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Black wattle (Acacia mearnsii De Wild) provides numerous benefts for Ethiopian smallholder farmers due to its fast growth and
wide adaptability. It is used for soil improvement and provides economic benefts through charcoal production and the use of
wood as biomass fuel. However, in recent years, nursery stocks and young plantations have become susceptible to the wattle rust
disease. No fungicides are currently registered in Ethiopia for control of wattle rust. A feld experiment was conducted to evaluate
the efectiveness of fungicides at varying rates for control of black wattle rust at Endewuha and Surta nursery sites, in Awi Zone,
northern Ethiopia. Two systemic fungicides, namely, Amistar Top and Amistar Xtra, were evaluated at rates of 1 L·ha−1 and
0.5 L·ha−1 along with an unsprayed control in a randomized complete block design with three replications. Both fungicides at all
rates signifcantly reduced rust infection at both sites. Te lowest disease severity, along with increased plant height and collar
diameter, was observed in the fungicide-treated plots compared to the untreated control. Tere was no signifcant diference in
diseases intensity reduction and seedling height and root collar diameter among fungicide rates. Te shortest height and the
smallest root collar diameter were recorded on the untreated plots at both sites. Te percentage reductions in disease damage
compared to the control ranged from 94.6% to 96.72% at the Surta site and 94.6%–96.25% at the Endewuha site. Amistar Top or
Amistar Xtra fungicide can efectively control acacia rust damage during the seedling stage, ensuring healthy and vigorous
planting stock. Te choice of the fungicide and application rate will depend on availability and cost, rather than on fungicide
group. Further investigation is needed to assess the performance of both treated and untreated seedlings, as well as the progression
of the disease in plantation sites.
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1. Introduction

Acacia mearnsii DeWild, commonly known as black wattle, is
a tree with a range of uses including aforestation and re-
forestation, acidifed soil reclamation, and degraded land re-
habilitation [1–3]. It was introduced to the highlands of central

and northwest Ethiopia in the early 1990s from Australia to
tackle fre wood shortages worsened by deforestation [1] and
become the most promising tree species in Ethiopia due to its
ecological and socioeconomic importance [4].

Today, black wattle provides a wide range of economic
benefts for Ethiopian smallholder. In the Awi Zone,
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particularly in the districts of Fagita-Lakoma, Ankasha
Gagusa, and Banja, more than half of the land is covered by
black wattle plantations [5]. Smallholder farmers beneft
from charcoal and fuel wood production, which generate
income, create jobs, and reduce rural-to-urban migration
[6].Te value chain of black wattle involves women andmen
in activities such as nursery management, plantation es-
tablishment, harvesting, charcoal production, transportation
to central markets, and wholesale or retail trade. In addition,
the sector generates considerable tax revenue for local
governments, with trucks taxed based on the quantity of
charcoal transported [6, 7].

Black wattle was considered as disease free in Ethiopia
for long time. However, in recent years, nursery stocks and
young wattle plantations have become vulnerable to wattle
rust and other insect pests [4] Rust is the most signifcant
production constrain to black wattle seedling production
causing seedling loss in South Africa and Australia [8]. In
Ethiopia, wattle rust was frst reported in Awi Zone in 2021
and the fungal pathogen, Uromycladium acaciae has been
confrmed as the cause agent of rust disease [9]. Te disease
has caused seedling death, stunting, and dieback in black
wattle nursery and young plantations in the Awi Zone,
Gamo Zone, Gurage highlands, and Oromia region [9]. Due
to the monoculture of black wattle trees, the rust disease has
caused severe damage and complete loss in all districts of
Awi Zone, particularly in Fagita-Lekoma, Akanksha, and
Banja districts [8, 10]. Infected seedlings become weak and
die in the nursery and plantation sites. Consequently,
seedling production and plantation establishment have
become impossible in Awi Zone.

Wattle rust can be controlled by application of fungi-
cides, silviculture management, and planting resistant ma-
terials [8]. As it is difcult to obtain resistant planting
materials quickly, immediate intervention is needed to re-
duce the disease’s impact on wattle seedling production in
the short-term using fungicides. Diferent chemical fungi-
cides have been successfully evaluated and applied for wattle
rust management in South Africa [8]. However, previous to
this study, no fungicides evaluation or other chemical
control research has been conducted in Ethiopia for the
management of wattle rust.

Tus, this study aims to evaluate the efectiveness of
fungicides in controlling wattle rust at the nursery stage and
to assess their infuence on seedling growth in Awi Zone of
Northern Ethiopia.

2. Materials and Methods

2.1. SiteDescription. Te experiments were conducted at two
nursery sites in Awi Zone, Amhara Regional State in 2022.
Tese sites include the Endewuha nursery site in the Fageta-
Lekoma district and the Surta nursery site in the Banja
District (Figure 1). Te area has a high presence of wattle
rust disease due to suitable weather conditions, monoculture
cropping practices, and plantation coverage of over 50% of
the land area. Fageta-Lekoma District is located at
10°57′23″–11°11′21″N and 36°40′01″–37°05′21″E, with an
altitude of 2560m above sea level at the Endewuha site. Te

annual temperature ranges from 10°C to 25°C [6]. Banja
District is located at 10°52′00″ to 11°02′44″ N and 36°38′26″
to 37°07′08″ E, with an altitude of 2512m above sea level at
the Surta site. Te annual temperature ranges from 16°C to
26°C [11].

2.2. Fungicides. Tis study consisted of two fungicides,
Amistar Xtra and Amistar Top commonly used in Ethiopia for
controlling rust diseases on various agricultural crops (Table 1).

Fungicide treatments were applied twice during the
nursery period. Te frst application was conducted when
the rust disease symptoms frst appeared, and the second
application was made 30 days after the frst application. Te
untreated plots were used as a control for disease moni-
toring. Fungicides were applied over the foliage using
a manual knapsack sprayer with a 15-L capacity. To mini-
mize fungicide drift during application, adjacent plots were
covered with plastic sheeting.

2.3. ExperimentalDesign andTreatments. Nursery pot flling
was carried out using a standard nursery substrate consisting
of forest soil, compost, and sand in a ratio of 3:2:1. Seeds
were collected from healthy trees and planted in pots size of
1× 1.5m in the nursery. Te experiment consisted of fve
treatments (one control and four fungicide treatments, as
shown in (Table 2)), where each treatment was replicated
three times in a randomized complete block design (RCBD).
Te spacing between the blocks and rows was 1m, and the
spacing between adjacent plots was 0.5m. Te same ex-
perimental design was used at both nursery sites. Te seeds
were sown on February 8, 2022. Each treatment plot con-
tained four hundred seedlings, and 15 plots were randomly
arranged in three rows for the application of the four
fungicide treatments (using two diferent rates of
application).

2.4. Data Collection. Te data on disease occurrence (in-
cidence and severity) were recorded at three-time points,
viz., 7 days after the frst spray, 1month after the frst spray,
and 1month after the second spray. Te rust incidence data
were collected from a 1m2 area of each plot in the nursery
bed and calculated based on the total number of afected
seedlings and the total number of plants evaluated as in-
dicated below:

Rust incidence �
Number of infected wattle plants

Total number of wattle plants assessed
∗ 100.

(1)

For evaluating seedling height and root collar diameter,
20 randomly selected plants were sampled from each plot
and measured using a measuring tape and caliper for each
treatment, respectively. Te height of the nursery plants (in
meters) and the root collar diameter (in centimeters) were
recorded for the seedlings during the fnal assessment date.

To study the efects of fungicide treatments on disease
progression, a damage rating scale from 0 to 4 was utilized to
assess disease severity [7] (Table 3). Disease severity on the
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experimental seedlings was quantifed by visually estimating
the combination of uredosori masses, defoliation, deformed
pinnules, stem, and branch lesions observed on the seed-
lings. Te percentage of severity index (PSI) was calculated
as follows:

PSI �
sumof individual numerical rating

Total no.of seedling assessed xMaximumscore in scale
∗ 100.

(2)

Adopted from [7].
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Figure 1: Map showing the location of the fungicide trials.

Table 1: Details of the tested fungicide, including the active ingredients and mode of action.

S/n Trade name Active ingredients Mode of action
1 Amistar Top Azoxystrobin(strobilurin) (200 gL−1) +Difenoconazole (triazole) (125 gL−1) Systemic
2 Amistar Xtra Azoxystrobin(strobilurin) (200 gL−1) +Cyproconazole (triazole) (80 gL−1) Systemic

Table 2: Treatments.

Treatments Fungicides and their
application rate

T0 Control
T1 Amistar Top1 L per hectare
T2 Amistar Top0.5 L per hectare
T3 AmistarXtra1 L per hectare
T4 AmistarXtra 0.5 L per hectare
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Te percentage of rust severity reduction was calculated
as follows:

Rust severity reduction(%) �
wattle plant on untreated plot – treated plot

Wattle plant on untreated plot
∗ 100. (3)

2.5. Data Analysis. Data regarding the incidence and se-
verity of diseases, and diseases growth measurements (plant
height and root collar diameter), were analyzed using
analysis of variance (ANOVA) performed with statistical
analysis system (SAS) version 9.2 software. Te least sig-
nifcant diference (LSD) at 5% was used to separate
treatment means.

3. Results

3.1. Efect of Fungicides Treatment on Severity and Incidence of
Wattle Rust Diseases. During the experiment, there was high
level of wattle rust disease incidence and severity at both sites.
Te untreated plots showed an incidence of 100% and 98.16%
at Endewuha and Surta sites on the third date of assessment,
respectively (Table 4). At the same time, the severity index in
the control plots remained high at both sites, showing values of
29.40% at Endewuha and 28.93% at Surta (Table 4). At the frst
assessment date (108 DAS) for Endewuha site and (115 DAS)
for Surta site, there were no signifcant diferences in disease
severity and incidence between the treated and control plots at
both sites (Table 4). Te results showed that diseases devel-
opment was signifcantly lower in the treated plots (p≤ 0.05)
compared to the control plots at both sites. After the second
time fungicide application, the disease incidence and severity
signifcantly decreased in treated plots compared to untreated
plots during the second and third assessment dates (Table 4).
Te average disease severity of fungicide treatments recorded
during the fnal assessment at Surta site ranged from 1.06% to
1.56%. Te lowest severity (1.06%) was observed from plots
treated with Amistar Top (1Lha−1), while the highest (1.56%)
was observed from plots treated with Amistar Xtra (0.5Lha−1).
Te average disease severity from treated plots at Endewuha
site ranged from 1.1 to 1.60 on the last assessment date.

Amistar Top Fungicide at 0.5Lha−1 signifcantly reduced
disease severity, resulting in healthier wattle plants compared
to control at both Surta and Endewuha sites (Figures 2(a) and
3(a)). Similarly, Amistar Xtra fungicide at the same rate also

demonstrated efective reduction in disease
severity(Figures 2(b) and 3(b)). Untreated plots exhibited
deformed leaves, stunted growth, and defoliation (Figures 2(c)
and 3(c)). At Endewuha site, disease severity was reduced by
an average of 94.6%–96.25% across fungicide treatments
(Table 5). At Surta site, the mean percentage reduction of
disease damage ranged from 94.6% to 96.72%. Te highest
disease control (96.72%) was achieved when Amistar Top
applied at 1Lha−1, while the lowest disease reduction was
found when Amistar Xtra was applied at 0.5Lha−1

3.2. Efect of Fungicide Application on Seedling Height and
Root Collar Diameter. Fungicide treatments signifcantly
(p≤ 0.05) increased seedling height and root collar diameter
compared to untreated controls. At the fnal evaluation, plant
height ranged from 0.40 to 0.49m at Endewuha site and
0.40–0.45m at Surta site (Table 6). However, within fungicide-
treated plots, seedling height and root collar diameter did not
signifcantly difer. Te control treatments resulted in the
lowest height and smallest root collar diameter at both sites
(Table 6). Te tallest seedling height (0.49m) was observed
from the treatment that received Amistar Top fungicide
(1Lha−1), while the shortest (0.40m) was found in the un-
sprayed treatment at both sites. Te largest root collar di-
ameter (0.40 cm) was observed in the Amistar Top sprayed
treatment (1 Lha−1), whereas the smallest root collar diameter
(0.32 cm) was recorded in unsprayed control, which was
signifcantly lower than fungicide treatments (Table 6).

4. Discussion

Several research reports have indicated that wattle rust is one
of the main diseases damaging wattle at nursery and plan-
tation sites [8, 9]. Recent outbreaks of U. acaciae, the causal
agent of wattle rust, threaten black wattle seedlings and young
plantations, particularly in the Awi Zone of Amhara region
(9). Tis rust fungus is causing signifcant damage to wattle

Table 3: Procedures used for recording seedling disease severity of the seedlings.

Scale Percentage area afected
0 0% (no sign of telia)

1 Telia present on leaf pinnae, branches and stem, defoliation and deformed pinnae;
branches and stem with a lesion (covering 1%–25% sample seedlings)

2 Telia present on leaf pinnae, branches and stem, defoliation and deformed pinnae;
branches and stem with a lesion (covering 26%–50% of sample seedlings)

3 Telia present on leaf pinnae, branches and stem, defoliation and deformed pinnae;
branches and stem with a lesion (covering 51%–74% of sample seedlings)

4 Telia present on leaf pinnae, branches and stem, defoliation and deformed pinnae;
branches and stem with a lesion (covering > 75% of sample seedlings)
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seedlings, resulting in a reduction in stocking, mortality of
seedlings, reduction in wood products, and ultimately
resulting in economic losses for growers if not controlled
[8, 13–15]. In this study, the application of Amistar Top
(Azoxystrobin) strobilurin (200 gL−1) +Difenoconazole (tri-
azole) (125 gL−1) and AmistarXtra (Azoxystrobin) strobilurin
(200 gL−1) +Cyproconazole (triazole) (80 gL−1) fungicides
efectively controlled wattle rust, as evidenced by the im-
proved tree seedling growth and reduction in disease severity

symptoms. Tis fnding also aligns with previous studies on
forest trees, which found strobilurin/Difenoconazole or
Azoxystrobin/cyproconazole as efective treatments for tree
rust disease control [13, 16, 17]. Tese active ingredients are
also used to combat fungal diseases in other crops like fruits,
vegetables, and wheat in Ethiopia [18].

Untreated plots exhibited deformed leaves, stunted
growth, and defoliation, indicating the experiment was
conducted under high disease pressure, and the wattle

(a) (b) (c)

Figure 2: Comparison of the treated plot with untreated plot at the last date of assessment (175 days) at Surta site: plot treated with Amistar
Top fungicide at a rate of 0.5 L·ha−1 (a), plot treated with Amistar Xtra fungicide at a rate of 0.5 L ha−1 (b), and untreated plots (c).

(a) (b) (c)

Figure 3: Comparison of the treated plot with an untreated plot at the last date of assessment (168 days) at the Endewuha site: plot treated
with Amistar Top fungicide at a rate of 0.5 L·ha−1 (a), plot treated with Amistar Xtra fungicide at a rate of 0.5 L·ha−1 (b), and untreated
plots (c).

Table 5: Efect of fungicide treatments on reduction of rust disease severity.

Experimental nursery site Treatments
Severity at the
last date of
assessment

Severity reduction (%)

Endewuha

T0 (Control) 29.40 —
T1 (Amistar Top (1 L·ha−1)) 1.10 96.25
T2 (Amistar Top (0.5 L·ha−1)) 1.60 94.60
T3 (AmistarXtra (1 L·ha−1)) 1.23 95.81
T4 (AmistarXtra (0.5 L·ha−1)) 1.36 95.37

Surta

T0 (Control) 28.93 —
T1 (Amistar Top (1 L·ha−1)) 1.43 96.72
T2 (Amistar Top (0.5 L·ha−1)) 1.56 94.60
T3 (AmistarXtra (1 L·ha−1)) 1.06 96.33
T4 (AmistarXtra (0.5 L·ha−1)) 1.36 95.29
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seedlings were highly susceptible to rust disease. Tis trial
suggested that black wattle production in Awi Zone is not
economically feasible without the application of fungicides,
which aligns with fnding of [8], and uncontrolled wattle rust
causes seedling death, deformed petioles and rachises,
gummosis and stunted under favorable conditions. Other
work [12, 13] has reported that wattle rust can cause de-
foliation and growth losses of up to 20%–40% in one year if
not controlled, and in severe cases, it can even kill young
trees. Fungicide treatment reduced disease severity by
94.6%–96.7% and increased plant size compared to controls,
a result consistent with fungicide control of wattle rust in
South Africa 70%–90% reduction [17]. Te result showed
that the application of Amistar Top and AmistarXtra fun-
gicides was efective in reducing the impact of rust apart
from increasing tree performance. Fungicide efcacy in
reducing wattle rust severity and incidence was statistically
similar across all assessment dates, indicating both fungi-
cides are efective at application rates of 0.5 L ha−1 and L
ha−1. Te lower spray dose provided adequate protection
against the rust fungus and may save the volume required as
well as the cost. Nursery growers can use Amistra Top or
AmistraXtra at a low rate to control rust during the nursery
stage. Terefore, the choice of fungicide and application rate
will depend on availability and cost, rather than on fungicide
group. Active ingredients used in this study, Azoxystrobin
and Difenoconazole, can enhance plant defense by indirectly
infuencing certain populations of endophytes [19] without
harming, benefcial microbes essential for the normal
growth of plants when used at the recommended dosage
[19, 20].

Foliar spraying of the systematic fungicide in the nurseries
improved wattle seedling growth by controlling rust disease.
However, on plots that not received fungicides retarded
seedlings were observed.Te increased in seedling height after
the application of fungicides could be due to the reduction of
rust stress, which ultimately results in the proper growth
function of the seedlings. Previous research reports showed
that application of Amistar Top and AmistarXtra fungicides
promotes the growth of plants by preventing disease caused by
Uromycladium acaciae resulting in efective disease man-
agement [17]. Terefore, the result shown in this study

provides a sound management option to reduce seedling loss
by controlling wattle rust infection and increasing tree per-
formance. Moreover, according to [13], after applications of
Azoxystrobin-based fungicides, the reduction of wattle rust
severity is greater, leading to benefcial efects on height and
diameter growth.Te reduced growth observed on the control
treatment is could be due to rust infestation cause reduction of
photosynthesis to plant. Pathogen infection often afects host
growth and developmental by disrupting nutrients transport
and reducing photosynthesis [21]. Fungicides controlled
wattle rust and promoted healthy nursery growth during the
experiment. Tis highlights the importance of developing
sustainable and efective management options for wattle rust
in Ethiopia.

5. Conclusion

Tis study tested two fungicides at two application rates and
found signifcant diferences in the health and growth of
seedlings between sprayed and unsprayed treatments. Wattle
rust caused a considerable and negative efect on the growth of
tree seedlings, leading to stunted development and reduced
overall health of the seedlings on untreated plots. Amistar Top
or Amistar Xtra fungicides and their application rates (0.5
Lha−1and Lha−1) were superior to the control in terms of
reducing disease incidence and severity, and increasing
seedling height and root collar diameter. Terefore, fungicide
management of rust disease in nurseries improves seedling
quality, providing wattle growers with healthier planting
stock. Although the active ingredients difered, no signifcant
diference was noted between the Amistra Top or AmistraXtra
fungicides and their application rates in reducing disease
infection. Tis shows that both fungicides are efective at
application rates of 0.5 Lha−1and Lha−1. Nursery growers can
use either Amistra Top or AmistraXtra to control rust damage
during the nursery stage at low rate. Te choice of the fun-
gicide and application rate will depend on availability and
cost, rather than on the fungicide group. Further investigation
is needed to evaluate the feld performance of both sprayed
and unsprayed seedlings after out-planting. Tis should also
include assessing the possibility of reinfection of rust and
fungicide treated performance at the plantation site.

Table 6: Efect of fungicide on plant height and root collar diameter at Endewuha and Surta sites on the last date of assessment.

Treatments
Endewuha Surta

Seedling height (m) Collar diameter (cm) Seedling height (m) Collar diameter (cm)
T0 (control) 0.40b 0.32b 0.40b 0.32b

T1 (Amistar Top (1 L·ha−1)) 0.49a 0.40a 0.45a 0.38a

T2 (Amistar Top (0.5 L·ha−1)) 0.48a 0.38a 0.45a 0.36a

T3 (AmistarXtra (1 L·ha−1)) 0.48a 0.38a 0.43ab 0.36a

T4 (AmistarXtra (0.5 L·ha−1)) 0.47a 0.37a 0.43ab 0.34ab

MEAN 0.46 0.37 0.43 0.35
CV 4.38 4.58 5.89 5.34
Signif. (p< 0.05) ∗ ∗ ∗ ∗

Note:Means followed by the same letter in the same column are not statistically diferent at 0.05%. DAS� days after planting; signifcance:∗� 0.001∗∗∗, 0.01 ∗∗,
0.05∗; CV� coefcient of variation.
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