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ABSTRACT 
Fusarium head blight (FHB), primarily caused by Fusarium graminearum, poses a serious 
threat to wheat productivity and grain quality in Ethiopia. This study evaluated the interaction 
effects of wheat variety and fungicide treatment on FHB incidence, severity, 
Fusarium-damaged kernels (FDK), thousand kernel weight (TKW), hectoliter weight (HLW), 
and grain yield (Yld) under field conditions. The experiment was arranged as a factorial in a 
randomized complete block design (RCBD) with varieties (Daka, Danda’a’a, Kingbird, and 
Wane) and fungicide treatments (Acanto Plus, Nativo, Natura, Tilt, and untreated control). 
Data were subjected to analysis of variance and mean comparison using LSD (P ≤ 0.05). 
The results showed significant interactions between variety and fungicide for most traits. The 
lowest disease incidence and severity, and lowest FDK, were achieved by Natura on Daka 
and Danda’a’a, which also produced the highest yields (4,320.26 kg/ha and 4,266.92 kg/ha). 
Acanto Plus, Tilt, and Nativo offered moderate protection relative to control. Among varieties, 
Daka exhibited the lowest disease pressure, highest kernel weights, and highest yield in 
many treatments. Disease suppression by fungicides translated into improved TKW and 
HLW, with strong relationships between disease metrics and yield loss. This study indicates 
that combining moderately resistant varieties such as Daka, Danda’) with effective fungicide 
treatments such as Natura or Nativo can mitigate FHB losses in Ethiopia. Future work should 
quantify economic returns, mycotoxin levels, and multi-season stability. 
 
KEY WORDS 
Fusarium head blight, fungicide, variety, kernel weight, grain yield. 
 

Wheat (Triticum aestivum L.) is one of the most vital staple crops in Ethiopia, serving 
as both a dietary cornerstone and a source of livelihood for millions of smallholder farmers. 
The country ranks as the second-largest wheat producer in sub-Saharan Africa, and the crop 
contributes substantially to food and income security in highland agro-ecologies (Abate and 
Walelign, 2023; Tolera et al., 2021). Despite its expanding production and increasing 
demand, wheat productivity remains below its potential, largely due to biotic stresses such as 
rusts, septoria blotch, and Fusarium head blight (FHB), as well as abiotic constraints 
including drought and soil fertility depletion (Tadesse et al., 2022). Among these, Fusarium 
head blight has emerged as an increasingly important threat, particularly in the mid- to high-
altitude wheat-growing zones of Ethiopia. 

FHB is caused by a complex of Fusarium species, predominantly F. graminearum and 
F. culmorum, which infect wheat spikes during anthesis and early grain filling under warm 
and humid conditions (Wegulo et al., 2015; Boehm et al., 2022). The disease is notorious for 
causing both quantitative and qualitative yield losses. Infected spikes produce shriveled, 
lightweight kernels and suffer from reduced test weight and thousand kernel weight. More 
critically, FHB-contaminated grain often accumulates mycotoxins such as deoxynivalenol 
(DON) and zearalenone, which are harmful to humans and livestock (Lenc et al., 2023). 
These impacts collectively compromise market value, seed quality, and food safety. In 
Ethiopia, early reports have documented Fusarium species infecting wheat heads, with 
varying levels of disease incidence and severity depending on genotype and environment 

mailto:getnetmuche2014@gmail.com


RJOAS: Russian Journal of Agricultural and Socio-Economic Sciences 
ISSN 2226-1184 (Online) | Issue 5(173), May 2026 

10 

(Alemu et al., 2023; Getahun et al., 2024). Despite its increasing importance, FHB has 
historically received less attention compared to rusts, resulting in limited local information on 
its epidemiology and integrated management. 

The management of FHB remains challenging due to its polygenic nature and strong 
dependence on environmental factors. Host resistance is regarded as the cornerstone of 
sustainable disease management. However, complete resistance has not yet been identified 
among Ethiopian bread wheat cultivars, and available genotypes exhibit partial to moderate 
resistance levels (Alemayehu et al., 2020). As a result, chemical control using fungicides has 
become a critical component in reducing FHB intensity and associated mycotoxin 
accumulation. Triazole- and strobilurin-based fungicides have been shown to inhibit 
Fusarium growth and disease development when applied at key infection windows, 
especially during flowering (Nicholson et al., 2012; Brown et al., 2019). 

Nevertheless, fungicide efficacy is influenced by several interacting factors—varietal 
susceptibility, environmental conditions, spray timing, and product formulation (Lenc et al., 
2023). For instance, late applications or the use of highly susceptible varieties often result in 
limited control efficacy and inconsistent yield benefits. Therefore, the integration of host 
resistance and fungicide management offers a more robust and sustainable solution, 
minimizing both disease intensity and input costs (Boehm et al., 2022). 

In Ethiopia, only a few studies have explored integrated FHB management under field 
conditions. Mengesha et al. (2021) reported that combining moderately resistant wheat 
cultivars with well-timed fungicide sprays substantially reduced FHB severity and improved 
grain yield in southern Ethiopia. Similar findings were observed by Getahun et al. (2024), 
who demonstrated significant varietal differences in FHB susceptibility among popular 
Ethiopian wheat varieties such as Danda’a and Kingbird. Despite these promising results, 
region-specific data on the performance of fungicides and the resistance potential of new 
wheat varieties under local disease pressure remain limited. Given Ethiopia’s diverse 
agroecological zones and variable rainfall patterns, location-specific studies are essential for 
developing effective FHB management recommendations. 

Grain quality is another critical dimension of FHB impact. The disease reduces kernel 
weight and hectoliter weight and causes visible kernel damage that directly affects market 
acceptance. In addition, infected grain may contain elevated mycotoxin levels, which 
compromise food safety standards for both domestic consumption and export (Boehm et al., 
2022; Alemu et al., 2023). Thus, strategies that maintain grain quality while minimizing 
disease incidence are vital for ensuring wheat value chain resilience in Ethiopia. 

Therefore, this study was designed to evaluate the interactive effects of varietal 
resistance and fungicide treatments on Fusarium head blight (FHB) incidence, severity, and 
their associated impacts on kernel traits and yield components of bread wheat under 
Ethiopian field conditions. Specifically, it aimed to assess the efficacy of different fungicide 
treatments in reducing FHB incidence, severity, and kernel damage across wheat varieties; 
to quantify the impact of disease suppression on key grain quality parameters such as 
thousand kernel weight (TKW), hectoliter weight (HLW), and grain yield; and to identify 
effective variety–fungicide combinations that optimize disease management and grain quality 
in FHB-prone wheat production systems of Ethiopia. 
 

MATERIALS AND METHODS OF RESEARCH 
 

Field trials were conducted during the 2024 main growing season at Kulumsa and Lole 
Research Stations in Ethiopia, which are representative of major wheat-producing areas in 
the central highlands and are characterized by conditions favorable for Fusarium head blight 
(FHB) development (Abdissa et al., 2020). The experiments were arranged in a factorial 
combination within a randomized complete block design (RCBD) with three replications. The 
two factors evaluated were wheat varieties Daka, Danda’a, Kingbird, and Wane and 
fungicide treatments Acanto Plus, Nativo, Natura, Tilt, and an untreated control. Each 
treatment combination was randomly assigned within each block. Plot dimensions, row 
spacing, seeding rate, and other agronomic practices were managed according to the 
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national wheat production recommendations provided by the Ethiopian Institute of 
Agricultural Research (EIAR, 2020). 

Disease assessments were conducted at appropriate growth stages, primarily around 
mid to late grain fill, to evaluate the impact of treatments on Fusarium head blight (FHB) and 
grain quality. Fusarium head blight incidence (FHB Inc.) was determined as the percentage 
of wheat heads exhibiting FHB symptoms and was calculated using the formula: FHB Inc. = 
(Number of infected heads / Total number of heads assessed) × 100. Disease severity (FHB 
Sev.) was estimated as the average proportion of infected spikelets per head using a 
modified Hors fall-Barrett scale, where 0% indicates no infection, 1–5% very low, 6–10% low, 
11–20% low to medium, 21–30% medium, 31–40% medium to strong, 41–50% strong, 51–
60% strong to very strong, 61–70% very strong, and 71–100% extremely strong. The FHB 
severity index (FHB Index) was calculated as FHB Index = (FHB Inc. × FHB Sev.) / 100, 
providing a numerical representation of disease intensity within each plot (Stack & McMullen, 
2011; Scab USA, 2011). In addition, Fusarium-damaged kernels (FDK) were assessed as 
the percentage of kernels showing visual damage. Grain quality traits were also measured, 
including thousand kernel weight (TKW), recorded in grams on clean grain samples, and 
hectoliter weight (HLW), measured in kilograms per hectoliter using standard procedures. 
Grain yield (Yld) was determined from the harvested net plot area and expressed in 
kilograms per hectare. All data were collected at physiological maturity to assess the effects 
of wheat varieties and fungicide treatments on both disease parameters and grain yield and 
quality. 

Data were analyzed using two-way analysis of variance (ANOVA) with wheat variety 
and fungicide treatment as fixed factors. The analysis was performed using R statistical 
software. Mean comparisons were conducted using the Least Significant Difference (LSD) 
test at P ≤ 0.05. The coefficient of variation (CV), standard error (SE), and degrees of 
freedom were reported. Significant interactions were further explored through graphical 
representations and contrast analyses to interpret the effects of variety and treatment 
combinations. Correlation and regression analyses were employed to examine relationships 
among disease parameters and yield/quality traits. 
 

RESULTS OF STUDY 
 

The interaction between wheat variety and fungicide treatment was statistically 
significant (P ≤ 0.05) for Fusarium head blight (FHB) incidence, severity, Fusarium-damaged 
kernels (FDK), thousand-kernel weight (TKW), and hectoliter weight (HLW), and grain yield 
(Table 1). 

The lowest mean FHB incidence and severity were recorded in Daka treated with 
Nativo (30% and 11.67%, respectively) and Danda’a treated with Natura (30% and 8.33%, 
respectively). In contrast, the highest incidence (70%) and severity (up to 41.67%) were 
observed in Kingbird and Wane under untreated control conditions. These variations in 
disease intensity were reflected in yield performance: the highest yields (4,320.26 kg ha⁻¹ 
under Natura with Daka and 4,266.92 kg ha⁻¹ under Natura with Danda’a) were consistently 

associated with lower disease levels. 
Nativo treatment with Danda’a produced the greatest TKW (48.16 g), whereas HLW 

values were maximized under both Nativo and Natura treatments (70–72 kg hl⁻¹). 
Conversely, untreated Kingbird and Wane had the poorest kernel development (TKW = 
35.69 g) and reduced yield (< 3,300 kg ha⁻¹). Overall, Natura and Nativo treatments on Daka 

and Danda’a provided the most effective suppression of FHB, coupled with superior yield 
and kernel quality. Acanto Plus and Tilt showed intermediate efficacy relative to the 
untreated control. 

Significant varietal differences were observed in FHB development and yield response 
(Table 2). Daka exhibited the lowest mean incidence (42%) and the highest yield (3,787.5 kg 
ha⁻¹), indicating inherent resistance or tolerance. Kingbird recorded the highest FHB 
incidence (62%), lowest TKW (37.04 g), and lowest yield (3,246.9 kg ha⁻¹). Wane also 

showed high FHB severity (25.67%) and high FDK (31.97%), confirming its susceptibility. 
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Table 1 – Effect of interaction between fungicides and Wheat varieties on fusarium head blight 
management and agronomic traits 

 

Treatment FHB Inc. FHB Sev. TKW HLW FDK Yld 

Acanto plus:Daka 40
fg
 15.83

defgh
 44.07

cde
 69.45

abc
 14.77

efg
 3542.88

cde
 

Acanto plus:Danda 42.5
fg
 17.5

cdefg
 46.99

ab
 63.67

cde
 20.65

cde
 3403.23

cdef
 

Acanto plus:Kingbird 60.83
abcd

 17.5
cdefg

 37.97
hi
 63.54

cde
 15.1

efg
 3255.55

def
 

Acanto plus:Wane 60
bcd

 22.5
cde

 40.95
fg
 67.63

abcd
 26.9

c
 3441.52

cde
 

Control:Daka 58.33
cd

 21.67
cde

 42.72
def

 64.52
bcde

 18.75
def

 3261.13
def

 

Control:Danda 63.3
abcd

 41.67
a
 43.02

def
 59.41

e
 25.8

c
 2697.45

g
 

Control:Kingbird 70
a
 33.33

ab
 35.69

j
 69.27

abc
 25.9

c
 3026.16

g
 

Control:Wane 66.67
abc

 40a 39.24
gh

 60.99
de

 45.13
a
 3213.19

def
 

Nativo:Daka 30
h
 11.67

fgh
 45.85

bc
 72.73

a
 15.53

efg
 4076.85

ab
 

Nativo:Danda 35
gh

 10.83gh 48.16
a
 71.37

ab
 16.08

efg
 3691.67

bc
 

Nativo:Kingbird 56.67
d
 16.67

defgh
 38.39

h
 70.14

abc
 16.45

efg
 3156.48

ef
 

Nativo:Wane 59.17
bcd

 22.5
cde

 42.33
def

 70.76
ab

 26.58
c
 3555.56

cde
 

Natura:Daka 40
fg
 15

efgh
 44.47

cd
 72.69

a
 7.43

h
 4320.26

a
 

Natura:Danda 30
h
 8.33

h
 45.39

bc
 70.94

ab
 12.57

fgh
 4266.92

a
 

Natura:Kingbird 60.83
abcd

 16.67
defgh

 35.79
ij
 69.85

abc
 15.25

efg
 3518.78

cde
 

Natura:Wane 54.17
de

 17.5
cdefg

 42.09
ef
 69.08

abc
 25.27

cd
 4313.89

a
 

Tilt:Daka 41.67
fg
 15

efgh
 42.56

def
 72.32

a
 12

gh
 3736.57

bc
 

Tilt:Danda 45
ef
 20

cdef
 44.03

cde
 71.01

ab
 14.17

efg
 3423.15

cdef
 

Tilt:Kingbird 61.67
abcd

 24.17
cd

 37.33
hij

 70.10
abc

 13.23
fgh

 3277.32
def

 

Tilt:Wane 68.33
ab

 25.83
bc

 41.75
f
 69.89

abc
 35.98

b
 3575.93

cd
 

 

Note: FHB = Fusarium head blight, Inc. = incidence, Sev. = severity, TKW = thousand-kernel weight, 
HLW = hectoliter weight, FDK = Fusarium-damaged kernels, Yld = grain yield. 

 
Table 2 – Main effect of wheat variety on fusarium head blight management and agronomic traits 

 

Variety FHB Inc. FHB Sev. TKW HLW FDK Yld 

Daka 42
b
 15.83

c
 43.93

b
 70.34

a
 13.70

c
 3787.53

a
 

Danda’a 43.
17b

 19.67
b
 45.52

a
 67.28

a
 17.85

b
 3496.49

b
 

Kingbird 62
a
 21.67

b
 37.

04d
 68.58

a
 17.19

b
 3246.86

c
 

Wane 61.67
a
 25.67

a
 41.27

c
 67.67

a
 31.97

a
 3620.02

ab
 

 

Note: FHB = Fusarium head blight, Inc. = incidence, Sev. = severity, TKW = thousand-kernel weight, 
HLW = hectoliter weight, FDK = Fusarium-damaged kernels, Yld = grain yield. 

 
Fungicidal applications significantly influenced FHB suppression and yield outcomes 

(Table 3). Natura-treated plots recorded the lowest mean FHB incidence (46.25%) and the 
highest yield (4,104.96 kg ha⁻¹), followed by Nativo (3,620.14 kg ha⁻¹). Control plots 
consistently displayed higher disease pressure and the lowest yield (3,049.48 kg ha⁻¹). 

 
Table 3 – Main effect of fungicide on fusarium head blight management and agronomic traits 

 

Fungicide FHB Inc. FHB Sev. TKW HLW FDK Yld 

Acanto Plus 50.83
bc

 18.33
bc

 42.50
b
 66.07

b
 19.35

b
 3410.78

c
 

Control 64.58
a
 34.17

a
 40.17

c
 63.55

b
 28.90

a
 3049.48

d
 

Nativo 45.21
d
 15.42

c
 43.68

a
 71.25

a
 18.66

b
 3620.14

b
 

Natura 46.25
cd

 14.38
c
 41.94

b
 70.64

a
 15.13

c
 4104.96

a
 

Tilt 54.17
b
 21.25

b
 41.42

b
 70.83

a
 18.85

b
 3503.24

bc
 

 

Note: FHB Inc.: Fusarium head blight incidence; FHB Sev.: Fusarium head blight severity; TKW: thousand kernel 
weight; HLW: hectoliter weight; FDK: Fusarium damage kernel; Yld: yield. 

 
Location exerted a pronounced effect on both disease development and productivity 

(Table 4). Location 1, which exhibited more favorable conditions for FHB, recorded higher 
incidence (66.25%) and severity (24.25%) but also achieved higher yields (4,485.97 kg ha⁻¹), 
possibly reflecting more conducive growing conditions. Conversely, Location 2 experienced 
lower FHB pressure but also lower yields (2,589.47 kg ha⁻¹), suggesting environmental or 

soil fertility constraints. 
The differential performance of fungicides and varieties is visually summarized in 

Figure 1. The variety Daka maintained lower disease and higher yield across most fungicide 
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treatments, indicating a degree of inherent partial resistance or tolerance. In contrast, 
varieties like Kingbird and Wane displayed high susceptibility, demonstrating a greater 
dependence on effective fungicide applications for protection. 
 

Table 4 – Main effect of location on fusarium head blight management and agronomic traits 
 

Location FHB Inc. FHB Sev. TKW HLW FDK Yld 

Kulumsa 66.25
a
 24.25

a
 37

b
 66.89

b
 25.11

a
 4485.97

a
 

Lole 38.17
b
 17.17

b
 46.88

a
 70.04

a
 15.24

b
 2589.47

b
 

 
The significant variety-by-fungicide interaction underscores a critical finding: the 

absolute benefit derived from a fungicide is contingent upon the susceptibility of the 
genotype. Highly susceptible varieties realize the greatest protective benefit, but only when 
the fungicide possesses high efficacy. For varieties with moderate to high inherent 
resistance, the marginal yield gain from fungicide application may be diminished. 

Supporting regression analyses (data not shown) elucidated strong negative 
correlations between disease parameters (FHB severity and FDK) and yield components 
(yield and TKW), with correlation coefficients (r) ranging from –0.65 to –0.80. This confirms 
that plots with lower disease pressure consistently produced heavier kernels and higher final 
grain yield, unequivocally demonstrating the direct agronomic and economic benefit of 
integrated FHB control. 

Figure 1 visually summarizes the interactive effects of wheat variety and fungicide 
treatment on grain yield (GYD), providing a clear illustration of the significant interaction 
detailed in the results. The boxplot reveals substantial variation in yield performance, strongly 
influenced by both the genetic background of the variety and the chemical control strategy 
employed. 

The efficacy of fungicide protection was highly dependent on the variety. The partially 
resistant variety Daka demonstrated consistently high and stable yields across all fungicide 
treatments, including the untreated control. Its yield distribution showed the least variability, 
underscoring its inherent genetic tolerance to FHB. This was closely followed by Danda'a, 
which also maintained robust yield performance, particularly under effective fungicide 
regimes. 
 

 
 

Figure 1 – Boxplot Depicting Fungicide Efficacy and Varietal Performance in the Management of 
Fusarium Head Blight and Associated Grain Yield Responses 

 
In stark contrast, the susceptible varieties Kingbird and Wane exhibited a pronounced 

reliance on fungicide application. For these varieties, yield in the untreated Control plots was 

Varieties 
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severely compromised, with the lowest median yields and a wide range of performance, 
indicating high vulnerability to disease pressure. However, their yield potential was largely 
recovered with the application of effective fungicides. Specifically, Natura and Nativo 
treatments dramatically boosted the median yield for these susceptible varieties, often 
bringing them to levels comparable with the resistant lines. 

Regarding fungicide performance, Natura emerged as the most effective and 
consistent treatment, resulting in the highest median yields across all varieties, including a 
remarkable yield boost for the susceptible Wane. Nativo also showed strong efficacy, 
particularly when paired with the more resistant varieties Daka and Danda'a. Tilt and Acanto 
Plus provided intermediate protection, generally offering a yield advantage over the control 
but not matching the performance of Natura or Nativo. The Control group, as expected, 
consistently displayed the lowest yield potential, an effect that was most catastrophic for the 
susceptible genotypes. 
 

DISCUSSION OF RESULTS 
 

The present study revealed significant variation in the efficacy of fungicide treatments 
across wheat varieties, confirming the importance of both chemical protection and host 
resistance in Fusarium head blight (FHB) management. The triazole-based fungicides 
particularly Natura and Nativo consistently achieved superior suppression of FHB incidence 
and severity and resulted in substantial yield benefits, especially when applied to moderately 
resistant cultivars such as Daka and Danda’a. These findings corroborate earlier reports 
demonstrating the effectiveness of tebuconazole- and prothioconazole-based fungicides in 
reducing disease severity, minimizing Fusarium-damaged kernels (FDK), and limiting 
deoxynivalenol (DON) accumulation (Mesterházy et al., 2011; Nicholson et al., 2012; Wegulo 
et al., 2015). 

The performance variability observed among fungicide treatments and wheat 
genotypes highlights a strong variety × fungicide interaction, suggesting that cultivar 
susceptibility modulates fungicide efficacy. Similar genotype-dependent responses have 
been reported by Brown et al. (2019) and Paul et al. (2018), who noted that fungicidal 
protection is most beneficial in susceptible genotypes under high disease pressure, while 
moderately resistant genotypes exhibit diminishing yield returns from additional chemical 
control. 

In Ethiopia, recent field evaluations have emphasized comparable findings. Mengesha 
et al. (2021) and Getahun et al. (2024) reported that integrating host resistance with timely 
fungicide applications significantly reduced FHB incidence and improved kernel integrity 
across bread wheat varieties. The present findings reinforce these observations, showing 
that Daka and Danda’a, both previously categorized as moderately resistant, performed well 
under disease-conducive conditions when treated with Natura or Nativo. Conversely, highly 
susceptible varieties (Kingbird, Wane) exhibited severe infection and reduced yield in 
untreated controls, consistent with previous reports of their vulnerability to FHB epidemics in 
the Ethiopian highlands (Abdissa et al., 2020; Tadesse et al., 2022). 

The superior performance of Natura and Nativo can be attributed to their broad-
spectrum triazole formulations, known to inhibit ergosterol biosynthesis and impede fungal 
colonization of the spikelets (Edwards et al., 2021). Comparable multi-location studies in 
China, Canada, and Europe have demonstrated that tebuconazole- and prothioconazole-
based fungicides can reduce FHB severity by 40–60% and DON accumulation by over 70% 
when applied at anthesis (Xu et al., 2020; Willyerd et al., 2012; Wegulo et al., 2015). These 
congruent results emphasize that chemical control remains a vital component of integrated 
FHB management, particularly where resistant cultivars are scarce or partially effective. 

The suppression of FHB was strongly associated with improvements in kernel quality 
traits, notably TKW and HLW, and ultimately in grain yield. Plots treated with Natura and 
Nativo consistently showed higher kernel weights and hectoliter density, reflecting reduced 
grain shriveling and better filling. These results are consistent with prior studies establishing 
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negative correlations between FHB severity, FDK, and yield-related parameters (McMullen et 
al., 2012; Mesterházy et al., 2011; Wegulo et al., 2015). 

The regression trends observed in this study (r = –0.65 to –0.80) affirm that yield 
losses are largely a function of disease severity and kernel damage. Similar relationships 
have been reported by Bai and Shaner (2014) and Cowger et al. (2019), who demonstrated 
that every 10% increase in FHB severity can result in approximately 5–10% yield reduction, 
coupled with significant declines in test weight and grain marketability. 

Location effects observed here further illustrate the role of environmental modulation. 
The site with higher humidity and rainfall (Location 1) exhibited greater FHB pressure yet 
attained higher overall yields, suggesting a more favorable growing environment that offset 
disease losses. This complexity mirrors previous Ethiopian studies in Oromia and Amhara 
regions, where FHB expression and fungicide performance varied across agro-ecologies and 
seasons (Abate & Walelign, 2023; Getahun et al., 2024). Similar genotype × environment × 
fungicide interactions have been documented in global FHB studies (Wegulo et al., 2015; 
Paul et al., 2018), underscoring the necessity for location-specific management 
recommendations. 

The integration of moderately resistant varieties with effective fungicides offers a 
pragmatic and sustainable strategy for managing FHB in Ethiopia’s wheat belt. Natura and 
Nativo, when applied at anthesis, provided consistent yield benefits exceeding 20% over 
untreated controls, validating their potential for large-scale use. This aligns with the 
integrated disease management paradigm advocated by international research programs 
such as CIMMYT and ICARDA, which emphasize combining genetic resistance with targeted 
fungicide use and crop rotation (Miedaner and Juroszek, 2021; Tadesse et al., 2022). 

Nevertheless, the study has several limitations. First, the economic feasibility of 
repeated fungicide applications must be evaluated under smallholder production systems, 
where cost–benefit dynamics are critical. Second, although FHB severity and FDK were 
quantified, mycotoxin contamination—especially DON was not assessed, yet this remain a 
key determinant of grain quality and safety (Wegulo et al., 2015; Bai and Shaner, 2014). 
Finally, continuous reliance on triazole fungicides could accelerate the development of 
fungicide resistance in Fusarium populations; hence, rotation among different modes of 
action and integration with cultural and genetic control strategies is imperative (Edwards et 
al., 2021). 
 

CONCLUSION AND RECOMMENDATIONS 
 

The present study demonstrated that integrating fungicide application with varietal 
resistance is an effective approach for managing Fusarium head blight (FHB) in Ethiopian 
wheat production systems. Specifically, triazole-based fungicides such as Natura and Nativo 
significantly suppressed FHB incidence and severity, reduced kernel damage, and enhanced 
key yield components including thousand kernel weight (TKW), hectoliter weight (HLW), and 
overall grain yield. Moderately resistant varieties like Daka and Danda’a exhibited greater 
responsiveness to fungicide protection than highly susceptible cultivars such as Kingbird and 
Wane, confirming the synergistic advantage of combining genetic resistance with chemical 
control. These findings underscore the potential of integrated FHB management through 
strategic deployment of resistant varieties and effective fungicides, consistent with global 
best practices (Wegulo et al., 2015; Brown et al., 2019). For broader adoption, future efforts 
should focus on multi-season and multi-location evaluations, economic benefit–cost 
assessments, and quantification of mycotoxin contamination to ensure food safety 
compliance. To sustain long-term efficacy, fungicide resistance management through mode-
of-action rotation, timely application at anthesis, and incorporation of cultural practices such 
as residue management and crop rotation is strongly recommended. 
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