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ABSTRACT

The experiment was done to assess incidence, severity and variations in Colletotrichum kahawae isolates. Assessment was conducted in Aleta Wendo, Yirgacheffe, Shebedino, Wenago and Dale of Gedeo and Sidama Zones of Southern Region by examining and recording of the incidence and severity of CBD. The survey revealed that CBD was prevalent in all the surveyed districts. The overall mean incidence and severity at district level were 47.9 and 29.0%, respectively in 2015 cropping season and 40.0 and 25.6%, respectively in 2016 cropping season. Seven representatives of Colletotrichum kahawae isolates were isolated from Southern region of Ethiopia and were studied based on their cultural and morphological characters. Isolates were grouped into 4 based on their colony color manifestation on PDA and MEA. The cultures exhibited light gray, gray, dark gray and dark olive green mycelia forms. Mean radial colony growth rate of Colletotrichum kahawae isolates were 4.8, 5.1, 5.0 and 4.4mm/24hr on PDA, MEA, fruit and leaf extracts, respectively. Conidia width and length ranged as 3.5 – 6.7 µ m and 14.0 – 17.8 µ m, respectively. High variation was observed among Colletotrichum kahawae isolates in their sporulation capacity, and varied between 4.83 x 105 and 2.14 x106conidia/ml. An in vitro evaluation of dual culture technique and detached berry test exhibited that the mycelial growth of the pathogenic fungus is suppressed by Trichoderma isolates. Two isolates of Trichoderma showed overgrowth on Colletotrichum kahawae isolates with average inhibition of 74.54 % and 75.75 % by AUTI and AUT2 isolates, respectively; and there was no disease symptom appearance when Colletotrichum kahawae isolates were with Trichoderma isolates inoculated on detached green berries. 
Key words: coffee berry disease, cropping season, overgrowth, Trichoderma isolates.
1. INTRODUCION

Coffee is a tropical and subtropical crop grown in more than 80 countries around the world; and is consumed as a beverage by more than one third of the world’s population. More than 60 million people depend on production and export of coffee for income throughout the world (Rutherford, 2006). A total of 159.66 million bags were produced in 2017. Globally, Brazil is the biggest producer of coffee (51.5 million bags), which accounted for more than 32% of world coffee production; and Ethiopian production is about 7.65million bags (ICO, 2018).
Ethiopia is one of the leading Arabica coffee producers in Africa and the fifth largest Arabica coffee producer in the world next to Brazil (51.5 million bags), Vietnam (28.5 million bags), Indonesia (10.8 million bags) and (Colombia 4.56 million bags) (ICO, 2018). Coffee is one of the most important commodities in the international agricultural trade, representing a significant source of income to several coffee producing countries including Ethiopia (ICO, 2007). It is a non-alcoholic and stimulant beverage crop, and belongs to the family Rubiaceae and the genus Coffea (ICO, 2011). 
Although more than 100 species of coffee exist, commercial production is based principally on two, Coffea arabica and Coffea canephora. These are often referred to as arabica coffee and Robusta coffee, respectively. More than 60% of global coffee production is based on Coffea arabica. This species is considered to produce beans of higher quality and therefore demands a higher market value. However, Coffea canephora is better suited to warmer and more humid tropical environments than Coffea arabica and, also able to withstand more adverse conditions, is often grown at lower altitudes. 
Furthermore, Coffea canephora is generally more resistant to coffee pests and diseases (Rutherford, 2006). Both species can grow best on deep, free-draining, loamy soils, with a good water-holding capacity and a slightly acid soil (pH 5-6). Soil fertility is important for good production (Kimani et al., 2002). Ethiopia is believed to be the country of origin of arabica coffee that makes over 90% of the world’s production (Paulos Dubale and Demel Teketay, 2000).
 Coffee remains a backbone of the Ethiopian economy and currently contributes to more than 60 % of the annual foreign currency; followed by oil seeds, pulses, gold, chat (Catha edulis), flower, fruits, cotton, textiles, livestock and minerals (EAFCA, 2010). Current contributions of coffee are more than 25 % of the country’s foreign exchange earnings, over 5% of the GDP, 12 % of the agricultural output, and 10% of the government revenues (CSA, 2010). 
Moreover, greater than 25% of the population of Ethiopia, representing 19.5 million people, is dependent on coffee for their livelihoods, including 10.5 million people directly involved in coffee cultivation and 9 million in the processing, transport, and financial sectors. Coffee plantation grows in different cropping systems including the forest, the semi forest and the garden in the Western and Southern parts of the country (ICO, 2003). 
All Ethiopian coffee cultivation systems appear to be under the same system of cultivation techniques. However, the major conventional production systems include: i) forest coffee (10%); ii) semi-forest coffee (35%); iii) garden coffee (50%); and IV), plantation coffee (5%) (Aga et al., 2003). 
In general Ethiopian farmers normally produce different types of single origin specialty of Arabica coffee. For conventional producers, there are clearly identified nine spectra of single-origin-specialty coffee (Jimma, Nekemte, Illubabor, Limu, Tepi, Bebeka, Yirga Chefe, Sidamo, and Harar) which are so far well diffused into the trade circuits of coffee world. Among them the sundried coffee beans from “Harar” the so called “Mocca” and washed beans from “Yirga Chefe” are considered as the finest and best of all coffees. 
The certified organic farmers observed to produce mainly the three specialty types: Limu, Sidama, and Yirga Chafe. Within the domain of „Yirga Chafe‟ specialty, for example, the finest coffee is said to be harvested in the altitude ranges between1500 to 2000 m above sea level, whereby the majority of farmers owned garden coffee with interacted diversity of mixed cropping systems (false banana, sugar cane, sweet potato, Irish potato, maize, sorghum, cabbages) combined with apiculture (Mekuria et al., 2004).

 In Africa, including Ethiopia, coffee farmers are continuously threatened by a range of pest and disease problems. Many of these are minor in terms of the damage they cause and their effect on yield and quality. However, some, such as coffee berry disease (CBD) caused by Colletotrichum kahawae, coffee leaf rust (CLR) caused by Hemileia vastatrix and coffee wilt disease (tracheomycosis), caused by Fusarium xylarioides can be very serious indeed and can have a major impact not only on individual farmers but also on the economy of countries or regions heavily dependent on coffee for foreign exchange earnings (Rutherford, 2006). 
Coffee berry disease was first detected in 1922 in Kenya (Van der Graaff, 1981) and was first observed in Ethiopia in 1971 (Mulinge, 1973). Soon after detecting the disease, losses of up to 75% were reported. It is the top major disease of coffee in Ethiopia, which attack mainly the green berries of coffee. CBD spreads and found in all coffee producing areas in which it has been favored by favorable environmental conditions. It is by far the most economically important disease causing up to 100% losses in some places (Tefestewold Biratu and Mengistu Huluka, 1989; Eshetu Derso and Girma Adugna, 1993). 
Management of CBD caused by Colletotrichum kahawae has been largely carried out by the use of fungicides, although the costs of this coupled with low coffee prices now make this approach economically unattractive (Waller and Masaba, 2006). It is difficult to control the pathogen by cultural and chemical control mechanisms once the pathogen gets into the coffee tree system. However, application of biological antagonists against CBD reduces incidence and severity of the pathogen and also increases the yield and quality of coffee beans (Gichuru, 2005). 
Even though much had been done about characterization of Colletotrichum kahawae causing coffee berry disease in Ethiopia, there is a gap in controlling this disease. Therefore, this study mainly focuses on biological control of the pathogen. The present study was undertaken to isolate, characterize and biologically control Colletotrichum kahawae the causative agent of coffee berry disease.
2. OBJECTIVES OF THE STUDY

2.1 General Objective

· The general objective of the research was to isolate, characterize and biologically control of Colletotrichum kahawae in Gedeo and Sidama Zones of Ethiopia.
2.2 Specific Objectives

The specific objectives of the present study are:

· To isolate and characterize Colletotrichum kahawae isolates
· To assess the incidence and severity of coffee berry disease in Gedeo and Sidama Zones
· To determine antagonistic activity of Trichoderma isolates against the mycelial growth of Colletotrichum kahawae.
3. LITERATURE REVIEW

3.1 Fungal Disease of Coffee Plants

The word "coffee" comes from the name of a region of Ethiopia where coffee was first discovered “Kaffa”. The name “Kaffa” is inherited from the hieroglyphic nouns “KA” and “AfA”. “KA” is the name of God, “AFA” is the name of earth and all plants that grow on earth. So the meaning of Koffee (Coffee) from it is birth-place bells on as the land or plant of God. Botanically, coffee is belonging to the family Rubiaceae and the genus Coffea (Chevalier, 1947). Although more than 100 species of coffee exist, commercial production is based principally on two, Coffea arabica and Coffea canephora (Rutherford, 2006). This plant is affected by different fungal diseases. Fungal diseases of coffee are the major constraints for the reduction coffee production and quality in major coffee producing countries of Africa including Ethiopia (Kimani, et al., 2002).
The major coffee diseases in Ethiopia are coffee berry disease (CBD), coffee wilt disease and coffee leaf rust though CBD is the most economically important disease of Arabica coffee in Ethiopia (Eshetu Derso and Waller 2003; Girma Adugna, 2004).

3.1.1
Coffee Leaf Rust (CLR)

Coffee leaf rust (CLR), caused by the fungus Hemileia vastatrix, affects Coffea arabica (arabica coffee), Coffea canephora (Robusta coffee) and Coffea liberica (Liberian coffee tree). It is the most important disease of Coffea arabica, the most susceptible of the three coffee species, and affects both yield quality and quantity. CLR first appeared in Sri Lanka in the 1860s but has since spread to most coffee growing areas of the world and is endemic to the major producing countries.
 It is present in every coffee growing country in Africa. The disease is potentially most damaging, and must therefore be controlled, wherever Coffea arabica is grown under warm and humid conditions at lower altitudes (below 1500 m.a.s.l.). In contrast, it is of little significance in the cooler areas of the East African Highlands above 1700 m.a.s.l. Crop losses are due to premature shedding of leaves (defoliation) that occurs following infection by the fungus. Defoliation, by reducing the growth potential of the plant, restricts the growth of new stems (Rutherford, 2006). 
This fungus only attacks the leaves and the first signs of the disease are orange/yellow circular spots mostly on the lower surface of the leaves. The spores of the fungus are dispersed mainly by wind and infection can progress down a tree via raindrops. In severe cases, coffee trees may suffer premature or complete leaf drop (Kimani et al., 2002).
 Coffee leaf rust (CLR) was first reported in Ethiopia in 1934 (Hindorf, 1998). But the disease had existed for a long time in other countries without causing epidemics or eradications of certain varieties of Coffea arabica. The long-term co-existence of coffee and rust coupled with the high genetic diversity of coffee populations and a high level of horizontal resistance might have kept the rust at low levels (Van der Graff, 1981). Other factors such as the low average productivity associated with shade and the existence of biological agents such as the hyperparasites Verticillium lecanii, were also believed to play an important role in maintaining CLR at low levels. Coffee leaf rust (CLR) occurs in Ethiopia at tolerable level under a balanced path system and it inflicts minor attack to the crop except in certain areas and some pocket fields planted with homogeneously susceptible cultivars at lower elevations (Meseret Wondimu et al., 1987; Eshetu Derso et al., 2000). Coffee rust is managed primarily through application of chemicals (fungicides) and the use of resistant varieties (Rutherford, 2006). 
3.1.2 Coffee Wilt Disease (CWD)

Coffee Wilt Disease (CWD), also known as ‘Fusarium wilt’ or ‘tracheomycosis’, affects Coffea arabica and Coffea canephora as well as wild coffee species. It is a vascular wilt disease caused by the fungus Fusarium xylarioides. The pathogen exists on coffee trees in two developing stages: Gibberellas the sexual or perfect stage producing wind-borne ascospores and Fusarium as the asexual or imperfect stage with splash-borne conidia. Infection mostly takes place at the imperfect stage penetrating through wounds into the base of the stem. 
The fungus blocks the water supply in the vascular system and causes a typical brown discoloration. In the field, black to violet perithecia of the perfect stage are formed on or beneath the bark at the base of the stem (Girma Adugna, 2004). CWD has been known to occur in Africa for more than 70 years, having first been reported in Central Africa Republic (CAR) in 1928. 
It subsequently caused extensive losses to production of Coffea canephora and Coffea excelsa in CAR, Cote d’Ivoire (where more than 50% of the coffee producing area was destroyed) and the Democratic Republic of Congo (DRC), but was successfully controlled by the use of host resistance. However, the disease has again become a serious problem in some countries in eastern Africa where it has already caused considerable damage to Coffea canephora in Uganda and DRC. In Uganda, for example, 14 million trees have been killed since the disease re-emerged in 1993. 
CWD is also causing problems on Coffea canephora in Kagera region, northwest Tanzania. In Ethiopia the disease occurs on Coffea arabica where, again, severe losses have been experienced in some areas. Unlike many other diseases of coffee CWD will quickly kill the tree. Yellowing, folding and inward curling of the leaves are among the first signs of CWD. The leaves feel limp to the touch, then dry up and become brown and eventually drop off, leaving affected trees completely leafless (Rutherford, 2006). The incidence and distribution of coffee wilt disease (CWD) have been remarkably increasing throughout the major coffee-producing districts in the South and South-West of Ethiopia (Girma Adugna et al., 2001). The level of infection by this pathogen has confirmed the presence of tracheomycosis with an incidence of up to 40 % (Kimani et al., 2002). 
3.1.3 Coffee Berry Disease (CBD)
3.1.3.1. Occurrence and Distribution of Coffee Berry Disease (CBD)
CBD is a major cause of crop loss of arabica coffee in Africa and a dangerous threat to production elsewhere. The disease is an anthracnose of green and ripe berries induced by Colletotrichum kahawae. Mc Donald first detected CBD in 1922 in Kenya causing about 75% crop loss (Gibbs, 1969; Van der Graaf, 1981). Since then the disease was found in many estates of the Rift valley in Kenya. By the 1950s CBD had established in the east, the main coffee growing areas (Rodriguez et al., 1992). Apparently, the free movement of coffee plant materials from CBD infected areas has been the main factor in distribution of this disease throughout all important arabica growing areas in Africa. The disease was reported in Angola around 1930, Zaire in 1937, Cameroon 1955-1957, Uganda in 1959, Tanzania in 1964, Ethiopia 1971(Van der Graaff, 1981) and in Malawi in 1985 (Lutzeyer et al., 1993). 
CBD was also confirmed in Malawi, Zimbabwe and Zambia in 1985 (Masaba and Waller, 1992). It is not known outside of Africa. In Ethiopia CBD was first reported in 1971 (Mulinge, 1973; Van der Vossen and Walyaro, 1980). Then spread to all major coffee producing regions within very short period except to the lower altitude less than 1500 m.a.s.l. All coffee production systems like plantations, garden, Semi-forest and forest coffee, with and without shade all were infested with the CBD in all extent (Tefestewold Biratu, 1995).
A few species of Colletotrichum invade almost all organs of coffee tree, some of which are common to the tropics. The most aggressive species causing the coffee berry disease is present only in East and Central Africa. The pathogenic organism on green coffee berries is Colletotrichum kahawae which colonizes berries of all stages, leaves and maturing bark of the branches, other strains have been identified as Colletotrichum gloesporioides and in some instances Colletotrichum acutatum. 
None of these latter strains are pathogenic on green coffee berries (Rodriguez et al., 1992; Tefestewold Biratu, 1995). The prevalence of coffee berry disease was assessed in different regions of Ethiopia at various Times (Van der Graaff, 1981; Merdassa Ejeta, 1986; Tefestewold Biratu, 1995; Eshetu et al., 2000a). In 1994, the mean CBD incidence was 38.8% in Oromia Regional State and 17.2% in Southern Nations Nationalities and Peoples Regional state (SNNPR) (JARC, 1997). 
The highest severity was recorded at Bedele (69%) followed by Gore (50%), while the lowest was at Mugi (17%) in Oromia. In SNNPR, the highest was recorded at Yirgacheffe (34%) whereas the lowest was at Dilla (6%). The average severity of the disease in six zones of Oromia was about 31.1% in the year 2000, the highest being in Hararghe, and the least in Illubabor (Melaku Jirata and Samuel Assefa, 2000). Similarly, CBD ranged between 22 and 63% in the major coffee growing zones of SNNPR (Tesfaye and Sinedu, 2000). In 2014 cropping season CBD incidence ranged between 10 and 80% in Borena, 40–100% in Gedeo and East Hararge, 10–90% in Illubabor, 30–90% in Jimma and Sidama, and 30–80% in West Wollega. Higher CBD incidence was recorded in East Hararghe (71%) and Gedeo (65%); both zones are known to have susceptible coffee in the garden production system, which was not significantly different from Jimma (59%). On the other hand, the lowest disease incidence (40%) was estimated for Borena and Illubabor zones (Kumilachew Alemu et al., 2016).
Table 1. Incidence of coffee berry disease in major coffee growing regions of Ethiopia in 2014 cropping season.
	region    Zone      District                Altitude (m.a.s.l)            Disease                                                                                                 
                                                          Range                                   
	Incidence (%)

Mean

	Oromia   Borena    Abaya                1520–1574                    10–80                         40.0cd**

            Illubabor   Ale                    1811–1947                    30–80                         50.0a–d

                              Bedele              1898–1983                    10–90                         48.9a–d

                              chora                1533–1935                    10–60                         24.4d

                               Mettu               1583–1773                   30–60                         46.7a–d

                               yayu                1386–1758                    10–90                         43.3cd

           Jimma         gera                 1939–2048                    40–80                          63.3a–c

                               gomma            1786–2102                    60–90                         75.6ab

                               Mana              1654–1958                    30–50                          38.9cd

       East Hararge   Bedeno            2036–2119                   70–100                         80.0a

                               Hararzuriya    1668–1992                    40–90                           62.0a–c

                               Kombolcha     2127–2176                    60–90                          70.0a–c

     West Wollega   gimbi               1852–1882                   40–80                           55.6a–d

                               Haru               1732–1812                    30–70                           43.3c
SNNPR* Gedeo    Wenago           1639–1967                   40–100                          66.7a–c

                               Yirgacheffe    1860–2190                    40–80                            64.0a–c

             Sidama      Aletawendo    1723–1821                    40–70                            50.0a–d

                               Aletachuko     1705–1897                    10–30                            23.3d

                               Dale                1722–1846                    30–60                            43.3cd

                               Shebedino       1726–1964                    30–70                           54.4a–d

                               Wondogenet    1715–1822                   30–90                            52.5a–d

                               Wonsho           1835–1956                   30–90                            57.8a–c

            Mean                                   52.5

            SE                                        3.11

	*SNNPR = southern nations nationalities and Peoples region. **Values with the same letter(s) within the column are not significantly different according to tukey’s test (p > 0.05).

Source: Kumilachew, Alemu et al., 2016


3.1.3.2 Biology of CBD pathogen (Colletotrichum kahawae)  
Colletotrichum kahawae can infect all stages of the coffee berry from flowers to the ripe fruits and occasionally leaves, but maximum crop losses occur following infection of green berries with the formation of dark sunken lesions with sporulation. The perfect state for some species of Colletotrichum, occurring on coffee, has been proved to be the ascomycete Glomerella cingulata. These fungi are generally polyphagous. In 1901 Noack detected for the first time Colletotrichum acutatum in Brazil causing leaf spots and dieback (branches) of Coffea arabica L. (Hindorf, 1975). But it was not pathogenic to green coffee berries. Rayner (1952) had confirmed distinct forms that referred to Colletotrichum coffeanum, in the context of a fungus causing CBD, which was first detected by McDonald (1922). 
Gibbs (1969) and Hindorf (1970) tried to identify Colletotrichum species from various parts of coffee in Kenya. Gibbs (1969) categorized the isolates (from coffee berries and bark) into four groups of which three were non-pathogenic and the fourth one invariably infected both wounded and unwounded berries and caused CBD. Based on sporulating capacity (conidia production), shape and size of conidia, production of acervuli and pathogenicity on berries, who assigned and described the CBD pathogen isolate (‘var. virulans’) as slow growing, profuse grayish-black aerial mycelium, and conidia borne directly on hyphae.
Hindorf (1973) classified the isolates using detailed cultural and morphological characteristics and relating his findings to Gibbs (1969). Hindorf (1970) grouped Colletotrichum isolates from Kenya coffee into 3, viz. Colletotrichum coffeanum (now it is Colletotrichum kahawae) as the only isolate causing CBD, Colletotrichum acutatum (never causes serious damage to coffee but found on the host part damaged by biotic or abiotic factors) and Colletotrichum gloeosporioides (causes anthracnose of leaves, die-back of branches, and brown blight of ripe berries). It was reported that Glomerella cingulata is the perfect form of Colletotrichum gloeosporioides and never be for Colletotrichum kahawae (which perhaps is a clone of Glomerella cingulata that fails to produce the perfect state in vitro).

The pathogenic fungus produced conidia that were variable in size and shapes, at the tip of solitary hyphae, never in acervuli. According to Sutton (1980) the fungus that cause CBD produces colonies of dense or floccose pale chocolate brown aerial mycelium, sometimes grayish with a lighter center, reverse greenish gray, lacking acervuli and sclerotia, and setae are usually absent. The germination of the one-celled, cylindrical and hyaline conidia of Colletotrichum kahawae takes place only in the presence of free water (Hindorf, 1975). 

Optimum temperature appears to be at 220c (18-230C in vivo, 15-250C in vitro). After germination, germ-tubes grow rather slowly, and 4 to 5 hours later, dark brown thick-walled appressoria are formed at their tips. The appressoria stick strongly to the host cuticle and penetrate it by means of infection pegs. Inter-cellular mycelium is formed sparsely. The incubation period lasts from 5 days to3 weeks, average being around 8 days. Soon after a black necrotic lesion develops, the fungus produces fruiting bodies, the acervuli in which masses of pink conidia are formed.

Colletotrichum kahawae and Colletotrichum gloeosporioides were the only two species of fungus isolated from coffee tissue samples collected from Habro and Kuni districts in Hararge region (Tefestewold Biratu and Mengistu Hulluka, 1989). The absence of perithecia, its slow growth rate, and its pathogenic ability were the distinct characteristics of Colletotrichum kahawae, while Colletotrichum gloeosporioides produced fertile perithecia (perfect stage) and was unable to cause coffee berry disease. 

Tefestewold Biratu (1995) studied variations/similarities among Colletotrichum isolates collected from Hararge, Illubabor, Kaffa and Sidamo areas and found 3 spp. viz. Colletotrichum kahawae. Colletotrichum gloesporioides and Colletotrichum acutatum. Variation of a representative range of Colletotrichum isolates from diseased coffee berries (collected from Yirgacheffe, Gore, Gera and Limu garden coffee areas) was further studied using morphological and pathological criteria and the result showed that both Colletotrichum kahawae and Colletotrichum gloeosporioides occur in diseased berries, probably as sequential colonizers of diseased tissues (Eshetu Derso and Waller, 2003). They indicated that Colletotrichum kahawae isolates were pathogenic to hypocotyls of susceptible coffee cultivars where as Colletotrichum gloeosporioides isolates were not pathogenic.

3.1.3.3 Cultural and morphological variation within Colletotrichum spp. occurring on coffee 
Based on cultural and morphological characteristics, Hindorf (1970) described the 3 Colletotrichum spp. occurring on Coffea arabica in Kenya. CBD pathogen strain cultures becomes initially white mycelium changed after 4-6 days to gray and eventually to dark olive brown and its conidia shape and size are variable. Average radial growth of colony and conidia size recorded from CBD pathogen (Colletotrichum kahawae) isolates were 1.9 ± 0.5 mm/24h and 13.1 ± 0.6 x 3.87 ± 0.2, respectively (Hindorf, 1970 and 1973; Hindorf and Muthappa, 1974). They indicated that shape of conidia variable, mostly straight, cylindrical, and rounded at both ends. Hindorf (1973) and Tefestewold Biratu (1995) described the most frequent shapes of conidia and assigned as standard shapes of conidia of Colletotrichum spp: 1 = cylindrical and round at both ends, 2 = cylindrical acute at one and round at the other end, 3 = clavate-round at both ends starts attenuating from ¼ of its length, 4 = reniform or kidney shaped, 5 = oblong-elliptical, types.

The culture of Colletotrichum kahawae from Kenya grows slowly, changes the color into complete black produces conidia sparsely on solitary hyphae (only in darkness) and is able to infect green coffee cherries very easily. In contrary the fast growing culture, remaining whitish producing a large number of conidia in black acervuli and being not pathogenic to green coffee cherries, these are the typical characteristics of Colletotrichum gloeosporioides (Hindorf and Muthappa, 1974). 
Based on colony color and ability to form saltation the first group, Colletotrichum kahawae further subdivided in to two: ‘dark mycelium’ which showed little variation in the group, i.e. green and grayish to bluish white which later turned to dark green or olive brown to brown as the mycelia got older where as the second subgroup comprises ‘grayish mycelium’ form, which showed light grayish to white color other than the colony color by forming saltation (Tefestewold Biratu and Mengistu Hulluka, 1989).  
As they indicated the rate of mycelial growth was distinctly slower in Colletotrichum Kahawae (6.5-6.7 mm/24 hr) than in the Colletotrichum gloeosporioides mycelium form (6.7-12.9 mm/24 hr) and sizes and shapes of Colletotrichum kahawae were variable, and the average size of the conidia was 15.3 x 3.5 µm from Colletotrichum kahawae isolates where as 13.6 x 3.4 µm from Colletotrichum gloeosporioides. 

Eshetu Derso and Waller (2003) observed that Colletotrichum gloeosporioides isolate from Limu (non pathogenic to green coffee berries) produced a faster growing grayish aerial mycelium and developed a black color in the substrate where as the pathogenic isolate (Colletotrichum kahawae) from Yirgacheffe showed slow growth and grayish aerial mycelium.

3.2 Management of CBD

3.2.1 Resistant varieties

Resistance variety is the best option to protect the crop from damage due to biotic factors. It is only the use of cultivars with durable resistance that provides a permanent solution and guarantees stable cash income to the growers. Merdassa (1986) reviewed the ever successful crash program of CBD resistant selection and appraisal program that ultimately resulted in the release of more than 15 resistant coffee cultivars in the shortest time in Ethiopia. Since then great efforts have been made adopting similar selection scheme and testing procedures in search for CBD resistant coffee within the heterogeneous populations. As a major component of origin-specific coffee landrace development program, selecting CBD resistant mother trees and testing their progenies have been in progress. 

The selection methodologies and testing procedures have been optimized in that the ex situ detached berry test was replaced by the in situ attached berry test jointly supported by intensive seedling test under controlled growth room conditions for efficient screening and appraisal of CBD resistance (Girma Adugna and Chala Jafuka, 2008).More than 1308 coffee mother trees were selected from Hararge (348), Limu(280), Sidamo (373) and Wollega (307) between 1985 and 2005.Coffee progenies of outstanding performance have already been advanced to verification plots in the fields at Haru and Mugi (West Wollega), Micheta and Mechara (West Hararge), and Konga and Korkie (Sidamo). 

Eight coffee selections viz. 7418, 74153, 7514, 7516, 7576, 75129, 8136 and 827, which are as resistant as the standard checks (741 and 75227) were identified and recommended for release (Girma Adugna and Chala Jafuka, 2008). Of these, five selections have been recently approved for production in southwestern Ethiopia. To date, about 20 Released CBD resistant cultivars are in production in major coffee growing areas of the country except in Hararghe. Advances in coffee disease research. The nature of resistance to CBD is believed to be horizontal (Van der Graaff1981; Mesfin Ameha and Bayetta Belachew, 1984; Bayetta Belachew, 2001), and the inheritance of the resistance is controlled by recessive genes. Disease susceptibility showed partial to complete dominance over resistance. 

The inheritance mechanism is nonetheless a debatable issue between the Ethiopian (Mesfin Ameha and Bayetta Belachew, 1984; Bayetta Belachew, 2001) and Kenyan breeders (Van der Vossen and Walyaro, 1980; Vander Vossen, 2007). This situation apparently limited resistance breeding and use of coffee hybrids for CBD control.
3.2.2 Cultural Practice

In these methods very few efforts had been made in Ethiopia. There are some reports those that promote good aeration and rapid drying of the canopy, such as adequate pruning and wide spacing can reduce disease incidence. Eshetu reported (1988), in his visit to the former Yeju Awraja (North Wollo), there was no CBD incidence observed and this was attributed to the use of irrigation by coffee farmers in the area, which shifted the susceptible stage of berry development (Tesfaye Alemu and Ibrahim Sokar, 2000).
3.2.3 Chemical control

Chemical fungicides and pesticides have been providing effective protection against many diseases but their application results in environmental pollution and emergence of resistant pathogen strains. In addition, chemical control which adds to the cost of production is often beyond the reach of the small farmers in developing nations. The non-degradable components of these compounds have accumulated over the years and entered the food chain, causing toxicity in animals (Harman et al., 2004). 
The environmental pollution caused by excessive use and misuse of agrochemicals, as well as fear-mongering by some opponents of pesticides, has led to considerable changes in people’s attitudes towards the use of pesticides in agriculture. Today, there are strict regulations on chemical pesticide use, and there is political pressure to remove the most hazardous chemicals from the market (Rutherford, 2006). Additionally, the spread of plant diseases in natural ecosystems may preclude successful application of chemicals, because of the scale to which such applications might have to be applied.
Fungicides screening program was started one year after the occurrence of CBD in 1972 indicated a short summary of results of chemical screening over the period 1972 to 1981 in that Captafol (Orthodifolaton) 80% WP was recommended as effective fungicides to control CBD and Daconil and Delan were considered as promising fungicides. According to (Eshetu et al., 2000). Captafol 80% WP was withdrawn from use in 1987 due to its carcinogenic effect. Some of the previously recommended fungicides such as Delan, Dyrene, and Octave were also withdrawn from use due to their negative impact on plant, animal and human life. Further screening programs have been continued to provide coffee growers with ample choice of effective fungicides, economically cheap and safe to users and the environment. 
Twenty-one fungicides were tested against the disease from 1987 to 1997 at Gera (CBD hot spot area). From the result six fungicides, viz. Daconil ‘2787’ 75% WP, Daconil 75% WDG, Shirlan 50%SC, Nordox 50% WP, Octave super 50% WP and a tank mixture of Daconil ‘2787’ and Nordox were recommended to control CBD in Ethiopia (Rutherford, 2006). 
Their formulations, application rate and spray intervals in Ethiopia have been recommended. The key appeared to the protection of the immature crop throughout the rainy season. Thus, timely application and appropriate volume spray provides effective control. Time and frequency of fungicide applications depends on epidemiology of the pathogen (Gibbs, 1969).
 In Ethiopia, fungicide spray against CBD starts six weeks after main flowering for six rounds at 4 weeks (28 days) interval in a crop season was recommended. Farmers could waste money if they apply one or two sprays and then have stopped the schedule. Such sprays are not only in effective against CBD, may result in high levels of the disease. So, timely application should be done to avoid this disease.
 In areas where shortage of water does not occur, high volume of 750-1000 ml per tree can be used depending on size of the tree. The regions where water is scarce for spraying, low volume application, 200-250 ml per tree, using motorized knapsack sprayer was effective in controlling CBD. It is also advisable to repeat spraying if heavy rains (>10 mm) fall immediately within six hours after spraying since the initial fungicide deposit could be washed away from the tree (Eshetu et al., 2000).
3.2.4 Biological control

Currently, control of plant disease is a pressing need for agriculture across the globe, particularly in economically disadvantaged countries. Existing practices for controlling plant disease are fundamentally based on genetic resistance in the host plant, management of the plant and its environment, and synthetic chemicals (Strange, 1993). The high cost of pesticides, the emergence of fungicide resistant pathogen biotypes and other social and health related impacts of conventional agriculture on the environment have increased interest in agricultural sustainability and biodiversity conservation. Moreover, many of the synthetic chemicals may lose their usefulness due to revised safety regulations and concern over non-target effects (Vander Vossen, 2005). Thus, there is a need for new solutions to plant disease problems that provide effective control while minimizing cost and negative consequences for human health and the environment. In most systems, the biological elements are the primary factors in disease suppression and the topic of ‘biological control of plant pathogens’ has gained feasibility in the context of sustainable issues (Weller et al., 2002).

Biological control is the use of microbial antagonists to suppress diseases as well as the use of host-specific pathogens to control diseases, insect pests and weed populations. The organism that suppresses the pest or pathogen is referred to as the biological control agent (BCA) (Kamal and Brian, 2006). Biological Control is the reduction of inoculums density or disease producing activities of a pathogen or a parasite in its active or dormant state, by one or more organisms, accomplished naturally or through manipulation of the environment, host or antagonist, or by mass introduction of one or more antagonists (Baker and Cook, 1974). 

With regards to plant diseases, suppression can be accomplished in many ways. Biological control refers to the purposeful utilization of introduced or resident living organisms, other than disease resistant host plants, to suppress the activities and populations of one or more plant pathogens. This may involve the use of microbial inoculants to suppress a single type or class of plant diseases. Or, this may involve managing soils to promote the combined activities of native soil and plant associated organisms that contribute to general suppression (Kamal and Brian, 2006).
3.2.4.1 Trichoderma as Biological Control Agents (BCAs) of Plant Diseases
Antagonists of phytopathogenic fungi have been used to control plant diseases, and 90% of such applications have been carried out with different strains of the fungus Trichoderma. Trichoderma species have long been recognized as biological control agents (BCAs) for the control of plant pathogenic fungi and for their ability to increase root growth and development, crop productivity, resistance to abiotic stresses, and uptake and use of nutrients (Tran, 1998; Samuels, 2006).
The benefits of using Trichoderma in agriculture are multiple, and depending upon the strain the advantages for the associated plant can include: (i) colonization of the rhizosphere by the BCA (rhizosphere competence), allowing rapid establishment within the rhizosphere of a stable microbial community and occupying a physical space and avoiding the multiplication of the pathogens; (ii) control of phytopathogenic and competitive micro flora or fauna by using a variety of mechanisms; (iii) overall improvement of the plant health; (iv) plant growth promotion, by stimulation of above and below ground parts; (v) enhanced nutrient availability and uptake, (vi) producing antibiotics that can kill the pathogens; and (vii) inducing the defensive mechanisms of the plant (Harman et al.,2004; Howell, 2003). 
Trichoderma species show different antagonistic mechanisms towards fungal pathogens. These include the production of a variety of antibiotics, mycoparasitism or hyper parasitism, competition for nutrients or space and cell wall lytic enzymes activity. In addition, these fungi may induce systemic resistance in plant which prevents further attacks by pathogens (Vinale et al., 2005).

4. MATERIALS AND METHODS

4.1. Descriptions of study sites

The study was conducted both in the field and laboratory. The field studies were conducted in the major coffee producing districts of Gedeo and Sidama zones in five selected districts, particularly inYergachefe and Wenago (Gedeo); Aleta wendo, Dalle and Shebedino (Sidama) zones which are the two zones in southern Nations, Nationalities, and Peoples Regional State (SNNPR) in Ethiopia. Sidama has geographic coordinates of latitude, north: 6º 14′ 19″ to 7º 18′ 35″ and longitude, east, 37º 92′ 12″ to 39º 19′ 30″. Elevation ranges from 1500 to 3000 m above sea level. Gedeo zone is located north of Equator from 5° 53″N to 6° 27″N Latitude and from 38º 8″ to 38° 30″ East, Longitude. 
The altitude ranges from 1500 to 3000 m above sea level. Sidama and Gedeo Zones produce 63,562 tons of coffee per year. This represents 63% of the SNNPR's output and 28% of Ethiopia's total output (CSA, 2005). In each district disease assessment and sampling were conducted and laboratory works were conducted in the Mycology Laboratory, Department of Microbial, Cellular and Molecular Biology, at Addis Ababa University.
Table 2. Description of the study sites

	 Location
	Altitude
	Latitude (N)
	Longitude (E)

	Yirgacheffe
	1895m.a.s.l
	6º10′30″
	38º12′9″

	Wenago
	1704m.a.s.l
	6°19' 5″
	38°16'15″

	Aletawendo
	2004m.a.s.l
	6º35′7″
	38º25′22″

	Dale
	1772m.a.s.l
	6º40′51″
	38º26′31

	Shebedino
	1910m.a.s.l
	6º54′35″
	38º28′42″


4.2 Disease Survey

The survey of coffee berry disease was undertaken in major coffee producing districts of Gedeo and Sidama zones, namely Yirgacheffe, Wenago, Aletawendo, Dale and Shebedino. These districts were purposively selected for their coffee production and disease prevalence. Nine fields were surveyed from each district. Fields were sampled at intervals of about 3-5 km along the roads and the distance between sample fields was based on the topography and the relative importance of coffee production within each district. A total of 45 fields (9 from 5 districts) were inspected for disease intensity from 04-09 November 2015 and from 08-14 September 2016. All sample fields belonged to small, private farmers. Each field was visited twice.

Data Collected: Two types of assessment methods were conducted on the same tree following procedures used by Tesfaye Alemu and Ibrahim Sokar (2000).

 Disease incidence (Visual assessment): 10 trees / farm were randomly observed and diagnosed for presence and absence of the disease on each tree and disease incidence was calculated as: (Number of diseased trees/ total observed trees) x100

Disease severity (Berry counting): 10 trees/ farm were randomly selected and each tree was divided into 3strata of branches (top, middle and bottom). From each stratum 1 middle branch was selected to determine berry count. CBD damaged and healthy berries were counted and then percentage of diseased berries over total counted berries calculated.

Severity of coffee berry disease = (Total number of diseased berries/ Total number of assessed

 Berries) x 100

4.3 Sample collection, isolation and identification for characterization of Colletotrichum kahawae isolates 

4.3.1. Sample collection

To study the population variation in the CBD pathogen in Gedeo and Sidama zones, fresh green coffee berries (with active CBD lesions) were collected from each of the surveyed district. A total of 45 samples (9 samples from each district) containing 45-60 green coffee berries with active lesions (Tefestewold Biratu, 1995) were collected during early September 2015. Samples were collected in a sterilized plastic bag, kept in icebox and transported to the Mycology Laboratory, Department of Microbial, Cellular and Molecular Biology, at Addis Ababa University and maintained at 4ºC until they were used for isolation of the pathogen.

4.3.2 Isolation and Identification

Isolation of fungal isolates from coffee berry: A total of 15 coffee berries per sample were surface disinfected with (washed in) 1% sodium hypochlorite solution for 2 minutes and rinsed 3 times (2 minutes each) with sterilized distilled water, and kept on plastic boxes at room temperature (18 – 25ºC) until conidial mass and/or fungal growths were observed. Plated on Potato Dextrose Agar (PDA) and incubated at 25°C for 5-7 days.
Transferring
and isolation of Colletotrichum kahawae


The fungal colonies of reference samples were sub-cultured or transferred to new freshly prepared media of MEA and PDA amended with streptomycin (100µg/ml) for further morphological identifications. The name of the isolates and the date were recorded. Each identified isolate was designated as AUCK1 and AUCK2 (Yirgachefe), AUCK3 (Wenago), AUCK4 and AUCK5 (Aleta wendo), AUCK6 (Dale), AUCK7 (Shebedino) Addis Ababa University and standard isolate from Jimma Agricultural Research Center (JARCCK).
4.3.2.1 Methods of Isolation of Antagonists from Soil 
A total of 10 soil samples were taken from a depth of 15 cm in the upper sub soil profile from the root zone of diseased and healthy coffee trees fromYergachefe and Wenago (Gedeo); Aleta Wendo, Dale and Shebedino (Sidama) Zones. The samples were put in plastic bags and were brought to Mycology Laboratory, Department of Microbial, Cellular and Molecular Biology, Addis Ababa University, for isolation of Trichoderma isolates. 
The soil samples were air-dried and prepared to appropriate dilution (10-2_ 10-4) and 1ml of suspension from each sample was spread plated on Czapek-Dox agar. The plates were incubated in an inverted position for 2-7 days at 25ºC (Aneja, 2005). Colonies were picked, purified on PDA media and maintained in slants. 

4.3.3 Cultural and morphological characterization of isolates 

Cultural and morphological characteristics of representative isolates were studied following the methods and procedures used by (Hindorf, 1973).
4.3.3.1 Colony (mycelial) radial growth

Cultures of 7 isolates were inoculated on PDA MEA and Natural media (natural media was synthesized from green coffee berries and green coffee leaf, grinded and extracted then the liquid was boiled with sucrose and agar to solidify and as carbon source respectively). Hyphal tip of each isolate was placed at the center of 15 ml PDA MEA and Natural media dispensed in a 96 mm diameter sterilized Petri dish with three replications. Mycelial (colony) radial growth (mm) of each isolate was measured every 24 hours for 7 days with ruler; colony diameters from two perpendicular planes on the reverse side of the Petri dishes were measured (Hindorf, 1973).

4.3.3.2 Colony color 

Colony (mycelia) color on front side and types of pigments from the reverse side of each Colletotrichum kahawae isolate were determined on PDA and MEA using RGB (Red, Green and Blue) color chart (Anonymous, 2005).

4.3.3.3 Conidial Size and Shape

Using a sterile loop, spores were scraped from 10-day-old cultures grown on PDA, and mounted on glass slides in cotton blue containing water agar for microscopic examination. Spores of each isolate were also obtained after 10 days incubation from 20 green infected coffee berries of a susceptible variety. They were collected from coffee berries by putting into conical flasks containing 10 ml of sterilized distilled water. The flasks were shaken for 5 seconds to detach the spores and the resulting suspension was then filtered to get the spores. Drops of 0.02 ml of spore suspensions were put on sterile glass slides and observed under the compound microscope under high power objective (40x). Dimensions (length and width) of five conidia per isolate were measured. The spore shape was also determined as described by (Funder, 1968).

4.3.3.4 Sporulation Capacity

Ten days old PDA cultures of each isolate was washed by flooding with 10 ml sterilized distilled water, rubbed with sterilized scalpel and transferred to 50 ml sterilized beaker and thoroughly stirred for 10-15 minutes with magnetic stirrer to extract the spores from the interwoven mycelia and then filtered into another sterilized beaker through double layer cheese clothes. The number of conidia per milliliter was counted using haemocytometer. 
4.3.4 Physiological characterization of Colletotrichum kahawae isolates
4.3.4.1 The effect of pH on the growth of Colletotrichum kahawae isolates

Potato dextrose broth (PDB) 200g/l potato, 20g/l dextrose of sterilized water was prepared and adjusted to different pH levels: 3.5, 4.5, 5.5, 6.5, and 7.5 in order to obtain the optimum and suitable pH value for the growth of the isolates. These pH ranges were adjusted using 1N HCL and 1N NaOH. The media were sterilized and five discs of 5mm diameter inoculum were taken from the margin of 7 days old culture grown on PDA were inoculated in to 250ml flasks containing 100ml potato dextrose broth in three replicates for each isolates. 
All treatments were put on to rotary shaker operating 120 rpm, and put at room temperature. After ten days, the mycelia were separated from the filtrate using Whatman No 42 filter paper. The mycelial mats were harvested on these filter papers and were washed three times with distilled water so as to wash out the adhering salts. To measure the dry weight of the mycelia of each isolate was kept in an oven of temperature 65ºC for 48 hours. The dry weight of each isolate was measured with electrical sensitive balance. 

4.3.4.2 Nutrition Test

Substrate utilization was assessed in stationary liquid cultures according to the method of Bridge (1985). Medium B (Lynch et al., 1981) was used as the basal medium, supplemented with ammonium tartrate and citric acid (1% w/v). Positive and negative controls containing, respectively, glucose or no additional carbon source were included for every isolate. All liquid media contained 0.005% (w/v) bromocresol purple and were adjusted to pH 4.5 prior to sterilization by autoclaving at105°for 20min.Utilization media were inoculated with agar plugs (4 mm diam.), taken from7 days single-conidium derived cultures grown on unsupplemented Medium B solidified with 1%(w/v) agar. Utilization was assessed by visual comparison of growth in relation to the positive and negative controls (Waller et al., 1993).

4.3.5 In Vitro testing of antagonistic activity of Trichoderma isolates against the test isolate in Dual Culture Test
Two methods were followed for dual culture technique (Montealegere et al., 2003). In the first method (Method-I), an agar disc (5-mm) was taken from 7-day old PDA culture plates of each Trichoderma isolate and placed at the periphery of the PDA plates (9 cm). Another agar disc of the same size of Colletotrichum kahawae was also placed at the periphery but on the opposing end of the same Petri dish. In the second method (Method-II), an agar disc (5-mm) of the antagonist, (Trichoderma isolates), was placed on the periphery of the Petri dish, and a same sized agar disc of the test fungus, (Colletotrichum kahawae), was placed at the center of the Petri plate. The experiment was arranged in three replicates, additional plates having only the test isolates were used as control. All plates were incubated at 25ºC. The mycelial growth inhibition was measured after 7 days of inoculation. Percentage of inhibition was calculated in relation to growth of the control. The experiment was replicated three times with appropriate control. The two readings were transformed into percentage inhibition of radial growth (PIRG) using the formula developed by (Skidmore and Dickinson 1976).
PIRG = (R1 – R2) x100

   R1

Where ‘R1’ is radial growth measurement of the pathogen in the C control plates and ‘R2’ is radial growth of the pathogen in the experimental plates.
4.3.5.1 Pathogenicity test for fungal isolates on detached berries.
The detached berry test (DBT) was employed to confirm the infectivity of Colletotrichum kahawae isolates, which were collected from Gedeo and Sidama zones. Fully expanded soft green coffee berries (14 weeks old from the date of flowering) of the susceptible variety were collected from Yirga Chafe and surface sterilized in laundry bleach for 2 min and washed in distilled water. Three non-wounded and three wounded green berries (the surface was pierced 1-2mm deep with a sterile needle prior to inoculation) were used for each isolate in a plastic petridish with hollows to maintain a high level of humidity. Inoculum of each isolate was prepared from 10 days old cultures grown on potato dextrose agar (PDA) by washing with distilled sterilized water. A drop (25 µ l) of the conidia suspension (2x106conidia/ml) was placed at the center of each berry and plates were placed in an incubator which is adjusted at 250c. The inoculation was repeated after 48 h. Symptoms on coffee berries were observed after the inoculation. Lesion sizes (diameter) of infected berries were measured twice; 7 and 10 days after inoculation (Bock, 1956 and Pinard et al., 2012).
4.3.5.2 Antagonistic activity of Trichoderma isolates against the test fungal isolates on detached berries

As the same time the biocontrol potential of Trichoderma isolates against Colletotrichum kahawae have been done in vitro. Each Trichoderma isolate with each Colletotrichum kahawae isolate and the combination of Trichoderma isolates with each Colletotrichum kahawae isolate. Sterilize water, fungicide and Trichoderma isolate only were inoculated individually on berries. Each Petri-dish contains 3 berries and used as triplicates and incubated at 250c. Disease symptom development was observed visually (Gichiru, 2005).
Data were analyzed using SPSS (16.0) and descriptive statistics.
5. RESULT AND DISCUSSION
5.1 Occurrence and intensity of CBD

From the survey result, CBD caused by Colletotrichum kahawae was the dominant disease of coffee in Sidama and Gedeo Zones of Ethiopia.
Table 3. Disease incidence and severity of Colletotrichum kahawae in major coffee growing Districts of Sidama and Gedeo Zones during 2015 cropping season.

	Zone
	District
	Altitude

( m.a.s.l )
	CBD

	
	
	
	Incidence (%)
	Severity (%)

	Gedeo
	Yirgacheffe
	1895
	52.0
	30.2

	
	Wenago
	1704
	35.7
	22.8

	Sidama
	Aleta Wendo
	2004
	80.6
	45.0

	
	Dale
	1772
	32.9
	22.3

	
	Shebedino
	1910
	38.3
	24.5

	
	Mean
	
	47.9
	29.0


As shown in Table 4, the incidence and severity of coffee berry disease (CBD) was high in both sampled zones. Nevertheless, CBD incidence and severity varied from one District to other depending on environmental conditions and genetic diversity of coffee trees. CBD was wide spread in Aleta wendo and followed by Yirgacheffe. 
The mean percent incidence of CBD was 80.6, 52.0, 38.3, 35.7 and 32.9% in Aleta wendo, Yirgacheffe, Shebedino, Wenago and Dale respectively in 2015 cropping season with an average incidence of 47.9% (Table 4). The severity of CBD were 45.0, 30.2, 24.5, 22.8 and 22.3% in Aleta wendo, Yirgacheffe, Shebedino, Wenago and Dale, respectively in 2015 cropping season with an average severity of 29.0 (Table 4). 
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Figure 1. Mean disease incidence and severity of Colletotrichum kahawae in major coffee growing Districts of Sidama and Gedeo Zones during 2016 cropping season.

By the same token, the incidence was 60.3, 49.1, 31.8, 30.7 and 28% in Aleta Wendo, Yirgacheffe, Wenago, Shebedino, and Dale, respectively in 2016 cropping season. However, the average incidence was 40%; and disease severity of 38.0, 28.5, 21.3, 20.3 and 19.7% in Aleta Wendo, Yirgacheffe, Shebedino, Wenago and Dale, respectively in 2016 cropping season with an average severity of 25.6 (Fig. 1).
As Cook (1975) explained that high rainfall, high humidity and relatively low temperatures that persist for long periods favor CBD development and the disease is invariably severe at higher altitudes where these conditions generally prevail. Similarly, Bayetta Bellachew (2001) has explained high CBD occurrence related with high humidity with high altitude around Gera. High incidence of CBD may be explained by the particularly high rainfall found in relatively high altitude of Aleta wendo.
Similarly, the variation in incidence and severity of CBD was reported by many authors. According to Kumlachew et al., (2016) incidence of CBD was 64.0, 66.7, 50, 43.3 and 54.4% in Yirgachefe, Wenago, Aleta wendo, Dale and Shebedino Districts respectively. And severity of CBD was 48.4, 44.9, 24.5, 26.1 and 30.0% in Yirgachefe, Wenago, Aleta wondo, Dale and Shebedino Districts respectively; This is due to extensive planting of susceptible local coffee landraces aggravated by no application of fungicides to control the disease over the past two decades. Coffee berry disease (CBD) incidence and severity assessment in 10 zones and 31 woredas of Southern Nations Nationalities and Peoples Region (SNNPR), conducted in September 1998, resulted with 40% and 22.8% mean incidence and severity of the disease, respectively (Tesfaye Negash and Sinedu Abate, 2000). 
The disease incidence 100 %, 80 %, 95 % and 90 % was observed in Bedeno, Boke, Habro and Darolebu districts respectively. The mean incidence ranged between 51.5 % at Darolebu and 75 % at Bedeno where as the severity of the disease varied between 26 and 50 % at Boke and Bedeno, respectively. As it was done by (Berhanu Tamiru, 2014), the mean percent incidence of CBD was 40, 26.3, 18.6 and 6% for Bonga, Yayu, Harena and Berhan-Kontir (Sheko), respectively. The estimated mean percent severity was 17.9, 4.0, 5.4 and 2% for Bonga, Yayu, Harena and Sheko, respectively, (Arega Zeru, 2006).
5.2 Cultural and Morphological Characteristics of Isolates 
5.2.1. Mycelial (colony) Color
Based on the observation from the culture plates, Colletotrichum kahawae isolates were placed into four based on their colony color on PDA and MEA; light gray, dark gray, gray and dark olive green (Fig. 2 and Table 5). Colletotrichum kahawae isolates AUCK 1, AUCK 3 and AUCK 4 had white mycelial color up to the first 4-5 incubation days and then changed into light gray mycelia on both PDA and MEA media.
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Figure 2. Mycelia (colony) colors: light gray (A), dark gray (B), gray (C) and darkolivegreen (D).     

Table 4. Colony color of isolates on PDA and MEA observed from 10 days old culture

	Isolate
	Colony Color on Media

	
	PDA
	MEA

	
	Top
	Reverse
	Top
	Reverse

	AUCK1   
	Light grey cottony      
	Dark olive green
	Light grey cottony      
	Dark olive green

	AUCK2
	Dark grey cottony      
	Grey cottony    
	Grey cottony    
	Grey cottony      

	AUCK3
	Light grey cottony      
	Dark olive green
	Light grey cottony      
	Dark olive green

	AUCK4
	Light grey cottony      
	Dark olive green
	Light grey cottony      
	Dark olive green

	AUCK5
	Light grey cottony      
	Dim Grey cottony      
	Dim grey cottony      
	Dim grey cottony      

	AUCK6
	Grey cottony      
	Dark olive green
	Grey cottony      
	Dark olive green

	AUCK7
	Light grey cottony      
	Grey cottony      
	Dark Grey cottony      
	Grey cottony      


Colletotrichum kahawae isolates had white mycelial color up to the first 4-6 incubation days and then changed into light gray mycelia on both PDA and MEA media (Berhanu Tamiru, 2014). Similar result was reported by (Hindorf, 1970), it was observed that Colletotrichum kahawae isolates initial white mycelium changed after 4-6 days to gray and eventually to dark olive brown.  Similarly, (Tefestewold Biratu, 1995) also reported light bluish gray colored Colletotrichum kahawae isolates on PDA from Kaffa and Illubabor. 

5.2.2 Mycelial (colony) growth 

Radial colony (mycelial) growth of isolates were faster on MEA than PDA. The mean colony diameter of Colletotrichum Kahawae isolates were 33.8mm and 35.9 mm on PDA and MEA respectively after 7 incubation days. And growth on Natural media on average 35.4mm on fruit and 30.9mm on leaf extracts. Mean radial colony (mycelial) growth rate of Colletotrichum kahawae isolates was 4.8mm, 5.1mm, 5.0mm and 4.4mm/24 hr on PDA, MEA, and Natural media (fruit and leaf extracts) respectively (Table 6). 

Table 5. Radial mycelial (colony) growth rate (mm/24 hr) on PDA, MEA and Natural media incubated at 25ºC.
	Isolates

 
	Media

	
	Artificial media
	Natural media

	
	PDA
	MEA
	Fruit Extract
	Leaf Extract

	AUCK1
	4.9 b*
	5.3 c
	5.1 b
	4.4 bc

	AUCK2
	4.3 a
	4.6 a
	5.3 bc
	4.3 b

	AUCK3
	4.4 a
	4.6 a
	4.7 a
	4.3 b

	AUCK4
	5 b
	5.4 c
	5.1 b
	4.1 a

	AUCK5
	4.6 a
	4.9 b
	4.7 a
	4.1 a

	AUCK6
	5.3 c
	5.4 c
	5.1 b
	5.0 d

	AUCK7
	5.3c
	5.7 d
	5.3 bc
	4.8 d

	LSD0.05
	0.31
	0.21
	0.32
	0.22

	CV
	16
	12
	15
	13


*Means with the same letter are not significantly different (p>0.05)
The result was similar with that of Tefestewold Biratu and Mengistu Huluka (1989); reported that 6.5 and 6.7 mm/24hr growth rates on PDA (250C) for dark mycelia and grayish mycelia isolates of CBD pathogen, respectively. And In agreement with the results of (Berhanu Tamiru, 2014), growth rate of Colletotrichum kahawae isolates was varied on MEA and PDA, i.e. 4.05 and 5.35 mm/24 hrs, respectively. But It was high as compared to Hindorf (1970; 1973) and Hindorf and Muthappa (1974) result that they reported 1.9 ± 0.5 mm/24hr for average mycelial growth rate of CBD pathogen isolates at 220C incubation on 2% Oxiod malt extract agar.
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Figure 3. Radial mycelial (colony) growth rate of Colletotrichum kahawae isolate (AUCK4)  (A) on PDA, (B) MEA and Natural media (C) Leaf extract and (D) Fruit extract) incubated at 25ºC. 

5.2.3 Conidial Size and Shape
The conidia sizes of Colletotrichum kahawae isolates were variable even within one isolate (strain). The conidial sizes of Colletotrichum kahawae isolates were larger on green berries than on PDA media (Table 7). As indicated in (Fig. 4 and Table 7), the sizes and shapes of conidia vary.  The average size of conidia was 15.74 x 5.04 μm. Conidia width and length ranged as 3.5 – 6.7μm and 14.0 – 17.8μm, respectively on PDA and 16.11 x 5.23 μm on green berries.  The range of conidial sizes was observed from 10 days old cultures.  
In agreement with those of Hindorf (1973) and Hindorf and Muthappa (1974) the range of conidial sizes was observed from 7 days old cultures. Hindorf (1973) recorded 13.1 ± 0.6 x 3.8 ± 0.2 μm and (10.8 – 23.0) x (3.4 – 4.7) μm average and range of conidia sizes, respectively. Hindorf and Muthappa (1974) found 13.1 x 3.8 μm and (11 – 23) x 3.4 – 4.7) μm average and range of conidia.
Table 6. Conidial sizes of Colletotrichum kahawae isolates grown on PDA and Green berries

	Isolates
	Mean spore sizes (µm)

	
	PDA
	Green berries

	AUCK1
	L15.2xW4.8
	L15.9xW5.2

	AUCK2
	L14.8xW4.3
	L16.0xW4.9

	AUCK3
	L14.0xW3.5
	L14.3xW3.8

	AUCK4
	L17.3xW6.0
	L17.8xW6.1

	AUCK5
	L16.2xW5.4
	L16.2xW5.3

	AUCK6
	L15.2xW4.6
	L15.2xW4.8

	AUCK7
	L17.8xW6.7
	L17.4xW6.5

	Mean
	       L15.4xW5.04
	         L16.11xW5.23
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Figure 4. Conidial Size and Shape of Colletotrichum kahawae on slide culture 
5.2.4 Sporulation capacity

Conidial production that was taken from 10 days old culture showed differences among isolates.

It varied in average between 4.83x105conidia/ml (by isolate AUCK3 from Wenago) and 2.14x106conidia/ml (by isolate AUCK5 from Aleta wendo) on PDA (Table 8). 
Similarly, Tefestewold Biratu (1995) observed (12-52) x 104conidia/ml and (684-1720) x 104conidia/ml production from 6 CBD pathogen isolates on PDA. 
In agreement with (Berhanu Tamiru, 2014) the average conidial production was between 39.53 x104 conidia /milliliter produced by isolate Bo3 from Boke and 260.85 x104 conidia / milliliter produced by isolate B2 from Bedeno. 
Table 7. Conidia production of isolates on PDA after 10 days of incubation at 25ºC.
	Isolates                                                                   Conidia production

                                                                                    (x10,000/ml)

	 AUCK1                                                                        138.91                                                                       

 AUCK2                                                                        112.96

 AUCK3                                                                        48.26

 AUCK4                                                                        192.46

 AUCK5                                                                        213.71

 AUCK6                                                                        92.43

 AUCK7                                                                        69.83


5.3. Physiological characteristics of Colletotrichum kahawae isolates

5.3.1. Growth of Colletotrichum kahawae isolates on different pH

The Seven isolates of Colletotrichum kahawae grown in Potato Dextrose Broth adjusted to pH values ranging from 3.5-7.5 and the dry weight  of  the  mycelial  mat  was  measured  in  grams  after 15 days of growth at 25ºC. The results showed that all of the isolates could grow in this range of pH values. 
Isolates AUCK4 and AUCK7 showed maximum growth at pH 4.5 and isolates AUCK1, AUCK2, AUCK3, AUCK5 and AUCK6 showed maximum growth at pH 5.5; 5.5 is optimum pH for the growth of Colletotrichum kahawae (Table 9). 
Table 8. Mean dry weight (g) of the mycelial mat at different pH.
	Isolates                                                                                      pH

	                                                3.5               4.5                  5.5               6.5                 7.5

AUCK1                                 0.54              0.63                0.72             0.62               0.53

AUCK2                                 0.84              0.87                0.90             0.68               0.56

AUCK3                                 0.79              0.85                0.86             0.84               0.72         

AUCK4                                 0.66              0.86                0.82             0.63               0.54

AUCK5                                 0.49              0.52                0.56             0.50               0.48

AUCK6                                 0.62              0.90                0.91             0.82               0.73

AUCK7                                 0.53              0.66                0.62             0.61               0.49  


5.3.2. Substrate utilization

All isolates could not utilize tartrate and citrate indicating that they were Colletotrichum kahawae (data not shown).
Biochemical test indicates that Colletotrichum kahawae, the causative agent of CBD did not utilize either citrate or tartrate as sole carbon source (Waller et al., 1993).
5.4. Antagonistic Reactions
Results from the dual culture test showed that both isolates of Trichoderma (AUT1 and AUT2) inhibited mycelial growth of Colletotrichum Kahawae. However, both antagonistic activities of Trichoderma isolates against the test pathogen vary (Table 10). Inhibitions by AUT1 and AUT2 showed 74.54% and 75.75% respectively. As indicated in (Table 10) from antagonistic activities of the dual culture experiments, Trichoderma isolates inhibited the mycelial growth of Colletotrichum Kahawae. 
Table 9. Antagonistic activity of Trichoderma isolates against Colletotrichum kahawae in dual culture test.
	Isolates
	                               Antagonism           

                                     (PIRG)*     
	Time  to  over  grow

	
	                          AUT1
	AUT2
	AUT1
	AUT2

	AUCK1                                                  73.53                   76.47           9 days                  9 days

AUCK2                                                  73.32                  73.33           10 days                 9 days

AUCK3                                                   80.66                 80.65            7 days                  8 days

AUCK4                                                   71.43                 74.29            9 days                 10 days

AUCK5                                                   68.76                 68.75            10 days               10 days

AUCK6                                                   78.38                 81.08            8 days                 9 days

AUCK7                                                   75.69                 75.68            9 days                10 days

	Mean                                                74.54               75.75           9 days               9 days


5.5 Pathogenicity test (Colletotrichum kahawae isolates on detached berries).
Pathogenicity test of Colletotrichum kahawae isolates on detached berries show that on average each isolate show disease symptom appearance within 4 days and the average lesion size was 6.5 x 4.9 mm after 7 days and 11.6 x 9.4 mm after 10 days (Fig. 5 and Table 11). Isolate 5 (AUCK5) has largest lesion size (more virulent) than the rest of the isolates and followed by isolate 4 (AUCK4) after 10 days inoculated on green berries (detached berry test).
Similarly, Kilambo D.L., et al. (2013) reported that disease symptom appearance within 3 days and the average lesion size was 8 x 3 mm evaluated after 7 days. 
Table 10. Pathogenicity test on detached berries of coffee 
	Isolates
	DSA

(days)
	Lesion size(mm)

	
	
	7 days
	10 days

	AUCK1
	5
	L6.0xW3.5 
	L8.0xW5.5 

	AUCK2
	4
	L7.5xW5.0 
	  L11.0xW8.5 

	AUCK3
	3
	L8.5xW6.5 
	    L13.0xW11.0 

	AUCK4
	3
	L8.0xW6.0 
	    L14.0xW11.5 

	AUCK5
	4
	L7.5xW5.5 
	    L14.5xW12.0 

	AUCK6
	4
	L6.0xW4.5 
	    L11.5xW10.0 

	AUCK7
	5
	L5.0xW3.0 
	L9.5xW7.5 

	Mean
	       4
	       L6.9xW4.9
	      L11.6xW9.4
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Figure 5. Pathogenicity test (Colletotrichum kahawae on detached green berries), (A) AUCK5 and (B) AUCK4; disease symptom appearance 7 days after inoculation.
5.5.1 Antagonistic activity of Trichoderma isolates against Colletotrichum kahawae isolates on detached berries
As indicated in (Fig. 6) it is clearly evident from the detached berry test that application of Trichoderma contributes the result of the test pathogens do that failed to show any disease symptom. Trichoderma isolates show successful antagonism against Colletotrichum kahawae which is the causative agent of coffee berry disease. Therefore, Trichoderma species are used as important components of integrated pest management.  
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Figure 6. Antagonistic activity of Trichoderma isolates against Colletotrichum kahawae isolates (A) AUCK5 with AUT2 and (B) AUCK4 with AUT2 on detached berries
7. CONCLUSIONS AND RECOMMENDATIONS
7.1 Conclusions
 In the present work, field surveys were conducted in five major coffee growing districts (Aleta wendo, Yirgacheffe, Shebedino, Wenago and Dale) of Gedeo and Sidama Zones of Southern Region by examining and recording of the incidence and severity of CBD. The survey revealed that CBD was prevalent in all the surveyed districts. The overall mean incidence and severity at district level were 47.9 and 29.0%, respectively in 2015 cropping season and 40.0 and 25.6% respectively in 2016 cropping season. Perhaps, this spread and scale of epidemics could be due to the use of a limited number of varieties and uniform cultural practices in the entire study areas.

The in vitro evaluation of dual culture technique and detached berry test exhibited that the mycelial growth of the pathogenic fungus is suppressed by Trichoderma isolates; and there was no disease symptom appearance when Colletotrichum kahawae were with Trichoderma isolates inoculated on detached berries. Trichoderma isolates show successful antagonism against Colletotrichum kahawae which is the causative agent of coffee berry disease. Therefore, Trichoderma species are used as important components of integrated pest management.  
7.2 Recommendations
The major emphasis of this study has focused on the phenotypic characterization of Colletotrichum kahawae and its biocontrol with Trichoderma isolates on detached green berries. 
· I suggest further studies concerning confirmation of the effectiveness of Trichoderma isolates on attached green berries.

I recommend conducting molecular characterization of Trichoderma isolate1 (AUT1). 
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