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Abstract  
The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) is a major 

insect pest of tomato in the Central Rift Valley (CRV) areas of Ethiopia.  Tomato 

growers complain on the decline in efficacy of the insecticide registered for its control 

after the detection of the pest in the CRV in 2013.  This decline in efficacy of the 

registered insecticides was hypothesized to be due to insecticide resistance 

development. Studies were conducted to understand the pesticide use practices against 

T. absoluta and to assess the occurrence of resistance in T. absoluta population. A 

survey in two kebeles each of five districts namely Lumme, Bora, Dugda and 

Adamitulu jido kombolcha of East Shewa zone and Hawassa Zuriya district of 

Sidama zone was conducted in April, 2017. A total of 44 farmers were interviewed 

using a structured questionnaire and information was gathered on different aspects of 

insecticide use.  A leaf dip bioassay method was used to assess the occurrence of 

insecticide resistance using strains of T. absoluta collected from Hawassa, Meki, 

Awash Melkassa and Ziway areas. Bioassays were performed using insecticides from 

three classes namely Coragen 200 SC (chlorantraniliprole), Belt 480 SC 

(flubendiamide) and Radiant 120 SC (spinetoram) in six dilution rates including the 

recommended rate. Descriptive statistics were used to summarize the survey data. The 

bioassay data were analyzed using a probit model. Survey results showed that 

pesticides were generally applied at a higher rate and more frequently than 

recommended. The level of resistance to the three insecticides was observed to vary 

with the strains of T. absoluta. The level of resistance for chlorantraniliprole and 

flubediamide was higher than for Spinetoram. The LC50 values of all strains were far 

higher than the field rate for all the insecticides tested. Pesticide misuse and abuse 

were observed to be a common phenomenon in the study area. Higher LC50 values 

than the recommended field rates and higher resistance ratios suggest that the T. 

absoluta population in Ethiopia has developed resistance to the insecticides registered 

for its control. Efforts should be made in developing an Insecticide Resistance 

Management (IRM) strategy for effective and sustainable resistance management in 

the chemical control of T. absoluta.  

 

Keywords:  Pesticide use, insecticide resistance, chlorantraniliprole, 

flubendiamide, spinetoram 
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Introduction  
 

In Ethiopia, vegetable crop production 

has increased through the years in area 

coverage and amount of produce. 

Tomato, which is a very important 

vegetable crop in the country, ranks 

fifth in terms of area coverage and 

production [Central Statistical Agency 

(CSA), 2021]. Tomato production and 

productivity is highly constrained by 

both abiotic and biotic factors. The 

polyphagous insect pest, African 

bollworm (Helicoverpa armigera) in 

warm and wet environments and the 

oligophagous, potato tuber moth 

(Phthorimaea operculella) in hot and 

dry environments were reportedly the 

most commonly encountered and 

economical arthropod pests of tomato 

in Ethiopia (Tsedeke and Gashawbeza, 

1997). The tomato leaf miner, Tuta 

absoluta (Meyrick) (Lepidoptera, 

Gelechiidae) detected in the Central 

Rift Valley Region (CRV) of Ethiopia 

in early 2013, has become one of the 

major arthropod pests of tomato in 

Ethiopia (Gashawbeza, 2015). 

The tomato leaf miner is a serious pest 

of both outdoor and greenhouse 

tomatoes. It is originated in South 

America, and reported since the early 

1980s from Argentina, Brazil and 

Bolivia (Mohamed and Lobna, 2012). 

It has become the major insect pest of 

tomato throughout the Mediterranean 

basin since its first occurrence in 

2006-2007 in Spain (Roditakis et al., 

2013). Several management methods 

were recommended and are being used 

against T. absoluta. Among these, 

chemical control using synthetic 

insecticides has been considered the 

main method to manage the insect 

(Haddi, 2011). In Ethiopia, following 

its occurrence, insecticides from 

diamide and spinosyns classes were 

registered for chemical control of the 

pest (Gashawbeza, 2015).  

Insecticide resistance development has 

been a major problem in chemical 

control of T. absoluta (Haddi, 2011). 

Several cases of insecticide resistance 

development in T. absoluta population 

were reported from different parts of 

the world (Melis et al., 2015). 

Therefore, to avoid the selection of 

resistant biotypes, a systematic 

utilization of insecticides with frequent 

changes of active ingredients is 

desirable (Mohamed and Lobna, 

2012).  

A decline in efficacy of some of the 

registered insecticides for the control 

of T. absoluta in Ethiopia is being 

reported from tomato growing areas in 

the central rift valley (CRV) which 

could be an insecticide resistance 

problem (first author observation). 

Therefore, knowledge of insecticide 

use practices for the control of T. 

absoluta and the presence of 

insecticide resistance in T. absoluta 

population is useful for judicious use 

of insecticides and insecticide 

resistance management. 
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Materials and Methods 

 

Survey on insecticide use 

practices  

The survey was carried out in selected 

vegetable growing districts of the 

CRV of Ethiopia in April 2017 (Fig. 

1). Districts included in the survey 

were selected based on the results 

obtained from a former study on the 

occurrence and associated natural 

enemies of T. absoluta in tomato and 

other solanaceous crops conducted by 

the Ethiopian Institute of Agricultural 

Research, Melkassa Agricultural 

Research Center in 2016 (unpublished 

data). A total of five districts along the 

main road from Modjo to Hawassa, 

were considered. The districts were 

Lumme, Bora, Dugda, and Adamitulu 

Jido Kombolcha from the East Shoa 

zone and Hawassa Zuriya from 

Sidama zone. Two kebeles from a 

district known for growing tomato and 

five farmers from each kebele who 

cultivated tomato for one or more 

years in the previous five years were 

selected for the interview. Limited 

numbers of tomato growers with 

required years of tomato growing 

experience were found in selected 

kebeles of Hawassa Zuriya district of 

Sidama zone, and as a result, only four 

farmers who met the requirements 

were interviewed. Thus, a total of 44 

farmers were interviewed during the 

survey. Kebeles and farmers were 

sampled purposively based on a set of 

criteria and information provided by 

agricultural experts and development 

agents (DAs) at the district bureau of 

agriculture in each district.  

Inquiries on the type and class of 

insecticides commonly used for T. 

absoluta control, application rate and 

frequency, methods of pesticide 

application, farmers’ assessment of the 

efficacy of insecticides, perception of 

side effects of pesticides and 

knowledge and use of other non-

chemical control methods, source of 

pesticides and other related issues 

were presented to selected farmers 

using a structured questionnaire and 

responses were recorded. 
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 Figure 1.  Map of survey locations for pesticide use practices against Tuta absoluta in CRV of Ethiopia, 2017 

 

 

The sensitivity bioassay 

The bioassay was carried out in the 

entomology laboratory of Melkassa 

Agricultural Research Center (MARC) 

between July and August 2017.  

Insect collection and 

rearing 

Tuta absoluta larvae were collected 

from infested tomato fields in four 

localities of the CRV of Ethiopia 

(Table 1). Tomato fields with variable 

insecticide use practices for T. 

absoluta control were considered for 

collecting the insect. Leaves with 

larvae (third and fourth instar) were 

brought to the laboratory using plastic 

cages and reared separately (for 

respective fields/localities) to obtain 

F1 generation for the subsequent 

bioassay test. Larvae were fed on 

tomato leaves during rearing. Pupae 

were then collected separately (i.e. for 

each location) and placed inside 

rearing cages containing potted tomato 

seedlings of the variety Gelilema for 

laying eggs by emerged adults. 
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Table 1. Locations considered for T. absoluta larvae (strains) collection 

Name of the location/ locality Geographic position 

   Region/ Zone/ district 
Latitude Longitude 

Awash Melkassa/ MARC 8.20 N 39.40 E Oromiya/ East Shoa/ Adama 

Shubi Gemo/ Meki 8.00 N 38.50 E Oromiya/ East Shoa/ Dugda 

Eddo Gojola/ Ziway 7.50 N 38.40 E Oromiya/ East Shoa/ Adamitulu Jido 

Kombolcha 

Loke/ Hawassa 7.00 N 38.20 E SNNP/ Sidama/ Hawassa Zuriya 

 

Insecticides 

Three insecticides from two different 

chemical classes (mode of action 

group) were used; the insecticides 

chlorantraniliprole and flubendiamide 

from diamide class and spinetoram 

from spinosyn class. Six dilution rates 

including label recommended rates 

were considered for each test 

insecticide (Table 2). Insecticide 

dilutions were based on active 

ingredient content (g or ml a.i.). 

 
Table 2. Treatment details of the insecticide bioassay experiment 

* = All the lower and higher rates of dilution (in a.i./ha basis) were calculated considering a 25 and 50 percent decrease 
and a 50, 75 and 100 percent increase in the a.i./ha from the label recommended rates respectively. 

 

Bioassay 

The bioassay was conducted according 

to Insecticide Resistance Action 

Committee (IRAC) susceptibility test 

method series, version 3 method 

number 022. The method is a leaf-dip 

bioassay to be performed preferably 

on F1 second instar (L2) larvae 

(IRAC, 2012). The method has been 

validated by several researchers in 

South America and Europe (Haddi, 

2011). Sufficient quantity of non-

infested and untreated tomato leaves 

(tender and young) that are uniform in 

size were collected from open field 

tomato plants. 

 

Leaflets were then individually dipped 

in the test liquids for three seconds 

with gentle agitation. The leaflets were 

air dried with their upper surface 

facing skyward. Since the standard 

bioassay cell unit specified in the 

method was not available in the 

country, 90 mm diameter Petri dishes 

were used for the bioassay. The 

bottom of each petri dish was covered 

with slightly moistened filter paper to 

Trade name Common name (active 
ingredient) 

Dilution rates (a.i. / ha) 

Lower rates* Recommende
d rate 

Higher rates* 

Coragen 200 SC chlorantranliprole 200 g/L  25g, 37.5g 50g 75g, 87.5g, 100g 

Belt 480 SC flubendiamide  28.8ml, 43.2ml 57.6ml 86.4ml, 100.8ml, 115.2ml 
Radiant 120 SC spinetoram  7.8ml, 11.7ml 15.6ml 23.4ml, 27.3ml, 31.2ml 
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keep the treated leaflets turgid 

throughout the bioassay period.  

Second instar larvae (4-5mm length) 

were transferred to the Petri dishes 

using a fine soft brush and incubated 

at 25 ± 2°C and 60-70% RH. Ten Petri 

dishes each with single leaflet and one 

larva inside were assigned for each 

dilution rate of the test insecticides and 

corresponding strains. Similarly, ten 

Petri dishes with untreated leaflets and 

a larva inside were included as a 

control (untreated check) for each test 

insecticide and respective strain. The 

bioassay was arranged in three 

replications. 

Performance evaluation was made 

after 72 hours of exposure. The 

numbers of live and dead larvae were 

recorded. Percent mortality was 

determined using Abbott’s formula 

(Abbott, 1925) for corrected mortality. 

The mortality data were used to 

perform a Probit analysis and plotted 

along with concentrations on a logit 

scale for dose-response analysis to 

provide LC50 and LC90 estimates for 

each insecticide and insect population 

tested and also for calculating the 

regression line and the slope. The most 

susceptible strain and recommended 

field rates were used to make 

comparisons and compute resistance 

ratios. A strain with a lower LC50 

value was assumed as susceptible 

strain since there is no known standard 

susceptible strain available for the 

insect in the country (Haddi, 2011; 

Melis et al., 2015). 

 

Corrected mortality= (1- 
n in T after treatment

n in Co after treatment
) ×100 

Where n in T = Population in the treated plot after treatment; n in Co = Population 

in control after treatment 

 

Data analysis 

Survey on insecticide use 

practices 

Analysis of the survey data was done 

using the SAS system version 9.0 and 

descriptive statistics was used to 

summarize responses given by 

respondents. Similarly, the Probit 

analysis was done using the SAS 

system version 9.0. 

Results and 

Discussion 
 

Survey on insecticide use 

practices   

Preference, purchase and 

type of insecticides used 

Farmers decided on the type of 

insecticides to purchase for controlling 

the pest based on the information they 

got from their neighbors (farmer-to-

farmer communication), pesticide 



Abiy et al.,                                                             7 

 

 

 

retailers, researchers/agricultural 

professionals and pesticide companies. 

The information from neighbors 

accounted for 59% followed by 

pesticide retailers (34%). The 

percentage of respondents who used 

information from 

researchers/agricultural professionals 

and pesticide companies was very 

small (Table 3). Belay et al. (2015) 

reported that farmers hardly relied on 

information and recommendations 

from extension agents and/or experts 

to select and use pesticides. 

Eighty-six percent of the respondents 

purchased insecticides from pesticide 

retailers and the remaining 

respondents were from local 

cooperatives, companies’ branches, 

and other farmers (Table 3). Studies 

by Belay et al. (2015) and Tebkew and 

Getachew (2015) showed that 

vegetable growers in the CRV of 

Ethiopia are largely dependent on the 

local pesticide retailers, some of which 

are uncertified and unlicensed for the 

supply of pesticides. 

 
Table 3. Responses of tomato growers on issues related with purchase of pesticides for pest control 
 

Points raised on purchase of pesticides Percent respondents 
(n=44) 

Sources of information on the choice of pesticides for purchase  

Neighbors (farmer to farmer communication)  59% 
Pesticide retailers 34% 
Researchers/agricultural professionals 5% 
Pesticide companies 2% 

Sources of pesticides for purchase  

Pesticide retailers 86% 
Local cooperatives  7% 
Companies’ branch 5% 
Other farmers 2% 

 

 

A total of nine insecticides were 

recorded in use for T. absoluta control 

by tomato growers in the surveyed 

area (Table 4). The insecticides 

belonged to four insecticide classes (3 

Pyrroles, 2 Diamides, 1 Oxadiazine, 

and 2 Spinosyns) and one mixture 

(Diamides + Pyrethroids). The 

majority (55%) of the respondents 

used insecticides from all classes of 

insecticides mentioned above, whereas 

30% and 15% of the respondents used 

insecticides from a mixture of 

diamides and spinosyns; and diamides, 

respectively. 
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Table 4. Insecticides used by tomato growers for T. absoluta control in CRV of Ethiopia, 2017 

No. Trade name 
Common name / active 

ingredient 
Chemical 

group / class 
Approved use * 

1 Ampligo 150 ZC 
chlorantraniliprole + 
lambda-cyhalothrin 

Diamides + 
Pyrethroids 

For the control of tomato leaf miner 
and fruit borer (T. absoluta) on tomato 

2 Avaunt 150 SC indoxacarb Oxadiazine 

For the control of stalk borer on maize, 
sweet potato butterfly on sweet potato, 
caterpillars on flowers and African boll 
worm on cotton 

3 Belt SC 480 flubendiamide Diamides 
For the control of tomato leaf miner 
and fruit borer (T. absoluta) on tomato 

4 
Best field 360 
SC** 

chlorfenapyr Pyrroles 
For the control of onion thrips (Thrips 
tabaci) on onion and T. absoluta on 
tomato 

5 Coragen 200 SC chlorantraniliprole Diamides 
For the control of African bollworm (H. 
armigera) on cotton and Tuta absoluta 
on tomato 

6 Radiant 120 SC spinetoram Spinosyns 
For the control of onion thrips (T/ 
tabaci) on onion and T. absoluta on 
tomato 

7 Secure 24% SC chlorfenapyr Pyrroles 
For the control of tomato leaf miner 
and fruit borer (T. absoluta) on tomato 

8 Tracer 480 SC spinosad Spinosyns 
For the control of thrips and leaf miners 
on flowers, African bollworm on cotton 
and T. absoluta on tomato 

9 Tutan*** chlorfenapyr Pyrroles 
For the control of African boll worm on 
cotton 

*Source, MOANR (Ministry of Agriculture and Natural Resources) pesticide registration list (August, 2016) 
**Not registered until October, 2017 (MOANR pesticide registration list) 
***Not registered until May, 2018 (MOANR pesticide registration list) 

 

Among the insecticides used by the 

respondents to control T. absoluta, 

insecticides from the diamide class 

had been used most frequently (43%) 

followed by insecticides from both 

diamide and spinosyn classes (32%) 

(Fig. 2). Seventy-three percent of the 

respondents used these insecticides for 

more than two years, 23% for two 

years, and 5% for one year. 
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Figure 2. Classes of insecticides most frequently used to control T. absoluta in CRV of Ethiopia, 2017 

 

The use of unregistered pesticides for 

the control of vegetable pests by 

vegetable growers has been reported in 

the central rift valley of Ethiopia 

(Belay et al., 2015; Tebkew and 

Getachew, 2015). In agreement with 

this, the respondents in this study used 

two insecticides namely Best field 360 

SC and Tutan 36% SC which were not 

registered for use in the country at the 

time of this survey (Table 4) 

(MOANR, 2016). 

Application rate and 

frequency 

It was found that 57% of the 

respondents used application rates 

specified on the labels of insecticides, 

while 34% of the respondents applied 

insecticides either below or above the 

rate indicated on the labels. Nine 

percent of the respondents applied 

insecticides based on their personal 

experiences, and the rates varied with 

the growth stages of the crop. Tebkew 

and Getachew (2015) reported that 

vegetable growers determined rates of 

applications mainly based on 

information on the labels of pesticides 

and their personal experiences. 

Moreover, Belay et al. (2015) 

mentioned that vegetable growers in 

CRV of Ethiopia generally use a 

higher dose of pesticides than 

recommended, with a wrong 

perception that a higher dose ensures 

successful pest control. 

Fifty-two percent of the respondents 

applied insecticides twice weekly; 

27% and 9% on a weekly and 

biweekly basis, respectively, while the 

rest applied conditionally (Fig. 3). 

Vegetable farmers regularly treated 

their vegetables with insecticides 

either at a weekly or bi-weekly 

interval (Tebkew and Getachew, 

2015).
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Figure 3. Insecticides application frequencies practiced by tomato growers in CRV of Ethiopia, 2017 

 

Even though the majority of the 

respondents determined the frequency 

of insecticides application based on 

their personal experiences, some 

sought advice from agricultural 

experts (DAs and other professionals), 

insecticide providers (retailers and 

companies) and fellow tomato growers 

(Fig. 4). 

          

 

Figure 4. Source of information on insecticides application frequency in CRV of Ethiopia, 2017 
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Method of pesticides 

application 

Sixty-one percent of the respondents 

preferred mixing two or more 

pesticides. However, the number of 

pesticides mixed during application 

varied among respondents (Table 5). 

Eighty-nine percent of the respondents 

mixed insecticides targeted for the 

control of T. absoluta with fungicides 

and/or bactericides. The major reason 

(56 % of the respondents) given for 

mixing different pesticides was the 

desire to control different pests at the 

same time (Table 5). 
Table 5. Proportion of respondents (n=44) on their pesticide use practices in the CRV of Ethiopia, 2017 
 

Inquiries Respondents (%) 

Method of pesticides application  

Mixing of pesticides during application 61 
Apply one pesticide type at a time  39 

Number of pesticides mixed during application  

Two  63 

Three  22 

More than three (mostly four but sometimes five) 15 

Reasons given for mixing pesticides during application  

Control different pests at same time 56 
Minimize labor cost and save time  30 
Increase efficacy of pesticides 7 
As a traditional practice  7 

 

Practice of insecticide 

rotation  

Eighty-two percent of the respondents 

applied insecticides recommended for 

T. absoluta control in rotations. The 

major reason for applying insecticides 

in rotation by the tomato growers was 

to avoid adaptation of insecticides by 

the insect (89%), while 11% of the 

respondents rotated insecticides 

because they believed that it was good 

for the crop. All respondents who 

practiced insecticide rotations were 

found rotating insecticides from 

different classes in the rotation 

scheme. However, the number of 

insecticides used in the rotation varied 

among the respondents. The majority 

(53%) of the respondents rotated three 

insecticides, while 28% and 19% of 

the respondents used two and more 

than three (four to five) insecticides in 

rotation with weekly to monthly 

rotation frequencies (Fig. 5). For 

prolonged use of insecticides in 

chemical pest control, rotation of 

effective pesticides from different 

chemical classes with different modes 

of action is recommended [Insecticide 

Resistance Action Committee 

(IIRAC), 2017]. 
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Figure 5. Insecticides rotation frequencies in the CRV of Ethiopia, 2017 

 

Growers’ assessment on 

efficacy of registered 

insecticides used for T. 

absoluta control 

Considering the use of unregistered 

insecticides by growers for T. absoluta 

control, 57%, 34%, 7%, and 2% of the 

respondents rated the efficacy of 

insecticides as very good, excellent, 

good, and poor, respectively. The 

decline in efficacy of some of the 

registered insecticides was mentioned 

by 82% of the respondents after two to 

three years of their use for controlling 

the insect (Fig. 6). The decrease in the 

proportion of respondents who 

claimed a decline in efficacy of the 

registered insecticides in 2017 might 

be due to the shift from the use of 

registered insecticides to un-registered 

as a response to the observed decline 

in the efficacy of some of the 

registered insecticides by tomato 

growers. Victor et al. (2015) reported 

that vegetable farmers take various 

measures such as increasing the 

concentration and application 

frequency of pesticides and/ or 

changing the types of pesticides to 

cope with the decline in the efficacy of 

pesticides.  
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Figure 6. Cropping years which a decline in the efficacy of insecticides used to control T. absoluta observed in CRV of 
Ethiopia, 2017 

 

Detection of occurrence of 

insecticide resistance in T. 

absoluta population 

 

Sensitivity bioassay 

The difference in susceptibility 

between the four T. absoluta strains to 

the different compounds tested was 

determined based on the criterion of 

failure of 95% CL at LC50 to overlap. 

Hence, a significant difference was 

observed among T. absoluta strains of 

Hawassa and Ziway to flubendiamide 

only (Table 6). Since a general 

standard susceptible strain could not 

be found, the comparisons and 

resistance ratios (RR) were based on 

the most susceptible strain (i.e. the 

strain with a lower LC50 value) and 

recommended field rates on labels of 

insecticides (Haddi, 2011). Therefore, 

the strain from MARC was the most 

susceptible one to chlorantraniliprole. 

Whereas T. absoluta strains from 

Hawassa and Ziway were found most 

susceptible, respectively, to 

flubendiamide and spinetoram. 
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Table 6. Relative toxicity of chlorantraniliprole, flubendiamide, and spinetoram to T. absoluta strains of Hawassa, MARC, Meki and Ziway, 2017 
 

Active 
ingredient 

Strain N Slope ± SE LC50 g, ml a.i./ha (Cl 95%) LC90 g, ml a.i./ha (Cl 95%) χ2 RR 

chloran 
traniliprole  

MARC 210 7.06 ±1.44 96.49 (83.18 121.59) 197.56 (147.17 378.84) 23.94 _ 
Ziway 210 6.58 ±1.40 100.78 (85.55 133.01) 217.38 (155.71 470.07) 22.07 1.04 
Hawassa 210 4.25 ±2.86 151.72 _ _ 498.72 _ _ 2.20 1.57 
Meki 210 5.9 3±1.74 159.42 (114.57 568.89) 407.44 (210.07 7063) 9.62 1.65 

flubendiamide  Hawassa 210 4.21 ±1.19 92.67 (70.69 127.19) 307.87 (189.16 1498) 12.63 _ 
MARC 210 4.22 ±0.93 98.04 (76.03 139.30) 325.07 (201.99 991.80) 20.81 1.06 
Meki 210 3.72 ±1.56 186.49 (125.18 4600) 727.58 (281.39 9128253) 5.68 2.01 

Ziway 210 3.42 ±1.16 205.48 (129.99 1375) 902.14 (334.43 105724) 8.72 2.22 

spinetoram  Ziway 210 5.71 ±1.25 23.29 (18.38 28.23) 56.47 (42.45 106.87) 20.99 _ 
Hawassa 210 5.20 ±1.69 25.62 (17.60 31.97) 67.73 (46.56 323.70) 9.40 1.10 
MARC 210 5.96 ±1.13 26.47 (22.36 32.95) 61.84 (45.42 115.99) 27.95 1.14 
Meki 210 5.77 ±1.87 28.28 (23.20 37.80) 67.95 (45.84 364.12) 9.48 1.21 

N= number of larvae tested, χ2 = Chi-square test, RR = resistance ration (LC50 resistance/LC50 susceptible) 
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Chlorantraniliprole 

The comparison for susceptibility to 

chlorantraniliprole did not show 

significant differences among the 

strains in LC50 and LC90 values. The 

highest LC50 value was recoded from 

Meki (159.42 g/ha a.i.) followed by 

Hawassa (151.72 g/ha a.i.). On the 

other hand, LC50 of MARC was the 

lowest (96.49 g/ha a.i.). 

Chlorantraniliprole resistance ratios 

ranged from 1.04 to 1.65. The 

recommended field rate for 

chlorantraniliprole (Coragen 200 SC) 

is 50 g/ha (a.i.). However, the LC50 

values of all strains were far higher 

than the field rate, indicating the 

presence of resistance. 

Flubendiamide 

Resistance to flubendiamide was only 

observed in T. absoluta population 

from Ziway when compared with the 

most susceptible strain, Hawassa. LC50 

of the resistance population was 

205.48 ml/ha (a.i.) with a resistance 

ratio of 2.2. The other strains had 

overlapping confidence intervals. 

However, all strains showed no 

significant difference in susceptibility 

to the insecticide in the LC90. The 

confidence intervals of the four strains 

at the LC90 were very wide and 

overlapping. LC50 values of Meki and 

Ziway were approximately four folds 

higher than the field rate of 

flubendiamide (i.e 57.6 ml/ha a.i.), 

Populations of Hawassa and MARC 

also showed higher LC50 of 92.67 and 

98.04 ml/ha (a.i.), respectively 

suggesting that all populations tested 

had developed resistance to 

flubendiamide. 

Spinetoram 

For Spinetoram, the variability 

observed in the LC50 and LC90 values 

among the tested strains were low 

(under 1.2 times). The highest LC50 

value of 28.28 ml/ha (a.i.) and LC90 

value of 67.95 ml/ha (a.i.) were 

recorded from Meki, while population 

from Ziway had the lowest LC50 of 

23.29 ml/ha (a.i.) and LC90 of 56.47 

ml/ha (a.i.). The confidence intervals 

of all strains overlapped. The Hawassa 

and MARC strains showed LC50 of 

25.62 and 26.47 ml/ha (a.i.), 

respectively. All strains had LC50 

values higher than the field rate of 

Spinetoram 15.6 ml/ha (a.i.) which 

suggests the existence of resistance. 

Tuta absoluta has been reported for 

developing resistance to insecticides 

from different classes. Resistance to 

diamides (chlorantraniliprole and 

flubendiamide) was observed in T. 

absoluta populations from Greece and 

Italy (Roditakis et al., 2015). Melis et 

al. (2015) also reported resistance to 

chlorantraniliprole in two populations 

of T. absoluta from Turkey. Moreover, 

T. absoluta has shown resistance to 

spinosad in Brazil, Chile and Turkey 

(Reyes et al., 2012; Campos et al., 

2014; Melis et al., 2015). 

Results of the bioassay test conducted 

on T. absoluta strains collected from 

CRV of Ethiopia suggested that the 

levels of resistance among T .absoluta 

strains were low for all test 
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insecticides. The lack of a good 

susceptible standard population can be 

the reason for underestimating the 

levels of resistance (resistance ratios) 

to the compounds (Siqueira et al., 

2000). The level of resistance to 

chlorantraniliprole was 1.65 times 

higher in T. absoluta population of 

Meki than MARC population. Melis et 

al. (2015) also mentioned a 1.84 fold 

resistance to chlorantraniliprole in T. 

absoluta population of Turkey. 

The resistance ratio to flubendiamide 

(> 2 fold) was higher than that of 

chlorantraniliprole and Spinetoram. 

This high level of resistance to 

flubendiamide may be due to a higher 

selection pressure provided by the 

intensive use of this insecticide. 

However, considering, the time of 

registration of this insecticide in 

Ethiopia for T. absoluta control 

compared to chlorantraniliprole, the 

observed difference is unclear. It is 

worth mentioning that the sites from 

where the populations were collected 

are not far from flower farms which 

use a range of insecticides including 

the unregistered ones. It could also be 

due to cross-resistance following the 

exposure of the population to 

chlorantraniliprole. Therefore, there is 

a possible cross-resistance in T. 

absoluta population of Meki which 

consistently shows a relatively high 

level of resistance to both insecticides 

compared with the respective 

susceptible reference strains (i.e. 2.01 

fold to flubendiamide and 1.65 fold to 

chlorantraniliprole). Roditakis et al. 

(2015) also reported similar 

phenomena in two European 

populations of T. absoluta. 

In this bioassay, the T. absoluta 

populations exhibited very low levels 

of resistance (RR < 1.21 folds) to 

spinetoram. Similarly, low levels of 

resistance to spinosyns (spinosad) 

were reported in T. absoluta 

populations of Brazil (Silva et al., 

2011). Moreover, different studies on 

the efficacy of insecticides against T. 

absoluta determined that spinosyns 

provide good control of the insect 

(Saad et al., 2013; Mohamed and 

Lobna, 2012; Eleonora and Vili, 

2014). 

Conclusion and 

Recommendation 
 

The results of the survey clearly 

showed that misuse and abuse of 

pesticides in CRV of Ethiopia is 

rampant. This in turn aggravates the 

development of insecticide resistant 

population of arthropod pests of 

vegetables produced in the region. 

Hence, efforts need to be made 

towards judicious use of chemical 

control in the IPM of the tomato leaf 

miner. 

The results of the sensitivity bioassay 

suggest that insecticides from 

spinosyns class still have the potential 

to control T. absoluta. However, to 

attain a sustainable control of T. 

absoluta using insecticides, 

registration of more effective 

insecticides having different modes of 

action is crucial. Moreover, 
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developing a sound insecticide rotation 

scheme is important to increase the life 

span of insecticides for long-term use 

in an IPM program.  

The present study focused on the 

central rift valley region of Ethiopia 

where vegetable production is 

intensive and pesticide use is heavy. 

Similar studies are required in other 

vegetable or tomato production areas 

to have a national picture of pesticide 

use practices, and to assess the level of 

sensitivity to insecticides among T. 

absoluta strains in the country. In 

addition, Efforts should also be made 

to develop insecticide resistance 

management strategy for effective and 

sustainable resistance management in 

chemical control of T. absoluta. 
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Abstract 
Stem rust (Puccinia graminis Pers. f. sp. tritici Eriks. and Henn) incurs significant 

yield losses in wheat in Ethiopia, as most commercial varieties lack sufficient 

resistance to the rust. New resistance sources identification and incorporation of 

resistance has continued. Combining adult plant and seedling resistances based 

Sr-resistance genes is foundation for durable stem rust resistant variety providing 

effective rust protection. Thirty two durum wheat lines (DW) and 30 bread wheat 

genotypes (BW) were evaluated for stem rust seedling resistance. Twenty nine 

DW and 15 BW with heterogeneous seedling infection (2+3-) and > 3- were 

further evaluated for stem rust adult plant field resistance. Seedling infection 

types (ITs), host plant responses, terminal disease severity (TDS), coefficient of 

infection (CI) and relative area under disease progress curve (r-AUDPC) were 

used for evaluating adult plant resistance. Four DW lines 7974-2, 203680-2, 

7974-1, 203831-2 and one advanced BW line ETB9550 expressed low TDS/field 

response of 15MS-25MS, CI of 12-20 and r-AUDPC of 12-22%. These lines had 

susceptible seedling infection types and were regarded as highly slow rusting. 

Likewise, DW lines 5454-1, 6112-1, 203726-2, 203855-2 and 203899-1 and BW 

lines ETBW9652 and ETBW9313 with >3- ITs showed r-AUDPC, CI and 

TDS/response of 31-70%, 28-36 and 30S-45MSS, respectively, were grouped to 

genotypes with moderate slow rusting resistance. Slow rusting resistant wheat 

genotypes identified from the present study can be used for developing durable 

stem rust resistant wheat cultivars once they are postulated for their inherent 

resistance Sr-genes.  

 

Keywords: bread wheat, durum wheat, landrace, slow rusting 

 

 

 

Introduction 
 

Wheat (Triticum aestivum L) is the 

most widely grown cereal crop in the 

world, encompassing more than 218 

million hectares of land. It is the 

second most important food crop in 

the developing world after rice 

(Giraldo et al., 2019). Ethiopia is the 

largest wheat producer in sub-Saharan 

Africa (Adugnaw and Dagninet, 2020) 

mailto:netsanetbacha@gmail.com
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with the productivity of 3 t/ha and 

production of 5.78 million tonnes 

harvested from over 1.8 million 

hectares of land [Central Statistical 

Agency (CSA), 2021]. Both bread (T. 

aestivum L.) and durum (T. turgidum 

var. durum) wheat varieties are grown 

in the country. Bread wheat is an 

introduced crop whereas durum wheat 

is an indigenous crop. The crop is an 

important staple food used in a wide 

variety of products in the country. 

However, its productivity is threatened 

by various biotic and abiotic 

constraints.  

 

Stem rust disease caused by Puccinia 

graminis Pers. f. sp. tritici Eriks and 

Henn (Pgt) is one of the widespread 

biotic disease factors that severely 

affect wheat productivity in Ethiopia 

(Singh et al., 2016). It often causes 

yield losses reaching up to 100% on 

susceptible cultivars (Meyer et al., 

2021). Disease control is possible with 

fungicides, but they are unaffordable 

for resource poor farmers in 

developing countries like Ethiopia 

(Rehman et al., 2013). Use of wheat 

cultivars with durable resistance genes 

also called slow rusting, adult plant 

resistance or partial resistance is the 

most economic, effective, and 

ecologically sustainable method of 

stem rust control. 

 

More than 60 resistance genes have 

been described for stem rust. Most of 

these genes are race-specific and 

function in a gene-for-gene fashion 

(McIntosh et al., 2017). Virulence in 

the pathogen population has been 

evolving rapidly following the 

deployment of race-specific resistance 

genes, often associated with a boom-

and-bust cycle (Burdon et al., 2014). 

Use of race non-specific resistance 

genes is the best strategy for breeding 

towards durable stem rust resistance. 

This form of resistance is effective 

against a broad range of stem rust 

races with an optimal level of 

expression at the adult plant stages 

(Parlevliet, 1985; McIntosh et al., 

1995). Race non-specific resistance is 

governed by polygenes each with 

minor effect. The stem rust resistance 

gene Sr2, Sr55, Sr56, Sr57 and Sr58 

are examples of genes contributing to 

adult plant resistance, based up on 

partial resistance (Yu et al., 2014; 

McIntosh et al., 2017). The gene Sr2 

has provided durable resistance against 

stem rust worldwide for more than 50 

years (Bhardwaj et al.,  2014). It is a 

recessive gene closely linked to 

pseudo-black chaff (‘pbc’), 

characterized by stem and head 

melanism in wheat.  

 

Several race-specific stem rust 

resistance inherent wheat varieties 

grown in Ethiopia have been more 

frequently succumbed to stem rust 

epidemics and periodically dropped 

out of production despite sustained 

desirable agronomic attributes 

(Admassu et al., 2012; Bekele et al., 

2019). The failures of many promising 

cultivars which were reportedly 

resistant to stem rust indicate the 

importance of breeding for durable 

resistance using non-race specific or 

adult plant resistance genes. However, 
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presence of a single or couple of adult 

plant resistance genes in a cultivar 

may not provide sufficient resistance 

levels in a high disease pressure area. 

Besides, it lacks stability as it is 

influenced by changing weather 

conditions. Therefore, cultivating 

commercial cultivars with pyramided 

minor resistance genes in addition to 

combining race-non-specific and 

seedling resistances could be the best 

stem rust control strategy (Singh et al., 

2011; Zhang et al., 2019). Hence, 

searching and identifying new sources 

of resistance to stem rust is a 

continuous process in stem rust 

breeding programs. The present study 

was thus conducted to detect the 

presence of slow rusting resistance to 

stem rust in selected Ethiopian durum 

wheat landrace lines and bread wheat 

genotypes. 

 

 

Materials and Methods 

 

Experimental sites 

description 

Pure line development and seedling 

evaluation of wheat genotypes were 

carried out at Ambo Agricultural 

Research Center. It is located at 08° 

96' 885'' N latitude and 37° 85' 923'' E 

longitude and at an altitude of 2147 

m.a.s.l. The annual average 

temperature and rainfall are 27.54°C 

and 1077.68 mm, respectively. 

 

The Debre Zeit Research Center is 

found at an altitude of 1900 masl.  Its 

geographic location is 08° 44' N 

latitude and 38° 58' E longitude. The 

center receives mean annual rainfall of 

851 mm. The average annual 

minimum and maximum temperatures 

are 8.9 and 28.3°C, respectively. The 

center is a reputed ‘hotspot’ site for 

field evaluation of wheat genotypes 

against stem rust. 

Plant materials 

A total of 62 wheat genotypes 

including 32 durum wheat pure lines 

selected from 25 original accessions 

acquired from Ethiopian Biodiversity 

Institute (EBI), 14 advanced bread 

wheat lines and 16 bread wheat 

varieties obtained from Kulumsa 

Agricultural Research Center were 

studied (Tables 1 and 2). The durum 

pure lines were obtained by selecting 

and planting five single heads 

representing the most frequent 

genotype within an accession. This 

was done over two selection cycles at 

Ambo Agricultural Research Center 

during the 2018 main season (June–

October) and 2019 off-season 

(January–May). Malefia and Digalu 

were used as susceptible checks for 

durum and bread wheat genotypes, 

respectively.  
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Table 1. Passport description of the test durum wheat landraces  

Accession  Region Zone Latitude Longitude Altitude 

5454 Oromiya Mirab Shewa 08-59-00-N 37-51-00-E 1772.00 
7974 Oromiya Mirab Shewa 08-50-00-N 38-28-00-E 2080.00 
6112 Oromiya Semen Shewa 09-46-00-N 38-31-00-E 2705.00 
203680 Oromiya Misrak Shewa 08-52-00-N 39-01-00-E 2600.00 
7156 Oromiya Semen Shewa 09-16-00-N 38-35-00-E 2735.00 
203676 Oromiya Misrak Shewa 08-52-00-N 38-47-00-E NA 
203733 Oromiya Misrak Shewa 09-47-00-N 39-16-00-E 2200.00 
203709 Oromiya Mirab Shewa 08-51-00-N 38-30-00-E 2330.00 
203818 Oromiya Semen Shewa 09-03-00-N 39-04-00-E 2510.00 
203826 Oromiya Misrak Harerge 09-16-00-N 41-48-00-E  NA 
203726 Oromiya Misrak Shewa 08-50-00-N 39-19-00-E 2260.00 
203882 Oromiya Mirab Shewa 08-59-00-N 37-51-00-E 1772.00 
203831 Oromiya Misrak Harerge NA NA NA 
7169 Oromiya Mirab Shewa NA NA NA 
203855 Oromiya Misrak Harerge NA NA NA 
7972 Oromiya Mirab Shewa 08-50-00-N 38-28-00-E 2080.00 
203854 Oromiya Misrak Harerge 09-26-00-N 41-48-00-E 

 5768 Oromiya Misrak Shewa 08-47-00-N 39-15-00-E 2300.00 
7855  NA  NA  NA  NA  NA 
203886 Oromiya Mirab Harerge 09-00-00-N 40-53-00-E  NA 
203899 Oromiya Semen Shewa 09-16-00-N 38-40-00-E 2853.00 
203695 Oromiya Mirab Harerge 09-00-00-N 41-53-00-E  NA 

NA:  not available 
 
Table  2. List of wheat genotypes used for field evaluation  

Line/Variety Pedigree Breeder 
Institute/Origin 

Year of 
release 

ETBW9550 KFA/2*KACHU*2//WAXBI EIAR - 
ETBW9548 REEDLING #1//KFA/2*KACHU EIAR - 
ETBW9543 KFA//PBW343/PASTOR/3/PBW343*2/KUKUNA/4/

PBW343*2/KUKUNA*2//FRTL/PIFED/5/PBW343*2/ 
KUKUNA*2//FRTL/PIFED 

EIAR - 

BW173472 NA EIAR - 
ETBW9652 PFUNYE #1/KINGBIRD #1 EIAR - 
ETBW9313 ROLF07/YANAC//TACUPETOF2001/BRAMBLING*

2PASTOR 
EIAR - 

Shina GOV9/AZ//MUS"S"/3/R37GHL/21//KAL/BB/4/ 
ANI"S" 

ARARI/CIMMYT 1999 

Kubsa NORDDESPREZ/VG9144//KALYANSONA/BLUEBI
RD/3/YACO/4/VEERY  

EIAR/CIMMYT  1995 

KBG 01 (300/SM+501M)/HAR-1709 EIAR/Germany 2001 
Menze MILAN/SHANGHAI#7 ARARI/CIMMYT 2007 
Sirbo V573.600/MRL/3/BOW//YR/TRF EIAR/CIMMYT 2001 
Kakaba KIRITATI/SERI/RAYON EIAR/CIMMYT  2010 

Bolo VEE/LIRA//BOW/3/BCN/4/KAUZ ARARICIMMYT 2009 
Hidase YANAC/3/PRL/SARA//TSI/VEE#5/4/CROC-

1/AE.SQUAROSA(224)//OPATTA 
ARARI/CIMMYT  2012 

Tsehay VEERY-5/ICTA-SARA-82//DUCULA ARARI/NA 2011 
Digalu(BW Check) SHANGHAI-7/KAUZ,MEX EIAR/CIMMYT  2005 
Malefia (DW 
Check) Altar84/Stn/Lahn ARARI /ICARDA 

2006 

NA: Not available; EIAR: Ethiopian Institute of Agricultural Research; ARARI: Amhara Regional Agricultural Research 
Institte 
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Seedling resistance 

evaluation  

The seedling evaluation experiment 

was conducted following the 

procedure described by Rouse et al. 

(2011). Five seeds each from 62 wheat 

test genotypes, a susceptible check 

(MacNair) and two field standard 

checks (Digalu and Malefia) were 

planted at Ambo Agricultural 

Research Center greenhouse separately 

in 5cm diameter plastic pots filled with 

growing medium composed of soil, 

sand and manure in the ratio of 2:1:1, 

respectively, and  arranged in 

completely randomized design. The 

urediniospores (spores) of races 

TTTTF suspended in Soltrol 170 and 

adjusted at approximately 4x10
6
 

spores per 1 ml lightweight mineral oil 

was sprayed onto leaves of 7-day old 

seedlings when the first leaf was fully 

expanded and the second leaf was just 

emerged to grow. Inoculated plants 

were moistened with fine droplets of 

distilled water using atomizer after 30 

minutes of inoculation and seedlings 

were incubated in the dark for 18 

hours at 18
0
C and 95% relative 

humidity in a dew chamber. 

Thereafter, the seedlings were exposed 

to fluorescent light for four hours to 

provide favorable condition for stem 

rust infection. Seedlings were then 

allowed to dry for about two hrs and 

then, transferred from dew chamber to 

glass compartments in the greenhouse 

where conditions were regulated at 12 

hrs photoperiod, and a temperature 

range of 18- 25
0
C and RH of 60-70%. 

Seedling infection type (IT) was noted 

14 days post inoculation using the 0 to 

4 infection scoring scale in which  “0”, 

“;”, “;1”; “1”, “1+”, “2-”, “2”, “2+” 

stands for  resistance and  “3-”, “3”, 

“3+”, and “4” represent susceptibility 

infection (Stakman et al., 1962). The 

experiment was repeated three times to 

exclude the possibility of disease 

escape. 

 

Adult plant field resistance 

evaluation  

Forty four genotypes that showed 

susceptible (>3-) and heterogeneous 

(2+3-) infection types in seedling test 

were retained and planted at a reputed 

‘hotspot’ site, DebreZeit Agricultural 

Research Center, in 2020 main 

cropping season and 2021 off-season. 

Test materials along the two check 

varieties were planted in plots 

consisting of two rows of 1 m long 

with 20 cm intra-row spacing. The 

spacing between plots and blocks were 

maintained at 40 cm and 1m, 

respectively. Each genotype was 

planted manually at a seed rate of two 

grams per two rows. Experiments were 

established using an alpha lattice 

design (9 x 5) with two replicates. A 

mixture of two susceptible checks, 

Morocco and a standard cultivar 

PBW343 was planted around the 

experimental blocks a week earlier to 

serve as spreader rows. A water 

suspension of bulk urediniospores of 

TTKSK, TRTTF, TKTTF, TTTTF, 

TTRTF and JRCQC races 

approximately adjusted at 10 gm/ 5000 

ml of water was applied using ultralow 

volume sprayer (Bromyard Industrial 
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Estate,  HR7 4HS United Kingdom) 

twice on the spreader rows when most 

plants were at the stem elongation. 

Fertilizer was applied at the rate of 

50/100 N/PKS ha 
-1

. In addition, other 

relevant field trial management 

practices were carried out as per the 

recommendations. 

 

Adult plant field rust 

assessment 

Disease severity 

Disease assessment was started when 

50% of the spreader rows were 

infected with stem rust. Stem rust 

severity was estimated visually as a 

proportion of the plant stem affected 

following a modified Cobb scale 

(Peterson et al., 1948). Severity was 

assessed three times at twenty days 

interval from ten randomly pre-tagged 

plants of each plot and the mean of all 

stems was considered as the value for 

a plot.  

 

Adult plant field response 

Adult plant field response was scored 

using the description of Roelfs et al. 

(1992) as R = resistant (flecks and 

small uredinia), MR = moderately 

resistant (flecks and small to moderate 

uredinia), MS = moderately 

susceptible (moderate to large 

uredinia) and S = susceptible (large 

uredinia). If a line displayed multiple 

infection responses to stem rust, they 

were all recorded as RMR, MRMS 

and MSS. 

 

 

 

Coefficient of infection  

Coefficient of infection (CI) was 

calculated for each wheat genotype by 

multiplying the percentage disease 

severity by constant values of 0.2, 0.4, 

0.6, 0.8, 0.9 and 1 assigned to R, MR, 

MR-MS, MS and MS-S and S 

responses, respectively (Stubbs et al., 

1986) and the average was used for 

differentiating the genotypes to 

various resistance categories.  

 

Area under disease progress 

curve (AUDPC) 

The computed CI value was used for 

calculating AUDPC for each 

genotype. AUDPC values were 

generated using the formula of 

Wilcoxson et al. (1975). 

AUDPC = 


n

i 1

[0.5 (xi +xi+1)] [t i+1 - ti].   

Where, xi = the average coefficient of 

infection of i
th

 record, Xi+1 = the 

average coefficient of infection of 

i+1
th

 record and t i+1 - ti = Number of 

days between the i
th

 record and i
+1th

 

record, and n = number of 

observations. 

 

Relative AUDPC (r-AUDPC) for each 

wheat genotype was calculated using 

the following formula:  

  

 

 

 

 

 

100x
AUDPCeSusceptibl

AUDPCLine
AUDPCr 
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Data analysis 

 

Seedling resistance evaluation   

Of seedling infection types noted for 

each test genotype, the most frequent 

was retained to compare test materials 

for their seedling resistance (Stackman 

et al., 1962). 

 

Adult plant field resistance 

evaluation 

Durum and bread wheat test genotypes 

and their respective susceptible checks 

were compared for their stem rust 

resistance and then assembled to different 

slow rusting genotype classes using the 

averages of TDS, CI and r-AUDPC 

following the same way followed by 

several authors (Parlevliet and van 

Ommeren, 1975; Ali et al., 2007; 

Priyamvada et al., 2011; Tabassum, 2011; 

Nzuve et al., 2012; Safavi, 2012; 

Mabrouk et al., 2019; Abebech et al., 

2020; Alemu et al., 2021). Correlation 

coefficients of disease parameters were 

determined using SPSS software (SPSS, 

2016) version 24.  

 

Results and Discussion 

 

Seedling reaction of wheat 

genotypes to stem rust 

races 
The greenhouse test revealed that both 

durum and bread wheat genotypes tested 

differed in their seedling reaction to the 

stem rust. None of the test genotypes were 

stem rust immune at seedling, however, 

18 (29%), 27 (44%) and 17 (27%) 

genotypes had resistance (0; to 2), 

susceptible (>3-)  and heterogeneous  

resistance (2+3-) infection types, 

respectively (Table 3). The susceptible 

checks used for the field evaluations, 

Malefia and Digalu, had susceptible (3-) 

infection type. The susceptible check, 

MacNair, used for seedling evaluation 

displayed infection type 3+ at the seedling 

stage. As reported by Nzuve et al. (2012), 

wheat plants carrying adult plant 

resistance show disease susceptibility at 

seedling plant stage and varying levels of 

resistance to stem rust at post-seedling 

crop growth stages. Accordingly, 44 

wheat genotypes which showed 

susceptible and heterogeneous infection 

types at seedling stage were selected and 

characterized for adult plant type of 

resistance to stem rust under field 

condition. 

 

 
Table 3. Proportion of durum and bread wheat genotypes exhibiting resistant, heterogeneous and susceptible reaction to 

Pgt races TTTTF  

Wheat types Resistant(0; to 2+) Susceptible(>3-) Heterogeneous (2+3-) 

Durum wheat lines 3 24 5 
Bread wheat lines 8 - 6 
Bread wheat varieties 7 3 6 
DW+BW 18 (29)* 27 (44) 17 (27) 
Susceptible checks - 3 - 

* Numbers in parentheses represent the percentage of genotypes in a given IT category 
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Adult plant field resistance 

evaluation 

Field repose, terminal severity (TDS), 

coefficient of infection (CI) and 

relative area under disease progress 

curve (r-AUDPC) were used in 

classifying test genotypes into various 

adult plant resistance categories. 

Authors such as Tabassum (2011), Hei 

et al. (2015), Mabrouk et al. (2019) 

had also used these disease parameters 

to successfully identify slow rusting 

resistance sources in many cereal-rust 

pathosystems. 

 

Adult plant field response  

Disease symptom/host infection 

response can be used to quantify the 

level of host pathogen interactions. 

Adult plants exhibit field infection 

responses that vary from immune to 

highest expression of infection which 

is designated as susceptible field 

response type (S). In this study, the 

wheat genotypes tested had variable 

field responses that ranged from 

resistant to moderately resistant (R-

MR) to susceptible (S) (Tables 4 and 

5). The durum wheat genotypes 

203726-2 and 203882-1 showed 

resistant to moderately resistant (R-

MR) response in 2020, whereas 

another group of nine durum wheat 

lines 7974-2, 203680-2, 203676-1, 

203733-1, 6112-2, 203831-2, 7169-1, 

203855-2 and 203854-1 had MR field 

infection type in 2020, although  none 

of these  lines sustained reactions less 

than MS in  the off-season of 2021 

(Table 4). Field responses of durum 

lines 5454-1, 203818-1, 203826-1, 

203899-1, 203855-1 and 203695-1 did 

not vary with years. The field response 

of the ten bread wheat genotypes was 

not found stable except for six 

genotypes ETBW9550 with MS, 

ETBW9548, BW173472, ETBW9652, 

Menze and Tsehay with MSS (Table 

5). Overall field response results 

revealed the compatible interaction 

between test genotypes and six stem 

rust races used in mix. Likewise, 

several authors such as  Parlevliet and 

van Ommeren (1975), Rubiales and 

Niks (1995), Priyamvada et al. (2011) 

and Nzuve et al. (2012 reported that 

high field response types reflect the 

occurrence of  slow rusting resistance 

that are measured by slow epidemic 

build up or low disease severity. 

Hence, the wheat lines with 

compatible host pathogen interaction 

and low disease severity are expected 

to have resistance genes contributing 

to slow rusting that cannot be easily 

overcome by the virulent stem rust 

races. 

 

Terminal disease severity 

The terminal stem rust severity is a 

very useful parameter, measuring the 

overall cumulative resistances 

achieved at the end of the epidemics 

(Parlevliet and van Omeren, 1975). As 

indicated with TDS of the susceptible 

durum wheat variety Malefia (45% in 

2020; 85% in 2021) and bread wheat 

check variety Digaelu (60% in 2020; 

85% in 2021) the stem rust pressure 

was higher in 2021 than in 2020. Most 

of the wheat genotypes investigated in 

this study produced variable TDS 
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ranging from trace to 45% in 2020 and 

15 to 75% in 2021 for durum wheat 

lines and 5 to 60% in 2020 and 25 

to75% in 2021 for bread wheat 

genotypes indicating that TDS 

recorded in both study years has 

successfully differentiated test 

genotypes to various slow rusting 

categories as reported by many authors 

(Ali et al., 2007; Safavi, 2012; 

Mabrouk et al., 2019; Abebech et al., 

2020; Alemu et al., 2021). These 

authors grouped slow rusting 

resistance to high, moderate and low 

partial resistances with TDS values 

maintained within 1-30%, 31 - 50% 

and exceeding 50%, respectively. 

Accordingly, 36 (82%), 6 (13.6%) and 

2 (4.5%) genotypes formed resistant, 

intermediates and susceptible 

resistance groups as measured by TDS 

noted in 2020.  

 

During the off-season of 2021, only 

five durum wheat genotypes 

represented with numbers 7974-2, 

6112-1, 203680-2, 7974-1, 203831-2 

and bread wheat, ETBW9550 had 15 

to 30% TDS with MS and S field 

responses (Tables 4 and 5). According 

to Parlevliet (1988) and Nzuve et al. 

(2012) such  lines with low severity 

levels and compatible reaction not 

only reflect high levels of slow rusting 

but may possess resistance genes that 

can contain virulent rust races and 

avoid disease epidemics and minimize 

losses. These genotypes have great 

importance in achieving effective 

breeding for durable resistant variety 

development. On the other hand, 15 

(34%) and 23 (52.3%) genotypes had 

intermediate (35-50%) and susceptible 

(55-75%) TDS as shown in Tables 4 

and 5. The wheat lines with moderate 

levels of TDS had field stem rust 

responses ranging between MS and S. 

These genotypes may also be 

important for exploring stem rust 

resistance in wheat genotypes while 

the remaining lines under susceptible 

or low partial resistance were not 

promising to harbor resistance 

according to the level of disease 

severity observed. 
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Table 4. Seedling infection type (IT), terminal disease severity (TDS), coefficient of infection(CI) and relative area under 
disease curve(r-AUDPC) of durum wheat genotypes tested under field condition in 2020 main and 2021 off-
season cropping seasons 

  
Lines IT 

2020 main cropping season    2021 Off-season   

TDS CI  AUDPC 
r-
UDPC 

 
TDS CI  AUDPC r-AUDPC 

5454-1 3- TMS 0.8 10 1.30  35MS 28 329.5 35.68 
7974-2 3- 2.5 MR 1 9 1.17  20MS 16 152.5 16.52 
6112-1 3 2.5 MS 2 40 5.21  30S 30 317 34.33 
203680-2 3- 5 MR 2 13.5 1.76  15MS 12 120 13.00 
7974-1 3- 5 MRMS 3 26.5 3.45  15MS 12 114 12.35 
7156-1 2+3- 5 MSS 4.5 32.5 4.23  50S 50 330 35.74 
203676-1 3 7.5 MR 3 33 4.30  35MSS 31.5 129 13.97 
203733-1 3- 7.5 MR 3 31 4.04  55MSS 45 492 53.28 
6112-2 3 7.5 MR 3 53 6.91  55S 55 555 60.10 
203709-1 3 7.5 MRMS 4.5 25 3.26  70S 70 550 59.56 
203818-1 2+3- 7.5 MSS 6.75 64.5 8.40  50MSS 45 399 43.21 
203826-1 2+3- 7.5 MSS 6.75 56.5 7.36  50MSS 45 485 52.52 
7156-2 2+3- 7.5 MSS 6.75 94.5 12.31  60S 60 482.5 52.25 
203726-2 3- 7.5 RMR 2.25 26.25 3.42  40MS 32 445 48.19 
203882-1 3- 7.5 RMR 2.25 41.25 5.37  35MS 28 115 12.45 
203831-2 3- 10 MR 4 55 7.17  20MS 16 202 21.88 
7169-1 3- 10 MR 4 36 4.69  50S 50 515 55.77 
203855-2 3 12.5 MR 5 75 9.77  45MS 32 410 44.40 
203882-2 3- 12.5 MSS 11.25 110.75 14.43  75S 75 612.5 66.33 
7972-2 3 12.5 MSS 11.25 96.25 12.54  45S 45 532.5 57.67 
203854-1 3- 15 MR 6 60 7.82  40MSS 36 129.5 14.02 
5768-1 3 17.5 MSS 15.75 233.3 30.40  70MRMS 42 402 43.53 
7855-1 3- 20 MSS 18 155 20.20  55S 55 535 57.94 
203886-2 2+3- 20MSS 18 155 20.20  65S 65 842.5 91.24 

203899-1 3 22.5 MSS 20.25 205 26.71  40MSS 36 372.5 40.34 
203899-2 3 22.5 MSS 20.25 256.25 33.39  55S 55 523.75 56.72 
203886-1 3- 25 MSS 22.5 262.5 34.20  70S 70 740 80.14 
203855-1 3 27.5 S 27.5 485 63.19  70S 70 937.5 101.53 
203695-1 3 40 S 40 667.5 86.97  75S 75 1037.5 112.36 
Malefia 3- 45 S 45 767.5 100.00  85S 85 923.4 100.00 

MR, moderately resistant; MRMS, moderately resistant to moderately susceptible; MS, moderately susceptible; MSS, 
moderately susceptible to susceptible; S, susceptible; TDS, terminal disease severity; CI, coefficient of infection; AUDPC, 
area under disease progress curve; r-AUDPC, relative area under disease progress curve  
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Table 5. Seedling infection type (IT), terminal disease severity(TDS), coefficient of infection(CI) and relative area under 
disease curve(r-AUDPC) of bread wheat genotypes tested under field condition in 2020 main and 2021 off-
season cropping seasons 

  
Genotypes 

  
IT  

2020 main  season 2021 Off-season 

TDS CI  AUDPC 
r-
AUDPC TDS CI  AUDPC r-AUDPC 

ETBW9550 3- 5 MS 4 29 3.27 25MS 20 202.5 21.57 
ETBW9548 3- 7.5 MSS 6.75 80.25 9.04 65MSS 58.5 620 66.05 
ETBW9543 3- 20 MRMS 12 153.25 17.27 55MSS 49.5 580.75 61.86 
BW173472 3- 20 MSS 18 177.5 20.00 60MSS 54 745 79.36 
ETBW9652 3- 20 MSS 18 187.25 21.10 35MSS 31.5 371.25 39.55 
ETBW9313 3- 40 S 40 478.75 53.94 45MS 36 445 47.40 
Shina 2+3- 20 MSS 18 247 27.83 75S 75 847.5 90.28 
Kubsa 3- 27.5 MRMS 16.5 170 19.15 60S 60 616.25 65.65 
KBG 01 2+3- 30 MSS 27 342.5 38.59 35MS 28 257.5 27.43 
Menze 2+3- 35 MSS 31.5 500 56.34 55MSS 49.5 524.5 55.87 
Sirbo 3- 35 MSS 31.5 290 32.68 65S 65 545 58.06 
Kakaba 3- 45 MSS 40.5 597.5 67.32 75S 75 400 42.61 
Bolo 2+3- 45 S 45 650 73.24 55MSS 49.5 528.75 56.32 
Hidase 2+3- 55 S 55 942.5 106.20 75MSS 67.5 727.5 77.50 
Tsehay 2+3- 60 MSS 54 817.5 92.11 65MSS 52 825 87.88 
Digalu 3- 60 MSS 54 887.5 100.00 85S 85 938.75 100.00 

MR, moderately resistant; MRMS, moderately resistant to moderately susceptible; MS, moderately susceptible; MSS, 
moderately susceptible to susceptible; S, susceptible; TDS, terminal disease severity; CI, coefficient of infection; AUDPC, 
area under disease progress curve; r-AUDPC, relative area under disease progress curve  

 

Coefficient of Infection 

Low values of coefficient of infection 

(CI) are an indicator for the presence 

of stem rust adult plant resistance. 

Many authors such as Draz et al. 

(2015); Sallam et al. (2016); Mitiku et 

al. (2018); Kokhmetova et al. (2021) 

proved that CI is instrumental for slow 

rusting genotypes classification into 

different genotypes with partial 

resistance. Lines with CI values of 0-

20, 21-40, 41-60 were regarded as 

possessing high, moderate, and low 

levels of slow rusting resistance, 

respectively (Ali et al., 2009). In this 

study, only five genotypes showed CI 

values between 0 and 20 in both 

seasons. Of these four (7974-2, 

203680-2, 7974-1, 203831-2) were 

durum while ETBW9550 was bread 

wheat (Tables 4 and 5). These lines 

also recorded low TDS of 15 to 25% 

and compatible field response (MS). 

Hence, they were grouped to highly 

slow rusting genotypes that probably 

have adult plant resistance genes and 

used as a resistance source in stem rust 

resistance breeding. In 2021, the 

disease pressure was considerably high 

as indicated by TDS and CI of check 

genotypes. Hence, most genotypes 

which had CI values of 0 to 20 in 2020 

main season and categorized under 

highly slow rusting group had moved 

to moderately slow rusting with CI 

values of 21 to 40. In 2021 offseason, 

eleven wheat genotypes showed 

moderate level of CI ranging between 

28 and 36. Of these, eight durum 

wheat lines represented with numbers 

5454-1, 6112-1, 203676-1, 203726-2, 

203882-1, 203855-2, 203854-1, 
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203899-1 and three bread wheat 

genotypes ETBW9652, ETBW 9313 

and KBG 01 had moderate level of 

terminal severities (35-45%) with MS 

to S host responses and were 

categorized under moderately slow 

rusting genotypes. 

 

In both main season 2020 and off-

season 2021, bread wheat varieties 

Bolo, Hidase and Tsehay were as 

susceptible as susceptible checks, 

varieties Malefia and Digalu, having 

CI values exceeding 40, thus hardly 

contributing to stem rust resistance 

breeding.  

 

Relative Area under Disease 

Progress Curve (r-AUDPC) 

Disease progress curve is a better 

indicator of the extent of disease 

expression over time (van der Plank, 

1963), thus, it is another important 

disease parameter routinely used for 

evaluating adult plant resistance in 

wheat. Several researchers including 

Safavi et al. (2013); Mabrouk et al. 

(2019) and Abebech et al. (2020) used 

relative area under disease progress 

curve (r-AUDPC) for classification of 

wheat varieties to resistant (r-AUDPC 

not exceeding 30% of the checks) and 

moderately resistant (r-AUDPC, 30-

70%) groups. Hei et al. (2015) and 

Mitiku et al. (2018) also successfully 

classified wheat varieties to slow 

rusting genotypes using r-AUDPC. 

Thus, slow rusting behavior of the test 

materials in this study was assessed 

through r-AUDPC and the genotypes 

were categorized into two distinct 

groups of partial resistance. 

 

Results of the two years revealed that 

seven durum wheat lines represented 

by numbers 7974-2, 203680-2, 7974-

1, 203676-1, 203882-1, 203831-2, 

203854-1 and bread wheat 

ETBW9550 and KBG 01 exhibited r-

AUDPC values not exceeding 30% of 

the respective susceptible checks. Of 

these genotypes, lines 7974-2, 203680-

2, 7974-1, 203831-2 and ETB9550 

sustained low TDS not exceeding 25% 

and r-AUDPC values of 12-22% with 

MS field response and compatible ITs. 

These genotypes were considered as 

better slow rusting lines as the rust 

development in these lines was slower  

compared to the remaining lines. 

Wheat lines with low r-AUDPC and 

TDS values and high slow rusting 

traits are expected to possess genes 

that confer partial resistance, a more 

durable type of resistance as suggested 

by several researchers (Singh et al., 

2004; Draz et al., 2015; Mabrouk et 

al., 2019; EI-Orabey et al., 2020).   

 

Sustaining r-AUDPC values ranging 

between 31% and 70% of the 

respective checks, 8 and 27 wheat 

genotypes were grouped to moderately 

resistant genotypes in 2020 and 2021, 

respectively (Tables 4 and 5). Of the 

27 moderately resistant genotypes 

detected in 2021, five durum wheat 

lines represented by numbers 5454-1, 

6112-1, 203726-2, 203855-2, 203899-

1 and two bread wheat lines, 

ETBW9652 and ETBW9313 had CI 

values of 28-36 and TDS/field 
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response values of 30S-45MSS in 

addition to r-AUDPC ranging between 

31 and 70%. In these lines, the rust 

progress and development remained 

slower and restricted despite the 

ultimate expression of high infection 

types (Priyamvada et al., 2011). 

According to Singh et al. (2004), 

genotypes with r-AUDPC values not 

exceeding 70% of the checks belong to 

partial resistance group which is a 

more durable resistance sought. Such 

lines with acceptable levels of partial 

resistance restrict the evolution of new 

virulent races of rust pathogen because 

multiple point mutations are extremely 

rare in nature (Ali et al., 2007). Durum 

wheat lines represented by numbers 

203886-2, 203886-1, 203855-1, 

203695-1 and bread wheat genotypes, 

BW173472, Shina, Hidase and Tsehay 

were marked susceptible or highly 

susceptible for showing r-AUDPC, CI 

and TDS exceeding 70%, 40% and 

50%, respectively in 2021, the year 

with high stem rust pressure.  

 

Association between 

disease parameters 

TDS, CI and r-AUDPC were highly 

and significantly correlated invariably 

with years (Table 6). Strong positive 

correlation between these three slow 

rusting rating disease parameters 

(Table 6) indicates that either of these 

disease parameters can be used for 

measuring the slow rusting resistance 

of the wheat test materials. Such 

strong correlation between disease 

parameters were also reported by 

several authors (Safavi, 2012; Shah et 

al., 2010; Attri and Dey, 2021). 

 

 
Table 6. Linear correlation coefficients(r) of pair-wise relationships between terminal disease severity (TDS), coefficient of 

infection (CI) and relative area under disease progress curve (r-AUDPC) during 2020 main season and 2021 of-
season 

 2020 Main cropping season 2021 Offseason 

  TDS CI TDS CI 

CI 0.97** 1.00 0.96** 1.00 

r-AUDPC 0.93** 0.97** 0.85** 0.85** 

**Significance level at P ≤ 0.01 

 

Conclusion and 

Recommendation  
 

This research demonstrated that durum 

wheat landraces can be a source for 

slow rusting resistance. Resistance 

categories including highly slow 

rusting, moderately slow rusting and 

susceptible were observed in the 

results of the current wheat genotypes 

evaluation trials. Durum wheat lines 

represented by numbers 7974-2, 

203680-2, 7974-1, 203831-2 and bread 

wheat line ETB9550 exhibited low 

frequency of TDS (15-25%) with MS 

field response, low CI values of 12-20 

and r-AUDPC values of 12-22% with 

susceptible seedling ITs in 2021, the 

year with high stem rust pressure. 
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These wheat lines were supposed to 

have genes contributing to durable 

stem rust resistant, being sometimes 

expressed as highly slow rusting 

cultivars. Five durum wheat lines, 

5454-1, 6112-1, 203726-2, 203855-2, 

203899-1 and two bread wheat lines, 

ETBW9652 and ETBW9313 had 

moderate level of adult plant 

resistance, sustaining r-AUDPC of 31-

70%, CI values of 28-36 and TDS/host 

responses of 30S-45MSS with 

susceptible seedling ITs. The highly 

and moderately slow rusting genotypes 

identified from this study can be 

confidently used as donor parents in 

efforts toward durable stem rust 

resistant cultivar development but after 

being postulated for inherent Sr-genes 

including the known adult plant 

resistance genes such as  Sr2, Sr55, 

Sr56, Sr57 and Sr58.  
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Abstract 
Faba bean (Vicia faba L.) has a significant potential for nutrient source, income 

generation and soil fertility management in smallholder farming systems of northern 

highlands of Ethiopia. However, its cultivation is strongly hampered by the 

occurrence of the obligate root holo-parasite, crenate broomrape (Orobanche crenata 

Forskal). To gather baseline data for developing a sustainable crenate broomrape 

management, 33 faba bean growers' households in South Gondar, and South Wollo 

Zones of the Amhara Regional State and Southern Tigray of the Tigray Regional 

State of Ethiopia were surveyed during the 2018 cropping season using a structured 

questionnaire. Most of the respondents (61%) believed that crenate broomrape was 

introduced in the 1990s with grain meant for food aid.   All respondents believed that 

the weed is highly problematic and difficult to control.  Sixty-seven percent of the 

respondents practice cultural control to minimize its infestation but all perceived that 

the current management practices were ineffective. The rest of the respondents 

(33%) did not practice any control measure and preferred abandoning faba bean 

cultivation in their field. Thus, this survey work indicated that the spread and dense 

infestation of crenate broomrape is causing considerable impacts on faba bean 

production. A coordinated management strategy with intensive public awareness 

creation program that can restrict its infestation and associated socio-economic 

impacts on farming systems in northern highlands of the country is required. 

 

Keywords: broomrape, cool-season legumes, faba bean growers, infestation 

 

 

Introduction 
 

Grain legumes are cultivated for 

human consumption as the main 

source of protein, cash values, animal 

feed, and as rotational crop to improve 

soil fertility and reduce pest 

infestation. Several grain legumes are 

widely cultivated and form an 
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important component of the mixed 

farming systems in Ethiopia. The 

major grain legumes are faba bean 

(Vicia faba L.), field peas (Pisum 

sativum L.), lentils (Lens culinaris 

Medik), chickpea (Cicer arietinum L.), 

grass pea (Lathyrus sativus L.) and 

lupin (Lupinuss spp). 

 

Faba bean is produced in several 

agroecosystems providing numerous 

advantages to the farming 

communities in Ethiopia particularly 

when grown through crop rotation and 

intercropped with cereals like wheat 

and barley (Landry et al., 2015). Faba 

bean takes the largest share of the area 

under legumes (30.4%) and the 

volume of legumes production 

(34.6%) in the country [Central 

Statistical Agency (CSA), 2019]. 

According to Raval & Navarro (2019) 

faba bean in Ethiopia is cultivated on 

0.519 million hectares of land with 

production volume of  0.92 million 

tonnes and productivity of 1.8  tonnes 

per ha. Ethiopia is the second largest 

faba bean growing country in the 

world next to China. The national 

average productivity is low as 

compared to other countries due to 

extreme climate events, ecological 

impacts, socio-economic factors, and 

most importantly biotic stresses such 

as diseases and weeds (Kemal and 

Olivera, 2016). 

The yield of faba bean varies 

depending on the growing conditions, 

management practices, weed 

infestation level and weed species type 

(Rezene, 1998). Faba bean production 

is highly threatened by emerging 

parasitic weeds in northern parts of the 

country (Rezene and Kedir, 2006; 

Teklay et al. 2013). Abu-Irmaileh & 

Bayaa (2005) reported the spread of O. 

crenata to Ethiopia and Sudan, where 

farmers were not even aware of its 

introduction and options for 

management.  

The yield loss due to crenate 

broomrape (Orobanche crenata 

Forscal) can reach up to 100% 

depending on levels of infection on the 

crop that vary with infestation level, 

host-parasite interaction and 

environmental conditions during the 

crop growing period. Under serious 

infection, farmers are forced to 

abandon faba bean cultivation that 

impacted availability of faba bean 

grain for food, incomes and its straw 

for animal feed (Teklay et al. 2013; 

Takele et al. 2019; Negewo et al. 

2022). 

Management of the parasitic weed is 

challenging, as there are no resistant 

varieties or effective management 

practices to small holder farmers. 

Hand weeding has been practiced by 

farmers but found to be ineffective.  

Information on the socio-economic 

impact of the parasitic weed and its 

management practices is the basis for 

developing effective management 

program. Therefore, the objective of 

this study was to assess knowledge 

and perception of smallholder farmers 

about crenate broomrape spread, 

impact and management practices in 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4035543/#CR76
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faba bean production in northern 

highlands of Ethiopia. 

Materials and Methods 

 

Questionnaire development  

Eighty-five open and close-ended 

questions related to broomrape were 

included in the questionnaire. The 

major topics of the questionnaire were 

house head farmers’ demographic 

parameters, crop characteristics (main 

crops grown and practices of 

cropping), awareness of the parasitic 

weed (crenate broomrape), perceived 

spread and impacts on the cropping 

system, the effectiveness of farmer-

level management practices, and 

desired assistance from the 

government in terms of professional 

support in the process of combating 

the problem. 

 

 

 

 

Survey areas and sample size 

A survey was conducted in faba bean-

growing highlands of northern 

Ethiopia in October and November 

2018. Perception of farmers on crenate 

broomrape was assessed on individual 

household in major faba bean-growing 

highlands. The survey area included 

South Gondar and South Wollo Zones 

in Amhara region, and Southern 

Tigray Zone in Tigray region and 

located between 2200 to 3200 m a.s.l. 

(Fig 1). The indicated zones and 

districts under each zone were selected 

on the basis of level of faba bean 

production and suspicion of 

broomrape occurrence.  

 

A total of 33 faba bean growers 

(households) 10 Km apart along the 

main road of the target district were 

interviewed.  Districts and number of 

interviewees are shown in Table 1. To 

encourage in-depth discussion, the 

interview was conducted using local 

languages, i.e., Amharic for South 

Gondar and South Wollo Zones, and 

Tigrigna for Southern Tigray Zone. 
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Figure 1. Map showing surveyed areas in northern Ethiopia 

 

Table 1. The sample size of the respondents in the study areas in October and November 2018 
 

Region Zone District Sample size (n) 

Amhara 

South Gondar Tach-Gaint 12 

South Wollo 

Dessie-Zuria 3 

Kutaber 6 

Tenta 6 

Tigray Southern Tigray 
Enda-Mahony 3 

Ofla 3 

Total sample size 33 

 

Data analysis 

Descriptive statistics (mean, frequency 

and percentage of a variable group) 

were used to summarize the 

information gathered. The weighted 

perception index was used in assessing 

the perception of faba bean growers on 
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crenate broomrape infestation status, 

socio-economic impacts and 

management practices effectiveness. 

Pearson Chi-Square test was used to 

compare the significance of a 

categorical variable among farmers 

over different study zones (IBM SPSS 

statistics, 2015). 

 

Results and Discussions 
 

Demography of faba bean 

growers 

 

Frequency of sex-group, age group 

educational status and family of the 

interviewees is shown in Table 2. 

Most of the respondents were male 

(94%) with age group between 30 to 

60 years accounting for 70%. 

Respondents with no formal education 

accounted for 48% and this assisted in 

understanding knowledge and 

perception of farmers about the weed 

from various educational backgrounds. 

It is also useful to determine the 

communication medium during 

awareness campaign. For such groups 

radio broadcasting and training are 

preferable to distributing written 

documents like leaf lets and brochures.   
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Table 2. Frequency of sex-group, age-group, educational status and family size of faba bean growers interviewed in the surveyed areas in 2018 

 

 

 

 

 

Zone District Sex Age group Education status Family size (#) 

Male Female <30 30-60 >60 No Basic 1ry 2ry <five  >five 

S-Wollo Dessie-Zuria 3 0 0 3 0 0 0 3 0 0 3 

Kutaber 6 0 0 6 0 0 0 4 2 4 2 

Tenta 6 0 0 6 0 6 0 0 0 2 4 

S-Gondar Tach-Gaint 10 2 0 2 10 4 6 0 2 2 10 

S-Tigray Enda-Mahony 3 0 0 3 0 3 0 0 0 3 0 

Ofla 3 0 0 3 0 3 0 0 0 0 3 

Total 31 2 0 23 10 16 6 7 4 11 22 

Percentage 94 6 0 70 30 48 18 21 12 33 67 
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Farming practices of faba 

bean growers 

All the respondents were landowners 

and 24% of them owned more than 

one-hectare farmland. They grow 

majorly legumes, cereals and oil crops. 

Table 3 shows land holdings and 

farming experiences of the 

interviewees. The crops cultivated 

include faba bean, field peas, 

chickpea, lentil, grass pea, lupin, 

common bean and cowpea from 

legumes; wheat, barley, tef, maize and 

sorghum from cereals; and niger seed, 

fenugreek and linseed from oil crops. 
 

 
Table 3. Frequency of landholding-group and farming experience of faba bean growers in the surveyed areas, 2018 
 

Zone District 
Landholding (ha) Farming experience (Years) 

0.5-1 >1 <30 30-60 

S-Wollo Dessie-Zuria 3 0 3 0 
Kutaber 2 4 6 0 
Tenta 6 0 1 5 

S-Gondar Tach-Gaint 8 4 2 10 

S-Tigray Enda-Mahony 3 0 0 3 
Ofla 3 0 1 2 

Total 25 8 13 20 
Percentage 75.75 24.24 39 61 

The faba bean farmers plough their 

land once or twice (82%) and sow in 

mid to late June (85%) by broad-

casting (73%) with a seed rate ranges 

of 100 to 150 kg/ha (79%) depending 

on the locality (Tables 4 and 5). 

Regarding fertilization, 73% of them 

use the inorganic fertilizer DAP or 

NPS at 100 kg/ha and/or bio-inoculant 

fertilizer at 0.5 to 1 kg/ha (Table 5). 

Low level of farm input such as 

fertilizer and broadcast sowing may 

aggravate broomrape infestation   

However, with availability of diverse 

crop types to grow, majority of the 

farmers can practice, crop rotation and 

intercropping to improve faba bean 

productivity, and reduce crenate 

broomrape infestation and associated 

socio-economic impacts. Adjusting 

sowing date, optimizing seed rate and 

fertilize application method may assist 

in reducing the crenate broomrape-

infestation. 
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Table 4. Frequency of ploughing and seed sowing month of faba bean growers in the surveyed areas, 2018 

Zone District 
Ploughing frequency Seed sowing month 

once Twice Trice early June mid-June late June 

S-Wollo Dessie-Zuria 0 3 0 0 3 0 
Kutaber 2 2 2 0 0 6 
Tenta 2 4 0 0 4 2 

S-Gondar Tach-Gaint 4 4 4 2 8 2 

S-Tigray Enda-Mahony 0 3 0 0 0 3 
Ofla 3 0 0 3 0 0 

Total 11 16 6 5 15 13 
Percentage 33.33 48.48 18.18 15.15 45.45 39.39 

 
Table 5. Frequency of seed sowing pattern, sowing rate, and fertilizer application of faba bean growers in the surveyed 

areas, 2018 

Zone District 

Seed sowing pattern Seed sowing rate (kg/ha) Fertilizer type applied 

Broad 
casting 

Row planting <100 100-150 >150 Organic Inorganic Bio- 

S-Wollo Dessie-Zuria 3 0 0 3 0 0 0 3 
Kutaber 2 4 0 6 0 0 4 2 
Tenta 6 0 2 4 0 2 4 0 

S-Gondar Tach-Gaint 10 2 0 10 2 0 10 2 

S-Tigray Enda-Mahony 3 0 0 0 3 0 3 0 
Ofla 0 3 0 3 0 0 3 0 

Total 24 9 2 26 5 2 24 7 
Percentage 72.72 27.27 6.06 78.78 15.15 6.06 72.72 21.21 

 

Infestation of crenate 

broomrape in faba bean 

fields 

All the respondents said crenate 

broomrape is well known as a highly 

unique, problematic and difficult to 

control parasitic plant. Sixty-one 

percent of them said that the parasitic 

weed was introduced to the area in the 

1990s at specific sites in the highland 

area (Table 6). Most of them (85 %) 

agree that the weed plant was observed 

for the first time about 30 years back 

at the highland of their locality 

following the drought outbreak in 

1985 mainly at the storage areas of 

grains meant for food aid as earlier 

reported by Teklay et al. (2013). 

Because of the parasitic nature of the 

weed and the extent of damage it 

caused to their crop field, respondents 

assumed the weed crenate broomrape 

as a different type from the rest of the 

weed species they are familiar with for 

years.    

 

 
Table 6. Farmers perception of crenate broomrape’s year and place of first introduction to the surveyed areas, 2018 

 

 

Means are different at an asymptotic significance of 0.002 for year and 0.155 for place 

Zone  
Year Place 

1980’s 1990’s 2000’s Upland Low-lying 

S-Gondar  2 6 3 10 2 
S-Tigray 10 0 10 6 0 
S-Wollo 0 0 2 15 0 

Frequency (#) 11 20 2 31 2 
Percentage (%) 33.33 60.61 6.06 93.94 6.06 
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Eighty-two percent of the respondents 

rated its dispersal as high and 97% 

said it occurred in their vicinity at a 

high infestation level (Table 7). 

Reports on the occurrence and 

invasion of crane broomrape in 

Ethiopia have been made by several 

authors since 1990s (Asefa & Endale 

(1994), Adugna et al. (1998), 

Besufekad et al. (1999), Teklay et al. 

(2013). These reports indicate that the 

level of infestation and dispersal of 

crane broomrape   on cool-season 

legumes particularly faba bean is 

increasing from year to year. Low-

intensity crop production system 

(Negewo et al. 2022) coupled with    

dry weather conditions, light soil and 

poor soil fertility in the northern 

Ethiopia might have favored the 

crenate broomrape invasion. 

Awareness campaign on the biology 

and control of crane broomrape along 

with strict domestic quarantine can 

help in restricting its invasion and 

impact. 

Table 7. Farmers’ perception of crenate broomrape’s mechanism of introduction, inter-locality dispersal and infestation in 
the surveyed areas, 2018 

 

Zones Introduction mechanism Dispersal rate Infestation level 

Food aid Seed exchange Low Medium High Medium High 

S-Gondar 7 5 0 2 10 2 10 
S-Tigray 6 0 2 2 2 0 6 
S-Wollo 15 0 0 0 15 0 15 

Frequency (#) 28 8 2 4 47 2 31 
Percentage (%) 84.85 15.15 6.06 12.12 81.82 3.13 96.87 

Means are different at an asymptotic significance of 0.155 for infestation level 

 

Most of the respondents (88%) 

explained that the main agents 

assisting the dispersal of crenate 

broomrape seeds include natural and 

human agents like wind, flood, 

livestock, farm products and farm 

tools. Most of the respondents believe 

that the occurrence and dense 

infestation of the parasite is favored by 

prolonged dry growing season but 

disfavored by an extended rainy 

season (Table 8). The recorded spread 

mechanisms lead to understanding the 

future weed prevention and 

management programs. In agreement 

with our survey results, Goldwasser & 

Rodenburg (2013) reported that 

alarming cross-border and local spread 

of orobanche were occurred mostly 

due to human-mediated dispersals like 

allowing free grazing of animals, and 

movement of infested farm products 

and farm tools. In addition, a 

prolonged dry growing season that 

results in moisture stress during the 

crop growing period can aggravate 

infection and associated impacts of the 

parasite. Parker (2013) indicated that 

where there was a moisture stress, 

there were greater damages to the 

point of total crop failure due to 

Orobanche spp. 
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Table 8. Farmers perception of crenate broomrape’s seeds dispersal agent, and infestation favoring and disfavoring 
situations (weather and farm practice) in the surveyed areas, 2018 

 

Zone  
Seed dispersal agent Infestation  favoring situations Infestation  disfavoring situations 

H N H. and N. PDS PDS + unfertile soil ERS ERS + fertile soil 

S-Gondar 0 2 10 8 4 9 3 

S-Tigray 0 0 6 6 0 5 1 
S-Wollo 2 0 13 10 5 12 3 
Frequency (#) 2 2 29 24 9 26 7 
Percentage (%) 6.06 6.06 87.88 72.73 27.27 78.79 21.21 

Means are different at an asymptotic significance of 0.197 for seed dispersal agents 
Note: H =human, N =natural agents, PDS =prolonged dry season, ERS =extended rainy season 

 

The majority of the interviewees 

realized that the parasitic weed plant 

can bear seeds in millions per plant per 

season which can remain viable for 10 

or more years in soil (Table 9). 

However, many of the respondents 

underestimated the seed bearing 

capacity of the parasitic plant and seed 

longevity. 

 

Most of the respondents know that a 

single crenate broomrape can lead to a 

substantial increase of the seed bank in 

soil, increase the plant population per 

unit area and spread to weed-free 

neighboring areas. The extent of O. 

crenata plant infestation in faba bean 

fields can be closely related to the 

number of seeds in soil bank at the 

survey area. Sauerborn (1991) 

reported that most damages from 

crenate broomrape occurred before it 

emerged from the ground, and only 

10–30% of the attached parasites 

emerged above the ground. Gevezova 

et al. (2012) and Habimana et al. 

(2014) reported that a single plant of 

crenate broomrape can set more than 

500,000 minute seeds per season 

which can easily disseminate over 

long distances by various mechanisms 

or remain viable in soil for about two 

decades. As it spreads quickly to 

neighboring areas, the parasite has 

been recognized as a national problem. 

Table 9. Farmers’ perception of crenate broomrape’s estimated seeds number per a plant and longevity in soil in the 
surveyed areas, 2018 

 

 
Zone 

Seed numbers/plant Seed longevity (yr.) 

100s 1000s 1 000 000s <10 10-20 >20 

S-Gondar 4 6 2 8 2 2 
S-Tigray 0 0 6 0 3 3 
S-Wollo 3 2 10 6 2 7 

Frequency (#) 7 8 18 14 7 12 
Percentage (%) 21.21 24.24 54.54 42.42 21.21 36.36 

Means are different at an asymptotic significance of 0.009 for seed number & 0.057 for longevity. 
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Socio-economic impacts of 

crenate broomrape 

Most of the respondents (97%) 

indicated that crenate broomrape has 

been causing higher social and 

economic impacts (Table 10). These 

include malnutrition, animal feed 

scarcity, and low crop productivity.  

The local common names given to the 

parasitic weed which include 

Akenchira, Daymerch, Gelmit, Kiting, 

Metselema and Yejibras explain the 

level of its impact on cool-season food 

legumes production system. 

 

Crenate broomrape causes a high level 

of damage on pulses both in yield and 

quality mainly because of its 

underground close physiological 

connection with the host plants 

(Negewo et al., 2022). The same 

authors indicated that its damage to the 

legume crops has been generally 

intensified by prolonged drought stress 

in the study area which is the case 

faced by many African smallholder 

farmers. Due to the severe effects of 

the parasitism on the host crops and 

the long persistence of the seed-bank 

in agricultural soils, abandonment of 

legumes cultivation in most pulse 

growing areas is being observed.  
 

 
Table 10. Farmers perception of crenate broomrape’s negative social and economic impacts on the  

farming system of the studied areas, 2018 
 

Zone  
Social impact Economic impact 

Medium Higher Medium Higher 

S-Gondar 2 10 2 10 

S-Tigray 0 6 0 6 

S-Wollo 0 15 0 15 

Frequency (#) 2 31 2 31 

Percentage (%) 3.13 96.87 3.13 96.87 

Means are different at an asymptotic significance of 0.155 for both social and economic impacts 

 

Because of substantial damage of 

crenate broomrape on faba bean, a 

reduction of hectarage in faba bean 

production both in mono-cropping and 

intercropping system is being observed 

(Besufekad et al. (1999); Rezene and 

Kedir (2006); Teklay et al. (2013)). 

 

Cereal-based mono-cropping as a 

consequence has caused reduction in 

soil fertility status of farm lands, 

increment of pest pressure and loss of 

biodiversity in the area. By limiting 

the traditional crop rotation practice, 

crenate broomrape has also hindered 

social, economic and ecological 

benefits from diversified cropping 

systems. The parasite has generally 

brought negative impacts on farm 

productivity, farmers’ livelihood and 

the economic development of the 

country at large (Takele et al. 2019). 

Despite all these limitations, the 

increasing interest in sustainable 

agriculture promotes the cultivation of 

legumes as a tool for ecological 
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optimization of resource use and 

promotion of pest resilience in 

cropping systems.  

 

Farmer-level crenate 

broomrape management 

practices 

Hand weeding and intercropping were 

mentioned as crenate broomrape 

management practices by 67% of the 

respondents. Thirty-three percent of 

the respondents preferred abandoning 

cultivation of the crop (Table 11). All 

respondents rated the management 

practices ineffective. This rating is 

expected as most farmers are unaware 

of the biological differences of 

parasitic and non-parasitic weeds and 

hence differences in success of control 

using their indigenous knowledge of 

weed management.  

 

Hand pulling was the only available 

control practice widely used in 

suppressing crenate broomrape (Asefa, 

2008), but it was not efficient because 

a) damage from the parasite normally 

occurs before its emergence b) hand 

removal of the weed at vegetative 

growth stage causes uprooting of host 

plants and c) multiple reemergence of 

new flashes of the weed following 

hand weeding. Thus, timing of hand 

weeding after flowering but before 

seed shading helps to minimize 

problems of host plant uprooting and 

re-sprouting of more shoots from 

underground buds of crenate 

broomrape plant. Moreover, hand 

pulling becomes impractical with an 

escalating dense infestation of the 

parasite weed.  

 

Owing to the complex relationship that 

exists between the parasite and its host 

plant, the development of effective 

control strategy is very difficult. 

Hence, farmers were advised to 

practice an extended crop rotation, 

repeated hand removal before seed set, 

improved soil fertility and crop 

management, and use of resistant faba 

bean varieties although the options are 

not readily available for the 

subsistence farmers of the area 

(Negewo et al., 2022).  

 
Table 11. Farmers-level management practices against crenate broomrape in the surveyed areas, 2018 
 

Management practice 
Zone 

Frequency(#) Percentage(%) 
S-Gondar S-Tigray S-Wollo 

Hand weeding (HW) 2 0 2 4 12.12 
Intercropping (I) 2 0 0 2 6.06 
HW + I 8 6 2 16 48.48 
Not growing faba bean 0 0 11 11 33.33 

Means are different at an asymptotic significance of 0.000 

 

All the respondents demanded 

assistance from the government which 

include technologies like resistant faba 

bean cultivars and effective herbicides 

(Table 12).  
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Cropping systems and farm practices 

such as ecological conservation, water 

harvesting, growing resistant faba 

bean cultivars and inoculation of the 

crop seed with beneficial microbes can 

contribute well to reduce the dense 

infestation and high socio-economic 

impact of the parasite. 

 
       
Table 12. Farmers desired assistance to react against crenate broomrape infestation and impacts in the surveyed areas, 

2018  

 
Means are different at an asymptotic significance of 0.000 
 

Conclusion and  

Recommendation 
 

The study has shown that crenate 

broomrape is the major bottleneck in 

faba bean production in the northern 

highlands of Ethiopia. A significant 

number of farmers are aware of the 

damage caused by the weed and 

difficulty of controlling it although 

they are unaware of its biology. Rapid 

spread and increasing infestation of 

the parasite is causing serious social 

and economic impacts which need to 

be addressed. Its impact includes 

complete crop loss, increased 

management cost and forced change in 

the farming system from pulse based 

to non-host cereal mono-cropping. In 

summary, the parasitic plant dense 

infestation is a serious constraint to 

food security, cash income, crop 

diversity, and ecological balance. 

Hence, a national crenate broomrape 

management strategy encompassing 

awareness creation and local 

quarantine based on the socio-

economic conditions of the farming 

community needs to be developed.  
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Desired assistance 
Zone 

Frequency (#) Percentage (%) 
S-Gondar S-Tigray S-Wollo 

Knowledge (K) 0 0 7 7 21.21 
Technology (T) 8 0 8 16 48.48 
K + T 4 6 0 10 30.30 
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Abstract 
The tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) is an 

introduced serious insect pest of tomato in Ethiopia. Research on the management of 

this pest has so far been limited to screening of synthetic insecticides. Owing to the 

pest's ability to develop resistance to insecticides quickly, biological based approach 

in its management is a viable option. The study was conducted at Melkassa 

Agricultural Research Center in 2014. The objectives of the study were to assess the 

efficacy of the microbial insecticide Bacillus thuringiensis (Bt) and the optimum rate 

and frequency of its application. The tomato variety ‘Miya’ was used for this 

experiment. The experiment was laid out in a factorial RCBD with three replications. 

The treatments consisted of four doses of Bt, 0.5, 1, 1.5 and 2kg per ha applied at 7, 

14 and 21 days intervals. Lambda cyhalothrin 5% EC (Karate®) and 

Chlorantraniliprole 240 SC (Coragen ®) at 320 and 250 ml per ha, respectively were 

applied biweekly as standard checks along with the untreated control. Egg density, 

leaf damage score, proportion of damaged fruit by number and weight, and 

marketable yield were used to assess performance of the treatments. Differences for 

egg density were insignificant (P<0.05) among treatments. Plots treated with the 

highest rate of Bt (2 kg per ha) at 7 days interval suffered less damage and resulted in 

higher marketable yield than the rest of Bt treatments. The lowest fruit damage level 

of 18.7 % was recorded from Coragen treatment and the highest (81.8%) was 

recorded from the untreated control. The highest marketable yield of 28.39 tonnes per 

ha and the lowest of 3.25 tonnes per ha were recorded from Coragen and lowest Bt 

rate applied triweekly, respectively. This corresponds to a yield loss of 88.5%.  The 

study demonstrated the potential of Bt in reducing damage and yield loss due to T. 

absoluta on tomato when applied with high dose (2 kg per ha) weekly. It is suggested 

that future studies need to look into assessing performance of higher doses and shorter 

application intervals than considered in this study along with economics of their use in 

tomato production.  

 

 

Keywords: Biocontrol, Bacillus thuringiensis, Tomato leaf miner, Frequency, 

Rate  
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Introduction 
 

Tomato (Solanum lycopersicum L.) is 

a popular and economically important 

vegetable globally. It is the second 

largest vegetable both in terms of 

production and consumption [Food 

and Agriculture Organization (FAO), 

2016]. In Ethiopia, tomato ranks  third  

after red pepper and Ethiopian cabbage 

with acreage and production share of 

4.53% and 10.82%, respectively 

[Central Statistical Agency (CSA), 

2012]. Large scale production of 

tomato takes place in the upper awash 

valley under irrigated and rain fed 

conditions whereas small scale 

production for fresh market is a 

common practice around Koka, Ziway, 

WondoGenet, Guder, Bako and many 

other areas (Lemma, 2002).  

 

Productivity of tomato in Ethiopia is 

much lower than the world average 

due to several biotic and abiotic 

constraints (Gemechis et al., 2012). 

Biotic factors contributing for lower 

yield of tomato in Ethiopia include 

insect pests (Gashawbeza et al., 2009), 

disease (Wondirad et al., 2009), and 

plant parasitic weeds (Etagegnehu et 

al., 2009). Drought, heat, and poor 

cultural practices constitute abiotic 

factors for lower productivity of 

tomato (Lemma, 2002; Lemma et al., 

2008). Tuta absoluta is thought to be 

originated from Chile has spread to 

regions of South America, Southeast 

Asia, and Mediterranean shores into 

Africa on different solanaceous crops 

(Siqueira, 2001a; Lietti et al., 2005; 

Ghoneim, 2014). Occurrence of T. 

absoluta in Ethiopia was confirmed 

following heavy infestation of tomato 

fields during February 2013 in major 

tomato production belt of the Central 

Rift Valley region (Gashawbeza and 

Abiy, 2013). T. absoluta can cause a 

yield loss of 80-100% in protected and 

unprotected tomato fields in its native  

and introduced area (Desneux et al., 

2010). Fruit quality loss is 

considerably impacted by direct 

feeding of the insect and hosting 

secondary pathogens through wounds 

made by the insect (Kaoud, 2014). 

 

Tomato growers in the affected areas 

of Ethiopia reacted to the pest damage 

by applying conventional insecticides 

locally available in the market. These 

include organophosphates, such as 

Profenofos and Pyrethroids, such as 

Lambda cyhalothrin with no success 

or reduction of infestation resulting 

huge financial loss. As it is a recently 

introduced pest of  Ethiopia, no single 

insecticide based on local efficacy data 

was registered for the management of 

the pest in Ethiopia until the third 

quarter of 2013 (Gashawbeza and 

Abiy, 2013). Nearly a dozen of 

insecticides from different insecticide 

classes are currently registered for use 

against the pest in Ethiopia. 

Several methods including pest 

monitoring, modifying agricultural 

practices, chemical control, mating 

disruption, mass trapping, biological 

control using Bacillus thuringiensis, 

the egg parasitoid Trichogramma 

pretiosum, and the predators 

Nesidiocoris tenuis and Podisus 
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nigrispinus are being used to manage 

the pest elsewhere (Molla et al., 2011). 

 Using synthetic insecticides is the 

primary method to manage T. 

absoluta, but it has serious drawbacks, 

including destruction of natural enemy 

populations (Campbell et al., 1991) 

and build-up of insecticide residues on 

tomato fruits (Walgenbach et al., 

1991). Consequently, resistance to 

several insecticides has been reported 

in several countries. Examples include 

resistance to organophosphates and 

pyrethroids in Chile, abamectin, 

cartap, methamidophos and permethrin 

in Brazil (Siqueira et al., 2001a, 

2001b). 

 

Sustainable pest management requires 

among others replacing broad 

spectrum insecticides with selective 

and safer insecticides compatible to 

Integrated Pest Management (IPM) 

program. Bio-pesticides are very 

effective in agricultural pest control 

without causing serious damage to 

ecological chain or aggravating 

environmental pollution. Bacillus 

thuringiensis based insecticides have 

no toxicity to mammals (Siegel, 2001), 

and even toxic volatile agents are not 

released during or after a spraying 

operation (Van Netten et al., 2000). 

Giustolin et al. (2001) found that B. 

thuringiensis var Kurstaki (Btk) can 

cause mortality in all T. absoluta 

instars. B. thuringiensis has been 

reported to be effective against 

lepidopteran pests of vegetables in 

Ethiopia (Lidet et al., 2009; Alemu et 

al., 2011). Few studies have evaluated 

the efficacy of B. thuringiensis on T. 

absoluta (Gonzalez-Cabrera et al., 

2011; Mantzoukas et al., 2019; 
Akinyelure et al., 2021; Shahini et al., 

2021), although 3000 species, 

belonging to 16 orders of insects, have 

been reported as susceptible to Bt 

(Huang et al., 2004).  

 

This study was therefore conducted to 

assess the efficacy of  B. thuringiensis 

against T. absoluta and its optimum 

rate and frequency of application. 

 

Materials and Methods 
 

The experiment was conducted during 

the off season of 2014 at Melkassa 

Agricultural Research Center (MARC) 

(8
0
24' to 8

0
26' N, longitude of 39

0
19' 

to 39
0
19' E, 1550 meter above sea 

level). The climate of the area is 

characterized as semi-arid with uni-

modal low and erratic rainfall pattern. 

The mean maximum temperature 

varies from 26.3 to 31.0 
0
C while the 

mean minimum temperature varies 

from 10.4 to 16.4 
0
C, with a mean of 

21 (Ketema and Abraham, 2022). 

 

Seeds of the tomato (Solanum 

lycopersicum L.)  variety 'Miya' 

obtained from MARC was used for the 

experiment. Seeds were seeded on 

seedbed on January 27, 2014.  

Seedlings were raised in nursery beds 

measuring 2 x 1m, raised 5 cm from 

the soil surface to provide good 

drainage for the removal of surplus 

irrigation water. The seeds were sown 

in rows spaced 15 cm apart and 

covered lightly with fine soil before 

irrigation. The beds were irrigated 
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daily until germination and three times 

a week between germination and 

transplanting. Seedlings were 

transplanted to the main field on 

March 02, 2014. Each plot had 6 rows 

of 4 m long each with a row and plant 

spacing of 1 m and 30 cm, 

respectively. The experiment was laid 

out in a Randomized Complete Block 

Design (RCBD) in factorial 

arrangement with three replications. 

Spacing between plots and blocks 

were 1.5 m and 2 m, respectively. The 

fields were fertilized with 

diammonium phosphate (DAP) and 

urea at the rate of 200 and 150 kg/ha, 

respectively. The whole amount of 

DAP was applied just before 

transplanting, while urea was applied 

by splitting the total amount in to two. 

Half of the amount was applied one 

week after transplanting and the 

remaining half at the beginning of 

flowering stage. Other field 

management practices like weeding, 

cultivation and maintenance of ridges 

were carried out as needed. 

 

Treatments 
The treatments were combinations of 

four levels (0.5, 1, 1.5 and 2 kg per ha) 

and three application frequencies (7, 

14, and 21, days interval) of Bacillus 

thuringiensis var. kurstaki (Berliner) 

(Bacillales: Bacillaceae). Coragen 240 

SC (Chlorantraniliprole) and Karate 5 

EC (Lambda cyhalothrin) which is  the  

commonly used insecticides for the 

control of insect pests in the vegetable 

production system of Central Rift 

Valley (CRV) were included as 

standard checks together with the 

untreated control.  

Treatment application started three 

weeks after transplanting when 

infestation was observed. Treatment 

application dates for weekly 

application frequency were March 27, 

April 04, 11, 18, 25, May 02, 09, 16 

and 23; for biweekly application 

March 27, April 11, 25, May 9 and 23; 

and for tri-weekly March 27, April 18 

and May 9 in 2014. Sprays were made 

for a total of 9, 5 and 3 times for 

weekly, biweekly and triweekly 

application frequencies. Spray was 

made using manually operated 

knapsack sprayer of 15 liters capacity 

using flat fan nozzle.  

 

Data collection and analysis 

Data on severity of leaf damage was 

recorded on a plot basis on a scale of 1 

to 5 (1= no infestation; 2= 1- 25% 

slight infestation; 3= 26-50% moderate 

infestation; 4= 51-75% heavy 

infestation; 5= 76-100%  very heavy 

infestation) (Gashawbeza, 2011). Egg 

density, number and weight of 

damaged fruits and yield loss data 

were collected from the central four 

rows of each plot. Twelve leaflets of 

tomato were picked randomly from 

four randomly selected plants per plot 

at weekly interval to assess egg 

density. Leaflets were collected by 

taking one leaflet each from the top, 

middle and lower portion of randomly 

sampled plants. Samples were kept in 

plastic bags and transported to MARC 

entomology laboratory. Egg counting 

was made with the help of a 

stereoscopic binocular microscope. 
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At harvest, tomato fruits from the 

central four rows of each plot were 

sorted into healthy or marketable and 

damaged based on presence of T. 

absoluta damage symptoms and 

others.   

 

Damaged fruits were further grouped 

into T. absoluta damaged and damage 

caused by other factors. Percentages of 

fruit damages caused by T. absoluta 

and other factors were calculated as 

follows: 

 
Number or Weight of damaged fruit by other factors (%)

=
Number or Weight of damaged fruit by other factors

Total number or weight of harvested fruits
 X 100 

 
Number or Weight of  𝑇𝑢𝑡𝑎 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑎 damaged fruit (%)

=
Number or Weight of  𝑇𝑢𝑡𝑎 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑎 damaged fruit

Total number or Weight of harvested fruits
 X 100 

 

 

Relative yield loss was calculated according to the following equation (Sabbour 

and Soliman, 2014): 

 
Relative yield loss (%)

=
Marketable Yield (MY) from best performing treatment − MY from a treatment

MY from best performing treatment
 X 100 

 

All the collected data were analyzed 

using the SAS statistical version 9.2 

Software (SAS, 2009). The egg 

density count data were square-root 

transformed to stabilize variance 

before subjecting them to ANOVA. 

Significance means were separated 

using Student-Newman-Keuls test. 

 

Results  

 

Effect on egg number  

Due to total absence of eggs on the 

leaf with the aging of the crop, data on 

egg density were collected weekly 

four times after the first spray. Mean 

number of T.absoluta eggs per leaf 

before and after application ranged 

from 2 to 9 and 0 to 4.8 per 12 leaflets, 

respectively with a post spray mean  

ranging between 0 to 1.8 (Table 1). 

Treatments did not show significant 

difference for egg number (p>0.05) in 

all occasions or sampling weeks 

(Table 1).  
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Table 1.   Egg density of T. absoluta per twelve leaflets of tomato on plots treated with different rates and application 

frequencies of Bt  

 

Treatments Pre spray                           Post spray (sampling weeks) 

                           1                2                3                         4                 mean 

Bt @ 0.5 kg/ ha 7 days 3.7a 0.7a 0.3a 0.3a 0.0a 0.3a 
Bt @ 0.5 kg/ ha14 days 9.0 a 2.0a 0.0a 0.0a 0.0a 0.5a 
Bt @ 0.5 kg/ ha 21 days 2.3a 4.0a 0.0a 0.0a 0.0a 1.0a 
Bt @ 1 kg/ ha 7 days 5.7a 1.3a 0.0a 0.0a 0.0a 0.3a 
Bt @ 1 kg/ha 14 days 5.0a 3.7a 0.0a 0.0a 0.0a 0.9a 
Bt @ 1 kg/ ha 21 days 6.3 a 4.7a 0.0a 0.0a 0.0a 1.2a 
Bt @ 1.5 kg/ha 7 days 4.7a 0.7a 0.3a 0.0a 0.0a 0.3a 
Bt @ 1.5 kg/ha 14 days 7.0a 2.0a 0.0a 0.0a 0.0a 0.5a 
Bt @ 1.5 kg/ha 21 days 3.7a 1.3a 0.0a 1.0a 0.0a 0.6a 
Bt @ 2 kg/ha 7 days 4.7a 0.0a 0.0a 0.0a 0.0a 0.0a 
Bt @ 2 kg/ha 14 days 3.3a 1.3a 0.7a 0.7a 0.3a 0.8a 
Bt @ 2 kg/ha 21 days 3.3a 0.3a 0.0a 0.0a 0.3a 0.2a 
Coragen 250 ml/ha 14 days  4.0a 0.3a 0.0a   0.0a 0.0a 0.1a 
Karate 320 ml/ha 14 days 4.67a 2.0a 0.0a 0.3a 0.7a 0.8a 
Untreated check 2.0a 4.3a 0.7a 1.0a 1.0a 1.8a 

Means in a column followed by the same letter are not significantly different from each other at 5% significance level. 

 

Effect on leaf damage  

No leaf damage due to T.absoluta was 

observed in any of the plot until 

fruiting started in the first week of 

May. Hence leaf damage score was 

recorded on May 1
st
 as presented in 

Fig. 1.  Leaf damage score on this date 

ranged between 1.7 and 3.0 (Fig. 1). 

Significantly lowest and highest 

damage level was recorded from 

coragen treatment and untreated 

control (Fig. 1). Performance of Bt 

treatments and Karate was 

intermediate between coragen and 

untreated plots with insignificant 

difference among them (Fig. 1). 
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Fig.  1. Leaf damage score (1 to 5 scale) of T. absoluta on plots treated with different rates and application frequencies of Bt.  

  

Effect on total yield  

Total fruit number ranged between 

532,292 and 726,667 fruits per ha, and 

total yield ranged between 27.42 and 

46.48 tons per ha (Table 2). The 

lowest fruit number and total yield 

were recorded from Bt applied at 0.5 

kg per ha biweekly and tri-weekly, 

respectively. Highest total yield was 

recorded from Bt applied weekly at a 

rate of 1.5 kg per ha (Table 2). 

However, difference between 

treatments both for total fruit number 

and yield were insignificant.  

 
Table 2. Total fruit number and yield of tomatoes treated with different rates and frequencies of Bt against T. absoluta  

 
Treatments Fruit number                Total yield 

per ha                           (tons/ha) 

Bt @ 0.5 kg/ ha 7 days 643958a 43.46a 
Bt @ 0.5 kg/ ha14 days 532292a 34.75a 
Bt @ 0.5 kg/ ha 21 days 542917a 27.42a 
Bt @ 1 kg/ ha 7 days 630625a 38.94a 
Bt @ 1 kg/ha 14 days 650000a 42.02a 
Bt @ 1 kg/ ha 21 days 592083a 38.71a 
Bt @ 1.5 kg/ha 7 days 686458a 46.48a 
Bt @ 1.5 kg/ha 14 days 595208a 32.73a 
Bt @ 1.5 kg/ha 21 days 612708a 34.44a 
Bt @ 2 kg/ha 7 days 726667a 45.71a 
Bt @ 2 kg/ha 14 days 601875a 38.67a 
Bt @ 2 kg/ha 21 days 678542a 40.5a 
Karate 320 ml/ha 14 days 553542a 36.6a 
Coragen 250 ml/ha 14 days 714792a 42.19a 
Untreated check 597083a 36.31a 

Means in a column followed by the same letter are not significantly different from each other at 5% significance level 
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Effect on marketable yield 

Marketable fruit number ranged 

between 55,417 and 451,042 and 

marketable yield between 3.25 and 

28.39 tons per ha (Table 3). Both 

marketable fruit number and yield 

were lower in the Bt applied tri-weekly 

at 0.5 kg per ha and higher in the 

Coragen treatment. Coragen treated 

plots resulted in significantly higher 

marketable fruit number and yield than 

the rest of the treatments. All Bt 

treatments except for the high rates 

(1.5 kg and 2 kg per ha) applied 

weekly did not show significant 

difference from the untreated check for 

marketable fruit number. The 

performance of Karate was 

intermediate between the Coragen and 

Bt treatments. Karate resulted in the 

highest marketable fruit weight next to 

Coragen. Performance of Bt applied 

weekly at 1.5 and 2 kg per ha was on 

par with the Karate. Yield losses 

ranged between 41.9 and 88.5% based 

on marketable yield difference of each 

treatment with the best performing 

treatment (Coragen). Yield losses were 

higher in the untreated control and low 

rate of Bt treatments applied biweekly 

and triweekly (Table 3). 

 

Effect on fruit damage  

Proportion of damaged fruit by the 

pest in number and weight ranged 

between 21.8 to 83.8 and 18.7 and 

81.8%, respectively (Table 4). Plots 

treated with coragen resulted in 

significantly lower damage both by 

number and weight than the rest of the 

treatments (Table 4). On the other 

hand, damage was highest in the 

untreated check. Bacillus thuringiensis 

at rates of 1.5 kg and 2 kg per ha 

applied weekly resulted in 

significantly lower T. absoluta 

damaged fruit number than the 

untreated plot. Karate treated plots 

resulted in significantly higher fruit 

damage by number than coragen 

treatment but significantly lower than 

the rest of the treatments. Similar trend 

was observed in proportion of T. 

absoluta damaged fruit by weight. 

Damaged fruit by other factors did not 

show significant difference both in 

number and weight.  
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Table 3. Marketable fruit number, yield and yield loss of tomatoes with different rates and frequencies of Bt and synthetic 

insecticides  
 

Means in a column followed by the same letter are not significantly different from each other at 5% significance level  
 
 
 
Table 4. Proportion of number and weight of tomato fruits damaged by T. absoluta and other factors treated with different 

rates and frequency of Bt  

Treatments  Fruit damaged by T. absoluta                   Fruits damaged by other factors  

Number (%)       Weight (%)                             Number (%)         Weight (%) 

Bt @ 0.5 kg/ ha 7 days 70.5ab 68.1ab 8.2a 8.5a 
Bt @ 0.5 kg/ ha14 days 80.6a 78.5a 6.1a 6.1a 
Bt @ 0.5 kg/ ha 21 days 82.8a 81.4a 7.9a 6.6a 
Bt @ 1 kg/ ha 7 days 68.5ab 64.3ab 8.2a 8.3a 
Bt @ 1 kg/ha 14 days 76.2ab 71.8ab 5.5a 5.3a 
Bt @ 1 kg/ ha 21 days 73.7ab 71.9ab 7.2a 7.93a 
Bt @ 1.5 kg/ha 7 days 59.4bc 56.3b 10.9a 11.2a 
Bt @ 1.5 kg/ha 14 days 76.4ab 70.5ab 7.1a 7.4a 
Bt @ 1.5 kg/ha 21 days 75.1ab 74.6a 9.7a 7.7a 
Bt @ 2 kg/ha 7 days 57.6bc 54.8b 9.7a 9.9a 
Bt @ 2 kg/ha 14 days 70.7ab 68.1ab 8.8a 9.4a 
Bt @ 2 kg/ha 21 days 74.5ab 71.7ab 7.4a 7.2a 
Karate 320 ml/ha 14 days 47.7c 43.2c 11.8a 12.7a 
Coragen 250 ml/ha 14 days  21.8d 18.7d 14.9a 14.3a 
Untreated check 83.8a 81.9a 6.3a 7.1a 

Means in a column followed by the same letter are not significantly different from each other at 5% significance level  

Discussion 
 

The level of leaf infestation by T. 

absoluta observed in this study was far 

below the observation during the 

period of the pest outbreak in February 

2013 in the Central rift Valley of 

Ethiopia (Gashawbeza and Abiy, 

2013). This could be due to location of 

the experimental field and season of 

planting among possible reasons. 

Climate change has also a significant 

impact on the ecological parameters 

and the duration of the life cycle of T. 

absoluta pest (Abolmaaty et al., 2010). 

Interaction effect between rate and 

frequency was not significant for all 

the parameters considered. 

Treatments Marketable fruit     Marketable yield                          Yield loss 
  number per ha         (tons/ha)                                    (%) 

Bt @ 0.5 kg/ ha 7 days 137500de 10.46bcd 63.16 
Bt @ 0.5 kg/ ha14 days 71042e 5.37d 81.08 
Bt @ 0.5 kg/ ha 21 days 55417e 3.25d 88.55 
Bt @ 1 kg/ ha 7 days 148750cde 10.56bcd 62.8 
Bt @ 1 kg/ha 14 days 119167de 9.25bcd 67.42 
Bt @ 1 kg/ ha 21 days 110625de 7.81bcd 72.49 
Bt @ 1.5 kg/ha 7 days 202917bcd 15.02bc 47.09 
Bt @ 1.5 kg/ha 14 days 98333e 7.19cd 74.67 
Bt @ 1.5 kg/ha 21 days 93333e 6.27cd 77.91 
Bt @ 2 kg/ha 7 days 240000b 16.42b 42.16 
Bt @ 2 kg/ha 14 days 123542de 8.81bcd 68.97 
Bt @ 2 kg/ha 21 days 124167de 8.85bcd 68.83 
Karate 320 ml/ha 14 days 224167bc 16.48b 41.95 
Coragen 250 ml/ha 14 days  451042a 28.39a --- 
Untreated check 58542e 3.89d 86.29 
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Absence of significant difference 

among treatments for egg density was 

expected from Bt treatments as the 

product needs to be ingested only by 

the insect larvae to be effective. 

Similarly, absence of significant effect 

of coragen and karate in reducing egg 

number of T. absoluta suggests lack of 

ovicidal effect of both insecticides. 

Hafsi et al. (2012) also reported low 

ovicidal effect of insecticides 

recommended for T. absoluta control. 

No leaf damage was observed until 

early fruiting stage. However, the data 

recorded in the first week of May 

show variability between treatments 

for leaf damage with the highest 

damage level from the untreated plot 

and the lowest from Coragen 

treatment. Leaf damage in the Bt 

treatments was intermediate between 

Coragen and the untreated check 

without significant difference between 

them. Derbalah et al. (2012) reported 

intermediate performance of Bt 

between untreated check and synthetic 

insecticide in terms of reducing leaf 

damage. They reported up to 30 and 

68% reduction in leaf blotch in Bt and 

Imidacloprid treated plots, 

respectively. Sabbour (2014) and 

Sabbour and Soliman (2014) also 

reported reduction of leaf infestation 

in Bt treatment compared to the 

untreated control. They reported leaf 

infestation level of 14.5 ± 11.5 in Bt 

treatment as opposed to 35.4 ± 12.3 in 

the control. Absence of significant 

variability among treatments for total 

yield could be due to low infestation 

of T. absouta during the vegetative 

growth stage of tomato. Severe 

infestation during vegetative could 

lead to total crop failure (Gashawbeza 

and Abiy, 2013). Treatments showed 

significant variability for fruit damage 

by the pest both in number, weight, 

and marketable yield. Differences for 

total fruit number and total yield 

between treatments were insignificant. 

This indicates infestation level was 

relatively higher during fruiting stage 

of the crop with a pronounced effect 

on the quality of the produce through 

piercing and rotting of the fruit with 

little or no effect on total fruit number 

and yield. Coragen has been reported 

as the most effective insectiicde 

affecting T. absoluta population 

(Ghanim and Ghani, 2014) which is in 

agreement with results of this study. 

Moussa et al. (2013) also reported the 

effectiveness of Coragen and Bt for 

controlling tomato with high and 

moderate effect, respectively, in 

Egypt. The decrease in effectiveness 

of Bt at lower application rate agreed 

with reports of Gonzale-cabrera et al. 

(2011) who reported that marketable 

yield of tomatoes were significantly 

higher than the untreated control at 

higher rates of Bt. According to 

Picanco et al. (1998), using Bt at low 

rates for T. absoluta control resulted in 

control failures, which may be 

minimized by mixing B. thuringiensis 

with mineral oil. 

 

Complete control of T. absoluta was 

not achieved even from the best 

performing treatment i.e. Coragen. 

Complete control of T. absoluta with 

insecticides is difficult. Lobue et al. 

(2012) reported 30% damaged fruit 
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weight due to T. absoluta from 

insecticide treated control plots. This 

study demonstrated the potential of Bt 

in reducing damage and yield loss due 

to T. absoluta on tomato when applied 

with high dose (2 kg per ha) at weekly 

intervals. It is suggested that future 

studies need to look into assessing 

performance of higher doses and 

shorter application intervals than 

considered in this study along with 

economics of their use in tomato 

production. 

 

Conclusion and 

Recommendation 

 

The study demonstrated the potential 

of Bt in reducing damage and yield 

loss due to T. absoluta on tomato 

when applied with high dose (2 kg per 

ha) weekly. It is suggested that future 

studies need to look into assessing 

performance of higher doses and 

shorter application intervals than 

considered in this study along with 

economics of their use in tomato 

production. 
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Abstract 
Urticating ant, also referred to as biting ant, Tetramorium aculeatum Mayr, is an important 

pest in coffee and becoming a constant problems for the farmers affecting farming activities 

in Southwestern Ethiopia. Urticating ants are not directly affecting coffee crop, but 

hindering the agronomic and ripe berry picking activities. As a result ripe coffee beans stay 

longer in the field and subjected to deterioration. This study assessed the influence of coffee 

production systems, shade level, and altitudes on the abundance of urticating ant in coffee 

farms among coffee-producing areas in Southwestern Ethiopia. The study was set as 3x3 

factorial and replicated three times considering production system with shade level and 

again production system with altitude ranges as factors and farms as a replication. Twenty 

to forty coffee trees were randomly assessed in each farm. The results showed that varying 

numbers of urticating ant nests were observed on coffee trees among the three coffee 

production systems, shade coverage level and altitudinal gradients. Production systems in 

respect to shade levels had a highly significant influence (p < 0.0001) on the abundance of 

the urticating ant on coffee trees. Coffee trees in plantation production system with heavy 

shade level had significantly higher mean number of nests per coffee tree (17.25 ± 7.9) 

compared to the garden and semi-forest coffee in Southwestern Ethiopia. The present study 

also showed that coffee production system with altitudinal gradient had a highly significant 

(p = 0.005) effects on the abundance of nests on coffee trees. The urticating ant constructed 

the highest number of nests (20.10 ± 15.1) on coffee trees in plantation farms under lowland 

altitudes. Minimum temperature (r = 0.61*) and shade level (r = 0.56*) showed 

significantly positive correlations to infestation by urticating ant whereas altitude (r = - 

0.57*) is negatively correlated with ant abundance. In conclusion, this study revealed 

population of urticating ant nests varied among coffee production systems, shade levels and 

altitudinal gradients. In addition, it strongly suggests the abundance of urticating ant is 

dependent on microclimatic conditions of coffee agro-ecosystems. However, we 

recommend future study on the ecological role of urticating ant, ecological service or 

disservice provider to coffee ecosystem, and also this study calls up further studies on the 

bio-ecology and integrated management methods as it has implication on coffee yield loss. 

 

Keywords: Ant nest, coffee tree, insect occurrence, coffee production system 
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Introduction  
 

Ethiopia is the largest producer of 

coffee in Africa and the fifth-largest 

coffee producer in the world next to 

Brazil, Vietnam, Colombia, and 

Indonesia [International Coffee 

Organization (ICO), 2017]. Coffee 

farming in Ethiopia takes place over a 

vast area, under varied production 

systems, and under different 

cultivation practices. The majority of 

coffee production is from the main 

coffee zone of the Southwest, followed 

by the Sidama and Yirgacheffe coffee 

areas in the Southeast coffee zone of 

the country [Environment & Coffee 

Forest Forum (ECFF), 2017]. 

In agricultural systems, particularly 

coffee, insects have significant 

impacts on plant productivity and can 

become constant problems for farmers 

(Vega et al., 2015). The coffee plant 

hosts a wide range of arthropod pests, 

many of which are found throughout 

the tropical and subtropical areas, 

either feeding on the plant or 

associated with other species as 

parasites or predators. Coffee is a 

perennial crop that remains in the field 

for many years and provides a stable 

and persistent environment for some 

insects to maintain an uninterrupted 

succession of generations without 

leaving the plant. Some insects may be 

permanently associated with coffee 

and have a narrow host range, but their 

populations increase to damaging 

levels under certain favorable 

conditions (Waller et al., 2007). The 

coffee leaf miner (Leucoptera 

caffeina), antestia bug (Antestiopsis 

intricata), coffee berry borer 

(Hypothenemus hampei), and 

urticating/biting ant (Tetramorium 

aculeatum)are important insect pests 

of coffee in Ethiopia which need 

priorities for management (Mendesil et 

al., 2008; Wakjira et al., 2015; 

Teshome et al., 2018; Mendesil, 2019; 

Kidanu et al., 2021). The urticating 

ant, T. aculeatum, synonym 

Macromischoides aculeatus, is an 

African ant feared by plantation 

laborers (Cammaerts and Dejean, 

1993). Urticating ant does not cause 

direct damage to the coffee plant, but 

indirectly affects farm activities by 

stinging workers during coffee berry 

picking and pruning in ant-infested 

farms (Kidanu et al., 2021; McNutt, 

1975; Hill, 2008). 

In Ethiopia, four major coffee 

production systems are found 

(Woldetsadik and Kebede, 2000). 

These are 1) forest coffee which is 

sometimes referred to as “Wild” 

coffee, 2) semi-forest, 3) garden coffee 

sometime referred to as smallholder 

coffee which is produced in plots of 

varying sizes around dwellings, and 4) 

plantation coffee which is established 

on previously cleared land (Labouisse 

et al., 2008). Forest coffee systems 

may comprise forest coffee with or 

without human management while in 

semi-forest coffee the degree of 

management is relatively higher than 
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in forest coffee. Coffee growers follow 

different management practices 

depending on the type of production 

systems they prefer to increase the 

production and productivity of their 

coffee. 

One of the major constraints upon 

establishing effective integrated pest 

management approaches is the lack of 

adequate information about the 

microclimatic influence on urticating 

ant occurrence and distribution. It is 

important to assess the effect of 

different environmental factors 

including the influence of coffee 

production systems, shade levels, 

altitudes, and temperature   to design 

sampling plans and formulate 

management strategies. Therefore, the 

objective of this study was to assess 

the influence of coffee production 

systems, shade coverage levels, and 

altitudes variables on the occurrence of 

urticating ant in Southwestern 

Ethiopia. 

 

Materials and Methods  

 

Description of the study 

areas 

The study was conducted in 2017/18 at 

selected coffee producing districts of 

Bench Sheko (Previously known as 

Bench Maji) and Sheka zones of 

Southwest Ethiopia, and coffee is the 

primary cash crop in this areas. Bench 

Sheko Zone lies between 5°33’ and 

7°21’ N latitude and 34°38’and 36°14’ 

E longitude with an elevation ranging 

from 800 to 2500 meters above sea 

level (m.a.s.l.). The average annual 

rainfall ranges 1500-1800 mm per year 

and has 15-25 °C range of temperature 

annually. Sheka Zone lies between 

7°24’and 7°52’ N latitude and 35°13’ 

and 35°35’ E longitude with an 

altitudinal range of the areas in the 

zone falling between 900 and 2700 

m.a.s.l. The zone covers about 2175.25 

km
2
, out of which 56, 24, and 20% is a 

highland, a mid-altitude, and lowland, 

respectively. It receives high amounts 

of rainfall, with an average of 1800 – 

2200 mm per annum (CSA, 2013; 

Sualeh et al., 2021). 

Treatments and 

Experimental design 

The experiments were laid out in 3×3 

factorial in Randomized Complete 

Block Design (RCBD). Factor A was 

production systems with three levels 

(plantation, garden, and semi-forest) 

based on (Woldetsadik and Kebede, 

2000) and Factor B was shade levels 

with three levels (high, moderate and 

low) based on Jonsson et al. (2015). 

Again, the second experiment, factor 

A the three production systems 

(plantation, garden, and semi-forest) 

combined with three levels of 

altitudinal gradients as a factor B 

(highland, midland, and lowland) 

based on Tadesse (2017). Three farms 

in each district were used as 

replications. In the first stage six high 

coffee producing districts, three from 

Bench Sheko (South Bench, 
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Guraferda, Sheko) and three from 

Sheka (Yeki, Anderacha, and Masha) 

zones, were selected using a purposive 

sampling technique based on potential 

of coffee production and availability 

of the three coffee production systems, 

shade level and altitude; here Masha 

and Anderacha were highland agro-

ecology. These zones and districts are 

among the main coffee-growing areas 

in the country and hotspots for T. 

aculeatum (Abebe and Mormone, 

1985; Damte et al., 2009; Wakjira et 

al., 2015). 

 

Sampling procedures and 

data collections 

In each farm, 20–40 coffee trees were 

randomly selected from different 

sampled farms using zigzag sampling 

pattern which were spaced at least 10 

to 20 m apart. The canopy of each tree 

was divided into three approximately 

equal sections and labeled as upper, 

middle, and lower. The farms were 

situated 5 to 10 km from each other 

depending on coffee farm availability. 

The study areas were categorized into 

three altitudinal groups, Lowland 

1000-1500; Midland 1500-1750; 

Highland above 1750 m.a.s.l. 

(Tadesse, 2017) and shade levels 

category (High > 50 trees per hectare, 

Moderate 21-50 trees per hectare, and 

Low 0-21 trees per hectare with a 

minor modification of Jonsson et al. 

(2015). The common signs of 

urticating ant are the nests on coffee 

trees constructed by binding a single, 

two, or more coffee live or dead leaves 

together. According to Helmut (2013), 

the urticating ant on coffee builds 

delicate nests (each containing a few 

hundred small brown ants) in the 

bushes. The association of various 

geo-climatic factors with urticating ant 

infestation and abundance was 

assessed using Pearson correlation 

analysis. Ten years of geo-climatic 

data on rainfall, maximum 

temperature, and minimum 

temperature were obtained from the 

Ethiopian National Meteorology 

Agency were used in the correlation 

analysis.  

 

 

Data analysis 

The data on the number of urticating 

ant nests under the factors of 

production systems with farm shade 

coverage level, and the other 

experiment, production systems with 

altitudinal gradients, were subjected to 

analysis of variance as both 3x3 

arrangement and means were 

separated using a Tukey’s test for 

significant differences. The analysis of 

variance was performed using SAS 

Version 9.2. Pearson correlation 

between the geo-climatic factors; 

altitude, shade level and nest 

infestation; and abundance were 

analyzed using Minitab 17 software 

(Minitab, 2017).  
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Results and Discussions 

 

Influence of production 

system and shade level 

interaction on urticating ant 

abundance 

The results showed that production 

systems and shade levels had a highly 

significant influence (p < 0.0001) on 

the abundance of the urticating ant on 

coffee trees (Table 1). Coffee trees in 

plantation production system with 

heavy shade had significantly higher 

mean number of nests per coffee tree 

(17.25 ± 7.9) compared to the garden 

and semi-forest coffee in Southwestern 

Ethiopia. The mean number of 

urticating ant nests in the other two 

production systems under the study, 

garden and semi-forest under heavy 

shade coverage farms had 5.55 ± 3.8 

and 1.88 ± 1.7 number of nests per 

coffee tree, respectively, but were not 

statistically different. This suggests 

that the optimum management 

rendered to coffee trees in the heavily 

shaded farms of plantation production 

system might be more suitable for the 

ants than the other production systems. 

In the garden and semi-forest coffee, 

the intensity of human management is 

low and there is little or no use of 

modern inputs such as fertilizers and 

pesticides, and very low uniformity of 

the coffee tress in terms of variety, age 

distribution, growth, etc. The low level 

of urticating ant infestations in the 

semi-forest production system might 

be attributed to low or no pesticide use 

that might enhance the activities of 

natural enemies. In contrast, a study 

conducted in Mexico reported that ant 

patchiness in coffee agro-ecology 

varied based on management intensity 

where coffee intensification negatively 

affects the occurrence of dominant 

ants species in coffee plants (Philpott, 

2006). In Ethiopia, insect pests are 

more challenging in an intensive 

coffee plantation mainly due to 

changes in cultural practices 

associated with new varieties planted 

in the plantation (Abebe, 1987; 

Mendesil, 2019). This study also 

confirms earlier findings of Teshome 

et al. (2018) who observed more ant 

nests in shaded coffee compared to 

unshaded coffee trees. The authors 

also found ant infestations on G. 

robusta, Ficus sur and Ekebergia 

capensis which are coffee shade tree 

species. This indicates that increase in 

the intensification of coffee farm in 

plantation and shade canopy closure 

had impacts on the density of 

urticating ant nests on coffee trees. 

The more frequent abundance of 

urticating ants on heavily shade-

covered coffee trees might be because 

their nests are less disturbed 

(destructed) by rain storms. Damte and 

Minase (2010) reported that the shade 

trees Milletia ferruginea, Grevillea 

robusta, and Ficus sp. harbor 

urticating ant, however, coffee trees 

under heavy shade had higher number 

of nests than under light shade which 

indicates that the intensity of shade is 
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more important in determining coffee 

infestation. 

On the other hand, garden and semi-

forest production system with low 

shaded coffee farms had numerically 

less 0.55 ± 0.3 and 0.0 ± 0.0
 
ant nest 

density but were not significantly 

different from each other. Similarly, 

moderately shaded farms in garden 

and semi-forest production system 

showed a non-significant difference in 

the number of urticating ant nests 

(2.67 ± 1.5) and (0.30 ± 0.2), 

respectively (Table 1). Plantations 

coffee production system with 

moderately and low shaded farms had 

various number of nests than garden 

and semi-forest with moderate or low 

shaded farms which were not 

statistically different from each other 

(0.97 ± 0.41 and 0.08 ± 0.04, 

respectively). This implies that shade 

coverage level and production systems 

have significant effects on the density 

of ant nests in southwestern of 

Ethiopia, which highlights the 

importance of shade tree regulation to 

reduce ant population in coffee 

plantation. 

 

Influence of production 

system and altitudinal 

gradient interaction on 

urticating ant abundance 

The present study showed that coffee 

production system and altitude had a 

highly significant (p = 0.005) effects 

on the number of ant nests on coffee 

trees (Table 1). The urticating ant 

constructed the highest number of 

nests (20.10 ± 15.1) on coffee trees in 

plantation farms of lowland altitudes, 

while the lowest number of ant nests 

(0 ± 0) were observed on coffee trees 

under highland and midland of semi-

forest as well as highland plantation 

production system (Table 1). 

Similarly, Wakjira et al. (2016) 

reported that the distribution of T. 

aculeatum was higher at a lower 

elevation (Bebeka 1100 m.a.s.l.) and 

lower at a higher elevation (Teppi 

1200 m.a.s.l.) and the ant was not 

observed above the altitude of 1300 

m.a.s.l. This study also showed that 

even though statistically non 

significant difference was observed, 

4.76 ± 3.1 and 3.71 ± 3.6 ant nests 

were recorded on lower altitudes of 

garden and semi-forest production 

system, respectively. On the other 

hand, coffee trees grown under 

highland and midland of garden 

production system, highland and 

midland of semi-forest, as well as 

midland and highland plantation 

system were not significantly different 

(p = 0.005) in the of abundance of 

urticating ant nests per coffee tree in 

Southwestern of Ethiopia (Table 1). 
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Table 1. Influences of different production systems with shade level and altitudinal gradient on the abundance under different production systems in SW Ethiopia 

Production 
systems 

Farm shade levels  Altitudinal gradients  

Highly shaded Medium shaded Low shaded High Altitude Medium altitude Low Altitude 

Garden  5.55 (2.33) ± 3.8b 2.67 (1.74) ± 1.5b 0.55 (0.96) ± 0.3b 0.16 (0.80) ±0.12b 0.16 (0.80) ±0.12b 4.76 (2.04) ± 3.1b 
Semi-forest 1.88 (1.44) ± 1.7b 0.30 (0.88) ± 0.2b 0.0 (0.71) ± 0.0b 0.0 (0.71) ± 0.0b 0.0 (0.71) ± 0.0b 3.71 (1.86) ± 3.6b 
Plantation  17.25 (4.14) ± 7.9a 0.97 (1.20) ± 0.41b 0.08 (0.76) ± 0.04b 0.0 (0.71) ± 0.0b 1.54 (1.27) ± 2.3b 20.10 (4.22) ± 15.1a 

ANOVA       

P-value  < 0.0001   = 0.005  

Tukey(HSD)  8.77   15.78  

Values are taken as Mean ± SD, Figures in parenthesis are square root transformed value (√x+0.5). Means with the same letter(s) within a column are not significantly different at 5% 
level of probability (Tukey HSD). ** = highly significant (p < 0.01); * = Significant (P < 0.05); ns = non significant.  
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Pearson correlation 

analysis 

Minimum temperature and shade 

level showed a significant and 

positive correlation to T. aculeatum 

infestation (R = 0.56) (Table 2). Beer 

et al. (1998) indicated that shade trees 

create hostile conditions for pests and 

harbor a variety of predatory insects. 

There were significant and negative 

correlations between T. aculeatum 

abundance and altitude (r = - 0.57). In 

addition, the percent infestation by the 

urticating ant was positively 

correlated with abundance of ant nests 

(r = 0.66) (Table 2).  

 
Table 2. Pearson Correlation Coefficients among urticating ant with rainfall, temperature, different altitudes, and shade 

levels in the southwest of Ethiopia 

 RF MAXT MINT ALT SHL INF ABU 

RF 
 

1.00 
 

-0.35ns 
 

-0.17ns 
 

 
0.39ns 

 

 
0.01ns 

 

 
-0.01ns 

 

 
0.10ns 

 

MAXT  1.00 
 

0.42ns 
 

-0.93* 0.17ns 0.44ns 0.39ns 

MINT   

 
1.00 

 
-0.52ns 0.34ns 0.61* 0.41ns 

ALT   
  

1.00 
 

 
-0.27ns 

 

 
-0.49ns 

 

 
-0.57* 

 

SHL   
 

 
 

1.00 
 

 
0.56* 

 

 
0.47ns 

 

INF   
 

  
 

1.00 
 

 
0.66* 

 

ABU   
 

   
 

1.00 

 
* =Significant at P<0.05; **= significant at P<0.01; ns=non-significant; RF= Rainfall; MAXT=Maximum temperature; MINT= 
Minimum temperature; ALT = Altitude; SHL = Shade level; INF=Percent of infestation; ABU= Abundance of nests. Source 
of meteorological data = National Meteorology Agency, 2018. 

 

Conclusion and 

Recommendation  
 

The current study showed coffee 

production system, shade coverage 

level, and altitude had significant 

influences on the abundance of 

urticating ant. The abundance was 

high in plantation coffee productions 

system in heavily shaded coffee farms 

as compared to the others. Similarly 

higher number of ant nests was 

recorded at lower altitudes, especially 

on the lowland plantations of 

Southwestern Ethiopia. This indicates 

that coffee production systems in 

respect to farm shade level and 
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altitudinal gradient are very important 

factors for the abundance of urticating 

ant. Thus, studies and management of 

this pest need to focus on lowland 

areas in plantation production system. 

The study also suggests that regulation 

of shade trees can contribute to the 

reduction of the ant population in 

coffee plantations. The current study 

contributes to our knowledge of the 

ecology and abundance of the 

urticating ant and also calls up to 

further studies on the bio-ecology and 

integrated management methods. 

Generally this study confirmed a 

significant influence of production 

systems with shade level and altitudes 

on ant abundances in coffee 

agroecology. However, future efforts 

should be ecological studies on the 

urticating ant including top-down and 

bottom-up interactions, coffee 

(management practices, variety, 

population, age, shade, etc) on its 

biotics, distribution, seasonality, and 

population dynamics. Future studies 

also need to look into the ecological 

role played by the urticating ant in 

coffee-producing areas across wide 

agro-ecologies.  
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Editorial Policy/Authors’ Guideline 
  

 1. Scope of the Journal  

Pest Management Journal of Ethiopia (PMJoE) is a peer-reviewed journal that 

provides a forum to publish articles in the areas of crop protection: insects, 

diseases, weeds, nematodes and vertebrate pests. Priority is given to papers 

dealing with plant protection problems that are highly relevant to Ethiopian 

agriculture. Papers dealing with non-chemical pest management aspects are highly 

preferred.  

 

Research papers submitted for publication in this journal should have very sound 

disciplinary basis, although multiple and cross disciplinary contributions are 

encouraged as far as dealing with plant protection.  

Upon submission of a manuscript, the author(s) is (are) required to state that the 

paper has not been submitted for publication by any other journal partly or fully, 

or will not be submitted to any other journal before the decision of PMJoE.  

Manuscript prepared as per the authors’ guideline should be submitted via email 

using the following addresses:  

The Editor-in-Chief: Pest Management Journal of Ethiopia  

Email: pmjoe20212@gmail.com  or  Gashawbezachekol@gmail.com    

    

2. Article types/Language 

Original research papers should be of reasonable length (3,000-6000 words) and 

should not have been published previously or submitted for publication in any 

other journal.  Short notes or reports may be submitted for “Short 

Communication” section of PMJoE, which should be 1,500-3,000 words in 

length. Besides, manuscripts addressing “Pest Outbreaks and New Records” of 

pests shall be submitted for publication in short communication section.  

Review manuscripts will be accepted only from authors invited by the Editorial    

Board of PMJoE.  

Manuscripts of any of the types should be written in clear, concise and 

grammatically   sound   English.   British   or   American   English   spelling   and 

terminology can be used, but authors are advised to consistently follow either one 

throughout the manuscript. Passing through English language edition is highly 

encouraged before submission.  

 

3. Peer review process 

Submitted manuscripts are subjected to preliminary screening based on 

appropriateness of the theme and quality of the contents to standards of PMJoE. 
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The editorial board may reject those manuscripts that are not according to the 

guidelines and that do not meet the standards of PMJoE, and will be returned to 

the author(s) before processing further.  

 

The manuscripts that are cleared the initial screening would undergo a double- 

blinded peer review process. Two to three reviewers in the same or related fields 

of specialization are assigned by the Editorial Board to carry out the review 

based on the guideline and merits of the manuscript. Reviewers report would 

serve as basis for making final decision for acceptance or rejection of the 

manuscript.  If the manuscript is accepted, it will be sent, along with comments, 

to the corresponding author; and the corresponding author will be given 5 

working days to pen the comments and suggested improvements, and resend it to 

the Editorial Office.  

 

 

Therefore, all authors are strongly requested to follow the author guidelines 

strictly.  

 

4. Manuscript Submission  

 

4.1 Templates  

Papers should be submitted in MS-word, Times New Roman font and 1.5 point 

line spacing, with margins of 2.5 cm at top, bottom, and sides of each page. 

Tables and figures  could  be  integrated in  the text  or  placed  at  the  end  of  

the  manuscript following the reference section, each at a separate page. For 

preparation of tables and figures, refer Section 6. Equations should be editable in 

the document. 

 

4.2 Abbreviations 

Abbreviations should be defined at first mention and used consistently thereafter 

throughout the document.  

 

4.3 Footnotes  

Footnotes can be used to provide additional information. Table footnotes should 

be indicated by superscript lower-case letter(s) (or asterisks for significance 

values and other statistical data) and included beneath the table body. Footnotes 

should also be well defined and placed at the end of each respective table. The 

same could be made to figure legends and authors of the manuscript.  

 

4.4 Scientific style  
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Authors are encouraged always to use internationally accepted signs and symbols 

for units (SI units). Genus and species names should be italicized.  

 

4.5 Permissions  

Authors wishing to include figures and tables that have already been published 

elsewhere are required to obtain permission from the copy right owner(s), and to 

include evidence(s) that such permission has been granted when submitting their 

papers. Any material received without such evidence(s) will be assumed to 

originate from the authors, and the authors are responsible for it.  

 

4.6 Ethical responsibility  

The journal is committed to upholding the integrity of the scientific record. All 

authors should refrain from misrepresenting research results, which could 

damage trust in the journal, the professionalism of scientific authorship, and 

ultimately the scientific arena. Read more about maintaining integrity of 

scientific research and rules of good scientific practices.  

 

4.7 Manuscript preparation  

The paper should be arranged in the following order: title page [title, author(s) 

and author address(s) and affiliation(s)]; abstract with keywords; running title; 

text; reference list; tables, and graphs or illustrations (figures). 

 

Title page  

This section should include name(s) of author(s); affiliation(s) and address(s) of 

author(s) with email address of the corresponding author; and a concise and 

informative title (not more than 20 words).  

 

 Abstract  

Please provide an abstract of not more than 380 words. The abstract should 

contain rationale of the study, major objectives, brief methodology, major 

findings, conclusions and recommendations. It should not contain any undefined 

abbreviation(s) and reference(s).  

 

 Keywords  

Please provide 6-9 keywords which could be used for indexing of the article. 

Running title:  This is a shortened version of the title that briefly highlights the 

article.  Suggested  to  be  very precise  and  short  compared  with  the  title  of  

the manuscript, not exceeding 10-12 words.  

 

 Main text of the article  

The  main  text  of  the  manuscript  consists  of  the  following  major  sections  

or headings: introduction, materials and methods, results, discussion and 
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references. Besides, conclusions and recommendations and acknowledgements 

parts can be included. Results and discussion can be written either together or 

separately.  

 

Introduction  

The introduction section describes the principal objectives of the investigation 

and provides a brief review of the relevant literatures on the subject. In general, 

the introduction has to contain background, statement of the problem, brief 

review of work done on the topic, justification or rationale for the study, and 

objective(s) of the study.  

 

 Materials and methods  

This  section  provides  a  concise  description  of  the  procedures  followed  and 

materials used to obtain the results. In case a new methodology is developed by 

the author or some one’s methodology is modified and used, detail procedures 

(for new) and the modification made (for modified) should be described. In case 

some one’s methodology is fully used, there is no need to describe in detail but 

source should be acknowledged. It has to be written in a paragraph form not in a 

bullet form. It can contain description of the study area/site/condition, description 

of the experimental materials, description of the treatments and experimental 

design/sampling design, experimental procedures, data collection (the methods, 

instruments and units of measurement)  and  data  analysis  (analytical  methods,  

statistical  analysis  and software used).  
  

Results  

Results can be presented separately or together with the discussion section.  

Present and describe the results or findings obtained with logical flow under this 

section.  If applicable, describe the main statistically significant findings of the 

results. No interpretations, implications and reasoning are given here, if the 

author (s) wishes/wish to provide the results and discussion under separate 

headings.  
 

 Discussion  

This section describes interpretation, reasoning and implications of the results 

obtained. It should include strong comparison of results with other related 

previous studies.  

 

 Conclusion and Recommendation  

Under this section, contributions of the present study are briefly described and 

recommendations for further study are made.  
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necessary, by letter-by-letter alphabetical sequencing determined by the initials 

of the first author and the beginning letters of any subsequent authors’ surnames. 

The names of all authors, including initials, should be provided. Order references 

by the same author(s) by year in ascending order.  

If there are several items with the same first author, alone and/or with co-authors, 

present items by a single author before items with co-authors, regardless of title. 
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regulator novaluron (Rimon 10% EC) was applied…  

 

6. Tables and figures  

These must be relevant to the article and referred in the text. Tables should present 

new information rather than merely duplicating what is reported in the main text. 

Readers should be able to interpret the table without referring back the text. 

Tables should be submitted as editable text, not image.  Each table should have a 
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numbered in the order in which they appear in the text. Use Arabic (1, 2, 3 …) 
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