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ABSTRACT  

Gesho (Rhamnus prinoides L’Herit) is one of important cash-generating beverage crops in western 

Amhara. However, its production has recently been threatened by unidentified disease.  Therefore, field 

survey was conducted during the 2017/18 cropping season in six major gesho producing districts in 

western Amhara to identify the disease, and quantify the extent of its severity and distribution. This 

survey identified the disease to be cedar rust caused by the fungus genus gymnosporangium. Among the 

three independent variables (districts, altitudes and gesho harvesting methods), only districts 

significantly (p<0.05) affected incidence and severity of cedar rust infection on gesho. The mean disease 

incidence in districts ranged from about 7% at Gonji-Kolela to about 41% at Mecha. Similarly, the mean 

disease severity in districts ranged from about 2% at Gonji-Kolela to about 16% at Mecha. Although not 

statistically significant, altitudes (as indicated in Mecha district) and harvesting methods of gesho also 

had important influence in affecting the incidence and severity of cedar rust infection of gesho 

production by smallholder farmers in the highlands of western Amhara. These are interesting 

observations calling for future detail research in order to determine the role of altitudes and gesho 

harvesting methods in the management of cedar rust disease for improving gesho production and 

productivity. Further studies should also be done on yield loss (quantity and quality) assessment under 

controlled and field conditions, the epidemiological aspects and race/biotype formation of the 

pathogen, host resistance and host range studies using wild relatives and other suspected hosts. Studies 

on biological antagonistic and research on the chemical control options for such areas should also be 

identified.  

Keywords: Cedar rust, disease incidence, disease severity, genus Gymnosporangium,  gesho harvesting 

methods 

 

INTRODUCTION  

Rhamnus prinoides (L’Herit) is an indigenous tree/shrub with vernacular names in different 

languages given by ethnic groups (Agewgna = gebho, Amharic = gesho, Guragigna = gishe, 

Tigrgna = gesho, Oromigna = gesho) (Bekele 2007). Gesho belongs to the family Rhamnaceae, 

which is a wide spread plant species in East, Central and South African countries (Berhanu and 

Teshome 1995; Hailemichael et al 2007). It is a native plant to Ethiopia, Botswana, Eritrea, 
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Lesotho, Namibia, South Africa, Swaziland, Uganda and also occurs in Cameroon, Sudan and 

Angola (Bekele 2007). It is a dense shrub or a tree that grows up to 6 m high (Afewerk and 

Chandravanshi 2012). The only two Rhamnus species that occur in Africa are R. prinoides and R. 

staddo. The R. prinoides plant is widely cultivated in Ethiopia (Haimanot 2011). Nationally, it 

was cultivated by 1,642,593 households with a total area coverage of about 23,034 ha 

producing about 22,598 tons with productivity of 0.981 t ha-1 in 2016/17 meher season (Table 

1). About 78.42% of the national gesho production was recorded in Amhara National Regional 

State (Table 1).  

Table 1. Smallholder farmers’ gesho production status in 2016/17 meher season in Ethiopia and 

surveyed zones in Amhara National Regional State 

Zone 
Number of 

Holders 
Area (ha) 

Production  

(tons) 

Productivity 

(t ha-1) 

Ethiopia 1,642,593  23,034.22  22,597.89  0.981  

East Gojam Zone 364,181  5,927.69  6,351.36  1.071  

West Gojam Zone 418,159  6,297.72  9,134.27  1.450  

Awi Zone 165,423  1,074.20  330.94  0.308  

Sum for three zones 947,763 13,299.61 15,816.57 0.940 

Source:  CSA 2017 

Gesho is a valuable cash crop since the leaves/twigs and stems of gesho are indispensable 

ingredients in making of the traditional fermented beverages known as tella and tej, and 

medicine by most individuals in the country (Bekele 2007; Hailemichael et al 2007; Mooha et al 

2015). Ethiopia exported an annual average of 37,109.1 tons of Rhamnus prinoides from 1997 

to 2016 and earned 243,231.93 US dollars. Export destinations of Ethiopian Rhamnus prinoids 

were noted as 24 countries, of these Israel and Sudan were the most important recipient 

countries for Ethiopian Rhamnus prinoides with the percentage share of 22% and 72% imports, 

respectively (Eyob 2017). 

Despite of its advantage, recently gesho production in western Amhara was constrained by the 

newly reported disease. About 93% of farmers reported that the plant was suffering from 

diseases, thereby reducing production and income (Takele et al 2018). However, type of the 

disease and the level of infection and its distribution were not determined. Hence, this survey 

was conducted with the objective of identifying the disease, and quantifying the damage 

severity and the distribution of the disease across the major gesho production areas of western 

Amhara. 

 

MATERIALS AND METHODS  

Description of the Study Areas 
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The survey was conducted in six purposively selected major gesho producing districts found in 

three administrative zones (Awi, West and East Gojam) in western Amhara. Among survey 

target districts, Gesho production area was the highest in Hulteju- Enesie district since 

production was also going on terraces of farmlands in addition to backyard plantations where 

most districts practice. The surveyed areas in these districts are located between latitudes of 

10o10’ to 11o43’ N and longitudes of 36o80’ to 38o15’ E. The altitudes of these areas ranged 

from 1500 to 2674 m above sea level (asl). 

 

Figure 1a) Target survey points in gesho growing districts for assessing the recently reported disease of 

gesho in western Amhara 
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Figure b. Target sampling sites in gesho growing districts for assessing the recently reported disease of 

gesho in western Amhara 

All the surveyed districts fall within an average temperature minimum 7.27oC and maximum 

28.36oC, and the rainfall pattern is mono-modal, and fall within a range of annual average 

minimum 967.2mm and maximum 1697.3mm. The soil type of the surveyed districts ranges 

from heavy to light black (Vertisols) to brown to red (Nitosols).  

Disease Survey and Sample Collection 

Survey was conducted on six purposively selected districts in 2017/18 starting from mid-

October; this month was selected based on the information obtained from farmers that the 

disease is more aggravated during the coldest months (October to January). The district 

selection was mainly based on information on disease incidence and gesho production 

potential of districts (Personal communication with districts agricultural experts). One to eight 

Kebeles/district were selected randomly based on the accessibility; and 3 to 18 Gesho fields per 

district (minimum two fields/kebele) were randomly selected based on the area covered by 

gesho plantations. In each field (having 7-30 gesho trees), four trees were selected with 

systematic random sampling procedures. Infected leaves, twigs and fruits were cut using 

sterilized pair of scissors. The diseased plant samples were collected from each assessed field 

where geographical positioning system (GPS) data were also recorded. The number of infected 

leaves, primary branches, and twigs or damaged fruits on each sampled tree was counted and 
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recorded. Overall, 126 disease samples on leaves, branches/twigs and gesho berries were 

randomly collected from trees showing disease symptoms in all 76 assessed fields. The samples 

were well labeled in perforated plastic bags and maintained in refrigerator at -4oC until 

laboratory examination (Waller et al, 2002).  

Disease Incidence and Severity Rating 

Incidence of disease on gesho was assessed by counting the number of diseased trees per total 

number of trees inspected and expressed as percentage of total plants as described by Akhtar 

and Alam (2002). Percent disease incidence was computed according to the following equation. 

𝐷𝐼(%) =
𝑁𝐷𝑃

𝑇𝑁𝐼𝑃
∗  100 

Where DI = disease incidence, NDP = number of diseased plants, and TNIP = total number of 

inspected plants.                                                                                 

Disease severity was computed with the following equation:  

 

𝐷𝑆(%) =
𝐼𝐿𝐴

𝑇𝐼𝐿𝐴
∗ 100  

Where DS = disease severity, ILA = infected leaf area, TILA - total inspected leaf area.                                                                                                    

Macro and Microscopic Observation  

A mass of aecia and aeciospores' on the underside of the leaves of gesho was easily observed 

by the necked eyes and assisted by magnifying glasses and samples of aecia and aeciospores' 

were taken for direct mounting to microscope using the direct mounting technique. 

Isolation and Identification of Pathogens Causing Gesho Diseases  

The identifications of the causative agents of the new disease records were done based mostly 

on symptoms, microscopic examinations and comparison with literatures (Waller et al., 2002). 

Small symptomatic pieces of samples containing the aecia and aeciospores were taken from 

leaves, branches/twigs and berries/fruits and allowed to stay for not more than 10 minutes in 

warm places covered with plastic sheets for the better release of spores. Approximately, 4*7 

mm sized small tissue segments cut from active tissue margins of lesions and examined by using 

stereomicroscope (Model ZS2504) to observe the spore bearing structure (aecia) with 

magnification power of 80X. Aeciospore structure examinations were conducted by taking 

spores on aecia using microbial needles and placing it on microscope slides with drop of 

distilled water, covered with cover slips, and mounted onto phase contrast microscope with 

magnification power of 800X (Blanchard and Tattar 2013).  
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Data Analysis 

The means and standard deviations were calculated using SAS version 9.1 software (SAS, 2004); 

logistic regression model was used to determine the associations of different independent 

variables with the disease incidence and severity. 

RESULTS AND DISCUSSION 

Descriptions of the Observed Disease Symptoms on Gesho Tree 

Lesions were visible as yellow or orange spots on the upper surfaces of the leaves. Spots at first 

emergence could be similar on the undersides of the leaves, but later on fruiting bodies called 

aecia develop on the undersides of the leaves as small pale papery tubes. Infected gesho fruits 

showed profuse numbers of the tubular aecia on abnormally swollen fruit (Figure 2a). The 

pathogen caused stiff, thickened and rolled back leaves (Figure 2b); stiff and thickened twigs 

(Figure 2c); tender shoots were highly affected, sometimes with swell or gall formation (Figure 

2c,2d); and tissue above infected sites died as twigs are girdled and cause dieback. These 

symptoms including dwarfing and malformation were easily detected symptoms of the diseases 

on gesho. Through time, infected leaves may turn yellow and drop, especially as trees become 

stressed. 
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Figure 2. Disease symptoms on fruits (a), leaves (b), twigs' (c & d), and swollen twigs (d) showing 

dormant stage of the disease. 

 

Morphological and Microscopic Observations 

The spore bearing organs look like small pale yellow papery tubes when observed by the help of 

stereomicroscope; from this tube like structures powdery yellow-orange or reddish spores were 

released, these spores disperse and may be blown out when touched. Mounting of these spores under 

phase contrast microscope (M= 800X) showed that the spores of this pathogen are globose, sub-

globose, or oval, sometimes irregular in shape. In color, they are usually olive-brown or golden, but 

quite frequently, they are of a darker, duller brown. They are very much lighter on one side than on the 

other. It seems thicker at the center, and in most cases darker (Figure 3).  

 

 
Figure 3. Comparison of the spore structures observed in our study (b) with the standard picture spore 

structures of the fungus in the genus Gymnosporangium sp. (a), adapted from Agrios (2005). 

 

The identifications of the causative agents of the new disease records were based mostly on 

symptoms, microscopic examinations and comparison with literature. Hence, through rigorous 

laboratory examinations and other supplementary literatures the disease was identified as 

Cedar rust diseases caused by fungus in the genus Gymnosporangium, this was supported by 

many literatures. The disease was common in the North American countries and Europe on 

apple, cedar and junipers trees (Aldwinckle and Jones 1990; Jones and Benson 2001; Agrios, 

2005). The pathogen Gymnosporangium spp. is now attacking the gesho tree, for the reason 

that it is under the same order Rosals, where an apple fruit tree was found. The order Rosals, 

contain two families: the Rosaciae and Rhamnaciae, where the Rosaciae contain the apples and 

other threes, while the Rhamanaciae contain gesho tree, (Anonymous 2010) fact sheet.  
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Cedar rust caused by the fungus in the genus Gymnosporangium spend a portion of their life 

cycle on rosaceous hosts such as apple, flowering crab and hawthorn, and another portion on 

species of junipers (which includes eastern red cedar). These rust fungi can result in 

considerable damage to rosaceous plants by causing premature defoliation and fruit distortion 

and abortion. Premature defoliation weakens the tree and reduces fruit set and yield the 

following year, trees with severe defoliation are susceptible to other diseases (www. 

ct.gov/caes). This fungus was recently reported from the United States in its aecial state on the 

ornamental crab apple, Malus toringo, and it looks very similar to cedar-hawthorn rust (Yun et 

al 2009).  

Distribution of Cedar Rust of Gesho 

Summary of logistic regression results on the three independent variables (i.e. district, altitude 

and harvesting method) for modeling cedar rust incidence and severity of gesho plants are 

presented in Table 2. Among the tested independent variables, only districts significantly 

(p<0.05) affected incidence and severity of cedar rust on gesho plants. An odds ratio of 1 

indicates that exposure to the disease affects the property of gesho plant growth while an odd 

ratio less than 1 is associated with lower level (Table 3). Hence, among the significant variations 

obtained, the odds ratio of the added variables in a reduced model showed that predicting 

gesho cedar rust severity greater than 25% was found to be at Mecha district followed by Gonji-

kolela district (Table 3). High level of infection at Mecha district could probably be due to the 

existing favorable conditions such as the availability of enough inoculums’ load, temperature 

and relative humidity, for the pathogen growth and multiplication initiating to disease 

epidemics. This was supported with what Anonymous (2010) had indicated as the genus 

requires the temperature range from 8 to 24 oC. 

Table 2. Summary of logistic regression results on independent variables for modeling cedar 

rust incidence and severity 

Independent variables 
Degree of 

freedom 

Incidence, LRT>50% Severity, LRT>25% 

DR Pr>χ2 DR Pr>χ2 

District  5 5175.3 <0.0001  997.57 <0.0001  

Altitude  2 5175.2 0.7395 995.75 0.1770 

Harvesting method 1 5175.2 0.885 995.75 0.9210 

Notes: LRT = likelihood ratio test, DR = deviance ratio, Pr = probability, harvesting method includes leaf 
removal by hand vs cutting 

Table 3. Analysis of deviance, natural logarithms of odds ratio, odds ratio and standard error of 

added variables in a reduced model predicting Gesho cedar rust severity less than 25%  

Added DG LRT Variable class Estimate, SE Odds ratio 
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variable DR Pr>χ2 (districts) Log (OR) 

Intercept     1322.4     -1.4885 0.1387 1.94E-09 

District  

  

  

  

  

  

5 

  

  

  

  

  

997.6 

  

  

  

  

  

<0.0001  

  

  

  

  

  

Gonji-kolela   -2.1794 0.1784 0.898384 

Huleteju-Eenesie  -1.7268 0.1704 0.849003 

Goncha Siso-Eenesie  -0.5853 0.1898 0.642286 

Bbaso-Liben  -0.2207 0.1104 0.554952 

Ankesha  -1.2119 0.1555 0.770635 

Mecha   0 0 1 

Note: DF = degree of freedom, LRT = likelihood ratio test, DR = deviance ratio, Pr = probability, OR = 
odds ratio, SE = standard error 

Disease incidence and severity level in number of inspected gesho fields in each district during 

the 2017/18 cropping season are presented in Table 4. The maximum number of fields with 

>25% severity was 6 in Mecha district, and 3 in Basoliben district. Similarly, the maximum 

number of fields with >50% incidences was also 6 in Mecha distcit, and 4 in Basoliben district. 

Disease incidences in general are indications for the disease occurrences. Maximum number of 

fields (17 & 12) with ≤50% incidence was 17 in Gonji-kolela district, and 12 in Hulteju-Enesie 

district.   

Table 4. Disease incidence and severity level in number of inspected gesho fields in each district 

during the 2017/18 cropping season in western Amhara 

Districts 

Total number of  

inspected fields 

per district 

Altitude range in 

meter above sea 

level (masl) 

Number of fields  with cedar rust 

disease 

Incidence (%) Severity (%) 

≤50 >50 ≤25 >25 

Gonji kolela 18 2099-2404 17 1 18 0 

Huleteju enesie 13 2123-2490 12 1 12 1 

Goncha siso enesie 6 2652-2674 4 2 5 1 

Baso liben  13 2293-2388 9 4 10 3 

Ankesha guagusa 11 1975-2489 9 2 9 2 

Mecha 15 1944-2025 9 6 9 6 

Total 76  60 16 63 13 

Note: masl = meter above sea level 

 

The more detail information presented in Table 5 shows that among the 76 gesho fields 

assessed, about 41% had the highest mean incidence and 16% had the highest mean severity. 

This may be due to favorable conditions to the disease epidemics in this district. The mean 

disease incidence in districts ranged from about 7% at Gonji-Kolela to about 41% at Mecha. 

Similarly, the mean disease severity in districts ranged from about 2% at Gonji-Kolela to about 

16% at Mecha. Altitude effect seems has no clear pattern on cedar rust incidence and severity 

on gesho but shows relatively higher at 1500-2000 (e.g., Mecha district as indicated in Table 4). 
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Future detail research may identify the clear pattern and reach conclusive recommendation 

about the effect of altitudes since altitudes in Ethiopia largely determines rainfall amount and 

distribution, and air temperature which have direct effect on plant growth and disease 

development.   

 Gesho harvesting methods also showed interesting indications although not statistically 

significant on the incidence and severity of cedar rust infection (Table 5). Incidence and severity 

of cedar rust infection through harvesting of gesho by cutting was higher by about 86% and 

81%, respectively, than that of gesho harvesting with leaf removal by hand. This also calls for 

future detail research in order to reach a conclusive recommendation about the effect of gesho 

harvesting methods on cedar rust incidence and severity in gesho production by the 

smallholder farmers in western Amhara.  

Table 5. Mean incidence and severity of cedar rust under different independent variables in 

2017/18 cropping season 

Independent variables 

Number of 

observed 

fields 

Incidence (%) Severity (%) 

Mean Min Max SD Mean Min Max SD 

Districts                    

Gonji-kolela   18 7.22 0 100 23.18 2.11 1 20 4.48 

Huleteju-Enesie  13 9.15 1 100 27.32 3.31 1 30 8.02 

Goncha-siso- Enesie  6 35.50 0 100 50.09 11.17 1 40 16.01 

Bbaso-Liben  13 38.15 1 100 35.41 13.00 1 45 13.48 

Ankesha  11 20.00 0 100 39.75 5.73 1 30 10.93 

Mecha   15 40.87 1 100 44.67 16.07 1 45 16.82 

Altitude  (masl)          

1500-2000 13 32.08 0 100 43.77 13.46 1 45 17.91 

2001-2500 57 20.37 0 100 34.65 6.65 1 45 10.67 

>2500 6 35.50 0 100 50.09 11.17 1 40 16.01 

Harvesting method                    

Leaf removal (Shimteta)  63 20.56 0 100 37.41 7.17 1 45 12.38 

Cutting leafy branches  13 38.15 1 100 35.41 13.00 1 45 13.48 

Note: Min = minimum, Max = maximum, SD = standard deviation, masl = meter above sea level, Shimteta = 

Amharic word meaning picking of only leaves from a tree. 

 

CONCLUSION AND RECOMMENDATIONS 

Gesho is one of important cash-generating crops in western Amhara. The leaves and steams of 

Gesho are indispensable ingredients in making of the traditional fermented beverages 

(alcoholic drinks) known as tella, tej and Areqi, which are presented in the social and cultural 
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ceremonies of the society. However, production of gesho in western Amhara has recently been 

threatened by unidentified disease.  Field survey conducted during the 2017/18 cropping 

season in six major gesho growing districts in the western Amhara identified the disease to be 

cedar rust caused by the fungus genus gymnosporangium. Among the observed districts, 

Mecha district showed significantly higher incidence and severity of cedar rust infection. 

Although not statistically significant, altitudes and harvesting methods of gesho had also 

important influence in affecting the incidence and severity of cedar rust infection of gesho 

production by smallholder farmers in western Amhara. These are interesting observations 

calling for future detail research to determine the role of altitudes and gesho harvesting 

methods in the management of cedar rust disease for improving gesho production. Hence 

further studies should also be done on yield loss (quantity and quality) assessment under 

controlled and field conditions, the epidemiological aspects and race/biotype formation of the 

pathogen, host resistance and host range studies using wild relatives and other suspected 

hosts. Studies on biological antagonistic and research on the chemical control options for such 

areas should also be identified.  
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