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Abstract

Fusarium wilt disease caused by Fusarium oxysporum f. sp. cubense (Foc) is a major
constraint in banana cultivation, and its development in the field is frequently associated with
improper nitrogen fertilization. However, information on how different nitrogen fertilizer rates
influence Fusarium wilt severity remains limited. This study aimed to evaluate the effect of varying
nitrogen doses on Fusarium wilt and growth of banana. The experiment was conducted under
laboratory and field conditions at the Horticulture Research Center of BRIN, Solok, Indonesia, using
a randomized block design with nine treatments and four replications. The treatments were
nitrogen with different rates (control, 100, 250, 400, and 550 kg ha™' year™), applied with and
without Foc inoculation. The results demonstrated that nitrogen fertilization enhanced vegetative
growth of banana plants under pathogen-free conditions. However, in Foc-infected plants,
increasing nitrogen rates—particularly at high levels—exacerbated disease development. High
nitrogen rates (400-550 kg ha™' year™) accelerated symptom appearance, indicated by shorter
incubation periods, and increased disease severity. In contrast, a moderate nitrogen rate (250 kg
ha™ year™) delayed symptom development and reduced disease severity, although it did not
prevent infection. These findings suggest that excessive nitrogen fertilization increases Fusarium
wilt severity, while moderate nitrogen application may help suppress disease progression.
Therefore, nitrogen management in Fusarium wilt—endemic banana production areas should
prioritize moderate nitrogen rates and avoid excessive fertilization as part of an integrated and
sustainable disease management strategy.
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Introduction cultivated area, and geographical distribution.
This crop is widely cultivated throughout the
country and exhibits a high diversity of types
and varieties (Kusumah et al., 2023; Sutriana,
2025). Globally, Indonesia ranks as the third-

Banana (Musa sp.) is one of the most
essential  horticultural commodities in
Indonesia, playing a significant role in national
food security in terms of production volume,
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largest banana-producing country after India
and China (FAOSTAT, 2023). In addition to its
economic value, the banana is a vital staple
food commodity, alongside rice, due to its
relatively complete nutritional content
(Hardini et al., 2022).

One of the significant constraints in
banana cultivation is Fusarium wilt disease
caused by Fusarium oxysporum f. sp. cubense
(Foc) (Sulyanti et al., 2018; Dita et al., 2018;
Siamak and Zheng, 2018; Rocha et al., 2020;
Yan et al., 2023; Chen et al., 2024). This soil-
borne pathogen is highly destructive and can
cause severe damage to banana plants within
a relatively short period, resulting in significant
yield losses (Handayani et al., 2018; Ishak and
Jumjunidang, 2024). Fusarium wilt has been
reported for over five decades in Asia, Africa,
Australia, and the tropical regions of the
Americas (Hwang and Ko, 2004). It is currently

widespread across all major banana-
producing areas in Indonesia (Maryani et al.,
2019).

Based on pathogenicity to specific
banana genotypes, Foc is classified into four
races, among which race 4 is considered the
most virulent because it is capable of infecting
nearly all cultivars susceptible to races 1 and 2
(Nasir and Jumjunidang, 2003; Jumjunidang
and Riska, 2011; Ploetz, 2015). In addition to
race classification, Foc populations are also
categorized according to vegetative
compatibility groups (VCGs). To date, 24 VCGs
have been identified worldwide, with 15 VCGs
reported in Asia (Mostert et al., 2017) and 10
VCGs documented in Indonesia (Hermanto et
al., 2011). This high genetic and pathogenic
diversity contributes to the difficulty of
managing Fusarium wilt, explaining the
limited effectiveness of current control
strategies.

Various approaches to manage Fusarium
wilt have been explored, including improving
plant health and vigor through appropriate
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nutrient management. Plants require at least
13 essential nutrients for growth and
development, consisting  of  primary
macronutrients (N, P, and K), secondary
macronutrients (Ca, Mg, and S), and
micronutrients (Fe, Mn, Zn, Cu, B, Mo, and Cl).
As a primary macronutrient, nitrogen plays a
critical role in chlorophyll formation and the
synthesis of amino acids and proteins, thereby
strongly influencing vegetative growth
(Pandiangan et al.,, 2017). Nitrogen
requirements vary depending on plant species
and growth stages; nitrogen deficiency leads
to stunted growth and pale green leaves,
whereas excessive nitrogen application may
inhibit flowering and yield formation (Anwar,
2014; Tando, 2019).

Numerous studies on different crops
have demonstrated that nitrogen fertilization
affects not only plant growth but also disease
development. Rolanda et al. (2021) reported
that appropriate nitrogen rates promoted
optimal growth in mustard plants, whereas
excessive nitrogen fertilization in maize
increased damage caused by pests and
diseases, leading to lodging due to excessive
vegetative growth (Nainggolan et al., 2016). In
rice, high nitrogen application has been shown
to increase the severity of blast disease
(Ariyani et al.,, 2020; Huang et al.,, 2017).
Conversely, in wheat, increased nitrogen
fertilization has been found to exacerbate the
severity of rust disease (Devadas et al., 2014).
These findings suggest that nitrogen
availability plays a crucial role in modulating
disease dynamics, particularly in terms of
disease development rate and severity.

According to fertilizer recommendations
issued by the Indonesian Soil Research
Institute (Balai Penelitian Tanah, 2021),
optimal banana growth requires
approximately 525 kg ha™ yr™ of urea, 300-
500 kg ha™" yr™' of SP-36, and 375-500 kg ha™'
yr' of KCl. In other banana-producing
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countries such as Australia, the recommended
nitrogen fertilizer rate is approximately 250 kg
ha™ yr' (Orr et al.,, 2022). These fertilizer
recommendations are generally applied to
maximize productivity, leading farmers to use
relatively high nitrogen rates. However,
accumulating  evidence indicates that
excessive nitrogen fertilization may increase
plant susceptibility to diseases.

Although the relationship between
nitrogen fertilization and plant diseases has
been widely documented in various crops,
information regarding the effects of different
nitrogen fertilizer rates on the dynamics of
Fusarium wilt severity in banana remains
limited, particularly in relation to disease
incubation period and disease severity.
Therefore, this study aimed to evaluate the
dynamics of Fusarium wilt severity in banana
plants as affected by different nitrogen
fertilizer rates, with the expectation of
providing a scientific basis for optimizing
nitrogen management in areas endemic to
Fusarium wilt.

Methods

The study was conducted from August
to December 2024 at the shared laboratory
and experimental field of the Horticulture
Research Center, National Research and
Innovation Agency (BRIN), Lubuk Sikarah
Subdistrict, Solok City, West Sumatra,
Indonesia.

Research Design

The study used a randomized complete
block design (RCBD) consisting of nine
treatments with four replications. Each
experimental unit comprised five banana
plants, resulting in 20 plants per treatment.
Treatments consisted of different nitrogen
fertilizer rates (Nitrogen was applied as urea
with 46% N), with and without inoculation of
Foc: A =100 kg N ha™ yr™ (365.20 mg plant™
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per 2 weeks), B = 250 kg N ha™ yr™ (913 mg
plant™ per 2 weeks), C = 400 kg N ha™ yr™’
(1,460.8 mg plant™ per 2 weeks), D =550 kg N
ha™ yr'(2,008.6 mg plant™ per 2 weeks), E =
A+ Foc, F=B+Foc,G=C+ Foc, H=D + Foc,
and | = 0 kg N + Foc (inoculated control).
Phosphorus and Potassium fertilizers were
applied routinely at recommended rates; P =
55 kg ha™'yr"and K =650 kg ha™ yr™.

Plant and Growth Media Provision
Two-month-old tissue-cultured
Barangan Merah banana plantlets (4-5 fully
expanded leaves) were used after
acclimatization. The  growth  medium
consisted of garden soil and cattle manure
mixed at a ratio of 3:1 (w/w). The mixture was
homogenized and filled into polybags (4 kg per
polybag). Plantlets were transplanted into the
prepared medium and maintained for two
weeks prior to the first nitrogen application.

Foc isolate and inoculum preparation

The Foc isolate used in this study was a
BRIN Horticulture Research Center collection,
i.e., tropical race 4 (TR4) with VCG 01213/16,
maintained on sterile filter paper. Inoculum
was mass-produced using millet (Setaria
italica) medium following the method of
Warman and Aitken (2018) with minor
operational adjustments. The isolate was first
regenerated on potato dextrose agar (PDA)
and incubated at 25 + 1 °C for 7 days to obtain
an actively growing colony. Millet grains were
soaked overnight, drained, and sterilized by
autoclaving at 121 °C for 20 min on two
consecutive cycles. After cooling, sterile millet
was inoculated aseptically with a ~5 mm
mycelial plug taken from the colony margin of
the 7-day-old PDA culture, using one plug per
100 g millet. The inoculated millet was
incubated at 25 + 1 °C for approximately 14
days until the fungus uniformly colonized the
substrate. The colonized millet was then
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aseptically crumbled and used as Foc
inoculum for soil application.
Fertilizer Application

The first nitrogen application was

conducted two weeks after transplanting.
Subsequent applications were performed at
two-week intervals for four months. Nitrogen
was applied by dissolving the fertilizer
together with the routine P and K fertilizers in
water and pouring the solution into a shallow
circular furrow made around the plant base
(approximately 5 cm from the pseudostem).

Pathogen Inoculation

Foc inoculation was carried out four
weeks after the first nitrogen application.
Inoculum was placed at three points around
each plant by making three holes (4-5 cm
depth) using a small spoon. Approximately 15
mL of Foc propagules mixed with colonized
millet medium was applied per plant
(distributed across the three holes), and the
holes were covered again with soil. Plant
maintenance was performed optimally,
including watering, weeding, soil loosening,
and adding medium if necessary; pests were
controlled when observed.

Variables Observed
Plant height (cm)

Plant height was measured from 1 cm
above the soil surface to the highest point of
the pseudostem (up to the junction of the two
youngest leaves) using a ruler/tape measure.
A stake was used as a measurement
reference. The variable analyzed was plant
height increment (final minus initial height).

Number of leaves (leaves)

The number of leaves counted included
all functional, fully expanded leaves. The
variable analyzed was leaf number increment
(final minus initial number).
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Pseudostem circumference (cm)
Circumference was measured at 1 cm
above the soil surface (aligned with the
reference stake) using a measuring tape. The
variable analyzed was circumference
increment (final minus initial circumference).

Incubation period (days)

The incubation period was defined as
the time from inoculation to the first
appearance of Fusarium wilt symptoms.
Symptoms were characterized by yellowing at
the margins of older leaves followed by
progression to younger leaves. Observations
were recorded daily until initial symptoms
were detected.

Disease incidence (%)
Disease incidence was recorded weekly
and calculated as:

P=2
2
where P = disease incidence (%), T1 = the

number of infected plants, and T2 = the total
number of observed plants.

Disease severity (%)

Disease severity was assessed weekly
based on the proportion of leaves showing
wilting/yellowing symptoms and calculated
as:

I=21%100
D,
where | disease severity (%), D1 = the

number of symptomatic leaves, and D2 = is the
total number of observed leaves.

Plant growth variables (height, leaf
number, and pseudostem circumference)
were measured every two weeks, starting one
day after the first nitrogen application, and
continued until the end of the observation
period.

Data Analysis
All variables were subjected to analysis
of variance (ANOVA). When significant effects
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were detected, means were separated using a
Tukey test at the 5% significance level.

Results

Vegetative Growth

Based on Table 1, nitrogen application
significantly affected the vegetative growth of
banana plants, as indicated by variations in
plant height, pseudostem circumference, and
leaf number. In banana plants not inoculated
with Foc, increasing nitrogen rates enhanced
vegetative growth, with the highest values
generally observed at nitrogen levels of 250—
550 kg ha™? yr'. In contrast, growth
parameters were consistently reduced in Foc-
inoculated plants across all nitrogen
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treatments. At equivalent nitrogen rates, Foc-
infected plants exhibited lower plant height,
smaller pseudostem circumference, and fewer
leaves than non-inoculated plants.

Increasing nitrogen supply did not
compensate for growth suppression in Foc-
infected plants. High nitrogen applications
(400-550 kg ha™ yr™") failed to improve
vegetative growth and were associated with
the lowest growth performance. Conversely,
Foc-inoculated plants receiving a moderate
nitrogen rate (250 kg ha™ yr™) exhibited
relatively better vegetative growth compared
with plants receiving lower or higher nitrogen
rates.

Tabel 1. Vegetative growthof Barangan Merah banana plants under different nitrogen fertilizer
rates at three months after Foc (Fusarium oxysporum f. sp. cubense) inoculation.

Nitrogen rate Plant height (cm)

circumference (cm)

Leaf number (leaves)

100 kg N ha™ yr™ 36.44b
250 kg N ha " yr™ 42.74a
400 kg N ha'yr™’ 43.12a
550 kg N ha™" yr™ 44.05a
100 kg N ha™ yr™ + Foc 25.66¢
250 kg N ha™ yr™" + Foc 29.25¢
400 kg N ha'yr™ + Foc 26.21c
550 kg N ha™yr™" + Foc 24.11c
Foc (control) 25.66¢c

14.91abc 12.87ab
16.95a 13.37a
15.93ab 13.25a
15.58abc 13.25a
13.21cd 12.25bc
14.64abc 13.31a
14.29bcd 12.75ab
12.21d 11.62c
13.21cd 12.25bc

Notes: Numbers in the same column sharing the same lowercase letter indicate no significant

difference according to Tukey’s test at a = 0.05

Incubation Period

Based on Table 2, the incubation period
of Fusarium wilt was not observed in non-
inoculated banana plants across all nitrogen
treatments, indicating that symptom
development was exclusively associated with
Foc infection. In contrast, nitrogen application
had a significant effect on the incubation
period in Foc-inoculated plants. High nitrogen
application (550 kg N ha™ yr™) resulted in the
shortest incubation period, with initial
symptoms appearing at 34.0 days after
inoculation, and this value differed
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significantly from that observed under
moderate nitrogen application (250 kg N ha™
yr™'), which exhibited the longest incubation
period (50.8 days).

Plants receiving low to intermediate
nitrogen rates (0-400 kg N ha™ yr™) showed
intermediate incubation periods that were not
significantly different from one another.
These results indicate that nitrogen
availability influences the rate of disease
development rather than the occurrence of
infection, with excessive nitrogen accelerating
symptom expression, whereas moderate
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nitrogen application delays the onset of incidence regardless of nitrogen fertilizer rate,
Fusarium wilt symptoms. indicating that nitrogen application did not
influence the occurrence of infection (Table 2,
Figure 1). In contrast, disease severity differed
significantly among nitrogen treatments. The
highest disease severity was observed in
plants receiving the highest nitrogen rate (550
kg N ha™'yr™ + Foc), reaching 83.83%, whereas
the lowest severity was recorded at the

Table 2. Incubation period of Fusarium wilt in
Barangan Merah banana plants under
different nitrogen fertilizer rates at three
months after Foc (Fusarium oxysporum f. sp.
cubense) inoculation

. Incubation period
Nitrogen rate

(day) : at

100 kg N ha" yr™ ~ Ir:noderz’cgellnllt'f/rogerlllrate of 250 .k.g N hT yr +
250 kg N ha™" yr™’ ~ Foc ( : o).' ants receiving low t(:
400 kg N ha™'yr~! o intermediate nitrogen rates (0-400 kg N ha~

R yr' + Foc) exhibited intermediate severity
550 kg N ha™ yr ~ ovels th oo o f
100 kg N ha™" yr~" + Foc 44.75 ab evelst ar: were not significantly different from
250 kg N ha™"yr" + Foc 50.80 a one another. ‘

P These results showed that nitrogen
400 kg N ha™'yr™' + Foc 42.44 b 1abil Sulated th _ )
550 kg N ha™" yr~ + Foc 34.00 ¢ availabi ity modu gte t' e progression an
Foc (control) 4338b severity of Fusarium wilt rather than the

incidence of infection. Excessive nitrogen
application intensified disease severity,
whereas moderate nitrogen application was
associated with reduced disease severity,
suggesting that appropriate  nitrogen
management may mitigate disease damage
without preventing pathogen infection.

Notes: Numbers in the same column sharing the
same lowercase letter indicate no significant
difference according to Tukey’s test at a = 0.05. (~)
= not tested

Disease Incidence and Severity
Based on Table 3, all banana plants
inoculated with Foc exhibited 100% disease

Table 3. Disease incidence and severity of Fusarium wilt in Barangan Merah banana plants under
different nitrogen fertilizer rates at three months after Foc inoculation

Perlakuan Disease incidence (%) Disease severity (%)

100 kg N ha " yr™ 0 0

250 kg N ha ' yr™! 0 0

400 kg N ha™yr™! 0 0

550 kg N ha™yr™ 0 0

100 kg N ha'yr™' + Foc 100 73.45ab
250 kg N ha™'yr™' + Foc 100 69.41b
400 kg N ha™yr™ + Foc 100 74.09ab
550 kg N ha™yr™' + Foc 100" 83.83a

Foc (control) 100 74.67ab

Notes: Numbers in the same column sharing the same lowercase letter indicate no significant
difference according to Tukey’s test at a = 0.05.
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Figure 1. Barangan Merah banana plants under the same nitrogen rate at three months after
inoculation; A. Without Foc ((Fusarium oxysporum f. sp. cubense) inoculation, B. with Foc inoculation

Discussion

The results indicated that increasing
nitrogen application generally enhanced
vegetative growth under non-infected
conditions, with optimal growth observed at
nitrogen rates of 250-550 kg N ha™ yr™.
However, all growth parameters declined
markedly at the same nitrogen rates when
plants were infected with Fusarium oxysporum
f. sp. cubense (Foc). Even increasing nitrogen
supply to high levels (400-550 kg N ha™ yr™)
failed to compensate for growth suppression
in infected plants and instead resulted in
reduced growth performance (Table 1). This
finding suggests that nitrogen promotes
vegetative growth only in the absence of
pathogen stress, whereas under Foc infection,
excessive nitrogen aggravates physiological
impairment rather than alleviating it.

This response is likely attributable to the
fact that excessive nitrogen promotes the
formation of succulent and nitrogen-rich
tissues, which are more susceptible to
colonization by vascular pathogens such as
Foc. Infection of the vascular system disrupts
xylem function, thereby impairing the
transport of water, gases, and nutrients within
the plant. Similar patterns have been reported
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in several crops, where high nitrogen
fertilization increased vegetative growth
under healthy conditions but enhanced

disease susceptibility when pathogens were
present (Nainggolan et al., 2016; Ariyani et al.,
2020; Li et al., 2021; Huang et al., 2024). In
banana, Zakaria et al. (2024) reported that Foc
infection significantly reduces plant height,
pseudostem  diameter, total biomass
production, and physiological performance,
and may ultimately lead to plant death.

At the cellular level, excessive nitrogen
availability has been shown to reduce
cellulose and lignin content in plant cell walls
(Zhang et al.,, 2017), thereby weakening
structural defenses against pathogen invasion.
Rapid cell division and elongation induced by
high nitrogen supply can result in thinner and
mechanically weaker cell walls, facilitating
pathogen penetration. Lignin plays a crucial
defensive role as a physical barrier restricting
pathogen entry, as emphasized by Lee et al.
(2019). These mechanisms likely contribute to
the reduced growth performance observed in
Foc-infected plants under high nitrogen input.

Nitrogen availability also influenced the
temporal development of Fusarium wilt. In
Foc-inoculated plants, the incubation period
was significantly affected by nitrogen
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fertilization, with excessive nitrogen input
(550 kg N ha™ yr") accelerating disease
development, whereas moderate nitrogen
application (250 kg N ha™ yr') delayed the
appearance of early symptoms (Table 2). From
a physiological perspective, high nitrogen
levels may create conditions favorable for
pathogen growth and systemic spread within
vascular tissues, leading to more rapid
symptom expression. Although information on
the effect of nitrogen on the incubation period
of Fusarium wilt in banana is still limited,
similar trends have been reported in other
crop—pathogen systems, where increased
nitrogen supply shortened incubation periods
and accelerated disease progression (Sharma
et al., 2020; Sun et al., 2020).

Despite clear effects on disease
progression, nitrogen application did not
influence disease incidence, as all inoculated
plants exhibited 100% infection regardless of
nitrogen rate. In contrast, disease severity
differed markedly among nitrogen treatments.
The highest disease severity was recorded
under high nitrogen application (550 kg N ha™
yr' + Foc), whereas the lowest severity
occurred at the moderate nitrogen rate (250
kg N ha™ yr' + Foc) (Table 3). This pattern
confirms that nitrogen does not determine
whether infection occurs, but rather
modulates the extent of disease development.

These findings are consistent with
previous reports, which indicate that nitrogen
fertilization has a minimal effect on disease
incidence but a significant influence on
disease severity (Mur et al., 2017; Sharma et
al., 2020; Sun et al.,, 2020). In addition to
weakening cell wall structure, excessive
nitrogen application can alter soil chemical
properties, including an increase in soil pH,
which may reduce the abundance and
diversity of antagonistic soil microorganisms
that contribute to disease suppression (Yang
et al., 2018; Orr et al., 2022). Such changes can
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promote pathogen accumulation and increase
disease pressure, ultimately disrupting the
regulation and maintenance of plant growth
and defense systems (Orr et al., 2022).

Conclusion

nitrogen fertilization enhanced
vegetative growth of banana plants under
pathogen-free conditions. However, in Foc-
infected plants, increasing nitrogen rates—
particularly at high levels—exacerbated
disease development. High nitrogen rates
(400-550 kg ha™ year™) accelerated symptom
appearance, indicated by shorter incubation
periods, and increased disease severity. In
contrast, a moderate nitrogen rate (250 kg ha™
year™) delayed symptom development and
reduced disease severity, although it did not
prevent infection. These findings suggest that
excessive nitrogen fertilization increases
Fusarium wilt severity, while moderate
nitrogen application may help suppress
disease progression. Therefore, nitrogen
management in Fusarium wilt—-endemic
banana production areas should prioritize
moderate nitrogen rates and avoid excessive
fertilization as part of an integrated and
sustainable disease management strategy.
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