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[bookmark: _Toc520901242][bookmark: _Toc506214870]Abstract
     The fruit of Opuntia ficus-indica plays a vital role as a source of income and food security, in regions where annual rainfall is low and erratic, and the landscape is degraded. The main objective of the study was to assess the importance of the fruit and the nopalitos of Opuntia ficus-indica on the livelihood of communities in Tabia May Mesanu and Gola Genahti. These tabias were found in Eastern Zone of Tigray and consists of 99,290 farmers. The population numbers of the two Tabias were 1,090 (for Gola Genahti) and 1,211 (for May Messanu).The total targeted persons were 2,301 farmers and 5 agricultural office workers from which 187 household leaders and  agricultural office workers were randomly selected. Questionnaires were prepared and distributed for the selected household leaders and interviews were conducted for the agricultural office workers. The resulting data were calculated in percentages and analyzed using SPSS software version 16. The present study revealed that, fruit of Opuntia ficus-indica has been used as a source of income in both Tabia May Messanu and Gola Genahti, with a 22% increase in fruit sales during the last three years. Of the total of 187 the majority of the respondents (95.2%) affirmed that the plant’s fruit is used as supplementary diet for humans, while the balance (4.8%) said that they use the fruit as their regular food, especially during times of food scarcity. In contrast, a large percentage of the respondents (85.0%) said that they use the plant as regular animal feed. Interestingly, many of the farmers (95.2%) use both the fruit peel and the nopalitos for feeding their animals. Based on the present study, I conclude that Opuntia ficus-indica has diverse financial and environmental uses, including use as food, forage, fuel wood, cash income, as well as the species’ importance for live fencing and biological soil conservation.
Key Words/Phrases: Cladodes, Feed, Fodder, Forage, Fruit, Household Leaders, Livelihood, Nopalitos, Northern Ethiopia
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1. [bookmark: _GoBack][bookmark: _Toc522824308]INTRODUCTION
1.1. [bookmark: _Toc506214871][bookmark: _Toc522824309]Background
Cactus (Opuntia ficus-indica) (L) Miller, commonly known as prickly pear, belongs to the Cactaceae. The Cactaceae is reported to contain about 130 genera with nearly 1500 species, which were originally native to the New World (Hunt, 2000). Being so water-use efficient, they are highly useful in arid and semiarid environments, particularly during prolonged dry spells or failure of the monsoon (Singh, 2003). The prickly cactus pear (Opuntia ficus-indica) is widely distributed in Mexico, much of Latin America, South Africa, Northern Ethiopia and the Mediterranean area (Zorguiet al. 2009; Hassan et al., 2011). 
Opuntia ficus-indica is a drought-resistant plant species, taxonomically placed within the genus Opuntia, under the botanical family Cactaceae (Mondragon and Bordelon, 1996). It is grown in a number of countries throughout the world. In Ethiopia, it is grown in different regions of the country, but widely distributed in the Northern Ethiopia, particularly in Tigray. The plant grows in most parts of Tigray and it is used for various purposes, such as food, forage, erosion control and live fences around farmlands and homesteads (Fetien Abay, 2003). 
Opuntia ficus-indica produces sweet, nutritionally rich edible fruits; its tender cladodes are used as fresh green vegetable and salad. The fruit, as well as the cactus stem are used to prepare value-added products, such as jam, squash, wine, pickle, body lotions, shampoo, creams, etc. It also has several medicinal and industrial uses. Its seeds can be used as flavoring agents (Pareek et al. 2003). 
Opuntia ficus-indica has different names in different languages all over the world. It is known by the name ‘prickly pear’ or ’barbary fig’ or ‘indian fig’ or ‘opuntia’ in English, ‘tuna’ or ‘nopal’ in Spanish, ‘nochtli’ in Nahuatl language of Mexico (Valdez et al., 2001), and ‘beles’ or ‘qulqwal bahri’ in Tigrigna, ‘gura’ or ‘hadaamii’ or ‘tini’ in Afan Oromo or ‘qulqwal’ or ‘yeberha qulqwal’ in Amharic here in Ethiopia (FEE, 2000). The common name, cactus comes from the Greek word "kaktos", meaning a "prickly plant" (Defelice, 2004). Members of the Cactaceae are an exciting and challenging group of plants because of their diverse morphology, their adaptations to the arid environment, and their versatile reproductive strategies (Rebman and Pinkava, 2001). 
The increasing human population and higher demand for food in Ethiopia is altering the land use system, which favors crop production at the expense of natural grazing lands. Consequently, livestock are forced to depend mainly on crop residues that often provide adequate energy, protein, minerals and vitamins to support optimum animal production (Gebremeskel, 2011).
Opuntia ficus-indica is adapted to many parts of Northern Ethiopia. In Tigray alone, uncultivated cactus covers about 32,000 ha of land, and has thus become an integral part of the culture and economy of the Tigray people. Opuntia ficus -indica fruits are eaten fresh in months of July to September. Cladodes are used as livestock feed and are planted for soil and water conservation purposes, (Tesfay Belay, 2004).
Meaza Taddele (2009) reported that Opuntiaficus -indica production in backyards as the second most important option of cropping with drought for farmers is being practiced. Efforts that improve the management and utilization of the Opuntia ficus-indica crop in Tigray region could help to attain food security, and improve the livelihood of the communities. 
In Tigray, majority of the Opuntia ficus-indica plants cultivated in their backyards came from the wild and are not at all managed. Even those growing at back-yards receive little attention by way of orchard management and might be difficult to talk in terms of cultivars in the absence of cultivation. But farmers that make use of the Opuntiaficus-indica fruits consider these as fast food items, i. e., no need to cook or boil and to add pepper or salt. The shortage of food doesn’t worry people during the dry season as ripe Opuntiaficus- indica fruits (commonly known as beles) are available in their door steps and everywhere. Farmers commonly use cladodes and fruits left over for animal feed, including cattle, goat and sheep. Moreover for different economic benefits selling on them on the market can still discriminate cactus pear types or cultivars and the discrimination is based mainly on taste, spinelessness, fruit size, juiciness, etc. ( Tesfay Belay, 2004).
1.2. [bookmark: _Toc506214872][bookmark: _Toc522824310]Statements of the Problem
Rural communities in Eastern zone of Tigray, as well as other zones, are directly dependent on agriculture as the main source of their livelihoods, but with long periods of drought and unreliable rainfall, a decline in soil productivity, compounded by excessive human and livestock pressure on the land, famines are uncommon in these communities, which result in high human and livestock mortalities. Fortunately, there is abundance of Opuntia ficus-indica in the area and is believed that it has a vital role as a source of food and animal feed, as well as a limited source of household income. However, the communities in the area of Ganta Afeshum wereda of the two Tabias have well understanding about the economic benefits of cactus fruits and reliance on these is rather high.
This study seeks to identify communities’ perceptions about the importance/significance of Opuntiaficus-indica fruit and will endeavor to find out challenges associated with the cultivation and economic benefits of beles. Also, the present researcher will bring some awareness to the communities of the two tabias concerning the different economic benefits of Opuntia ficus-indica fruit in supporting their livelihoods, especially during adverse climatic conditions.
1.3. [bookmark: _Toc506214876][bookmark: _Toc522824311]Research Questions
In an attempt to address the challenges associated with the utilization of Opuntia ficus-indica, the following major research questions were raised by the present investigator:
1. What is the contribution of Opuntia ficus-indica fruit on the livelihoods of communities selected for this study?
2. What is the difference among the communities in the utilization of the Opuntia ficus-indica?
3. What are the problems encountered by the people in using Opuntia ficus-indica fruit as a source of alternative and/or regular family nutrition?
4. [bookmark: _Toc506214873][bookmark: _Toc522824312][bookmark: _Toc506214879]To what extent do the houses hold leaders use as a source of alternative and/or regular family nutrition fruit to improve their economy?
1.4. Objectives of the Study
1.4.1. [bookmark: _Toc506214874][bookmark: _Toc522824313]General Objective
This study was aimed at investigating the significance of Opuntia ficus-indica fruit in supporting the livelihoods of Tabia Gola Genahti and May Messanu communities.
1.4.2. [bookmark: _Toc506214875][bookmark: _Toc522824314]Specific Objectives
The specific objectives of the study were:-
1. To examine the contribution of Opuntia ficus-indica fruit on the livelihoods of  communities selected for this study;
2. To identify the differences among the people in the utilization of the Opuntia ficus-indica fruit.
3. To identify the problems encountered by the people in using Opuntia ficus-indica fruit as a source of alternative and/or regular family nutrition.
4. To determine the extent the household leaders use Opuntia ficus-indica fruit to improve their economy.









2. [bookmark: _Toc522824315]LITERATURE REVIEW
2.1. [bookmark: _Toc506214880][bookmark: _Toc522824316]Botanical Description of Opuntia Ficus-Indica
2.1.1. [bookmark: _Toc506214881][bookmark: _Toc522824317]Morphology
Opuntia ficus-indica is a perennial plant characterized by flattened stem segments; each stem is termed as cladode (Wallace and Gibson, 2001). The plant possesses a photosynthetic succulent stem, bearing spines and glochids on modified axillary buds called areoles (Mondragon and Bordelon, 1996), but lacking broad green leaves (Wallace and Gibson, 2001).
In addition, tiny cylindrical or conical succulent and ephemeral leaves are found only on young Opuntia ficus-indica stems (Mondragon, 2001a). The ephemeral leaves are replaced by spines and glochids at maturity, and these are considered as modified leaves enabling the plant to withstand drought with a reduced rate of transpiration (Firew Tegegne, 2001). Opuntia ficus-indica plants have shallow roots; usually growing no deeper than 15 to 30centimeters below the soil surface. The radial pattern of the primary root structure in Opuntia ficusindicaplant does not significantly differ from that of most other dicotyledonous species.
[image: ]
[bookmark: _Toc518658201][bookmark: _Toc522909369]Figure 1: Morphological parts of Opuntia ficus-indica plant
Source, (Photograph captured from TARI orchard)
Even though anatomical studies of matured cladodes, in both wild and cultivated Opuntia species growing in different environments revealed the morphology like that of other seed plants; the shoots consist of internodes, nodes and axillary buds (Salgado and Mauseth, 2002). Plants of Opuntia ficus-indica derived from seeds tend to grow in upright slender manner, while those reproduced by vegetative means are somewhat plagiotropic (of branches, steams having the tendency to grow only horizontally). This species, the external tissue which is the epidermis is composed of compact cells, some of which produce root hairs (Dubrousky and North, 2002).
2.1.2. [bookmark: _Toc506214882][bookmark: _Toc522824318]Physiology
Opuntia ficus-indica is a Crassulacean Acid Metabolism (CAM) plant having high water use efficiency to grow in arid and semi-arid regions (Nobel and Bobich, 2002). The water use efficiency of Opuntia ficus-indica is three to five times greater than that of C3 and C4 plants (Nobel, 2001). The stored malic acid is metabolized back to CO2 during the day time for photosynthesis, although the stomata close during the day to preserve water (Rebman and Pinkava, 2001). In addition, Opuntia ficus-indica has a thick cuticle that reduces water loss and the massive photosynthetic stems act as a water reservoir (Nobel, 2001). An important feature common to most cacti is the relatively high levels of calcium content in the form of calcium oxalate accumulated in the epidermal cells of the plant that results in compact cells of epidermal tissues (Salgado and Mauseth, 2002).
2.1.3. [bookmark: _Toc506214883][bookmark: _Toc522824319]Reproductive Biology
The reproductive versatility of Opuntia is extremely widespread in the members of the genus, thus playing an important role in the ecological adaptation of the plant to aridity (Pimientaand Castillo, 2002; Reyes et al., 2006). Despite the fact that, the reproductive potential of Opuntia species varies with the species and cultivars, both sexual and asexual reproductions are possible in Opuntia ficus-indica plants. Commercial orchards use vegetative propagation while the sexual propagation is used only for breeding purposes (Mondragon, 2001a).

2.1.3.1. Asexual Propagation 
The most common means of vegetative propagation in Opuntia species is through the use of cladodes, which bear large number of areoles (Santacruz et al., 1998). Vegetative propagation is possible with pieces of cladodes, whole cladode segment or short branches (Mondragon and Bordelon, 1996). The distinctive vegetative structure of cacti from which spines, glochids, flowers and adventitious roots are developed, is the areole (Pimienta and Castillo, 2002).However, new propagules can be obtained from almost every part of the plant, including flowers and un-ripened fruits (Mondragon, 2001a). The planting material for vegetative propagation, most often are cladode cuttings of one year old from healthy and vigorous plants (Mitku Haile et al., 2002). Several Opuntia species, including Opuntia ficus-indica have been reported to exhibit apomixes (Stebbins, 1971; Mondragon and Pimienta, 1995) that enables them to generate asexual seedlings from the maternal tissue (Mondragon, 2001b; Mondragon and Perez, 2001). 
2.1.3.2. Sexual Propagation 
Sexual reproduction promotes active gene exchange and helps to maintain genetic variability (Rebman and Pinkava, 2001). Like other sexually reproducing angiosperms, Opuntia ficus-indica plants produce flowers (Mondragon and Perez, 2001). Flowers of Opuntia species are hermaphrodite (Reyes et al., 2006) with inferior ovary and flower color that varies from yellow to reddish (Pimienta and Castillo, 2002). Particularly, Opuntia ficus-indica has flowers with yellow color, which may fade into pink color after pollination has taken place (Mondragon, 2001a). Flowering season varies according to climatic conditions, cultivar types, and crop management (Mondragon, 2001a). Under normal conditions, Opuntia ficus-indica plant flowers from March to April in the Northern hemisphere, and from September to October in the Southern hemisphere (Nerd and Mizrahi, 1997). 
Self-pollination commonly occurs in Opuntia ficus-indica (Mondragon, 2001a) due to the early shedding of the pollen grain before the flower opens (Mondragon and Bordelon, 1996). But it is not the only mode of pollination, as cross pollination also occurs by means of insects, mainly bees (Mondragon, 2001a). The stigma of most cacti flowers shows characteristics suitable for insect landing and the stamens show thigmotrophic sensitivity (Pimienta and Astillo, 2002). Fruits of opuntia ficus-indica develop from both the ovary of the flower and the receptacle that surrounds the ovary (Gibson and Nobel, 1986), and the fruit reaches full maturation between 98 and 112 days after flowering (Duru and Turker, 2005). 
[image: ]
[bookmark: _Toc506212686][bookmark: _Toc518658202][bookmark: _Toc522909370]Figure 2: Blooms of Opuntia ficus-indica (Photograph captured during one of our field visits)

2.1.4. [bookmark: _Toc506214884][bookmark: _Toc522824320]Ecology
Opuntia species and cactus plants in general, are widespread and are adapted to many diverse habitats. They occupy areas where there is little competition from other plants, particularly when growing under extreme conditions (Rebman and Pinkava, 2001). The plant Opuntia ficus-indica is well adapted to arid and semi-arid regions with annual rainfall of 200 to 250 mm, but its commercial cultivation requires a minimum of about 450 mm annual precipitation (Pimienta, 1995).
The plants are sensitive to freezing temperature, but extremely tolerant to high temperature (Nobel 2001; and Bobich 2002). The best temperature for opuntia ficus-indica production ranges between 18-290c (azocar 2001). It can also grow with in 60c-360c annual minimum and maximum temperature, respectively with 1.800 and 116mm annual rainfall. In regions more than 1.800 mm annual rainfall, opuntia ficus-indica plant can be grown but they are susceptibility to fungal and bacterial diseases would increase (Gallegos et al. 1995).
There are reports than the prickly pear can be cultivated in the range of 800-1800 meters above sea level, and also growth outside of this altitude range (vazguez and Gallegos 1995). 
Opuntia species grow over a wide range of soil types (inglese et al, 2002), and they perform well on deep light textured soils, including coarse sands but not on clay soils (kock, 2001). They can also grow on a very thin and poor soil (Fuentes and murillo, 1996). Soils with poor drainage, a high water table or superficial impermeable layer should not be used for planting opuntia plants.  
Opuntia species show high phenotypic plasticity that react to differences in their environments more quickly and with more drastic growth changes than do other cacti (Mondragon, 2001a). The versatile reproductive systems of Opuntia species are often controlled by environmental factors, suggesting that their genetic systems may exhibit phenotypic plasticity (Pimienta and Castillo, 2002). The ability of Opuntia ficus-indica to adapt to different pedo-climatic environments has allowed the plant to be cultivated in many continents, including Europe, America, Asia and Africa (Basile, 2001). This wide diversity of habitat varying from extremely dry deserts to lush tropical rain forests has resulted in various Opuntia plant morphology and genetic diversity (Anderson, 2001). 
2.2. [bookmark: _Toc506214885][bookmark: _Toc522824321]Origin and Geographic Distribution of Opuntia ficus-indica
Opuntia ficus-indica is a xerophytic plant native to central Mexico and the Caribbean region (Wallace and Gibson, 2002). It is a fruit crop which is important in agricultural economies throughout arid and semi-arid parts of the world (Griffith, 2004). It has been farmed for thousands of years together with those oldest cultivated plants in Mexico such as corn, beans and agave (Mondragon and Bordelon, 1996; Mondragon, 2005). It is proposed that Opuntia ficus- indica is a domesticated form of Opuntia megacantha (Labra et al., 2003), and the highlands of Mexico are the center of genetic diversity for all Opuntia species (Mondragon and Pimienta,1995; Griffith, 2004). 
2.3. [bookmark: _Toc506214886][bookmark: _Toc522824322]Geographic Distribution of Opuntia ficus-indica in Ethiopia
Opuntia ficus-indica plant or beles was introduced to the Horn of Africa around 1846 and1887 by the Italian and German Missionaries (Vigueras and Mondragon, 2005). According to Fesseha Yaye (2010), it was assumed that the catholic missionaries brought it to Ethiopia 160years ago through the northern part of the country, particularly through Alitena in Woreda Erob, and was widely distributed in the arid and semi-arid regions of Tigray, in Northern Ethiopia. It was also supposed that the plant was introduced to Southern Zone of Tigray in southern Ethiopia from the Middle East by Muslim pilgrimage around 1920 (Habtu, 2005 cited in Tesfay belay, 2009.
At present in addition to Tigray the plant is found in different parts of Ethiopia around northern wello in the amhara region (Debac 2010) and in some other regions of the country, around debrezyt, hararghe, bale, arsi, asosa, chencha, jijiga adama, wolayta, adamitulu etc, due to various agents that are hypothesized for its multi-directional spreads.
Opuntia ficus-indica in Tigray is also grown in the Southern and Eastern Zones of the Region. Its invasive effect has been seen in some areas of Southern Zone of Tigray to the extent that it has been considered as a curse for farming (Mitku Haile et al., 2002). 
Opuntia ficus-indica coverage of Tigray reaches about 30,520 ha, and it accounts for1.8 percent of the total area of the Region (Firew Tegegne, 2001). In most parts of the Region it is growing wild, but some farmers in the Eastern Zone of Tigray have maintained opuntia ficus- indica or chards in their backyards (Tesfay Belay et al, 2009). 
[bookmark: _Toc506212687][image: ]
[bookmark: _Toc518658203][bookmark: _Toc522909371][bookmark: _Toc506212688][bookmark: _Toc506214887]Figure 3: the two major varieties of Opuntia ficus-indica. A) Spiny and B) Spineless Varieties, (Photographs captured from TARI orchard during sample collection)
2.4. [bookmark: _Toc522824323]Uses of Opuntia Ficus-Indica
Opuntia ficus-indica is an emergent crop in regions where recurrent droughts have occurred. Its commercial use has evolved since the second half of the 20th century, and the plant probably originated from central Mexico, the region with the widest Opuntia species Germplasm variability as well as the large number of uses of Opuntia plants (Mondragon, 2005). One of the main reasons for the current increased global interest towards the cultivation of Opuntia ficus-indica is due to its diverse economical importance (Fuentes and Murillo, 1996; Mondragon, 2005). It is commonly used as a source of food, forage, fuel wood, cash income and raw material for various industrial products, as live fences and soil conservation purposes (Brutsch, 1997; Mitku Haile et al., 2002). 
Below, we provide short descriptions for the major uses of Opuntia plants:
2.4.1. [bookmark: _Toc506214888][bookmark: _Toc522824324]Uses as Food
Among the 1,500 species of the family Cactaceae (Hunt, 2000), many species produce edible fruits (Inglese et al., 2002). A number of species in the genus Opuntia have substantial role in agriculture as a fruit crop for arid and semi-arid regions of the world (Mondragon and Perez, 2002). Consequently, Opuntia ficus-indica, Opuntia robusta, Opuntia hyptiacanthaand Opuntia megacantha are currently being cultivated in different countries as commercial species of Opuntia (Felker and Inglese, 2003). 
Fruits of Opuntia ficus-indica are valuable food sources (Degano et al., 1997) that are rich in calcium, potassium, magnesium phosphorous and vitamins (Salim et al., 2009). Moreover, the fruits contain moderately high sugar content. The majority of the sugars are the reducing type, glucose and fructose, contributing to a very sweet taste of the fruit (Saenz, 1996). However, the presence of glochids on the peel and the hard thick seeds in the flesh are two of the major constraints that reduce the quality of the fruit as a food for humans (Inglese et al., 2002). But still, it has played a significant role during drought in saving human and livestock lives even in those areas where it is considered as curse (Brutsch, 1997; Tesfay Belay et al, 2009). Opuntia ficus-indica stems are used as a source of food in the form of ‘nopalito’ (Saenz, 2000), a young, tender cladode which is 20 to 30 days old (Vigueras and Portillo, 2001), eaten fresh or cooked in various dishes as a green vegetable (Singh, 2003a).
2.4.2. [bookmark: _Toc506214889][bookmark: _Toc522824325]Uses as Forage and Fodder
Cactus, specifically Opuntia species has broadly been exploited as useful livestock forage during drought seasons primarily by providing digestible energy, water and vitamins (Reynolds and Arias, 2001). Consequently, Opuntia ficus-indica plants are used as forage and fodder in arid and semi-arid areas (Le Houerou, 2002). The species is planted around homesteads and in the rangelands as fodder bank for drought seasons (Brutsch, 1997). The use of cladodes as well as fruit peels of Opuntia ficus-indica for the purpose of forage began with the colonization of north Mexico by the Spaniards in the 16th century (Flores and Osorio, 1997). Currently, Opuntia ficus-indica and its multiple uses are prevalent in Brazil, Mexico, Tunisia and various other countries such as the United States of America (Nobel, 1995) and Ethiopia (Firew Tegegne, 2001). 
2.4.3. [bookmark: _Toc506214890][bookmark: _Toc522824326]Uses as Raw Materials for Industrial Products
Owing to its low acidity, high sweetness, good nutritive value and attractive stable color (Samahy et al., 2009) Opuntia ficus-indica can also be exploited as a source of natural additives or substituted materials for the production of many foods such as ice-cream and candy (McCarthy, 1996; Saenz, 2000). Fruits are also used in the production of alcohol (Barberaetal., 1992), and seeds are used to produce edible oil that has a high degree of unsaturated with high linoleic acid content (Saenz, 1996).Along with its uses as raw material for processed food products, Opuntia ficus-indica has also been used as potential source of industrial hydrocolloid gum (Cardenas et al., 1997). It has also been utilized as a raw material in the production of soap, dyes and cosmetics, like shampoo, cream and body lotions (Flores and Osorio, 1997). 
2.4.4. [bookmark: _Toc506214891][bookmark: _Toc522824327]For Cochineal Production
Opuntia ficus-indica stem is also used in the production of carminic acid, which is a natural  colorant developed by pre-colonial indigenous people of Mexico (Barberaet al., 1992).Carminic acid is produced by an insect, belonging to the genus Dactylopius, which is known as cochineal (Dactylopius coccus Costa) (Vigueras and Portillo, 2001). This insect is a parasite that infects several cacti species of two closely related genera, Opuntia and Nopalea (Mondragon, 2001a). Therefore, Opuntia ficus-indica is advantageously used as a host for cochineal insect that yields the natural red dye (Brutsch and Zimmermann, 1993; Mondragon, 2005). 
2.4.5. [bookmark: _Toc506214892][bookmark: _Toc522824328]For Medicinal Uses
Several studies revealed that Opuntia ficus-indica is used as a traditional medicine predominantly in Mexican-American population (Perez, 2001). The cladodes are used as a local anti-inflammatory remedy for edemata and arthrosis, as regulators of smooth musculature in the treatment of whooping cough and as anti-infective agents (Barberaet al., 1992). Its effect in reducing serum sugar level has been reported in a few published studies (Aguilar and Ramirez, 1996). The soluble carbohydrate in cladodes has been examined for blood glucose and insulin lowering properties in type-II diabetes patients (Felker and Inglese, 2003). Consumers have also found out that ‘nopalitos’ are beneficial for weight reduction and reducing sugar and cholesterol levels in the blood (Flores, 1995). It is also experimentally proven that the traditional use of cladodes for wound healing is effective (Maria et al., 2003).
2.4.6. [bookmark: _Toc506214893][bookmark: _Toc522824329]For Soil Conservation and Other Purposes
Opuntia species have been utilized to prevent soil erosion and to combat desertification (Fuetesand Murillo, 1996). This is because of their great potential of adaptations to grow in extremely degraded soils inadequate for other crops and ideal for responding to global environmental changes (Reynolde and Arias, 2001). Opuntia species are also important as vegetation cover in arid and semi-arid areas due to their suitability for the recovery of degraded lands (Mondragon, 2005). They are also used as live fences and windbreaks around farmlands and homesteads (Barberaet al., 1992; Fetien Abay, 2003). Some species of Opuntia are also used for decorating farmlands and home gardens (Singh, 2003b). By-products of the Opuntiaficus-indica plants are used as organic fertilizers, insecticides and other biotechnological purposes (Fuetesand Murillo, 1996).

2.5. [bookmark: _Toc506214894][bookmark: _Toc522824330]Local Farmers’ Varieties of Opuntia ficus-indica in Tigray
Opuntia ficus-indica plantation in Tigray is expanding to areas than are characterized by drought conditions, erratic rainfall, and poor soils subject to erosion (Mitku Haile et al., 2002; Vigueras and Mondragon, 2005).
Opuntia ficus-indica is predominantly distributed more than other parts of the country due to the rugged, stony and sloppy topography of the region than enforce local farmers to introduce the plant around their marginal fields and homesteads for multi-purpose, and better drought tolerance that enables it to give good yield with less rainfall (SAERT 1994, cited in Mitku Haile et al., 2002)
A study conducted by Tigray agricultural research institution (TARI 2009), has reported about thirty-four local farmers varieties of opuntia ficus-indica have been identified in selected sites, found in southern and eastern zone of Tigray. Most of these local varieties showed minimum variations in their cladode morphology, but they showed significant variability in fruit characteristics such as fruit shape, size, taste, pulp color, seediness and peel thickness (Tesfay Belay et al., 2009). These locality identified farmers’ varieties were also kept in a germ plasm nursery established by TARI at Mekelle. Those local varieties of opuntia ficus-indica collected from three different woredas of Tigray as presented below in table 1, 2 and 3.
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[bookmark: _Toc506212689][bookmark: _Toc518658204][bookmark: _Toc522909372]      (A) Red-purple                        ( B) Yellow-orange                  (C) White-cream or greenish              
[bookmark: _Toc522909373]Figure 4: Major Fruit colors of Opuntia ficus-indica    (Source: Inglese and Nefzaoui, 2003).

[bookmark: _Toc506214895][bookmark: _Toc522824331]
2.5.1. Farmers varieties of opuntia ficus-indica from woreda “Mekhoni”
Based on the data collection from local farmers in the region, twelve local farmers’ varieties of Opuntia ficus-indica  have been identified from woreda “Mekhoni” ; in southern zone of Tigray (Tesfay belay et al, 2009) located about 60km south of Mekelle and 20km east of maichew.. Woreda “Mekhoni” lies between 1500-1800meters  altitude with an average rainfall of 488 millimeter (Haftu lemma et al, 2010) and it is representative of tropical highlands of southern Tigray in which opuntia ficus-indica has be can invasive (Brutsch, 1997).














[bookmark: _Toc506212691][bookmark: _Toc510796790][bookmark: _Toc516408735][bookmark: _Toc518658206][bookmark: _Toc520806371]
[bookmark: _Toc522909374]Table 1: Local farmers’ varieties of Opuntia ficus-indica identified from Woreda Mekhoni
	No
	Local farmers’ varieties name
	Description
	Cladode size
	Fruit wt
(gm)
	Fruit color

	
	
	
	L(cm)
	W(cm)
	
	

	1
	Megal Hailu
	Referes to large fruit size
	31.5
	16.5
	92.7
	Lemon yellow

	2
	Tsaeda Aona
	Refers to white fruit color and location
	33.8
	17.1
	58.0
	Light green

	3
	Shenkor
	Refers to sweet fruit taste
	26.8
	16.9
	66.9
	Light green

	4
	Berbere Hailesilassiae
	Refers to name of a person
	28.1
	17.3
	54.1
	Light green

	5
	Limo
	Refers to spineless cultivator
	29.9
	14.4
	74.6
	Pink

	6
	Meskal Gadaho
	Refers to allocation where it grows
	31.7
	17.1
	63.3
	Pastel green

	7
	Chewchawe
	Refers to salt fruit taste
	28.3
	16.1
	66.5
	Pale yellow

	8
	Tesemsema
	Refers to lovely fruit taste
	32.6
	16.6
	72.9
	Pale yellow

	9
	Mot Kolea
	Refers to location where it grows
	39.2
	20.3
	63.8
	Cream

	10
	kulukual Bahri
	Unknown
	32.3
	17.3
	52.3
	Pale yellow

	11
	Chaguar
	Refers to high glochids abundance 
	-
	-
	90.6
	Orange

	12
	Fukur rasso adem
	Refers to a name of a person
	-
	-
	-
	-



Source (Tesfay Belay et al, 2009), Wt= weight, L = length and W= width.

     All the local farmers’ varieties identified in Woreda “Mekhoni” are spiny, except the local farmers’ variety “limo” and their cladodes vary from ovate to elliptical shape. Most of these local farmers verities of opuntia ficus-indica produce fruits with an avoid shape (Tesfay Belay et al., 2009).
[bookmark: _Toc506214896][bookmark: _Toc522824332]2.5.2. Farmers Varieties of Opuntia ficus indica From Woreda “Ganta-Afeshum”
Nine local farmers’ varieties of Opuntiaficus-indica have also been identified from woreda “Ganta-Afeshum” (table 2 ), in eastern zone of Tigray which is located about 115km north of Mekelle woreda “Ganta-Afeshum” is found at the elevation of 2457 meters above sea level with an average annual rainfall varies between 300 and 400 mm ( Tigray livelihood zone report,2007).
Most of the local varieties of woreda “Ganta-Afeshum” have ovate cladode shape, except some varieties that have elliptic or rounded cladodes (Tesfay Belay et al; 2009).

[bookmark: _Toc506212692][bookmark: _Toc510796791][bookmark: _Toc516408736][bookmark: _Toc518658207][bookmark: _Toc520806372][bookmark: _Toc522909375]Table 2: Local farmers’ varieties of Opuntia ficus-indica identified from Woreda Ganta Afeshum
	

	Local farmers’ varieties name
	Description
	Cladode size
	Fruit Wt
(gm)
	Fruit color

	
	
	
	L
(cm)
	W
(cm)
	
	

	1
	Finisher
	Unknown
	35.5
	32.7
	106.2
	Not recorded

	2
	Gorzeme
	Have many fruit seeds 
	35.7
	21.0
	119.7
	

	3
	Keyih beles
	Refers to red fruit color
	38.8
	21.6
	142.2
	

	4
	Koremele
	Refers to candy like fruit taste
	39.7
	21.4
	67.4
	

	5
	Lemats Beles
	Refers to spineless variety
	34.1
	19.2
	140.2
	

	6
	Machucho
	Refers to sour fruit taste 
	29.3
	20.2
	73.5
	

	7
	Sanguni
	Unknown
	36.4
	21.2
	133.8
	

	8
	Tsaeda Beles
	Refers to white fruit color 
	31.1
	20.5
	145.6
	

	9
	Beles Aboy- halibo
	Refers to named of a person
	34.5
	19.8
	121.0
	



Source (Tesfay Belay et al., 2009), Wt= weight, L= length and W= width.
2.5.3. [bookmark: _Toc506214897][bookmark: _Toc522824333]Farmers Varieties of Opuntia ficus-indica from Woreda “Erob”
Eastern zone of Tigray again hosts other thirteen local farmers’ of opuntia ficus-indica identified from woreda “Erob” (table 3) (Tesfay Belay et al., 2009); which is about 175km north of Mekelle and closer to the Eritrean border in the northern Tigray. 
[bookmark: _Toc506212693][bookmark: _Toc510796792][bookmark: _Toc516408737][bookmark: _Toc518658208][bookmark: _Toc520806373]	Woreda “Erob” lies in an altitude range between 1200 and 3000 meters with annual rainfall that varies between 140 and 400 millimeter (Mulugeta Gebreslassie et al., 2010)
















[bookmark: _Toc522909376]Table 3: Local farmers’ varieties of Opuntia ficus-indica from woreda Erob

	No
	Local farmers’ varieties name
	Description
	Cladode size
	Fruit wt
(gm)
	Fruit color

	
	
	
	L
(cm)
	W
(cm)
	
	

	1
	Gerao
	Refers to sweet fruit taste
	35.0
	19.6
	144.4
	Yellow orange

	2
	Nahrisa
	Refers to unpleasant/ nausea fruit taste
	48.0
	23.0
	146.5
	Pale yellow

	3
	Kalamile
	Refers to colorfulness of the fruit
	31.0
	21.3
	84.5
	Pink

	4
	Adomulhata
	Refers to white fruit color with salty taste
	33.3
	16.0
	90.3
	White

	5
	Geleweiti
	Refers to a fruit with mixed peel color
	33.0
	19.3
	60.0
	White green

	6
	Gerwanlyele
	Refers to a watery fruit taste and location
	36.6
	21.6
	109.3
	Yellow

	7
	Suluhana
	Refers to spineless cultivar
	39.3
	17.0
	142.3
	Yellow orange

	8
	Hiraydaglayele
	Refers to water taste and location
	36.6
	21.6
	77.4
	Yellow

	9
	Neitsi
	Refers to white fruit color
	40.3
	23.0
	114.6
	White

	10
	Orgufa
	refers to early fruit shedding
	32.3
	15.6
	110.9
	Yellow red

	11
	Ameudega Adobelesa
	Refers to white fruit color and location
	30.0
	20.0
	97.1
	White

	12
	Hawawisa
	Refers to ripen fruit appearance before ripening
	34.6
	17.3
	119.9
	Yellow red

	13
	Asakurkura
	Refers to red fruit color with round shape
	32.6
	16.0
	54.0
	Red


Source: Mulgata Gebreslassie (2007), M. Sc. Thesis; (Tesfay Belay et al., 2009)
Wt=weight, L= length and W= width.
All the local farmers’ Varieties of Opuntia ficus-indica that were identified in woreda “Erob”  posses cladodes with ovate shape, except the local farmers’ varieties “Neitsi”, “Suluhana” and “Hawawisa “which have elliptical shaped cladodes. These local varieties produce fruit with ovoid shape, except some varieties like local farmers’ variety “Nahrisa” with oblong fruit shape (Tesfay Belay et al., 2009).


3. [bookmark: _Toc522824334]RESEARCH DESIGN AND METHODOLOGY
3.1. [bookmark: _Toc506214898][bookmark: _Toc522824335]Location of the Study Area

[image: G:\hayleslassie_Final.tif]
[bookmark: _Toc506212694][bookmark: _Toc518658209][bookmark: _Toc522909377]Figure 5.Location of the study area in Wereda Ganta Afeshum (Eastern Zone of Tigray Regional State, northern Ethiopia)
As it is depicted in the above map, the two Tabias that were given focus in this study i.e Tabia Gola Genahty and Tabia Maymesanu are located in Eastern zone of Tigray region specifically in the Ganta Afeshum Woreda.
The two surveyed Tabias are found 120 Km north of Mekelle. Tabia Gola Genahty and Tabia Maymesanu are found at 140, 20’ North latitude and 390, 29’ East longitude and are situated at average altitude of 2457m.a.s.l (Adigrat Wikipedia). 
3.2. [bookmark: _Toc506214899][bookmark: _Toc522824336]Topography of the Study
Topographically, the Tabia Gola Genahty and Tabia Maymesanu are located at the same land level and features. Tabia Maymesanu is surrounded by the high mountains of the Northern high land that are found around Adigrat town. These high mountains have 3000 m (above the sea level) in the western direction of this Tabia.These hills and high mountains are known as by the local people “Aloqua”,  ”Sagrane” and “Andel” which  are found in the surrounding of Tabia Maymesanu.
Likewise Tabia Maymesanu and Tabia Gola Genahty is found in the high land which is grouped under the northern high lands of Ethiopia. These high mountains are also being 3000 meter above the sea level .In Tabia Gola Genahty; there are steep sloped chains of mountains relatively flatter than the mountains found around Tabia Maymesanu at the eastern and south eastern directions. At these mountains and hills there are drains and traces that were constructed by the administration of this Tabia to save from erosion. 
3.2.1. [bookmark: _Toc506214900][bookmark: _Toc522824337]Climate and Temperature
According to the Ethiopian agro-ecological classification (FAO, agro-ecological classification) the agro climate of the Tabias is classified into Weyna degas and Dega main classes. It ranges from moist Weyna Dega (the lower part) to dry Dega the (upper part of the Tabias). The average annual rainfall is about 600 mm and its mean annual temperature is 24.20C according to CSA. 
3.2.2. [bookmark: _Toc506214901][bookmark: _Toc522824338]Soil Type
Based on the FAO textural classification measurements the soil type of Tabia may Messanu and Gola Genahti is classified into four major types. Those are sandy soil, loom soil, clay loom soil and clay soil types which are insignificant in depth and distribution. (Wereda Ganta Afeshum Office of agriculture and rural development: 2013).
3.2.3. [bookmark: _Toc506214902][bookmark: _Toc522824339]Type of Wild Animals
Based on the data collected from Agricultural office workers, there are different types of animals in the two Tabias. Among these animals most dominate are monkey, ape, rabbit, fox and squirrel which are widely seen in the locality.
3.2.4. [bookmark: _Toc506214903][bookmark: _Toc522824340]Type of Vegetation
In the research setting there are different plants, which have local names by the residents. Thus, it is important to mention also in scientific names in line with the name given by the locally living people; therefore, the table below illustrates the local and scientific names of those plants, which are found in the two Tabias. The dominant plants found in the two Tabias are listed below.
[bookmark: _Toc506212695][bookmark: _Toc510796794][bookmark: _Toc516408739][bookmark: _Toc518658210][bookmark: _Toc520806375]Table 4: Local and scientific names of plants in the study area

	No
	Local Name
	Scientific Name

	1
	Awlie
	Olea europaea

	2
	Awhi
	Cordial africana

	3
	Tahses
	Dodonea angustifoliae

	4
	Tsehdi Habesha
	Junipers procera

	5
	Kliaw
	Euclea racemosa

	6
	Agam
	Carissa educis

	7
	Chea
	Acacia abyssinica

	8
	Daero
	Ficus vasca

	9
	Grawa
	Vernonia amygzlalina

	11
	Htsawts
	Calpurinia aurea

	12
	Mengolats
	Dovyalis abyssinica

	13
	Hahot
	Rumex nervosus

	14
	Kuk
	Prunus persicka

	15
	Gesho
	Rhamunus prinoides

	16
	Kega
	Rosa abssinica

	17
	Murkuzbi
	Bersama Abyssinica

	18
	Tsaeda Kelamintos
	Eucalyptus globules

	19
	Tshdi Mengti
	Cupressus lusitanica Mill

	20
	Tebeb
	Becium grandiflorum (L) picserm

	21
	Kado
	Ficus sur  Forssk

	22
	Amea
	Uritica simensis Steudel



         Source∶Nikodimos Kahsay (2000) and Flora of Eritrea and Ethiopia volume 2-6. 

3.3. [bookmark: _Toc506214904][bookmark: _Toc522824341]Research Design							
The major objectives of this study were investigating the significance of Opuntia ficus-indica fruit on the livelihood of the communities. In this study descriptive survey design was employed that involved both qualitative and quantities techniques. Sharma (2000) suggested that a descriptive survey is helpful to identify the present conditions and to point to present needs; it is also useful for showing immediate status of phenomena. Therefore, in this research, descriptive survey method was used to describe the present significance of Opuntia ficus-indica fruit on the livelihoods of the communities in the study area.
3.4. [bookmark: _Toc506214905][bookmark: _Toc522824342]Research Methods
As indicated in the objective, this study focuses on investigating the significance of Opuntiaficus-indica on the livelihood of thecommunities. To achieve the objective both qualitative and quantitative data were gathered from the household leaders of the study area. Moreover, triangulation method was used to assess the significance of Opuntia ficus-indica on the livelihood of the communities in the two Tabias.
3.5. [bookmark: _Toc506214906][bookmark: _Toc522824343]Sources of Data
Primary and secondary sources of data were employed in this study. The primary sources of data were collected from the household leaders of the study area and the agricultural office workers of the two Tabia. The secondary sources of data were obtained from written documents that were kept in the agricultural offices of the Tabias and from literature review.
3.6. [bookmark: _Toc506214907][bookmark: _Toc522824344]Sample Population and Sampling Techniques
In this study, the sample populations were determined to be household leaders of the two communities (i.e., Gola Genahty and May Mesanu) and the respective agricultural office workers of those Tabias. With a view to improving the quality of the resulting data, the researcher consciously limited the number of study participants to a reasonably manageable size. 
The total population of Ganta-Afeshum woreda is 99,290. The populations of the two Tabias are 1,090 (for Gola Genahty) and 1,211 (for May Mesanu). The total targeted population is therefore 2,301. The reason why the present researcher focused on the two Tabias which were selected because of the communities’ high utilization of Opuntiaficus-indica fruit, as well as the dependence of the people’s livelihoods on this fruit. 
In this study, out of the total population of Tabia Maymesanu (1,211), 97 household leaders were selected using random sampling methods. Similarly, out of the 1,090 leaders of Tabia Gola Genahti households, 90 of them were selected using random sampling methods. There were three agricultural office workers in May Messanu Tabia and two in Gola Genahty Tabia; all of them were considered for the study. Therefore, 187 household leaders for questionnaire and 5 agricultural office workers for interview were selected as respondents of the study to gather primary sources of data for this study.
3.7. [bookmark: _Toc506214908][bookmark: _Toc522824345]Data Collection Instruments
[bookmark: _Toc506214909]Three instruments were used for collecting data from the respondents in order to assess the significance of Opuntiaficus-indica fruit on the livelihoods of the communities of Gola Genahty and May Mesanu Tabias. These are questionnaire, interview and field observation checklist. These instruments were selected because of their suitability for gathering important data for the proposed study. In addition to this, they were also important for triangulation that was used to ensure the validity of a data collection.
3.7.1. [bookmark: _Toc522824346]Questionnaire
According Best and Kahn (1989), questionnaire enables a researcher to collect data from large group of individuals with a short period of time, and it is easy to administer to a number of subjects in one place at a time.
To gather the necessary data the researcher prepared questionnaire comprising 18 items that are 16 closed-ended questions and 2 open-ended questions. First these questions were prepared in English and later translated into Tigrigna language for more clarification so as to collect reliable information enabling to achieve the stated research objective.
3.7.2. [bookmark: _Toc506214910][bookmark: _Toc522824347]Interview
Interview is one of the important research tools which help the researcher to gather in depth information from the respondents. In this study, face-to-face interviews and discussions were employed to acquire qualitative data, as well as impromptu data that were not covered by the questionnaire. On top these, semi- structured interviews were also used to collect related information from the respondents. The respondents were interviewed about the significance of Opuntia ficus-indica fruit for the livelihoods of the communities.
3.7.3. [bookmark: _Toc506214911][bookmark: _Toc522824348]Checklists (Notebook)
Checklists are instruments that are used to collect data from different documents of various offices, based on the set criteria. In this study, structured checklists were prepared by the researcher so as to search documents of the agricultural offices and to collect the necessary data for the present study. 
3.8. [bookmark: _Toc522824349]Data Analysis 
The data gained through questionnaires were organized and tabulated in different tables and figures as well as analyzed quantitatively using Spss 16 software version. After that, the data that were gained through interview were analyzed qualitatively. The data collection instruments were designed based on the basic research question.
3.9. [bookmark: _Toc506214912][bookmark: _Toc522824350]Data Collection Procedures
Prior to the commencement of the program, the researcher met with the Kebele or Tabia agricultural administration office workers, and explained to them the general purpose of the study. This approach helped the researcher to collect the required data effectively. Additionally, and before implementing the research instruments, the present researcher created awareness in the household leaders regarding the intentions of the study. They were informed that they would participate in the study voluntarily and were assured that any information given to the researcher would only be used for the purpose of the study.
Following these preliminary preparations, the questionnaire was distributed and collected at a later time by the researcher himself. This was achieved through individual discussions held with the household leaders of the communities with a view to deciding convenient times for responding to the questionnaire, as well as for a face-to-face interviews and/or discussions. To facilitate clear understanding, the present researcher used notebook for the interviews and/or the discussions. Data from agricultural offices were collected based on the set criteria and planned checklists.
3.10. [bookmark: _Toc506214913][bookmark: _Toc522824351]Ethical Consideration
[bookmark: _Toc506214914]To conduct this research, the researcher communicated with the household leaders and agricultural office workers legally and smoothly. The main objective of the study was informed to the concerned bodies well ahead of time. Every communication with the respondents was also accomplished by the voluntarily participation of respondents, besides the information that was obtained from the respondents was kept confidential, was only used for the fulfillment of the study













4. [bookmark: _Toc522824352]RESULTS AND DISCUSSTION
4.1. [bookmark: _Toc522824353][bookmark: _Toc506214915]Result
4.1.1. [bookmark: _Toc522824354]Background and Characteristics of Respondents
In item 1 as it can be seen in table 5 below, in Gola Genahty 56 (62.22%) of the respondents were male while in May Mesanu 50 (51.55%) of the respondents were male. On the other hand, in Gola Genahty 34(37.78%) of the respondents were female while in May Mesanu 47(48.45%) of them was female. Besides, the table below indicated Tabia Maymesanu and Gola Genahty total frequency and percentage of the respondents.
     In item 2 of table 5, in Gola Genahty, 2 (2.22%) respondents were found below the age of 25 years but there was no respondent whose age is under 25 years in Maymesanu moreover, in Gola Genahty 56 (62.22%) of the respondents were found in the age range 26-45 while 61(62.89%) of the respondents in May Mesanu were found in this age range. In addition to this, in Gola Genahty, 32(35.56%) of the respondents were found above 45 while 36(37.1%) of them in May Mesanu found above 45.     
     In item 3 of table 5 below, in Gola Genahty 59(65.56%) of the respondents have the skill of writing and reading while in May Mesanu 60(61.86%) of the respondents have this skill. On the other hand, 28(31.11%) and 36(37.11%) of the respondents had no the skill of writing and reading in Gola Genahty and May Mesanu respectively. 
Furthermore, 2(2.22%) and 1(1.11%) of the respondents in Gola Genahty and in May Mesanu were diploma holders respectively.  In addition, 1(1.11%) respondent in Gola Genahty was degree holders.
[bookmark: _Toc506212696][bookmark: _Toc510796795][bookmark: _Toc516408740]




[bookmark: _Toc518658211][bookmark: _Toc520806376][bookmark: _Toc522909378]Table 5. Background and Characteristics of Respondents
	No.
	Respondent’s attributes

	Gola Genahty
	May Mesanu

	
	
	Frequency
	%
	Frequency
	%

	1
	Sex
	Male
	56
	62.22%
	50
	51.55

	
	
	Female
	34
	37.78%
	47
	48.45%

	
	
	Total
	90
	100%
	97
	100%

	2
	Age
	Below 25
	2
	2.22%
	0
	0%

	
	
	26-45
	56
	62.22%
	61
	62.89%

	
	
	Above 45
	32
	35.56%
	36
	37.11%

	
	
	Total
	90
	100
	97
	100%

	3
	Educational background
	Skill of writing and reading
	59
	65.56%
	60
	61.86.%

	
	
	No skill of writing and reading
	28
	31.11%
	36
	37.11%

	
	
	Diploma
	2
	2.22%
	1
	1.03%

	
	
	Degree
	1
	1.11%
	--
	0%

	
	
	Total
	90
	100
	97
	100%


[bookmark: _Toc506212700]
4.1.2. [bookmark: _Toc522824355]Maturation period, fruit size and fruit color of Opuntia ficus-indica
Observations of sample farmers from Ganta Afeshum Wereda on maturation periods, fruit sizes, and fruit colors of Opuntia ficus-indica are summarized in Figure 6 below.
Based on the maturation periods of the fruits, the farmers were categorized fruits of Opuntia ficus-indica in to early maturing (maturation period of May-June) and late maturing (maturation period of July-August). Of the total of 187respondents, 129(69%) affirmed that the Opuntiaficus-indica in their area is early maturing, while 58 (31%) said that they have late maturing types.
.
Similarly, 150 (80.2%) of the respondents observed that the fruits produced by Opuntiaficus-indica in their area are large, while 37 (19.8%) said that they have small fruit-producing plants in their area. The farmers also characterized the fruit color of their areas as red 182 (97.3%), while the balance 5 (2.7%) noted that they get white fruits from the plants in their area. 

[bookmark: _Toc518658212][bookmark: _Toc522909379][bookmark: _Toc522824356]Figure 6.Maturation periods (MP), fruit sizes (FS), and fruit colors (FC) as characterized by the respondents of the study area in Ganta Afeshum Wereda. Numbers at the tops of the bars represent percentages of respondents
4.1.3. Types of Opuntia ficus-indica in the local community of the study area
     The respondents were also asked whether Opuntia ficus-indica fruit in their locality is the same type or not∶
As illustrated in figure 7 below majority or 174(93.05%) of the respondents revealed that the Opuntia ficus-indica fruit (Beles) in their locality were not the same type. However, 13(6.95%) of them reported that they were the same. 
From this data can be deduce that the Opuntia ficus-indica fruit (Beles) that was found in the research area was not the same type. 
[image: ]
[bookmark: _Toc506212703]
[bookmark: _Toc518658213][bookmark: _Toc522909380]Figure 7. Types of Opuntia Ficus-Indica
4.1.4. [bookmark: _Toc522824357]The spin types of Opuntia ficus-indica and the removal methods by local community
As it is indicated in figure 8 below the respondents were asked if their answer to question item number 2 in the above was No the difference is?
 Accordingly, of the total respondents 149 (79.68%) of them replied that it had long spine. On the other hand, 34(18.18%) and 4(2.14) of them replied that it had short spine and it was spineless respectively.
         From this data it can be conclude that the opuntia ficus-indica that were found in the research area were both spiny and spineless though most of them were spiny. The availability of spineless Opuntia ficus-indica in this research area was less due to high human and animal attack. 
In addition, as shown in the figure 5.3 below, almost all the farmers or 172(91.98%) reported that they used Opuntia ficus-indica as animal feed from their own experience by burning its spine and 12 (6.42%) of the respondents replied that Opuntia ficus-indica was used for animal feed as it is. on the other hand, 3(1.6%) of them replied as they used it by mechanically removing its spine. 
[bookmark: _Toc506212704][bookmark: _Toc518658214]This indicates that most of the farmers used the Opuntia ficus-indica as animal feed by burning its spine
[image: ]
[bookmark: _Toc522909381]Figure 8.Differences of Opuntia ficus-indica by spine type and the experiences used to remove the spines when using Opuntia ficus-indica as animal feed
4.1.5. [bookmark: _Toc522824358]The role of Opuntia ficus-indica in improving the livelihood of the local communities       
As can be seen in figure 9 below, the respondents were asked to what extent the Opuntia ficus-indica fruit is improving the livelihoods of the people in the study area. 
For this reason, 164(87.70%) of the respondents reported high while 21(11.23%) and 2(1.07%) of them reported medium and low for this item respectively.
[bookmark: _Toc506212706] However, none of the respondents could report do not bring any change for this item. This indicates that Opuntia ficus-indica fruit is improving the livelihood of the people. 
[image: ]
[bookmark: _Toc518658215][bookmark: _Toc522909382]Figure 9.the Opuntia ficus-indica for improving the livelihoods of people
4.1.6. [bookmark: _Toc522824359]Use of Opuntia ficus-indica for human diet, animal feed and extent of use plant parts 
Uses of Opuntia ficus-indica for human diet, animal feed, extent of use, and plant parts used are provided in Table 6 below. 
The majority of the respondents 178 (95.2%) affirmed that the plant’s fruit is used as supplementary diet for humans, while the balance 9 (4.8%) said that they use the fruit as their regular food, especially during times of food scarcity. None of the respondents indicated that nopalitos is used as food for humans.
[bookmark: _Toc510796800][bookmark: _Toc516408745] In contrast, a large percentage of the respondents 159 (85.0%) said that they use the plant as regular animal feed and 28(15%)as supplementary feed (Table 6 ). Interestingly, many of the farmers 178(95.2%) use both the fruit peel and the nopalitos for feeding their animals. On the otherhand,3(1.6%) and 6(3.2%) of the total respondents said that they use fruit only and nopalitos only for their animal feed respectively. 

[bookmark: _Toc518658216]
[bookmark: _Toc520806381][bookmark: _Toc522909383]Table 6.Uses of Opuntia ficus-indica for human diet, animal feed, extent of use and plant parts used.
	[bookmark: _Hlk518399009]5.Uses as:
	Extent of use
	Number of respondents
	Percentage
	Plant parts used 
	Number of respondents
	Percentage

	Human diet
	As regular food
	9
	4.8
	Fruit only
	187
	100

	
	Supplementary 
	178
	95.2
	Nopalitos
	0
	0

	
	Total
	187
	100
	Total
	187
	100

	Animal feed
	As regular feed
	159
	85.0
	Fruit only
	3
	1.6

	
	Supplementary 
	28
	15.0
	Fruit peel & Nopalitos
	178
	95.2

	
	Total
	187
	100
	Nopalitos only
	6
	3.2

	Total
	187
	100



4.1.7 [bookmark: _Toc522824360]The experiences and way of using Opuntia ficus-indica fruit its nopalitos as human food and animal feed in the study area
As can be seen in table 7 below the respondents were asked how they got the experience of using Opuntia ficus-indica fruit as human food and animal feed. 
As a result, 181(96.79%) of them reported that it is traditionally from their experiences helped them to use Opuntia ficus-indica fruit as human food and animal feed. However, 6 (3.21%) of them reported that they got the experience from training. This indicated that most of the farmers used Opuntia ficus-indica fruit as human food and animal feed from their experience or traditionally.
   Moreover, as presented in table 7 below the respondents were asked how they know the nopalitos are used as diet. 
Hence, of the total respondents 5(2.67%) of them reported that they get the information from training. On the other hand, 145(77.54%), 7(3.74%) and 30(16.04%) of them reported I don’t know, from other people/rumors and from mass media respectively.
[bookmark: _Toc516408747]This indicates that though there were a lot of sources of information for they know how Nopolitos” is used as a diet but as most of them confirmed that they got from training.
[bookmark: _Toc518658218][bookmark: _Toc520806382][bookmark: _Toc522909384][bookmark: _Toc506212712]Table 7.the experiences and ways of using Opuntia ficus-indica fruit and Nopolitos as human food and animal feed
	       Question
	Responses
	frequency
	Percent

	7. How did you get the experience of using Opuntia Ficus Indica fruit as human and animal food?
	Traditionally

	181
	96.79

	
	Through training
	6
	3.21

	Total
	187
	100

	8. How did you know that Nopalitos is used as diet?

	Through training
	5
	2.67%

	
	I don’t know 
	145
	77.54%

	
	from mass media
	7
	3.74%

	
	From other people/rumor/
	30
	16.04%

	Total
	
	187
	100



4.1.8 [bookmark: _Toc522824361]Feeding Opuntia ficus-indica and its role in production of cow’s milk
As it is illustrated in table 8 below, the respondents were asked how milk production of Opuntia ficus-indica feed cow.
 Therefore, of the total respondents 111(59.4%) of the respondents reported that milk amount increases but becomes watery where as 31(16.6%) of them reported milk amount increases and thicken, 43(23%) of the respondents replied that the amount of milk increases and 2(1.1%), of the respondents replied that the amount of milk decrease. 
[bookmark: _Toc510796803][bookmark: _Toc516408748][bookmark: _Toc518658219][bookmark: _Toc520806383]From this data we can conclude that the milk production of Opuntia ficus-indica is milk amount increases but becomes watery.
[bookmark: _Toc522909385]Table 8.Opuntia ficus-indica in production of cow´s milk
	       Question
	Responses
	Frequency
	Percent

	9. How milk production of Opuntia ficus-indica is feed cow?
	Increase amount of milk
	43
	23.0

	
	Decrease in amount of milk
	2
	1

	
	Milk amount increases and thicken
	31
	16.6

	
	Milk amount increases but becomes watery
	111
	59.4

	Total
	187
	100



4.1.9 [bookmark: _Toc522824362]Opuntia ficus-indica as cultivated or wild and the extent of fruit in alleviating problems of food shortage and forage
As far as the type of Opuntia ficus-indica is concerned as indicated in figure10 below the respondents were asked to reply whether Opuntia ficus-indica is cultivated or wild. 
For this reason, of the total respondents 143(76.47%) of the respondents reported that it is cultivated. On the other hand, 10(5.35%) replied that it is wild while 34(18.18%) of them reported that it is both wild and cultivated. 
     From the majority of this data it can be conclude that the type of Opuntiaficus-indica in the research area is cultivated. 
In addition as can be seen from figure 10 below the respondents were asked to what extent they think Opuntia ficus-indica fruit alleviates /solve problems of food shortage and forage.
Accordingly, 160 (85.56%) of them reported high while 21(11.23%) and 6(3.21%) of them reported medium and low respectively. 
[bookmark: _Toc506212714][bookmark: _Toc518658221]     From this data one can conclude that Opuntia ficus-indica fruit is highly alleviates /solve problems of food shortage and forage in the study area.  .

[bookmark: _Toc518658220][bookmark: _Toc522909386]Figure10. Opuntiaficus-indica is as a wild or cultivated and the extent of Opuntia ficus-indica fruit in alleviating problems of food shortage and forage
4.1.10 [bookmark: _Toc522824363]Additional benefits of Opuntia ficus-indica fruit in the study area
As can be seen in the table 9 below, the respondents were asked, what are the other benefits of Opuntia ficus-indica fruit other than food and forage
 Therefore, 7(3.7%) of the respondents reported that for juice, 25(13.4%) of the respondents reported for traditional medicine, 5(2.7%) of the respondents replied that for Local beverage and 150(80.2%) of the respondents reported that Opuntia ficus-indica fruit is benefited for honey bee forage.
[bookmark: _Toc510796807][bookmark: _Toc516408751][bookmark: _Toc518658222][bookmark: _Toc520806385]      From this data that can be deduced that Opuntia ficus-indica fruit is used for honey bee forage for most of the farmers in the study area. 




Table 9. Benefits of Opuntia ficus-indica fruit other than food and forage
	Question
	Responses
	Frequency
	Percent

	12. What are other benefits of Opuntia ficus-indica fruit other than food and forage?
	For juice
	7
	3.7

	
	For traditional medicine
	25
	13.4

	
	for Local beverage
	5
	2.7

	
	For honey bee forage
	150
	80.2

	Total
	187
	100



4.1.11 [bookmark: _Toc522824364]Problems of preparing and feeding cactus as food or forage 
As depicted in table 10 below the respondents were asked to identify the problems faced when preparing cactus (Beles) as food or forage.
Hence, of the total respondents 144 (77%) replied that they were been Injured by the spines, 41(21.9%) reported that they were been facing energy problems and the remaining 2(1.1%) said that they were no faced any problems when preparing cactus as food or forage. 
According to the majority of the respondents, most farmers of the study area were faced problems of spines injured when preparing cactus as food or forage.
Furthermore, as presented in table 10 below, the respondents were asked what problem they faced when eating only Opuntia ficus-indica fruit. 
Consequently, majority 152(81.28%) of them reported that they faced both Problem during defecations and Problem of urination while 13(6.95%) of them reported that problem of urination. On the other hand, 14(7.49%) of the respondents replied that they were faced problem during defecations but 8(4.28%) of the respondents have not been observed any problems when eating only cactus fruit. 
 From this one can conclude that most of the farmers in the study area were faced with Problems during defecations and urination while they ate only cactus fruit
[bookmark: _Toc520806386]
[bookmark: _Toc522909387]Table 10.problems of preparing and eating cactus as food or forage
	
Question
	
Responses
	
Frequency
	
Percent

	13. When preparing Opuntia ficus-indica fruit (Beles) as food or forage, have you:
	Been injured by the spines
	144
	77.0

	
	Been facing energy problems
	41
	21.9

	
	no problem
	2
	1.1

	Total
	187
	100

	
14. What problems did you face when eating only Opuntia ficus-indica cactus? 



	Problem of urination
	13
	6.95

	
	Problem during defecations

	14
	7.49

	
	Both
	152
	81.28

	
	No problem observed
	8
	4.28

	Total
	187
	100


[bookmark: _Toc506212718]
4.1.12 [bookmark: _Toc522824365]Marketable value of Opuntia ficus-indica fruit in the study area

As can be seen from figure 11 below, the respondents were asked whether Opuntia ficus- indica fruit has a market value in their household or not. 
For this reason, of the total respondents 182(97.33%) of the respondents confirmed that cactus fruit has market value in the household of the people while 5(2.67%) of the respondents reported that Opuntia ficus-indica fruit has no market value in the household of the people. 
According to the majority of the respondents cactus fruit has market value in the household of the people in the study area.  .
[image: ]

[bookmark: _Toc518658224][bookmark: _Toc522909388]Figure 11.the Market value of cactus fruit in households of the study area

4.1.13 [bookmark: _Toc522824366]The seasons in which Opuntia ficus-indica use as animal feed	      
As can be seen in table 11below the respondents were asked to respond their attitude towards the contribution of Opuntia ficus-indica fruit to their household economy.
Therefore, as almost all of the respondents 183(97.9%) confirmed that it increases their economy while 4(2.1%) of them reported that it decreases their economy. 
[bookmark: _Toc510796811][bookmark: _Toc516408754][bookmark: _Toc518658225]       This data indicated that Opuntia ficus-indica fruit increases the household economy of the farmers in the study area..
[bookmark: _Toc520806388][bookmark: _Toc522909389]Table 11.the contribution of Opuntia ficus-indica fruit in the household economy
	       Question
	Responses
	Frequency
	Percent

	16. In your opinion, how do you evaluate the contribution of Opuntia ficus-indica fruit to your household economy?
	It is increasing
	183
	97.9

	
	It is decreasing

	4
	2.1

	Total
	187
	100



4.1.14 [bookmark: _Toc522824367]Income value from selling of Opuntia ficus-indica in the last three years in the study area
To obtain further information two open-ended questions (question 17 and 18) were asked for the respondents. Hence in the first open-ended question (question 17) the respondents were asked in which month is Opuntia ficus-indica used as animal fodder. Hence, as most of the respondents reported this plant is used as animal fodder staring from February up to July. On the other hand, a few of the respondents reported that May to June. From this data, it can be conclude that Opuntia ficus-indica was used as animal feed from February up to July in the study area.
Regarding the second open-ended question (18 question) respondents were asked to reveal the average incomes earned from sales of Opuntiaficus-indica fruit in the last three years (2006 to 2008 E.C) approximately. Accordingly, as represented in figure 12 below the respondents replied that in the last three years the average incomes earned from the sales of cactus fruit increases from 1480 Birr in 2006 to 1800 birr in 2007 and then to 2200 Birr in 2008 approximately.
As can be seen in figure 12 all households obtained their average income from the sales of  Opuntia   ficus-indica fruit with in the year 2006 , 2007 and 2008 E.C as Birr 1480,1800 and 2200 respectively, indicating that the yearly income from the sales of the fruit has increase by 22%





[bookmark: _Toc506212720]
[bookmark: _Toc518658226]Figure 12.Average annual income of farmers earned from sales of Opuntia Ficus-indica fruit between the years 2006and 2008E.C.
4.14.1 [bookmark: _Toc506214916][bookmark: _Toc522824368]Analysis of the interview responses of agricultural office workers of the two Tabias
In this interview, the agricultural office workers were asked basically the benefits that the farmers got from Opuntia ficus-indica fruit, how they can use it, how they improve their livelihood from the product of Opuntia ficus-indica fruit and for how long they use it in the locality. Therefore the data collected from the Agricultural Office Workers were presented as follows.
Q1. What benefits do farmers get from Opuntia ficus-indica fruit?
For this reason, they explained their responses in all most similar ways. For example, almost all of them said:
The lives of the farmers in our Tabia are depending on Opuntia ficus-indica fruit. Therefore, they got income by selling this fruit and they can feed their animals by removing its spine. In addition to this, Opuntia ficus-indica fruit is used for traditional medicine for themselves and their animals.
Q2.How the farmers use Opuntia ficus-indica fruit?
For this question almost all of the respondents replied as follows:
They use of Opuntia ficus-indica fruit based on their experience by burning its spine so as to feed animals and by selling it in the local areas. In addition to this, they use this fruit as a food by peeling and feeding their families. 
Q3.For how long do the farmers use Opuntia ficus-indica fruit?
For this question the respondent’s replied that as follows:
Opuntia ficus-indica fruit is inseparable from their lives. Therefore, they use it since their child hood. This fruit is used as supplementary food for themselves and as regular feed for their animals. More over every person use this fruit forever.

Q4.What kind of progress do you observe on the use of Opuntia ficus-indica fruit in the community or farmers in the respective Tabia?
For this question the respondents replied as follows:
The community as a whole as well as the residents of the two Tabias should own good awareness on how to use Opuntia ficus-indica fruit as healthy diet and income generating. Furthermore, they suggested that the Woreda Ganta Afeshum administration office should create favorable condition to provide market opportunity for the residents or farmers for generating more income. 
[bookmark: _Toc493114381]In general the respondents suggested that the woreda administration office workers should work hard to make the residents beneficial from the production of Opuntia ficus-indica fruit and to modernize the process and utilization manner.












4.2. Discussion
4.2.1. Maturation period, fruit color and fruit size of Opuntia ficus-indica
The people living in the study area have an experience, relationship and interaction with Opuntia ficus-indica that are found in the area. The local communities characterized the Opuntia ficus-indica fruit into early matured (maturation period May to June) and late matured (maturation period July to August) In similar study Nerd and Mizrahi (1997) stated that under normal condition Opuntia ficus-indica fruit matured from March to April in the northern hemisphere. On the other hand the opuntia ficus-indica fruits have dominantly red color and some are white color in the study areas. According to the other finding Inglese and Nefzaoui (2003) stated that the major fruits color of Opuntia ficus-indica are red-purple, yellow-orange and white-cream or greenish. The local people of Ganta-Afeshum wereda also categorized Opuntia ficus-indica fruit based on their fruit size in to large and small size. Similarly in most of the local varieties (Ganta-Afeshum, Mekhoni and Erob) showed minimum variations in their cladode morphology, but they should significant variability in fruit characteristics, such as fruit shape, size taste, pulp color seediness and peel thickness (Tesfay Belay et al., 2003).

4.2.2. The role of Opuntia ficus-indica in improving the livelihood of the local communities
Across the study area Opuntia ficus-indica has a big value in improving the livelihood to the local community. In other studies Fuentes and Murillo (1996) and Mondragon (2005) argued that Opuntia ficus-indica is an emergent crop in regions where recurrent droughts have occurred and the current increased interest toward the cultivation of Opuntia ficus-indica is due to its diver importance for improvement for the livelihood of people.

4.2.3. Opuntia ficus-indica as cultivated or wild and the extent of the fruit in alleviating problem of food shortage and forage
     Opuntia ficus-indica is cultivated highly in home garden and backyard and few found in the wild form. According to Mondragon and Bordelon (1996) and Mondragon (2005) said that Opuntia ficus-indica has been farmed for thousands of years together with those oldest cultivated plants in Mexico such as corn, beans and agave. Griffith (2004) reported that Opuntia ficus-indica is a fruit crop which is in agricultural economies throughout arid and semi-arid parts of the world. 
In Ganta-Afeshum wereda Opuntia ficus-indica has a great role in alleviating or solving food shortage and forage. Especially in the summer season it used as additional food for the community and as a source income mainly students cover their school fees. In addition to this Opuntia ficus-indica is highly in solving forage as feeding their animals regularly. Mitku Haile et al., (2004) also reported that Opuntia ficus indica is commonly used as a source of food and forage in Tigray.     

4.2.4. Opuntia ficus-indica used as forage and fodder
       Opuntia species has broadly been exploited as useful livestock forage during drought seasons primarily by providing digestible energy, water and vitamins. Consequently, Opuntia ficus-indica is used as forage and fodder in the study areas. The Opuntia species is planted around homesteads and in the rangelands because the Opuntia ficus-indica is cultivated in the study district. Similar study states that the use of cladodes as well as fruit peel of Opuntia ficus-indica for the purpose of forage began with the colonization north Mexico by the Spaniards in the 16th century (Flores and Osorio, 1997). Currently, Opuntia ficus-indica and its multiple uses are prevalent in Brazil, Mexico, Tunisia and various other countries such as the United States of America (Nobel,1995) and Ethiopia( Firew Tegegne,2oo1).

4.2.5. Opuntia ficus-indica used as food    
          Many different species of opuntia ficus-indica produce edible fruits. Opuntia ficus-indica has substantial role in agriculture as a fruit crop for food in arid and semiarid regions of the study area. Cactus pear is being currently cultivated in Ganta Afeshum woreda (Tabia Gola Genahty and May Mesanu) highly utilized as a food sources. Similarly opuntia ficus-indica is valuable food sources (Degano et al., 1997) that are rich in calcium, potassium, magnesium, phosphorous and vitamins (Salim et al.,2009).Moreover the fruits contain moderately high content. The majority of the sugar is the reducing type, glucose and fructose containing to a very sweet taste of the fruit (Saenz, 1996).However Opuntia ficus-indica stems are used as a source of food in the form of nopalitos (Sae, 2000), a young tender cladode which is 20 to 30 days old (Vigueras and Porillo, 2001), eaten fresh or cooked in various dishes as a green vegetable (Singh, 2003a).               

4.2.6. [bookmark: _Toc522824369]Marketable Values of Opuntia Ficus-Indica 
      Across the study areas, Opuntia ficus-indica is utilized to serve a range of economic functions. In the last three years the average income earned from the sales of Opuntia ficus-indica fruit in the study area increases from 1480 birr in2006 to 1800 birr in 2007 and then to 2200 birr in2008 E.C approximately. Indicating that the yearly income from sales of Opuntia ficus-indica fruit has increased by 22%. Similarly Mondragon (2005) stated that the commercial use of Opuntia ficus-indica has evolved since the second half of the 20th century. Opuntia ficus-indica has widely been adapted to different parts of the woredas and is an integral part of the culture and economy of the study area. According to Flores and Osorio (1996), Opuntia ficus-indica has been utilized as a raw material in the production of soap, dyes and cosmetics like shampoo, cream and body lotion. Similarly, Fuentes and Murillo (1996) and Mondragon (2005) argued that the main reason for the current increased global interest towards the cultivation of Opuntia ficus-indica is due to its diverse economical importance.     
4.2.7. [bookmark: _Toc522824370] Usable Parts of Opuntia Ficus-Indica
Cladodes and fruit peel (skin) were the botanical parts of the plant consumed by animals. The spineless and spiny cladodes are grazed by livestock and wildanimals in the study districts. 
The fruit peel and nopalito were  excellent livestock feed and the Opuntia ficus-indica fruit is used as human food.The Opuntia ficus-indica is considered as aregular feed for animals and supplementary for human usually offered to productive animals such as draught oxen, pregnant and milking animals.In similar way Opuntia ficus-indica stem are used as a source of food in the form of nopalitos (Saenz,2000),a young tender cladodes whichis20 to 30 days old(Vigueras and portillo,2001), eaten fresh or cooked in various dishes as a green vegetable(Singh,2003a).The seasonality of the fruit peel and were reported as a problem, because of their availability depends on the fruit, which is only available during the rainy season. 
4.2.8. [bookmark: _Toc522824371]Encoutered Problems of Opuntia Ficu-Indica
[bookmark: _Toc506214918]     Opuntia ficus-indica has faced some problems during feeding and preparation for food and forage. These are problem of defecations and urination when eating only cactus fruit. On the other hand facing energy problem and spiny damaging during preparation of feed and food. According to other finding animals feed with cactus pea may present weight loss digestive disturbance, such as diarrhea and distended tympanic abdomen and bloat (Mengistu, 2001, Tikabo et al., 2006, Frew et al., 2007) probably due to low nitrogen and organic matter in take.














5. [bookmark: _Toc522824372][bookmark: _Toc493114386][bookmark: _Toc506214919]CONCLUSION AND RCOMENDATION
5.1. [bookmark: _Toc522824373] Conclusion
     This paper emphasizes on Opuntia species as a valuable natural cultivated resource, which can provide forage for livestock, diet for human and enable economic activities to be undertaken and many contribute to the food security for peasants and merchants of populations in agricultural poor areas. Opuntia ficus indica grows in their locality covers large areas but the farmers considered it as additional diet for human being and as forage for animal.
     The main reason why the farmers used the Opuntia ficus- indica as a diet and forage is that due to a good understanding status of the farmers they give high attention to Opuntia ficus indica similar to other crops. Another reason, the farmers planted Opuntia ficus- indica at different times in the border of the plot of land to protect soil erosion and they could not apply any necessary material as main source of income. Generally the finding of the study indicated the Opuntia ficus-indica fruit has market value and brought a high contribution to the economy of farmers respondents as the main income from its sell has increased through years. However the households of Tabia May Messanu and Gola Genahti did not use more Opuntia ficus- indica fruit as a source of income as expected due to their limited knowledge of its economic benefit.







5.2. [bookmark: _Toc522824374]Recommendation
Based on the analysis and findings of the study the writer of this study suggested that the following recommendations to minimize the problems of the farmers. 
· It is advisable if sufficient numbers of educated man power are assigned to teach the farmers about economic benefits of Opuntia ficus-indica for increasing the awareness of the farmers towards the economic benefit of Opuntia ficus- indica in the study area.
· Assistance from the responsible bodies is necessary for the proper utilization of the cultivated and wild Opuntia ficus- indica in the study area. 
· Teaching and showing the farmers how cladodes can serve as diet for human being and as a source of income by providing market should be taking under consideration.
· Creating awareness of the farmers how to use the fruit and cladodes part of Opuntia ficus- indica as diet, medicine, juice, local beverage and cosmetic.
· It is advisable to help farmers in identifying the best variety and planting properly for longer period of utilization and used as regular food and forage.
· The researcher is also suggesting that the responsible bodies should teach the user about 
· the benefits and uses of all the parts of Opuntia ficus- indica for food, forage, economic income and the way how they can utilize properly. 
· The fruits are fleshy, tasty, juicy and can be consumed at home or sold in the market. The demand for the fruit has increased in the local and national market.
· The recognition and demand of Opuntiaficus-indica fruit for food and feed initiated many farmers and youngsters to intensify the production of the plant, creating an important economic role in the study area.
· The farmers should also be learned, how nopalitos can be prepared and used as diet by taking the experience, how other countries use it as food and commercially as a source of income by exporting. The government and society should find out the means how the farmers and investors are used Opuntia ficus indica(Belles) cooperatively in large scale. 
[bookmark: _Toc493114388]Finally, the researcher advice to conduct further studies concerning Opuntia ficus- indica to continue and expand the economical benefits and use of Opuntia ficus- indica species effectively.







.










6. [bookmark: _Toc506214921][bookmark: _Toc522824375]References
Aguilar, C. and Ramirez, G. (1996).Opuntia and metabolic control among patients withNIDDM: A systematic review and meta-analysis. J. PACD. 1: 63-64. 
Anderson, E.F. (2001). The Cactus Family.Timber Press, Inc. United States of America, pp.18-41.
Barbera, G., Carimi, F. and Inglese, P. (1992).Past and present role of the Indian-Fig Prickly Pear (Opuntia ficus-indica (L.)Miller.).J. Econ. Bot. 46(1): 10-20. 
Basile, F. (2001).Economic aspects of Italian cactus pear production and market.PACD.4:31-46.
Brutsch, M.O. and Zimmermann, H.G. (1993).The prickly pear (Opuntia ficus- indica/Cactaceae/) in South Africa: Utilization of the naturalized weed, and of the cultivated plants. J. Econ. Bot.47(2): 154-162. 
Brutsch, M.O. (1997). The beles or cactus pear (Opuntia ficus-indica) in Tigray, Ethiopia.J.PACD.2: 130-141. 
Cardenas, A., Higuera, C.I. and Goycoolea, F.M. (1997).Rheology and aggregation of cactus (Opuntia ficus-indica) mucilage in solution.PACD.2: 152-159. 
Chapman, B., Mondragon, J.C., Bunch, R.A. and Paterson, A.H. (2002).Breeding and biotechnology.In: Cacti Biology and Uses. pp. 255-271. (Nobel, P.S. Ed.).University of California Press, Berkeley, California, United States of America.
Defelice, M.S. (2004). Prickly pear cactus, Opuntia spp. a spine tingling tale.WeedTechnology.18: 869-877. 
Degano, C., Alonso, M., Ochoa, J. and Catan, A. (1997). Seed characterization and scanning electron microscope (SEM) morphology of the testa of three groups of Argentine Opuntia ficus-indica (Cactaceae).J. PACD. 2: 103-113. 
Duru, B. and Turker, N. (2005). Changes in physical properties and chemical compositions of cactus pear (Opuntia ficus-indica) during maturation.J. PACD. 7: 22-23.
Dubrousky, J.D. and North, G.B. (2002). Root structure and function. In: Cacti Biology and Uses. pp. 41-56 (Nobel, P.S. Ed.).University of California Press, Berkeley, California, United States of America.
FEE. (2000).Magnoliaceae to Flacourtiaceae.In: Flora of Ethiopia and Eritrea, Vol. 2, Part I. pp. 488. (Edwards, S., MesfinTadesse, SebsebeDemissew and Hedberg, I.  Eds.). Addis Ababa University, Ethiopia. 
Felker, P. and Inglese, P. (2003).Short term and long term research needs for Opuntia       ficusindica(L.) Mill. utilization in Arid Areas, J. PACD.5: 131-152. 
Fetien Abay. (2003).Farmer management of a hunger emergency crop in Northern Ethiopia,InConservation and Sustainable Use of Agricultural Biodiversity, Published by CIPUPWARD in collaboration with GTZ, IDRC, IPGRI and SEARICE.pp. 117- 122.
Firew Tegegne (2001). Nutritional value of Opuntia ficus-indica as a ruminant feed in Ethiopia.In: Cactus (Opuntia spp.) as Forage. pp. 91-99. (Mondragon, J.C. and Perez, G.S. Ed.).  FAO, plant production protection paper - 169. Italy, Rome. 
Flores, V.C. (1995). Cactus pear and nopalitos production in Mexico.Proceeding of PACD. pp. 27-44. 
Flores, V.C. and Osorio, G.A. (1997).Opuntia based ruminant feeding systems in Mexico. J. PACD.2: 3-8. 
Fuentes, R.J. and Murillo, S.M. (1996).Prickly pear cactus 2010.A perspective view.J.PACD.1: 67-72. 
Gebremeskel, Gebreslassie. (2011). Assessment of the potential of cactus pear (opuntia ficus indica) as livestock feed in Northern Ethiopia. Msc. Thesis presented to Haromaya Dire Dawa, Ethiopia.
Gibson, A.C. and Nobel, P.S. (1986).The Cactus Primer. Harvard University Press, Cambridge,   Massachusetts
Griffith, M.P. (2004). The origins of an important cactus crop, Opuntia ficus-indica (Cactaceae):  New molecular evidence. Amer. J. Bot. 91(11): 1915–1921. 
Hassan, F, El-Razek, A. and Hassan, AA.(2011). Nutritional Value and Hypoglycemic Effect of Prickly Cactus Pear (Opuntia Ficus-Indica) Fruit Juice in Alloxan-Induced Diabetic Rats. Australian Journal of Basic and Applied Sciences.(2012), 5(10): 356-377 
Hunt, D.R. (2000). Cactaceae. In: Flora of Ethiopia and Eritrea, Vol. 2, Part I. pp. 259-263. (Edwards, S., MesfinTadesse, SebsebeDemissew and Hedberg, I. Eds.). Addis Ababa University, Ethiopia. 
Inglese, P., Basile, F. and Schirra, M. (2002).Cactus pear fruit production.InCacti Biology and Uses. pp. 163-183. (Nobel, P.S. Ed.).University of California Press, Berkeley, California, United States of America.
Labra, M., Grassi, F., Bardini, M., Imazio, S., Guiggi, A., Citterio, S., Banfi, E. and Sgorbati, S. (2003).Genetic relationships in Opuntia Mill. Genus (Cactaceae) detected bymolecular marker. Plant Science.165: 1129 - 1136. 
Le Houerou, H.N. (2002). Cacti (Opuntia species) as a fodder crop for marginal lands in the Mediterranean basin. In: Proceeding of IVth International Congress on Cactus Pearand Cochineal. pp. 27-29. (Nefzaoui, A. and Inglese, P. Ed.). Acta Hort. 581, ISHS, Hammamet, Tunisia.
Maria, G.E., Rita, M.M., Teresa, M.M., Galluzzo, M., Niceli, N. and Marcella, T.M. (2003).Effects of Opuntia ficus-indica in the wound healing process.J. PACD. 5: 1-16. 
McCarthy, J. (1996). An overview of products from cactus pear.J. PACD. 1: 98-99. 
MeazaTaddele. (2009). Contributions of prickly pear cactus towards achieving house hold food     security in Tigray region of Ethiopia: the case of Tabia khen, kilte awelaelo woreda. Msc. Thesis presented to Addis Ababa University School of graduate studies. Addis Ababa, Ethiopia.
Mitku Haile, Tesfay Belay and Zimmerman, H.G. (2002).Current and potential use of cactus pear in Tigray, Northern Ethiopia.In: Proceeding of IVthInternational Congress on Cactus Pear and Cochineal. pp. 75-86. (Nefzaoui, A. and Inglese, P. Ed.). Acta Hort. 581, ISHS, n Hammamet,Tunisia
Mondragon, J.C. (2001a). Cactus pear domestication and breeding. In: Plant Breeding Review Vol. 20, pp. 135-162 (Janick, J. Ed.). John Wiley and Sons, Inc. Canada.
Mondragon, J.C. (2005). 5th International Congress on Cactus Pear and Cochineal, Cactusnet Newsletter.9: 25-26. 
Mondragon, J.C. and Bordelon, B.B. (1996).Cactus pear (Opuntia spp., Cactaceae) breeding for fruit production’s. PACD. 1: 19-35. 
Mondragon, J.C. (2001a). Cactus pear domestication and breeding. In: Plant Breeding Review Vol. 20, pp. 135-162 (Janick, J. Ed.). John Wiley and Sons, Inc. Canada.
Mondragon, J.C. (2001b). Verification of the apomictic origin of cactus pear (Opuntia spp. Cactaceae) seedling of open pollinated and crosses from central Mexico. J. PACD. 4:49-56.
Mondragon, J.C. and Bordelon, B.B. (1996).Cactus pear (Opuntia spp., Cactaceae) breeding for fruit production. PACD. 1: 19-35. 
Mondragon, J.C. and Pimienta B.E. (1995).Propagation of cactus pear. In: Agro-ecology, Cultivation and use of Cactus Pear. pp. 64-70. ( Barbera, G., Inglese, P. and Pimienta,B.E. eds.). FAO, plant production and protection paper - 132. Italy, Rome. 
Mondragon, J.C. and Perez, G.S. (2001).Germplasm resources and breeding Opuntia for fodder production. In: Cactus (Opuntia spp.) as Forage. pp. 21-28. (Mondragon, J.C. and Perez, G.S. Ed.). FAO, plant production and protection paper - 169. Italy, Rome. 
Nerd, A. and Mizrahi, Y. (1997).The reproductive biology of cactus fruit crops. In: Horticultural Reviews. (Janick, J. Ed.). John Wiley and Sons, Inc.
Nobel, P.S. (1995).Recent eco-physiological advances for Opuntia ficus-indica and other cacti, Proceeding of PACD. pp. 1-11. 
Nobel, P.S. (2001).Eco-physiology of Opuntia ficus-indica, In: Cactus (Opuntia spp.) as Forage. pp. 13-20. (Mondragon, J.C. and Perez, G.S. Ed.). FAO, plant production and protection paper - 169. Italy, Rome. 
Nobel, P.S. and Bobich, E.D. (2002).Environmental biology. In: Cacti Biology and Uses. pp. 23-41. (Nobel, P.S. Ed.).University of California Press, Berkeley, California, United States of    America.
Pareek, O. P., Singh, R. S., &Vashishtha, B. B. (2003).Performance of cactus pear [Opuntia   ficus-indica (L.) Mill.] clones in hot arid region of India. Journal of the Professional Association for Cactus Development, 7, 121-130.
Pimienta, B.E. (1995). An overview of genetic resources for Opuntia production in Mexico. Proceeding of PACD. pp. 13-22. 
Pimienta, B.E. and Castillo, R.F. (2002).Reproductive biology.In: Cacti Biology and Uses. pp.  75-90. (Nobel, P.S. ed.). University of California Press, Berkeley, California, United States of America.
Rebman, J.P. and Pinkava, D.J. (2001).Opuntia cacti of North America: An overview. Flor. Entom. 84(4): 474-482 
Reynolds, S.G. and Arias, E. (2001).General background on Opuntia, In: Cactus Pear (Opuntia spp.)As Forage. pp. 1-4 (Mondragon, J.C. and Perez, G.S. Ed.). FAO, plant production and protection paper - 169. Italy, Rome. 
Reyes, A.J., Aguirre, R.J. and Valiant, B.A. (2006). Reproductive biology of Opuntia: A review. J. Ari. Env.64: 549–585.
Saenz, C. (1996). Food products from cladodes and cactus pear.PACD.1: 89-97. 
Saenz, C. (2000). Processing technologies: An alternative for cactus pear (Opuntia spp.) fruits and cladodes, J. Ari. Env.46: 209–225. 
Salgado, T.T. and Mauseth, J.D. (2002). Shoot anatomy and morphology. In: Cacti Biology and Uses. pp. 23-41. (Nobel, P.S.  Ed.). University of California Press, Berkeley, California United States of America
Salim, N., Abdelwaheb, C., Rabah, C. and Ahcene, B. (2009).Chemical composition of Opuntia ficus-indica (L.)Mill. fruit.Afr. J. Biotech. 8(8): 1623-1624. 
Samahy, S.K., Youssef, K.M. and Moussa, A.T. (2009). Producing ice-cream with concentrated cactus pear pulp: A preliminary study. J. PACD. 11: 1-12. 
Santacruz, R.F., Gutierrez, M.A. and Rodriguez, G.B. (1998).Somatic embryogenesis in some cactus and agava species. PACD. 3: 1-10. 
Singh, G. (2003a). General review of Opuntia in India. PACD. 5: 30- 46.
Stebbins, G.L. (1971). Chromosomal Evolution in Higher Plants. Edward Arnold Publishers Ltd., London. 
Tesfay, B. (2004). Some cactus (opuntia ficus – indica) varieties identified. A paper presented at FAO/MU cactus project – end work shop. 25-26, Agust, 2004, Mekelle, Tigray, Ethiopia.
Tesfay Belay, Mulugeta Gebreslassie, Tadesse Abadi and Berhe Dejene (2009).Characterization of Local Cactus Pear Cultivars in Selected Spots of Southern andEastern Zones of Tigray Region, Unpublished Paper of TARI, Presented on Cactus Pear International Workshop, Ethiopia, Mekelle.
Valdez, C.R., Blanco, M.F., Gallegos, V.C., Salinas, G.G. and Vazquez, A.R. (2001).Freezing   tolerance of Opuntia species. PACD. 4: 104-116. 
Vigueras, A.L. and Mondragon,J.C, J.C, J.C. (2005). Cactus pear production improvement in Ethiopia and Eritrea to improve food security. Cactusnet Newsletter, 9: 37-39.
Vigueras, A.L. and Portillo, L. (2001). Uses of Opuntia species and the potential impact of Cactoblastiscactorum (Lepidoptera: Pyralidae) in Mexico. Flor. Entom. 84(4): 493-498.
Wallace, R.S. and Gibson, A.C. (2002).Cacti evolution and systematics.In: Cacti, Biology and Uses. Pp.1-21 (Nobel, P.S. Ed.).University of California Press, Berkeley, California, United States of America.
Zorgui L, Golli EE, Bouaziz C, Bacha H, Hassen W. Cactus (Opuntia ficus-indica) cladodes  prevent oxidative damage induced by the mycotoxin zearalenone in Balb/C mice. Food and Chemical Toxicology.2009, 46; 1817–1824.



















[bookmark: _Toc522824376]Appendix
Appendix I 
Questionnaire for Household Leaders
The purpose of this questionnaire is to assess the significance of Opuntia ficus indica fruit in the livelihood of the community in GantaAfeshum Wereda Tabia Gola Genahti, and Mai Messanu. Your response will be used only for academic research purpose, so you are kindly requested to provide genuine response.
Direction -1 personal information
I. Sex∶                 A. Male                B.  Female 
II. Age in years∶ A. < 25           B. 26 - 45                        C. >46 
III. Educational background ∶
A. Skill of writing and reading                   C. Diploma 
B. No skill of writing and reading              D. Degree 
Direction-2: Please put a tick () mark in the box for the alternative you choosein each question
1. How do you describe the maturation period, fruit size and fruit color of opuntia ficus indica fruit in your area?
1.1. Maturation period A. Early matured (May to June)                  
                             B. Late matured (July to August)
1.2. Fruit Size              A. Large                 B.    Small           
1.3. Fruit color            A. White                       B. Red
2. Is the Opuntia Ficus Indica fruit (Beles) in your locality the same type?
A. Yes	                 B. No
3. If your answer to the question No 2 is not what is the difference?
Long spine 
Short spine
Spine less
4. How do you remove the spine when you prepare the cladodes to animals?
A. By burning 
B. Given as it is
C. Mechanically Removed

5. To what extent the Opuntia Ficus Indica fruit is improving the livelihood of people in Tabia May Mesanu and Gola-Genahti?
A, High 
B, Medium
C, Low
D. Does not bring any change
6. What is the use of Opuntia Ficus Indica fruit for human and animals?
6.1 Human diet        A. As regular food             B. Supplementary
6.2.Animal feed      A. As regular feed              B. Supplementary
 6.3 Which part of Opuntia ficus indica is used to human diet and animal feed?
     A.For Human diet   I.  Its fruit only
                                    II. Its Nopalitos only
B.Animal feed    I. Its fruit only
                           II. The fruit peel and Nopalitos
                           III. Its Nopalitos only
7. How did you get the experience of using Opuntia Ficus Indica fruit as human and animal food?
     A. Traditionally                 B. through training 
8.How did you know that Nopolitos is used as diet?
A. Through training
B. I don’t know 
C. from mass media
D. From other people/rumor/
9/ How milk production of Opuntia Ficus Indica fruit is feed cow?
A. Increase amount of milk 
B. Decrease in amount of milk
C. Milk amount increases and thicken
D. Milk amount increases but becomes watery
10 Is your Opuntia Ficus Indica fruit wild or cultivated?
A. Wild
B. Cultivated
C. Both
11. To what extent do you think Opuntia Ficus Indica fruit alleviates /solve/ problem of food shortage and forage?
A. Highly                                         C.   Lower  
B .Moderate                                    D. It doesn’t solve
12. What are other benefits of Opuntia Ficus Indica fruit other than food and forage?
A.    For juice
B.   For traditional medicine
C . Local beverage
D. for honey bee forage
13.When preparing cactus (beles) as food or forage have you 
A. Been injured by spine
B, Been facing energy problem or injuring by spine or by burning 
C, have no problem
14.What problem did you face when eating only cactus fruit?
A. Problem of urination
B Problem during defection
C. Both
D. No problem observed
15. Does cactus fruit have a market value in your household?
            A   Yes                   B. No


16. In your opinion, how do you evaluate the contribution of opuntia ficus indica fruit to your household economy?
A. It is increasing
B. It is decreasing 
C. It has no such contribution
17.  In which month is Opuntia ficus-indica used as animal fodder? (Specify)…….……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
[bookmark: _Toc510797906]  18. How much money did you earn from the sales of Opuntia ficus-indica fruit in the last three years (2006 E.C to 2008 E.C)?

	Year in E.C
	2006
	2007
	2008

	Birr earned
	
	
	











Appendix-II
Interview Questions for Agricultural Office Workers of Tabia Gola-Genahti and May-Mesanu 
Q1. What benefits do household leaders get from Opuntia ficus-indica fruit?
Q2.How the farmers use Opuntia ficus-indica fruit?
Q3.For how long do the farmers use Opuntia ficus-Indica fruit?
[bookmark: _Toc493114409]Q4.What kind of progress do you observe on the use of Opuntia ficus-indica fruit in the community or farmers in the respective Tabia?













Appendix III
ኣዲስ ኣባባ ዩኒቨርስቲ
ትምህርቲ ክፍሊ ስነሂወት
ንመራሕቲ ስድራ  ዝተሰናደአ ፅሑፋዊ መጠይቕ
ናይዚ መጠይቕ ዋና ዕላማ ኣብ ከይዲ ትምህርቲ ንዝግበር ስራሕቲ መፅናዕቲ ሓበሬታታት ንምእካብ እዩ። እዚ መጠይቕ ኣብ ከባቢኹም/ኽን በለስ ንማሕበረሰብ ዝህቦ  ረብሓ ንምፅናዕ ትኹረት ዝገበረ እዩ። ስለዚ እዚ መጠይቕ ኣብ እትመልእሉ ብዝተኽኣለ መጠን መልስኩም/ኽን ኣብ ቅንዕናን ሓቂን ዝተደረኸ እንትኸውን ነዚ መፅናዕቲ ዕውት ይገብሮ። 
ንምትሕብባርኩም/ክን ኣቐዲመ የመስግን
መምርሒ 1- ውልቀ ሓበሬታ
I. ፆታ ∶           A. ተባ         B. ኣን
II. ዕድመ ∶        A. <25         B. 26-45       c. >46
III. ናይ ትምህርቲ ኩነታት∶
A. ምፅሓፍን ምንባብን ዝኽእል
B. ምፅሓፍን ምንባብን ዘይኽእል
C. ዲፕሎማ
D. ዲግሪ
መምርሒ-2∶ ኣብ መማረፂ ክፍሊ ሳንዱቕ ናይ () ምልክት ይግበሩ/ራ
1. ኣብ ከባቢኹም/ኽን ዘሎ በለስ ከመይ ትግልፁ/ፃ?
1.1. ዝበስለሉ እዋን    ሀ. ቀልጢፉ ይበስል(ግንቦትን ሰነን)      
 ለ. ዘንጊዑ ይበስል(ሓምለን ነሓሰን)      
1.2. መጠን ፍረ       ሀ. ዓብዪ         ለ. ንኡሽተይ       
1.3. ሕብሪ ፍረ       ሀ. ፃዕዳ            ለ. ቀይሕ       
2. ኣብ ከባቢኹም/ኽን ዘሎ በለስ ዓይነቱ  ሓደ ድዩ?
ሀ. እወ               ለ. ኣይኮነን
3. ንሕቶ ቁፅሪ 2ተ መልስኹም/ክን ኣይኮነን እንተኾይኑ እንታይ እዩ ፍልልዮም?
ሀ. ነዊሕ እሾኽ         ለ. ሓፂር እሾኽ          ሐ. እሾኽ  ዘይብሉ(ለማፅ)

4. ንምግቢ እንስሳ ዝኸውን ገልዒ በለስ ከመይ ገይርኹም እሸኹ ተወግድዎ?
ሀ. ብምጭልባብ            ለ. ኣቡኡ እናሃለወ ንህቦም        ሐ. እሸኹ ብምፍሕፋሕ
5. ኣብ ጣብያ ማይ መሳኑን ጎልዓ ገናሕትን በለስ መነባብሮ ህዝቢ ኣብ ምምሕያሽ ግደኡ ክንደየናይ እዩ?
ሀ. ዓብዪ            ለ. ማእኸላይ          ሐ. ትሑት             መ. ለውጢ የብሉን
6. በለስ ንምግቢ ንወድሰብን ንእንስሳት ከመይ ይጠቅም?
6.1. ምግቢ ንወድሰብ:  ሀ. ከም መደበኛ ምግቢ               ለ. ከም ተወሳኺ ምግቢ
5.2 ምግቢ ንእንስሳት:  ሀ. ከም መደበኛ ምግቢ               ለ. ከም ተወሳኺ    
5.3 ንምግቢ ንወድሰብ እንስሳ ዝኸውን ኣየናይ ክፍሊ በለስ እዩ?
ሀ.ንወድሰብ:   I. ፍረ ጥራሕ          II. ገልዒ ጥራሕ
               ለ. ንእንስሳት:     I.ፍረ ጥራሕ         II.ገልዒን ፍረን      III.ገልዒ ጥራሕ
7. በለስ ንቐለብ እንስሳን ሰብን ናይ ምድላው ልምዲ ኻበይ ረኺብኩም/ክን?
ሀ. ብባህላዊ                                ለ. ብስልጠና     
8. ገልዒ በለስ ንምግቢ ሰብ ከም ዝጠቅም ከመይ ኢልኩም/ክን ፈሊጥኩም/ክን?
ሀ. ብስልጠና                                    ለ. ኣይፈልጥን         
ሐ. ካብ ማዕኸናት ዜና                         መ. ካብ ካሊእ ሰብ ብወረ       
9. ፍርያት ፀባ ናይ በለስ እትቕለብ ላሕሚ ከመይ እዩ?
ሀ. ትሕዝቶ ፀባ ይውስኽ                               ለ. ትሕዝቶ ፀባ ይቕንስ
ሐ. ትሕዝቶ ፀባ ይውስኽን ይሓፍስን                  መ. ትሕዝቶ ፀባ ይውስኽ ግን ይቐጥን      
10. ኣብ ከባቢኹም/ኽን ዘሎ በለስ ናይ በረኻ ወይስ ዝተተኸለ እዩ?
ሀ. ናይ በረኻ                   ለ. ዝተተኸለ                  ሐ. ክልቲኡ      
11. በለስ ሕፅረት ምግቢ ወድሰብን እንስሳን ክንዲ ኣየናይ ይፈትሕ ኢልኩም/ኽን ትሓስቡ/ባ?
ሀ. ብዓብዪ                     ለ. ብማእኸላይ ሐ. ብትሑት       መ. ኣይፈትሕን
12. በለስ ብዘይካ ንምግቢ ወድሰብን እንስሳን ካሊእ ንምንታይ ይጠቅም?
ሀ. ንጭማቔ          ለ. ንመድሓኒት            ሐ. ንባህላዊ መስተ             መ. ንምግቢ ንህዝቢ
13. በለስ ንቐለብ ሰብ ወይ እንስሳ እንተዳልዉ/ዋ እንታይ ፀገም በፂሕኩም/ክን ይፈልጥ?
ሀ. ጉድኣት ብሰንኪ እሾኽ በለስ               ለ. ፀገም ሓይሊ ድኻምሐ. ፀገም የለን      


14. በለስ ጥራሕ እንትበልዑ/ዓ እንታይ ዓይነት ፀገም ይበፅሐኩም/ኽን?
ሀ. ፀገም ሽንቲ ማይ                                     ለ. ፀገም ፍታን ምእባይ
ሐ. ክልቲኡ                                             መ. ፀገም የብሉን
15. በለስ ኣብ ስድራኹም/ኽን ዋጋ ዕዳጋ ኣለዎዶ?
ሀ. እወ                                    ለ. የብሉን         
16. በለስ ንስድራኹም ዘለዎ ረብሓ ከመይ ትግምግምዎ?
ሀ. እናወሰኸ እዩ                        ለ. እናነከየ እዩ            ሐ. ምንመ ረብሓ የብሉን
17. በለስ ኣበየናይ ኣዋርሕ ንምግቢ እንስሳ ይጠቅም? ይግለፁ/ፃ. …….……… …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
18. ‘ኣብ ዝሓለፋ ሰለስተ ዓመታት ካብ መሸጣ በለስ ብማእኸላይ ክንደይ ዝኣክል ኣታዊ (ብብር) ረኺብኩም?
	ዓ/ም
	2006
	2007
	2008

	ኣታዊ ብብር
	
	
	











MP	FS	FC	69	80.2	97.3	
MP	FS	FC	31	19.8	2.7	
Maturation periods (MP), fruit sizes (FS) and fruit colors (FC)

P e r c e n t a g e

76.47
5.35
18.18
85.56
11.23
3.21

The type of Opuntia ficus-indica 	cultivated	Wild	Cultivated and wild	Extent of OFIF to solve  food shortage and forage	High	Medium	Low	143	10	34	160	21	6	

Birr earned	1480
1800
2200
1480	1800	2200	
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4.To what extent the Opuntia ficus-indica fruit is improving the
livelihoods of the people in Tabia May Mesanu and Gola Genahty?
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15. Does cactus fruit have a market value in your household?
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