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ENABSTRACT

Grain corn is the main source of feed for livestock in Malaysia,
especially chickens and pigs, as most of the livestock feed products
have a grain corn composition between 45% and 65%. To fulfil the
needs, Malaysia targets to reduce the importation of grain corn
from foreign countries such as Argentina, Brazil, the United
States, Thailand, Myanmar, Pakistan and Indonesia by achieving
a 30% national self-sufficiency rate (SSL) in 2040. Efforts in many
aspects, including research, have been put in. In this study, the
focus was given to the identification and control of fungal
pathogens that caused major diseases in grain corn. Monitoring of
the disease was carried out in a farmers' field at FELDA, Chuping,
Perlis. The effectiveness of in vitro control methods using chemical
fungicides showed the potential of Propiconazole to control the
growth of Bipolaris sp. and Curvularia sp. Field trial results also
showed Propiconazole significantly reduced the leaf spot diseases.
The results of this study will be shared in the Grain Corn
Cultivation Manual as a guide to grain corn entrepreneurs and
farmers to reduce the problem of fungal disease attacks that can
affectthe cropyield.
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1.INTRODUCTION

Grain corn is one of the important commodities for the livestock
industry in Malaysia. It is used as the main ingredient for animal
feed, especially ruminants, broiler chickens and pigs [1].
Malaysia imported almost 100% of grain corn to meet 3.7
million MT of grain corn based on the market demand, which is
equivalent to RM3.9 billion in 2020. To increase the production
of local grain corn and to reduce the value of imports, the
Malaysian Agricultural and Food Security Ministry (KPKM) has
set a target to achieve a 30% national self-sufficiency rate (SSL)
for grain corn by the year 2040.

Many efforts and studies are being carried out to assess its
potential. One important aspect to be concerned about is pests
and diseases. In Malaysia, a major threat to corn cultivation by
Fall armyworm (FAW) causes a large loss for the industry;
meanwhile diseases threat particularly by fungal is seem to be
insignificant. Nevertheless, under the unpredictable weather
nowadays, fungal disease could affect agricultural activities and
food production due to its pathogenic nature that could damage
plants. Fungus infects plants throughout the growing season,
especially under favourable environmental conditions.
According to [2], the weather conditions during the growing
season have a significant impact towards the severity of the
disease encountered by corn. The disease may occur in a certain
growth stage of the crop; as such, some may only appear during
the vegetative stage, while some appear during the tasselling
stage. Fungus can infect corn either through the seed, stalk or
foliar.

The type of foliar diseases depends on the favourable
environment surrounding the crops. Certain diseases prefer
warm and humid conditions while others prevail in cool and
humid conditions.

Bipolaris maydis was mentioned to cause maydis leaf blight or
southern maize leaf blight problems in Pakistan, India, Nepal,
Kampuchea, the Philippines, China, Indonesia, and Vietnam.
This disease has caused significant yield losses in cultivars that
are grown in high levels of subtropical or temperate germplasm
[3]. The disease could be observed as small and diamond-
shaped in the young lesions, but once they mature, the lesions
start to elongate and form into a rectangular shape. The disease
prefers hot and humid of which the maize-growing areas with
slightly hot temperatures could enhance the pathogenic fungus
spread easily to other crops [4].

Curvularia is another genus of fungi that can infect a variety of
crops, including grain corn. It is primarily associated with
diseases that affect corn plants, particularly in warm, humid
environments [5]. Its impact on corn is significant, leading to
yield reductions, quality degradation, and potential issues in
grain.

Lack of control over fungal disease may result in disastrous
economic consequences worldwide, as corn is one of the major
crops globally. According to [6], growers lose between 10 and 23
per cent of their crops to fungal infection each year. Hence, in
this study, the pathogenic fungus of grain corn needs to be
identified and undergo an efficient fungicide treatment to avoid
asevereloss ofthe corn grainyield.
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2.METHODOLOGY
Analysis of disease incidence and disease severity in grain
corn atfarmers'field
The observation of foliar diseases in the grain corn variety
P4546 was conducted at the upscaling plot, Chuping, Perlis,
Malaysia. To identify the susceptibility towards fungal disease,
the incidence percentage was calculated using the formula;
Disease incidence percentage = (symptomatic
plants/inventoried plant population) x 100. Meanwhile, disease
severity was visually rated based on the symptomatic area over
the total foliage of the plants as reported by [7], where 0 is no
infection, 1 is 1-25% infection, 2 is 26-50% infection, 3 is
51-75% infection, and 4 is 76-100% infection. The disease
severity index percentage was then calculated following the
below equation and statistically analysed using SAS 9.4.

Disease Severity Index (DSI), (%) = M x 100

’ (M x N)

Isolation of fungus from infected grain corn
The plant which was infected severely by a fungus disease, was
taken as a sample. The leaves were cut into tiny pieces in a
square shape and then washed with 10% Clorox, followed by
70% ethanol. The sample were then washed with sterilised
distilled water three times to clean the impurities thoroughly
and air dried on filter paper. Finally, the samples were placed in
the centre of a Potato Dextrose Agar (PDA) plate and incubated
for seven days to promote the growth of fungi.

Microscopic observation of pathogenic fungus

The isolated fungus, which incubated for 7 days, was observed
for its morphology. In order to observe the spore, staining of the
fungus was carried out using methylene blue or lactophenol
solution. The staining was done by dropping a drop of the
staining solution on the glass slide. Then, a strip of Sellotape was
used to obtain the spores of the fungus by putting it on the
surface of the mycelia and slowly pulling it back up. The
Sellotape was then put on top of the staining solution on the
glass slide. Observation of spores was done using a light
microscope with amagnification of 40X and 10X.

Inhibition test on the effect of fungicides towards Bipolaris
sp.and Curvularia sp.

An in vitro antagonistic test was performed using a dual culture
diffusion assay in a CRD design twice with five replications. The
control of the growth of Bipolaris sp. and Curvularia sp. against
commercial fungicides, Mancozeb (ai: Maneb) and
Propiconazole (ai: Triazole), was evaluated using dual culture
diffusion assays. 50 pL of selected fungicide (prepared at a final
concentration recommended by the manufacturer) was placed
in a 6 mm well, which was located 30 mm from the margin of
potato dextrose agar (PDA) plates. Fresh-growing mycelium
from the seven-day plate of Bipolaris sp. and Curvularia sp. was
then cut (5 mm) with a scalpel and placed at a similar distance
from the fungicide but directly opposite. The plates inoculated
using distilled water as the antagonist served as the negative
control. The plates were then incubated at room temperature
for 7 days. The suppression zone was recorded by measuring the
radius of fungal mycelium growth in the platesondays 5, 6and 7.
Then, the suppression percentage (%) for each treatment was
calculated using the formula; Suppression (%) = (1 - Mean
growth in treatment / Mean growth in control) x 100.

Data was statistically analysed using SAS 9.4 software to
determine significant differences by Duncan's multiple range
test, P<0.05.

Evaluation of the effectiveness of fungicides towards
Bipolaris sp.and Curvularia sp.in the open field

The field testing was conducted at MARDI Serdang (2°59'04.2"N
101°42'16.3"E). The grain corn was planted at a spacing of 75
cm x 20 cm. Each treatment consisted of 25 plants with three
replications and was laid out in a randomized complete block
design (RCBD). The plants were irrigated regularly using a
sprinkler system. Plot preparation, fertilizer and pesticides in
this study were used according to the standard procedure for
grain corn established.

The fungicide treatment (mancozeb and propiconazole) was
applied using the spraying technique at 26 days and 47 days
after planting. Grain corn without any treatment was used as the
control plant. The incidence and severity assessment for leaf
spot diseases was carried out at intervals of every two weeks.
The calculation for leaf spot disease incidence and severity
indexis as mentioned in the earlier section.

RESULTS AND DISCUSSION

Incidence and severity of fungal disease in grain corn at
farmers' field

Leaf spot disease caused by fungi was evaluated significant
being the major disease in grain corn variety P4546 at the
farmers' field. The fungus infects corn through seeds, foliage and
stalks. Curvularia leaf spot disease is likely to occur during the
vegetative growth of grain corn approximately 14 to 30 days
after sowing. The leaf spot symptoms can be seen as a circular
spotsurrounded by a yellow circle, sized 1 mm-2 mm (Figure 1).
Initial symptoms usually occur on the firstleaf and then develop
on the upper leaves. The isolated fungus was identified as
Curvularia sp. based on the morphology and microscopic
observation. Curvularia sp. showed a woolly colony and
olivaceous green circular margin morphology when observed
from the top of a PDA Petri plate, while a circular form of brown
pigment could be seen from the bottom side. Microscopic
observation showed a septate hypha with oval macroconidia
(Figure 2). Based on the field observations the percentages of
incidence and severity for Curvularia disease in variety P4546
were 50.25+28.25and 23.47 + 13.67, respectively.

Another symptom of leaf spot disease was observed as a lesion
with a rectangular shape (Figure 3). Fungal morphology and
microscopic observation identified the pathogenic fungus as
Bipolaris sp. The fungal morphology displayed of a cottony
colony with a greyish to dark grey center and margin when
observed from the top of the Petri plate while an irregular form
with black undulate margin could be seen from the bottom side
of the Petri plate. Microscopic observation showed a septate
hypha with straight or slightly curved canoe shaped
macroconidia (Figure 4). The incidence and severity of Bipolaris
leaf spotwere57.91+16.74and 15.77 + 5.10 respectively.
These diseases are likely to develop in a conducive environment
around the plant especially in high temperature, high humidity,
and frequent rainfall [8]. We noticed the symptoms of leaf spot
as early as 14 days after infection of which then caused severe
infection in grain corn. Leaf spot disease has been reported to
significantly threaten and cause severe losses in corn grain
yields in other countries as it could destroy the foliage quickly
especially when corn grain reaches maturity [9].
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Figure 2. Fungus Curvularia sp. (A) Morphology on PDA media; (B) Microscopic
observation with 40X magnification and (C) Microscopic observation with 10X
magnification

Figure 4. Fungus Bipolaris sp. (A) Morphology on PDA media; (B) Microscopic
observation with 40X magnification and (C) Microscopic observation with 10X
magnification.

Invitro suppression analysis on the effect of fungicides towards Bipolaris sp.and Curvularia sp.

The detection of fungal diseases in farmers' grain corn field indicated the importance of early control measures in avoiding severe
effects to the plant. When leaf spot diseases are severe, fungicides serve as the primary control method [10]. In this study, the
antifungal efficacy of propiconazole varied significantly between Bipolaris sp. and Curvularia sp. after a 7-day incubation period.
Curvularia sp. exhibited high sensitivity to the treatment, resulting in a radial growth suppression of 63.06% while Bipolaris sp.
demonstrated a much higher tolerance to the fungicide, displaying a substantially lower growth suppression rate of 32.17%. The
differential susceptibility corresponds to a noticeably lesser mycelial expansion on the Curvularia sp. assay plates compared to the
Bipolaris sp. (Table 1). Regardless of the suppression in different fungal species, propiconazole performed better than Mancozeb in
the in vitro analysis. Triazoles penetrate fungal tissue to actively disrupt intracellular ergosterol pathways by targeting the sterol
14a-demethylase enzyme [11, 12]. The active ingredient propiconazole is widely documented in chemical and agronomic literature
for its dual-action (preventive and curative) capabilities. According to [13], azoxystrobin and propiconazole were more effective
when applied to maize after the flowering stage.

Conversely, mancozeb shows limited radial growth restriction against growing mycelial plugs on an agar. The assay plate with
mancozeb treatment showed a low growth suppression rates observed for both Curvularia sp. (15.29%) and Bipolaris sp. (13.99%).
Mancozeb is a broad-spectrum, non-systemic thiocarbamate fungicide belonging to FRAC Group M3. Mancozeb functions strictly asa
surface protectant to prevent spore germination rather than penetrating active vegetative growth [14]. In that case, mancozeb is
likely to be prominently applied before the grain corn reaches tasseling stage.

Table 1. Suppression percentage (%) of Curvularia sp. and Bipolaris sp. mycelial growth that subjected to propiconazole and mancozeb chemical treatments. The treatment plate
(T) incomparison to control (C) placed side by side after 7 days of incubation.

Fungicide Mode of Action Curvularia sp. suppression Bipolaris sp. suppression
(%) (%)
CT CT

Systemic / Ergosterol

Propi 1 ’ ) o
ropiconazole Biosynthesis Inhibitor

63.06 % 3217 %
CT CT

Contact / Multi-site

Mancozeb Protective Inhibitor

15.29% 13.99%
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Effectiveness of fungicides towards Bipolaris sp. and
Curvularia sp.in open field

Further evaluation of the fungicide effectiveness in grain corn
variety P 4546 was tested at a hotspot area where leaf spot
fungus was potentially infected the plants naturally without
inoculation in Serdang Selangor. The propiconazole treated
plants showed a significantly lower average of leaf spot
incidence (33.0%) and severity (8.41%) compared to the
mancozeb and control treated plants (Figure 5). Propiconazole
isabsorbed across theleaf cuticles and translocated upward and
outward within the xylem to safeguard newly emerging foliage
from high pathogen pressure. This is supported by [15], who
found PropiconazolePro® provided better control and resulted
in trees with highest concentrations of propiconazole in their
xylem. This systemic fungicide actively suppresses latent
vegetative hyphae of leaf spot fungus that establish within the
mesophyll layer before visible lesions erupt. Figure 6a shows
the least infected of grain corn plants at 60 days after treatment
with propiconazole in open field.

i ii
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20 b I 1

10 I

Disease incidence average (%)
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S
—

Disease severity average (%)
IS
S

Propiconazole Mancozeb Control Propiconazole Mancozeb  Control

Treatment Treatment

Figure 5. The effect of leaf spot incidence (i) and severity (ii) in grain corn variety
P4546 applied with different treatment. Error bars represent the standard error of
the mean (SEM).

In contrast, the plants that treated with contact fungicide
(mancozeb) showed a similar level of incidence (>50%) and
severity (>10%) to the untreated plants (Figure 5). Figures 6b
and 6¢ show the infected grain corn plants at 60 days in open
field after treated with mancozeb and untreated respectively.
When applied by spraying at 26 and 47 days after planting,
mancozeb forms a protective film strictly on existing leaf
surfaces but unable to protect the newly emerged tissue against
Curvularia or Bipolaris conidia. Furthermore, mancozeb is
unstable in water and is rapidly decomposed in the presence of
light, heat and moisture [16]. Based on the findings, therefore
mancozeb is suggested to be applied more as a field preventative
designed to stop baseline spore germination before fungal
attachment occurs rather than curative for fungal disease
managementin grain corn.

Figure 6. The grain corn plants treated with propiconazole (a), Mancozeb (b) and
untreated (c) in open field.

CONCLUSION

In vitro suppression analysis and effectiveness evaluation of
fungicides towards Curvularia sp. and Bipolaris sp. in an open
field demonstrated that propiconazole; a systemic fungicide is
essential to be used against leaf spot diseases rather than
mancozeb in high-canopy, fast-growing crops like grain corn.

ACKNOWLEDGEMENT

This study was funded by The Ministry of Agriculture and Food
Security under Special project (K-RM167). Author would like to
express her gratitude to all who are directly and indirectly
involved in this study.

REFERENCES

1. Rosali, M. H,, Rabu, M. R, Adnan, M. A. and Nor, N. A. A. M. (2019). An
overview of the grain corn industry in Malaysia. FFTC Agricultual
Policy Platform (FFTC-AP). https://ap.fftc.org.tw/article/1377

2. Robertson, A. E. (2021). Update on corn diseases and fungicide
decisions in Iowa. Integrated Crop Management News, lowa State
University Extension and Outreach.
https://crops.extension.iastate.edu/post/update-corn-diseases-
and-fungicide-decisions-iowa.

3. Sharma, R, De Leon, C., Payak, M. (1993). Diseases of maize in South
and South-East Asia: problems and progress. Crop protection.
1993:12:414-422.

4. The CIMMYT Maize Program. (2004). Maize Diseases: A Guide for
Field identification. 4th edition. Mexico, D.F.: CIMMYT.
5. Wang, S., Ly, Z, Lang, B, Wang, X,, Li, Y., Chen, J. (2022). Curvularia

lunata and Curvularia Leaf Spot of Maize in China. ACS Omega. 2022
Dec 14;7(51):47462-47470. doi: 10.1021/acsomega.2c03013.
PMID:36591195; PMCID: PMC9798514.

6. Matos, D., Cardoso, P, Almeida, S., Figueira, E. (2024). Areview on late
wilt disease control strategies. Fungal Biology Reviews Volume 50
100396.1SSN 1749-4613.
https://doi.org/10.1016/j.fbr.2024.100396.

7. Rajput, N.A,, Pathan M,, Jiskani M.M., Rajput A.Q., Arain R.R. (2008).
Pathogenicity and host range of Fusarium solani (Mart.). Sacc.
Causing dieback of shisham (dalBergia Sissoo RoxB.). Plant Pathol. 40
(1):2631-2639.

8. Liang, B, Li, D,, He, L., Dong, H., Wang, L., Chen, L., Liu, K., & Wang, P.
(2026). Maize Diseases in Northeast China: Current Status and
Emerging Threats. Agriculture, 16(2), 249.
https://doi.org/10.3390/agriculture16020249

9. Manandhar, G., Ferrara, G.O., Tiwari, T.P, Baidya, S., Bajracharya,
A.S.R., Khadgee, B.R.,, & Narro, L. (2011). Response of maize
genotypes to gray leaf spot disease (Cercospora zeae-maydis) in the
hills of Nepal. Agronomy Journal of Nepal, 2,93-101.

10. Yin, H., Yang, Z., Gao, J. etal. (2026). Comprehensive analysis of species
diversity, pathogenicity, and fungicide efficacy of helminthosporioid
fungi associated with leaf spot diseases on minor cereal crops.
Phytopathol Res 8,41.
https://doi.org/10.1186/s42483-026-00431-y

11. Hull, C. M,, et al. (2012). Multiple routes to fungicide resistance:
Interaction of Cyp51 and efflux systems. PMC Microbiology, 14,
201-211.Source Link.

12. McKay, A. H., Forster, H., and Adaskaveg, J. E. (2012). Efficacy and
application strategies for propiconazole as a new postharvest
fungicide. Plant Disease, 96(2), 235-242.

13. Pusztahelyi, T, Radocz, L., Gellerti, C. S., Kovacs, S., Szabo, Z., Pocsi, 1.
and Vad, A. (2017). Effect of Preventive and Curative Fungicide
Treatment on Fusarium proliferatum Infected Maize - A Field Trial.
Acta Phytopathologica et Entomologica Hungarica 52 (1), pp. 29-38
(2017)DOI:10.1556/038.52.2017.015

14. Anita, S. H, Nurhayat, 0. D., Zulfiana, D., Putra, L.P, Yanto, D. H. Y (2024).
Effect of contact-pesticide mancozeb on the growth, enzyme
production, and morphology of white-rot fungi isolated from Berbak-
Sembilang, Indonesia. Intl] Agric Biol 31:147-154

15. Navia-Urrutia, M., Sendoya-Corrales, C. A, Crane, J. H,, & Gazis, R.
(2023). Reevaluation of the Application Method and Efficacy of
Propiconazole in Controlling Laurel Wilt in Avocado Orchards in
South Florida. HortTechnology, 33(5), 425-436.
https://doi.org/10.21273 /HORTTECH05232-23

16. Fernandez, O. L., Yanez, R, Rial-Otero, R., Simal-Gandara, J. (2016).
Kinetic modelling of mancozeb hydrolysis and photolysis to
ethylenethiourea and other by-products in water. Water Research
Volume 102,2016.Pages 561-571.1SSN 0043-1354.
https://doi.org/10.1016/j.watres.2016.07.006.

04.

https://microjournal.researchfloor.org/


https://microjournal.researchfloor.org/
https://microjournal.researchfloor.org/
https://ap.fftc.org.tw/article/1377
https://crops.extension.iastate.edu/post/update-corn-diseases-and-fungicide-decisions-iowa
https://crops.extension.iastate.edu/post/update-corn-diseases-and-fungicide-decisions-iowa
https://doi.org/10.1016/j.fbr.2024.100396
https://doi.org/10.3390/agriculture16020249
https://doi.org/10.1186/s42483-026-00431-y
https://doi.org/10.21273/HORTTECH05232-23
https://doi.org/10.1016/j.watres.2016.07.006

	Page 1
	Page 2
	Page 3
	Page 4

