studies in partial 
fulfilment of the requirements for the award of a 
Master of Science degree in crop science of 
Makerere University. pp 1-138. 

Saari EE. and Prescott LM, 1975. A scale for appraising 
the foliar intensity of wheat diseases. Plant Dis. 
Rep. 59: 377-380.  

Sanogo S. and Yang XB, 2001. Relation of sand content, 
pH, and potassium and phosphorus nutrition to 
the development of sudden death syndrome in 
soybean. Can J Plant Pathol 23, 174-180. 

Santiago R, Barros-Rios J, Malvar RA, 2013. Impact of 
cell wall composition on maize resistance to 
pests and diseases. Int J Mol Sci 14, 6960-
6980. DOI:10.3390/ijms14046960.ISSN:1422-
0067. 

Shaner G. and Finney RE, 1977. The effect of nitrogen 
fertilization on the expression of slow mildewing 
resistance in Knox wheat. Phytopathology 67, 
1051-1056. 

Sharma P, 2002. Effect of Nitrogen, Phosphorus, Potash 
and Chloride on Helminthosporium leaf Blight 
and performance of wheat. M.Sc. Thesis, 
Department of Soil Science and Agri. 
Engeering, IAAS, Rampur, Chitwan, Nepal. 
82p. 

Sharma S, Duveiller E, Basnet R, Karki CB, Sharma RC, 
2005. Effect of potash fertilization on 
Helminthosporium leaf blight severity in wheat, 
and associated increases ingrain yield and 
kernel weight. Field Crop Res 93, 142–150. 

Sikirou R, 2014. Les maladies du maïs au Bénin. Atelier 
d’internalisation du Projet CNS-Maïs Chine, 
34p. INRAB/PPAAO, Dassa 23-24 Mai 2014, 
Bénin. 



Zinsou et al.,   J. Appl. Biosci. 2020        Effect of different potassium rates on the severity of Northern Corn Leaf Blight 
caused by Helminthosporium turcicum in North Benin 

15629 

Singh R, Srivastava RR, Ram L, 2012. Northern Corn 
Leaf Blight-An important disease of maize: An 
extension factsheet. Indian Research Journal of 
Extension Education 2, 239-241. 

Soule BG, Yerima B, Soglo A, Videgla E, 2008. Rapport 
diagnostic du secteur agricole du Bénin: 
Synthèse réalisée dans le cadre de la 
formulation du PNIA. ECOWAP/PDDAA. 124 p. 

Technow F, Bürger A, Melchinger AE, 2013. Genomic 
prediction of northern corn leaf blight resistance 
in maize with combined or separated training 
sets for heterotic groups. G3: Genes, 
Genomes. Genetics 3, 197-203. 

Tran VA. and Boko A, 1978. Procédures d’analyses 
physiques et chimiques des sols, eaux et 
végétaux, CENAP/INRAB: Agonkamey, 251p.  

Walters DR. and Bingham IJ, 2007. Influence of nutrition 
on disease development caused by fungal 
pathogens: implications for plant disease 
control. Ann Appl Biol 151, 307-324. 

Wisser RJ, Kolkman JM, Patzoldt ME, Holland JB, Yu J, 
Krakowsky M, Nelson RJ, Balint-Kurti PJ, 2011. 
Multivariate analysis of maize disease 
resistances suggests a pleiotropic genetic basis 
and implicates a GST gene. Proc Natl Acad Sci 
U S A. 108, 7339-44. 

Yeshitila D, 2003. Cloning and characterization of 
Xylanase genes from phytopathogenic fungi 
with a special reference to Helminthosporium 
turcicum the cause of Northern Leaf Blight of 
maize. Doctoral Thesis, University of Helsinki. 
85p. 

Zhang X, Fernandes SB, Kaiser C, Adhikari P, Brown PJ, 
Mideros SX, Jamann TM, 2020. Conserved 
defense responses between maize and 
sorghum to Exserohilum turcicum. BMC Plant 
Biol 20, 67. 

Zhu X, Reid LM, Woldemariam T, Voloaca C, Wu J-H, 
2011. Resistance breeding to northern corn leaf 
blight, Exserohilum turcicum, at Agriculture and 
Agri-Food Canada. 65th Northeastern Corn 
Improvement Conference, University of 
Delaware, Newark, DE, Canada, February 17-
18, 2011. 


