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Abstract: In Tropical Africa, particularly Sub-Saharan Africa production of citrus is seriously hampered by citrus leaf and
fruit spot (Pseudocercospora angolensis) disease. The yield reduction due to this disease can reach 50% - 100% when climatic
conditions are favorable to the disease development and effective control measures are not implemented timely. Hence, this
study was anticipated to evaluate the effect of fungicides for the management of citrus leaf and fruit spot disease. As the result
of this, the efficacy of different fungicides namely; Carbonchlor 50% SC only, Benline 50% WP only, Bellis 38% WG only,
Carbonchlor 50% SC combined with Bellis 38% WG, Benline 50% WP combined with Carbonchlor 50% SC and Benline 50%
WP combined with Matco 72% WP against Pseudocercospra angolensis were tested under field conditions. The present field
experiment result showed that, there was no infected fruit observed in all treated trees as compared to the control plot that
revealed (33.12%) fruit infection. Whereas, in leaves minimum infection rate (1.16%) was recorded from trees treated with
Bellis 38% WG followed by Carbonchlor 50% SC (1.48%), Carbonchlor 50% SC combined with Bellis 38% WG (1.89%)),
Benline 50% WP combined with Carbonchlor 50% SC (4.00%), Benline 50% WP (4.54%) and Matco 72% WP combined with
Benline 50%WP (6.24%). However, maximum infection rate (17.57%) was recorded from leaves of unsprayed check.
Therefore, from the results of the present investigation, application of Carbonchlor 50% SC was the first choice to be used
followed by Carbonchlor 50% SC + Benline 50% WP, Bellis 38% WG + Carbonchlor 50% SC, Bellis 38% WG only, Benline
50% WP only and Matco 72% WP + Benline 50% WP for the management of citrus leaf and fruit spot disease.
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Ethiopia are estimated at 7,040 hectares and 72,459 tons,
respectively [6, 7]. Large portion of citrus fruits produced are
consumed locally as fresh fruit, juice and marmalade [19].
Some citrus fruits such as sweet orange and lime are exported
to Djibouti, Europe and the Middle East [9].

In Ethiopia, leaf and fruit spot (Pseudocercospora
angolensis) disease was first reported in 1988 from the
Southern part of the country [20]. Later, it spreads to South,
Southwest, and Northwest parts of the country and cause
heavy crop damage, often total crop loss [12].

The disease attacks leaves, fruits and twigs of all citrus
species at various levels of severity [13]. Nowadays, it
becomes so destructive in these parts of the country that some
of the farmers are obliged to up root sweet orange trees and

1. Introduction

Citrus is the worlds’ second largest fruit by production
volume next to banana and it has got multiple advantages
including food source, raw material for agro-industries, income
generation and source of employment [17]. Although the exact
time of citrus introduction to Ethiopia is not known, its
production started seven decades ago by expatriates and some
government officials [11, 19]. Since then, its economic
importance is on the rise. Oranges, mandarins, limes, lemons
and grape fruits are the major commercial citrus species that are
cultivated by both small holder and commercial farmers [19, 12].

The average acreage and annual production of citrus in
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replace them with other crops [10]. As the result of this, it is
exceedingly necessary to reverse the damage caused by the
disease. Therefore, the objective of this study was to evaluate
the effect of fungicides for the management of citrus leaf and
fruit spot (Pseudcercospora angolensis) disease.

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted at Bikolo Fruit Crops
Multiplication Nursery in Mecha district, North Western
Ethiopia, during 2020/2021. Selection of the study site was
made based on; its liability to the disease, the availability of
enough number of sweet orange trees for the test and
accessibility. The site was located 11°33'45" North latitude to
37°16'14" East longitude and at an altitude of 1850 m.a.s.l.
And its daily average temperature and annual rain fall are
24°C and 2000 mm, respectively.

2.2. Treatments, Field Management and Experimental
Design

The trial contained seven treatments: Carbonchlor 50% SC,
Benline 50% WP, Bellis 38% WG, Carbonchlor 50% SC
combined with Bellis 38% WG, Benline 50% WP combined

with Carbonchlor 50% SC, Benline 50% WP combined with
Matco 72% WP and control (water). The fungicides were
applied based on the manufacturers’ recommendation rate i.e.,
20 ml and 20 mg per 10 liters of water for liquid and solid
formulations, respectively. In order to spray fungicides
thoroughly, Knapsack sprayer was used for applying. And
the timing of application was started at the onset of the
disease and had been continued at fourteen days of interval
until one week left for harvesting. And during application, to
avoid drift problem the plots under application were
protected with plastic sheet supported by four wooden poles.

The experiment was set in Randomized Complete Block
Design (RCBD) with three replications. Hence, a total of 21
long-standing that were 22 years old sweet orange trees were
chosen for the test as experimental unit.

2.3. Disease Assessment

Disease incidence was estimated both on leaves and fruits of
the tree. On leaves, it was estimated by counting visibly infected
and total number of leaves on eight randomly selected terminal
shoots from the upper and lower halves of the canopy in four
directions (North, South, East and West) of each selected tree,
and expressed as a percentage [3]. It was computed using the
following formula, suggested by [14] as:

no of leaves infected per tree

Disease incidence on leaves (%) =

And on fruits, disease incidence was assessed on 5 to 40
randomly selected intact fruits in four directions of each tree
based on the presence or absence of visible disease

Total no of assessed leaves per tree

symptoms on each fruit, depending on availability [3]. It was
calculated by using [14] formula:

no of infected fruits per tree

Disease incidence on fruits (%) =

Disease severity was assessed on the same leaf and fruit
samples taken for disease incidence scoring. On leaves, it
was estimated based on a zero-to-four scoring scale, where 0
=no symptoms, 1 =1 to 25%, 2 =26 to 50%, 3 =51 to 75%
and 4 = above 75% of leaf area infected [2, 8].

And on fruits, severity was recorded using the following
zero to four scoring scale, where 0 = healthy, 1 = less than
5%, 2 = 5 to 20%, 3 = 21-50% and 4 = above 50% of fruit
surface affected [18].

For analysis, severity grades were converted into
percentage severity index (PSI) and calculated using the
formula suggested by [5]:

Sum of all numerical ratings
Total no.of observations x Maximum disease score

PSI = x 100

From the severity data, AUDPC for each treatment was
calculated as described by [4] as follow:

AUDPC = ¥ [(xi + xi—1)/2] [ti —ti — 1]

Where, xj = Present disease severity

xj-1 = Previous disease severity

ti-ti-1 = Time difference between two consecutive disease
severities.; and

" Total no of assessed fruits per tree

n- is the total number of days discase severity was
assessed.

2.4. Yield Loss Assessment

Fruit Yield (kg/tree) from treated and untreated trees was
taken. And Relative Yield Loss (RYL) was calculated using
the following [15] formula:

__ (YP-YUP)

RYL (%) = “—— x 100

Where, RYL = Relative yield loss (reduction of the yield),
YP =Mean of yield obtained from maximum protected plots,
YUP = Mean of yield obtained from unprotected plots or
sprayed plots with varying level of disease.

2.5. Fungicide Efficacy

The efficacy of fungicides was calculated using [1]
formula:

EF (%) = X 100

Where,
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X — Disease severity in control plots
Y — Disease severity in treated plots.

2.6. Data Analysis

All recorded parameters were analyzed by analysis of
variance and tested for comparison of treatments at 0.01/0.05
level of probability using least significant difference (LSD).
SAS separate analysis of variance, version 9.2 [16] was the
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3. Results and Discussion
3.1. Effect of Fungicides on the Incidence of the Disease

In leaves, significant differences at (P<0.05) were recorded
among different treatments (Table 1). Minimum percentage
(1.16%) of infected leaves was recorded in Bellis 38%WG
treated trees. While, the maximum 17.57% of infected leaves
was recorded in the unprotected check.

statistical package used for analysis.

Table 1. The effect of fungicides on citrus leaf and fruit spot disease incidence of leaves.

Disease incidence

Treatments Days after the first spray
14 28 42 56 70 84 98 112 126

1. Control 1.66 242 3.33 8.77 13.78 25.17 35.78 49.66 17.57*
2. Matco 72% Wp + Benline 50% WP 0.0 0.0 2.10 3.24 5.89 10.33 13.24 15.16 6.24°

3. Benline 50% WP only 0.0 0.0 1.56 2.18 4.50 6.19 10.03 11.89 4.54"%
4. Carbonchlor 50% SC + Benline 50% WP 0.0 0.0 0.0 1.44 3.98 5.68 9.85 11.10 4.00"
5. Bellis 38% WG + Carbonchlor 50% SC 0.0 0.0 0.0 0.0 1.52 3.22 4.89 5.48 1.89°¢

6. Carbonchlor 50% SC only 0.0 0.0 0.0 0.0 1.12 2.87 3.30 4.56 1.48°¢

7. Bellis 38% WG 0.0 0.0 0.0 0.0 0.0 1.65 3.25 4.42 1.16°

The day 126 from the first fungicides spray, is the mean of the three replications; means followed by the same letter are not significantly different by LSD (P

<0.05).

In fruits, the highest infection rate (33.12%) was recorded in the unsprayed check. Whereas, there was no disease infection

symptom observed in all fruits of trees treated with different fungicides at all (Table 2).

Table 2. Recorded disease incidence of fruits.

Treatments Days after the first spray and disease incidence (%) Mean
14 28 42 56 70 84 98 112 126 140 156 170*
Carbonchlor 50% SC 0 0 0 0 0 0 0 0 0 0 0
Carbonchlor 50% SC+Benline 50%WP 0 0 0 0 0 0 0 0 0 0 0 0
Bellis 38% WG + Carbonchlor 50% SC 0 0 0 0 0 0 0 0 0 0 0 0
Bellis 38% WG only 0 0 0 0 0 0 0 0 0 0 0 0
Benline 50%WP only 0 0 0 0 0 0 0 0 0 0 0 0
Matco 72%WP + Benline 50%WP 0 0 0 0 0 0 0 0 0 0 0 0
Check (Control) 20 21.66 24.15 25.85 2733 2941 3333 3898 42.54 4723 53.69 332

The day *170 after the first fungicides spray is the mean of the three replications.

3.2. Effect of Fungicides on the Severity of the Disease

The statistical analysis showed that significant differences at (P<0.05) were observed among treatments (Table 3). Minimum
percentage of disease severity (1.73%) of leaves was recorded in Bellis 38%WG treated trees. However, maximum percentage
(18.15%) of disease severity of leaves was recorded in the control plots.

Table 3. The effect of fungicides on citrus leaf and fruit spot disease severity (PSI) of leaves.

Disease severity (PSI)

Treatments Days after the first spray
14 28 42 56 70 84 98 112 126

1. Control 1.69 24 4.33 8.39 18.05 31.85 37.84 40.67 18.15%
2. Matco 72% Wp + Benline 50% WP 0.0 0.0 2.06 3.18 8.49 16.66 20.17 22.78 9.17"°

3. Benline 50% WP only 0.0 0.0 1.59 3.17 6.03 10.56 13.67 14.88 6.24"
4. Carbonchlor 50% SC + Benline 50% WP 0.0 0.0 0.0 1.48 3.96 9.65 14.98 16.51 5.83%
5. Bellis 38% WG + Carbonchlor 50% WP 0.0 0.0 0.0 0.0 2.06 49 8.62 10.45 327°

6. Carbonchlor 50% WP only 0.0 0.0 0.0 0.0 1.09 3.92 6.98 7.58 245°

7. Bellis 38% WG 0.0 0.0 0.0 0.0 0.0 1.66 5.78 6.46 1.73 ¢

The day 126 after the first fungicides spray, is the mean of the three replications; means followed by the same letter are not significantly different by LSD (P

<0.05).

In fruits, the highest disease severity (35.66%) was recorded in unsprayed trees. Whereas, it was zero in all fruits of trees

treated with different fungicides (Table 4).
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Table 4. Recorded disease severity of fruits.

Days after the first spray and disease severity (PSI) Mean
Treatments 14 8 4 56 70 84 98 112 126 140 156 170%
Carbonchlor 50% SC 0 0 0 0 0 0 0 0 0 0 0 0
Carbonchlor 50% SC+Benline 50% WP 0 0 0 0 0 0 0 0 0 0 0 0
Bellis 38% WG + Carbonchlor 50% SC 0 0 0 0 0 0 0 0 0 0 0 0
Bellis 38% WG only 0 0 0 0 0 0 0 0 0 0 0 0
Benline 50%WP only 0 0 0 0 0 0 0 0 0 0 0 0
Matco 72%WP + Benline 50% WP 0 0 0 0 0 0 0 0 0 0 0 0
Check (Control) 20 23.07 2627 27.65 2995 32.68 3544 4276 4533 50.65 58.46 35.66

*170 days after the first fungicides spray is the mean of the three replications.

3.3. The Effect of Fungicides on Area Under the Disease
Progress Curve (AUDPC)

Low rate of AUDPC (Area Under the Disease Progress
Curve) was computed by Bellis 38%WG that was (149.38)
followed by Carbonchlor 50% SC (220.92), Bellis 38% WG
combined with Carbonchlor 50% SC (292.25), Benline 50%

1800 -
1600
1400 A
1200 A
AUDPC S
800 -
600 -
400 -
200 A

WP combined with Carbonchlor 50% SC (536.55), Benline
50% WP (594.44) and Matco 72%WP combined with
Benline 50% WP (867.30). Whereas, it was (1736.56) by the
unsprayed check (Figure 1). From this, it is possible to
discuss that, all applied fungicides were effective in
controlling the disease as compared to the unsprayed check
that scored the highest rate.

Treatments

Figure 1. Area Under the Disease Progress curve of each treatment against citrus leaf and fruit spot disease of leaves.

3.4. Effect of Fungicides on Reducing Yield Loss

Based on the effect of fungicides on reducing yield loss,
effective protection and the highest mean yield (104 kg /tree)
were obtained from Carbonchlor 50% SC treated plots
followed by Carbonchlor 50% SC + Benline 50%SC (87

kg/tree), Bellis 38% WG + Carbonchlor 50% SC (65
kg/tree), Bellis 38%WG only (56 kg/tree), Benline 50% WP
only (48 kg/tree) and Matco 72% WP + Benline 50% WP (41
kg/tree) treated plots (Table 5). While, the lowest mean yield
(8 kg/tree) was gained from unprotected check plots.

Table 5. Calculated relative yield loss of the treatments.

No Treatments Average fruit yield in Kg/tree Relative yield loss (%)
1 Control 8 92.30

2 Matco 72% WP + Benline 50% WP 41 60.57

3 Benline 50% WP only 48 53.84

4 Bellis 38%WG only 56 46.15

5 Bellis 38% WG + Carbonchlor 50% SC 65 37.50

6 Carbonchlor 50% SC + Benline 50%SC 87 16.35

7 Carbonchlor 50% SC only 104 0.0
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3.5. Fungicide Efficacy (FE)

Based on the efficacy level of the fungicides, the highest
level of efficacy (90.46%) was produced by Bellis 38%WG
treated trees followed by Carbonchlor 50% SC (86.50%),

Bellis 38%WG + Carbonchlor 50%SC  (82.00%),
Carbonchlor 50%SC + Benline 50%WP (67.89%), Benline
50%WP (65.62%) and Matco 72%WP + Benline 50%WP
(49.48%) (Table 6).

Table 6. The level of efficacy of fungicides against citrus leaf and fruit spot disease.

No Treatments Disease severity (PSI) The level of efficacy
1 Bellis 38%WG only 1.73 90.46

2 Carbonchlor 50%SC only 2.45 86.50

3 Bellis 38% WG + Carbonchlor 50%SC 3.27 82.00

4 Carbonchlor 50%SC + Benline 50%WP 5.83 67.89

5 Benline 50%WP only 6.24 65.62

6 Matco 72%WP + Benline 50% WP 9.17 49.48

7 Control 18.15 -

4. Conclusion and Recommendation

The present study results revealed that in leaves, maximum
disease incidence and severity i.e., (17.57%) and (18.15%),
respectively and the highest AUDPC (1736.56) were
recorded in unsprayed check. Whereas, the lowest disease
incidence, severity and AUDPC i.e., (1.16%), (1.73%) and
(149.38), respectively were observed from Bellis 38% WG
treated plots. In fruits, it was only in the unsprayed check that
(33.12%) and (35.66%) disease incidence and severity were
recorded, respectively. And also, the highest fruit yield
reduction i.e., (92.30%) was observed in unprotected check
plots. However, there was no infected fruit observed in all
plots treated with different fungicides. As a result,
Carbonchlor 50% SC was the best effective fungicide in
controlling the disease and providing the highest yield (104
kg/tree) followed by Carbonchlor 50% SC + Benline 50%WP
(87 kg/tree), Bellis 38% WG + Carbonchlor 50% SC (65
kg/tree), Bellis 38%WG only (56 kg/tree), Benline 50% WP
only (48 kg/tree) and Matco 72% WP + Benline 50% WP (41
kg/tree).

Therefore, from the results of the present investigation,
application of Carbonchlor 50% SC was the first choice to be
used followed by Carbonchlor 50% SC + Benline 50% WP,
Bellis 38% WG + Carbonchlor 50% SC, Bellis 38% WG
only, Benline 50% WP only and Matco 72% WP + Benline
50% WP for the management of citrus leaf and fruit spot
disease.

It is further recommended that, to provide sustainable
citrus fruit production and productivity in the country,
additional management strategies through host resistance,
fungicides integrated with cultural and agronomic practices
against citrus leaf and fruit spot disease should be
premeditated.
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